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Preface 

 

Postgraduate Colloquium for Environmental Research (POCER) was first initiated in 

2011 by the University of Nottingham Malaysia (UNM), it has since expanded to a wider pool 

of local and international participants. POCER aims to provide the opportunity and impact 

between undergraduate and postgraduate students to engage with fellow researchers locally 

and internationally, for the discussion of their research work-related project with a community 

of experts. POCER conference is held every 2 years and it has been a success since the 1st 

POCER, commenced in 2011. The 6th POCER was supposing held in the year of 2021. 

However, due to COVID-19 pandemic, the conference was delay to 2022. 

In this 6th POCER 2022, the theme is “The Green Industrial Revolution of the Next Decade”. 

The purpose of this theme is to enlighten world-class researchers and project leaders for the 

need in addressing issues related to Green-Industrial Revolution research. The 6th POCER will 

take place from 9th to 11th June 2022 at Langkawi Island here in Malaysia. 

POCER 2022 is also working together with Langkawi Development Authority (LADA) for the 

“One Tourist, One Tree Campaign”, under the ‘Penanaman 100 Juta Pokok - Program 

Penghijauan Malaysia’ campaign coordinated by The Ministry of Energy and Natural 

Resources (KeTSA) Malaysia in which all the participants will be planting a tree as a symbol 

of conservation to enhance the natural environment quality in Langkawi. This event will be 

held on the last day of the conference. On top of that, LADA will also be rendering its on-site 

support via MICE (Meeting, Incentive, Conference, Exhibition) incentives that are made 

available to eligible event’s organiser. 
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Extended Abstract 

 

In TRU MK7TM, we care deeply about the environment and so strive constantly not only to improve 

human health in compliance with local rules and regulations but also to minimise our global carbon 

footprint. Studies has shown that the TRU MK7TM nutraceutical complex improves the viability of 

chondrocyte cells through acting as a mineralisation inhibitor and increases the expression of MGP to 

support joint health. Moreover, TRU MK7TM is proud to design and create a novel dietary supplement 

system that is inclusive, efficient, and sustainable. TRU MK7TM has simply transformed the current 

dietary production methods through microbial fermentation during which microorganisms transform 

one type of product to another. Microbial fermentation has been used for many years to produce 

ingredients such as enzymes, vaccines, and drugs in the biopharma industry. This biotechnology is now 

being applied to enable the creation of animal-free products to preserve our natural resources worldwide 

and produce a new generation of supplements with functional ingredients. It is critical to drive 

innovation and investment towards achieving the necessary environmental-compatibility scale and 

technology to promote the green health industry. 
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Extended Abstract 

 

A large amount of pineapple waste is annually disposed of, and by utilizing it into useful materials 

the concept of sustainable development can also be implemented. Pineapple peel waste contains sugar 

which is useful as a medium for Bacterial cellulose (BC) biosynthesis by gram-negative bacteria, such 

as Gluconacetobacter xylinus [1] to gram positive bacteria, such as Sarcina ventriculi [2]. 

Transformation of BC into cellulose nanocrystals (CNCs) through hydrolysis with strong acids was 

carried out to gain nanocellulose (BCNC) with nanoscale dimension. This structure possesses great 

compaction properties, such as high degree polymerization, high crystallinity, high loading and holding-

capacity, high mechanical stability, non-toxic, biodegradable, and biocompatible [3] which fulfil the 

criteria for consideration as drug delivery systems.  The negative charge and large surface area of CNC 

enable binding to the drug molecule, improving the loading efficiency [4]. In the present study, GTA 

was used to reinforced the polymer networking of BCNC in order to improve its mechanical properties, 

swelling ratio, and release behavior. This study also systematically investigated, for the first time, the 

applicability of BCNC as drug delivery system for phycocyanin as model drug for the treatment of type-

2 diabetic mellitus.  

Production of BC was performed according to a previous study [1] Isolation of BCNC includes 

the processes of sulfuric acid hydrolysis, centrifugation, dialysis and sonication. The optimum 

conditions, according to a previous study [1]. Synthesis of cross-linked BCNC with GTA was 

performed using a previous method [5]. Characteristics of BCNC-GTA, BCNC, and BC were evaluated 
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by using SEM and TEM, Fourier Transform Infrared (FTIR), XRD analysis, and thermogravimetric 

analysis [6]. Drug loading efficiency and drug release profiles of the BCNC-GTA were evaluated by 

referring to previous method [7]. 

The XRD patterns of BC and BCNC were shown in Figure 1. The XRD peaks of BC and BCNC 

at around 2θ = 22.6° showed sharper peaks for BCNC compared to BC. The sharper diffraction peak 

indicates the higher degree of crystallinity of BCNC compared to BC [8]. The FTIR spectrum in Figure 

1b showed that the spectrum of BCNC is similar to BC, suggesting that the hydrolysis process did not 

significantly affect the chemical composition. There was a slight shift found at the peaks around 2900 

cm-1 and 1430 cm-1 which indicates that the two substances have different crystallinities [6]. 

Glutaraldehyde was used as a crosslinking agent for chemical crosslinking of cellulose chains. The 

FTIR spectra of BCNC-GTA was shown in Figure 1c, where the intensity of the absorption peak at 

around 1647 cm−1 was increased compared to BCNC, respectively, indicated that the cellulose chains 

successfully cross-linked with glutaraldehyde.  

The swelling ratio analysis shown that where the rate of expansion and water absorption in BC 

were very low, whereas the highest rate of 2% was shown in BCNC-GTA. Swelling and water 

absorption rate were increased to 81.87% and 66.40, mainly due to the fact that the surface of BCNC 

contains plenty of hydrophilic groups -OH which causes high hydrophilicity. The results demonstrated 

that the cellulose as drug delivery of C-PC extract can prevent from gastric fluid that can make C-PC 

extract released on the target. 

 

Figure 1. a) XRD Pattern Spectrum of Bacterial Cellulose (black) and Bacterial Cellulose 

Nanocrystals (red); b) BC and BCNC; c) BCNC at various concentration of GTA 

The present work is to explore the potential of crosslinked BCNC as a candidate for DDS 

Phycocyanin. The BCNC has a needle-like structure, with an average diameter and length of 25±10 nm 

and 626±172, respectively, and an average aspect ratio (L/D) of 25±1. The BCNC has a crystallinity 

index of 87.8%. The The optimum adsorption of phycocyanin has reach on crosslinked BCNC at 65.3% 

in 3 h. Release study show that the crosslinked BCNC as drug delivery of phycocyanins can prevent 

from gastric fluid that can make phycocyanins released on the target. 
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Extended Abstract 

 

Peptide are natural compound which can be obtained from both enzymatic hydrolysis in the 

digestive system, and fermentation process by microorganisms (Jakubczyk et al., 2020). One of the 

most common sources of peptide is collagen, which is the main structural of white connective tissue. 

Utilization of collagen derived from marine fish can be a promising alternative. Recent study reporting, 

there are about 25 types of collagens that have been identified, namely type I to XXV (Olsen et al., 

2003). The most commonly identified types of collagens in fish are type I and type V. Type I collagen 

can be found in the fish skin, bones, and scale, while type V collagen is found in connective tissue in 

the fish skin, tendons, and the muscle of the fish which also contains type I collagen (Nagai and Suzuki, 

2000). In This study, we employed an in-silico method to stimulate collagen degradation by 

gastrointestinal enzymes and produced a large number of active peptides. Then, the binding abilities 

of these active peptides to SARS-CoV-2 Mpro and RBD were evaluated.  
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The result for the in silico hydrolysis of collagen hydrolysate from Salmon salar using three 

gastrointestinal enzymes (pepsin, trypsin, and chymotrypsin) giving the TDH value in range 6%-60%; 

the majority of hydrolysates were amino acids and oligopeptides (2 ≤ peptide length ≤ 6), and a few 

were polypeptides (peptides length > 6). In silico hydrolysis produced 31 fragments length 3-6 amino 

acids or 31.96% from type I collagen and 162 fragments or 33.89% from type V collagen. The binding 

affinity of salmon type I and type V collagen against SARS-CoV-2 Mpro and RBD is shown in Figure 

1. Hydrolysate GTQGIR (Gly-Thr-Gln-Gly-Ile-Arg) and AWPEK (Ala-Trp-Pro-Glu-lys) derived from 

type V collagen show highest binding affinity toward Mpro and RBD with free energy of -167,677 

kcal/mole and -158,621 kcal/mole, respectively.  

Hydrolysate derived from type I and type V collagen showed high affinity against SARS-CoV-2 

Mpro. Molecular interaction between Mpro and hydrolysate involved hydrogen bonds and 

hydrophobic interactions with moderate strength. Hydrogen bonding is one of the most important non-

covalent interactions where the interaction occurs when a hydrogen atom is covalently bonded to an 

electronegative atom, such as oxygen or nitrogen (acceptor) (Cardoso et al., 2014). The presence of 

hydrogen bonds and hydrophobic interactions shows the stability of the complexes formed between 

peptide and protein. Hydrogen bond is one of the most important interactions between molecules, 

where the three-dimensional structure of proteins and nucleic acids is stabilized by hydrogen bonds 

(Basak et al., 2021). Hydrolysate derived from type I and type V collagen Salmon salar showed 

moderate strength hydrogen bonding towards SARS-CoV-2 Mpro. Enzymes have evolved to perform 

reaction in aqueous solutions and thus require water to maintain their native conformation (Chong et 

al., 2019), the presence of hydrogen bonds between the hydrolysate and SARS-CoV-2 main protease 

is likely to distort conformation, causing enzyme instability and consequent poor performance.  
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Figure 1. Binding affinity of hydrolysate collagen type I and type V Salmon salar against SARS-CoV-

2 Mpro and RBD 

 

Toxicity and allergenicity test showed that all active hydrolysates are non-toxic and non-allergenic. The 

sensory evaluation resulted in 27.3% short peptides which has a bitter taste. In conclusion, our results 

demonstrated that collagen hydrolysates derived from salmon have potential as anti-SARS-CoV-2 

candidate.  
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Extended Abstract 

 

In the present era, the accumulation of solid waste was the main global environmental challenge in cities 

with high population density. The paradigm of ‘waste to energy, mitigation of carbon and its 

sequestration is relegated to a secondary level which conversely results in India discarding 68.8 million 

tonnes, which would increase to 300 million tons by the year 2047,however, only 19.36 was treated and 

rest 80.64% of municipal solid waste were used for unscientific land filling ,hence India comes third 

after China and US in total GHGs emission.The objective of the present study was to discuss the adept 

schemes for successful co-composting of green waste and kitchen waste (food & fruit waste),its 

designing aspects, composting area sizing, capital and operational cost, to develop prototype of 

composting facility to achieve zero waste sustainable future.In this direction the windrow composting 

plant of 0.5 TPD capacity was established at campus premises to evaluate the physico-chemical 

parameters(temperature, moisture content, pH, electrical conductivity and C/N ratio) of municipal solid 

waste to produce safe, stabilized and nutrient enriched soil conditioner, which minimize the negative 

environmental impact of traditional underground pit composting. The micro positive pressures 

windrows makes the piles aerobic and organoleptic, which resulted in carbon dioxide avoidance and 

sequestration, preventing 346.7 million tons of carbon dioxide emissions, generating 346 carbon credits 

and 564 quintals organic compost which results in eco-restoration and micro-climatic moderation. The 

present study agrees that carbon footprint of landfilling organic waste is higher relative to windrow 

composting by factor 8.3 .The objective of present study was to produce compatible compost in 110 

days in TSC, an operational modifications of single stage composting (SSC),a prototype of composting 

facility to achieve sustainable zero waste future. Presently, a pilot-scale investigation is the pioneer 

attempt to study the both technologies; single windrow composting and two stage(mechanical-manual) 

composting strategy to produce bio-stable, organoleptic and compatible evaluating the physicochemical 

parameters (temperature, moisture content, pH, electrical conductivity, C:N ratio).The two treatment 

has the same mixture of materials:50% green waste (60% leaves, 35% grass clippings and 5% tree 
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branches) 25% food waste and 25% fruit and vegetable waste of total 300 per day including scalability 

at 2 more institutes. 

In this direction, the present project aimed in using windrow composting to manage their solid waste 

generated. The main objective/aim of the present project is the monitoring of the windrow composting 

plant through the evaluation of the important parameters are temperature, moisture content, pH and C/N 

ratio: 

 

(i) Temperature: Temperature is the most important parameter that controls microbial activity during 

the windrow composting process. The temperature change is directly dependent on the biological 

activities of micro-organisms. 

 

(ii) Moisture content: The moisture content of the mixed waste at the beginning of the process is 

measure and in the subsequent weeks .The moisture content in windrow to be maintained optimum, as 

the reduction in the moisture i.e the lower moisture content, reduces the growth of micro-organisms, 

thus the biological process slows down, however, the higher moisture content, hampered oxygen 

movement, resulting in anaerobic conditions and an unpleasant smell.  

 

(iii) pH and Electrical conductivity(EC):The pH and EC measurements to be done at regular intervals 

for the composting time for effective management of the compost conversion in single stage composting 

and two stage composting(TSC). 

 

(iv) Carbon to nitrogen ratio (C/N): C: N is an important parameter in defining the maturity 

of the compost, the C:N ratio is done with the optimization of the amount of dry, wet layers 
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Abstract 

High purity Titanium dioxide TiO2 nanoparticles are bio-synthesized for the first time via a natural 

extract of the African indigenous Adansonia digitata leaves. The nanoparticles are thermally oxidized 

in the air for 2 hours at annealing temperatures of 700, 800, and 900°C. Subsequently, the nanoparticles 

are characterized for their functional group’s identification, morphological and optical properties. The 

XRD patterns showed well-defined peaks of anatase and rutile phases, while the FTIR revealed peaks 

at 498 and 753 cm-1 assigned to vibrational modes of the Ti-O and the Ti-O-Ti groups respectively. 

TEM analysis revealed spherical shape nanoparticles with averaged grain sizes estimated as 3.94, 29.15, 

and 45.4 nm for TiO2_700, TiO2_800, and TiO2_900°C respectively. Furthermore, the Adansonia 

digitata leaves assisted TiO2 nanoparticles showed an excellent photodegradation ability of 92 % 

towards methylene blue dye within120 minutes. 
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Extended Abstract 

Additively manufactured polymeric composites exhibit customized properties beyond those offered by 

conventionally fabricated ones. However, in many cases, the mechanical performance mainly depends on 

the processing parameters, tools, and material selection. Yet, one of the issues on additive manufacturing 

process especially in the material extrusion process is the inability to control the printing layups hence, 

causing interlaminar damage. Thus far, literature and research have focused on improving the mechanical 

performance of such polymeric composites by focusing on the interlaminar shear strength under a transverse 

load transfer. Polymeric composites prepared using material extrusion technique namely fused deposition 

modelling are discussed upon its layup sequence, and orientation. This paper proposes that, by realizing a 

homogenous distribution of the transverse load, the orientation and the printing direction can maximize the 

printed load bearing. Moreover, the layup sequence and the interlayer diffusion are key for controlling the 

mechanical properties of polymeric composites. This brief review presents a comprehensive elucidation of 

polymeric composites manufactured using fused deposition modelling that interpreter the needs of having 

greater load bearing in each layup printing sequence of polymeric composites. In such, by able to control the 

layup sequence one can control the mechanical performance based on specific functionality. 

Four-dimensional printing  

Based on the importance of oriented and aligned structures by printing in additive manufacturing, 

fourdimensional (4D) printing must be considered to ensure best desired output. Until now, studies have 

focused on 4D printing because of its ability to control the magnitude of and dynamically vary each input 

(169–171). However, 4D printing is frequently associated with swelling dynamics, as elucidated in 

composites 4D printed using a morphing nozzle. This phenomenon, in turn, promotes a minimum proportion 

of oriented fibres as the filaments shift from anisotropic to isotropic swelling properties (p < 0.001) 

(169,172). These fundamental modifications occur in 4D printing as the swelling effect alters the filler 

arrangement without reorientation as well as minimises the effect of misalignment (173,174). Hence, this 

allows better control and manipulation of the printing shapes and customization of the functionalities of the 

end product (53,174). Although 4D printing is currently a future direction, the manipulation of the fibres in 
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the printing process has received attention in terms of its void formation, poor adhesion, method and 

parameter application, blockage issues, and material selection (53,169– 171,174). Clearly, detailed findings 

and progressive research are required to fully fill the gap related to 4D printing.  
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for their financial support under Grant Number FRGS/1/2020/TK0/UKM/02/18, which enabled them to 
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Extended Abstract 

 

Anaerobic co-digestion of pineapple waste with cow dung appears to be an effective method for biogas 

production. Still, the lignocellulosic structure of pineapple waste due to linkage between cellulose, 

lignin and hemicellulose is one of the major difficulties to achieving high biogas production. In this 

study, pineapple waste was pre-treated with subcritical water (SCW) pre-treatment to enhance the 

biogas production before co-digestion with cow dung. The pre-treatment was conducted in two 

temperature modes (120⁰C and 200⁰C). The highest biogas production was observed at combination 

pre-treatment of 120⁰C for 5 minutes at the water to solid ratio of 10 with 32% improvement compared 

to untreated. However, pre-treatment at 200⁰C for 25 minutes at 5:1 water to solid ratio reduced the 

biogas production by 9%.  Moreover, kinetic study of anaerobic co-digestion of pre-treated pineapple 

waste and cow dung using the modified Gompertz model showed that the pre-treatment had improved 

the lag phase, and the highest biogas production rate was observed at 14.41 mL/day. The compositional 

analysis found that the pre-treated pineapple waste reduced lignin, hemicellulose, and cellulose contents. 

Compared to untreated pineapple waste, the co-digestion of pre-treated pineapple waste improved the 

process stability in terms of total ammonia nitrogen, VS removal, and pH. Subcritical water pre-
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treatment, especially at higher temperatures and prolonged, did not improve anaerobic digestion, 

thereby not recommended. 

 

Result and Discussion 

The cumulative biogas production data were kinetically analyzed by modified Gompertz model 

Equation 1 to obtain a better understanding of the process of the SCW pre-treatment. 

B = B0 exp {− exp [
μ.e

B0
(λ − t) + 1]}  (1) 

where B is the cumulative biogas production, e is exp (1), 𝜇 is the maximum biogas production rate, 

𝐵0 is the maximum biogas production, λ is the lag phase time and 𝑒 is a Euler's function.  

Table 1: List of SCW pre-treatment conducted prior to anaaerobic co-digestion 

Run 1 2 3 4 5 6 7 8 

Temperature 120 120 120 120 200 200 200 200 

Water to solid ratio 10 10 5 5 10 10 5 5 

Time 5 25 5 25 5 25 5 25 

The SCW pre-treatment was conducted based on Table 1. According to Figure 1 (a) the cumulative 

biogas production for the pre-treated pineapple waste at 120⁰C for 5 minutes was higher than untreated 

with 32% improvement. Previously, biogas production of SCW pre-treated rice straw, Napier grass, 

municipal solid waste, and rice straw reported an increase of 9.2% (Chandra et al., 2012), 32% 

(Dasgupta and Chandel, 2019) and 3% (Wang et al. 2018), respectively. Kim et al. (2015) reported that 

cumulative biogas production was increased due to the enhancement of anaerobic biodegradability by 

subcritical water pre-treatment resulting from the disintegration of substrates due to pre-treatment. 

  

Figure 1: Cumulative biogas production based on Gompertz Model Equation at (a) 120⁰C (b) 
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According to Table 2, the maximum biogas production rate (µ) reduced from 12.77  to 5.464 mL/day 

after pre-treatment at high temperature was applied. The R2 values of pre-treated pineapple waste with 

cow dung also higher in comparison with untreated materials. Thus, the pre-treated pineapple waste 

prior to the co-digestion with cow dung showed good feasibility and reliability between the 

experimental results and model prediction.  

Table 2: Modified Gompertz on SCW pre-treated pineapple waste at high temperature mode 

Run 5 6 7 8 Untreated 

Experimental Biogas (mL) 199 194 189 155 171 

Predicted Biogas (mL) 194.430 196.300 187.701 161.373 159.56 

µ (mL/d) 7.330 8.592 7.696 5.464 12.77 

𝑩𝟎 (mL) 216.822 208.314 201.737 257.827 159.78 

R2 0.9878 0.9980 0.9928 0.9816 0.9619 

Deviation (%) 2.35 -1.17 0.69 -3.95 7.17 
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Extended Abstract 

 

Introduction 

 

Photochemical reactions, whether via photoexcitation or photocatalysis, are becoming important 

chemical transformations for the rapid generation of various important scaffolds. Specifically, these can 

contribute to more sustainable synthesis as photons are perceived as renewable and tunable reagents 

devoid of generating stoichiometric by-products. To overcome limitations with non-uniform irradiation 

(Beer’s law) and thus scalability, our group and others have exploited continuous flow processing to 

realise powerful methods to forge strategic C-C bonds and harness complex drug-like entities with high 

efficiency and reproducibility.1 As demonstrated in this presentation, continuous flow photochemistry 

is effectively exploited for the greener synthesis of important drug-like structures minimising waste 

whilst optimising different synthetic transformations in a scalable manner. 

 

Materials and Methods 

 

A commercially available Vapourtec E-series flow reactor was exploited in combination with its 

UV-150 photo-module allowing for superb control over residence time and temperature. The reactor 

coil is made of transparent PFA tubing (perfluoroalkoxy alkane, 10 ml volume, i.d. 1/16’’) and can be 

used with suitable low-pass filters when paired with a medium-pressure Hg-lamp (variable 75-150 W). 

To provide for more energy-efficient and wavelength-selective irradiation a high-power LED lamp 
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emitting at 365 nm (50-100 W) was favoured. Tetrabutylammonium decatungstate (TBADT) was 

prepared by literature known methods and used in low catalyst loadings (1 mol%) for effective 

continuous HAT processes to forge important C-C bonds.  

 

Results and Discussion 

 

The photocatalysed synthesis of γ-aminopropylsulfones2 (1, Figure 1), which are underrepresented 

entities in medicinal chemistry, was achieved using TBADT as a HAT catalyst in combination with 

vinyl sulfones and a variety of different formamide and acetamide building blocks. Stock solutions were 

successfully processed through the flow reactor (tRes = 15-50 min) where irradiation with the high-power 

UV-LED light source (365 nm, 50-100 W) facilitated formation of a new C-C bond in high chemical 

yields. Crucially, the throughput of this process reached multi-gram quantities (20 mmol/h) for a variety 

of substrates which is testament to the excellent irradiation profile in flow which allows for high 

concentrations of up to 0.5 M to be processed with high efficiency.  

The same UV-LED was subsequently trialed in a photochemical quinoline synthesis (2).3 Comparing 

its performance to a traditional medium-pressure Hg-lamp clearly showed its superiority with respect 

to higher purity and increased chemical yield for all substrates tested. This flow approach allowed for 

a scalable process reaching a 100-fold higher productivity than analogous batch processes. Due to the 

excellent purity of the resulting quinoline solution, a telescoped flow hydrogenation using a packed-

bed reactor filled with a heterogeneous Pd-catalyst was possible giving rise to a series of drug-like 

tetrahydroquinolines, including the antimalaria natural product galipinine.  

Taking inspiration from this quinoline forming process that exploits a photo-catalysed alkene 

isomerisation step, we next evaluated an unprecedented process whereby the adjacent amino group was 

replaced by an alkyne species. Irradiation in flow mode used short residence times (5-8 min) within the 

UV-LED reactor (70 W, 365 nm) providing access to complex polycyclic scaffolds (3) with exquisite 

efficiency.4 These novel materials were fully characterised by spectroscopic techniques including single 

crystal X-ray diffraction. Computational work supported an intricate mechanism whereby the alkyne 

intercepts the isomerising alkene thus triggering a novel photocascade. The cascade products were 

isolated in high yields and the flow process enabled provision of gram quantities for further studies that 

are currently underway in our laboratory. 
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Figure 2: Overview of continuous photocatalysed processes achieved. 

 

Significance 

Photochemical processes towards various drug-like entities were developed using a new energy 

efficient high-power LED lamp. These processes utilise continuous flow reactor technology to harness 

excellent reaction control, safety, and scalability. The photochemical processes exploit either direct 

excitation of substrates or readily available photocatalysts (e.g. TBADT) that can be used in low 

loadings (1 mol%). In addition, the telescoping of further transformations, for instance Pd-catalysed 

hydrogenations, was demonstrated to access bioactive molecules such as the antimalarial galipinine in 

an uninterrupted process. In view of sustainability, the presented reactions are devoid of stoichiometric 

reagents as well as halogenated solvents and can be performed at high concentrations of up to 0.5 M. 
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Extended Abstract 

A solid oxide fuel cell (SOFC) is a high-efficiency device that can convert chemical energy to electrical 

energy (Lina et al. 2019). Nowadays, the demand for lowering the operating temperature of SOFC has 

become a major issue amongst scientists. One of the new alternatives is to develop proper and reliable 

cathode ink materials for intermediate temperature SOFC (IT-SOFC) (Shirani-Faradonbeh et al. 

2019).Choosing the suitable and compatible cathode materials for making ink that is used with the ionic 

and protonic electrolyte is crucial in achieving good performance of IT-SOFC. A study has discovered 

that LiCoO doped with Sr shows good electrochemical performance in IT-SOFC cathode applications 

(Wan Yusoff et al. 2020). In this work, the potential of LiCo0.6Sr0.4O2 (LCSO) cathode was further 

investigated via the fabrication-related parameter; the roller speed of the triple-roll mill (TRM) process. 

The main purpose of roller speed evaluation is to produce a homogeneous cathode ink that can yield 

better performance (Somalu et al. 2017). The LCSO cathode ink composition and roller speed values 

evaluated in this study are shown in Table 1. The working principle of TRM is shown in Figure 1. The 

prepared sampled powder of LCSO was initially characterized using X-Ray diffraction (XRD), 

followed by a scanning electron microscope (SEM) to analyze the structural properties and surface 

morphologies. Then, the inks were produced using the TRM process at different speeds of 300 m/s, 350 
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m/s, 400 m/s, 450 m/s, and 500 m/s. The LCSO high-quality inks produced were then layered on both 

sides of the SDC electrolyte to produce an LCSO | SDC | LCSO symmetrical cell with 1cm2 active site 

at the centre of the cell (Baharuddin et al. 2019). The electrochemical performance and structural 

properties of the symmetrical cell were measured by electrochemical impedance spectroscopy (EIS) to 

calculate the area-specific resistance (ASR) value at a temperature of 500 ℃ to 800 ℃ and by the field 

emmision scanning electron microscope (FESEM) method. The best roller speed to produce a high 

quality LCSO cathode ink was determined by referring to the lowest ASR value of 16.17 Ωcm2 at 300 

rpm. In conclusion, this study confirmed the influence of TRM’s roller speed on the performance of the 

cathode for IT-SOFC application. 

 

Table 1: Parameters for LCSO cathode ink formation 

Solid content Weight % ( wt%) 

LCSO powder (ball milled) 67.33 % 

Solvent (Terpineol) 29.98 % 

Binder (Ethylcelulose N7 grade (0.25-0.5wt%) 1.35 % 

Dispersant (Hypermer KD15) 1.35 % 

 

 

Figure 1: Triple roll mill machine working principle 
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Figure 2: (a) XRD and SEM results for LCSO powders, (b) Nyquist plots for LCSO cathode 

produced at different speeds and (c) FESEM morphology of LCSO cathode (ink produced at 

roller speed of 300 rpm) 
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Extended Abstract 

 

An underperformance fuel cell significantly hinders the fuel cell technology application and 

commercialization. Conventionally, a prototype is built to test the performance of a fuel cell, 

nevertheless, this approach is excessively high-priced and labour intensive. Prediction of Proton 

Exchange Membrane Fuel Cell (PEMFC) performance using numerical investigation are widely used 

over several decades. The computational fluid dynamic modelling method could predict and evaluate 

the performance of a PEMFC using less time consumption and cost-effectiveness. This study is aimed 

to predict the different modelling dimensions on fuel cell performance. Two contrasting 3D model 

dimensions particularly single-channel and small-scale 7-channel models are configured. Both 3D 

models are correlated with a multi-channel model to assess the effect of the modelling dimension on 

the PEMFC performance. The simulated findings show that the single-channel model has an elevated 

current density generation. A uniformly distributed pressure produces an even fluid dynamic of the 

reactant and water in both the anode and cathode. The extensive effect of PEMFC performance in the 

cell is the distribution of the reactant as well as the pressure, which directly affects the water and current 

density distribution.  
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Modeling and simulation 

Figure 1 displays the 3D models of single-channel and small-scale 7-channel models developed for this 

study. Models have different active area geometry where the study aims to consider the effects of 

simplification of 3D PEMFC models geometry on the predicted performance. 

 

Figure 1: The 3D models: (a) single-channel model and (b) small-scale 7-channel model. The singe-channel 

model will represent the simplest simulation model which only consists of a single inlet-outlet channel for 

anode and cathode. It has a long channel flow with no flow distribution in the models. The second 3D model 

developed for this study is the small-scale 7-channel models. It has 7 parallel channels for both anode and 

cathode. The anode flow field has the conventional parallel flow field with single inlet and outlet. On the 

cathode, it has a bend C-shape parallel flow field with 2 inlet and 2 outlets. The model has a small active 

area with flow distribution being considered in the model. The multi-channel model has the largest active 

area with multiple flow field as reported in the previous literature. The model has similar configuration as 

the small-scale 7-channel model. The difference between both model are the sizing of the active area and the 

channel length. 

Results and Discussion 

The 3D modelling of single-channel and small-scale 7-channel models was performed to determine the effect 

of geometry on predicted PEMFC performance. The fuel cell performance of the largest scale was simulated 
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in the previous work (Lim et al., 2020) using a multi-channel model for comparison purposes. Figure 2 

shows the comparison of polarization curves on the model developed for this study (single-channel, small-

scale 7-channel) and multi-channel models from the previous study. The singlechannel model had the highest 

performance, followed by the small-scale 7-channel model. The underperformance model was demonstrated 

by the multi-channel model. As reported in a foregoing study, the multi-channel model had the largest active 

area along with numerous channels. The cell performance was greatly affected by the large area and a high 

number of channels. At a cell capacity of 0.6 V, the current density generated by the single-channel model 

was 0.9 A/cm2. As for the small-scale 7-channel model, the current density was marked at 0.76 A/cm2, and 

the multi-channel model had 0.71 A/cm2. 

 

Figure 2: Polarization curves of single-channel, small-scale 7-channel, and multi-channel models. 
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EXTENDED ABSTRACT 

 

Protease enzyme dominates the global enzyme market with a broad range of applications in 

food and feed, detergent, leather and pharmaceutical industries. Microbial protease is gaining 

much attention over the plant and animal protease due to its sustainability and productivity. 

Aqueous biphasic system (ABS) is recommended as a potential technology for single-step 

recovery of protease from microbial crude feedstock with desirable recovery efficiency. Hence, 

alcohol/salt ABS was employed in the present study for the direct recovery of protease from 

recombinant Bacillus subtilis crude feedstock. Protease was recovered in the alcohol-rich phase 

of ABS of pH 7 comprising 20% (w/w) 2-propanol and 22% (w/w) phosphate salt, loaded with 

25% (w/w) crude feedstock with a partition coefficient of 3.14 ± 0.09. The highest recovery 

yield of 86.25% ± 0.32, purification fold of 2.32 ± 0.06 and selectivity of 2.61 ± 0.08 were 

achieved with the optimum alcohol/salt ABS. The findings suggested that alcohol/salt ABS 

could be employed as an effective approach for the recovery of microbial protease in single-

step operation.  

 

INTRODUCTION 

 

Protease enzyme accounts for nearly 60% of the global enzyme market, of which microbial 

protease contributes to approximately 40% of the total worldwide enzyme sales because of the 

strong organic solvents and a broad range of pH and temperature tolerance [1, 2]. The Bacillus 

sp. emerges as the attractive source of bacterial protease due to the excellent fermentation 

characteristics with the capability to synthesize a high yield of protease enzyme and a small 

amount of toxic by-product [2, 3]. Among all, Bacillus subtilis, a GRAS (Generally Recognized 

as Safe) bacterial strain, is a promising workhorse to synthesize recombinant protease owing 

to the simple genetic manipulation and cultivation process [4]. To date, the industrial 

applications of protease enzyme have been broadened from food and feed industries to 

detergent, leather and pharmaceutical industries. However, the conventional downstream 

mailto:GrraceNg@ucsiuniversity.edu.my


6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

48 

 

processing methods for the recovery of microbial protease generally require multi-step 

operations which lead to high investment cost, long processing time and difficulty in scaling 

up.  

Aqueous biphasic system (ABS) is introduced as a potential replacement to circumvent the 

limitation of the traditional approaches for the recovery of microbial enzyme. ABS has been 

widely employed for the separation and purification of target biomolecules due to the technical 

simplicity, scaling-up and continuous operation capability, cost-effective and eco-friendly 

properties [5]. ABS featuring high water content and low interfacial tension provides a 

biocompatible environment for the biomolecules recovery process, leading to the high recovery 

yield of target biomolecules in a one-step process [6]. In this study, alcohol/salt ABS was 

selected for the recovery and purification of recombinant Bacillus subtilis protease. 

Alcohol/salt ABS exhibits low viscosity and shorter phase separation time, and the alcohol can 

be easily recycled through evaporation and reused for the consecutive recovery process [7]. 

Several parameters including types and concentration of phase-forming alcohol and salt, 

concentration of crude feedstock load and system pH were investigated.  

 

MATERIALS AND METHODS 

 

Materials 

The alcohols (1-propanol, 2-propanol and ethanol) were obtained from R&M Chemicals, 

Malaysia. Ammonium sulphate was acquired from Sigma-Aldrich, USA, sodium citrate from 

Chemiz, Malaysia, whereas potassium dihydrogen phosphate and dipotassium hydrogen 

phosphate from Merck, Germany. Bicinchoninic acid (BCA) protein assay kit was purchased 

from Nacalai Tesque, Japan. 

 

Methods 

Experimental procedure: 

ABS of 5 g was prepared by adding alcohol, salt stock solution, crude enzyme and ultrapure 

water into a 15 mL falcon tube. After mixing, the mixture was subjected to centrifugation (4000 

rpm, 10 min) and the phase volume was measured. The phase sample was collected for the 

evaluation of total protein concentration and protease activity.   

 

Analytical procedure: 

The total protein concentration was determined by adding 50 µL of protein sample to 200 µL 

of BCA working reagent. After incubation (37 ℃, 10 min), the absorbance was measured at 

562 nm. [8]. To determine the protease activity, 250 µL of sample was mixed with 250 µL of 

0.25% (w/v) casein substrate dissolved in Tris-HCl (10 mM, pH 9) and incubated (40 ℃, 10 

min). Then, 500 µL of 0.4 M TCA solution was added into the mixture and centrifuged, 

followed by the measurement of absorbance at 280 nm [9].  

 

Calculations: 

The recovery yield of protease in top phase (YT) was calculated using Eq. (1) [10]: 

𝑌𝑇 , % =
100

1+(
1

𝑉𝑟∗𝐾𝑒
)
     (1) 

Where Vr is the volume ratio of top and bottom phases. 
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The partition coefficient of protease (Ke) and total protein (Kp) were calculated using Eq. (2) 

and (3), respectively [10]: 

𝐾𝑒 =
𝑃𝑟𝑜𝑡𝑒𝑎𝑠𝑒 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑖𝑛 𝑡𝑜𝑝 𝑝ℎ𝑎𝑠𝑒

𝑃𝑟𝑜𝑡𝑒𝑎𝑠𝑒 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑖𝑛 𝑏𝑜𝑡𝑡𝑜𝑚 𝑝ℎ𝑎𝑠𝑒
    (2) 

𝐾𝑝 =
𝑇𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑖𝑛 𝑡𝑜𝑝 𝑝ℎ𝑎𝑠𝑒

𝑇𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑖𝑛 𝑏𝑜𝑡𝑡𝑜𝑚 𝑝ℎ𝑎𝑠𝑒
   (3) 

 

The purification fold (PF) was calculated using Eq. (4) [11]: 

     𝑃𝐹 =
𝑆𝐴 𝑜𝑓 𝑡𝑜𝑝 𝑝ℎ𝑎𝑠𝑒

𝑆𝐴 𝑜𝑓 𝑐𝑟𝑢𝑑𝑒 𝑓𝑒𝑒𝑑𝑠𝑡𝑜𝑐𝑘
                (4) 

Where SA denotes the specific enzyme activity which defines as the ratio of protease activity 

(U) to total protein content (mg).  

 

The selectivity (S) was calculated using Eq. (5) [8]: 

𝑆 =
𝐾𝑒

𝐾𝑝
      (5) 

 

 

RESULTS AND DISCUSSION 

 

In the selection of types of phase-forming components, the highest recovery of protease was 

achieved in the in 2-propanol/phosphate ABS with greatest Ke of 3.03 ± 0.12 and YT of 86.75% 

± 0.44 obtained. Protease was preferentially migrated towards the hydrophobic alcohol-rich 

top phase (Ke  > 1) due to the low hydrophilicity of protease enzyme, leading to the formation 

of hydrophobic interaction among the protease and 2-propanol in ABS [12].  

Following this, the recovery efficiency of 2-propanol/phosphate ABS at different concentration 

was studied. ABS comprising of 20% (w/w) 2-propanol and 22% (w/w) phosphate resulted in 

the highest YT of 89.62% ± 0.11 and PF of 2.55 ± 0.06 when compared to the other systems.  

Fig. 1 demonstrates the effect of concentration of crude feedstock loaded into the ABS on 

protease recovery. Increase of crude feedstock concentration enhanced the recovery efficiency 

as more of the protease enzyme are loaded into the systems, thus enhanced the recovery yield 

[8]. The highest recovery efficiency was attained in the biphasic system loaded with 25% (w/w) 

crude feedstock (YT = 89.42% ± 0.82, S = 2.19 ± 0.15). 

 

Fig. 1 Effect of concentration of crude feedstock on protease recovery. 
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The effect of system pH on protease recovery is shown in Fig. 2 whereby ABS of pH 7 resulted 

in the highest recovery efficiency with Ke of 3.22 ± 0.06, PF of 2.36 ± 0.06 and YT of 86.55% 

± 0.22 recorded. Majority of the protease enzyme exhibits an isoelectric point (pI) of around 7. 

Hence, ABS with pH closer to the pI of proteins tends to strengthen the hydrophobic 

interactions, thereby improves the protease recovery in alcohol-rich top phase [13]. 

 

Fig. 2 Effect of system pH on protease recovery. 

 

 

CONCLUSION 

 

The direct recovery of protease from recombinant B. subtilis crude feedstock was successfully 

performed in alcohol/salt ABS. ABS comprised of 20% (w/w) 2-propanol and 22% (w/w) 

potassium phosphate of pH 7, loaded with 25% (w/w) of crude load was the ideal system for 

protease recovery. Highest Ke of 3.14 ± 0.09, YT of 86.25% ± 0.32, PF of 2.32 ± 0.06 and S of 

2.61 ± 0.08 were achieved in the optimum ABS. Alcohol/salt ABS could be the useful 

technique for the one-step recovery of microbial protease with minimal investment cost and 

processing time. 
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Extended Abstract 

 

Drilling fluid plays an essential role in the success of any drilling operation. A high-performance drilling 

fluid is crucial to drill the highly challenging formations such as highly deviated, ultra-deep, and 

extended reach wells. Oil-based mud (OBM) is preferred over other drilling fluids due to its superior 

performance to drill highly technical and challenging formations. OBM offers less formation damage 

with fewer hole problems, excellent lubricity, corrosion inhibition, decreased differential sucking, 

increased rate of penetration (ROP), and superior wellbore stability [1]. However, there are significant 

challenges that restrict its application, including environmental issues, high cost, and elastomer 

incompatibility. The biggest problem related to the use of OBM is its toxicity, which has the potential 

to damage the ecosystem. OBM uses diesel or mineral oil as a continuous phase in the formulation, 

which is refined from crude oil and contains a high concentration of hazardous and non-biodegradable 

aromatic components. Therefore, the stringent environmental regulations imposed by the environmental 

regulatory agencies have limited the use of oil-based mud around the world due to its detrimental effect 

on the environment [2]. To maintain and preserve the environment, an eco-friendly, biodegradable, and 

chemically stable drilling fluid created from alternative sources is necessary. This situation makes ester-

based drilling fluid an attractive alternative to oil-based drilling fluid. 
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The ester-based drilling fluid used biodiesel as a base fluid for the formulation of drilling fluid. It is 

generally derived from vegetable oil and considered environment-friendly and biodegradable, as it does 

not contain any aromatic compounds [3]. The performance characteristics of ester-based drilling fluid 

are very much similar to the oil-based drilling fluid but with significantly reduced environmental impact. 

Biodiesel production from second-generation feedstock (non-edible vegetable oil) is gaining worldwide 

attention as they are more environment-friendly, efficient, economical compared to edible vegetable 

oils. Calophyllum inophyllum has been emerging as a potential source of non-edible feedstock for the 

production of biodiesel. This plant is native to southeast Asia, east Africa, the southern coast of India, 

Australia, and the south pacific [4]. Calophyllum inophyllum oil is non-toxic, environmentally friendly, 

efficient, and economical, which makes it a suitable candidate for the development of an ester-based 

drilling fluid.  

The objective of this research study is to develop and evaluate the performance of an ester-based drilling 

fluid using Calophyllum inophyllum oil as base fluid. The crude Calophyllum inophyllum oil is 

extracted and synthesized to produce biodiesel by two-step esterification and transesterification process 

at optimum conditions. The produced biodiesel is used as a base oil for the formulation of ester-based 

drilling fluid. A comprehensive experimental study is carried out to evaluate the performance of 

formulated ester-based drilling fluid. The rheological and filtration tests are performed at ambient and 

reservoir conditions along with electrical stability and barite sagging and viscoelastic properties. The 

formulated drilling fluid demonstrates efficient performance and meets the API recommendations. The 

drilling fluid shows superior rheological characteristics, improved filtration properties, high electrical 

stability and enhanced viscoelastic properties. The rheological modelling recommends the non-

Newtonian shear-thinning behaviour which is correlated with the Herschel–Bulkley model as shown in 

Fig 1. The performance of the ester-based drilling fluid is evaluated by comparing the rheological and 

filtration properties with commercially available oil-based drilling fluids. The test results exhibit that 

the newly developed ester-based drilling fluid has improved rheological and filtration properties with 

better emulsion stability and barite sagging tendency. It is anticipated from the results that the 

Calophyllum inophyllum ester-based drilling fluid has the potential to overcome the technical and 

environmental challenges of oil-based drilling fluid for drilling shale formation. 
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Figure 3: Rheological model showing a relationship between shear stress and shear rate of 

CIME-based drilling fluid 
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Extended Abstract 

Microalgae have received much interest as a biofuel feedstock in response to the uprising energy crisis, 

climate change and depletion of natural sources. Development of biofuels alone from microalgae does 

not satisfy the economic feasibility of overwhelming capital investments and operations. Hence, high-

value co-products have been produced through the extraction of a fraction of algae to improve the 

economics of a microalgae biorefinery [Chew et al., 2017]. Examples of these high-value products are 

pigments, proteins, lipids, carbohydrates, vitamins and anti-oxidants, with applications in cosmetics, 

nutritional and pharmaceuticals industries [Zhuang et al., 2021]. To promote the sustainability of this 

process, an innovative microalgae biorefinery structure needs to be implemented through the production 

of multiple products in the form of high value products and biofuel.  

 

Many research works have successfully used microalgae for various bioproducts generation. This 

involves the upstream processing and downstream processing, which consists of the main stages in 

microalgae biorefineries. The efficiency of the upstream processing involves four important factors, 

namely: microalgae strain, supply of carbon dioxide (CO2), nutrient source such as nitrogen and 

phosphorus, and source of illumination [Peter et al., 2022]. While the downstream processing involves 

the coagulation, harvesting, extraction, separation and purification technologies. Adequate nutrient 

sources are significant for microalgae growth as it provides the necessary conditions to enhance the 

productivity of microalgae [Chia et al., 2018]. Different light sources can influence the photosynthesis 

rate of microalgae, which will directly impact its growth rate. As for downstream processing, the 
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selection of appropriate technologies for biorefineries depends on several factors: energy input required, 

availability of current technology, economic feasibility, simplicity of process, number of processing 

steps and others [Chew et al., 2017]. These factor play a major role in optimizing the process to enable 

better efficiency and higher profits from the products generated. Hence, the development of multiphase 

separation technologies can serve as an uprising method to promote the biorefinery of biomass. 

 

Multiphase separation techniques like three phase partitioning (TPP) or liquid triphasic system (LTS) 

is an emerging separation process that could overcome the associated limitations of the conventional 

processes [Chew et al., 2019b]. LTS is a multiphase system that comprises of three phases as a result 

of two immiscible liquid mixtures consisting of a combination of alcohol and salt phase, where lipids 

are separated to the top, proteins present in the intermediate and the remaining carbohydrates and 

contaminants in the bottom phase. Each layer holds a desired product that can be purified and processed 

for further applications (Figure 1). The LTS represents a simple and quick method for extraction, 

purifying and concentrating biomolecules and can be used directly with crude suspensions. Integrating 

the technology with pretreatment procedure have also established higher quality products with better 

desired compound recovery [Chew et al., 2019a]. The incorporation of pretreatment steps with LTS can 

contribute to cell disruption of microalgae, leading to the rapid release of valuable biomolecules. This 

shows the prospects of LTS as a potential rapid downstream processing for the extraction and 

purification of multiple products from microalgae. 

 

 

 

Figure 4: Schematic representation of biorefinery system using multiphase separation. 
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Abstract 

Qualities of marine sediments along Colombia's Caribbean Coast were mainly investigated, 

including ex-situ pollutants treatment technologies. This research aims to establish preliminary 

frameworks to improve environmental assessment for beneficial uses of dredged materials (DM), 

including contaminated marine sediments (CMS) in Colombia, where such studies have not been 

reported until now. This research proposed using solidification-stabilization as sustainable remediation 

technologies along with complex methods. Low values of harmful heavy metals and organic pollutants 

were found in the literature reviewed. However, cadmium (Cd) and chromium (Cr) concentrations were 

above the international environmental standards. For those reasons, remediation strategies should be 

considered to control pollutants. Finally, future research should focus on the potential benefits of 

combining multiple technologies to improve outcomes. More detailed studies should be continuously 

conducted in Colombia to formulate marine sediments' environmental standards and enhance dredged 

materials sustainability. 

 

Keywords: dredged materials; contaminated marine sediments; beneficial use; remediation; 

sustainability. 

 

1. Introduction 

 Contaminated marine sediments denote a potential risk for human health and the marine 

environment due to their long-term detrimental consequences [1]. Thus, strategies for sustainable 

remediation are required. Remediation treatments are critical because their management and disposal 

involve significant monetary resources, time, and space [2]. Also,  due to the high water contents and 
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particle size distribution in DM, pre-treatment processes are necessary before beneficial uses. The 

London Protocol 1996; LP [3] has established guidelines for adequately disposing of DM, avoiding the 

perception of contaminated materials as waste, and considering them commercially exploitable 

resources [4]. Therefore, their usage for beneficial uses should be viewed as a priority. 

 

Aside from these factors, cost-effectiveness, treatability per unit time, and life cycle assessment 

(LCA) are significant to determine treatments methods [5]. In DM, the removal efficiency of 

contaminants is exacerbated by the large fraction of fine particles and pollutants. [6] provides a well-

developed guide on selecting feasible remediation technologies to treat DM and CMS. With an 

extensive coastline and the absence of normativity to properly manage dredged processes, Colombia 

faces an urgent need to set up national environmental standards of marine sediments to evaluate their 

contamination level and reduce decision-making uncertainty during dredging activities. Therefore, 

specific assessment guidelines are needed to meet sustainability and better management practices. This 

research is intended to provide preliminary frameworks for increasing beneficial uses of DM and CMS 

in Colombia through remediation technologies that may reduce disposal dredged volume, cost-saving 

in dredging work, and controlling contaminants from the environment. 

 

2. Methodology 

Theoretical review concerning the state of marine sediments in Colombia [7], [8], [9], [10], [11],[12] 

was developed, including normativity of dredged process. Next, results of sediment quality reported in 

the Colombia's Caribbean Cost were compared with Sediments Quality Guidelines (SQGs) of 

developed countries to assess contamination levels. Ex-situ technologies to treat pollutants were 

investigated due to the ease of environmental parameters control compared to in-situ methods. Finally, 

this research provided preliminary frameworks for beneficial uses of DM, recognizing them as valuable 

resources different than wastes. 

 

3. Results 

International SQGs with specific pollutants and Action Levels with Upper (AL1) and Lower (AL2) 

limits were collected to assess acceptable values of contaminants because there is no current legislation 

for sediment qualities in Colombia. In Table 1, Cd and Cr concentrations exceeded international AL1 

and AL2 in cities with a strong influence of anthropogenic contaminants, representing a potential risk 

to the coastal ecosystem. In contrast, inorganic and organic pollutants were low in regions with inferior 

industrialization. Preliminary studies have not been proposed recovery methods to obtain beneficial 

uses of DM and CMS in Colombia until now. In that sense, solidification and/or stabilization combined 

with complex alternative methods promise to remediate contaminated materials. The mobility of 
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harmful heavy metals is reduced by mixing agents that solidify and then immobilize the target 

pollutants. The average cost is 90 USD per tonne (cost range from 30 to 250 USD per tonne) [1]. 

Compared with other technologies, this method is relatively low cost and easy to process. Numerous 

studies have investigated the application of this remediation technology [2][13][14]. 

 

Table 1: Comparison of sediment quality reported in Colombia with international sediments 

quality criteria [1]. Exceeding concentrations values are stated in italics 

Specification Republic 

of Korea 

Hong 

Kong 

Belgium Florida, 

USA 

Colombia 

 

Referenc

es 

Action Level 

Unit 

AL1     

AL2 

mg/kg     

AL1      

AL2 

mg/kg-

µg/kg* 

AL1    AL2 

mg/kg-

µg/goc* 

AL1     

AL2 

mg/kg 

 

mg/kg, dw 

 

Hg 1.2         

0.3 

1           

0.5 

1.5         0.3 0.696    

0.13 

   0.099 ± 

0.0886 

[7] 

 

Cd 

 

10          

2.5 

 

4           

1.5 

 

7           2.5 

 

4.21     

0.676 

 0.3328 ± 

0.4266           

     0.12 ± 0.15 

       1.1 ± 0.72 

          9 ± 14 

[7] 

[10] 

[11] 

[12] 

Zn 410       

200 

270         

200 

500       160 271        

124 

     80.7 ± 55 

   32.33 ± 

12.549 

[10] 

[8] 

Ni 52           

35 

40          

40 

280       70 -             -    24.97 ± 7.52 

     19.5 ± 6.47 

[7] 

[10] 

 

 

Pb 

 

 

 

 

 

 

350       70 

 

 

   8.214 ± 

5.247 

[7] 

[10] 

[8] 
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3.1 Preliminary Framework for Beneficial uses of Dredged Materials and CMS in Colombia 

Followed by determining the contamination level of DM, suitable remediation technologies should 

be applied to reduce concentrations of contaminants and obtain beneficial uses. Figure 1 provides 

schematic frameworks for the sustainable management of DM. Generally, more than one technology 

should be considered. In addition, pre-treatment technics might be required depending on the types of 

pollutants to remediate [6].  

For instance, particle separation pre-treatment is crucial in reducing the volume of DM to be treated 

for beneficial uses or disposed of in confined facilities [1], while the dewatering process will reduce the 

volume of fine particles remaining. Final products will generate worth construction materials and 

several engineering applications. Various researchers have further investigated the beneficial uses of 

DM and CMS. 

 

220         

50 

110         

75 

112        

30.2 

     2.36 ± 2.3 

   1.194 ± 

0.059 

 18.95 ± 

8.5023  

      22 ± 46 

[11] 

[12] 

Cr 370         

80 

160         

80 

220        60 160        

52.3 

34.129  ± 19 

     60.1 ± 

31.16 

      179 ± 360 

[7] 

[11] 

[12] 

Cu 270         

65 

110         

65 

100        20 108        

18.7 

        21 ± 

13.20  

     83.2 ± 122 

        20 ± 30 

[7] 

[11] 

[12] 

PAHs 45           4 3160*   

550* 

180*     70* 1442       

312 

   0.188 ± 

0.249 

[9] 

PCBs 0.180   

0.023 

180*       

23* 

2*        2* 189        

21.6 

 0.0025 ± 

0.0045 

[9] 
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Figure 2: Preliminary Framework for Beneficial uses of  Dredged Materials and CMS in 

Colombia 

**As a result, enhancing the sustainability management of dredged materials and marine 

sediments will be reached 

 

4. Discussion 

Qualities of marine sediments in Colombia and proposals for remediation alternatives of DM and 

CMS were investigated. Few studies regarding this topic were found during the review. Table 1 showed 

relatively non-contaminated materials, suitable for multiple beneficial uses without additional pollutant 

control technologies. Remediation technologies have advantages and limitations; thus, risk 

management and critical aspects discussed before should be evaluated, including community 

participation. Beneficial uses of DM are not usually considered in treatment processes, however it may 

reduce the volume of dredged, which is often very large, providing valuable commercialized products 

and improving the implementation of circular economy strategies [1]. 

 

5. Conclusions  
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1. Particle separation or dewatering pre-treatments are critical before beneficial uses of DM. The 

findings in this study offer solidification and/or stabilization combined with other alternative 

technologies as a suitable, cost-effective remediation method to treat harmful heavy metals. 

2. The preliminary frameworks developed during this study may improve the decision-making of 

national and environmental authorities in Colombia regarding sustainable management of DM, 

increasing their beneficial uses.  

3. Colombia needs to consider being a contracting party of LP, which plays an essential role 

adequately managing of DM and preventing pollution from harmful pollutants at sea. 

4. The potential effects of two or more technologies concerning remediation treatments to enhance 

results may be considered in future research. 

5. Further studies should be constantly developed in Colombia to formulate national environmental 

standards of marine sediments based on appropriated environmental regulations and referencing the 

experiences of other countries’ international standards.  
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Abstract 

Morphological characteristics of zeolites can have significant effects on the catalytic reactions. 

However, the roles of zeolite morphology on catalytic reactions, particularly Friedel-Crafts acylation 

of 2-methylfuran, are still not clear. Hence, LTL-type zeolites with different morphologies are prepared 

by using bamboo leaf bio-silica source where the zeolites are used to elucidate the morphological 

properties in this acylation reaction. The results show that LTL zeolites with short-rod, cylindrical, 

stick-like and nanosized shapes can be prepared by simply tuning the water content of the precursor 

hydrogels and the crystallization time. The morphological properties of LTL zeolites are also found to 

have pronounced influences on their surface properties (surface areas, pore volumes, number of 

micropore channels, textural properties) and acidity (amount, strength and type) where these properties 

affect their catalytic activity in acylation of 2-methylfuran under non-microwave instant heating 

condition. Furthermore, the influence of temperature and heating time on the kinetics of catalytic 

acylation of 2-methylfuran, and the catalytic comparative study between nanosized LTL zeolite and 

several homogeneous and heterogeneous catalysts are also discussed. 
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Extended Abstract 

 Silicoaluminophosphate Number 34 (SAPO-34) crystallized using novel N-heterocyclic 

organic template—1-propylpyridinium hydroxide ([PPy]OH)—as an excellent catalyst for the 

production of ethyl levulinate biofuel is reported. First, the time-dependent crystallization study of 

SAPO-34 using various spectroscopy, microscopy and analytical techniques is performed. As shown in 

“Figure 1”, the precursor undergoes several important crystallization steps, namely dissolution of 

reactants (induction), nucleation and crystal growth of SAPO-34, before it transforms into a more 

metastable SAPO-36 crystalline phase. The resulting cubic-shaped SAPO-34 solid 

(Si0.198Al0.475P0.327O2) exhibits high porosity (SBET =  673 m2/g, VTot = 0.27 cm3/g) and high Si content 

mailto:epng@usm.my
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(Si/(Si+Al+P) = 0.198) which contribute to high surface acidity (2.52 mmol/g) as confirmed by the 

NH3-TPD analysis  as shown in “Table 1”. The SAPO-34 catalyst shows 93.4% conversion to ethyl 

levulinate via esterification of levulinic acid with ethanol just within 20 min at 190 °C under non-

microwave instant heating “Figure 2A”, which is considered very fast as compared to other systems. In 

addition, high catalyst recyclability is observed even after fifth cycle of reaction “Figure 2B”, thus 

offering another promising pathway for crystallizing zeolites using this new class of template that are 

beneficial for catalytic biofuel upgrading process. 

 

 

Figure 1: (A) XRD patterns of samples after (a) 0 h (amorphous), (b) 16 h (amorphous + SAPO-

34), (c) 19 h (SAPO-34) and (d) 30 h (SAPO-34 + SAPO-36) of hydrothermal treatment. The 

asterisks in (d) show the presence of SAPO-34 as a minor competing phase for SAPO-36. (B) XRD 

pattern of A(c) after indexing and comparing with the theoretical CHA simulated pattern. 

 

 

Table 1: Crystalline phase, chemical composition, porous and acid properties of solid samples 

treated at various times. 

Sample 
Product 

compositiona 

SBET 

(m2/g)b 

SMic 

(m2/g)c 

VTot 

(cm3/g)d 

Acidity (mmol/g)e 

100-300 °C 300-600 °C Total 

0 h Si0.018Al0.424P0.558O2 87 0 0.07 0.01 0 0.01 

16 h Si0.145Al0.479P0.376O2 241 121 0.29 1.03 0.25 1.28 

19 h Si0.198Al0.475P0.327O2 673 661 0.27 1.26 1.26 2.52 

30 h Si0.194Al0.470P0.335O2 587 582 0.26 1.16 1.14 2.30 

aDetermined from ICP-OES; bSpecific surface area; cmicropore surface area; dtotal pore volume; 

edetermined from NH3-TPD 
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Figure 2. (A) Effect of temperature and time on the conversion of LA into ethyl levulinate biofuel 

additive in the presence of SAPO-34 and (B) catalyst recyclability test of SAPO-34.  
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Abstract 

 

This study focused on the preparation of biodegradable dual-layer mulch film based on 

polyhydroxyalkanoate (PHA) and polycaprolactone (PCL). The main aim of this study is to prepare 

mulch film which is completely biodegradable without generating any micro-plastics. The dual-layer 

mulch film is made of PHA as the first layer and a mixture of PHA and PCL at different ratios as the 

second layer. The ratio of PHA/PCL used was 90:10, 70:30, and 50:50. The dual-mulch film was 

prepared by using the hot-press technique and later was cross-linked by using electron beam irradiation 

in order to ensure the strong adherence between the two layers. The mixture of PHA/PCL films with 

different ratios, PHA and PCL virgin film were subjected to a soil burial bio-degradability test. The 

PHA and PCL virgin film had shown the highest degradation percentage. Therefore, further 

characterization was performed on dual-layer PHA/PCL (100%) based on their higher degradability 

tendency. The apparent properties, morphology, thermal stability, chemical composition, and 

mechanical properties of dual-layer PHA/PCL (100%) were tested thoroughly. 

 

Keywords: Biodegradable mulch film, Polyhydroxyalkanoate, Polycaprolactone, Hot-press, 

Crosslinking.   

 

1. Introduction 

 

  This study aims to investigate the biodegradability of PHA-based mulch film layered with 

polycaprolactone (PCL). Generally, the use of PHA solely for the formulation of plastic is unsuitable 

as the PHA is very inflexible. Thus, PCL was introduced in the formulation of biodegradable film since 
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PCL capable to act as plasticizer. The PHA-based mulch film with PCL was prepared in dual layers 

specifically to control the rapid UV degradation on the surface of the mulch film due to sunlight which 

usually shortens the life span and also to avoid the uneven degradation due to microbe decomposition 

at only one side that comes in contact with soil. The PCL possess the tendency to withstand rapid UV 

degradation. Meantime, PCL shows a much slower decomposition rate with microbial activities in soil. 

Thus, the dual-layer of PHA/PCL based mulch film is expected to own higher biodegradability at a 

slower rate. At first, the PHA was hot-pressed that followed by the second layer of PCL. However, as 

for the second layer, the melt compounding of PHA and PCL was performed at different ratios as well. 

The prepared film was further subjected to radiation crosslinking. The crosslinking yield was measured 

by gel content analysis. The biodegradability of the prepared film was investigated by performing soil 

burial test. The chemical composition, morphology, thermal, and mechanical properties of prepared 

PHA/PCL mulch film were investigated thoroughly.  

 

 

2. Experimental 

 

2.1. Melt-compounding 

 

The PHA and PCL granules were pre-dried at 40°C for 24 hours in a vacuum oven prior to 

processing. The PHA was blended with PCL by mixing LABO Plastomill Model 50C150 (Toyoseki, 

Japan), with the total mass of 50 g for every batch. The formulations and compounding conditions are 

as shown in the Table 1. 

 

Table 3. Formulations and compounding conditions 

Sample (blends for 

second layer) 

PHA  

(wt%) 

PCL  

(wt%) 

Rotor speed 

 (rpm) 

Temperature 

(ºC) 

Time  

(min) 

B1 100 0 - 190 10 

B2 90 10 20 190 10 

B3 70 30 20 190 10 

B4 50 50 20 190 10 

B5 0 100 - 190 10 

 

2.2. Hot-press 
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The granules were placed in a mould, with thickness of 0.1 mm. Silicon mat was used as a 

protective layer on both sides. The sample was then placed in the hot-press which was set at 

predetermined temperature (185 ºC for 100 wt% PHA, 75 ºC for 100 wt% PCL, and 185 ºC for the mix-

compound). The sample was pre-heated for 10 minutes before pressure was applied. The pressure was 

increased to 150 kg/cm2 (=15 MPa) for 5 minutes and then cooled down to room temperature. The dual-

layer film was prepared by melting the first layer (100 wt% PHA) at 185 ºC for 5 minutes, followed by 

layering the second layer (blend compound as shown in Table 1) and press it with 150 kg/cm2 pressure 

for 5 minutes. The sample was then cooled down to room temperature. 

 

2.3 Radiation Crosslinking 

 

The radiation crosslinking was performed on PHA/PCL mulch film in batch by using EPS 3000 

electron beam accelerator machine. The prepared mulch film was placed on petri dish with the 

dimension of 10 cm x 10 cm and been transported into irradiation chamber via conveyor system. The 

mulch film were irradiated with 30 kGy of irradiation dose, 2 MeV voltage, and 10mA current. 

2.4 Soil Burial Test 

 

The soil burial test was carried out in an open area with realistic conditions. The specimens of 

PHA/PCL  mulch film with different ratios, virgin PHA and PCL were placed on a wire mesh and 

buried in soil shallowly. The final weight of the film after the burial was recorded on weekly basis. The 

degree of degradation was evaluated by weight loss (WL) by using the following equation (1) (La 

Mantia, Ascione, Mistretta, Rapisarda, & Rizzarelli, 2020).     

 

𝑾𝑳 (%) =
(𝑾𝒃𝒆𝒇𝒐𝒓𝒆 − 𝑾𝒂𝒇𝒕𝒆𝒓)

𝑾𝒃𝒆𝒇𝒐𝒓𝒆
⁄ × 𝟏𝟎𝟎                                                                   (1) 

 

Where, W is the weight of the film before and after the established time of burial test. 

 

2.4 Characterizations 

 

Apparent and Morphological Properties: The thickness of the film obtained was measured using a 

hand-held dial thickness micrometer (Mitutoyo, Japan). The transparency of the film were determined 

using UV-Visible spectrophotometer Model (UV-1800, Shimadzu). Detailed observation of the two 
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layers were confirmed by Scanning Electron Microscopy (SEM). SEM SU350 (Hitachi, Japan) was 

performed at the voltage of 15.0 kV and current of 0.2 mA.   

 

Thermal Analysis: The Differential Scanning Calorimetry (DSC) measurements were performed using 

approximately 5 mg of sample placed in sealed aluminium pans and loaded into the sampler on Thermo 

Plus DSC 8320 (Rigaku, Japan). The samples were analyzed for its thermal stability with 

Thermogravimetric Analyzer (Pyris 1 TGA, Perkin Elmer). The samples were heated from room 

temperature to 700 °C, with heating rate of 10 °Cmin-1. Nitrogen flow was maintained at a rate of 50 ml 

min-1. 

 

Mechanical Analysis: Universal Testing Machine Model (Instron, USA) 2.5 kN was used to determine 

the tensile strength and elongation at break for each samples. Samples were cut into 50 mm × 12.7 mm 

at the gauge length according to ASTM D882. The tests were conducted with crosshead speed of 50 

mm/min. Elongation at break, EL was calculated according to the equation (2) below. 

𝑬𝑳 =
(𝒅𝒂𝒇𝒕𝒆𝒓 − 𝒅𝒃𝒆𝒇𝒐𝒓𝒆)

𝒅𝒃𝒆𝒇𝒐𝒓𝒆
⁄ × 𝟏𝟎𝟎                                                                                (2) 

Where, 𝒅 is the distance between grips holding the sample before and after the sample breaks. 

 

3. Results and Discussion 

 

3.1 Apparent Test 

 

 The thickness and transparency of both single-layer PHA and PCL films along with double-

layered PHA/PCL films with different blending ratios were reported in Table 2. According to the results 

obtained, the thickness of the single-layered film are much lower in comparison to dual-layered film. 

On the other hand, the transparency of single-layered film is much higher than doubled-layered film.  

 

Table 2. Thickness and transparency of the single and double layer PHA/PCL mulch film 

Film Type Thicknessb (μm) Transparencyc (%T) 

Single-layer  

100 wt% PHA (B1) 

73.35 78.85 

Single-layer  100.30 95.50 
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3.2 Biodegradability Test 

In this study, the biodegradability of PHA/PCL film with different ratios, PHA and PCL films 

were investigated via a soil burial test. The result obtained on the soil burial degradation test is displayed 

in Figure 2. The appearance of the PHA/PCL film with the mixed ratio of 90/10, 70/30 and 50/50 

remains almost intact. The mulch film with 100 % of PHA and PCL had shown some visual defects in 

terms of appearance.  

 

 

 

 

 

 

 

 

 

 

Figure 2.  Weight loss values (%) vs. degradation time for double layered mulch film 

3.3 Characterization of the PHA/PCL Double Layered Mulch Film 

 

100 wt% PCL (B5) 

Dual-layera   

B1 + B5  175.25 78.45 

B1 + B2 151.35 67.58 

B1 + B3 168.75 70.25 

B1 + B4 159.85 61.25 
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Further characterization was performed on the single layer of PHA (100%), the single layer of 

PCL (100%) and the dual-layer of PHA/PCL (100%).  

 

3.3.1 Morphology 

The surface morphology of a single layer of PHA (100%), single layer of PCL (100%), and 

dual-layer of PHA/PCL (100%) was shown in Figure 1.  

 

 

 

 

 

 

 

 

 

 

Figure 1.  SEM images for (a) single-layer 100 wt% PHA film, (b) single-layer 100 wt% PCL film, (c) 

dual-layered film consisting PHA/PLA (100%) and (d) cross-section of dual-layered PHA/PLA (100%)  

 

3.3.2 Thermal Properties 

 

The thermogravimetric curves for single-layered PHA, single-layered PCL, and double-layered 

PHA/PCL (100%) are shown in Figure 2. Single-layered PHA film exhibits only single-step thermal 

degradation with good thermal stability. Meanwhile, single-layered PCL had shown two-step thermal 

degradation with good thermal stability, too. On the other hand, the double-layered PHA/PCL (100%) 

had shown three-steps degradation with poor thermal stability. 
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Figure 2.  TGA for single-layer 100 wt% PHA film, single-layer 100 wt% PCL film and dual-layered 

film consisting PHA/PLA (100%) 

 

Figure 3 shows the DSC thermograms of single-layered PHA, single-layered PCL, and double-

layered PHA/PCL (100%). There was one endothermic peak on the thermogram of both single-layered 

PHA and single-layered PCL, respectively. On the other hand, two endothermic peaks were found on 

the thermogram of double-layered PHA/PCL (100%). The one endothermic peak of single-layered PHA 

described the melting behavior of PHA at the temperature of 170.2°C. Meanwhile, the melting behavior 

of PCL was detected at a temperature of 59.6°C. The hot-pressed and radiation cross-linked double-

layered PHA/PCL (100%) demonstrated the shifting of the endothermic peak of PHA to 168.6 °C and 

PLA to 57.1 °C with a decrease in the area and intensity of the melting peak.  

 

 

 

 

 

 

 

 

 

 

Figure 3.  DSC thermogram for single-layer 100 wt% PHA film, single-layer 100 wt% PCL film and 

dual-layered film consisting PHA/PLA (100%) 

 

3.3.3 Mechanical Analysis 

 

The mechanical stability of single-layered PCL, and double-layered PHA/PCL (100%) was 

analyzed in this study and the result is reported in Table 3. The mechanical analysis on single-layered 

PHA film is unable to be performed due to its extreme brittleness. The single-layered PHA film with 

greater brittleness is unsuitable to be analyzed universal testing machine. The tensile strength and 

modulus of single-layered PCL are slightly higher in comparison to double-layered PHA/PCL (100%).  
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Table 3. Mechanical properties of single-layer 100 wt% PCL film and dual-layered film consisting 

PHA/PLA (100%) 

 

4. Conclusion 

 

The preparation of degradable mulch by using both PHA and PCL in different ratios was investigated 

in this study. The mulch film was prepared in dual-layer whereby the first layer was made of PHA and 

the second layer was made of a mixture of PHA/PCL at different ratios. The dual-layer mulch film was 

prepared via the hot-press technique and further cross-linked by electron beam irradiation. The soil 

burial biodegradability test had shown that dual-layered mulch film made of PHA/PCL (100%) 

possesses a higher degradability percentage.  
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Extended Abstract 

 

Research towards lanthanum, strontium, cobalt, ferrite (LSCF) has gained much attention 

towards SOFC type cathode lately and various work has been done to improve the catalytic activity of 

the cathode which mainly revolves around the oxygen reduction reaction (ORR) process (Ahmad et 

al., 2022; Tahir et al., 2022; Zarabi Golkhatmi et al., 2022). Several suggest that addition of nickel 

oxide (NiO) capable to improve the catalytic activity of LSCF cathode primarily at intermediate 

temperature operation (Guo et al., 2015; Nadeem et al., 2018; Wang et al., 2016). Previous work also 

suggest that addition of nickel oxide toward LSCF capable to sustain nanosize particle even after 

calcined at 800 oC (Rosli et al., 2021). However, in detail explanation regarding the oxygen reduction 

reaction process occurred in low frequency and high frequency was not discussed in previous work. In 

this work, addition of nickel oxide towards LSCF is primarily investigated in term of optimization ratio 

LSCF:NiO, bode phase peak of low frequency and high frequency of bare LSCF and LSCF-NiO 

together with several characterization to support the result. Phase analysis revealed that two-phase 

LSCF and NiO was succesfully be synthesized via enhanced modified sol gel method at 800 oC 

calcination temperature. Thermal and bonding anlysis further support the result from phase analysis 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

78 

 

where LSCF-NiO synthesize via enhanced modified sol gel method indeed suitable to be synthesized 

aslow as 800 oC calcination temperature. Comparison specific surface area towards LSCF with addition 

of 3 wt%, 5 wt%, 7 wt% and 9 wt% of NiO was done and it is revealed that addition 5 wt% of NiO 

gives the highest value of specific surface area among candidates. Electrochemical analysis suggested 

addition 5 wt% of NiO toward LSCF cathode capable to reduce the area specific resistacne  (ASR) from 

0.088 Ω cm2 to 0.055 Ω cm2 at 800 oC operating temprature. Bode phase plot further confirmed the 

improvement of ORR process as low frequency area specific resistance (ASR) was reduce significantly 

from 0.070 Ω cm2 to 0.030 Ω cm2 as same working temperature. Even at 600°C operating temperatures, 

adding 5% nickel oxide to LSCF improves peak power density and allows it to perform better than bare 

LSCF. Surface morphology and specific surface area analyses agrees that the LSCF-NiO effectively 

produces nanosized particles which much lower that previous work. Elemental analysis verifies the 

presence of NiO on the cathode surface, showing a uniform distribution of NiO on the cathode layer.  
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Extended Abstract 

 

Currently increasing the oil price and the long term energy security have increased the demands for 

design of microbial cell factories for biofuels production in a renewable and sustainable manner. 

Biofuels are cleaner, safer and economical source of energy. Number of microorganisms have been 

engineered successfully with the help of synthetic biology, metabolic engineering and genome editing 

for large scale production of biofuels and advanced biofuels. Number of fermentation optimization 

conditions and used for large scale up of biofuels production in designed microorganisms have been 

mentioned. In this review, we highlight recent development of design of number of MCFs and their 

challenge and opportunities for production of biofuels for industrial scale with economical prices.    
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Extended Abstract 

Municipal solid waste is a major issue globally as a result of urban migration, population expansion, 

variable consumption modes and abilities, and rapid development. According to Wah and Osman, the 

generation of daily waste in Peninsular Malaysia was estimated to be 0.8kg per capita per day (Wah and 

Osman, 2014). Daily wastes are generally made up of food wastes (45%), plastics wastes (24%), glasses 

(18%), papers (7%), and metals (6%) (Wong et al., 2019). Fat, starch and protein are the three main 

constituents of kitchen waste, which account for about 80% of dry kitchen waste (Wang et al., 2016). 

Cooking oil is one of the essential ingredients in almost all types of food preparation. Waste edible oil (WEO) 

is an oil-based substance comprising of animal and vegetable matter that has been utilized in cooking or 

preparation of foods and is no longer appropriate for human consumption (Gui et al., 2008). The presence 

of fats, oils, and greases (FOGs) and WEO in kitchen waste and wastewater is imposing severe 

environmental problems due to foul odours, blockage of sewer lines, difficulty to be degraded, and highly 

toxic to the aquatic organisms (Ferronato and Torretta, 2019). Lipolytic microorganisms are capable of 

degrading lipid-based macromolecules and are highly valuable in the biodegradation and bioremediation of 

WEOs contamination. A simple and effective screening media would further enhance the isolation and 

identification of lipolytic microorganisms. In this study, different types of screening media comprising 

phenol-red and peptone-yeast media supplemented with specific lipid components (olive oil, butter, ghee) 

were tested for their efficiency. Inoculation was introduced by spread plate, drop a plate or well diffusion 

methods. The assay endpoint was determined using a copper soap test. Peptone yeast agar (PYA) was then 

utilised to screen for the presence of lipolytic bacteria and the corresponding lipid degrading activity on 

various food wastes and soil-incubated food wastes used as the direct substrates. It is highly applicable with 

the WEOs instead of using a lipid surrogate such as tributyrin or Tween-20. The assay can also be applied 

for the screening of lipolytic fungi. We have isolated a total of three highly potent lipolytic bacteria which 

were identified to be Klebsiella pneumoniae (isolate A9), Acinetobacter nosocomialis/Acinetobacter seifertii 
(isolate A10), and Klebsiella aerogenes (isolate B2) using the 16s rRNA sequencing method. From the 

results, the copper soap test using the spread plate method on PYA produced the ideal screening outcome 

(in terms of visualisation) for the future identification and isolation of lipolytic microorganisms. Future 

studies shall focus on enhanced expression and purification of lipases from these strains for potential 

applications in WEO bioremediation and food waste management. 
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Figure 5: Copper soap test showing dense depositions of green precipitates with Pseudomonas 

aeruginosa ATCC 27853 on a phenol-red agar with olive oil (PRAO) spread plate. (A) P. 

aeruginosa ATCC 27853 on PRA (without oil supplementation) showed normal colony 

morphology and no formation of precipitation was seen. (B) The same strain on PRAO showed 

deposition of dense green precipitates surrounding individual colonies due to the breakdown of 

oil and formation of the green fatty acids-copper compound. 
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Extended Abstract 

 

The focus of this study is to evaluate the performance of the electrocoagulation process on some 

physical properties for treating soaked pepper berries using stainless steel and aluminium electrodes 

and develop kinetic models. The retting process using electrocoagulation was conducted by having 

pepper berries soaked in 1000 ml of water for 7 days. The findings indicate that the soaked pepper 

berries for stainless steel electrodes have the highest reduction of diameter, 22.07%. Both stainless steel 

and aluminium electrodes have the same reduction difference of 35.29% and 3.88% in weight and 

volume of soaked pepper berries. The soaked pepper berries for aluminium electrodes have the highest 

total colour change (87.76%). Additionally, some physical properties of the soaked pepper berries were 

adequately expressed by zero, first and second-order kinetic models. Therefore, these findings are useful 

information and provide novel insights into the acceleration of the retting process of pepper berries to 

produce white pepper. 

 

Keywords: Pepper berries; physical; retting; electrocoagulation; kinetics 
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∆𝐸 =  √(𝐿𝑡 − 𝐿𝑜)2 +  (𝑎𝑡 − 𝑎𝑜)2 + (𝑏𝑡 − 𝑏𝑜)2                                                                     (1) 

Where, ∆𝐸 = total colour change; 𝐿𝑡, 𝑎𝑡, 𝑏𝑡 = the measured colour values at certain time; 𝐿𝑜, 𝑎𝑜, 𝑏𝑜 = 

the initial measured colour values. 

𝑍𝑒𝑟𝑜 𝑜𝑟𝑑𝑒𝑟 = 𝐶 =  −𝑘𝑡 + 𝐶0                                                                                               (2) 

𝐹𝑖𝑟𝑠𝑡 𝑜𝑟𝑑𝑒𝑟 = ln 𝐶 =  −𝑘𝑡 + ln 𝐶0                                                                                        (3) 

𝑆𝑒𝑐𝑜𝑛𝑑 𝑜𝑟𝑑𝑒𝑟 =
1

𝐶
=  𝑘𝑡 +  

1

𝐶0 
                                                                                               (4) 

Where, 𝐶  = the measured value for each parameter of water quality; 𝐶0 = the initial value of the 

measured parameter of water quality; 𝑘 = the rate constant; 𝑡 = the retting time. 

Table 

 

Table 1. Kinetics of the effect of electrocoagulation on some physical properties of soaked pepper 

berries 

Propertie

s 

Electrod

e 

Zero-Order Model 
First-Order 

Model 
Second-Order Model 

𝒌 (𝐦𝐦 𝐝𝐚𝐲−𝟏) 𝑹𝟐 𝒌 (𝐝𝐚𝐲−𝟏) 𝑹𝟐 𝒌 (𝐦𝐦−𝟏𝐝𝐚𝐲−𝟏) 𝑹𝟐 

Diameter 

SS 0.160 0.964 0.032 0.956 0.006 0.977 

Al 0.179 0.985 0.036 0.982 0.007 0.946 

Propertie

s 

Electrod

e 

Zero-Order Model 
First-Order 

Model 
Second-Order Model 

𝒌 (𝐠 𝐝𝐚𝐲−𝟏) 𝑹𝟐 𝒌 (𝐝𝐚𝐲−𝟏) 𝑹𝟐 𝒌 (𝐠−𝟏 𝐝𝐚𝐲−𝟏) 𝑹𝟐 

Weight 

SS 0.009 0.932 0.065 0.920 0.464 0.900 

Al 0.009 0.960 0.064 0.962 0.462 0.957 

Propertie

s 

Electrod

e 

Zero-Order Model 
First-Order 

Model 
Second-Order Model 

𝒌 (𝐦𝟑 𝐝𝐚𝐲−𝟏) 𝑹𝟐 𝒌 (𝐝𝐚𝐲−𝟏) 𝑹𝟐 𝒌 (𝐦−𝟑 𝐝𝐚𝐲−𝟏) 𝑹𝟐 
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Volume 

SS 1.00 × 10−8 0.955 0.079 0.972 6.450 × 105 0.976 

Al 9.00 × 10−9 0.969 0.071 0.967 5.753 × 105 0.957 

Propertie

s 

Electrod

e 

Zero-Order Model 
First-Order 

Model 
Second-Order Model 

𝒌 (𝐝𝐚𝐲−𝟏) 𝑹𝟐 𝒌 (𝐝𝐚𝐲−𝟏) 𝑹𝟐 𝒌 (𝐝𝐚𝐲−𝟏) 𝑹𝟐 

∆𝑬 

SS 0.572 0.779 0.292 0.729 0.187 0.672 

Al 0.490 0.880 0.333 0.804 0.311 0.687 

Data are expressed SS, stainless steel electrodes; Al, aluminium electrodes;  

∆𝐸, total colour change; 𝑘, rate constant (day−1); 𝑅2, coefficient. 

 

Figure 

 

Figure 1. A schematic representation of the experimental set-up 
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Extended Abstract 

1.0. Introduction 

The use of conventional chemical coagulants in drinking water treatment has been found to leave traces 

of chemical residues in the water filtrate, which have been linked to the cause of some neurogenerative 

and neurotoxic diseases. Although plant-based natural coagulants (PBNC) are promising, but their 

biological instability has rendered them unsuitable for application. Therefore, the need to modify these 

PBNC to suit their application is necessary, since an alternative to the chemical-based coagulants is 

inevitable. The mini review paper investigates modification via microwave-assisted grafting 

copolymerization in the production of new products as coagulants, and the use of some characterization 

techniques to verify the new product physiochemical properties. 
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Figure 1: A graphical presentation of the mini review 

 

2.0. Modification Methods 

Three methods for modification of polymer properties include blending, curing, and grafting. ‘Grafting’ 

is a method of modification where monomers are modified by being covalently bonded onto the polymer 

chain. In plant polysaccharides modification, grafting copolymerization is the most used method in 

which high-energy-initiated grafting copolymerization is preferred, also refered to as radiation induced 

grafting copolymerization. Types of radiation-induced grafting copolymerization include 

photochemical radiation, gamma radiation, UV radiation, and microwave radiation grafting 

copolymerization (Nayak et al., 2018; Setia, 2018). Among the types of radiation-induced methods, 

microwave radiation is often use which is further sub-divided into microwave-initiated, microwave-

assisted, and microwave grafting using solid media. The microwave-assisted grafting copolymerization 

is found to be the most used method because it involves the use of initiators which major advantage is 

the production of initial radical in a quick and very efficient time with the effect of the microwave 

radiation, and an improvement in grafting efficeincy is attained. Table 1 gives some examples of plant 

polysaccharides modified using microwave-assisted grafting copolymerization and their usage as 

potential flocculants in water treatment. 

 

Table 1: Examples of PBNC-g-copolymers use as flocculants in water treatment 

PBNC Initiator PBNC-g-copolymer Effluent treated Reference 

Lentil extract 

(LE) 

DMC LE-g-DMC Kaolin suspension and 

Agricultural wastewater 

(Chua, Chong, et al., 

2020; Chua, Show, et 

al., 2020) 
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Gum Ghatti 

(GGt) 

PAM GGt-g-PAM Kaolin suspension and 

municipal wastewater 

(Rani et al., 2012) 

Etc.     

DMC - 2-methacryloyloxyethyl trimethyl ammonium chloride; PAM - polyacrylamide   

 

3.0. Characterization Techniques 

Physiochemical properties of PBNC and its modified products are evaluated to confirm the modification 

process. Scanning electron microscopy (SEM) indicates surface morphology and particle distribution 

of material; Fourier transform infra-red spectroscopy (FTIR) identifies functional groups of materials; 

Thermogravimetric Analysis (TGA) shows physical properties of materials; Energy dispersive X-ray 

(EDX) indicates elemental composition of material, etc. 

 

4.0. Conclusions 

This mini review provides an overview of the use of microwave-assisted grafting copolymerization of 

PBNC for their application in drinking water treatment. The initial characterization gives the existing 

properties of the PBNC, and after modification, the new product is characterised to confirm the 

modification process by identifying new properties that are not present in the native PBNC. The major 

aim of the modification is to enhance the water treatment efficiency of the PBNC.  
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Extended Abstract 

 

Because a large amount of spent primary batteries is generated and cause environmental problems, 

recycling or disposal of spent primary batteries are necessary. In this work, a spent primary battery-

based (SB) catalyst was prepared from the black mass (BM) of the spent primary batteries of R and D 

companies and tested in the complete oxidation of volatile organic compounds (VOCs) to examine 

whether the BM of spent primary batteries can be used as catalyst materials.  

 

    

(a)                                                    (b) 

Figure 1. SEM images (a) RSB and (b) DSB catalysts 
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The SEM images of the RSB catalyst show that the catalyst surface looks like swollen blossoms (Fig. 

1 (a)). On the other hand, the surface of DSB seems to have melted or spread small particles (Fig. 1(b)). 

From these morphologies, it could be inferred that the surface area of the RSB catalyst may be larger 

than that of DSB catalyst. 

 

Table 1. Components of RSB and DSB catalyst measured by SEM/EDX. 

The surface elements of the RSB catalyst were composed of manganese, iron, zinc, oxygen, carbon, 

chlorine, aluminum, sodium, silica and potassium, while those of the DSB catalyst consisted of 

manganese, zinc, oxygen, carbon and potassium. The main transition metal components of the RSB 

catalyst were manganese, iron, and zinc, while that of the DSB catalyst was manganese. 

 

Table 2. Textual properties of the RSB and DSB catalysts. 

The BET surface areas of the RSB and DSB catalysts were 45.1 m2/g and 31.1 m2/g, respectively. In 

addition, their mean pore diameters and total pore volumes were 16.0 nm and 0.18 cm3/g, and 15.1 nm 

and 0.11 cm3/g, respectively. The RSB catalyst had a larger BET surface area, mean pore diameter and 

total pore volume than the DSB catalyst. 

 

Catalyst BET surface area (m2/g) Mean pore diameter (nm) 
Total pore 

volume (cm3/g) 

RSB 45.1 16.0 0.18 

DSB 31.1 15.1 0.11 

Elements (wt. 

%) 
Mn   Zn Fe O C Cl Al  Na Si K 

RSB  

DSB 

24.1 

50.4 

7.0 

0.4 

8.2 

- 

28.8 

29.7 

24.6 

19.0 

0.1 

- 

1.5 

- 

0.4 

- 

5.0 

- 

0.2 

0.5 
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Figure 2. Toluene  conversion according to reaction temperature.  

(Reaction conditions: reactant concentration = 1,000 ppm, GHSV = 50,000 h-1). 

● RSB catalyst  ○ DSB catalyst 

Toluene was completely oxidized at 360℃ on the RSB catalyst and at 320℃ on theDSB catalyst. 
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Extended Abstract 

The aim of this study is to test whether the perceived values intervention, designed basedonbehavioural 

theories can be effective in promoting solar energy adoption in urban Malaysia. Theeffect of the intervention 

was estimated through a survey questionnaires in Klang Valley. The studyproposed two comparison 

frameworks which the first is from the original Theory of PlannedBehaviour (TPB) and the second model is 

an Extended Theory of Planned Behaviour (ETPB). TheETPB model consists of eight variables namely as 

attitude, subjective norms, perceived behavioural control, perceived benefit, perceived compatibility, 

perceived cost, perceived complexity, andperceived performance. The data were evaluated using regression 

analysis. The model of ETPBconfirmed that subjective norm, perceived behavioural control, perceived 

compatibility, perceivedbenefit and perceived performance of solar PV affected the consumers’ behavioral 

intention toinstall solar PV at home. The second model is also shown to have a better explanation of intention 

toinstall solar PV with the r-value of 0.605 compared to 0.467 for the TPB model. Based on what 

emergedfrom the analysis, the work could be understood as a useful tool for scholars and practitioners. Infact, 

it contributes to the scientific literature to the factor triggering consumer choices of green energy, andit also 

helps maximize the success of the government program by pointing out the levers tobeactionable for more 

to improve green business performance. 

Introduction: Households' energy consumption is increasing in trend. The unsustainable energy supply of 

electricitygeneration from fossil fuel by most of the countries contributes to the increment of carbon 

dioxideinthe air which will cause global warming. Taking action on this issue, many of the countries have 

madeproactive action in utilizing the technical development of photovoltaic (PV) as an 

opportunityinproducing electricity at home. Net Energy Metering scheme has been implemented in 

Malaysiainpromoting green and sustainable energy production through solar PV (SEDA, 2016). This 

schemeaims to attract the involvement of Malaysian households in generating clean electricity 

throughtheinstallation of solar PV on their rooftop. Despite the government’s effort to promote solar 

PVanddevelop this industry, several issues have been discovered to be the barriers to acceptance of 

greeninnovation products in Malaysia. Studies in most countries show consumer acceptance as a major 

challenge for manufacturers to develop and market green innovation products such as solar PV(Galarraga 
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et al. 2010). As a result, many countries that implement green innovation productsexperience difficulties 

and often rely on government policy support in the form of subsidies andtaxincentives (Sijm, 2002). Thus, 

this study uses the behavioral aspect in order to investigatetheinfluence factors of household intention to 

install solar PV. There are many studies that have beenused the Theory of Planned Behavior in analyzing 

the green behavioral aspect. This studythenextends the knowledge of this theory by adding the perceived 

value of consumers to the TPBmodel. Individual perceived value is an important aspect in marketing 

products, especially when the products are considered new in the market. They are many factors like 

convenience, cost, and performanceof the product that can contribute to the individual perceived value of a 

product. Since Solar PVisconsidered new to the Malaysian market, therefore, it is worth identifying how 

consumers perceivedthe value of solar PV which then may influence the adoption rate of solar PV in 

Malaysia. Marketingprofessionals may need to learn more about consumer perceived value and how it can 

affect businessprofits. 

Methodology: Malaysian urban dwellers residing in the Klang Valley of Malaysia were surveyed using a 

face-to-facequestionnaire within 6 months of 2018 and 2019. Data was collected through a structured 

refinedresearch instrument that comprised scales to measure consumer behaviour using five Likert scales. 

The research instrument also included questions for generating the demographic profile of respondents. 

Analysis from Exploratory factor analysis (EFA) revealed the existence of eight underlyingfactorsnamely 

attitude, subjective norm, perceived behavioral control, perceived benefit, perceivedcompatibility, 

perceived cost, perceived complexity, and perceived performance that affects solar PVusage intention of 

urban households in Malaysia. Multiple linear regression analyses were usedtoexamine which variables 

were influencing factors for solar PV installation intention. 

Findings: A total of 416 consumers completed the study. The theory of Planned Behaviour explained 

46.7%of the variance in intention, with perceived behavioural control shows as the most dominant 

predictor. The additional perceived values variables (perceived benefit, perceived compatibility, 

perceivedcost, perceived complexity, and perceived performance) increased the amount of explained 

varianceinintention by 13.8%. The significant predictors of solar PV installation intention were the 

subjectivenorm, perceived behavioural control, perceived benefits, perceived compatibility and 

perceivedproduct performance. Results from the analysis confirm the importance of consumer 

perceivedvalueof solar PV product, which three predictors namely perceived compatibility (b=0.300), 

perceivedsolar PV performance (b=0.171), and perceived benefit (b=0.150). 

Conclusion The extended theory of planned behaviour had a good predictive ability in explaining solar 

PVinstallation intention. The consumers’ intention to install solar PV may be improved by 

improvingconsumers’ perceived values on the solar PV product itself. The more positive value consumer 

put onsolar the higher the intention level to install solar in the future. The element of product performance, 

compatibility, and benefit of installing solar should be more highlighted in any promotionandinformation 

sharing in the future. Providing correct information about solar PV will improve their perception of the 

benefits and many other advantages of this green energy to household energymanagement. This paper is 

expected to provide valuable insight into the area of solar PVusageintention of urban consumers which can 

be an immense help to domestic and international marketersin dovetailing their marketing strategies and 

developing appropriate promotions messages. This paper also attempts to provide a glimpse into the nature 

of green energy purchasing behaviour of urbanMalaysian consumers under the Net Energy Metering 
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Program which has been scantily researched. Also, the roles of perceived values contribute to the worth of 

literature. 
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Extended Abstract 

 
 Badminton is one of the most popular sports in Malaysia. In training, there is still lack of movement 

recognition and analysis research for badminton. The common way for badminton coach to analyse 

badminton performance thus far has always been using their naked eyes and qualitative measurement. 

The inconsistency of judgements increases the difficulties of performance justification, for example, an 

assessment of performance between a right-handed coach and a left-handed player. Besides that, the 

coach can barely benchmark the player’s performance even with considerable expertise in coaching 

career. Specifically, they are not able to perform measurement consistently among themselves and may 

be clueless on progressive improvement for badminton players. As such, badminton movement analysis 

system is crucial to be introduced and proposed to analyse or assess badminton performance 

quantitatively.  

Currently, there are two popular methods utilized to perform movement analysis, the first is to video 

record and providing feedbacks via the footage manually (Tahan et al., 2018; Archana and Ayyasamy, 

2018; Kobayashi, Kaseda and Miyamoto, 2018), and the other method being attaching marker-based 

tracker onto a badminton player’s body (Shu et al., 2018; Zhang et al., 2018). These methods are rather 

cumbersome and had become inconvenient and inefficient to badminton players and coaches.  

To address these problems, Microsoft Kinect v2 sensor is adopted in this research. Microsoft Kinect v2 

is a camera that can generate depth map sequence and provide human body silhouette in real time. The 

previous version of Microsoft Kinect sensor only capable to track up to 20 body joints, while the newer 

version, Microsoft Kinect v2 sensor can track up to 25 joints as illustrated in Figure 1. Moreover, a new 

handedness invariant lossless compression technique, namely dominant range of movement index (D-

RoMI) is also proposed by combining with embedded intelligent handedness adaptive module and 

FastDTW time-series algorithm in the Kinect-based badminton movement analysis system. The dataset 

of the study consists of total 800 badminton movements, in which collected from subject group that 
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consists of 40 left and right-handed male and female badminton players that have different body size, 

clothes, and skin color.  

 

Figure 1. Skeleton Model 

Experimental results revealed 96.13% of badminton movement recognition accuracy, while the 

framework also allows badminton players or coaches to analyze and benchmark badminton movement 

invariantly with shorter processing time regardless of different handedness. In addition, an open source 

three-dimensional framework is also employed in order to provide three-dimensional scenes for better 

illustration of badminton movement comparison. 

References  
Archana, M. and Ayyasamy, A. (2018). Tracking based Event Detection of Singles Broadcast Tennis 

Video. 2018 3rd International Conference on Communication and Electronics Systems (ICCES).  

Kobayashi, S., Kaseda, H. and Miyamoto, R. (2018). Robust Localization of Body Parts Based on 

Interframe Failure Correction. 2018 IEEE International Conference on Systems, Man, and 

Cybernetics (SMC).  

Shu, Y., Chen, C., Shu, K. and Zhang, H. (2018). Research on Human Motion Recognition Based on 

Wi-Fi and Inertial Sensor Signal Fusion. 2018 IEEE SmartWorld, Ubiquitous Intelligence & 

Computing, Advanced & Trusted Computing, Scalable Computing & Communications, Cloud & Big 

Data Computing, Internet of People and Smart City Innovation 

(SmartWorld/SCALCOM/UIC/ATC/CBDCom/IOP/SCI).  

Tahan, O., Rady, M., Sleiman, N., Ghantous, M. and Merhi, Z. (2018). A computer vision driven 

squash players tracking system. 2018 19th IEEE Mediterranean Electrotechnical Conference 

(MELECON).  

Zhang, C., Yang, F., Li, G., Zhai, Q., Jiang, Y. and Xuan, D. (2018). MV-Sports: A Motion and Vision 

Sensor Integration-Based Sports Analysis System. IEEE INFOCOM 2018 - IEEE Conference on 

Computer Communications. 

  



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

99 

 

PCR18032022 – 28: Vision-Based Monitoring of Microalgae Growth and Analysis of its 

Bioactive Compounds: A Preliminary Results 

 
Yuk-Heng Siaa, Huong-Yong Tinga*, Siew-Ling Hiib, Pau-Loke Showc, Jackie-Tiew-Wei Tinga, 

Marcella Petera, Khairunnisa Ibrahimb and Keh-Kim Keed 

aDrone Research and Application Centre, 

University of Technology Sarawak, Sarawak, Malaysia 

bAdvanced Centre for Sustainable Socio-Economic and Technological Development, 

University of Technology Sarawak, Sarawak, Malaysia 

cDepartment of Chemical and Environmental Engineering, Faculty of Science and Engineering, 

University of Nottingham Malaysia, Selangor Darul Ehsan, Malaysia 

dSchool of Engineering and Technology 

University of Technology Sarawak, Sibu, Sarawak, Malaysia 

 

*Corrensponsing Author E-mail: alan.ting@uts.edu.my 

 

Keywords: Microalgae; Image Processing; Machine Learning  

 

Extended Abstract 

 

Microalgae have many potentials such as to be used as nutrition, biofuel and the manufacture of 

pharmaceutical products. Therefore, the cultivation of microalgae for commercial purposes is getting 

popular in recent days. The growth monitoring of microalgae is important to ensure the microalgae grow 

optimally under suitable environment and nutrition level and thus the most suitable harvesting time could 

be decided.  

Currently, the monitoring approach of microalgae growth including direct measurements of optical density 

by UV-Vis’s spectrophotometer, measurement of the dry weight cell of biomass and spectrophotometric 

analysis of chlorophylls (Aris Hosikian, 2010). The spectrophotometric analysis of chlorophylls requires 

the spectrophotometer to be set up in spectrum mode and scan between a range of wavelength, ranging 

from 220 to 800nm and use the absorbance information to calculate the concentration of chlorophylls. 

Although this approach can offer highly precise readings, the main disadvantage of utilising a UV–vis 

spectrophotometer is the time required to dilute the culture samples because it can only detect a certain 

maximum value with great precision. As such, this method is generally time-consuming, labour intensive 

and expensive (Winata et. al, 2021).  

Therefore, in this study, a vision-based monitoring of microalgae growth and analysis of its bioactive 

compounds, such as the concentration of chlorophylls is proposed. The study includes the different colour 

models, such as RGB, HSL and CMYK with different type of machine learning algorithms, such as Fast 

Tree Regression and LightGBM Regression. In the experiment, around 700 images of microalgae were 

captured and adopted to train the machine learning model. Figure 1(a) to 1(c) demonstrate the 

concentration of microalgae biomass against colour index using different solvents. Moreover, Table 1 

shows the correlation between microalgae biomass concentration with different colour models and 

machine learning algorithms. CMYK colour model produced best accuracy with R2 equals to 0.88 by using 

mailto:alan.ting@uts.edu.my


6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

100 

 

LightGBM Regression machine learning algorithm. Moving forward, more colour spaces, for example CIE 

LAB, and other machine learning algorithms, i.e., Fast Forest Regression algorithm will be adopted into 

the study for comparison.  
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Extended Abstract 

 

 Introduction  
Smart Home (SH) is essentially an extension of building automation with smart features in the 

monitoring, analysing, controlling and cloud computing of all its embedded technologies [Li et al., 

2018]. It is typically equipped with devices or appliances or so-called Smart Things due to their abilities 

of sensing, decision-making, and actuating the SH environment [Li et al., 2017]. These smart devices 

are intelligently interconnected via the internet and applied in different aspects in SH, namely lighting, 

heating and cooling, computers, entertainment systems, security, surveillance systems, and home 

appliances such as TVs, washers, dryers, refrigerators and others. SH plays a vital role in the building 

sector with the green and sustainable buildings provide a healthier, more productive and comfortable 

space for the people staying in an eco-friendly environment.  

The escalating trend of electricity demand causes environmental degradation. Both residential and 

commercial buildings contribute 53% of electricity consumption in Malaysia. The combustion of fossil 

fuels in power plants causes the emissions of greenhouse gases (GHGs), and accelerates environmental 

degradation. As pledged to UNFCCC, Malaysia needs to reduce 45% GHG emissions in terms of carbon 

intensity by 2030, relative to the 2005 level. Although numerous measures of energy efficiency (EE) 

and renewable energy (RE) are implemented, the effectiveness remains questionable due to the lack of 

facilities and end-user awareness for conscious consumption, energy inefficiency and low adoption of 

renewable energy. Smart Home mitigates the stated challenges by load monitoring, demand-side 

management (DSM), and energy management system (EMS) with control algorithms for savings of 

energy and bills, comfort and safety [Peruzzini et al., 2013]. On the other hand, there is a need of an 

SH platform with real settings for the research community, for instance, the validation of SH control 

algorithms of EMS. This type of research is not commonly supported by adequate experimental 

validation, and the results are not directly comparable with different experimental settings [Cordopatri 

et al., 2015].  

This paper aims to present our experience in establishing a holistic and multi-functional experimental 

SH at the University of Technology Sarawak (UTS) campus in Malaysia. The actual environment 

settings of SH with hardware and software is used for different purposes, namely exhibition, teaching 

& learning, and R&D activities, which ultimately beneficial to university, students, researchers and 

industrial partners.  
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A holistic SH framework is proposed, consisting of hardware (smart devices, communication devices 

and smart appliances) and software (cloud IoT Platform and DSS System) with actual SH environment 

settings. Based on the 7-layered architecture supported by Representational of State Transfer (REST) 

and Application Programming Interface (API) for communication between physical and cyberspace, 

SH indeed a cyber-physical system (CPS) applied in residence with a holistic monitoring and 

controlling of SH for safety, human comfort, and energy efficiency. In terms of SH hardware, SH is 

equipped with various smart sensors and actuators, so-called smart devices or smart appliances. It is 

divided into different zones to demonstrate smart features such as smart lighting, smart energy, smart 

living, smart kitchen and smart access control. On the other hand, SH software comprises (1) IoT Cloud 

platform, which collects IoT data acquired from SH for cloud storage, computation and visualisation, 

and (2) DSS System, which has smart features embedded with AI/ML algorithms. For a showcase of 

SH smart features in the energy domain, optimisation of lighting energy and realisation of building 

energy sustainability were demonstrated as use cases. Figure 1 depicts the exterior and interior view of 

the UTS Experimental Smart Home.  

 

As a proof of concept, the preliminary results of SH smart features are collected to demonstrate SH 

effectiveness and functionality. An SH control algorithm has shown a 20% lighting energy cutting 

compared to a conventional house in the intelligent lighting system. Furthermore, an intelligent SH 

energy system with a hybrid PV and grid supply has shown a total match of PV generation and load 

demand for building energy sustainability with zero GHG emissions.  

UTS SH is a multi-functional SH with actual settings for different purposes presented. It can be 

beneficial to the students, researchers and industrial partners. The preliminary results from the use cases 

exhibit the potentials of SH in the energy domain, i.e., energy savings with SH and its control strategies 

applied to counteract the current environmental issue.  
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Extended Abstract 

 
Visual network is a special type of graph representing real life systems where the vertices are 

accompanied with attributes and the edges represent relationships between them. Network visualisation 

facilitate document analysts, to understand and explain complex data (Yoghourdjian et al., 2021), 

especially for documents where important events, facts and relationships are recorded. Varieties of 

visual network algorithms have been devised to ease network visualisation task. Each of the algorithms 

has a different mechanism, which may result in a different network representation. The large choice of 

algorithms therefore, made it hard for researchers to determine which algorithm is proper to be used 

and that can appropriately represent their documents. Hence, this study proposed a generic framework 

to perform evaluation of visual network algorithms to find the best network representation of a 

document.  

The proposed framework is modular in characteristic where each part is able to be modified or removed 

according to situations or preferences. The proposed framework is divided into six parts namely 

document filtering process, annotation process, data transformation process, graph tool input formatting 

process, graph generation process and evaluation process. In the document filtering process, the 

document is determined to undergo through annotation or not. If required, the document will go through 

annotation process. Data transformation process is then required to generate information on the relations 

between NEs in the annotated data. In the evaluation part, the framework suggests to evaluate both 

graph layout and clustering algorithm in order to produce a good network. The graph layout algorithm 

for instance, generate automatic placement of vertices and edges in a network following certain rules. 

The rules applied aim for the network to be drawn in a way so that they are easy to read and understood. 
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The graph clustering algorithms make use of the vertices attributes to produce a clustered view of the 

visual network (Gibson et al., 2014). Graph clustering algorithms improve representation of the data in 

the network by revealing implicit relationships between them through their clusters, if exist.  

In this study, the proposed framework has been applied to several documents, namely the historical 

Sarawak Gazette (SAGA), Biotext Corpus and dBPedia-Sarawak. Each of the documents have different 

structures. In the evaluation, the metrics used to evaluate graph layout algorithms include running time, 

edge crossings, and cluttered vertices. On the other hand, the metrics used to evaluate graph cluster 

algorithms are running time, modularity, relative density, conductance and CPL metrics. In total, three 

graph layout algorithms are evaluated, namely Force Atlas 2 (FA2), Hu’s multilevel (HU) and 

OpenORD (OO) algorithm. The mentioned algorithms can be categorised as force-directed methods, 

which has been agreed by many researchers to produce good graph outputs (Hua et al., 2018; Kobourov, 

2013; Gibson et al., 2014). Another three graph clustering algorithms, namely Chinese Whispers (CW), 

Markov Clustering (MC) and Girvan-Newman (GN).  

The evaluation conducted on SAGA found that FA2 algorithm when combined with MC algorithm 

produce the best network representation for SAGA. The proposed evaluation framework has been 

further used on Biotext Corpus and dBPedia which are of different structure in order to investigate 

whether the combination of the algorithms selected to perform best on SAGA (FA2+MC) can produce 

the same good layout and good cluster division again. The results showed that FA2 generates the 

network of Biotext slightly faster than the network of SAGA and dBPedia. This is expected since the 

Biotext network is the simplest network among the three with the smallest number of vertices and edges 

(185 vertices and 255 relations). Compared to SAGA, FA2 produce network which is pleasant to the 

eyes on Biotext data, where the vertices and edges are easily differentiated from each other, with very 

few edge crossings. This is due to the simple structure of the data itself. The evaluation of the clustering 

algorithms showed great changes in the metric scores for different documents. This is because all cluster 

metric scores changes depending on the aspects that they measured. Documents with different structure 

have different characteristics that affect certain score. Thus, the results of each score varied based on 

the structure of the documents.  

From the conducted evaluation, it is found that using the same selected algorithms on SAGA does not 

necessarily produce the same results on other datasets. This is because the performance of a layout or a 

clustering algorithm actually depends on the structure of the document itself. Therefore, evaluations of 

algorithms on documents are ineluctable whenever we want to represent a new document in the form 

of a network. Hence, there is a significance in the proposed generic framework so that it can be reused 

in future researchs regardless of the type of documents that are worked on. Since evaluations are 

ineluctable, it is also important to ensure that the evaluation metrics used are reliable and at the same 

time, simple. This can be the center of focus for possible future work.  
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Extended Abstract 
 

Face recognition is particularly important in various professions. Our reliance on images to prove our identity 

in driver's licenses and passports is based on facial recognition. A recent study also showed that people's 

ability to recognize faces varies widely. Face recognition systems are no exception as face recognition rate 

is high when a neutral face is used but significantly drops due to the variant of the facial expression. Other 

facial variations such as facial hair, positions, and scars are among other limitations that resulting in distorted 

or incomplete faces when capturing faces in different environments. It is thus significant to install a face 

reconstruction module in a face recognition system to improve recognition rate and identify faces. This 

benefits those trying to identify an individual based on limited data or for medical purposes. But, 

reconstructing the detailed geometric structure from a single face image is a challenging problem due to its 

contrarian nature and fine 3D structures to be recovered [Zeng et al., 2019)].   

 

The choice of method varies depending on the purpose. The synthesis of facial expressions provides 

a series of reconstructed images of expressions a face may have. The synthetic expression is used in the 

facial analysis to achieve a better performance of the face recognition system identification and classification 

of face images. The most reliable approach in reconstructing facial expression is learning-based [Sharma & 

Kumar, 2022].  But it is complex to compute and interpret. While the most commonly used is statistical-

based, specifically, the Active Shape Model (ASM) [Cootes et al., 1995], due to its flexibility to fit into any 

shapes and easy interpretations. Another challenge is neutralising facial expressions are more complex 

especially when it is required to retain the individual traits.  

 

This study explores the potential of using a nonlinear approach called the modified kernel active 

shape model (mKASM) [Peter et al., 2020] for synthesising neutral facial expressions 3D geometric face 

models to improve the performance and recognition rates. The mKASM is a non-rigid template-based model 

that is used for the reconstruction of faces. This research elaborately exploit BU3DFE dataset to train and 

evaluate the reconstructed neutral faces. The performance of mKASM is evaluated qualitatively and 

quantitively. Qualitative evaluation is done by visualising each of the neutralised faces to compare with its 
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ground truth. Results indicates that the proposed mKASM can effectively reconstruct and retained each 

subject’s identity even with an initially distorted face. One of the examples is as presented in Figure 1, a 

subject with a distorted face from surprised face dataset indicated in (a), after neutralised as shown in (b) 

looks almost similar to the ground truth (c). 

 

Whereas face recognition is used to evaluate the reconstructed neutral faces whether it still 

preserving the traits of the person. Based on the generic framework of face recognition, there is a feature 

extractor and a matcher. The input data is the pre-processed 3D face data. The feature extracted by the  

 

 

Figure 1: (a) Original surprised expression of a subject, (b) Reconstructed neutral face of the same 

subject, and (c) the ground truth neutral face of the same subject. 

 

feature extractor, classify the faces using simple classifier, the K-Nearest Neighbour. The classified faces 

are fed up to the matcher as query for comparison against a trained face from the controlled database. Finally, 

the recognition rate is calculated.  In conclusion, the qualitative results of reconstructed neutral face revealed 

the subject looks almost similar (if not) with the ground truth. Therefore, utilising the proposed modified 

kernel-based Active Shape Model can improve the synthesis of facial expressions, resulting in improved 

recognition rates. 
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Extended Abstract 

 

Abiotic stress (drought, salinity and heavy metal ions) are the major abiotic factor limiting crop 

production. Co-inoculating crops with nitrogen fixing bacteria and plant growth-promoting 

rhizobacteria (PGPR) improves plant growth and increases drought tolerance in arid or semiarid areas. 

The co-inoculation of salinity and drought-stressed plants with PGPR improves the root and the shoot 

growth, formation of nodules, nitrogen fixation capacity in soybean, and provide mineral nutrition to 

the plant. We report the usefulness single inoculation and co-inoculation of various PGPR strains in 

plant growth promotion; mitigation of salinity and drought and biocontrol of various fungal 

phytopathogens. PGPR cultures promoted plant growth, crop yield under salinity, drought and heavy 

metal ion stress conditions and helped in the mitigation of salt, water deficit and heavy metal 

contamination. Their application resulted in more root and shoot length, more chlorophyll content, and 

improved mineral nutrient uptake under these stress conditions. The results of the study showed that 

co-inoculation with B. japonicum USDA110 and P. putida NUU8 gave more benefits in nodulation and 

growth of plants compared to the single inoculation. Co-inoculation with B. japonicum, USDA 110 and 

P. putida NUU8 significantly enhanced plant and soil nutrients and soil enzymes compared to control 

under normal and drought stress and salinity stress conditions. The synergistic use of B. japonicum 

USDA110 and P. putida NUU8 improves plant growth and nodulation of soybean, and groundnut under 

drought and salinity stress conditions. These cultures also exhibited potent antifungal activities against 

fungal pathogens compared to the chemical fungicides such as Kitazine and tilt. The results suggested 

that these strains could be used to formulate a consortium of biofertilizers and biocontrol agents for 

sustainable production of soybean and groundnut under drought-stressed field conditions. 
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Extended Abstract 

 

Algal biodiesel is of growing interest in the quest to reduce carbon emissions in the atmosphere. The 

production of biodiesel is affected by many process parameters. Although several research works have 

been conducted, the contribution of each parameter for biodiesel production is not well understood 

when considered as a complete system. Therefore, the experimental data from various sources related 

to the effects of temperature, light intensity, carbon concentration, aeration rate, pH, and time on the 

biodiesel production rate of different algae were reviewed and introduced into a neural network inspired 

correlative (N2IC) model. The developed N2IC model was used to optimize biodiesel production based 

on the studied variables and produce a statistical algorithm. By using sensitivity measurements and 

error analysis, the results from the proposed N2IC model are shown to agree with the experimentally 

obtained values. The results indicate that the results determined with the proposed equation are of strong 

practical worth for researchers and experts in the biodiesel/biofuels industry. 
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Extended Abstract 

 

The microfocus X-ray computed tomography (μCT) techniques were applied to scan, image and build 

3D model of Murtreee carbonaceous shale samples (Cooper Basin South Australia) in order to evaluate 

the potential of radiation technique for mineralogy, porosity distribution and fractures. Different shale 

samples of source rock were obtained from Murtree shale and prepared for imaging and analysis by 

micro-scale X-ray computed tomography (XCT). The objective of this work is to combine quantitative 

2D mineralogical data obtained via QEMSCAN analysis with 3D XCT data for volumetric 

characterization of grain types (quartz, carbonates clays, etc.) within the samples. The obtained data 

could be utilized for numerical analysis of the surface area and volume of the different grains, as well 

as grain size and distribution. This study also determined the feasibility of petrophysical and 

mineralogical analysis using the XCT equipment. The characterization of mineral phases present in a 

rock sample by their characteristic X-ray attenuation should be possible, however this work has shown 

that it is not possible with the X-radia MicroXCT-400 without significant purposed modifications due 

to the nature of sample material used. The main limitation was the X-ray source. As the X-ray source 

was polychromatic, composed of many different X-rays with different wavelengths, the attenuated X-

ray intensity measured at the detector results from a range of X-ray wavelengths, which cannot be used 
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for the identification of a standard mineral phase in the scanned sample. It was found that X-ray 

attenuation is proportional not only to the density and atomic number of a material, but also the 

wavelength of the applied radiation. As the X-ray source produced a range of wavelengths, then a band 

of X-ray attenuations was measured instead of a single characteristic grey value, which cannot be used 

for the identification of various phases in scanned samples. For this type of characterization, a 

monochromatic source was preferred ideally a synchrotron source. Also, the correlation of X-rays 

absorbance measured by Micro-X-ray with the mineral phase detected by the QEMSCAN analysis was 

found, not feasible (Figure 1).  

 

 

Figure 1: Slice of Murtree shale sample embedded in resin in X-Y plane imaged by Micro-XCT 

at (a) 1x magnification and (b) 4x magnification 

Acknowledgements: The authors thank the Ministry of Higher Education (MOHE) Malaysia for 
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Abstract 

Saudi Arabia has huge natural gas reserves, but some are highly contaminated with CO2 and H2S. It is 

essential to remove these contaminations because it not only cause corrosion in the piping but also 

reduce the calorific value of natural gas. Cryogenic packed beds are a promising technology for the 

removal of CO2 from natural gas but have not yet been tried for H2S. The proposed study will explore 

the simultaneous capture of CO2 and H2S from natural gas using cryogenic packed bed technology. The 

separation between CO2 and H2S from natural gas can be achieved based on differences in their freezing 

points. CO2 and H2S directly change the phase from gas to solid and capture inside the bed while clean 

natural gas can be obtained at the outlet. The effects of process parameters like temperature, gas 

composition, flow rate, and bed saturation times will be investigated in detail. In previous literature, the 

energy required for a cryogenic packed bed was 816 kJ/kg CO2, while the cryogenic distillation process 

required 1472 kJ/kg CO2, which shows that this technology holds promise.  
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Abstract 

Biodiesel synthesis from used cocking oil is an attractive alternative energy source. Although used 

cooking oil is an attractive feedstock because it is a waste, but still, many challenges need to be 

addressed to make this technology economically viable. In this study, a process simulator was used to 

generate the biodiesel synthesis data for different temperatures and concentrations. The data were 

further used to find the optimum conditions where maximum yield was obtained. The paper is divided 

into two parts. The first part is involved in conducting a simulation study using a process simulator. The 

second part of the study involves model development using response surface methodology. A predictive 

model was developed, and it was found that the model's accuracy was good. The developed model was 

used to study the effect of process parameters such as temperature and concentration on biodiesel yield. 

Once the data was generated, it was further used to find the optimum condition of temperature and 

concentration to maximize biodiesel synthesis. 

 

  



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

116 

 

 PCR18032022-37: Modeling and Optimization of Dynamic Viscosity of Titania 

Nanotubes Dispersions in Ethylene Glycol/Water-Based Nanofluids using Response Surface 

Methodology  

 

 Abdullah Bin Mahfouz 1,  Abulhassan Ali 1*, Mustafa Alsaady1 , Anas Ahmed2 , Abdulkader 

S. Hanbazazah2, , Pau Loke Show 3, * 

 

 

1 Department of Chemical Engineering, University of Jeddah, Jeddah, Saudi Arabia 

2 Department of Industrial and Systems Engineering, University of Jeddah, Jeddah, Saudi 

3 Department of Chemical and Environmental Engineering, Faculty of Science and Engineering, 

University of Nottingham Malaysia, Jalan Broga, Semenyih 43500, Selangor 

 

 

 Corrensponsing Author E-mail: malsaady@uj.edu.sa 

 

Extended Abstract 

 

The growing use of nanofluids in heat transfer necessitates the investigation of viscous properties. For 

practical purposes, accurate physical properties must be known. The viscosity of nanofluids is an 

important property, and there are only a few studies on the modeling of effective viscosity designed to 

manage correct estimates. According to the current study, Titania (TiO2) nanotubes are synthesized 

through a traditional approach, and an investigational study is conducted on the viscosity performance 

of Titania (TiO2) nanotubes dispersed in ethylene glycol/water-based nanofluid. The mass 

concentrations of nanotubes are varied from 0 to 1%. Initially, the nanofluid is stabilized, and then the 

viscosity is experimentally measured at a temperature range 25-65°C and a shear rate of 150-500 s-1. 

In addition, this study used response surface methodology (RSM) to conduct a detailed optimization 

study. The multivariate empirical model is constructed and used to optimize process constraints. The 

importance of process parameters was evaluated, and the results revealed that the most important 

parameter is nanofluid concentration, accompanied by shear rate and temperature. The optimum input 

parameters for the maximum viscosity were nanofluid concentration (1%), shear rate (499), and 

temperature 25 0C. The parameters for minimum viscosity were determined as nanofluid concentration 

(0%), shear rate (150) and temperature 65 0C. 
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Extended Abstract 

 

Natural gas is a clean fuel among many other fossil fuels. Saudi Arabia is focusing on increasing the 

utilization of natural gas as an energy source due to its less negative impact on the environment. Unlike 

the other fossil fuels, natural gas emits less CO2 and other harmful gases. Raw natural gas has many 

impurities such as water, CO2, N2, H2S, etc. All the mentioned impurities must be removed before 

using natural gas as fuel. This research focus is the removal of water from natural gas. The most 

common technology for natural gas dehydration is absorption using triethylene glycol (TEG) as a 

solvent. This drying equipment utilizes liquid triethylene glycol as its dehydrating agent to pull out 

water from a stream of natural gas flowing over it. The main disadvantage of this technology is the 

negative impact of TEG on the environment. The present study explores the use of the low-temperature 

packed bed for natural gas dehydration. A detailed simulation study was conducted to investigate the 

process parameter's effect on the separation. The simulation data was further used to find out the 

optimum temperature and pressure for maximum water capture. 
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Extended Abstract 

 

The contamination of natural water resources by synthetic dyes is a major environmental issue 

worldwide. This research focussed on the synthesis of a new graphene oxide-chitosan composite 

(GO/CS) through cross-linking method with chitosan. Experimental studies were carried out to 

ascertain the adsorption performance of the as-synthesised GO/CS in the treatment of wastewater 

containing methylene blue dye. For this purpose, batch adsorption was implemented to investigate the 

effects of varying adsorbent mass, temperature, contact time and concentration on the adsorption of the 

dye. The experimental data were fitted with adsorption models such as the Langmuir, Freundlich, 

pseudo-first-order kinetic, pseudo-second-order kinetic and intraparticle diffusion models. The study 

on simultaneous effects of multiple parameters was performed by response surface methodology (RSM), 

with the selected parameters being adsorbent mass, time, concentration and temperature. The results 

showed that while multiple factors could influence the adsorption capacity of the GO/CS, the adsorbent 

mass showed the largest effect. The equilibrium adsorption of the dye onto GO/CS was best modelled 

by the Freundlich model, implying that the dye molecules were attached multilayerly onto GO/CS. On 

the other hand, the adsorption mechanism was well predicted by the pseudo-second-order model, thus 

suggesting chemisorption. The negative enthalphy change and Gibbs free energy change from 

thermodynamic study indicated that the adsorption process was exothermic, feasible and spontaneous. 

The RSM study revealed the adsorption parameters which were favourable for the dye removal. Overall, 

the results obtained supported the high potential application of the developed GO/CS adsorbent for the 

treatment of aquatic environment polluted by methylene blue dye.  
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Extended Abstract 

The industrial revolution undeniably benefits people with an improved quality of life, but at the same time 

demands more energy access. There is indeed a significant necessity to look for alternative sustainable 

energy sources. Biodiesel is the most suitable candidate to replace petroleum diesel owing to its 

characteristics of environmental-benign, technical practicability, cost-effectiveness and widely accessible 

feedstocks. The concern of excessive low purity glycerol that is produced as byproduct in the conventional 

transesterification between triglycerides and methanol, usually in the presence of an alkali catalyst, makes 

the overall process to be unappealing. A promising reaction pathway, interesterification (Figure 1), which 

utilizes novel acyl acceptors such as methyl acetate, ethyl acetate and dimethyl carbonate instead of the 

typical alcohols to transform the oleaginous feedstock to biodiesel and triacetin or glycerol carbonate as well 

as eliminates the coproduction of glycerol, has been gaining a lot of attention from researches. The focus of 

this review is to appraise the recent research progress and the achievements of the interesterification 

technologies. 
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Majority of the alkali-catalyzed interesterifications accomplished outstanding feedstock conversions or 

biodiesel yields regardless the types of acyl acceptors. Typical chemical catalysts such as alkali metal 

methoxides and hydroxides were widely employed with the former one acted heterogeneously in the 

reaction. This led to miscibility problem which the catalysts cannot perform effectively and the biodiesel 

yields were adversely affected. Researchers sought for alternatives by introducing alcohol back to the 

reaction systems via recrystallization or crystallization of the catalysts. Although alkaline interesterification 

can be conducted under mild conditions, only feedstocks with low free fatty acid (FFA) and water contents 

can be employed. Otherwise, an additional purification step is required which certainly increases the overall 

processing cost. Despite the fact that acid-catalyzed interesterification performs under the conditions of 

higher reactant loading and temperature as well as longer duration, it can take on any feedstocks, irrespective 

of water and FFA contents.  

Alternative acyl acceptors do not exert any toxic effect on lipase activity in enzymatic interesterification. 

Nevertheless, enzymes tend to denature under high temperature condition and hence majority of enzymatic 

interesterifications were performed under 50 ℃ which led to lower reaction rate and longer reaction time. 

This can be alleviated by applying thermo-tolerant enzyme derived from mixed cultures which gave similar 

yield in a comparatively shorter duration. Although enzymatic interesterification is an emerging area of 

biodiesel production that provides advantages over conventional chemical synthesis, its relevant cost factor, 

tolerance towards impurities, long-term stability of enzyme under processing conditions and the 

impracticability of multiple reusability at industrial scale are the much needed criteria to be further studied. 

On the other hand, supercritical interesterification reactions were originally conducted in the absence of 

catalyst but the extreme operating conditions were mitigated with the integration of catalysis into the process. 

The biodiesel yield of supercritical interesterification is not affected by the feedstock quality and hence this 

reaction pathway can adopt low-grade waste feedstocks. Despite the recorded high conversion and reaction 

rate with promising yield in a short period of time, the operating conditions of significantly high molar ratios 

of the reactants as well as extreme pressures (20-40 MPa) and temperatures (350-400 ℃) as compared to 

chemical interesterification will consume large amount of energy for heating and cooling. This will render 

the biodiesel production to become economically unfavorable and restraining it from breaking through into 

larger industrial production. Economic consideration in terms of equipment and profit margin must be 

reviewed thoroughly to guarantee the profitability and sustainability of supercritical interesterification 

process in the industry. 

In addition, the influence of reaction parameters such as reactant ratio, catalyst loading, reaction time, 

temperature, and addition of co-solvents were also discussed in depth. A preliminary kinetic test should be 

conducted to investigate the sufficient reaction time in advance for the reaction to reach the equilibrium 

before evaluating other variables. A detailed comparison of literature reveals that alkaline or acidic 

interesterification generally employs an acyl acceptor to oil molar ratio of lower than 40 while noncatalytic 

supercritical interesterification requires high reactant molar ratio of at least 42. In contrast, enzymatic 

interesterification demands lower acyl acceptor to oil molar ratio of 12. The effect of catalyst loading is more 

pronounced at short reaction time but this impact is diminished as the reaction time increases. Higher catalyst 

amount can promote the reaction kinetics to achieve the equilibrium point under shorter reaction time. The 

optimum catalyst loading is generally specific to a system and it is necessary to determine it in order to 

minimize the catalyst amount for practical usage from the economy standpoint. 
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The research works conducted were mainly at laboratory and mini-pilot scales. If the findings of previous 

research studies are being scaled up, it will lead to a very high degree of uncertainty. The viability of 

interesterification in commercial applications remains controversial. There are some imminent developments 

which can be performed in the future to fill up the knowledge gap. Detailed study regarding the process 

intensification technology to attain promising biodiesel yield under moderate reaction conditions should be 

done. The application of co-solvents or additives to mitigate the magnitude of operating conditions and 

reactants loading should be examined more closely, leading to lower process cost and greater process 

efficiency. In contrary to petroleum diesel, the cost of biodiesel product remains as one of the significant 

challenges for this industry. The non-edible renewable feedstock valorization for biodiesel production should 

also be encouraged not only in terms of costefficiency but also for a protected and sustainable environment 

based on an integrated bio-refinery and green concept. Reactor design and reactor volume should be included 

in the parameter studies as the literature information is still relatively insufficient. More in-depth studies are 

required to manage the by-products such as triacetin, acetic acid and glycerol carbonate. It would also be 

valuable to extend more studies on the existing information of interesterification in the process model, 

purification methods, energy consumption analysis, techno-economic feasibility and marketability of the 

byproducts in order to investigate the full potential of this reaction. 
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Extended Abstract 

Exponential increase of greenhouse gases has raised a global concern. More than a quarter of the greenhouse 

gases (e.g. carbon dioxide) are released from the transportation sector driven by the burning of vehicle fuel. 

Biofuel was introduced to limit the emission of greenhouse gases due to its potential to cut the emissions by 

up to 86 %. Microalgae have shown to be a suitable biomass for the production of biofuel because they are 
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rich in biomolecules such as lipid. This study focuses on the extraction of natural lipid from Chlorella 

sorokiniana CY-1 for biodiesel production using liquid biphasic flotation (LBF) system. LBF system is a 

novel environmentally friendly method used for biomolecules extraction from microalgae. It is an integration 

of aqueous two-phase system with mass transfer mode of solvent sublation that eases the transfer of 

biomolecules from the bottom phase to the top phase. The study unveils the potential of the LBF system to 

recover up to 74.44 % lipid using 100 % (v/v) ethanol and ammonium sulphate in 20 min time. GC-FID 

confirmed the successful extraction of lipid from the microalgae. Three peaks of fatty acid methyl ester, 

mainly from the middle chains (C5:0) (C12:0) and (C20:0) were observed, expending new opportunity for 

microalgae biodiesel technology. 
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Extended Abstract 

 

Phycocyanin is an intracellular protein abundantly present in Spirulina sp.which is widely used as a natural 

colorant in the cosmetics and food industries because of its non-toxic property. With the continuous 

upgrading of product uses, the market demand for high-purity and high-quality phycocyanin is increasing 

day by day. Since most of the existing phycocyanin extraction methods contain organic solvents which are 

harmful to the environment, the authors aim to reduce the environmental burden and obtain high-quality 

products by using more environmentally friendly extraction methods. The purification of spirulina by ionic 

liquid biphasic flotation can effectively extract high-purity phycocyanin and remove impurities. Moreover, 

the recyclable characteristics of ionic liquids will satisfy the pursuit of environmentally friendly extraction. 

Therefore, the use of an ionic liquid-based biphasic flotation system will help to achieve a more green and 

environmentally friendly biomass extraction in the future. 

 

1. Introduction 

As the negative impact of synthetic materials on health and the environment becomes more and more 

obvious, the green market trend of using and pursuing natural materials and additives is increasing (Mat 

Aron et al., 2020). Intracellular protein phycocyanin from Spirulina sp.is a nutritious protein with sufficient 

essential amino acids and can be used as protein supplement(Dingling Zhuang, 2021). The potential and 

applicability of phycocyanin in the treatment of human diseases, for example anti-cancer therapy such as 

breast cancer, colon cancer and lung cancer by inhibiting cancer cell proliferation and promoting 

apoptosis(Liangqian et al., 2017), has gradually been discovered. The development of cost-effective and 

efficient upstream and downstream processing of phycocyanin and its medical application to improve human 

health has always been the contemporary research directions.  

The Liquid Biphasic System (LBS) is an innovative and non-conventional liquid-liquid extraction 

approach having extensive applications in the separation, recovery, purification and enrichment of many 

biotechnological and natural products (Leong et al., 2019). Researchers are still trying to improve phase-

forming compositions and reactors to achieve better extraction effect. A liquid biphasic flotation (LBF) 

system was built by Chew et al. (2019) which is the combination of LBS (liquid biphasic system) and 

adsorptive bubble flotation system. The system effectively concentrates the product of interest to the top 

layer through the adsorption of the surface of the bubble, and then releases the product through the bubble 

collapse process to finally achieve the purpose of obtaining high-quality phycocyanin. Since the upper layer 

extractant (polymer) is expensive and the difficulty of recycling, also, its waste has a negative impact on the 

environment, our team hopes to replace the top phase by introducing a more environmentally friendly 

extractant. Optimized LBF system will be used to improve product recovery yield and separation efficiency 

in a fast and economy way. 
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2. Ionic Liquid Based Biphasic Flotation 

In recent years, ionic liquid (IL) has been widely applied in various fields of chemistry as a green solvent. 

The introduction of ionic liquids as extractants into aqueous two-phase systems can achieve advantages such 

as negligible viscosity, little emulsion formation, without volatile organic solvent, quick phase separation, 

high extraction efficiency, and gentle biocompatible environment (Zhang et al., 2015). In this project, a 

certain amounts of [Bmin]Cl (1-Butyl-3-methylimidazolium chloride) and K2HPO4 were used as extractants 

to form the aqueous two phase. The interaction between ionic liquid cations and phycocyanin greatly 

facilitated protein purification and enriched the upper phase with phycocyanin. The crude extract obtained 

by ultrasonic assistance was added to the system and placed in a glassware with a sintered glass disk at the 

bottom for flotation. The presence of flotation helps to achieve a quick separation of the product from 

impurities. Finally, ionic liquids will be depressurized for recycling and evaluated for their recycling 

potential. Recycling of IL coluld effectively reduce the industrial cost of ionic liquids, allowing ionic liquid 

based biphasic flotation to be accepted by the industry as a more economical and green extraction technology 

in the future. 
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Extended Abstract 

Heavy metals in industrial wastewater are harmful and not easy to be biodegraded, which may lead to serious 

environmental problems. The traditional physicochemical methods for the treatment of heavy metals 

exhibited disadvantages such as high cost and easy to cause secondary pollution. Biosorption is not only an 

efficient and low-cost method to treat heavy metal wastewater, but also an ideal method to treat large volume 

and low concentration heavy metals in wastewater. Bacteria and microalgae which are presently naturally in 

water play an important role in promoting the material circulation in the water environment and maintaining 

the ecological balance of the aquatic environment. The interaction between bacteria and algae is mutual as 

they may inhibit each other due to competition for nutrients, or they may use and promote each other, or 

even depend on each other to form a complex symbiotic system. Bacteria and microalgae that can form a 

symbiotic system are generally complementary in metabolic functions, mainly manifested in the release and 

utilization of oxygen, carbon dioxide and nutrients. Microalgae can absorb carbon dioxide and release 

oxygen through photosynthesis under light conditions, while microalgae and bacteria absorb oxygen and 

release carbon dioxide to complete respiration. In terms of nutrient metabolism, microalgae synthesize 

organic matter by absorbing inorganic nutrients such as nitrogen and phosphorus, and can release some 

organic matter to the surrounding. As an important decomposer, bacteria can decompose and utilize the 

organic matter secreted by algae and dead algal cells, and their decomposition products are absorbed and 

utilized by algae. Bacteria and microalgae secrete some extracellular products to the surrounding during their 

growth, and they interact with each other through these extracellular products. The effects of extracellular 

products can be divided into two kinds, which play a positive role in promoting growth and a negative role 

in inhibiting growth. Microorganisms (bacteria, microalgae, etc.) have attracted more and more attention as 

a biological adsorbent for the removal of heavy metals because of their high surface area volume ratio and 

rich functional groups on the surface. The cell walls of microalgae and bacteria are composed of 

polysaccharides and carbohydrates with negatively charged groups. Most metals bind to negatively charged 

ligand groups, which is the basis of metal removal in wastewater. In addition to being adsorbed on the cell 
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surface and extracellular polysaccharides, metals can also be absorbed into cells and precipitated on the cell 

surface or inside. Loutseti explored the effect of biofilter mixed with microalgae, cyanobacteria, diatoms and 

bacteria on the treatment of wastewater containing Cu and Cd. The results showed that after contact for 5 

minutes, the removal rates of Cu and Cd reached 80% and 100%. In particular, the combination of microalgae 

and bacteria has great advantages as an adsorbent. In recent years, the application of algae bacteria 

synergistic symbiosis system in sewage treatment has been widely studied. In the bacteria algae symbiosis 

system, the interaction between microalgae cells and bacteria is beneficial to build a stable bacteria algae 

symbiosis system, so it can save the operation cost of aeration. Using bacteria algae symbiosis system to 

treat heavy metals is a green environmental protection process with small investment, low operation cost, no 

need to add other chemicals, efficient inorganic salt degradation and accumulation of microalgae biomass 

energy. In conclusion, the combined treatment of wastewater by bacteria and algae may be an attractive 

supplement to the existing biological treatment of wastewater. 
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Extended Abstract 

 

Window-to-wall ratio (WWR) is the crucial determinant of environmental performance and energy 

saving in buildings. By studying the existing façade of the buildings through image processing, the 

window-to-wall ratio (WWR) can be detected and determined. The calculated WWRs then can be used 

to estimate the visual and thermal performance of the buildings either individually or at the city level. 

The majority of the past studies have focused on the accuracy of window detection rather than 

calculating window-to-wall-ratio (e.g: Neuhausen & Konig, 2018; Ali et al., 2007; Recky & Leberl, 

2010; Li et al., 2020) except Szcześniak et al., (2021) who extracted the WWR of the commercial high-

rise buildings. The shortcomings of the previous research are estimating WWR from google street-view 

and pre-processed façade aerial images which have issues related to distortion and pixel precision. 

Besides, a well-trained model to detect the components of the non-western residential facades is scarce. 

Hence, this study deploys the real-time images of the houses in the Malaysian context which provides 

better accuracy for the detection of windows and ultimately a better estimation of WWR.  

In this study, the images of the façades of residential buildings in East and West Malaysia are captured 

and uploaded for image processing in Azure Custom Vision. A total of 464 images of 116 houses were 

used for the training of the image processing model out of which 54 images were used in the testing 
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phase of the system. The images uploaded are tagged as gate, door, window and the model is trained 

and its performance is checked. The iteration process to improve the model performance was repeated 

ten times. Furthermore, the prediction API algorithm developed by the Azure Custom Vision was 

exported and used in the development of the mobile application to enable the detection of the window 

to wall ratios effectively. The entire process of the methodology has been shown in figure 1.  

 

Figure 1: Application development methodology flowchart 

 

The model has been trained to recognize all the components of the facades such as windows and doors. 

Figure 2 shows the overall model’s performance with the precision of 60.5% and Table 1 shows the 

model’s performance of each component given by Azure Custom Vision upon the completion of 

iteration ten. The precision of tags for the door and windows are respectively 66.7%, 54.5%. Since the 

precision rates are satisfactory, the mobile application can detect the windows correctly. The results 

indicate that the windows can be detected from the real-time images provided in the mobile phones and 

the window-to-wall ratio can be successfully estimated by the cloud-based residential façade analysis 

system. The outcome of this study is a well-trained and robust system with 70.5% precision that can 

detect the window-to-wall ratio of residential buildings in Malaysia. The proposed mobile application 

using machine learning algorithms can be used by AEC industry professionals who would want to 

estimate window to wall ratios in residential buildings in Malaysian or similar contexts which can be 

leveraged for environmental performance and energy assessments of buildings.  
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Figure 2: Model’s Performance 

 

Table 1: The Performance Per Tag of the Model 

Tag  Precision Recall A.P. 

Door 66.7% 100.0% 100.0% 

Window 54.5% 100.0% 79.4% 

Occlusions 60% 87.5% 87.5% 
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Extended Abstract 

 

The objective of this study is to evaluate the structure characterisation of Hydroxypropyl 

Bispalmitamide MEA and Ceramide 3. Three different spectroscopy and physico chemical analysis 

conducted on the two samples reveal the structural formulae and chemical composition of 

Hydroxypropyl Bispalmitamide MEA to be different from Ceramide 3. Therefore, the two compounds 

cannot be considered to contain the same chemical structural make up, based on spectral analysis 

generated by instrumentation. The Hydroxypropyl Bispalmitamide MEA cannot be categorised as 

ceramide because it is lacking the sphingosine moiety. 
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Extended Abstract 

 

Commercial relevance of glycerol as a safe feedstock for various conversion processes has increased 

considerably owing to the fact that it is abundantly available at relatively low cost. Among the diverse 

reaction pathways for catalytic conversion of glycerol, etherification to yield polyglycerols is favoured 

to spearhead the research due to the wide applications of polyglycerols such as food industry, cosmetics, 

pharmaceutical, polymers and biomedicals. The lack of knowledge on each mechanism and pathways 

in the etherification process has hampered the selection on the best compromised mechanism in 

furthering the studies to enhance the selectivity and conversion of the glycerol. This review is steadfast 

in providing an understanding on the numerous mechanisms available for glycerol etherification process 

implying alcohol solvent, olefin solvent and solvent-free routes along with the products being formed 

at various stages of the reaction. Etherification of glycerol using tert-butyl alcohol (TBA), ethanol, n-

butanol and benzyl alcohol were studied as the alcohol solvents. Utilising TBA in the etherification 

gives rise to three general ether products which are mono tert-butyl glycerol ether (MTBG), di tert-butyl 

glycerol ether (DTBG) and tri tert-butyl glycerol ether (TTBG) [García-Sancho et al., 2011]. Besides 

that, the dehydration of TBA to isobutene as an independent side reaction result in the undesired 
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consumption of glycerol, while the formation of isobutene triggers another side reaction which is the 

dimerization of isobutene which forms di-isobutene (DIB) [Cannilla et al., 2014; Estevez et al., 2017]. 

As for the glycerol etherification with ethanol, the products include two mono-ethyl glycerol ethers, 

two di-ethyl glycerol ethers as well as a tri-ethyl glycerol ether. The self-etherification of ethanol 

leading to the formation of diethyl ether (DEE) which can be attributed to the high ethanol to glycerol 

molar ratio as well as high reaction temperature are the main side reaction [Yadav, Maity and Shee, 

2017; Lemos et al., 2018]. The reaction of glycerol etherification with n-butanol yields glycerol ether 

products bonded with the substituted butyl groups, including two mono-butyl glycerol ethers, two di-

butyl glycerol ethers and a tri-butyl glyceryl ether with the loss of water molecule. The dehydration of 

butanol to butane, isomerization of butane to isobutene, dimerization of butanol to butyl ethers and 

oxidation of butanol to butanal are the potential side reactions involved in the reaction [Cannilla et al., 

2015]. The prominently observed products when benzyl alcohol utilised as a solvent in the etherification 

reaction includes two mono-benzyl glycerol ether isomers, two di-benzyl glycerol ether isomers and tri-

benzyl glycerol ether. The formation of dibenzyl ether (DBZ) from the dimerization of benzyl alcohol 

has reduced the yield of desired product as it competes in the utilization of benzyl alcohol in the glycerol 

etherification reaction [Gonzalez-Arellano et al., 2015]. The olefin solvent studied in the glycerol 

etherification process includes isobutene, 1-butene and isoamylene. The reaction of isobutene with 

glycerol proceeds via tert-butylation of glycerol yields similar glycerol ether products when TBA was 

used as a solvent in the etherification process [Cannilla et al., 2014] while the etherification of glycerol 

with 1-butene involves a set of consecutive equilibrium reactions to produce mono-ethers, di-ethers and 

tri-ether [Saengarun, Petsom and Tungasmita, 2017]. The undesired side reaction reported using both 

types of olefin solvents is the formation of a dimer (di-1-butene) from the dimerization of 1-butene, 

whereby the solvent is consumed in a large proportion which could affect the formation of the desired 

ethers [Liu, Yang and Yi, 2013; Saengarun, Petsom and Tungasmita, 2017] Five ether products are 

obtained from the glycerol etherification with isoamylene, which consist of two mono-ethers, two di-

ethers and a tri-ether while undesired isomerization of isoamylene results in the formation of undesired 

isoamylene oligomers [Izquierdo et al., 2014]. Glycerol etherification without using solvent is known 

as oligomerization of glycerol which forms short chain oligomer of glycerol while long chain oligomers 

are known as polyglycerols. Two glycerol molecules join through the condensation reaction to form a 

diglycerol molecule with the elimination of one water molecule, whereby the formed diglycerol 

molecules can exist either in linear, branched, or cyclic structure. Further reaction with the diglycerol 

can yield polyglycerol where the length of the oligomers depends on the number of glycerol or 

diglycerol joined together [Lee et al., 2018]. Studies carried out using solvent-free glycerol 

etherification is gaining momentum as the by-product obtained is mainly water which can be removed 

from the reaction. In this respect, solvent-free etherification process could promise several advantages. 
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Using acid catalysts in solvent-free glycerol etherification process could lead to an undesired side 

reaction through the dehydration of glycerol, hence forming acrolein. Base catalysed solvent-free 

glycerol etherification showed promising catalytic results with no substantial acrolein formation 

[Gholami, Abdullah and Lee, 2014]. 
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Abstract 

A green and safe method was studied for simultaneous extraction of low-gluten flour and gum from 

durian seed for food applications. The effects of extraction temperature and water/seed (W/S) ratio on 

the extraction yield, colour, solubility, water absorption capacity (WAC) and oil absorption capacity 

(OAC) of whole durian seed flour (WDSF), demucilaged durian seed flour (DDSF) and durian seed 

gum (DSG) were investigated. Although higher extraction temperature would lead to darker colour 

products, it could maximize the yield of both flour and gum, as well as improve their solubilities and 

WAC. Higher W/S ratio produced higher gum yield but lower flour yield. Solubility generally increased 

in the order of DDSF, WDSF to DSG. Besides, the OAC of gum was slightly higher than the flour.  

 

Keywords: Durian seed flour; Durian seed gum; Extraction; Biomass waste 

 

Introduction 

While the edible flesh is only 1/3, durians will generate about 60-75% of wastes where 20-25% are 

seeds and the remaining are husks (Villacis-Chiriboga et al., 2020). Durian seed is one of the abundant 

biomass wastes generated from the highly demanded durian, where approximately 60,000 MT of seeds 

were discarded per annum in Malaysia which can lead to environmental pollution. However, the seeds 

offer great potential applications in many food and non-food industries. Starch and polysaccharide 

(mucilage) are the major components of the durian seed, which could be further processed into value-

added products like flour and gum to act as food ingredient and stabilizer (Baraheng and Karrila, 2019). 

Hence, this project is in line with Sustainable Development Goals (SDGs), National Agro-food Policy 

2.0 (NAP 2.0) 2021-2030, 12th Malaysia Plan (2021-2025), and Shared Prosperity Vision (SPV) 2030 
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in efforts to achieve sustainability, enhance food security and nutrition, address waste disposal issues, 

and promote Malaysia’s economic growth (TheSunDaily, 2019).  

 

In fact, the chemical composition, yield and functional properties of flour and gum could be affected 

significantly by the seed processing and extraction conditions (Baraheng and Karrila, 2019). To date, 

aqueous and chemical extraction methods have been employed to extract either the gum or flour only 

from durian seed. In accordance with the 12 Principles of Green Chemistry, present research is a 

relatively greener and safer method for simultaneous extraction of durian seed flour and gum in 

comparison with others' works. The process efficiency and sustainability were maximized without the 

use of highly toxic and corrosive chemicals. 

 

Methodology 

Durian seeds were washed, dehulled, sliced, and blended with water. Aqueous gum extraction from the 

seed slurry was performed for 1 hour at different temperature and W/S ratio. It was then cooled down 

and filtered to separate the sticky filtrate from residue. The residue was washed thrice with water, 

followed by drying, milling and sieving to obtain DDSF. Meanwhile, the sticky filtrate was centrifuged 

for 10 min. The collected supernatant was precipitated with 95% ethanol and it was left at room 

temperature for 30 min. Filtration was then performed and the precipitated gum was washed thrice with 

ethanol. Similar to DDSF, the white precipitate was also dried, milled and sieved to produce DSG. 

Besides, WDSF was studied as the control. 

Results and Discussions 

This work revealed that higher extraction temperature was favoured for higher overall yield, better 

solubility and WAC of both flour and gum. This is because the molecular bonds could be broken easily 

at high temperature and the particles were cleaved into smaller sizes, resulting in more exposed 

hydroxyl groups to interact better with the polar water molecules (Amid and Mirhosseini, 2012). 

However, high extraction temperature would cause adverse effects on the darker colour products, which 

mainly due to the Maillard reaction took place upon heating (Malini et al., 2016). At lower temperature, 

lesser gum in the extract caused more releases of the starchy materials, leading to more product losses 

and lower yield (Baraheng and Karrila, 2019). Moreover, higher W/S ratio had greater driving force 

that facilitate the gum extraction.  

 

Generally, the crude gum possessed abundant hydroxyl (-OH) and hydrophilic groups (carbonyl groups 

C=O and carboxyl groups -COOH) which contributed by the polysaccharides and polar amino acids 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

138 

 

(Zainol et al., 2020). Hence, the gum was readily soluble and could bind more water than the flour. 

Meanwhile, the OAC of gum was also slightly higher than flour due to the presence of hydrophobic 

fractions like the fatty acids and nonpolar amino acids which having long carbon chains and bulky 

carbon rings. Conversely, DDSF that mainly composed of starch macromolecules was less soluble, but 

exhibited good swelling power and thickening ability after absorbing water due to the presence of 

amylose and amylopectin (Awuchi et al., 2019).  

 

Conclusion 

Higher extraction temperature could improve the overall yield, solubility and WAC of both flour and 

gum, but resulting in darker colour products. Higher W/S ratio produced higher gum yield but lower 

flour yield. DSG is a good emulsifier because the hydrocolloid had relatively high WAC, OAC and 

solubility, while DDSF had a good WAC and could thicken well. In conclusion, this study had 

simultaneously obtained both durian seed flour and gum from durian seeds via a green and simple 

aqueous extraction method. 
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Extended Abstract 

 

Porous material possesses larger specific surface area compared to its non-porous counterpart. 

Consequently, it is increasingly popular for various applications in chemical industries. In this work, 

mesoporous silica (SiO2) was synthsized from biomass waste, specifically rice husk. From the literature, 

SiO2 content in rice varies from 8.7 to 12.1%, averaging close to 10.6% [Ding et al., 2005]. However, 

SiO2 present in rice husk is in a hydrated amorphous form [Asuncion et al., 2005]. 

 

In this work (cf. Figure 1), we have synthesized mesoporous silica of SBA-15 and MCM-41 

morphologies from the rice husk. As a comparison, mesoporus silica SBA-15 was also synthesized from 

tetraethyl orthosilicate (TEOS), whereby TEOS acted as a silica source. 
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(a) (b) 

 

(c) 

Figure 1: (a) Fresh rice husk; (b) as-synthesized mesoporus silica, and (c) XRD diffraction 

pattern of the as-synthesized mesoporus silica 

 

 

Fresh rice husk was obtained from a local source (refer to Fig. 1(a)). The husk in its original condition 

has brownish colour. It was then subjected to high temperature treatment, followed by silica-extraction 

process, before finally templating into SBA-15 and MCM-41 using different chemical sources, for 

example CTAB. Fig. 1(b) shows the mesoporous silica in its final form. It comes in the form of white 

powder. The same preparation steps were repeated for templating TEOS into SBA-15 material. All 

these three materials were scanned using XRD technique (cf. Fig. 1(c)). The wide hump at circa 23o 

denoted the amorphous silica (SiO2) phase. Subsequently, further physicochemical characterization 

were carried out, i.e., N2 physisorption, SEM, FTIR and XRF. 
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Extended Abstract 

This paper introduces natural deep eutectic solvents (NADES), the potential stabilisers that can use to 

prevent the breakdown of gelatin by bromelain enzyme in the pineapple jams. The fortification of gelatin 

in the pineapple jam improves the protein content, while the retention of bromelain protease brings health 

benefits to human being. Self-synthesised citric acid/fructose NADES and market-bought NADES were 

used in the research. Both NADES were highly compatible with the pineapple jam due to their hydrophylic 

properties. The greater the amount of citric acid/fructose NADES, the lower the syneresis degree which 

indicated the stabilisation of both bromelain and gelatin. High water addition will lead to a loosen 

hydrogen bond which might fail to stabilise bromelain and gelatin. At least 50 mL of citric acid/fructose 

NADES possessed antimicrobial ability in pineapple jam. In short, citric acid/fructose NADES with molar 

ratio 1:1 was able to stabilise bromelain and gelatin at the puree to NADES ratio from 1:1 to 5:1 and 

inhibited microbial growth at a relatively high dosage. 

Introduction: Pineapple that is rich in bromelain enzyme could be processed into pineapple jam for a 

longer storage period and easier consumption. Pineapple jam can be fortified for value-adding purposes. 

Previous studies had investigated the fortification of protein in papaya jam. However, the existence of 

bromelain protease will result in the protein preservation difficulty in pineapple jams. It was suggested 

NADES could be a solution for incorporating higher protein content in fruit jams.  

Methodology: In this study, the compatibility of NADES and pineapple jam, the effect of different 

combinations of NADES in stabilising bromelain and gelatin as well as the antimicrobial effect of NADES 

in pineapple jam were investigated. Pineapple jam was prepared with minimal heating to retain most of the 

bromelain and NADES served as the agent to harmonise bromelain and gelatin in pineapple jam. Self-

synthesised citric acid/fructose NADES with the molar ratio of 1:1 which was prepared using heating and 

stirring method and market-bought honey NADES with approximately equimolar fructose and glucose 

were applied in this study [Daia et al., 2021].  

Results and Discussions: NADES can be well mixed in pineapple jam without phase separation because 

NADES tended towards the formation of hydrogen bonds. The hydrogen bonding made NADES polar and 

allowed it to dissolve well in pineapple jam [Chen et al., 2019]. Citric acid/fructose NADES had greater 

carbonyl and hydroxyl groups than honey NADES, which resulted in greater hydrogen bond formation and 
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thus lowered the syneresis degree (free whey formation). When the puree to NADES ratio reduced from 

10:1 to 5:1 to 1:1, the free whey formation decreased from 2.76 to 1.43 to 0.80 g/100 g, resulting in a 

lower syneresis. It was because the greater amount of NADES contributed to more carbonyl and hydroxyl 

groups which were able to restrict the bromelain and gelatin molecules within the network [de los Ángeles 

Fernández et al., 2018]. Furthermore, the greater amount of water added during NADES preparation might 

loosen the hydrogen bond network, resulting in weak interaction between the individual components in 

NADES [Olivares et al., 2018]. Evidently, jam sample with citric acid/fructose NADES made up of 50% 

water had slightly higher formation of free whey (2.85 g/100 g) than that of 20% water (2.76 g/100 g). 

Besides, a sufficiently high amount of citric acid/fructose NADES (at least 50 mL) possessed antimicrobial 

ability in jam sample with 50 g puree and total soluble solids (TSS) value ranged from 65 to 70%. 20% 

water in NADES synthesis and puree to NADES ratio from 1:1 to 5:1 yielded relatively firm, safe, and 

odour-pleasant protein-fortified pineapple jams using citric acid/fructose NADES as a stabiliser and gelatin 

as a source of protein in the jams. The prepared pineapple jams can last for at least one month without 

mould grown, alcoholic smell, and increased syneresis.  

Conclusions: In conclusion, citric acid/fructose NADES and pineapple jam were highly compatible to 

each other and the formulated citric acid/fructose NADES was capable to stabilise both bromelain and 

gelatin in pineapple jam. However, a relatively high dosage of NADES was required to exert an 

antimicrobial effect in the jam and thus, further investigation is required in this area as a high dosage of 

NADES in foods may invoke adverse health effects.  
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Extended Abstract 

 

With rapid economic development and growing human populations, the greatly increasing demand 

for energy has been a major problem worldwide. Biodiesel, which chemically consists of alkyl (usually 

methyl) esters, has been widely considered as a promising alternative energy source to replace fossil 

fuel, because of its biodegradable, renewable, sustainable, and environmentally friendly features 

(Chuah et al., 2016). Moreover, by volumetrically blending with commercial fossil diesel in proper 

proportions (6–20%), biodiesel can be used in internal combustion engines without modifications 

(ASTM, 2018).  
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Figure 1: Articles about biodiesel production by HC from 2006 to 2022, based on Web of 

Science available on 10th April, 2022 (This figure will not be included in the full-length article).  

Table 1: Intensification of biodiesel production by HC (partial content of the whole table). 

 

 

Figure 2 Intensification of biodiesel production by HC 

Biodiesel can be produced from renewable feedstocks in nature, such as plant fat, animal fat, and 

microbial oils, by transesterification in the presence of catalysts (Verma and Sharma, 2016). To increase 

the mass transfer rate between oil and alcohol, various methodologies, such as mechanical stirring, 

microwave, AC, and hydrodynamic cavitation (HC) have been widely studied in previous studies. 

Among them, HC is considered a promising technology for industrial-scale biodiesel production, due 

to the advantages of high yield efficiency (Chuah et al., 2017), low equipment and operational costs, 

and ease of scaling up. Since Ji et al. (Ji et al., 2006), for the first time, enhanced the biodiesel production 

process by HC in 2006, HC technology has drawn increasing interest (Figure 1). Nowadays, HC is 

reported to be highly effective for intensifying biodiesel production from various feedstocks (e.g., 

edible, non-edible, and waste oils) under homogeneous (e.g., KOH, NaOH) and heterogeneous (e.g., 

CaO, TiO2) catalyses, as shown in Table 1. Nevertheless, although HC has been studied for over ten 
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years, the amount of the relative research is relatively limited compared with other emerging 

technologies, indicating that this promising method has not attracted much attention of researchers yet. 

Moreover, the recent progress in this area is not clear and the corresponding mechanisms are still not 

well understood. For instance, few rotational hydrodynamic cavitation reactors appeared recently 

showed significantly high performance compared with conventional reactors, some of them can be 

operated in continuous mode, indicating great potential for commercial application. However, the 

research status is still not widely known, especially in the area of biodiesel production. Similar problems 

are also existing in the intensification mechanism and applicability (e.g., economical assessment and 

life cycle analysis) of HC technology. Therefore a critical and comprehensive review is an urgent need. 

To this, the present review aims to highlight the effectiveness and practicability of HC-based 

intensification technology for biodiesel production (Figure 2). The principle of HC and the recent 

advances in the hydrodynamic cavitation reactors are explored. The effect of HC, including the 

representative applications, key operational factors, and relevant mechanisms, is summarized and 

discussed. Finally, several challenges and research directions that should be seriously considered are 

recommended after analyzing the applicability of HC. 
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Abstract 

 

Some physical properties of different fractions part of Dabai fruit were determined for the useful 

application in appropriate mathematical model for the process optimization and designing processing 

equipment. The objective of this study is to determine and compare some physical properties of three 

different fractions (whole, kernel and nut) by taking the measurement of the Dabai fruit. Based on the 

result, the whole fruit reported the highest value in terms of  length (L) (39.14 mm), thickness (T) (22.76 

mm), geometric mean diameter (Dg) (26.86 mm), arimethic mean diameter (Da) (27.89mm), surface 

area (2269.80 mm2), mass (12.38 g), volume (11300 mm3), sphericity (68.67%), and aspect ratio (Ra) 

(55.69%). On the other hands, the true density, bulk density, and porosity, the nut fraction has the 

highest values with 2755.0 kg/m3,738.180 kg/m3, and 71.44% respectively. Based on principal 

component analysis (PCA), the first and second principal component showed related contributions to 

the physical properties.  

 

Keywords: Dabai / physical properties / Pearson correlation/ principal component analysis 
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Dg= 3LTW                                          (1) 

Da=(L+T+W)3              (2) 

Ø=(LWT)1/3L                                     (3) 

Where, Dg = geometric mean diameter;  Da = arithmetic mean diameter; ∅ = sphericity; L= Length; T 

= thickness; W = width 

SA= ΠDg2           (4) 

Where, SA= surface area;  Dg = geometric mean diameter 

pb=MpVc                                                                                             

 (5) 

Where, pb= bulk density; Mp= mass of the sample; Vc= volume of the container  

T=mV            (6) 

Where, = True density; m = mass of the sample; v = volume of the sample 

    ɛ=1−pbT×100          (7) 

Where,  ɛ = porosity;  pb= bulk density; T= true density 

θ=tan−12HD           (8) 

Where,  = angle of repose; H= height of the pile;  D = radius of the pile 

Ra=WL×100            (9) 

Where, Ra= aspect ratio; W = width; L= Length 

 

Table 

 

Table 1. The physical properties of the fruit fractions of ‘Ngemah’ variety Dabai fruit 

Properties   Fruit Fractions   
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         Whole 

          Fruit  

       Nut  Kernel  

Length (mm)  39.14±1.63a  34.48 ±1.47b  23.21±2.42b  

Thickness (mm)  22.76±1.31a  17.38 ±1.20b  12.17±0.87c  

Width (mm)  21.78±0.98a  16.59 ±0.94b  7.08±0.64c  

Dg 26.86±1.06a  21.49±1.01b  12.72±0.69c  

Da 27.89±1.05c  22.81±1.00a  14.02±7.00b  

Surface area (mm2) (ellipsoid) 2269.80±181.1a 1454.40±139.70b 509.80±56.25c 

Mass (g)   12.38±1.57a  5.19±0.75b  0.99±0.18c  

Volume (mm3)   11300±2215a       2040±637.60b     1000±0.00c  

Sphericity (%)  68.67±2.32a       62.35±2.12b  55.13±4.67c  

True Density (kg/m3) 1112.00±119.40b      2755±804a  990.80±184.30b  

Bulk Density  

(kg/m3)  

717.60±26.80b       738.18 ±19.62a   640.28±11.83c 

Porosity (%)  34.77±7.05b  71.44±6.50a   33.30 ±11.59b  

Aspect ratio (%)  55.695±2.744a     48.135 ±2.362b      30.842±4.274c  

Data is expressed as a mean with 50 samples of each fruit fractions. (±standard error). Different letters 

indicate significantly difference (P<0.05) by Tukey’s HSD test within the same row. 

 

 

 

 

Table 2. Pearson correlation coefficients for physical properties of fruit fractions of Dabai fruit 

‘Ngemah’ variety 

Variabl

es 

      

L 

  T     W    Mas

s 

Volum

e  

True 

Densit

y  

  Bulk 

Densi

ty 

  Porosi

ty 
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   R

a 

GM

D 

T 0.91

0 

          

W 0.96

1 

0.96
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Mass  0.90

0 
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1 
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3 
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5 
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3 
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1 

-
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Spherici

ty 

0.72

4 
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8 
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9 
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5 
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6 

0.95

3 
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2 
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7 
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3 
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 Table 3. Eigenanalysis of the Correlation Matrix 
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Table 4. Eigenvectors 
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Figure 

 

 

Figure 1: From left the whole fruit;  nut; and kernel of Dabai fruit  
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Figure 2. Dimensions of whole fruit of Dabai fruit ‘Ngemah’ variety 

 

 

Figure 3. Dimensions of the nut of Dabai fruit ‘Ngemah’ variety 

 

 

Figure 4. Dimensions of the kernel of Dabai fruit ‘Ngemah’ variety 
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Figure 5: The scree plot of the physical properties of fruit fractions of Dabai fruit ‘Ngemah’ variety. 

 

Figure 6: The loading plot of the physical properties of fruit fractions of Dabai fruit ‘Ngemah’ variety. 
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Introduction 

 

Biomass energy, specially lignocellulosic biomass, is expected to resolve the climate problems and 

rising global energy crisis. The bioconversion of lignocellulose into biofuels is considered as a 

promising energy utilization technology, with noteworthy energy and environmental benefits. 

Enzymatic saccharification, as an essential step in the bioconversion process, is usually performed in 

the continuous stirred-tank reactors (CSTRs). However, the CSTRs may suffer from poor performance 

in saccharification efficiency because the highly viscous lignocellulosic slurry impedes mixing and the 

excessive shear strain rates (above 1000 s-1) deactivates the enzyme. Therefore, it is necessary to 

develop a new reactor for mixing viscous fluids to meet the needs of efficient bioconversion. 

 

Inspired by the efficient mixing viscous chyme with the enzyme in the intestine, recent study designed 

and manufactured soft bionic reactors (Xiao et al., 2018). Although these reactors showed advantages 

in mixing highly viscous fluids in a relatively short time by exterior visualization and image analysis, 

the real-time information of interior flow and the mixing process were obscure, making it difficult to 

further analyze the mixing mechanism and measure the shear strain rate. To overcome the above 

limitations, numerical simulation has been devoted to mixing mechanisms in the intestine (Zha et al., 

2021). The study found that the presence of vortex strongly affected the mixing performance. 
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Unfortunately, the quantitative parameters of vortex intensity during intestinal motility have not yet 

been reported. Meanwhile, the introduction of enzymes in current numerical models differed greatly 

from that in the real intestine. In this case, the mixing process is also different and the mixing 

enhancement mechanism induced by motility of the intestinal wall cannot be fully understood. 

 

This study aims to investigate the mixing process in a numerical intestinal model, which combines an 

enzyme secretion boundary with wall motility. The secondary flow intensity in the lumen was 

quantified to explore the mechanism of mixing enhancement. Besides, the influences of segmental 

motion parameters and substrate viscosities on mixing performance were assessed. The shear strain rate 

was also calculated to valid this bionic reactor was suitable for saccharification. 

 

Model and analysis methods 

 

The static local intestine model can be simplified to a tube with a radius of r0 (mm) and a length of L 

(mm) in this study. Since the intestine model is axial symmetric geometrically, a 2D axisymmetric 

model was developed. The laminar flow model, described by the continuity Eq. (1) and the Navier-

Stokes Eq. (2), is employed in this work. The species transport Eq. (3) is adopted to calculate the mass 

fraction of each component. 
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The equation describing the displacement of the moving wall can be written as Eq. (4): 
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To quantitate the mixing level, the enzyme concentration field uniformity index is calculated as (Shao 

et al., 2020): 
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         (5) 

To identify and quantitate the secondary flow, the Liutex method is employed in this work. The explicit 

expression of its magnitude R is given as follow (Wang et al., 2019): 
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2 2( ) ( ) 4 ciR     ω r ω r          (6) 

Based on the Liutex method, dimensionless secondary flow intensity Se is defined as the ratio of inertial 

force induced by rotational linear velocity to viscous force: 

2

2

eRd
Se




            (7) 

The above parameters (
c  and Se) were averaged over time in the following research. 

 

Results and discussion 

 

The velocity field and streamlines with different time instants are shown in Fig. 1(a). the flow velocity 

at the center of the tube significantly augments and reaches the maximum value due to the huge 

reduction of the cross-section. After the first and second contraction peaks, two anticlockwise vortices 

occupying nearly half of the tube radius are formed. During the recovery stage from 3 s to 4 s, the 

contraction rate gradually decreases to zero, and the vortex disappears accordingly. In fig 1(b) at 2 s, 

there are two obvious colored blocks of Liutex whose sizes were almost in accordance with two 

anticlockwise vortices, with the local maximum up to 7.74 s-1 and 9.78 s-1, respectively. A higher Liutex 

indicates a faster angular velocity of spinning motion or a stronger vortex in a local region of the lumen, 

implying a more drastic disturbance (Wang et al., 2019). Thus, it can be assumed that the mass transfer 

of enzyme and substrate is enhanced to achieve more uniform mixing 

 

Fig. 1. Evolution of the velocity fields and Liutex fields in one segmentation cycle. (a) Streamline 

with arrows colored by velocity; (b) Liutex distribution in the lumen. 

 

Fig. 3 (a) shows the evolution of enzyme concentration in the first cycle. The enzyme secreted by the 

intestinal wall is transferred to the center of the tube by these vortices and mixes with the substrate. (see 

Fig. 3(a) at 2 s). The vortices produced by wall motion facilitate the radial convection, which greatly 

strengthens the mixing of substrate and enzyme (Lim et al., 2015). the segmentation mainly promotes 

the radial mass transfer around the wall but has few contributions on the fluid at the central lumen 

region. the maximum SSR comes out at the maximum contraction moment on account of a greater 
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velocity gradient. The highest shear strain rate zones always exist around the contraction peak despite 

what the contraction rate is. 

 

Fig. 2. Evolutions of the concentration fields and shear strain rates in one segmentation cycle. (a) 

Enzyme concentration expressed in mass concentration; (b) Shear strain rates in the lumen. 

 

Conclusion 

 

The mixing process of substrate and enzyme secreted by the wall has been investigated in a novel reactor. 

A dimensionless number Se is proposed to characterize the secondary flow intensity at different 

segmentation parameters and substrate viscosities. The results show that the time-averaged Se improved 

from 1.9 to 9.5 with the maximum contraction ratio from 16.6% to 66.7%.The time-averaged mixing 

level significantly increases by 106.9% compared with the static tube at a low viscous (1 mPa·s). Even 

at a very high substrate viscosity of 5 Pa·s, there is still a 76.0% mixing enhancement. According to the 

SSR distribution analysis, the maximum SSR is lower than 220.4 s-1 in all cases, indicating that the bio-

inspired mixing enhancement is suitable for the enzymatic saccharification. 
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1. Introduction 

In the industrial production process, the mixing process in the reactors has an important influence on 

the efficiency and quality of products in the whole production process. However, at present, most 

reactors are made of rigid materials, and their walls do not participate in internal fluid mixing (Brunetti 

et al., 2007). The traditional mixing methods may lead to the mixing isolation zone, especially for high 

viscosity fluid mixing, which reduce the mixing efficiency of the reactors (Lamberto et al., 1996). The 

concept of bionics is widely used in various fields, and various soft-elastic reactor (SER) systems have 

been established by referring to the flexible wall models such as gastrointestinal system (Chen et al., 

2013; Wright et al., 2016). It was found that the reactor systems with soft-elastic walls had better mixing 

performance than the ordinary rigid reactors for mixing high viscosity fluids (Liu et al., 2018; Deng et 

al., 2016). Currently, most SERs are driven by simple wall motions, and only can provide radial 

disturbances by extrusion, which is limited for the mixing. Therefore, a new type of soft-elastic bionic 

reactor with reciprocating flow was developed to enhance the axial mixing of fluid in the reactor while 

driving the radial deformation of the flexible wall. This can realize the interaction between the flexible 

wall and the internal fluid, which improving the mixing efficiency of the SER for high viscosity fluid.  

2. Materials and methods 

2.1 The design of the soft-elastic reactor  

The SER is composed of rigid PVC pipe and natural latex pipe. The the transparent rigid pipe is 

connected to the transparent hard casing outside to limit the expansion of the hose fixed to the tail of 

the transparent rigid pipe, as shown in Figure 1(a). The inlet of the SER is fixed to the outlet of the 

piston cylinder, and the piston is connected to the crank-rod mechanism with a Cycloid pin gear 
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reduction motor to provide reciprocating flow in the SER, causing the expansion and contraction 

deformation of the latex hose. The sizes of the SER system are shown in Fig. 1, and the total length of 

the SER is 100 mm. In order to reduce the influence of inlet on the mixing performance test of SER, 

the inlet of SER is connected with 50 mm transparent rigid pipe. The total volume of the SER system 

is about 195 mL. The dye injection device was designed with concentric double pipes as shown in 

Figure 1(b). The opening of the outer tube is 180°, with an outer diameter of 5 mm and inner diameter 

of 3 mm. The opening of the inner tube is 90° with an outer diameter of 3 mm and inner diameter of 2 

mm. The dye can be uniformly injected into the axis of the reactor by rotating the inner tube to reduce 

the influence of dye injection point on the mixing performance test of the reactor and study the radial 

mixing performance of the reactor. 

2.2 The experimental method and data processing 

Glycerol at 27.5 °C was selected as mixed medium with viscosity of 800 mPa ∙ s . The variable 

parameters include motor frequency f, hose length and maximum deformation. 0.3 mL 1% methylene 

blue glycerol solution was uniformly injected on the axis of the reactor through the dye injection device, 

and the fluid mixing process in the reactor was recorded by a camera. 

 

Figure 6: SER and dye injection device schematic: (a) SER schematic: 1-piston cylinder; 2-

piston; 3-inlet of SER; 4-transparent rigid pipe section of SER; 5-transparent outer sleeve of 

SER; 6-hose section of SER; 7-dye injection device; (b) Dye injection device schematics. 

The mixing time was deduced by analyzing the color change of the fluid in the image. The mixing time 

is defined as the time required from the dye injecting into  reactors to the uniformity of color distribution 

reaching 99 %. The uniformity of color distribution is defined as 

 
   

 

e t e
t = 1 100%

e


  
                                                                                      (1) 

Where e(𝑡) is the uniformity of color distribution at time t.  

       2 2 2

R G Be t S t S t S t  
                                                                                               

(2) 
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𝑆𝑅
2(𝑡), 𝑆𝐺

2(𝑡) and 𝑆𝐵
2(𝑡) are square differences of R, G and B of each pixel in the screenshot area at time 

t. In order to ensure the accuracy of the calculation, it is necessary to determine that most of the fluid 

has been dyed at time t. Therefore, the average dyeing degree above 85 % is selected as the criterion. 

Average dyeing degree is defined as the proximity between the mean value of three primary colors of 

each pixel at time t and the ideal mixed state(Liu et al., 2018). Since the hose section in the SER is red 

latex with poor transparency, the screenshot area is the rigid PVC pipe with good transparency in the 

dye injection section of SER.  

3. Results and discussion 

Fig. 2(a) showed the influence of motor frequency on the mixing performance of SER when the hose 

length and maximum deformation are 3 cm and 46 mm, respectively. As the motor frequency increased 

from 2 Hz to 3 Hz, the mixing time decreased rapidly from 2319 s to 591 s, with a decrease of 75 %. 

When the motor frequency increased, the deformation period of the hose was shortened, and the radial 

transfer of the dye injection on the SER axis was enhanced. In the meantime, the velocity and velocity 

change rate of fluid reciprocating motion in the SER increased, which maked the radial mixing 

enhancement caused by the hose section transfer to the whole rapidly. As the motor frequency increased 

to 5 Hz, the mixing time decreased to 315 s and tended to be stable. In this condition, the velocity of 

fluid in the SER was large enough. Therefore, further increasing of the motor frequency is very limited 

to improve the fluid mixing performance in the flexible reactor.  

Fig. 2(b) and Fig. 2(c) presented the influence of maximum deformation and hose length on the mixing 

performance of SER. As the maximum deformation increased from 41 mm to 46 mm, the mixing time 

decreased rapidly from 757 s to 315 s, with a decrease of 58 %. Likewise, when the hose length 

increased from 2.2 cm to 3 cm, the mixing time decreased rapidly from 676 s to 315 s, with a decrease 

of 53 %. This is due to the fact that the increase of maximum deformation could lead to the the 

enhancement of radial disturbance in the hose section. Similarly, the increase of hose length means the 

augment of the peristaltic segment which could also enhance the radial disturbance in the hose section. 

At the same time, the increase of the maximum deformation and hose length augmented the expansion 

volume, which could raise the velocity and velocity change rate of fluid reciprocating motion in the 

SER. Therefore, the radial mixing strengthening caused by the hose section could be quickly transferred 

to the whole, further enhancing the fluid mixing in the SER and shortening the mixing time. It was 

worth noting that because the latex hose was too thin, the latex hose would become uneven during 

expansion. The increase of the hose length would make the edge of the hose wrinkle during expansion, 

resulting in unstable mixing performance of the SER.  



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

163 

 

 

Figure 2: Influence of operating parameters on mixing performance of SER: (a) The influence 

of motor frequency on the mixing performance of SER when the hose length and maximum 

deformation are 3 cm and 46 mm; (b)The influence of maximum deformation on the mixing 

performance of SER when the motor frequency and hose length are 5 Hz and 3 cm; (c)The 

influence of hose length on the mixing performance of SER when the motor frequency and 

maximum deformation are 5 Hz and 46 mm.  

4. Conclusion 

Inspired by the intestinal peristalsis, a soft-elastic bionic reactor with reciprocating flow was designed 

to enhance the mixing of viscous fluids in the reactor. The reciprocating flow of fluid enhanced the 

axial mixing of the SER, and the periodic expansion and contraction of the hoes section could enhance 

the radial mixing in the SER. The mixing performance of SER could be adjusted by controlling motor 

frequency, hose length and maximum deformation. With the increase of motor frequency, maximum 

deformation and hose length, the mixing performance of SER enhanced quikly and then tended to be 

stable.  
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1. Introduction 

As a potential source of green biofuel, lignocellulosic waste has received extensive attention. The main 

conversion process of using lignocellulose to produce biofuel includes three steps of pretreatment, 

hydrolysis and fermentation. As the first step in the biomass conversion process, the pretreatment 

process is considered a critical step, accounting for more than 40% of the total processing cost, having 

a great impact on the digestibility of cellulose and strongly affecting downstream costs [Sindhu et al., 

2016]. Biological pretreatment can effectively degrade or modify lignin by using microorganisms in 

nature or their secreted enzymes to achieve mild and environmentally friendly lignocellulose 

degradation, but it has lower conversion and longer reaction time. Therefore, it is necessary to develop 

a new biological pretreatment methods for efficient and green conversion of lignocellulose to 

monosaccharides for biofuel and chemical production. 

 

In recent years, mechanical methods have become an effective green method for pretreatment of 

lignocellulosic biomass. Many studies combine it with chemical pretreatment [Shen et al., 2020], but 

chemical pretreatment produces certain by-products that inhibit subsequent hydrolysis and fermentation 

processes. Inspired by the adsorption and catalytic degradation of enzymes in the chewing process of 

termites that efficiently degrade lignocellulose in nature [Ke et al., 2012], this study develops a 

simultaneous mechanical and biological pretreatment method to combine the advantages of both 
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individual pretreatment to realizing a green and efficient pretreatment method to improve the efficiency 

of subsequent enzymatic hydrolysis. 

 

2. Materials and methods 

Wheat straw(WS) was obtained from Henan, China. Its main component was measured by National 

Renewable Energy Laboratory (NREL) method [Sluiter et al., 2008] as 29.32% cellulose, 18.13% 

hemicellulose, 22.73% lignin and 10.33% ash with 1.25% moisture. The WS that passed through the 

35-60 mesh screen was selected, dried in a vacuum drying oven at 105℃ for 24 h, and then placed in 

a desiccator for later use. Pretreatment, including laccase (LA) pretreatment for 12 h, ball milling 

(BM) pretreatment for 12 h, laccase first for12 h and then ball milling (LA-BM) pretreatment for 12 h, 

simultaneous ball milling and laccase (BM+LA) pretreatment for 12 h, and hydrolysis were carried 

out with 5% (w/w) biomass slurry, and the solution was sodium citrate buffer (0.1 M, pH=4.8), except 

deionized water for BM. Laccase (from Yunzhi, 0.9 U/mg) was loaded at 50 U/g biomass, and treated 

WS biomass in combination with 5% 1-Hydroxybenzotriazole hydrate (1-HBT) under O2 atmosphere 

(2 bar). Cellulase (Cellic® CTec2, 200 FPU/mL) loading was 30 U/g biomass. The pretreatment was 

reacted in a planetary ball mill at 300 rpm and 40 °C, except for BM at room temperature. The 

hydrolysis was carried out in a shaker at 170°C and 50°C for 72 h. The hydrolyzed solution were 

sampled at 2, 4, 8, 12, 24, 48, and 72 h, respectively, and measured by high performance liquid 

chromatography (HPLC) after inactivation at 100°C for 10 min. 

 

3. Results and discussion 

The results of chemical composition of WS samples were illustrated in Table 1. As compared with 

untreated WS (23.02%), lignin content was reduced by 9.04% after LA pretreatment, which was due to 

laccase degrading part of the lignin, and the cellulose and hemicellulose content increased accordingly. 

The cellulose content of WS after BM pretreatment is increased compared with untreated, and the 

hemicellulose content is reduced by 1.01%, which was due to the fact that a small part of hemicellulose 

will be lost during the BM process, while the lignin content is almost unchanged. It indicated that only 

BM pretreatment could not degrade lignin. The lignin content of the LA-BM pretreatment was 1.65% 

lower than untreatd, which was higher than that of the only LA pretreatment. This might be due to the 

fact that the BM process will re-agglomerate the previously degraded and separated small particles into 

large particles, resulting in an increase in the lignin content. The content of the three components after 

BM+LA pretreatment is not much different from that of the LA-BM pretreatment, and the lignin content 

is reduced by 1.46%, indicating that the BM in the simultaneous pretreatment process can promote the 

mixing of the solution to promote the reaction of laccase. But compared with LA pretreatment, the 
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lignin content also increased, which was due to the inactivation of part of the laccase during the BA 

process, leading to reduced degradation of lignin. 

 

Table 4: Component changes of differently pretreated dry WS samples 

Samples Cellulose 

(% TS) 

Hemicellulose 

(% TS) 

Lignin 

(% TS) 

Untreated 30.64 ± 0.17 18.95 ± 0.22 23.02 ± 0.12 

LA 33.18 ± 0.18 19.66 ± 0.13 20.94 ± 0.11 

BM 35.42 ± 0.31 18.76 ± 0.26 23.11 ± 0.16 

LA-BM  35.52 ± 0.07 20.07 ± 0.15 22.64 ± 0.05 

BM-LA 34.99 ± 0.21 19.86 ± 0.18 22.31 ± 0.09 

 

The sugers concentration and carbohydrates conversion after different pretreatment conditions were 

shown in Figure 1. All sugers concentration and carbohydrates conversion increased rapidly first and 

then tended to be stabilized with the increase of hydrolysis time. The glucose and xylose concentrations 

were 4.85 and 1.58 g/L for untreated WS at 72 h, corresponding to only 28.29% and 14.59% of cellulose 

and hemicellulose conversion, respectively. After LA pretreatment, the concentrations of glucose and 

xylose reached 8.85 and 2.39 g/L at 72 h, which were 82.47% and 51.27% higher than untreated, 

respectively; the corresponding conversion of cellulose and hemicellulose were 45.75% and 20.38%, 

which were increased by 61.72% and 39.68% compared with untreated, respectively. It was due to the 

fact that laccase degraded or modified the lignin of lignocellulose, reduced the unproductive adsorption 

of lignin to cellulase. As compared with untreated, the concentration of glucose and xylose after BM 

pretreatment reached 12.24 and 6.36 g/L at 72 h, which were increased by 1.52 and 3.03 times, with the 

conversion of cellulose and hemicellulose of 59.86% and 56.84%, which was incresed by 1.12 and 2.90 

times, respectively. It was because BM reduced the particle size of wheat straw, increased the specific 

surface area, thus increased the accessibility of enzymes, and in addition, reduced the crystallinity of 

cellulose and made cellulose more easily degraded by cellulase. Due to combination of the advantages 

of LA and BM pretreatment, the glucose concentration after LA-BM pretreatmentv reached 17.85 g/L 

at 72 h, which was 2.68, 1.02 and 0.46 times higher than untreated, LA and BM pretreatment, with 

cellulose conversion of 87.38%, which was increased by 2.09, 0.91 and 0.46 times, respectively; the 

xylose concentration reached 8.28 g/L at 72 h, which was increased by 4.24, 2.46 and 0.30 times, with 

hemecillulose conversion of 70.12%, which were increased by 3.81, 2.44 and 0.23 times, respectively. 

Compared with the LA-BM pretreatment, the enzymatic hydrolysis efficiency of WS continued to 

improve after ball BM+LA pretreatment, and the glucose and xylose concentrations increased by 12.55% 
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and 6.76%, reaching 20.09 and 8.84 g/L at 72 h, corresponding to cellulose and hemicellulose 

conversion were 99.22% and 75.25%, which were increased by 13.55% and 7.32%, respectively.This 

indicating that the simultaneous pretreatment showed synergic effect of ball milling and laccase 

pretreatment methods. In the process of simultaneous pretreatment, BA could promote the mixing of 

slurry and improve the reaction probability between laccase and lignin, and laccase can reach the place 

where free diffusion cannot reach due to strong mechanical action of BM and then react with lignin. 

  

Figure 7: Comparison of different pretreatment conditions: (a) glucose concentration, (b) xylose 

concentration, (c) cellulose conversion, (d) hemicelllulose conversion. 

 

4. Conclusions 

Simultaneous BA+LA pretreatment showed synergic effect of BM and LA pretreatment methods 

and significantly improved the enzymatic hydrolysis efficiency of wheat straw. Glucose and xylose 

concentration of WS hydrolyzed for 72 h reached 20.09 and 8.84 g/L after BM+LA pretreatment, which 

was increasd by 3.14 and 4.59 times compared with untreated biomass,with cellulose and hemicellulose 

conversion of 99.22% and 75.25%, which was increasd by 2.51 and 4.16 times. 
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Introduction 

The conversion of waste oil, a widespread and abundant biomass resources, into high-quality 

hydrocarbon fuels can bring huge energy economic benefits as well as reduce food safety problems and 

environmental pollution, which has received significant attention from experts and scholars in various 

countries (Mawhood et al., 2016). Currently, hydrocarbon fuels are mainly produced from waste oil by 

hydrogenation. However, the harsh reaction conditions (200-500 °C, 2-15 MPa H2) and high energy 

consumption in the hydrogenation process led to high production cost and difficult application 

(Natelson et al., 2015). 

A novel blue light-driven enzyme, fatty acid photodecarboxylase sourced from Chlorella variabilis 

NC64A (CvFAP), can convert fatty acids to corresponding (C1-shortened) alka(e)nes (Sorigué et al., 

2017). This provides a promising approach for the production of hydrocarbon fuels at a mild condition. 

However, long reaction time (12-24 h) and low conversion rate (0.2-3.1 mM/h) were observed in 

conventional batch reactor for hydrocarbon fuels production by lipse and CvFAP, which limits the 

potential application of CvFAP (Ma et al., 2020). Microreactor has the advantages of high mass transfer 

efficiency and low light attenuation, and its application to photoenzymatic decarboxylation is expected 

to enhance the conversion of waste oil and the production of hydrocarbon fuels. 

In this study, soybean oil, a model substrate for waste oil, was converted to free fatty acids by 

lipase hydrolysis, and then was uesed for photo-enzymatic decarboxylation in a microfluidic 

photobioreactor for hydrocarbon fuels production. The effects of lipase concentration, hydrolysis time, 

pH value, light intensity, CvFAP concentration, flow rate and free fatty acids concentration on the 

production of hydrocarbon fuels were assessed in detail. A promising approach for hydrocarbon fuels 
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production by the continuous photoenzymatic decarboxylation of free fatty acids from waste oil is 

demonstrated in a microfluidic photobioreactor. 

 

Methodology 

All chemicals were analytical grade and obtained from Sigma–Aldrich, Sangon Biotech, and 

Sinopharm Chemical Reagent without further treatment prior to use. The crude enzyme containing 

CvFAP was prepared according to a previous method with little modification. 

As shown in Fig.1, The microchip was made of transparent polymethyl methacrylate (PMMA) and 

prepared by hot-press bonding. The channel size of chip is characted by 500 μm × 500 μm (length × 

width) and the total volume of channel is 500 μL. The free fatty acids solution from soybean oil 

hydrolysis and crude enzyme containing CvFAP were syringed into microchennel by T-conjunction 

with syringe pumps. An LED array at 450 nm with 600 individual blue beads is placed below the 

microchip for the light irradiation. 

Assays containing 50% (v/v) Tris-HCl buffer (pH 8.5, 100 mM), 50% (v/v) soybean oil was 

hydrolyzed into free fatty acids by lipase of 100 mg/mL at 30 °C and 500 rpm. Various hydrolysis time 

of 2, 4, 6 ,8, 12, 16 h was applied to assess the effects on free fatty acids content. The pH value of assay 

after hydrolysis for 16 h was measured.The pH value after oil hydrolysis was adjusted to 8.5 to match 

the optimum pH value of CvFAP. Unless otherwise stated, the continuous decarboxylation for 

hydrocarbon fuels production was employed at 5 μL/min of free fatty acids (50 mM), 5 μL/min of crude 

enzyme containing CvFAP(12 mg/mL), 30 °C and 500 μmol/(m2 s) of light intensity. Various pH values 

of assay at 6.8, 8, 8.5, 9 were adopted to investigate the effect on hydrocarbon fuels production. The 

contents of various alka(e)nes and free fatty acids were derermined by gas chromatography (Agilent 

7890B) equipped with an DB-FFAP column (30 m length × 250 µm inner diameter× 0.25 µm film 

thickness). 

 

Fig.1. Schematic view of microchip reactor. 

 

Results and discussion 
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As shown in Fig. 2a, the free fatty acid content was only 52.6% within the initial 2 h of soybean 

oil hydrolysis. As the hydrolysis time was gradually prolonged to 12 h, total free fatty acids content up 

to 92.3% was obtained. The free fatty acid content increased by 1.8% when the hydrolysis time was 

extended to 16 h, indicating that the hydrolysis of oil was completed in 12 h. The pH value decreased 

from 8.5 to 4.9 as an increase in the free fatty acids content. This will severely restrain the activity of 

CvFAP and the decarboxylation of free fatty acids. 

The horizontal coordinates in the Fig. 2b represent, from left to right, palmitic acid (C16), stearic 

acid (C18), oleic acid (C18:1), linoleic acid (C18:2), and linolenic acid (C18:3). The concentration of 

linoleic acid up to 791.3 mM was obtained after soybean oil hydrolysis, accounting for more than 50% 

of the total fatty acids. The concentration of oleic acid at 334.3 mM lower than linoleic acid was 

obtained. The content of palmitic acid, stearic acid  and lionlenic acids in total free acids was 11.5%, 

3.8% and 3.5%, respectively. 

 

Fig. 2. (a) Time course of free fatty acids content; (b) Concentrations of various free fatty acids. 

 

The pH value after soybean oil hydrolysis was adjusted to 8, 8.5, 9 to investigate the effect on 

photoenzymatic decarboxylation, as shown in Fig. 3a. The total concentration of alka(e)nes at 5.2 mM 

with a conversion of 20.8% was obtained, which indicates that the acidic environment restrains the 

activity of CvFAP, thereby causing a poor performance of photoenzymatic decarboxylation. Elevating 

the pH value after oil hydrolysis to 8, alka(e)nes concentration was found to be significantly increased 

to 11.5 mM, which is 2.2 times higher than that at pH value of 6.8. This suggests that the increase in 

pH value effectively improve the activity of CvFAP and the decarboxylation performance. The 

alka(e)nes concentration reached a maximum of 15.3 mM after the pH value was increased to 8.5. This 

is consistent with the literature who reported the highest activity of CvFAP at pH 8.5 (Guo et al., 2022). 

Meanwhile, The conversion rate of  soybean oil to hydrocarbon fuels up to 5.4 mM/h was increased by 

74% compared to the previous literature (Ma et al., 2020). An decrease of alka(e)nes concentration to 

11.8 mM when the pH value was increased to 9. This is ascribed to that free fatty acids, such as palmitic 

aicd, precipitated out of the solution, affecting their bingding with CvFAP. Taken together, the pH value 
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after soybean oil at 8.5 was the optimum parameter for the photoenzymatic decarboxylation in 

microfluidic photobioreactor. 

The horizontal coordinates in Fig. 3b, from left to right, represent pentadecane (C15), heptadecane 

(C17), 8-heptadecene (C17:1), 6,9-heptadecadiene (C17:2), 3,6,9-heptadecatriene (C17:3). High 

concentration of 8-heptadecene and 6,9-heptadecadiene at 3.6 mM and 9.1 mM, respectively, were 

obtained after photoenzymatic decarboxylation because of the high contents of oleic and linoleic acids 

in soybean oil. Meanwhile, the low concentration of pentadecane, heptadecane, and 3,6,9-

heptadecatriene at 1.1 mM, 0.8 mM, and 0.7 mM, respectively, were obtained. 

 

Fig. 3. (a) The effect of pH value on alka(e)nes concentration; (b) component and concentration of 

various alka(e)nes. 

 

Conclusion 

Microfluidic photobioreactor can effectively boost the decarboxylation of free fatty acids from 

waste oil for the hydrocarbon fuels production. Soybean oil was rapidly hydrolyzed in 2 h with a free 

fatty acid acid conversion rate of 92.3% at a lipase concentration of 100 mg/mL, a speed of 500 rpm 

and a temperature of 30 °C. The pH value after oil hydrolysis was adjusted from 6.8 to 8.5, which 

significantly increased the conversion of free fatty acids up to 61.2%. hydrocarbon fuels productivity 

up to 5.4 mM/h suggests that the continuous photoenzymatic decarboxylation of free fatty acids from 

waste oil is a promising approach for hydrocarbon fuels production. 
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Extended Abstract 

Sodium dodecyl sulfate, (SDS) is an anionic surfactant that is widely used all over the world. Its high foaming 

capabilities has caused water pollution, leading to toxic effects on organisms present in the ecosystem. 

Chemical antifoam could be applied to resolve river foaming issue. However, biological approach serves as 

an alternative for further enhance environmental sustainability. The objectives of the study are to investigate 

the detergent-degrading microorganisms and assess their potential in degrading the SDS present in the 

wastewater. The bacteria present in wastewater sample was initially enriched in Luria-bertani medium (LB) 

and further transferred to selective medium, which was the SDS-containing BSM medium. A strain of SDS 

– degrading bacterium was successfully isolated. The isolate was predicted to be a Pseudomonas sp. via 16S 

rRNA analysis. The isolated bacterium was subsequently grown in the SDS-containing wastewater to assess 

on its potential in SDS degradation. Methylene blue active substance assay was applied to quantitatively 

calculate residual SDS concentration remaining in the medium throughout the bacterial growth cycle at set 

intervals, so as to attain its biodegradation ability. The maximal concentration of SDS tolerated by the isolate 

was found to be 50 ppm. The results showed that the isolate was able to degrade more than 60%(v/v) of 50 

ppm of SDS supplemented in LB medium, within 36 hours of incubation at 37ºC for 200 rpm. Furthermore, 

the isolate was able to degrade 20.82% and 34.14% of SDS in basal salt medium (BSM) and basal salt 

medium containing 0.2%(v/v) glucose, respectively.  
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Extended Abstract 

 

BSFL biodiesel is normally produced from a 2-step transesterification process. The first-stage acid-

catalysed transesterification reduces the free fatty acid (FFA) content in the lipid by converting them 

into fatty acid methyl esters (FAME). Meanwhile, the second-stage base-catalysed transesterification 

convert the remaining triglyceride into FAME. While this is the most guaranteed way in converting all 
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lipid content (FFA and triglyceride) into FAME, this might not be the most sustainable approach. This 

is because transesterification of triglyceride also happened in parallel during the first-stage acid-

catalysed transesterification.  

 

Therefore, this work aimed to elucidate the necessity of a 2-step transesterification after an optimized 

first stage acid-catalysed transesterification, to see whether the additional procedures, chemicals, costs 

and environmental damages are justifiable or simply redundant. In this work, only one variable will be 

optimized for the first stage acid-catalysed transesterification, more specifically, the acid catalyst 

amount. Other transesterification conditions were adopted from the optimum conditions reported by 

Lam et al. (Lam & Lee, 2013). The FFA content would be referred as the performance indicator for the 

first stage transesterification. Subsequently, the second stage of base-catalysed transesterifications 

would be executed and their performances would be measured by two main indicators, namely, the 

change in biodiesel yield and the change in FAME yield. 

 

During the 1-step acid-catalysed transesterification, Figure 1 and Figure 2 shown that 20 µL is the 

optimum amount of acid catalyst to be used as it produces among the highest biodiesel yield (84.55%) 

while leaving the lowest FFA content (0.29%).  

 

 

Figure 8: Biodiesel yields derived from the use of 

different amounts of concentrated sulphuric acid 

catalyst. 

 

Figure 9: FFA contents after the 

transesterification process using different 

amounts of concentrated sulphuric acid catalyst. 

 

Meanwhile, it was observed that subsequent 2-step transesterification did not improve the biodiesel yield 

and FAME yield of samples as displayed in Figure 3 and Figure 4. Therefore, the necessity of a 2-step 
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transesterification was unjustified. The optimum transesterification condition concluded was to perform a 

1-step acid-catalysed transesterification, with 20 µL of acid catalyst to generate the highest FAME yield 

of 81.31%. 

 

  

  

Figure 3: Comparison of biodiesel yields after 1-

step and 2-step transesterification processes. 

Figure 4: Comparison of FAME yields after 1-

step and 2-step transesterification processes. 

 

Keywords: Black Soldier Fly Larvae, Waste Valorization, Biodiesel, Waste-To-Energy, 

Transesterification, Free Fatty Acid 
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Extended Abstract 

 Conventional biomass delignification technologies and organic solvents pre-treatment techniques pose 

major drawbacks such as energy-intensive, prolonged reaction time, low efficiency, and utilization of costly 

and hazardous materials. Low-transition-temperature-mixtures (LTTMs) are proven to be most prominent 

green solvents due to their environmental-friendliness and high effectiveness in the extraction of lignin 

extraction from biomass. It is believed that the hydrogen bonding of in the LTTM mixtures disrupts the 

three-dimensional structure of lignin hence able to remove lignin from biomass to produce a good quality of 

paper pulp. In this study, the characterization of lignoellulosic biomass such as empty fruit bunch and kenaf 

fiber is studied based on proximate and thermogravimetric analysis (TGA). Higher volatile matter is obtained 

for kenaf (84.64%) followed by EFB (74.99%). The moisture content among three biomasses do not vary 

much as the range is between 8.42%-8.92%. The synthesis of LTTM is studied by the formulation of 

different starting materials such as malic acid, lactic acid, sucrose and choline chloride in a molar ratio of 

2:4:2 (w/w/w) respectively. 

Introduction: The consumption for pulp and paper products is rising proportionally with the population 

growth in the world. (Kok, (2018)). Pulp and paper industry utilizes both hardwood and softwood for the 

manufacturing of paper and pulp products such as printing papers, cardboards, diapers, etc.. In this sense, 

about 15.8 million tonnes of empty fruit bunch (EFB) which accounts for 20% of fresh fruit weight are 

produced every year (Shamsuddin, 2021) . Oil palm EFB consists of 20.6–33.5% of hemicellulose, 23.7–

65.0% of cellulose and 14.1–30.5% of lignin (Kurniawan, 2022) Due to its high content of cellulose and 

hemicellulose, EFB emerges as a major potential source in pulp and paper industry.The objectives of this 

part of research is to characterize the selected lignocelulosic biomass in terms of proximate analysis and 

thermogravimetric analysis and to formulate the low transition temperature mixture (LTTM) according to 

given molar ratio by conventional method. 

Methodology.  



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

181 

 

Preparation of Feedstock and Starting Material. The starting materials (HBA and HBD) used in the 

preparation of LTTMs such as sucrose, choline chloride as hydrogen bond acceptor (HBA) and L-malic acid 

and Lactic acid as hydrogen bond donor (HBD).The chemicals obtained had purity ≥ 95% and were obtained 

from Sigma Aldrich.Empty fruit bunch were obtained from palm mill, Kilang Sawit FELCRA Berhad 

Nasaruddin. The EFB, were washed with distilled water and dried in oven at 100⁰C until a consistent weight 

is obtained. The dried EFB were chopped and cut before ground using PULVERISTE cutting mill and sieved 

to a particle size below 500µm. 

Synthesis of LTTM. The LTTMs were synthesized from the mixture of L-malic acid–sucrose–water (MSW) 

with a molar ratio of 2:4:2 (w/w/w) in a beaker placed in an oil bath at 80°C. The mixtures were stirred with 

magnetic stirring and heated up slowly in an oil bath until the formation of transparent liquid mixtures 

without any solid particles. The other batches of mixture consisting of Lactic acid-Choline chloride, were 

synthesized. 

Proximate Analysis. Proximate analysis is the determination by prescribed methods of moisture, volatile 

matter, fixed carbon, and ash. The volatile matter, moisture content, ash content is obtained according to 

ASTMD3175, ASTM D3173 and ASTM E1755-01 respectively. Meanwhile the fixed carbon was obtained 

by difference(%) from volatile matter, moisture content and ash content. 

Thermogavimetric Analysis. The TGA pyrolysis of the biomass sample was carried out under a 

nitrogen,N2 atmosphere at 50 ml/min and a heating rate of 20C min-1 . A biomass sample of 6.00 mg was 

pyrolyzed to a maximum temperature of 700 °C. 

Results and Discussion 

Synthesis of LTTM. After constant stirring and heating of the LTTM in an oil bath, the solution turns 

colourless at the respected synthesis time as tabulated in Table 1. The same physical observation were 

noticed for different LTTM formulations.This is due to the strong hydrogen bonding between both 

components formed during the LTTM preparation.The formulation which contains lactic acid as the HBD 

showed a shorter synthesis time most likely due better intermolecular interaction that present in the mixture 

compared to formulation containing malic acid as hydrogen bond donar (HBD) (Guimarães, 2022). 

 

Proximate Analysis. Proximate and ultimate analysis were performed to study the properties of each 

biomass feedstock. The moisture contents of the three biomasses did not show much variation as the range 

of moisture content is between 8.42% to 8.92%., probably due to the lower surface area to volume ratio 
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resulting in a lower evaporation rate. Therefore, these materials have a higher water storage capacity. Kenaf 

Bast recorded the highest volatile matter which is 84.64% followed by empty fruit bunch which is about 

74.99%. The high volatile matter content usually reduces the solid yield in the carbonization stage while a 

low inorganic content is vital due to their abilities to produce a low ash and high fixed carbon.  

TGA. Thermogravimetric analysis of empty fruit bunch (EFB) and kenaf bast (KW). Generally, biomass 

pyrolysis can be divided into three main stages: drying and evaporation of light particles (stage I), 

volatilization of hemicellulose and cellulose (stage II) and decomposition of lignin (stage III).During stage 

I the drying of evaporation of light components occur which reduce the moisture hence resulting in weight 

loss. Stage II denotes the volatilization of hemicellulose and cellulose which observed a significant drop of 

weight in the temperature range of 210C - 460C. At stage III, which deduced the degradation of lignin 

compound with a slow and stable mass loss accompanied with other strong chemical bond compounds over 

long and high temperature.  
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Extended Abstract 

High demand for biodiesel leads to the surplus production of glycerol as a by-product. The valorisation of 

glycerol is one of the ways to reduce the overproduction of glycerol while at the same time increasing the 

economic value of the biodiesel industry. There are many methods to valorise glycerol into valueadded 

chemicals. Among them, acetylation is one of the promising techniques. For this particular process, existing 

homogenous and heterogeneous catalysts that are commercially available in the market have several 

drawbacks that require further improvement. Therefore, the present study focused on the utilization of 

sulphonated iron catalysts with activated carbon support (FeS/AC) in the conversion of glycerol to triacetin 

via acetylation. Based on the analysis, Fe(10)S/AC has the highest selectivity of triacetin compared to other 

formulations which is 1.25%. While wet impregnation without filtration is the best method of preparing the 

catalyst by referring to the percentage of triacetin selectivity. 

Introduction. In order to reduce reliance on fossil fuels and stabilize the palm oil industry, Malaysia’s 

government released a policy called National Biofuel Policy in 2006 that led to the production of biodiesel. 

Although the usage of biodiesel gives many good impacts, especially on the environment, the increasing 

demand for biodiesel has led to the overproduction of the by-product which is glycerol. Interestingly, 

glycerol can be converted into value-added chemicals such as acetin which finds importance in some 

applications including cosmetics and pharmaceuticals industries. Generally, acetin can be synthesized via 

esterification or acetylation of glycerol in the presence of acetic acid and undergoes three consecutive 

equilibrium reactions to produce monoacetin (MAG), diacetin (DAG), and triacetin (TAG), while water is 

generated as a by-product in each reaction because of dehydration (Mufrodi et al., 2014). Among the product 

formed, TAG is preferred because the addition of TAG into biodiesel can improve its viscosity, decreases 

the cloud point, and pour point of biodiesel (Costa et al., 2017). The acetylation of glycerol is generally 
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carried out over an efficient catalyst such as montmorillonite and sulphuric acid to enhance the glycerol 

conversion and the production of MAG, DAG, and TAG (Rane et al., 2016). Two types of catalysts can be 

used for the process which are homogenous and heterogeneous acid catalysts. But, there are several 

drawbacks to the usage of homogenous catalysts which are highly corroded to the equipment, high toxicity, 

complicated for water disposal, and difficult to separate from the homogenous catalyst and the product 

(Trifoi et al., 2016). Therefore, the heterogeneous catalyst is used as an alternative to fulfil all the limitations 

of homogeneous catalysts. For example zeolite and amberlyt. Still, these catalysts have shown low thermal 

stability, poor textural properties, poor selectivity towards DAG and TAG, and loss of catalytic activity due 

to leaching. Towards sustainable development, the usage of a heterogeneous catalyst from activated carbon 

has gained interest due to its green properties, user-friendly, low-cost material, and high surface area 

(Abdulkareem-Alsultan et al., 2016). The objective of this paper is to synthesize and screen the best 

formulation of sulphonated iron catalysts with activated carbon support (FES/AC) for the acetylation of 

glycerol by evaluating the selectivity of triacetin.  

Methodology. The preparation of sulphonated iron catalyst with activated carbon support (FeS/AC) at four 

weight percentages, x of 2, 5, 10, and15 wt% of Fe precursors were conducted via incipient wetness 

impregnation method and direct sulphonation with sulphuric acid. Next the Fe(x)S/AC catalysts were 

subjected to a screening process with the assistance of microwave irradiation. The generated product was 

analysed using GC-FID to quantify the concentration of produced triacetin. 

Results and Discussion. By referring to the analysis result in Table 1, there is no triacetin produced in the 

blank, activated carbon (AC), and sulphonated AC. Besides, the prepared catalysts using the wet 

impregnation method without filtration have a higher selectivity of triacetin compared to the catalysts that 

have been synthesised with filtration. The Fe(10)S/AC catalyst has the highest selectivity of triacetin which 

is 1.25% while the Fe(2)S/AC catalyst has the lowest selectivity which is 0.75%. This showed that the 

amount of catalyst loading is also one of the factors that influence the percentage of triacetin selectivity. The 

characterization of the catalysts will give more explanation about the different selectivity of triacetin among 

the catalysts.  

 

Conclusion. The presences of catalysts have a significant impact on generating the triacetin from glycerol. 

The result showed that the Fe(10)S/AC catalyst has the highest selectivity compared to the other catalyst. 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

185 

 

Upon that, future studies for enhancing the production of triacetin using Fe(10)S/AC catalyst will be done to 

get a better outcome. 
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Extended Abstract 

 

Over the years, the global energy consumption has surged due to rapid urbanization and development, 

in which majority of the energy supplies come from non-renewable fossil fuels. Despite increasing 

demands and public attentions, the renewable energy sources such as solar, wind, and biomass only 

contributed to a small portion in the energy nexus. In retrospect with rising human population around 

the globe, generation of municipal solid waste (MSW) had steadily rising, which possess challenges in 

MSW disposal whilte maintaining the environment. Most of the MSW collected were commonly 

disposed via open dumping and landfills, while only about 19% were properly recycled or composted 

in 2016 (Kaza et al., 2018). This presented a huge potential for untapped renewable energy sourced 

from MSW via several technologies. In Malaysia, almost 8 million tonnes of MSW were generated 

annually in Malaysia, out of which about 45 % was food waste and 13 % was plastic waste (National 

Solid Waste Management Department, 2013). Both organic and plastics wastes are potential carbon-

based feedstocks for the production of biofuels through technologies such as pyrolysis. The pyrolysis 

process utilized heat energy to thermally break down the feedstocks to produced biochar, bio-oil or 

pyrolysis oil, and non-condensable gases (Ong et al., 2019). Pyrolysis of food and plastics waste were 
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previously studied by many, however less attention was garnered by food wastes with low 

carbohydrates and lipid content such as animal bones. It is understandable that bones were not 

extensively studied for pyrolysis due to its high ash content of 39%, nonetheless alkali metal such as 

calcium that present in the bones exert catalytic properties to pyrolysis (Jia et al., 2021). For example, 

co-pyrolysis of pig meat with the bones had found to reduce water yield and increase gas yield in the 

products (Zhang et al., 2018). This provided an opportunity to utilize co-pyrolysis of MSW containing 

food and plastics waste to produce bio-oil, while providing a solution to the disposal of the ever 

increasing generation of MSW.  

 

This study investigated the co-pyrolysis of food wastes namely, fish bone (FB), chicken bone (CB), and 

rice (R), together with plastics wastes as municipal solid wastes components in a downdraft fixed-bed 

pyrolyzer. Plastics wastes were comprised of a mixture of polypropylene (PP), polyethylene (PE), and 

high-density popyethylene (HDPE) with a constant ratio. The materials were dried and grinded to 

particle size of below 1 mm, and were mixed together to form three homogenous feedstock mixtures: 

FB + plastics, CB + plastics, and R + plastics. Three reaction temperatures were studied: 300, 350, and 

400 °C, and the yield and quality of the bio-oil were determined for each of the feedstock mixture. 

Synthetic flue gas consituted of a mixture of nitrogen, carbon dioxide, and small amount of oxygen, 

was used as the sweeping gas in the pyrolyzer at a flowrate of 2 mL/min. Condensors system with three 

different condensing temperature namely, 25 °C, 0 °C, and -10 °C, was set up using tap water, iced 

water, and portable chiller with ethylene glycol-water coolant, respectively. 

Table 5: Bio-oil yields of feedstocks at different reaction temperatures. 

Feedstocks 
Bio-oil yield (wt%) 

300 °C 350 °C 400 °C 

FB + plastics 7.5 13.4 15.8 

CB + plastics 7.2 18.6 20.3 

R + plastics 18.8 20.1 29.0 

 

Table 1 showed the results for bio-oil yields from the experiment. It was found that higher reaction 

temperatures resulted in higher bio-oil yield for all three feedstocks due to the increasing thermal 

degradation of the feedstocks. However, reaction temperature beyond 400 °C promoted excessive 

amount of tar to form and clog the system, forming the limitation of this study. Nonetheless, among the 

three feedstocks, pyrolysis of rice + plastics provided with the highest bio-oil yield due to the high 

carbohydrate content, in which it can be converted into glucose and other simpler compounds. 

Furthermore, ash content of rice is also significantly lower than the bones at only about 0.48% (Rahman 
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et al., 2020). On the other hand, GC-MS results indicated slgiht differences in chemical compounds of 

bio-oil from pyrolysis of the three feedstock mixtures. Acidic compounds such as hexadecanoic acid 

and octadecadienoic acid were found in bio-oil from all three feedstocks, with high peak area% of 

22.39-37.17% and 6.68-9.77%, respectively. Fatty acid methyl ester (FAME) such as methyl stearate 

was also detected in all feedstocks at 2.29-4.22% peak area. For CB and FB, nitrile compounds was 

detected, which may be due to the catalytic effect of the bones in the co-pyrolysis (Jia et al., 2021). 

Moreover, furfural was determined in rice + plastics, which may be sourced from the degradation of 

carbohydrate (Bayu et al., 2019).  Other than that, CHNS and bomb calorimetry analyses had shown 

that among the feedstock mixtures and reaction temperatures, FB + plastics at 350 °C had provided with 

the best results with O/C ratio of 2.19, H/C ratio of 1.66, and calorific value of 32.339 MJ/kg, in which 

the H/C ratio was approaching to that of diesel and gasoline at 1.83 and 1.98, respectively. However, 

high nitrogen and sulphur content of 7.70% and 0.17% showing that the bio-oil would requires 

treatments such as denitrogenation and desulphurization to be used as biofuel. 
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Abstract 

 

Supercritical fluid extraction has a huge potential in processing industries. Green extraction 

technologies especially supercritical fluid extraction are explored to increase sustainable 

manufacturing with greater yield and value-added products. Apart from its distinctive qualities 

including nonflammability, nontoxicity, environmental friendliness, and high solubility properties, 

supercritical fluid extraction plays an pivotal role in biorefinery industry. The applications of 

supercritical fluid extraction can also be expanded to food, pharmaceutical, cosmetic, and health care 

sectors due to the aforementioned advantages in extraction. This article explains the role of 

supercritical fluid extraction in biorefineries especially with a niche focus on Malaysia. The report 

highlights Malaysian researchers' commitment to exploiting and exploring supercritical extraction for 

biorefinery applications using local bioresources. Therefore, this paper discusses on the mechanism, 

application, challenges, and mitigation in implementing supercritical fluid extraction, especially in 

Malaysia for biorefinery applications. 
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1.0 Introduction 

Supercritical fluid extraction, also known as green extraction, is the most efficient method of 

extracting specific biocompouds due to its innately high solvation power, which is tunable by 

pressure, temperature, and extraction time modifications (Chai et al., 2021). In comparison to the 

usual method of extraction, the approach demonstrates high extraction selectivity for end products 

(Geow et al., 2021). Daud et al. (2022) stated that conventional extraction is mostly dependent on the 

polarity of the solvent for the targetted compounds. This contradicts with supercritical fluid extraction 

that is able to tune the extraction parameters to cater to the targetted compounds. Despite the distinct 

qualities of supercritical fluid extraction, industrial scale deployment are uncommon, especially in 

Malaysia, that covers supercritical extractions for biorefinery applications. Significant developments 

in conventional extraction are done to increase yield with the green technology approach and 

solventless supercritical fluid extraction has shown a great potential.  

 

2.0 Supercritical extraction mechanism and application  

Supercritical fluid extraction works by heating the extractive solvent to a specific temperature and 

followed by diffusion into the material (Chai et al., 2020). The extraction fluid attains a supercritical 

phase in specific conditions critically in temperature and pressure to achieve the desired form. The 

supercritical state allows the extraction fluid to act and perform like a liquid, but at a molecular level, 

it behaves more like a gas. According to Daud et al. (2022) in-depth study, supercritical extraction 

was divided into three mechanisms which are constant extraction rate (CER), falling extraction rate 

(FER), and diffusion extraction rate (DER). This mechanism has its specific functionalities based on 

the extraction rate curve and the equilibrium solubility of the fluid.  

One of the common applications used for supercritical extraction technology is the extraction of 

bioactive compounds such as phytochemicals (Arumugham et al., 2021) and carotenoids (Hwang et 

al., 2021). Furthermore, Khoo et al. (2020) and Syimir Fizal et al. (2021) also consider the exploration 

of supercritical fluid extraction due to the advantages of the technology in manipulating biomass as 

feedstock for biofuel production.  

 

3.0 Challenges and mitigation 

It is known that the conventional extraction method has improved over the decades in enhancing the 

extracted yield and/or high quality of final products by the changes in the type of equipment and/or 

solvent used for the extraction process (Geow et al., 2021). This improvement of the traditional 

extraction method does highlight the challenge faced by supercritical fluid extraction which requires 

higher pressure during the extraction process that leads to higher operating and capital costs compared 
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to other extraction methods. Besides, supercritical fluid extraction limits its ability in extracting highly 

polar compounds alterable by adding a suitable polar modifier during the extraction process. Based on 

Hwang et al. (2021) findings, the interaction between nonpolar solvent and polar solvent might result 

in the co-extraction of undesired polar biomolecules. Thus, the type and ratio of nonpolar and polar 

solvents must be determined to ensure that the crude extract profile is suitable for high-quality 

production. Most of the challenges faced by this green technology had their possible ways to 

accommodate the issue faced. 

 

Conclusion: The role of supercritical fluid extraction in biorefinery applications was discussed in this 

paper. To date, there is limited literature on supercritical fluid extraction in biorefinery applications in 

Malaysia, despite its potential for extraction of biomass and its byproducts. The authors believe that 

supercritical fluid extraction has a promising future in biorefinery applications due to its distinct 

properties and greener technology. 
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Extended Abstract 

 

The concentration of fruits and vegetables have become popular in the food and cosmetic industries. 

Cucumber has been widely used in these industries, and it has a high content of water. According to 

(Kausar et al., 2012; Majumdar et al., 2010), many cucumbers are spoiled due to the excess production 

during harvesting season. This issue does not only cause loss to farmers, which affects the economy. It 

also contributes to the amount of waste. It is easier and more convenient to store and consume cucumber 
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juice compared to the fruit itself. Besides, it is costly to deal with many liquids due to its high cost for 

packaging, storing and shipping.  

 

Several methods had been carried out for the separation process of water content from the cucumber. 

Progressive freeze concentration (PFC) is identified as one of the prominent methods to extract 

cucumber concentrate from cucumber juice. This method is being experimented to separate water 

content and concentrated juice for different types of vegetables and fruits (Ahmad et al., 2020; 

Miyawaki et al., 2016; Safiei et al., 2017). PFC able to remove water from the solution by freezing out 

the water into ice crystals (Samsuri et al., 2019). This method had been used since 1786 to concentrate 

the solution (Englezos, 1993). This method uses crystallization, where the water content freeze and is 

detached from the concentrated solution in the form of ice crystal. This method is easier to use as it 

offers a simpler step for separation where it forms a single block of ice crystal in the crystallizer when 

it introduces to the cooler surface (Mazli et al., 2020).  

 

According to (Englezos, 1993), high purity of p-xylene was obtained through the freeze concentration 

process. Thus, more research and studies related to the PFC are continuously being carried out to 

improve the whole process. PFC has been applied to orange juice (Sánchez et al., 2010), pineapple juice 

(Petzold et al., 2015), blueberry juice (Orellana-Palma et al., 2017), sugarcane juice (Rane & Uphade, 

2016) and apple juice (Ding et al., 2019; Qin et al., 2021). This project applied PFC to concentrate 

cucumber juice under different operating conditions to obtain a high-quality concentrate with high 

antioxidant, phenolic content and anti-elastase activity. Besides, this paper also presents the energy 

analysis of PFC for cucumber juice.  

 

Several factors was investigated to measure the effect of operating conditions (coolant temperature, 

concentration time and stirring speed) towards the process of PFC. The cucumber concentrate for each 

experiment set had been tested for antioxidant activity (see Eq. 1) using DPPH scavenging and total 

phenolic content (see Eq. 2) using Folin-Ciocalteu reagent. Afterwards, anti-elastase activity (see Eq.3) 

analysis was also carried out to measure which operating conditions would gave the highest anti-elastase 

activity.  

 

𝐷𝑃𝑃𝐻 𝑟𝑎𝑑𝑖𝑐𝑎𝑙 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 (%) =
𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙
× 100%                          (1) 

 

Where Acontrol is the absorbance of the control, and Asample is the absorbance of a sample.  
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𝑇𝑃𝐶 = 𝑐𝑉/𝑚                                                           (2) 

 

Where c is the sample concentrate that obtained from the calibration curve (mg/ml), V is the volume of 

cucumber juice used for extraction (ml) and m is the mass of fruit used (Ahmad et al., 2020). 

 

𝐴𝑛𝑡𝑖 − 𝑒𝑙𝑎𝑠𝑡𝑎𝑠𝑒 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (%) =
(𝑂𝐷𝑐𝑜𝑛𝑡𝑟𝑜𝑙−(𝑂𝐷𝑠𝑎𝑚𝑝𝑙𝑒−𝑂𝐷𝑏𝑙𝑎𝑛𝑘))

𝑂𝐷𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 × 100%               (3) 

 

Where ODcontrol is the absorbance of the control, ODsample is the absorbance of a sample and ODblank of a 

blank solution.  

 

The best parameter to obtain cucumber concentrate with highest antioxidant activity (93.17%) is at -

2℃ of coolant temperature, 20 minutes of concentration time and 70 rpm stirring speed. Meanwhile, to 

obtain cucumber concentrate with highest total phenolic content (0.93 mg GAE/g), the best parameters 

are at -8 ℃ of coolant temperature, 15 minutes of concentration time, and 70 rpm stirring speed. In 

addition, to obtain cucumber concentrate with highest anti-elastase activity (206.06%), the best 

parameters are at -10 ℃ of coolant temperature, 15 minutes of concentration time, and 210 rpm stirring 

speed. The energy consumption of the process reached up to 1071.88 kWh/m3 for highest antioxidant 

activity, 753.67 kWh/m3 for highest total phenolic content and 779.87 kWh/m3 for highest anti-elastase 

activity.  

 

Acknowledgements: The authors would like to acknowledge the financial assistance from Universiti 

Teknologi PETRONAS via UTP-UTM JRP (Cost Centre: 015MD0-045) and facilities support from 

HICoE – Centre for Biofuel and Biochemical Research (CBBR) and Chemical Engineering 

Department. Support from the Ministry of Education Malaysia through the HICoE award to CBBR is 

duly acknowledged. 

 

References 

Ahmad, M. A., Ghazali, N. S. M., Samsuri, S., & Ruslan, M. S. H. (2020). Comparative study of total 

phenolic content and total flavonoid content extraction from guava juices by progressive freeze 

concentration and evaporation. IOP Conference Series: Materials Science and Engineering, 778. 

https://doi.org/10.1088/1757-899X/778/1/012170 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

196 

 

Ding, Z., Qin, F. G. F., Yuan, J., Huang, S., Jiang, R., & Shao, Y. (2019). Concentration of apple juice 

with an intelligent freeze concentrator. Journal of Food Engineering, 256(March), 61–72. 

https://doi.org/10.1016/j.jfoodeng.2019.03.018 

Englezos, P. (1993). The Freeze Concentration Process and its Applications. The Freeze Concentration 

Process and Its Applications. 

Kausar, H., Saeed, S., Ahmad, M. M., & Salam, A. (2012). Studies on the Development and Storage 

Stability of Cucumber-Melon Functional Drink. Journal Agricultural Research, 50(2). 

Majumdar, T., Wadikar, D., & Bawa, A. (2010). Development, stability and sensory acceptibility of 

cucumber-basil juice blend. African Journal of Food Agriculture Nutrition and Development, 10(9), 

4093–4108. 

Mazli, W. N. A., Samsuri, S., & Amran, N. A. (2020). Study of progressive freeze concentration and 

eutectic freeze crystallization technique for salt recovery. IOP Conference Series: Materials Science 

and Engineering. https://doi.org/10.1088/1757-899X/778/1/012167 

Miyawaki, O., Gunathilake, M., Omote, C., Koyanagi, T., Sasaki, T., Take, H., Matsuda, A., Ishisaki, 

K., Miwa, S., & Kitano, S. (2016). Progressive freeze-concentration of apple juice and its application 

to produce a new type apple wine. Journal of Food Engineering, 171, 153–158. 

https://doi.org/10.1016/j.jfoodeng.2015.10.022 

Orellana-Palma, P., Petzold, G., Pierre, L., & Pensaben, J. M. (2017). Protection of polyphenols in 

blueberry juice by vacuum-assisted block freeze concentration. Food and Chemical Toxicology, 109, 

1093–1102. https://doi.org/10.1016/j.fct.2017.03.038 

Petzold, G., Moreno, J., Lastra, P., Rojas, K., & Orellana, P. (2015). Block freeze concentration assisted 

by centrifugation applied to blueberry and pineapple juices. Innovative Food Science and Emerging 

Technologies, 30, 192–197. https://doi.org/10.1016/j.ifset.2015.03.007 

Qin, F. G. F., Ding, Z., Peng, K., Yuan, J., Huang, S., Jiang, R., & Shao, Y. (2021). Freeze concentration 

of apple juice followed by centrifugation of ice packed bed. Journal of Food Engineering, 291(February 

2020), 110270. https://doi.org/10.1016/j.jfoodeng.2020.110270 

Rane, M. V., & Uphade, D. B. (2016). Energy efficient jaggery making using freeze pre-concentration 

of sugarcane juice. Energy Procedia, 90(December 2015), 370–381. 

https://doi.org/10.1016/j.egypro.2016.11.204 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

197 

 

Safiei, N. Z., Ngadi, N., Johari, A., Zakaria, Z. Y., & Jusoh, M. (2017). Grape juice concentration by 

progressive freeze concentrator sequence system. Journal of Food Processing and Preservation, 1–11. 

https://doi.org/10.1111/jfpp.12910 

Samsuri, S., Nor Rizan, N. A., Hung, S. H., Amran, N. A., & Sambudi, N. S. (2019). Progressive Freeze 

Concentration for Volume Reduction of Produced Water and Biodiesel Wastewater. Chemical 

Engineering Technology, 42(9), 1764–1770. https://doi.org/10.1002/ceat.201800505 

Sánchez, J., Ruiz, Y., Raventós, M., Auleda, J. M., & Hernández, E. (2010). Progressive freeze 

concentration of orange juice in a pilot plant falling film. Innovative Food Science and Emerging 

Technologies, 11(4), 644–651. https://doi.org/10.1016/j.ifset.2010.06.006 

  



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

198 

 

 PCR04042022 – 70: Comparison Study on Sunway BRT’s Terminus Stations’  

Visual Assessments 

 

Hamsareka Thevadassa, Goh Boon Hoea*, Wong Kok Cheonga, Teo Fang Yenna, Christina Chin May 

May a, Yuen Choon Wah b, and Yap Eng Hwa c 

 

a Faculty of Science and Engineering, University of Nottingham Malaysia, Jalan Broga, 43500 

Semenyih, Selangor, Malaysia 

 

b Centre for Transportation Research, University of Malaya, 50603 Kuala Lumpur, Malaysia 

 

c Faculty of Transdisciplinary Innovation, University of Technology Sydney, Broadway, NSM 2007, 

Australia. 

 

 Corrensponsing Author E-mail: Boon-Hoe.Goh@nottingham.edu.my 

 

Keywords: Bus Rapid Transit; Sunway BRT Line; Walkability; Visual Assessment; First-Last Mile; 

Physical Infrastructures; Active Transportation 

 

Extended Abstract 

 

In Malaysia, no physical infrastructure evaluation tool for Bus Rapid Transit (BRT) has been published 

to measure the performance of local BRT and the walkability index associated with any BRTs operating 

locally. In addition, the number of modified motor vehicles utilised to obtain unrestricted mobility has 

rapidly expanded, resulting in increased congestion, disruptions, pollution, and deaths. The most 

challenging problem of all is establishing a set of measures necessary to develop a more successful 

transit system, which includes efficiency in quality transport, stimulation of non-motorized traffic, and 

integration of land use with transit systems. As a result, it is critical to evaluate the first and last mile 

journeys of all BRT passengers in order to fully comprehend the accessibility and interconnectedness 

of present and future BRT stops. This is because, while the length of the transit corridor is frequently 

analysed, the accessibility to stations and pedestrian catchments are frequently overlooked.  

 

Hence, a Visual Assessment Form was developed to assess the physical infrastructure along the 

walkways radiating from the BRT Sunway Line stations. BRT Scoring Tools and Walkability 
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Evaluation Tools (ITDP, 2016), ((India), 2012) and (Stutsman, 2002) were investigated in order to 

understand the primary performance measurements and indicators associated with BRT and walkability 

in general. Following the identification of the unique observations and limits of all papers, a complete 

and pedestrian-passenger-based grading mechanism was built in accordance with the Malaysian 

environment and Malaysians' expectations on transit services. This tool consists of a set of grading 

factors concentrating on the physical infrastructures that help walkability; it is used to assess each BRT 

station and the 800-meter-long pathways radiating from the station. This paper compares the derived 

Visual Assessment results for the terminus stations of Sunway BRT, which is the Sunway Setia Jaya 

Station (SB 1) and USJ 7 Station (SB 7). SB 1 is the first station of the line and interconnected with 

KTM Port Klang Line, meanwhile SB 7 is the last station of the Sunway BRT line and interconnected 

to LRT Kelana Jaya Line. the Visual Assessment comprises the Station, Walkway and Junction 

Assessment. Table 1 below shows the Visual Assessment result for both stations and the number of 

walkways as well. 

 

Table 6: Total Visual Assessment for SB 1 & SB 7 

Station Visual 

Assessment  

Number of walkways 

radiating from the Station 

Standard  226 1 

SB 1 Sunway Setia Jaya 353/226 5 

SB 7 USJ 7 191/226 2 

 

Although both stations are terminus stations, there are prominent differeneces between the stations’ 

walkways, in terms of number of walkways radiating from the station and the condition of the physical 

infrastructures which was derived from the Visual Assessment. The standard points for perfect station 

is 226 considering as for 1 walkway.  

 

As can be seen here, the SB 1 scores higher than the SB 7 station, yet, the higher number of walkways 

for SB 1, added more value to the assessment points. The same observation also depicts the higher 

accessibility and connectivity to the station, making more possible paths to reach the station. In contrast, 

SB 7 only has 2 walkways, hence scoring lesser than the SB 1. On the other hand, it also scored lesser 

than the Standard score, which makes it more argumental. Hence, the scores of each walkways were 

presented in the Table 2, to further understand and study the comparisons of the assessment.  

 

Table 2: Total Visual Assessment for SB 1 & SB 7 by Walkways 
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Here, it can 

be 

observed that walkways in SB 7 has performed better indidually as compared to the SB 1’s walkways. 

The walkways in the SB 1 has scored higher in terms of number of walkways connected, meanwhile, 

SB 7 scored higher than SB 1 in terms of facilities in the Station, parkings provided, and for having 

mixed land use within the walkability catchment area (also known as pedestrian generating areas). On 

the other hand, in terms of walkways Visual Assessment, walkways of SB 1 scored 20% of the total 78 

points, and SB 7 walkways scored 35% of the total points. Still, as the terminus stations, both stations 

need more enhancement in terms of physical infrastructures in the Station, Walkways and Junctions. 

Visual Assessment developed for this purpose of the study can be used as the guide to rectify the low 

scored physical infrastructures.  

 

This study focuses on terminus BRT stations because it is connected to the other type of public 

transportation which makes the terminus of BRT as the node of public transportation. Hence it is vital 

for the station and its catchment areas to be sufficient in terms of physical infrastructures aiding more 

practices of active transportation in the first-last mile travels.  
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Station 
Walkways (as W1-W5) 

W1 W2 W3 W4 W5 

SB 1 Sunway Setia Jaya 71 /226 70 /226 74 

/226 

71 

/226 

67 

/226 

SB 7 USJ 7 75.5 

/226 

115 /226    
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Extended Abstract 

 

The incipient utilization of biomass from larvae is being investigated extensively in recent time due to 

low cost and environmentally friendly traits. This study had selected black soldier fly larvae (BSFL) 

since it has the ability to consume myriad types of organic wastes, inclusive of valorizing sewage sludge. 

Waste from sewage sludge is constantly generated to date and the utilization of BSFL as a potent 

recycler is an economical method to manage the hazardous components in sewage sludge. While sewage 

sludge contains nutrition for the nourishment of larvae, the complex substances in sludge pose challenge 

to the degradation and may retard the larval growth. This setback motivated the anaerobic pre-treatment 

employment in this study to break the complex matters in sewage sludge prior to feeding the BSFL, 

improving larvae to digest sewage sludge. Therefore, the improvement of larval growth with pre-treated 

sewage sludge at different conditions was determined in terms of larval growth rate in this study. The 

pre-treated condition of sewage sludge was studied at acidic, neutral, and alkali condition at pH3, pH7, 

and pH11, respectively. Thereafter, the best pH condition for larval growth was continually studied by 

varying the durations of anaerobic pre-treatment at 8, 16, and 32 days. 

 

The total organic carbon (TOC) was highest at 48.7% in un-treated sewage sludge as opposed to the 

anaerobically pre-treated sewage sludge as presented in Figure 1 due to the organic substances were 
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being metabolized by microorganisms during anaerobic pre-treatment. However, black soldier fly 

larvae fed with un-treated sewage sludge was found to obtain the lowest larval growth rate at 0.068 

mg/larva/day as shown in Figure 2 as the dominant composition in un-treated sewage sludge was 

organic compounds made up of complex matters; thereby, leading to the difficulty to be assimilated 

(Hermansson, 2012). The recovery of larval growth rate once being administered with anaerobic 

digested sewage sludge was observed had proven that the pre-treatment could breakdown the presence 

of complex organic compounds into simpler fragments to facilitate larval digestion (Hermansson, 2012).  

 

Sewage sludge pre-treated at acidic condition (pH3) was found to obtain the highest TOC level at 46.6%. 

Likewise, for the larval growth rate, larvae fed with pre-treated sewage sludge at pH 3 showed the 

highest larval growth rate (0.253 mg/larva/day) in comparison with the ones fed by pre-treated sewage 

sludge at pH 7 and pH 11. The further increase of pre-treatment time to 32 days had caused a significant 

drop in TOC level and larval growth rate. This might be attributed by the inadequate nutrition to nourish 

the larvae. The decline of TOC could be justified by the depletion of nutrition for larval growth such as 

carbohydrates or protein due to the nutrients being scavenged by competitive microorganisms (Wong 

et al., 2019).  

 

In addition, the dominant elements such as carbon and nitrogen contents extracted from larval biomass 

explicated that larva fed with pre-treated sewage sludge obtained higher carbon content than larvae fed 

with un-treated sewage sludge by 7% while the nitrogen content showed no significant effect in relation 

to larval feeds.   

 

Figure 1: Total organic carbon (TOC) in sewage sludge upon pre-treatment at pH; 3, 7, 11 for 8 

days: TOC at different days; 8, 16, 32 at pH 3 in comparison with un-treated sewage sludge 

(Control) 
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Figure 2: Larval growth rate (mg/larva/day) upon feeding with pre-treated sewage sludge at 

different pH; 3, 7, 11 for 8 days: Larval growth rate different days; 8, 16, 32 at pH3 in comparison 

with un-treated sewage sludge (Control) 

 

Keywords: Black soldier fly larvae; Sewage sludge; Anaerobic; Pre-treatment; pH 
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Extended Abstract 

The attached growth of microalgae encompassing the generation of algal biofilm could plausibly render 

a promising approach in curbing the economical infeasibility issue faced by the conventional microalgal 

growth system. Hence, commercialization of the biofilm technology for algal biomass requires an 

inexpensive and easily sourced materials as biofilm carriers to render high biomass and lipid indexes. 

The research gap in the cultivation system of microalgae thus far had motivated a niche approach 

focusing on the attachment of Chlorella Vulgaris microalgae by cultivating them onto organic 

lignocellulosic solid support, palm kernel expeller. This study was conducted in relation to pH of 

cultivation medium.                                       

 

Positive correlation was observed between cultivation medium pH towards the attached growth of 

Chlorella vulgaris onto PKE. An increase in microalgal densities was detected from pH 3 to pH 5, 

sustaining its growth until pH 9 and declined subsequently as exhibited by pH 11 (Figure 1). Similar 

trend was observed in heterotrophic metabolism which emphasizes on the activity of microalgae in 

metabolizing the PKE. The microalgal density and heterotrophic metabolism for all pH were evaluated 

statistically and deemed fit (one-way ANOVA: p > 0.05) with highest activity at 10.94 ± 0.83 g/g-PKE 

in pH 5 medium, followed by 10.28 ± 0.31 g/ g-PKE for pH 7 and 10.01 ± 0.36 g/ g-PKE for pH 9 

medium. An interruption in growth at pH 11 could be due to the extreme alkaliphilic medium which 

had caused diminution of nutrients leading to ineffective nourishment for microalgal growth 
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(Vadlamani et al., 2017). Microalgae require carbon dioxide for growth while the presence of pH may 

alter its availability. As a small concentration of carbon dioxide dissolves into cultivation medium 

through the continuous aeration, it may exist as one of the three different species according to pH. 

Carbon dioxide (CO2) is found at low pH, bi-carbonate (HCO3-) at neutral pH, and carbonate (CO3
2-) at 

high pH. Presence of carbonate ions at high pH impedes microalgal growth justifying its abrupt decrease 

at pH 11  (Qiu et al., 2017). However, the coupling effect of organic carbon from PKE and inorganic 

carbon from the dissociation of carbon dioxide in the cultivation medium resulted in the significant 

increase from pH 3 to pH 9. 

 

On another note, the lipid contents obtained from attached microalgal biomasses had demonstrated a 

significant correlation with the surge in pH mediums (p < 0.05). The maximum attached microalgal 

lipid content was documented at 372 ± 0.07 mg/g in the cultivation medium of pH 11. From Figure 2, 

the disparities of lipid productions between the upper and lower limit ranges for the respective pH 3 

and 11 values vindicated a significant growth by about two-fold. In this perspective, the microalgal cells 

yielding smaller lipid content at lower pH is highly likely due to the mechanism of intracellular pH 

regulations. Similar observation was reported by literatures which validated the lower accretion of lipid 

at acidic pH as compared with alkaline pH conditions, displaying superior lipid accumulations within 

pH 7 - pH 8.5 (D’Mello & Chemburkar, 2018; Peng et al., 2020). The increase in lipid contents 

progressed in the sequence of pH 11 > pH 9 > pH 7 > pH 5 > pH 3. In general, the increase in lipid 

content in relation to the increase in pH is due to the trigger which has switched the use of carbon 

metabolism from reproduction to energy storage (Shah et al., 2014). Similar phenomenon in cultivation 

medium of pH 11 had caused the termination of cell proteins development due to enzyme denaturation 

at extreme pH; thus, invigorating higher lipid production (Vadlamani et al., 2017). While the lipid 

contents from pH 5 and pH7 mediums were significantly lower than pH 11, their high microalgal 

densities had narrowed the gap of lipid contents as seen by the gradual increase in lipid productivities 

along with increasing pH mediums. 
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Figure 1: Attached microalgal densities and heterotrophic metabolisms of Chlorella Vulgaris in 

relation to cultivation medium pH  

 

 

 

 

 

 

 

 

Figure 2: Attached microalgal lipid content of Chlorella Vulgaris in relation to cultivation medium 

pH 

 

Keywords: Attached microalgae; Microalgal density; pH; Lignocellulosic; Palm kernel expeller; Lipid 
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Extended Abstract 

The demand for chicken meat in Malaysia has grown in the few past years which has resulted in chicken 

manure (CM) production in abundance. Untreated CM is often used as organic fertilizer, leading to several 

environmental concerns. Anaerobic digestion (AD) is one of the potential treatment methods for CM that is 

able to produce circular economy outputs in the form of biogas and digestate. However, AD of CM alone 

exhibits poor yield of biogas and methane (CH4) due to its low carbon-to-nitogen (C/N) ratio which calls 

for a co-substrate (Hakimi et al., 2021). Empty fruit bunch (EFB) is a carbon rich biomass waste produced 

in large quantities by the palm oil industry as Malaysia is the second largest palm oil producer globally 

(Shamsuddin et al., 2021). Incorporation of EFB as a carbon adjuster for anaerobic co-digestion has been 

proven favourable to enhance biogas and CH4 generation (Cahyono et al., 2021). Another key parameter for 

AD is the operating temperature however, the effect of different temperature conditions on co-digestion of 

CM and EFB has yet to be evaluated. Hence, this study aims to observe the effect of psychrophilic (25℃), 

mesophilic (35℃) and thermophilic (45℃) temperature conditions on biogas and CH4 production at 

optimized C/N ratio for co-digestion of CM and EFB.  

In this study, cow dung was used as the innoculum. The C/N ratio was fixed at 25:1 as it is deemed the most 

optimum as reviewed by Shamsuddin et al. (2021). The 25:1 C/N ratio feedstock was obtained by mixing 

CM, EFB and cow dung at a ratio of 3:2:5. Solid-to-liquid ratio was fixed at 1:3. The pH was then tested and 

adjusted to pH 7.0. The AD process was conducted in 1.5 L plastic bottles simulating the function of a 

digester body. The setup is as shown in Figure 1. These makeshift digesters were made airtight with the aid 

of a compressor pump to create an anaerobic condition and were painted black as microbes are sensitive to 

light. Bubble leak test (ASTM F2096) was conducted for the setups to ensure there was no leakage 

throughout the tubes, fittings and connectors. The setups for mesophilic (35℃) and thermophilic (45℃) 
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temperature conditions were placed in water baths. Biogas volume was measured every 5 days using the 

water displacement method with sodium chloride solution as solvent to prevent the absorption of biogas into 

the water (Walker et al., 2009). Biogas was also collected every 5 days to be analysed for CH4 content using 

gas chromatography with thermal conductivity detector.  

 

 

Figure 2a shows that the biogas generation under all three temperature conditions increased consistently for 

the first 40 days. However, for the remaining 10 days biogas generation at 25℃ and 45℃ plateaued, peaking 

at 3900 ml and 2760 ml respectively unlike the trend observed at 35℃ whereby the biogas volume continued 

to increase up to 4750 ml at the end of the 50 day retention time. Although biogas generation at 25℃ was 

abundant during the first 40 days, significantly less CH4 was produced compared to the setups at 35℃ and 

45℃ throughout the 50 day period as exhibited in Figure 2b. The setup at 35℃ generated the most CH4, 811 

ml cumulatively, although the trend seemed to plataeu from day 15 up to day 35 before it continued to show 

constant increament until day 50. The CH4 concentration at 25℃ and 45℃ exhibited little to no significant 

increament from day 15 up to day 35 and from day 40 up to day 50 with the cumulative CH4 generation at 

153.7 ml and 251.8 ml respectively.  
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The CH4 generation at 25℃ is significantly low due to the nature of psychrophlic anaerobic digestion (PAD) 

that has been deemed unstable (Akindolire et al., 2022). The incorporation of EFB to enhance the C/N ratio 

also poses a hurdle for PAD as EFB is rich in cellulose, hemicellulose and lignin, which are naturally 

recalcitrant to microbial degradation (Ona et al., 2019). Fundamentally, AD comprises of four steps which 

are hydrolysis, acidogenesis, acetogenesis and methanogenesis. With respect to PAD, the hydrolysis phase 

is regarded as the rate-limiting step which explains the trend for CH4, depicting no significant increament 

from day 15 onwards. Accordingly, Rajagopal et al. (2017) suggested that the solid retention time for PAD 

be extended to enhance CH4 yield. CH4 generation under mesophilic anaerobic digestion (MAD) and 

thermophilic anaerobic digestion (TAD) on the other hand have been discussed extensively. Bayrakdar et al. 

(2017) claims that TAD is more accomodating to the hydrolysis phase hence the threat posed by the 

hydrolysis rate limit can ideally be overcomed. However, Yin et al. (2018) debunked that theory by obversing 

that the rate limits for all four stages of AD of CM were higher under TAD compared to MAD. Bi et al. 

(2019) also supported this theory by observing that MAD is more favourable compared to TAD. This is 

because CM is a nitrogen rich biomass waste and under TAD, it promotes high presence of total ammonium 

nitrogen (Niu et al., 2015). Free ammonia nitogen content, which forms a pivitol fraction of total ammonium 

nitrogen increases as the temperature rises thus effectively, TAD is more easily susceptible to ammonia 

inhibition compared to MAD (Yang et al., 2018). With respect to EFB solely for AD, Lee et al. (2020) 

observed that although TAD produced CH4 at a faster rate due to the shorter lag phase, the yield was lower 

in comparison to MAD. The current study on the other hand is an anaerobic co-digestion setup hence both 

CM and EFB are accountable for the rate of CH4 generation. Accordingly, it can be deduced that ammonia 

inhibition is greater a challenge to overcome under TAD which resulted in a prolonged lag phase from day 

15 onwards in comparison to MAD which plateaued from day 15 up to day 35, afterwhich the CH4 generation 

flourished. 
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Extended Abstract 

 

Poultry farming in the Manjung region, Perak, Malaysia has been constantly growing throughout the 

past few years to meet the requirement of protein intake in Malaysia. The field of poultry farming has 

been known for its high consumption of energy and poor waste management. In the current study, green 

energy in the form of biogas production is introduced to poultry houses as an alternative energy source 

for energy generation while reducing carbon emissions to the environment in comparison to the 

conventional means of energy acquisition. The waste from the poultry houses can potentially undergo 

anaerobic digestion (AD) process to produce green energy in the form of biogas. Ideally, the biogas will 

be used to offset the heating requirement of the poultry houses and in the case of surplus, it can be 

converted into electricity for the main supply grid. This treatment approach also can reduce the 

greenhouse gases (GHGs) release from this industry, primarily in the form of carbon dioxide and 

methane. 

 

As for the methodology of the project, firstly all the data required for the modelling were collected from 

sources such as journals articles, news articles, interviews and theses. Then, poultry-related data such 

as the chicken population, locality, rearing process, electricity usage and manure generation were 

obtained via case study at Dindings Poultry Development Centre (DPDC) Sdn Bhd. The data collected 

was analyzed to determine the correlation of the independent variables such as time, energy generation 

and amount of waste in the broiler house for potential biogas production. 
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According to Catarino (2009), the biogas potential for poultry litter is 0.1576 m3/kg, with a calorific 

value of 6.21 kWh/m3 and with biogas to power/electricity conversion efficiency of 25 %, the real 

calorific value of biogas is 1.55 kWh/m3. The bedding material (rice husk or sawdust) used for manure 

collection was also taken into consideration. Application of such carbon additives is advantegeous to 

the AD system as it can improve the biogas generation (Hakimi,2021. Using these information, the 

estimated potential power generation of chicken manure feedstock (including bedding material) for one 

cycle of chicken farming was calculated. 

 

In one cycle, the total amount of chicken manure obtained in the Manjung region is about 112,379.4 kg 

and through Equation 1 (Oliveira et al., 2012), the total amount of biogas produced is 17,710.99 m3. 

 

𝐵 = 𝑚 ∗ 𝑃𝑏        (1) 

 

where B is total biogas volume(m3), m is the total mass of chicken manure (kg), and Pb is the potential 

of biogas (m3/kg).  

Then, the electricity generated over 60 days was estimated using Equation (2) (Oliveira et al., 2012) by 

mutiplying the total amount of biogas produced (17,710.99 m3) with the energy potential value of biogas 

(1.55 kWh/m3) 

 

𝐸 = 𝐵 ∗  𝑃𝑐𝑟      (2) 

 

where E is the electricity energy (kWh), B is the total biogas volume (m3) and Pcr is the energy potential 

value of biogas (kWh/m3) 

 

The calculated electricity generated with Equation (2) is 27,452.04 kWh. On average, the amount of 

electricity used for each cycle was about 11,930 kWh. This shows that the electricity used by the broiler 

house can be covered for each cycle witha surplus of 15,522.04 kWh electricity produced as well. The 

total amount of poultry litter produced in Manjung for one year is estimated to be 124,740,000 kg. With 

this average calorifc value, the gross energy potential of the Manjung region is estimated to be 44.5 

MJ/s, or 44.5 MW. The following Equation (3) was used to calculate this value while Equation (4) is 

used to calculate the technical energy potential of poultry litter (Oliveira et al., 2012). 

 

𝑃𝐵 =  
𝑚 ∗ 𝑃𝑐

𝑘
      (3) 
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where PB is the gross energy potential (MW), m is the biomass amount in one year, Pc is the average 

calorific value of poultry litter (MJ/kg) and k is the seconds in one year= 31,536,000 s 

 

𝑃𝑇 = 𝑃𝐵 ∗ 𝑛      (4) 

 

where PT is the technical energy potential (MW), PB is the gross energy potential (MW) and N is the 

efficiency of conversion system. 

 

Poultry litter can be used as a primary source of energy in steam motors with a turbine. Assuming a 30 

% average efficiency, the technical energy potential of poultry litter in past studies is approximately 

13.35 MW. Table 1 represents a summary of the technical energy potential to Manjung Region. 

 

Table 1 Theoretical Energy Potential to Manjung Region 

Element Units Value 

Number of Broiler House Number 185 

Number of Chickens Number 5.5 million 

Amount of chicken litter in one year kg 124,740,000 

Average calorific value MJ/kg 11.25 

Gross Energy Potential MJ/year 1,403,325,000 

MW 44.5 

Efficiency of conversion system % 30 

Technical Energy Potential MW 13.35 
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Extended Abstract 

 

Biodiesel is one of the renewable fuels that has vast potential to reduce the usage of petroleum. 

Biodiesel is made from 100% renewable resources such as animal waste, dairy waste as well as food 

waste via catalytic transesterification (Ayoub and Abdullah, 2012). For catalyst, there are three types 

which are Heterogenous base catalyst such as calcium oxide (CaO) (Kavitha, Geetha, and Jacqueline 

2019), alumina supported salts (Xie and Li, 2006) and zeolites (Xie, Peng, and Chen, 2006) are suitable 

for biodiesel yield as it can be separated easily from the product compare with homogenous catalyst. 

Not only the CaO catalyst can be obtained from the chemicals but also can be synthesized from biomass 

wastes such as eggshell and bones. The previous reseaarchers (Kavitha, Geetha, and Jacqueline, 2019) 

have combusted eggshell waste in a furnace at 800℃ for 3 h to synthesize nano CaO which used to 

yield biodiesel from dairy waste scum. They produced 96% of biodiesel with methanol to oil molar 

ratio of 6:1, 2.4 wt.% catalyst at 65℃ in 3 h operating condition. Metal doped base catalyst is generally 

synthesized via wet impregnation and co-precipitation and then calcined at high temperature by using 

furnace to form active site (Dhawane et al. 2017; Khatibi, Khorasheh, and Larimi, 2021) A number of 

studies have been carried out in synthesis the modified catalyst via conventional method for biodiesel 

production including Baskar, Selvakumari and Aiswarya where they prepared Ni doped ZnO 

nanocatalyst via co-precipitation method in biodiesel yield from castor oil (Baskar, Selvakumari, and 

Aiswarya, 2018). However, study in applying Li as metal support with organic waste for biodiesel 

production is still limited. In the present study, the analysis of Li based with CaO from eggshell are 

observed and discussed as well as comparing the catalyst with CaO from eggshell alone.  
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For methodology, the eggshell was subsequently soaked in hot water for 2 h to remove their 

white membrane. The eggshells were rinsed with distilled water and subsequently dry in oven at 100℃ 

for 24 h. The dehydrated eggshells were grinded into a powder with particle size of 100µm. Calcination 

of the resulting powder was carried out in a furnace at the temperatures of 800℃ for 3 h to decompose 

CaCO₃ into CaO. The metal selected for doping with CaO synthesized from eggshell is Lithium. The 

Li/CaO catalysts with 1 wt.% of Li was synthesized by the wet impregnation method. An appropriate 

amount of LiNO3 precursors was dissolved in deionized water and then added to CaO powder. The 

resulting mixture was then be stirred for 2 h at 60℃ under constant stirring until a paste is formed. The 

resulting paste was then be dried in an oven for 16 h at 90℃ and subsequently calcined at 600℃ for 5 

h in a furnace. High calcination temperature favoured stronger interaction between the support and the 

active component to form more active sites (Khatibi, Khorasheh, and Larimi, 2021). Then, the Li/CaO 

catalyst was aanalysed by using X-ray diffraction (XRD), Fourier transform infrared spectroscopy 

(FTIR), Field emission scanning electron microscopy (FESEM) and Brunauer–Emmett–Teller (BET). 

The Figure 1 presented the functional groups of Li/CaO (eggshell). A narrow infrared band at 

3645 cm-1 are observed represented hydroxyl groups with stretching mode of OH groups in Ca(OH)2 

samples (Kavitha, Geetha, and Jacqueline, 2019). The catalyst also showed presence of CaO correlated 

with carbonates bands at 1427 and 875 cm-1 (Alba-Rubio et al., 2010). Another absorption bands 1089 

cm-1 presented the existence of carbonyl group of primary alcohol. Based on these functional groups, 

Li/CaO and CaO have similar bands (FTIR for CaO is not shown) with only difference in the intensity 

of the bands. Lithium cannot be detected in the FTIR most probably due to very low concentration of 

the metal. 

 

Based on Figure 2, the XRD analysis is shown for Li/CaO and CaO alone. The Li/CaO showed 

three different type of peaks which indicated Ca(OH)2, CaO and CaCO3. The XRD pattern showed 

medium sharp diffraction peaks of crystallized cubic CaO at the Bragg’s angle 2ϴ = 37.39º, 64. 28º, 

64.28º and 67.49º which is similar to the previous study (Krishnamurthy, Sridhara, and Ananda Kumar, 

2020). There is small diffraction peak located at 36.00º which shows the small amount of Li presence 
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as only 1% concentration was added to the CaO catalyst. There are intense sharp peaks at 2ϴ of 18.06º, 

34.19º, 47.32º, 50.92º and 54.09º which corresponds to crystalline phase for Ca(OH)2 which is 

comparable to diffraction peaks in earlier studies (Kavitha, Geetha, and Jacqueline 2019; Suryaputra et 

al., 2013a). While for eggshell derived CaO, the CaO peak is very low intense at 2ϴ angle of 62.65º but 

obvious diffraction peaks were observed at 2ϴ of 18.01º, 34.16 º, 47.13 º, 50.88 º and 54.43 º indicated 

the crystalline phase of Ca(OH)2 (Kavitha, Geetha, and Jacqueline, 2019; Suryaputra et al., 2013b) 

which is most probably due to exposure of air and water from the environment that combined with the 

CaO. Both catalysts (CaO and Li/CaO) showed presence of unreacted CaCO3 at 2ϴ of 28.75º and 

28.74º respectively but only in small intensity. The surface morphology of Li/CaO at 1000x 

magnification is presented in Figure 3. The Li/CaO showed the agglomerates of particles and irregular 

shape which most probably combination of lithium and CaO on its surface. From the Figure 3, the 

structure patterns have suggested that the Li2O has dispersed on the CaO surface and merging with the 

CaO to forms the agglomerated particle which was in line with previous study by Khatibi et al. (Khatibi, 

Khorasheh, and Larimi, 2021). The elemental compositions were detected by energy dispersive X-ray 

that has been coupled with FESEM analysis. Li/CaO showed sharp and high intensity of O (45.2 wt.%) 

followed by Ca (36.7 wt.%) which indicated that CaO compound is presence in the catalyst. The content 

of Ca was clearly higher and maximum than O composition which is similar with previous study done 

by Kibukaran and Arul (Kirubakaran and V, 2018). The presence of these elements showed that the 

calcination was successfully converted to CaO catalyst. However, the lithium element is not appeared 

most likely due to very low concentration (1 wt. %) used. Other composition like Mg, C and P are 

presence in low amount. 

 

Table 1 shows the surface area, pore volume and pore size of both catalysts obtained from BET 

analysis. This BET surface area is important in heterogenous catalyst utilization as large surface area 

of catalyst can aids the access of ingression of reactant molecules to basic site of the catalyst (Zhao, 

Qiu, and Stagg-Williams, 2013). The surface area of Li/CaO was higher than CaO which was 5.83 m2 

/g. This trend was the same for pore volume and obviously for pore size. These results indicated that 

the presence of lithium metal as the metal support could enlarge the surface area and pore size (24.16 

nm) which can enhance the catalytic activity by higher adsorption capacity for large molecules of oil 
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on the surface of the catalyst which will increase the biodiesel yield. This results can be supported by 

other study where their catalyst (K-CaO) increase in their surface area most probably due to creation of 

new CaSO4 crystal which in this study was the formation of Ca(NO3)2 crystal (Khatibi, Khorasheh, and 

Larimi, 2021). This new formation of crystal might have triggered new formation of pores on the CaO 

surface catalyst (Aziz, Triwahyono, and Jalil, 2016; Khatibi, Khorasheh, and Larimi, 2021). In 

conclusion, this study set out to determine the properties of dairy scum oil to know the suitability for 

biodiesel feedstock and synthesize and characterize the eggshell catalyst with and without metal support 

to show the differences in their properties. The findings of this study suggest that DWSO is suitable to 

be used as the biodiesel feedstock due to adequate presence of FFA (7.55%). This work contributes to 

existing knowledge of CaO from calcined eggshell by providing data when the CaO is supported with 

lithium to increase the catalytic activity in transesterification process. The Li/CaO shows better surface 

area and pore volume compared with eggshell derived CaO which could enhance the adsorbent of 

reactant to catalyst site. In future, the CaO can be derived from other waste such as fish bone to increase 

the concentration of CaO.  
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Extended Abstract 

 

The renewable energy presents an alternative to current reliance of the world on fossil fuel based energy 

which has many environmental problems. The problems of release of chemical compounds like sulphur 

and nitrogen oxides from the burning of fossil fuels and global warming which cause melting of ice 

caps, heat wasves and draughts, rising sea levels, and changing global ecosystem are associated with 

the use of fossil fuel based energy sources. Most of developed countries are moving towards adopting 

biofuels such as biogas in place of natural gas, biodiesel in place of diesel, and biochar in place of coal 

(Judit, Péter et al. 2017, Bhatnagar, Ryan et al. 2022). Animal manures are produced in large quantities 

worldwide and their disposal or reuse is essential to avoid the emission of green house gases (GHGs). 

Animal manures contain nitrogen, proteins and phosphorous. The composition of different animal 

manures is given in Table 1. They are commonly used as natural fertilizers but their direct use can cause 

various problems such as GHGs emissions, eutrophication, patheogen contamination, and air polution 

due to the excess quantity of nutrients supplied to the crops. Animal manure can be an ideal feedstock 

material for anaerobic digestion (AD) process. The production of biogas through AD is the most 

preferred alternative option for the use of animal manure due to cheap biogas production and digestate 

as a byproduct which can be used as a fertilizer (Yangin-Gomec and Ozturk 2013). 

AD is a four step process which consists of hydrolysis, acidogensis, acetogenesis, and methanogenesis. 

Typical biomass materials for biogas production are food waste, agricultural waste, municipal solid 

waste, municipal sewage and industrial organic waste, domestic animal manure, and forest waste. AD 
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converts organic matter into biogas and digestate. Biogas mainly consists of methane (CH4) and carbon 

dioxide (CO2) and small portions of hydrogen sulphide (H2S) and carbon monoxide (CO). Besides 

biogas AD also produces digestate which contains low pathogens and has less odour as compared to 

untreated manure. Digestate contains nitrates, phosphates and other organic compounds which can be 

used as a fertilizer to promote plant growth (Auer, Vande Burgt et al. 2017). AD is a slow process with 

an average hydralic retention time of 30-50 days in conventional biogas plants (Yadvika, Santosh et al. 

2004). Furthermore, the biogas production reduces in winter season which may limit its global 

acceptability. The co-digestion of animal manure with other substrates (Meneses-Reyes, Hernández-

Eugenio et al. 2017, Scarlat, Dallemand et al. 2018), optimization of operational parameters, and use of 

nanomaterials (Yadvika, Santosh et al. 2004) are used to improve the efficiency of AD of animal manure. 

This paper describes a comprehensive overview on the enhancement of biogas production using above 

strategies. The challenges in the enhancement of biogas production are also discussed. 

Co-digestion of animal manure with corn stover (CS), wheat straw (WS), spent poppy straw (SPS), 

apple pulp (AP), microbial mass, lignocellulosic residues, maize stover (MS), food waste (FW), and 

palm oil mill effluent (POME) has been conducted to enhance the biogas production. The operational 

parameters of pH, temperature, hydraulic retention time (HRT), and particle size of substrate through 

pretreatment have been used optimzed increase the biogas production. Various types of additive 

nanomaterials such as iron (Fe), nickel (Ni), cobalt (Co), ferrous oxide (Fe2O3), 

nano copper oxide (CuO), nano zinc oxide (ZnO), nano zero valent iron nanoparticles (nZVO), 

titanium dioxide (TiO2) and carbon nanomaterials (CNMs) with varying concentrations and particle 

sizes have been used for the enhancement in biogas production from AD of animal manure.    

Table 7: Composition of Animal Manures 

Type of  

manure 

TS VS C N H S pH C/N 
Ref. 

(%)   

Cattle  90.40 95.74 - - - - - 22.9 
(Gaballah, Abomohra 

et al. 2020) 

Chicken - - 21.12 5.52 - - 6.10 3.83 
(Singh, Shamsuddin et 

al. 2018) 

Cow 19.8 85.7 - - - - 8.57 - 
(Chiumenti, da Borso et 

al. 2018) 

Pig  31.97 20.16 35.59 1.72 4.84 0.44 8.58 20.70 
(Zhang, Zeng et al. 

2021) 
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Elephant 25.46 18.78 39.52 1.49 5.34 <0.5 - - 
(Zhang, Chen et al. 

2022) 
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Extended Abstract 

 

Looking specifically at Malaysia's Bus Rapid Transit (BRT) Sunway Line, despite the fact that the BRT 

stations are strategically positioned in one of the important nodes in Bandar Sunway, where diverse 

land-use activities can be found, and functions as a magnet for Bandar Subang, BRT ridership has 

declined since 2015 (Ming, 2017). This might be owing to the BRT Sunway Line's inadequate 

integration with the rest of the catchment regions, which may have prospective BRT users. The 

connection and accessibility of BRT stations influence people's willingness to walk or cycle to 

surrounding stations to travel through BRT. Improving the pedestrian environment is one of the most 

important factors in encouraging BRT users to walk to the stops. Hence, ridership predicting variables 

were identified and studied in order to develop Ridership Forecasting Modelling for BRT in Sunway, 

which utilised ridership data of BRT Sunway Line in the year 2019, and with other possible riders 

generating variables. 
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Regression modelling was utilised to build anticipated ridership data for the Sunway BRT Line stations 

in order to create a function that may be used in the future to estimate ridership if the independent 

variable is included. Linear regression is a regression model that uses a straight line to quantify the 

connection between an independent variable and a dependent variable. Each parameter is expected to 

have a numerical value. The forecasting modelling equation that will be produced at the end of this 

research is shown below. 

 

ŷ= bo + b1x  (1) 

ŷ, the forecasted Sunway BRT Line Ridership by station;  

bo, Intercept or Constant;  

b1, slope or coefficient;  

x, independent variable(s) 

After calculating the walkability index with and without weightage, the indexes were connected with 

BRT Sunway Line ridership data to produce a ridership forecasting modelling tool. In the year 2019, 

linear regression was performed between the index with and without weightage and ridership. 

Regression modelling was performed, and the best fit line was created to establish the relationship 

between the independent variables and the ridership data; based on this, further corrective actions can 

be offered for each walkway based on the index score for each element. In addition to the indexes as 

independent variables, other factors were taken into account in the regression computations. Table 1 

shows the other factors include the Sunway BRT stations' Gross Floor Area (GFA) and the number of 

walkways connecting the stations, which were also incorporated in the index calculation for each 

station. This is an effort to explore the range of variables that might have an impact on ridership, whether 

adversely or positively. 

Table 8: Regression Modelling Variables for BRT Ridership Forecast Modelling 

Independent variable (x) Dependent variable (y) 

xwo1  Index without Weightage 

y, Ridership in 2019 
xw1  Index with Weightage 

x2  Gross Floor Area of the station  

x3  Number of walkways connecting the station  

 

Another alternate methodology was also investigated in the research for circumstances when there is 

no linearity between the independent factors and the dependent variable. As a result, data transformation 

was used and explored in this study to attain the linearity of the relationships. Few 

considerable functions were finalised in the function's discussion from the sets of regression analysis 
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that were completed. Only two functions acquired a P-value of less than 0.05 and an acceptable R-

squared value out of 56 regressions from both portions of the Walkability Index without and with 

weightage. 

 

ŷ = 1,107,535.52x + 219,082.80         (2) 

x2, the Gross Floor Area (GFA) of the Sunway BRT Stations in acres; y, (y hat) Forecasted Ridership 

of Sunway BRT stations; P-value = 0.03; R-Squared = 66.61% 

 

ŷ = 213,461,621.43x + 49,964.18        (3) 

xwo1, the Inverse of Walkability Index without Weightage; y, (y hat) Forecasted Ridership of Sunway 

BRT stations; P-value = 0.04; R-Squared = 59.40% 

 

Based on the preceding regression functions and graphs, the modelling function (2) was selected as the 

best function for estimating BRT passenger ridership in Sunway Line. This function was chosen 

because it has a better R-squared value than the other functions for ridership versus the GFA of the BRT 

Sunway Line. To the best of our knowledge, from a subject matter standpoint, mentioning the fact that 

the station's bigger Gross Floor Area can improve traffic might still be up for additional investigation 

and dispute. This might be a first step in investigating the Floor Area of the station in terms of 

anticipating ridership. 

 

Aside from modelling function (2), the modelling function (3) has a lower R-squared value that falls 

below the moderate level. Although this may be an adequate function for predicting ridership 

statistically, the results may not reflect the right forecast due to the high coefficient value for the 

independent variable, the Walkability Index without Weightage. From the standpoint of the subject 

matter, this could be the most viable function for forecasting ridership because the index and the 

parameters could be used to improve the index, which would then increase the ridership. This can 

eventually lead to a shift in the mode of transportation of choice. 

 

Acknowledgements: Special appreciation to the co-authors and colleagues who provided guidance and 

experience that greatly aided the study and would like to thank the Ministry of Higher Education for 

granting me the Fundamental Research Grant Scheme for fully sponsoring the research.  

 

References 

Ming, O. K. (2017, October 5). Public transport ridership falling, despite the billions spent. Malaysia 

Kini. https://www.malaysiakini.com/news/397308 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

227 

 

 

PCR04042022 – 78: Optimization of Deep Eutectic Solvent Pretreatment for Bioethanol 

Production from Napier Grass 

 

Elizabeth Jayex Panakkala, Marttin P. Gundupallia, Santi Chuetorb, Atittaya Tandhanskulc, Kraipat 

Cheenkachornb and Malinee Sriariyanun a* 

 

a Biorefinery and Process Automation Engineering Center, Department of Chemical and Process 

Engineering, TGGS, King  Mongkut’s University of Technology North Bangkok, Bangkok, Thailand 

 

b Department of Chemical Engineering, Faculty of Engineering,  

King  Mongkut’s University of Technology North Bangkok, Bangkok, Thailand 

 

c Department of Food Technology, Faculty of Biotechnology, Assumption University, Bangkok, 

Thailand 

 

*Corresponding Author E-mail: macintous@gmail.com 

 

Keywords: Deep eutectic solvent; Enzymatic hydrolysis; Fermentation; Pretreatment; Biorefinery 

 

Extended Abstract 

 

The growing demands of fossil fuel consumption led to the depletion of fossil fuels, and global 

warming problem. Sustainable development has thus become a necessity in the current scenario. 

Lignocellulose with its rich carbon source is considered as an alternative for fossil fuels to produce 

biofuels and several platform chemicals. Napier grass has been identified as an important energy crop 

due to its high growth rate, and carbohydrate content (Nantasaksiri et al., 2021). This study aimed to 

enhance conversion of Napier grass to bioethanol by pretreatment with acidic deep eutectic solvent 

(DES) , choline chloride: lactic acid (ChCl/LA). 

The physical properties of the synthesized ChCl/LA were also determined in this study (pH of 0.15, 

density of 1.04 g/ml, and viscosity of 125 mPa). The pH for ChCl, varying in composition from 1:1 to 

1:9 was reported within the range of 1.50 to 0.47 (Kumar et al., 2018). The change in pH is due to the 

difference in the molar ratio of components along with temperature (Fanali et al., 2021). In addition to 
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this, the change in viscosity for increasing temperature was also determined. This trend could be due to 

the altered nature of DES by the thermal expansion of the structure (Fanali et al., 2021). 

Even though several studies are carried out using different types of DESs, until now these studies 

could not confirm the best DES type or any optimized process conditions (Xu et al., 2020). However, 

optimized pretreatment conditions are necessary to maximize sugar yield from biomass. Therefore, the 

pretreatment conditions for choline chloride: lactic acid (1:4) were optimized using Box Behnken 

Design (BBD) of Response Surface Methodology (RSM). The optimization study has considered three 

factors namely, biomass loading (1:5 to 1:20, w/w), pretreatment temperature (80  to 130 ℃) and 

pretreatment time (0.5 to 5 h) and  sugar concentration (mg/mL) after enzymatic hydrolysis was 

considered as the response. The model could predict the optimal pretreatment condition as biomass 

loading of 15.30% (w/w), pretreated at 80 ℃ for 5 h. Pretreatment at optimal conditions was predicted 

to provide a sugar yield of 4.140 mg/mL. Also, the BBD model could reveal the factors and their 

interaction effect on pretreatment. The study obtained maximum sugar yield at either lower temperature 

and longer pretreatment time or higher temperature and shorter pretreatment time suggesting that 

pretreatment temperature and time as influential factors in pretreatment (Figure 1). Under optimized 

pretreatment conditions, there were significant changes in the biomass composition, which confirms the 

positive effect of pretreatment (Table 2). The pretreatment with DES has contributed to the removal of 

lignin and enhancing cellulose content after pretreatment. 

Further studies conducted to analyze the inhibitor formation in the pretreatment hydrolysate after 

pretreatment under optimized conditions. However, only acetic acid could be detected in the 

hydrolysate, which could be formed from the acetyl group of the hemicellulose. Fermentation studies 

were also conducted to evaluate the bioethanol production from the biomass. The pretreated Napier 

grass could produce 96.3% of the theoretical ethanol yield. Overall, this study provides optimized 

pretreatment conditions for choline chloride: lactic acid (1:4) for pretreating Napier grass and 

demonstrates the potential of Napier grass for producing bioethanol. 

 

Figure 10: Effect of pretreatment temperature and time on reducing sugar concentration 
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Table 2: Biomass composition of Napier Grass 

Biomass 
Biomass Composition )%( 

Glucan Xylan Lignin 

Untreated Napier Grass 22.315 ± 0.07 7.754 ± 0.18 19.309 ± 0.43 

Pretreated Napier Grass 31.635 ± 0.02 12.550 ± 0.28 10.986 ± 2.43 
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Extended Abstract 

 

Green technology and sustainable development goals acquired unprecedented global attention over the 

past decades. The intensive use of conventional solvents in the industries raises environmental concern, 

therefore urges for green alternatives to substitute these conventional solvents. Advances in 

lignocellulosic biomass pretreatment techniques are continuously developed and improvised to improve 

the yield of certain substrates in the lignocellulosic biomass. Considering the recent emphasis on green 

chemistry, there will be a large room for advancements in green solvents for the pretreatment of 

lignocellulosic biomass considering the near-infinite possible combinations of deep eutectic solvents 

(DESs)/Low-transition-temperature mixtures (LTTMs) with different pairs of hydrogen bond acceptor 

(HBA) and hydrogen bond donor (HBD) (Yiin et al., 2021). The wide liquid range and befitting 

physicochemical properties evinced the key qualities of DESs/LTTMs suitable to be used as solvents. 

The strong hydrogen bond interactions are accredited for the similar benefits exhibited by DESs/LTTMs 

as compared to ionic liquids (ILs) while at the same time overcome the limitations of conventional ILs. 

Although both DESs/LTTMs and ILs present highly similar core characteristics, DESs/LTTMs are 

deemed a more complete representation of the green chemistry benchmarks, rendering DESs/LTTMs a 

compelling interest as the more favourable alternative compared to their analogue ILs (Silva et al., 
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2019). Nonetheless, the application of DESs/LTTMs, comprehensive studies and characterisation of the 

physicochemical properties of DESs/LTTMs are still scarce. A gap exists in fully understanding 

DESs/LTTMs, which can be attributed to the ambiguity in the building principles, incomprehensive 

knowledge on the mechanisms of formation, as well as the intermolecular interactions within the 

solvent. After all, the pivotal key to explore deeper into DESs/LTTMs lies upon its fundamental, where 

its physicochemical properties play a significant role in modulating the species reactivity and behaviour 

of the DESs/LTTMs (Savi et al., 2019). As discussed herein, this research project aims to investigate 

the effects of water on the physicochemical properties of Choline chloride/Malic acid (CCMA) and 

Choline Chloride/Lactic acid (CCLA) DESs/LTTMs since the solvents are often much likely to be 

exposed to water during its application, either by purpose or otherwise. A total of 12 compatible 

DESs/LTTMs with different water content were synthesized and characterized. The addition of water 

modulated the density and conductivity of the green solvents by decreasing density and increasing 

conductivity with higher water content. FTIR characterization found the broadened OH stretching 

within the range 3700 cm-1 to 2500 cm-1, the diminished choline chloride characteristic peak associated 

with its OH group at 3221 cm-1, and the bathochromic shift of the C=O stretch associated with 

carboxylic acids within 1680 cm-1 to 1725 cm-1 which evidenced the hydrogen bond formation between 

the hydrogen bond acceptor and hydrogen bond donor, as the prerequisite for DESs/LTTMs formation. 

Water addition also demonstrated significant effect on biopolymer solubility despite the retention of 

original DESs/LTTMs structure when subjected to water addition. CCLA demonstrated highest lignin 

solubility at 6.32 wt% and further hydration results in weakened DESs/LTTMs structure causing 

degradation in dissolution performance. CCMA reported slight improvement on lignin selectivity and 

solubility with water addition at which the maximum solubility was recorded at 3.67 wt% with 40 wt% 

water content. The different effects of water addition on the ChCl/Malic acid and ChCl Lactic acid were 

due to the two different mechanisms of lignin solubilization (i.e. hydrotropy and co-solvency) as shown 

in Figure 1 (Soares et al., 2019). In this scenario, the ChCl/Malic acid DESs/LTTMs demonstrated 

hydrotropy behavior involving cooperative intermolecular reactions while the ChCl/Lactic acid 

DESs/LTTMs is an instance of co-solvency solubilization behavior in water. The self-degradation of 

ChCl and carboxylic acids DESs/LTTMs due to esterification reaction was also prevented with the 

addition of water which further enchanced their stabilizing capacity. Thus, both CCMA and CCLA 

green solvents demonstrated potential to be used in biomass valorisation and addition of water to 

DESs/LTTMs to modulate the physicochemical properties were proven feasible. 
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Figure 11: The effects of water in stabilizing capacity and lignin solubilization mechanism of 

DESs/LTTMs 
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Extended Abstract 

 

Coffee is consumed as favorite beverage worldwide, and it is the second largest commodity in 

the world market. It is reported that the global coffee production in 2019 was 10.2 million tons [Lopes 

et al., 2022]. Coffee beans have been produced in large quantity leading to over production of coffee 

waste, such as spent coffee grounds and coffee husks. Coffee husks are obtained during a process to 

prepare coffee beans from coffee fruits, however they are not yet utilize in any use and discard as trash. 

So, it is important to convert coffee husks to value added product and chemical such as biofuel. 

To produce a value-added products and chemicals, a coffee husk have to goes through a 

multistep process of biorefinery including pretreatment, hydrolysis, and fermentation. In this 

biorefinery process, the bottlenecks that limit the efficiency of the process are pretreatment and 
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hydrolysis because lignocellulose in coffee husk is inaccessible by cellulase enzyme to hydrolyze to 

sugars. In this research, pretreatment by using organic and inorganic acids were selected to enhance the 

efficiency of cellulase enzyme. Acid pretreatment helps to remove the lignin and hemicellulose in 

lignocellulose, so cellulase can access and hydrolyze cellulose with higher efficiency [Kumar and 

Sharma., 2017]. Previously, it has been demonstrated that inorganic acid is corrosive chemicals to 

instrument, and it also leads to production of inhibitor during pretreatment that interfere enzymatic 

hydrolysis reaction. Here, inorganic acid (hydrochloric and sulfuric acids) and organic acids (oxalic, 

citric and acetic acids) were applied and optimized in coffee husk pretreatment based on Response 

Surface Methodology (RSM) with Box-Behnken design (BBD).  

A total of 17 RSM pretreatment experiments were conducted based on the BBD by varying 

three pretreatment parameters, including Temparature (50-140 °C), Time (30-240 min), and Acid 

concentration (5-12 %). The RSM mathamatical model obtained from experiment data showed that the 

2FI model was suggested with R2 at 0.7428 and model p-value at 0.0146, advocating the reliablility of 

the predicted model (Figure 1). Thus, the optimal condition of organic acid pretreatment was predicted 

to be at 137.36 °C, 240 min, and 11.7% acid concentration. Based on the pretreatment and enzymatic 

saccharification, the amounts of reducing sugars from pretreatment liquor ranged between 13.80-33.25 

mg and from hydrolysates ranged between 4.33-6.78 mg/ml (Table 1). The reducing sugar obtained in 

pretreatment liquor of oxalic acid was the highest yield at 33.25 mg/ml, which was increased for 2.40, 

2.20, and 2.41 time compared to untreated, hydrochloric acid-pretreated, and sulfuric acid-pretreated 

samples, respectively (Table 1). After pretreatment and hydrolysis, pretreatment liquor and biomass 

hydrolysate were subjected to ethanol fermentation by Saccharomyces cerevisiae and the ethanol yields 

were measured [Sriariyanun et al., 2019]. The highest ethanol yield at 2.29 and 1.12 % were obtained 

from citric acid-pretreatment liquor and from citric acid-hydrolysate (Table 1). 

 

 

 

 

 

 

Figure 12: Response surface plots representing influence of the pretreatment parameters on 

sugar yields. (A) effect of temp x time, (B) effect of conc x time, and (C) effect of conc x temp 
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Table 9: Production of reducing sugar and ethanol yield from pretreatment liquor and biomass 

hydrolysate. 
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Sample 

Pretreatment liquor Biomass hydrolysate 

Reducind sugar 

(mg/ml) 

Ethanol yield  

(%) 

Reducind sugar  

(mg/ml) 

Ethanol yield  

(%) 

Untreated  13.83 ± 0.68 1.12 ± 0.03 4.20 ± 0.12 0.22 ± 0.04 

Oxalic acid 33.25 ± 1.86 1.17 ± 0.06 6.32 ± 0.04 0.35 ± 0.04 

Citric acid 23.07 ± 0.22 2.29 ± 0.12 6.79 ± 0.02 1.12 ± 0.07 

Acetic acid 21.73 ± 0.13 0.56 ± 0.06 6.39 ± 0.03 0.34 ± 0.06 

Hydrochloric acid 15.09 ± 0.10 0.73 ± 0.04 5.86 ± 0.05 0.77 ± 0.06 

Sulphuric acid 13.80 ± 0.03 1.73 ± 0.10 6.78 ± 0.13 0.36 ± 0.08 
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Extended Abstract 

 

Biofuels have proven to be a promising strategy to overcome the energy crisis, global warming caused 

by the excessive use of fossil fuels (Talukder et al., 2019). Lignocellulose is a rich source of sugar 

substrates (cellulose and hemicellulose) and lignin. The lignin layer hinders the process efficiency and 

thereby requires pretreatment step to break the hydrogen bonds between lignin and polysaccharides 

(Amnuaycheewa et al., 2016). Pretreatment improves cellulose digestibility during saccharification due 

to increased cellulase accessibility and surface area. The effect of the pretreatment on the dissolution of 

hemicellulose and lignin depends on a variety of factors including biomass type, pretreatment method, 

biomass loading, reaction time, reaction temperature, catalyst concentration (Amarasekara, 2013). In 

present study, sugarcane bagasse (SB) was processed for the bioenergy production by pretreatment, 

saccharifiucation, fermentation and anaerobic digestion (Figure 1). Acid pretreatment using organic 

acid (acetic acid (AA), oxalic acid (OA), and citric acid (CA)) were selected to convert the SB biomass 

to ethanol and biogas. The organic acid pretreatment performance was compared to the results of 

mineral acid (hydrochloric acid (HA)) pretreatment. The pretreatment operational parameters such as 

reaction time, temperature, and acid concentration was optmized using response surface methodology 

(RSM) by considering the Box-Behnken Design (BBD) matrix. The independent variable such as time 

(X1, min), temeprature (X2, oC), organic acid contcentration (X3, %w/v), and mineral acid concentration 
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(X3, % v/v) was varied as 30 – 90, 100-140, 2-12, and 0.5-2, respectively. The reducing sugar (Y, 

mg/mL) obtained after saccharification of pretreated solids obtained after indiviudal runs was 

considered as dependent variable. The change in the fucntional groups related to cellulose, 

hemicellulose and lignin were analyzed through FTIR analysis of the treated biomass. In this study, the 

acid pretreatment was evaluated for achieving maximum ethanol and biogas from SB biomass. 

The reducing sugar after saccharification for AA, OA, CA, and HA pretreated solids varied as 0.9-8.07, 

3.2-5.9, 1.96-7.73, and 2.73-5.13 mg/mL, respectively. The optimum condition for the acid pretreatment 

were detemined after multiple regression analysis of the second order model generated based on the 

experimental results. The hydrolysate obtained for biomass pretreated at optimum conditions were 

subjected to fermentation for ethanol production using Saccharomyces cerevisiae (TISTR 5596 and 

TISTR 5339). In another process, the pretreated solids were subjected to the anaeorobic digestion (AD) 

for biogas production. During fermentation, the ethanol yield was higher for hydrolysate related to CA 

followed by OA and HA pretreatment. Maximum ethanol yield was obtained for S. cerevisiae 5596 

compared to S. cerevisiae 5339. The ethanol yield increased 1.14 fold for CA pretreatment compared 

to OA and HA pretreatment, respectively. On the other hand, maximum biogas yield for a 30 day period 

was observed for OA pretreated biomass compared to other biomass pretreated using different acids. 

The biogas yield increased 2.01 fold compared to the untreated biomass. The biogas yield for OA 

pretreated biomass increased 1.76, 1.66, and 2.03 fold compared to AA, CA, and HA pretreated 

biomass, respectively. The increase in ethanol and biogas yield for organic acid pretreated biomass 

shows that organic acid have advantage over mineral acids. The lower ethanol and biogas yield for 

mineral acid pretreatment is attributed to the degradation of hemicellulose and cellulose to furfural and 

5-hydroxymethylfurfural that are referred to as the inhibitory compounds. The loss of sugar during 

pretreatment is reflected during the fermentation and AD process. Furthermore, the production of 

ethanol and biogas from SB biomass is dependent upon the selection of organic acid and pretreatment 

conditions. Pretreatment of lignocellulosic biomass using organic acid benefits the biorefineries during 

commercilization. 
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Figure 1. The process to study the effects of organic acid pretreatment of SB on ethanol and biogas 

production 
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Extended Abstract 

 

To address the present trend of pesticide and fertilizer reduction, modern agriculture requires 

appropriate solutions. One of the possible levers to promote this transformation is the usage of 

bioproducts that are less harmful to human health and more environmentally friendly. Biofertilizers are 

gaining attention in sustainable agriculture as a technique of increasing crop output while lowering the 

polluting impacts of synthetic fertilizers in an environmentally friendly and economically viable way 

(Renuka et al., 2018; Nosheen et al., 2021). Among the numerous forms of biofertilizers, formulations 

based on photosynthetic organisms, such as eukaryotic microalgae and cyanobacteria, are gaining 

popularity due to their important benefits, notably to soil fertility management and crop production 

enhancement (Guo et al., 2020). Microalgae are the most distinctive organisms on the earth, with 

potential applications such as agricultural applications as biofertilizers and soil conditioning agents for 

improving soil fertility and plant productivity (Chapman, 2013, Duarteet al., 2018). Besides, microalgae 

also can produce plant growth hormones, polysaccharides, antibacterial compounds, and other 

metabolites (Ronga et al. 2019). Co-culture of algae with other microorganisms (such as bacteria or 

fungi) has been proposed to improve the efficacy of microalgae as biofertilizers (Leng et al., 2021, 

Prosenc et al., 2021). To elevate the formulation, biochar can be added to the system to promote microbe 
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immobilisation as shown in Figure 1. Biochar is a carbonaceous material created by the thermo-

chemical conversion of biomass under low oxygen conditions (Wang et al., 2021). Biochar has a high 

porosity and biocompatibility, which can provide a growth matrix for microorganisms and improve 

their biodegradability (Ouyang et al., 2021). Based on its unique features, biochar can be utilized as a 

microalgae immobiliser via simple ionic interactions or by attracting algal cells to micronutrient 

domains on the charcoal surface. Because the biochar particle size is substantially larger than the algal 

cell particle size, the biochar anchored algal cells may be easily removed from the growing media by 

filtration. Algae will enrich the biochar carrier with useful organic volatiles such as lipids, improving 

the combustion parameters of the algae-biochar slurry fuel. However, to our knowledge, little research 

on the combination application of microorganisms and biochar with microalgae as biofertilizers has 

been published. Aside from that, a thorough understanding of microalgae-biochar-microbe interactions 

is an essential component of biological research, which may be analyzed using phytohormones 

production analysis. From a systematic perspective, this review not only presents an effective and 

proper environmentally friendly bio-based fertiliser from microlagae for pollution-free agricultural 

applications to boost soil fertility and crop productivity, but also dicover the mechanisms of 

phytohormones production that are related to plant growth. 

 

 

Figure 1: Schematic illustrations for microalgae cultivated with biochar and microbes and their 

benefits. 
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Extended Abstract 

 

In overbalanced drilling conditions, the mud filtrate and tiny solid particles invade the porous and 

permeable strata during drilling. This fluid intrusion develops solids on the borehole wall called filter 

cake. The filtrate amount and filter cake thickness are the two key parameters that must be minimized 

during drilling a wellbore. The increase in the wellbore depth also increases the wellbore temperature 

and pressure, further boosting this process. Various natural and synthetic materials have been tested to 

reduce filtrate loss and filter cake thickness in high-pressure, high-temperature conditions. The critical 

challenge for the biopolymers is their low thermal stability, which initiates further problems. Since the 

environmental agencies have great concern about the disposal of substantial chemical quantities which 

demand the drilling industry to use degradable and eco-friendly additives. 

Various agro and waste materials have been tested in water-based mud formulations to control fluid 

loss with superior performance. These materials include but are not limited to rice husk, date seeds, 

powdered grass, grass ash, soybean peel powder, coconut shells, potato peel powder,  mandarin peels 

powder, detarium microcarpum, and brachystegia Eurycoma, hydrated basil seed (Agwu et al., 2019; 

Al-Hameedi et al., 2020a; Al-Hameedi et al., 2020b; Gao et al., 2021; Nwabueze and Ighalo, 2020; 

Okon et al., 2020). 

Similarly, starch has also been used as a filtrate loss control agent and rheology modifier in the 

petroleum industry. It is considered the second most biopolymer after cellulose which has almost zero 
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impact on the environment. Numerous researchers have examined its performance at API and HPHT 

conditions for filtrate loss control. Various starches, including corn, cassava, banana, and potato have 

been tested in mud formulations under different applied conditions (Dankwa et al., 2018; Ghazali et al., 

2015; Jimoh et al., 2020). Starch can significantly control the fluid loss volume when added to the 

bentonite mud blends. Owing to its least thermal stability and bacterial attach susceptibility, the 

efficiency declines, particularly in high-temperature conditions. Furthermore, the environmental 

agencies have concerns about the disposal of ample chemical quantities, which require the drilling 

industry to use eco-friendly alternatives. 

In this work, the performance of modified starch has been evaluated by formulating a nondamaging 

water-based mud. The modified starch was added in a dosage of 0-7g. In addition, the API filtration 

characteristics were determined using an API filter press. Moreover, the samples were aged for 16 hours 

in a hot roll oven at 250 ℉. The filtrate volume and filter cake thinness were measured after 30 minutes 

of static filtration. 

The experimental findings revealed that modified starch with 6.5 g reduced the filtrate volume by 

producing 13.7 mL filtrate volume after 16 hours of hot rolling. Similarly, the filter cake thickness was 

also reduced with the increase in modified starch concentration. This work shows that the current 

formulation can replace bentonite with soluble materials, which can reduce the formation damage and 

other consequences associated with the excess filtrate loss. Figure 13 shows the filtration results. The 

filtrate volume after 16 hours of aging is still acceptable. Likewise, the filter cake thickness of the 

sample containing 6.5 grams of modified starch showed the least cake thickness. 

  

Figure 13: (a) Mud filtrate loss volume and (b) filter cake thickness 
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Extended Abstract 

Biochar is a carbonaceous and porous material derived from the thermal decomposition processes of 

biomass under limited to no oxygen (Lehman and Joseph, 2015). In a number of biotechnological fields, 

biochar is employed as a microbe carrier. Researchers are intrigued by the physicochemical properties 

of this carbonaceous material, as well as its microenvironment, which may potentially house 

microorganisms (Ajeng et al., 2020, Ajeng et al., 2021). The formation of bacterial biofilm on 

biomaterials is not desirable in most of application particularly in the medical and food industries due 

to the prevalence of antimicrobial resistance (Thallinger et al., 2013). However, in the production of 

organic amendments and biofertilizers for crop application, bacterial biofilm formation provides a 

revolutionary technique since it promotes the survival of plant probiotics such as Plant Growth 

Promoting Rhizobacteria (PGPR) (Backer et al., 2018). Because of the widespread interest in the use 

of biochar as a microbe carrier, this work sets out to develop an organic amendment based on the use 

of oil palm kernel shell biochar (OPKSB) as a carrier for effective PGPR consortia consisting of 

Bacillus salmalaya 139SI, Bacillus amyloliquefaciens D203 and Bacillus cereus ATCC 14579. The 

influence of operating parameters (temperature, pH, agitation speed, and sago starch as co-carbon 

source concentration) on Bacillus consortium survival on oil palm kernel shell biochar (OPKSB) was 

investigated using response surface methodology (RSM) analysis. After the optimization, in a batch 

experiment, the adhesion behaviour of the consortium on optimized organic formulation was 

investigated using different adhesion kinetic models and isotherms. The Bacillus consortium's adhesion 

to the sago starch – OPKSB (SOPKSB) was accurately explained by the pseudo-second-order kinetics 

model (R2 > 0.99). After 80 minutes, the bacteria consortium attained adhesion equilibrium on 

SOPKSB biochar with a cell concentration of 108 CFU/g. The result fits within the Langmuir isotherm 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

246 

 

suggesting that cells could be reversibly adhered during the initial adhesion process to the 

heterogeneous surface of SOPKSB. Because effective probiotics may be able to promote crop 

development with low fertiliser inputs, the developed organic amendment will set out to be a sustainable 

solution in greening the agricultural sector. 
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Extended Abstract 

 

Microorganisms in the soil play an important role in nutrient cycling, carbon sequestration, fertility 

management, and crop health and productivity (Dai et al., 2021). Microorganism reactions to biochar 

addition, such as the microbial activity, diversity, community structure, and nutrient cycle mechanisms, 

have been widely described to date. However, there is no summary of the links between soil microbial 

groups particularly the rhizobacteria and biochar amendment especially on the metabolites production 

by the plants and microbial communities that help shaping the rhizosphere. Biochar influences soil 

microbial growth, diversity, and community compositions by directly supplying growth boosters for 

soil biota or indirectly affecting soil basic characteristics, according to the findings of this review. The 

porous structure, labile C, high pH, and electrochemical properties of biochar all play a role in 

determining soil microbial abundance and communities, as well as their mediated N and P cycling 

processes (Thomas et al., 2015, Yin et al., 2021). Soil amendment using biochar is one of the eco-

friendly solutions for controlling and managing a variety of pests and harmful diseases in crops. Biochar 

not only improves soil fertility and health, but it also promotes systemic resistance to foliar and soil-

borne plant diseases. Plant protein processing in the endoplasmic reticulum, plant-pathogen interaction, 

metabolic pathways, hormone signal transduction, phenylpropanoid/flavonoid biosynthesis, and 

photosynthesis were all activated by biochar application are among the metabolites that can be quickly 

absorbed by biochar (Zhu et al., 2021). However, when compared to activated carbon, biochar adsorbs 
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fewer of these metabolic precursors quantitatively. Biochar treatment is less disruptive than activated 

carbon throughout metabolism, according to an analysis of important chemicals in the tricarboxylic acid 

cycle and glycolysis (Hill et al. 2019). Hill et al., (2019) 's research demonstrates that biochar may be 

used as a beneficial soil additive while reducing bacterial viability. In addition, the investigations 

indicate how biochar might affect certain bacterial metabolic pathways and provide a basis for biochar's 

efficiency in soil conditioning. Certain polycyclic aromatic hydrocarbon (PAH) degraders are also 

enhanced by biochar amendment and the rhizosphere, and their combination encouraged PAH degrader 

cooperation (Li et al., 2020). Simultaneously, the functional genes involved in upstream PAH 

degradation were dramatically increased by the combined impacts of biochar and the rhizosphere. 

Second, there were significant co-occurrences between members of the soil microbial community and 

metabolites, with several PAH degraders and metabolites, such as PAH degradation products or shared 

carbon supplies, being emphasised in the networks. It demonstrates that the combined impacts of 

biochar and plant roots significantly increased the total downstream carbon metabolism of PAH 

breakdown, indicating good soil microbiome survival and contributing to PAH biodegradation. The 

combined effects of biochar and plant roots are anticipated to modify both soil carbon metabolism and 

direct pollutant biodegradation, benefiting PAH breakdown via soil microbiota. 

 

 

Figure 14: The plant-soil metabolites influences following biochar amendment. 
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Extended Abstract 

 

Due to recent environmental and health concerns about the amount of wastewaters and effluents, as 

well as its downsides, new and advanced treatment technologies have been developed. It is indeed 

necessary for environmental and economic stability, but it is also influenced by social, political, and 

environmental factors. Advanced wastewater treatment (AWT) systems are currently being studied as 

a way to target urban micropollutants (MPs) before they are discharged into receiving water bodies and 

to meet specified reuse criteria. Nonetheless, the negative contributions of these technologies must be 

minimised so that the solution to the initial problem does not lead to additional environmental impacts, 

and a tool suitable for this interpretation is the life cycle assessment (LCA), which takes into account 

the entire life cycle of these processes. Using the Life Cycle Assessment framework, this study assesses 

net environmental efficiencies for three AWTs (i) ozonation systems (air-fed and pure oxygen-fed), (ii) 

photo-fenton, and (iii) granular activated carbon. This review was also conducted to provide 

information about the above well-established advanced wastewater treatment systems.  
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1. Introduction  

Urban wastewater treatment plants (UWWTPs) enable the reuse or return of water to ecosystems, 

making it significant contributors in wastewater management sustainability. The goal of UWWTPs is 

to improve the quality of effluents that are generally discharged to water bodies, hence lowering their 

environmental impact (J. Pesqueira, Marugan, Pereira, & Silva, 2022). Nonetheless, according to the 

2018 European Waters Assessment, atmospheric deposition and effluent discharge from UWWTPs are 

the primary causes of poor chemical quality in surface waters. UWWTPs are still a major source of 

water pollution since various chemicals from industrial or domestic usage will unavoidably enter the 

sewage system and be directed to UWWTPs, where they will be discharged to surface waters if the 

treatment does not eliminate them (J. F. J. R. Pesqueira, Pereira, & Silva, 2020).  

 A proven way to address this issue is by incorporating advanced wastewater treatment such as 

(i) ozonation systems, (ii) photo-fenton, and (iii) granular activated carbon is a proven technique to 

handle this issue. Technology selection takes into account not only efficiency, but also environmental, 

social, and economic factors. To avoid problem shifting, when the goal is to lessen an impact from an 

environmental aspect, attention must be taken to ensure that the solution contributes the least to other 

environmental issues (J. Pesqueira, Pereira, & Silva, 2021). Environmental sustainability is important 

because the goal of these technologies is to reduce environmental impact; therefore, it is necessary to 

ensure that we are contributing minimally to other impacts and avoiding issue shifting. The life cycle 

assessment (LCA) tool can be used to examine potential environmental impacts, considering all phases 

from resource extraction to manufacture, usage, end of life, recycling, and final deposition (J. Pesqueira 

et al., 2022).  

 

2. Life Cycle Assessment Methodology 

The goal of LCA, which determines the possible environmental impacts of these systems on individuals 

and resources, as well as the resulting emissions throughout time starting from all phases since resource 

extraction, production, use, end of life, recycling and final deposition). Its "cradle-to-grave" method 

prevents environmental problems from being transferred from one stage of the life cycle to the next.  

 As a result, it can be used to help decision-makers establish objectives and reformulate projects 

and policies, as well as improve environmental performance. The goal of this study was to evaluate and 

compare the environmental impacts of three promising AWT systems that targeted wastewater over 

their entire life cycle by identifying their primary environmental hotspots (Risch, Jaumaux, Maeseele, 

& Choubert, 2022).  

3. LCA on Advanced Wastewater Treatment Systems 
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According to (Risch et al., 2022), on the ecosystem's quality objective, air-fed ozone and GAC are 

superior AWT alternatives than oxygen-fed ozone under the specific operating conditions in this study 

(using a French electricity mix). Air-fed ozone is by far the greatest AWT option for human health, 

followed by GAC and finally pure oxygen-fed ozone. However, these findings must be carefully 

evaluated and combined with information of local water quality issues to create an understanding of 

regionally distributed life cycle implications. 

 A review from (Foteinis, Monteagudo, Durán, & Chatzisymeon, 2018) and (Ioannou-Ttofa, 

Foteinis, Chatzisymeon, Michael-Kordatou, & Fatta-Kassinos, 2017) stated that, the impact of energy 

use for the ozonation process accounts for 28% of the overall impact, while it accounts for only 8% for 

the photo Fenton. The energy required to mix the system in the photo-Fenton process (CPC) is three 

times less than that required to produce O3 from O2. Given the area's strong solar irradiation, the 

environmental implications of energy demand could be reduced if the energy supply was switched from 

the current grid to a photovoltaic source (Arzate, Pfister, Oberschelp, & Sanchez-Perez, 2019).  

 Rahman et al. (2018) compared reverse osmosis, ozonation, and granular activated carbon and 

discovered that the latter had low toxicity and one of the lowest impacts on the global warming potential 

(GWP), ozone depletion potential (ODP), and acidification potential (AP) categories due to its low 

energy consumption (Rahman, Eckelman, Onnis-Hayden, & Gu, 2018). In contrast, when granular 

activated carbon was compared to ozonation and reverse osmosis, Li et al. (2019) discovered that 

granular activated carbon performed the worst in the categories of ecotoxicity and human toxicity 

cancer, due to its low percentage removal of micro pollutants (Li et al., 2019) 

 

4. Conclusions 

Finally, it can be stated that energy and chemical production were the primary stages responsible for 

the majority of environmental impacts. As a result, it is critical to find alternatives to the used reagents 

or their production methods, as well as to invest in cleaner energy sources. This fact also emphasises 

the importance of keeping in mind that results are heavily influenced by local conditions, such as the 

energy mix. It should also be noted that LCA is a powerful decision-making tool that provides a 

complete overview of the environmental impacts. Decisions, however, must be based on a balance of 

environmental sustainability, cost, time, available resources, social impacts, and other influential 

factors.  
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Extended Abstract 

 

The increasing emissions of gaseous pollutants of anthropogenic origin, such as carbon dioxide (CO2), 

which causes global warming, have promoted a great interest in developing and improving processes 

that allow their elimination. The Intergovernmental Panel on Climate Change (IPCC) has considered 

the capture and storage of CO2 as an option within mitigation strategies for stabilizing the 

concentration of greenhouse gases in the atmosphere (IPCC, 2005). In this sense, CO2 adsorption is 

the initial stage of this capture process, and the development of porous solid materials with high 

adsorption capacity has been the focus of the study. 

 

This work explored the obtaining of monoliths of activated carbons prepared by chemical activation 

of biochar derived from lignocellulosic residues of patula pine and eucalyptus seeds. The preparation 

of carbonaceous materials from used tires, crushed and oxidized with nitric acid was also studied. The 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

255 

 

preparation of carbonaceous materials from used tires oxidized with nitric acid was also studied. 

Thermogravimetric analysis characterized the starting solids and activated carbons by nitrogen 

adsorption-desorption isotherms, FTIR spectroscopy, Raman spectroscopy, and potentiometric 

titration. Subsequently, they were used as powders to obtain monoliths by the technique of uniaxial 

compaction and different binding agents such as starch, carboxymethylcellulose, polyvinyl alcohol, 

and montmorillonite. 

 

In the monolith preparation tests, better results were found in terms of mechanical properties obtained 

through the use of montmorillonite as a binding material. From the physical-chemical characterization 

analyses in the proximate analysis, it was found that the percentage of volatile matter for the prepared 

samples ranges between 7,766 and 12.48 and the percentage of fixed carbon between 76.55 and 91.04, 

evidencing the effect on the pre-degradation of the biopolymers containing the lignocellulosic residues 

in the impregnation stage. Regarding the textural characteristics of the activated carbons, Figure 1 

presents the N2 adsorption isotherms obtained, which are type I(b), for the solids, PP-P50-450 and ES-

P50-450 from the lignocellulosic residues patula pine and eucalyptus seed, respectively. 

 

Figure 1. N2 Isotherm 

Table 1 shows a summary of the textural characteristics of the three materials 

 

Table 1. Textural characteristics of activated carbons 

Sample 

BET DA (P/P0 < 0.1) QSDFT (P/P0 10-5-1) 

SBET 

[m2/g] 
C 

Vmic 

[cm3/g] 

Eo 

[kJ/mol] 
n 

Ancho de 

Poro 

[nm] 

VP 

[cm3/g] 

Average Pore 

Width [nm] 

ES-P50-450 1398 143 0,466 5,516 2,10 1,580 0,950 0,926 

PP-P50-450 602 234 0,229 5,823 1,70 1,540 0,413 1,701 

WTOxN450 20.1 52.2 0,005 4,606 2,00 1,680 0,072 27,04 
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The differences in textural characteristics found between activated carbons show the effect of the 

precursor material on the final properties of the solid. As for the solid obtained from tires, WTOxN450, 

no values of the high textural parameters are observed, evidencing the low attack of both chemical and 

thermal treatment. On the other hand, for the activated carbons ES-P50-450 and PP-P50-450 a 

contribution of porosity with structure with dimensions between 0.7 to 2.0 nm and a small contribution 

of pores of greater dimension between 2 and 8 nm, which allows evidence of the presence of 

mesoporous structures in the porous network of the prepared solids. About the WTOxN450 sample, a 

Pore Size Distribution (PSD) is observed with a small contribution of microporous structure with 

diameters close to 2 nm, and wide distribution of porous structures between 4 and 30 nm, ratifying the 

non-activation of the inner surface of the solid. 

 

The results of IR spectroscopy show the presence of characteristic peaks for carbonaceous solids, 

associated with functional groups such as alcohols and carboxylic acids. The presence of different low-

intensity bands around 2950-2800 cm-1 in the spectra of solids ES-P50-450 and PP-P50-450 suggests 

the existence of -CH3 or -CH2- structures of aliphatic species. At 2908 cm-1 there is a band associated 

with carboxylic acid groups, carbonyls, and chemisorbed water, these bands are not observed for the 

solid WTOxN450. The band between 1300-1000 cm-1 is assigned to structures such as ethers, epoxides, 

and phenols, also only present in solids from lignocellulosic residues. Raman spectra showed scattering 

for the prepared activated carbons. As the solids are of lignocellulosic origin, after chemical and thermal 

treatment the presence of graphene structures was observed. Activated carbons from patula pine and 

eucalyptus seeds show great potential to be applied as adsorbents, so in this work, these materials were 

used in the adsorption of CO2 at high pressures (up to 4.5 MPa) and low temperatures (<50 °C) where 

it was shown that adsorption capacity is favored, which suggests the potential use of these materials in 

CO2 capture technologies such as pre-combustion processes (Garcés, 2016). 
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Extended Abstract 

 

The inappropriate use of plastic is still an incalculable challenge that over the years has increased 

exponentially, reaching millions of tons per day (Fonseca et. al., 2017) According to the environmental 

Non-Governmental Organization (NGO), Greenpeace in Colombia "56% is single-use plastic such as 

straws, cutlery, soft drink caps or juice containers. In fact, it has been established that the country 

generates about 12 million tons of solid waste per year and only 17% is recycled". Bogotá, being the 

city with the largest population in the country, is generating around 7,500 tons per day, of which 15% 

is recycled and approximately 56% of plastic waste single-use, discarded CDs contribute an estimated 

10 tons per month, just in the Colombian capital without counting that most of this waste reaches 
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landfills, contributing even more to the environmental problem currently experienced and, in addition, 

that of the country which, according to the Ministry of Environment and Sustainable Development, the 

321 landfills in the country will fulfill their useful life in the coming years 

This work was carried out to determine the possibility of generating liquid fuels through waste generated 

by used CDs due to pyrolysis in a CO2 atmosphere. For this project, a 2k factorial design was used, with 

two response variables: final pyrolysis temperature of 400 and 600°C and heating rate of 5°C/min and 

10°C/min were found with the help of thermogravimetric analysis (Syamsiro S, et al., 2017). The 

characterization of the raw material and the compounds obtained is carried out qualitatively and 

quantitatively, through close analysis, ultimate analysis, higher calorific value, solubility in different, 

as well as identification of functional chemical groups using FTIR, and the calorific power of the 

products and starting material. The solid and liquid that showed the best physicochemical properties 

was the one that was subjected to a temperature of 600 °C, obtaining a heating value of 35809.74 and 

35969.61KJ/kg respectively, 39.438% of fixed carbon and high solubility in the ether in the obtained 

liquids, with this it is concluded that the process is mainly affected by the reaction temperature, allowing 

better results. Tables 1 and 2 show higher heating values (HHV for liquid and solid products). 

 

 

Table 1. Higher  heating value (HHV) for Liquid products 

EXPERIMENTAL 

CONDITIONS 

CALORIFIC POWER 

(kJ/kg) 

RAW MATERIAL (CD) 26054,5 

TEST 1:  400 C, 5 °C/min 26674, 6 

TEST 2: 400 C, 10 °C/min 29471,7 

TEST 3: 600 C. 5 °C/min 35636,5 

TEST 4: 600 C, 10 °C/min 35969,6 

TEST 5: 600 C, 10 °C/min 35672,1 

 

Table 2: Higher heating value (HHV) for solid products 

EXPERIMENTAL 

CONDITIONS 

CALORIFIC POWER 

(kJ/kg) 

RAW MATERIAL (CD) 26054,5 

TEST 1:  400 C, 5 °C/min 29320,2 
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TEST 2: 400 C, 10 °C/min 30941,2 

TEST 3: 600 C. 5 °C/min 35905,4 

TEST 4: 600 C, 10 °C/min 35809,7 

TEST 5: 600 C, 10 °C/min 35173,9 

 

It was possible to obtain both solid and liquid fuels from residual CD, through the process of 

thermochemical decomposition of pyrolysis. Liquid products have a calorific power that is 

approximately 17% lower than that of commercial gasoline, being an encouraging factor because 

ultimately this product could be used as an alternative fuel. On the other hand, the obtained solid also 

has interesting characteristics since it contains a calorific value close to 36 MJ/kg, making it attractive 

for its use in iron manufacturing industries as alternative coal. It was possible to obtain both solid and 

liquid fuel compounds from residual CD, through the process of thermochemical decomposition of 

pyrolysis. Liquid products have a calorific power that is approximately 17% lower than that of 

commercial gasoline, being an encouraging factor because ultimately this product could be used as an 

alternative fuel.  

The Solid obtained was activated and tested in CO2 adsorption at atmospheric pressure and low 

temperature to prove that this material is a potential adsorbent to the CO2 storage and capture process. 
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Extended Abstract 

Anthropogenic activities have caused significant generations of greenhouse gases (GHGs), where 

carbon dioxide (CO2) emissions were reportedly the highest contents among them. This necessitated 

the needs for immediate remedial actions in the mitigations of excessive CO2 concentrations, so as to 

ease the impacts of climate change. Mass carbon capture and storage (CCS) via microalgae cultivations 

have been proven prominent for its high CO2 capturing abilities, as well as its prospects of converting 

CO2 into rich contents in commercially valuable bioproducts (e.g. proteins, lipids). This fulfills the 

aspects of green industrial revolution, where microalgae cultivations can be used to address both 

environmental and economic aspects. However, current microalgae cultivation systems have yet to 

achieve the rates required for large-scale mass CCS. In order to improve microalgae growth, CO2 gas 

bubbles are often fed to sustain microalgae cultures in photobioreactors (PBRs). Studies have shown 

significant increases in microalgae growth and CO2 capturing rates with the reduction of gas bubble 

sizes to micro-size. Therefore, this paper compared the various methods in micro-sized bubble 

generations via 3 different gas spargers, where their mixing performances were evaluated. 

Introduction. Due to anthropogenic activites that involve fossil fuel burning, significant volumes of 

greenhouse gases (GHGs) released atmosphere lead to adverse environmental effects, known as climate 

change. Studies reported that GHGs generally contain more than 50% of carbon dioxide (CO2) [Pachauri et 

al., 2014]. The cultivation of microalgae has been identied as a promising mass carbon capture and storage 

(CCS) solution. This is mainly contributed by the high microalgae photosynthetic abilitles and CO2 capturing 

rates, with every tonne of microalgae being able to fixate approximately 1.83 tonnes of CO2 [Chisti, 2004]. 

The cultivation of microalgae is commonly performed in closed system photobioreactors (PBRs), as PBRs 

are able to provide better control conditions of cultivation parameters, in comparasion to open systems (e.g. 

raceway ponds). These cultivation parameters include pH, temperature, dissolved oxygen concentrations, 
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mixing mechanisms and more. It should be highlighted that mixing is one of the crucial methods to enhance 

microalgae growth. Maintaining well mixed microalgae cultures is required to evenly distribute nutrients 

and prevent cell sedimentations. Typically, gas bubbles are applied as part of mixing mechanisms in PBRs, 

as well as CO2 feeding methods. Studies have shown that the reduction of gas bubble diameters to micro-

size (i.e. less than 1000µm) would greatly enhance the dissolution rates of CO2  gas bubbles due to higher 

surface to volume ratio, hence accelerating microalgae CO2 uptake [Zimmerman et al., 2011; Pires et al., 

2017]. This acceleration would lead to higher photosynthetic rates, improved biomass productivity and CO2 

fixation rates. Therefore, this paper discusses and compares the generation of micro-sized bubbles via 3 

different gas spargers designs, namely pipe spargers, commercial spargers and customised spargers (Table 

1). This paper also highlights the key challenges of micro-sized bubble generations on the aspects of 

techincalilty, where micro-sized sparger cavities do not always produce micro-sized bubbles, as well as 

economics, where the cost of micro-sized bubble spargers will also be discussed. Hence, the outcomes from 

this paper has the prospects to provide engineering pragmatic recommendations for micro-sized bubbles 

generation for other microalgae cultivation applications, in hopes to further improve microalgae biomass 

productivity for mass carbon capture and climate change mitigations. 

Materials & Methods. The pipe spargers (PVC pipe spargers), commercial spargers (Zhongle, China) and 

customised spargers (Shinkai filter Co.ltd, China) were tested out in a 10L flat panel PBR (Figure 1), where 

the mixing performances were evaluated at air flow rates ranging 0.05 to 0.5 vvm (volumetric flow rate of 

gas aeration per unit volume of culture medium per minute), in terms of mixing time, bubble sizes and CO2 

mass transfer rates.  

Results & Discussion. It was found that only the pipe spargers were not able to generate gas bubbles less 

than 1000µm. Even though pipe spargers attained CO2 mass transfer coefficients of 13% to 38% higher than 

the commercial and customised spargers, these coefficients were achieved at higher air flow. In other words, 

high CO2 mass transfer coefficients were also attainable with both the commercial and customised spargers 

at 70% to 90% lower air flow rates, as compared to the pipe spargers. This signified that the application of 

commercial and customised spargers with comprable CO2 mass transfer coefficients at a much lower air 

flow requirement could translate into cost effectiveness in microalgae cultivations in flat panel PBRs. In 

addition, the electricity requirements during the cultivation could also be reduced by lowering the air flow 

and energy consumptions required for micro-sized bubble generations.  
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Extended Abstract: Being integral parts of electrical and electronic equipment (EEE), printed circuit 

boards (PCBs) remain as crucial e-waste streams and coarse PCB particles based value recovery 

operations could alleviate operational costs compared to the conventional hydrometallurgical route that 

employs fine PCB particles. Organic swelling mechanisms are proven effective in liberating the 

sandwiched structure of PCBs, but the underlying mechanisms are not understood in detail. Current 

work investigates organic swelling mechanisms of PCBs using dimethylacetamide (DMAc). The study 

shows the variation of swollen and delaminated PCBs fractions at different time intervals due to the 

organic swelling reaction. The swelling degree of PCBs at different time intervals is captured using a 

microscope, and noticeable cracks are observed at different sites within the multi-layered structure of 

PCBs. At the same time, the formation and distribution of delaminated PCBs components (i.e. halved 

PCBs, compound unit, copper-glass fibre cloth laminate, copper foil and glass fibre cloth) across the 

organic swelling timeline elucidates the delamination extent varies with time. The possible swelling 

mechanisms are proposed, which align with the experimental results. Hindrances that occur during 

delamination were identified, including the presence of the through-hole pins on PCBs, and those 

potentially reduce the effectiveness of organic swelling. Due to the loss of structural integrity of PCBs 

after undergoing organic swelling, it is suggested that a less energy intensive mechanical can be 

employed to separate valuable copper foils from glass fibre cloth fractions. (234 words) 

 

Introduction 

Typically, PCBs are heterogeneous in composition, comprising 40% metals, 30% ceramics and 30% 

plastics. Depending on the type and application of EEE, the metal content of waste PCBs vary, with 

mailto:saman.ilankoon@monash.edu


6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

264 

 

copper being the main metallic component. On the other hand, the non-conducting substrate is a 

composite material made up of thermosetting epoxy resin reinforced with woven glass fibre cloth (GFC). 

Brominated epoxy resin (BER) forms by adding brominated flame retardants to the epoxy resin and this 

adhesive binds metal layers and GFC together, forming the sandwiched-structure of PCBs. 

 

Various organic solvents such as dimethyl sulfoxide (DMSO), dimethylformamide (DMF) (Verma et 

al., 2016; Tatariants et al., 2017) and dimethylacetamide (DMAc) (Verma et al., 2017; Han et al., 2019) 

are explored due to the reagent regeneration ability and the successful removal of hazardous 

components (BER) from waste PCBs is reported. The high organic reagent regeneration ability is also 

examined such that the capability to dissolve BER with the regenerated DMF is almost equivalent to 

that of pure DMF (Verma et al., 2016). Recovery of the metallic fraction and the entire GFC after 

organic swelling elucidates the high recyclability rate of this method (98.5%), which also minimises 

dust generation (Yousef et al., 2020). 

 

Most of the aforementioned studies primarily emphasised on the dissolution of BER from the PCBs and 

its detection using a plethora of characterisation techniques and the re-employment of regenerated 

organic reagent after the treatment (Verma et al., 2017; Tatariants et al., 2017). The change in the 

properties of PCBs after organic swelling pre-treatment and the effect of variability in BER 

concentration on separation time due to different waste PCB streams is rarely discussed (Kang et al., 

2021). This work thus aims to study organic swelling mechanisms of waste PCBs and the potential 

development of a different organic swelling mechanism route due to the identified hindrances. 

 

Materials and methods 

Organic swelling experiments were carried out in a beaker filled with DMAc and it was heated to 160°C. 

Waste PCBs were cut into 1 cm by 1 cm pieces and these are known as coarse PCBs particles. The 

particles were then charged into the beaker when the setpoint (160°C) was reached and the experiments 

were performed with varied time intervals (i.e. 15 minutes, 30 minutes, 45 minutes, 60 minutes and 75 

minutes). The solid-to-liquid ratio was fixed at 1:10. The reaction mixture was stirred continuously at 

150 rpm using a magnetic stirrer. Once the experiment was completed, the treated PCBs were separated 

by filtration and rinsed twice with tap water. The washed PCBs were dried at 60°C for 2 hours. The 

images of treated PCBs were captured and thickness values were measured using a Vernier calliper.  

 

Results and discussion 

When PCBs are subjected to organic swelling treatment, swollen and delaminated PCBs are produced. 

An expected trend of declination of swollen PCBs fraction is observed with time, which means that the 
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swelling of PCBs will eventually leads to the delamination of PCBs. The swelling degree of PCBs in 

different time intervals is observed, evidently shown by the increased PCBs thickness. The difference 

in the coefficient of thermal expansion (CTE) of PCBs material composition (i.e. BER: 83.27 μm/T; 

copper: 18.50 μm/T) causes the expansion rate of BER to be higher than copper (Han et al., 2019). This 

exerts internal expansion force on copper, and gaps are generated during the expansion. DMAc 

penetrates through the internal structure of the PCBs and occupies the formed pores spaces, causing the 

swelling of PCBs (Han et al., 2019). As time progresses, swelling of PCBs reaches saturation (Zhu et 

al., 2013), which accelerates the delamination. Moreover, heating beyond the glass transition 

temperature (Tg) of BER (i.e. 135°C) ultimately causes the structural deformation of PCBs. 

It is worth noting that delaminated PCBs are produced at all the time intervals (15 to 75 minutes). The 

distribution of different types of delaminated PCBs components further elucidate that the delamination 

extent varies with time. 

 

Conclusion: In summary, the swelling and delamination degree of PCBs in the organic swelling 

reaction is analysed, which can be observed through the noticeable cracks under the microscope and the 

formation of different delaminated PCBs components, respectively. These findings are useful for the 

design of suitable coarse PCBs particles based metal and non-metal separation process to obtain copper 

foils and GFC streams, which is beneficial to the downstream treatment of e-waste streams.  
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Extended Abstract 

 

Microalgal biofilm is a popular platform for algal production, nutrient removal and carbon capture; 

however, it was always suffering from significant biofilm exfoliation under shear force exposure. Hence, a 

biologically-safe coating made up of algal extracellular polymeric substances (EPS) was utilized to secure 

the biofilm cell retention and cell loading on commercial microporous membrane (polyvinylidene 

fluoride). Results demonstrated that initial cell adhesion of three marine microalgae (Amphora 

coffeaeformis, Cylindrotheca fusiformis and Navicula incerta) was accelerated and enhanced by at least 

1.3 times higher than that of pristine control within only seven days. Bounded extracellular polysaccharide 

gathered was approximately 23% higher on EPS-coated membranes to improve the biofilm’s hydraulic 

resistance, whereas bounded extracellular protein would only be substantially elevated after the attached 

cells re-accommodate themselves onto the EPS pre-coating of themselves. In accounting the rises of 

hydrophobic protein content, biofilm was believed to be more stabilized, presumably via hydrophobic 

interactions. EPS biocoating would generate a groundswell of interest for biotechnology applications 

though there are lots of inherent challenges to be further investigated in future. 
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Extended Abstract 

 

Water pollution has been regarded as a global issue which not only is threatening aquatic communities 

but also distrupting the ecological balance. The critical occurence of pollution leads to the development 

of protocols for detection of water contaminants and monitoring in attempt to preserve quality of water. 

Several developed water monitoring techniques included the usage of instruments such as 

chromatography, mass spectrometry and different type of water quality sensors or biosensors could 

archive the purposes [Zulkifli et al., 2018]. However, the limited efficiency of these laboratory-based 

analytical tool in real-time water monitoring, and high cost of multiple sensors installation at monitoring 

site has inspired the employment of aquatic plants to detect water contaminants. Plants were known to 

uptake and accumulate metals from the living environment. While essential heavy metals are 

contributing in plants metabolism, excess amount of essential metals and trace amount of non-essential 

metals could negatively influence the cellular organelles and homeostasis in plants [Subpiramaniyam, 

2021]. The morphological, physiological and behaviour changes of plants after exposure to heavy 

metals were expected to reflect the possible type of heavy metals uptaked. Thus, this study intended to 

explore the possibility of detecting type and concentration of heavy metals presence in water through 

image analysis technique. Spirodela.polyrhiza used in the experiment were aseptically subcultured in 

sterilized Hoagland’s medium. To evaluate the respond of plant to heavy metal, the medium was spiked 

with 10 ppm, 5 ppm and 1 ppm of cadmium and nickel. S.polyrhiza were then transferred into the petri 

dish which contained the prepared medium. Images of the S.polyrhiza in the petri dish were captured 

every 8 hrs, consequently for 72 hrs and the obtained images were processed using ImageJ software. 

The image processing, analysis procedures and calculation models were adopted from [Tan et al.,2021] 

and figure 1 showed the simple schematic of the image analysis conducted to analyze the changes of 
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mass, chlorophyll and anthocyanin contents of S.polyrhiza. From the observation, S.polyrhiza exposed 

to 10 ppm of cadmium has negative changes of anthocyanins at first 24 hours compared to exposure at 

1 and 5 ppm. A slight reduction of anthocyanin changes was observed at 16 to 24 hours when the plant 

exposed to 5 ppm cadmium. The overall anthocyanin changes percentage of S.polyrhiza at 72 hours 

decreased with increased concentration of cadmium. However, the changes of anthocyanin in 

S.polyrhiza at 72 hours was found to be higher with greater exposure to nickel. S.polyrhiza exhibited a 

minor decrement of anthocyanin changes at different period depending on the amount of nickel it was 

exposed to. 10 ppm of nickel caused the decrement of anthocyanin changes at 24 to 32 hours while 5 

ppm of nickel reduced the anthocyanin changes at 8 to 16 hours. 1 ppm of nickel leads to increment of 

anthocyanin gradually throughout the experimented period. The chlorophyll content also an important 

indicator of the plants health.Chlorophyll contents was found to decrease at initial 16 hours and the 64th 

hours when treated with 5 ppm and 1 ppm of cadmium while 10 ppm cadmium results in decrement of 

chlorophyll at 32th and 64th hours. A fluctuation of chlorophyll content was observed in the 10 ppm 

nickel treatment for the first 40 hours. 1 and 5 ppm of nickel eventually induce reduction in chlorophyll 

at the initial stage. .In general, cadmium would stimulate the mass changes at different rate depending 

on the concentration of cadmium. The greater amount of cadmium caused a lower rate of biomass 

increment and vice versa. While 10 ppm of nickel lowered the mass of S.polyrhiza at initial 24 hours, 

1 and 5 ppm nickel showed insignificant effect on the mass at the beginning of 24 hours . Nickel and 

cadmium were found to interfere with the synthesis of chlorophyll and induce the production of reactive 

oxygen species which oxidise chlorophylls [Chen et al., 2020]. The effect of heavy metals on plants 

could manifest as stresses that could be observed from their appearance. Anthocyanins, chlorophylls 

and mass changes become significant and inituitive measure of plant responses towards the metal 

stresses. Thus, image analysis would be the potential technique to capture these information.Related 

study has presented the possibility of using S.polyrhiza to monitor nickel with high sensitivity, by 

assessing the chlorophyll content and frond number which reflected the phytotoxic responses of plants 

[Appenroth et al., 2010]. Duckweed as one of the most profound metals hyperaccumulator, known be 

outstanding, eco-friendly candidate to utilized as agent for water management, either in 

phytoremediation or water quality monitoring. The study was expected to extend the usage of 

S.polyrhiza in water management, not limited to remediate and monitor the water quality, but to provide 

accurate detection on the type and concentration of pollutants invading the water reservoir. 
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Figure 1: Simple schematic of the image analysis conducted to analyze the changes of mass, 

chlorophyll and anthocyanin contents of S.polyrhiza 
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Extended Abstract 

 

Conventional establishment of laboratory cultures of giant duckweed Spirodela polyrhiza has always 

been prepared in beakers, Erlenmeyer flasks or Scott bottles [Guo et al., 2020; Sun et al., 2020]. 

However, layering of fronds are observed in these conventional cultivation methods due to the 

limitation of surface area available which affect the efficiency of the giant duckweed in sunlight 

capturing [Ziegler et al., 2015]. Here, acrylic sheets were spray-coated with a superhydrophobic (SHP) 

wax suspension which comprised of beeswax and ethanol, where the spray-coated acrylic sheets were 

used as novel cultivation platform for S. polyrhiza. S. polyrhiza grown for 7 days in conventional glass 

jar which acted as the control and were compared to SHP suspension coated acrylic sheet (SHPA) and 

SHP suspension coated acrylic sheet with aluminium mesh centerly placed (SHPAM) at similar 

duration and cultivation conditions. The effect of cultivation methods on growth rate and biochemical 

compositions of S. polyrhiza were monitored. The biomass growth in SHPAM showed the highest 

growth with a mass gain of about 98% compared with 44% in the control. The total chlorophyll content 

of S. polyrhiza grown on SHPA and SHPAM were 1.0237 ± 0.002 mg total chlorophyll/ g fresh weight 

biomass and 1.0587 ± 0.039  mg total chlorophyll/ g fresh weight biomass, which were 1.18 times and 

1.23 times higher than the control. Hence, this study proved that the proposed method that applied 

superhydrophobic properties in cultivation of S. polyrhiza provided a larger surface area for S. polyrhiza  

to grow, which then resulted in a greater biomass production while at the same time maintaining the 

quality of the biochemical compositions of giant duckweeds.  
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Figure 15: Relative Growth Rate of Spirodela polyrhiza on Different Cultivation Methods  

 

Figure 2: Total chlorophyll content of Spirodela polyrhiza on Different Cultivation Methods  
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Extended Abstract 

 

Herbal extracts of sea buckthorn (SBT) seeds oil were prepared in n-hexane, isopropyl alcohol, ethyl 

acetate, ethanol, and methanol. The herbal extracts of SBT seed oil are being used in various fields of 

life, including health, medicine, pharmaceutics, bakeries, beverages, and cosmetics. Moreover, SBT 

seed oil has different minerals and nutrients, such as vitamin C, vitamin E, flavonoids, carotenes, 

flavanones, and phytosterols. The presence of phenolics in the SBT seeds and their herbal extracts are 
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used as an antioxidant. On the other hand, the antioxidant activity of such extracts was checked using 

the ferric chloride (FeCl3) method based on the ferric reducing ability of plasma (FRAP) assay using 

UV–Vis spectroscopy. In addition, the herbal extract of SBT seed oil is being used as an anti-aging 

agent in herbal cosmetics, medicines, and the food industries.  

 

 

Figure 16: Comparison of percent ferric reducing ability of ferric ions to ferrous ions for the 

concentration of 1000–5000 µL 

 

 

As shown in Figure 1, the antioxidant activity was observed using a ferric reducing ability of plasma 

(FRAP) assay, and the absorbance at 510 nm was assessed by ultraviolet–visible spectroscopy. The 

ethyl acetate and methanol extracts showed the maximum (68%) and minimum (62%) scavenging 

FRAP, respectively. 
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“Intelligent” development has become the new engine in modern society due to the advancement of 

information technology represented by the Internet of Things (IoT). Meanwhile, as an essential part of 

smart city construction, the urban landscape is also facing the opportunities and challenges brought 

about by the intelligent process. Smart landscapes changing the construction, operation, and 

management modes of traditional gardens can effectively improve the efficiency in landscape industry, 

realizing the digitization, networking, and intelligence of urban landscape renewal [De-Francesco and 

Angelini, 2014]. The urban street landscape is a vital component of the cityscape as it weighs heavily 

in shaping the urban image. Thus, systematic research on the construction and implementation methods 

of its intelligent system has become a significant starting point and foundation for the design and 

construction of an intelligent urban landscape [Caprotti and Cowley, 2019]. 

 

As a key supporter of the realization of smart landscapes, the construction of a landscape intelligence 

system needs to be based on the theory of systems science and take the landscape information 

interaction mechanism as the core to form a closed loop information system of “objective environment-

sensing layer-information processing layer-reaction layer-objective environment”. Meanwhile, 

combined with the needs of the street environment itself (things) and the needs of users (people), an 

intelligent horizontal system of urban street landscapes, including intelligent infrastructure, intelligent 

services, intelligent protection and maintenance, intelligent management and evaluation system can be 

built. Through the cooperative supply of the energy system and other related systems, a complete 

operation network of the intelligent system can be established(Figure 1). 
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In addition, the realization of the urban street landscape intelligent system depends on the effective 

application of intelligent technology, mainly including IoT technology, spatial information integration 

technology, virtual reality and visualization technology, etc. All stages of urban street landscape 

construction (Figure 2), from scheme design to engineering construction and maintenance management, 

shall integrate these intelligent technologies to achieve the intensive building of street space, thereby 

assisting in the provision of travel assistance, convenience service, security assurance and other 

functions on the premise of basic road operation. Meanwhile, it would ensure accurate and 

comprehensive urban street landscape design and management. 

 

Therefore, by combining smart landscape theory and urban street practice achievements and 

constructing the basic framework of urban street landscape intelligent system, a sophisticated intelligent 

mechanism based on big data and the Internet of Things shall be formed, ranging from real-time 

perception, data acquisition and analysis to response decision-making and feedback formation. At the 

same time, the interconnection and collaborative sharing of information resources enable dynamic 

monitoring and rapid response of the landscape environment, as well as precise positioning and 

interactive feedback to users, and provides efficient and flexible tools for refined street construction, 

governance and operation regarding decision-making and action-taking, all of which contribute to 

comprehensively improving the management level of urban streets and promoting the construction of a 

smart city. 
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Figure 17: Operating mechanism of urban street landscape intelligent system 

 

Figure 2: Basic street services and application of intelligent technologies at different stage 
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1. Introduction 

With the high-quality development and low-carbon construction of contemporary landscape 

architecture, the carbon system measurement and algorithm of rural landscape has become one of the 

most concerning problems in rural low-carbon quantitative research. The low-carbon village idea is 

used to structure the Carbon System Measurement Model. The Paifang Village is instanced by starting 

from the production space, living space, and ecological space, to construct the carbon system 

measurement model in the emission factor method and to quantitatively analyze the carbon system 

characteristics of the rural landscape. This helps to offer a scientific basis to rebuild rural landscape, 

how to design them, how to manage them, and how to promote high-quality rural landscape 

development while working toward a low-carbon goal. 

 

2. Methods and Formulas 

The carbon system of rural landscape is screened in conjunction with the carbon emission measurement 

method, and the carbon system measurement model is built using the emission factor method. The 

emission factor method[Holmberg et al., 2021], as a greenhouse gas emission calculation methodology, 

focuses on "energy consumption type" and may be utilized well in the rural landscape 

setting[Srinivasarao et al., 2016]. 

 

Taking Paifang Village as an example, the measurement object and scope are immediately evident. The 

scope of production space, living space, and ecological space in rural landscape are then recognized in 

order to analyze their landscape resources.The list of carbon sources and sinks in the rural landscape is 
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derived from the IPCC's list of emission sources[Paustian et al., 2006]. The list's specific contents 

include 3 types of space systems, carbon source and sink objectives, 8 types of rural landscape, 21 types 

of carbon source and sink factors, and 29 activity level data. In the end, the basic formula(1) and 

integration formula(2.3.4) are applied for carbon system measurement based on the contents of the list. 

The data comes from CAD and remote sensing data, relevant energy statistics websites, statistical data 

from the rural administrative department, and field surveys. 

Carbon emission: aa kEC            (1) 

Carbon emission in production space:   kkkbbaa HQESC p    (2) 

Carbon emission in living space:   ggiiiiccl SYMVEC       (3) 

Carbon uptake in ecological space:   jje SC        (4) 

 

3. Results and Discussions 

The model measurement results are used to create a histogram(Figure 1) concerning carbon emissions 

in rural landscape, and GIS software is used to create a three-dimensional spatial carbon emission 

map(Figure 2). The findings of the study represent the peculiarities of Paifang Village's carbon system. 

When it comes to carbon emissions, the emphasis is on energy consumption in the service industry and 

residential buildings, with buildings taking up the most space and traffic taking up the least. In terms of 

carbon sink, it is low overall, with the tea plantations serving as the primary carrier of the carbon sink. 

The overall performance is of the “high-source low-sink type”, in which the carbon source is 

concentrated in the living area, with little land but a high carbon source coefficient. Although there is a 

lot of carbon sink space, the carbon sink coefficient is low since tea plantations make up the majority 

of it. 

The carbon emissions of rural landscape are calculated using categorization, and the net carbon emission 

measurement findings represent the carbon system features of the target village. Meantime, it's 

important to note that the accuracy of basic data has a big impact on the results of the analysis due to 

the complexity of rural landscape. Carbon emission activities are also affected by changes in population, 

industrial development, and land change, and the resulting conclusion is often volatile because low 

carbon is procedural, complex, and dynamic. 
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Figure 1: The Histogram of Carbon Emission(Uptake) 

 

Figure 2: The 3D Spatial Carbon Emission Map 
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Extended Abstract 

 

Pakistan is the 7th most vulnerable country to climate change. There is a dire need to manage the risks 

to sustainable agriculture in an environment threatened by climate change. Soil is a limited resource, 

and stresses such as drought, salinity, and heavy metal decrease agricultural productivity day by day. 

Agricultural chemicals are causing physicochemical and biological soil deterioration and disrupting 

agro-ecosystems all over the world. Concerns about soil and environmental health are prompting 

interest in alternative eco-friendly techniques. Different biomasses  are bio-converted into value-added 

bio-fertilizers using beneficial microorganisms for direct application in fields. We aimed to check the 

potential of Plant Growth Promoting Rhizobacteria and various modified biomasses as effective soil 

amendment techniques for improving plant growth under predicted climatic change's abiotic stresses. 

Experiments were conducted to isolate and characterize stress-tolerant Rhizobacteria and check their 

mitigation potential. Modified biomasses like compost, biochar, and bio-organic fertilizer were used as 

soil amendments techniques. Various morphological, physiological, biochemical, growth and 

productivity parameters were studied. Microbial strains were isolated from the stressed region. The 

identification of isolated microbial strains was carried out by physiochemical and 16s rDNA 

sequencing, whole genome sequences, and phylogenetic analysis. Stress tolerance and different plant 

growth-promoting traits of isolated strains were evaluated under normal and stressed conditions. 

Inoculation of seeds with PGPR, compost, biochar, and bio-organic fertilizer improved all growth and 

productivity parameters, increased nutrient status, and improved osmolyte production and hence helped 

survival and growth under stress conditions. Building our understanding of the interdependence of 

micro-organism communities, soil nutrient status, and plant health will be necessary for understanding 

climatic effects on soil health and plant growth.  
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In recent decades, polymers have become essential to modern society. On the other hand, the inadequate 

treatment of these materials in the post-consumption stage makes them important precursors of 

environmental impact. In this way, the reintegration of polymers in the various production chains has 

become necessary to reduce the consumption of resources (mainly of fossil origin), generate emissions, 

and leverage circularity. Polyethylene terephthalate (PET) is a polymer regularly applied for processing 

one-way consumption goods, and so it’s usually discarded in expressive amounts into the environment. 

Integrating this practice with modern technologies, such as additive manufacturing (AM), could result 

in an effective strategy in the search for sustainable development if, in fact, this arrangement showed 

satisfactory results in terms of technical and environmental performances. The challenge in technical 

terms would be to manufacture products derived from PET with mechanical resistance as high as those 

obtained from Acrylonitrile Butadiene Styrene (ABS), a polymer for which AM achieves better results. 

In addition, the scheme would be considered environmentally satisfactory if it achieved a lower level 

of environmental impacts than a production cycle established from crude oil.  

This study explored the perspective by proposing a sequence of processes for producing a cell phone 

holder via additive manufacturing and using PET resin recycled from beverage bottles. The technical 

performance of the process was verified from the properties of the product obtained, which were 

characterized by the techniques of Differential Scanning Calorimetry (DSC) and Thermogravimetric 

Analysis (TGA), Rheology (IV: Intrinsic Viscosity), and Mechanical Strength. The environmental 

performance was measured by the Life Cycle Assessment (LCA). As the production chain includes the 

recycling stage, the LCA technique was applied according to an open-loop recycling (OLR) approach. 

 

Backgrounds: Open-looping recycling (OLR) 
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A system is classified as OLR if a product that is no longer able to perform its original function can be 

treated by recycling practices to replace virgin raw materials in the manufacture of another consumption 

good, whose function is (necessarily) different from that performed by the predecessor. Modeling an 

OLR system involves dealing with multifunctional situations; this means deciding how to distribute all 

the environmental burdens among their functions. The literature describes six procedures for treating 

multifunctionalities in OLR systems; nevertheless, the Cut-off practice used to be the most adopted 

alternative. According to this approach, the environmental burdens associated with fulfilling the first 

function will exclusively be attributed to it. On the other hand, consumption and emissions generated 

from the collection of material to be recycled until the second product's final disposal are integrally 

attributed to the next function. The Cut-off practice was also selected to treat the multifunctional 

situation in the present case study. Thus, the environmental performance associated with the cell phone 

support started to be measured from the collection of used PET bottles used in its manufacture. 

 

Life Cycle Modeling 

LCA was applied under the attributional approach for an OLR-type system and following the normative 

guidelines of ISO 14044. The Reference Flow (RF) was established as the manufacture of a cell phone 

support (30.12g). In addition, obtaining resins from recycled PET, filament production, and additive 

manufacturing were described by primary data. The product system is described in Figure 1 (system 2), 

and the impact assessment considered the Global Warming Potential (GWP) and Primary Energy 

Demand (PED) categories. 

Figure 18: Schematic representation of the product system 

 

Results and Discussion 

The technical performance of the resin obtained from recycled PET, the extruded filaments, and the cell 

phone support are shown in Table 1. The results were equivalent to those registered in the literature for 
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virgin and recycled polymers (mainly ABS) for commercial use. This finding confirms the compatibility 

of recycled PET with the intended application of the product. 

 

Table 1: Technical performance of prototype obtained by AM from recycled PET resin 

Analysi

s 
Thermal 

Rheolo

gy 
Mechanical 

Sample 

TGA DSC IV Tensile Test 

𝑻𝒐𝒏𝒔𝒆𝒕  

(℃) 

Resid

ual 

mass  

(%) 

𝑻𝒎𝒂𝒙  

(℃) 

𝑻𝒈 

(℃) 

𝑻𝒎  

(℃) 

∆𝑯𝒇 

(J/g

) 

𝑿𝒄  

(%) 

η  

(𝒅𝑳
𝒈⁄ ) 

Tensile 

strengt

h  

(𝑴𝑷𝒂) 

Module

s 

elasticit

y  

(𝑴𝑷𝒂) 

Failure 

strain  

(%) 

Pellet 391 21.2 481 86.0 246 55.4 39.6 0.803 - - - 

Filamen

t 
398 20.1 493 87.1 248 48.2 34.5 0.667 - - - 

Prototy

pe 
395 18.8 491 87.7 248 50.1 35.8 0.622 

37.7 ± 

5.60 

771 ± 

29.4 

7.64 ± 

1.50 

 

Table 2 compares the environmental performance of obtaining the prototype by the conventional route 

(from virgin input) with that achieved by recycled PET resin in terms of GWP and PED. The results 

showed the supremacy of the OLR arrangement over its congener mainly due to the low impacts of 

pellet production compared to the synthesis of virgin PET from crude oil. However, the high energy 

demands associated with extrusion and additive manufacturing are limitations that need to be addressed 

to practice the process on a commercial scale. 

Table 2: Environmental performance analysis of the OLR process 

Scenario 
Impacts (/ RF) 

GWP (gCO2 eq) PED (MJ) 

Conventional (from crude oil) 488 50.4 

OLR (Cut-off) 351 13.8 
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Urea (CO(NH2)2) is the most produced N-fertilizer worldwide, reaching 181 Mt in 2020, after growing 

by more than 17% in a decade. This evolution is justified by its high capacity to supply nitrogen to 

different crops, regardless of cultivation conditions and soil type, and the fact that it is used as input to 

produce complex NPK. Therefore, urea has become one of the central pillars of support for global 

agribusiness from an economic point of view. On the other hand, its typical synthesis route largely 

depends on non-renewable resources to produce raw materials and inputs and generate thermal and 

electrical energy. In addition, Greenhouse Gases (GHG) are emitted into the air due to these operations. 

This situation motivates the search for arrangements for obtaining urea that reduce the incompatibilities 

between the economic and environmental perspectives. An alternative being explored in this field is the 

production of ammonia (NH3) via biomass gasification. In theory, this approach reduces the influence 

exerted by natural gas on the original process and emits CO2 biogenic, i.e. neutral. The use of sugarcane 

bagasse as a source of biomass for this process opens up an optimistic perspective for Brazil since the 

country is the world's leading producer of that agricultural commodity. Another possibility is to use less 

energy-intensive technologies to generate CO2 in conditions to be used as an input in the production of 

CO(NH2)2. This study follows this path by verifying the effect of alternative NH3 and CO2 production 

routes on the global environmental performance of urea synthesis. Because of the holistic nature of the 

analysis, we decided to apply the Life Cycle Assessment technique to carry out the estimates. 

 

Synthesis of Urea 

The typical route of urea synthesis consists of the Bosch–Meiser process, a mechanism established from 

two equilibrium reactions that occur in series. In the first one (fast step), NH3 reacts with CO2 under 

extreme conditions (160°C and 110 atm) to form ammonium carbamate: 

𝑁𝐻3(𝑙)   +   𝐶𝑂2(𝑔)    ⇌    𝑁𝐻4𝐶𝑂2𝑁𝐻2   +   117
𝐾𝐽

𝑚𝑜𝑙
 

mailto:luise.martins@usp.br
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In the next (slow) step, the dehydration of the carbamate occurs when it is subjected to high 

temperatures (160 – 180°C), giving rise to urea 

𝑁𝐻4𝐶𝑂2𝑁𝐻2   +   15.5
𝐾𝐽

𝑚𝑜𝑙
   ⇌    𝐶𝑂(𝑁𝐻2)2   +   𝐻2𝑂 

 

Description of scenarios 

This analysis was performed for three possible scenarios (S1 – S3) for obtaining the raw materials used 

by the Bosch–Meiser process to manufacture urea (Table 1). In S1, ammonia is produced from the 

reaction between N2 in the air and H2 from steam reforming of natural gas (Haber–Bosch process). The 

CO2 consumed during urea manufacturing arises as a by-product during the production of NH3. 

For S2 and S3, the NH3 is the product of the reaction between syngas and methanol (CH3OH). Syngas 

is provided by sugarcane bagasse gasification in an entrained flow reactor (EFG) using air as a gasifying 

fluid, and CH3OH is obtained from the interaction between CO and H2, also processed from natural gas. 

The CO2 used in S2 is contained in the waste gas from various processes and must be concentrated and 

compressed before feeding the reactor where the (NH2)2CO is obtained (looping urea). This treatment 

comprises two stages: (i) CO2 extraction from the gas stream by contact with monoethanolamine (MEA: 

15 – 20%w/w) and (ii) contaminant removal (including MEA) until the final product reaches 99%v/v CO2. 

The CO2-rich gas is liquefied by compression (675°C and 150 bar) before entering the urea synthesis 

plant. Carbon dioxide consumed in S3 is also recovered from the gas released from the urea loop reactor. 

Table 1: Sources of NH3 and CO2 consumed in urea synthesis via the Bosch-Meiser process 

Scenario Source of NH3 Source of CO2 

S1 
Haber-Bosh process 

(H2: steam reforming) 

Bosch-Meiser process 

(extraction with MEA) 

S2 
Syngas 

(Gasification of sugarcane bagasse) 

Waste gas 

(extraction with MEA) 

S3 
Syngas 

(Gasification of sugarcane bagasse) 

Bosch-Meiser process 

(extraction with PSA) 

 

The stream, originally containing 66%v/v of CO2, circulates through a pressure swing adsorption (PSA) 

unit, until the concentration of carbon dioxide exceeds 95%v/v. As occurs in S2, the CO2 stream is also 

compressed before its reinjection into the reactor.  

 

Life Cycle Modeling 

The application of the LCA technique followed methodological guidelines described in the ISO 14044 

standard for the attributional modality. The analysis occurred for a scope from cradle to gate and 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

292 

 

considered a Reference Flow (RF) of '1.0 kg urea, fertilizer grade'. The use of process simulation to 

specify each scheme made the environmental modeling based only on secondary data. Furthermore, the 

multifunctional situations identified in each arrangement were treated by allocation based on physical 

criteria. Only Global Warming Potential (GWP) and Primary Energy Demand (PED) impact categories 

were evaluated in this study. Such effects were chosen because they corroborate the expectations of the 

research, to reduce the consumption of fossil assets and the emissions of GHG. 

 

Results and Discussion 

Table 2 presents the environmental performances of GWP and PED for the synthesis of urea from the 

arrangements depicted in scenarios S1 – S3. These results indicate that for PED, the fossil route is more 

suitable than the alternative processes. The impacts of S1 originate from the consumption of crude oil 

(13.2 MJ/RF) for heavy oil production, an input of NH3 synthesis via steam reforming of natural gas. 

In addition, 8.1 MJ/RF is caused by natural gas burning (also) to generate the heat that keeps the Bosch-

Meiser process at 160°C. S2 and S3 were surpassed by S1 due to the consumption of natural gas in the 

CH3OH plant, as this is both a process input and a source of utility (0.43 m3 and 16.4 MJ/ kg CH3OH). 

 

Table 2: GWP and PED impacts from urea synthesis from different sources of NH3 and CO2 

Impact  

Category 

Unit  

(/RF) 

Scenarios 

S1 S2 S3 

GWP kg CO2eq 2.48 1.85 1.51 

PED MJ 24.8 50.9 51.9 

 

The study also shows that using NH3 derived from sugarcane bagasse gasification and CO2 recovered 

from the process reactor via PSA brings gains for GWP. The common contributions of S3 and S2 to the 

category are due to CO2 emissions in the urea loop reactor and the synthesis of ammonia (382 and 154 

gCO2 eq /FR), and the releases of GHG for heat supply from CH3OH and (NH2)2CO (412 and 374 g CO2 

eq/RF). However, their performances differ because the energy demand of PSA is almost three times 

less impactful for GWP than the thermal demand required by the MEA system. Finally, the performance 

of S1 in GWP is deeply affected by carbon dioxide emissions from steam reforming (1.46 kg CO2 eq/kg 

NH3) and, once again, by the thermal demand of the Bosch-Meiser process.  
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Extended Abstract 

Background: Increased concern about environmental contamination by heavy metals that affect 

human health via food chain have led to necessity for developing new strategies to overcome such 

problem. Therefore, it is essential to identify the exact mechanism of heavy metals from the soil on 

seeds characteristics. Current investigation aimed to study the effect of lead (Pb) and cadmium (Cd) 

on the germination of Calligonum comosum seeds under laboratory conditions via physiological and 

molecular parameters. To address our goal, treatments were performed by germinating C. comosum 

seeds in Petri dishes and irrigating them separately with solutions of lead and cadmium at 

concentrations of 25, 50, 75 and 100 μM/L for a period of three weeks. Consequently, germination 

percentage and speed were calculated as well as protein profiles of seeds treated with heavy metals 

were examined by SDS-PAGE. Further influence of heavy metals on antioxidant enzymes catalase 

(CAT) and Beta subunit of ATP (AtpB) activities was assessed. The germination percentage and 

speed of C. comosum seeds were affected by both treatments and reduced in dose dependent style. 

SDS-PAGE analysis indicated that, exposure to both metal types led to the disappearance and 

degradation of some protein compared to untreated controls. Furthermore, western blot analysis 

indicated that the activity of catalase and beta subunit of ATP in the seeds were induced under Cd and 

Pb stress conditions. Treatments of C. comosum by Cd and Pb enhanced protein degradation and 

denaturation beside oxidation stress leading to reduction in seeds viability and therefore, seed 

germination and speed were reduced. It was also approved that oxidoreduction proteins and those 

involved in ATP synthesis were enhanced in C. comosum as response to Cd and Pb stress which 

might be a mechanism for seeds to tolerate heavy metal stress. 
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Abstract 

As an attractively nature-based wastewater treatment method and has been popularly applied for a wide 

range of effluents, but not mesocosm-scale constructed wetlands (CWs), pilot or full-scale CW with a 

large surface area and long operation time are more meaningful in real applications. This work 

compared kinetics, linear regression (LR), and machine learning (ML) models to forecast effluent 

ammonium (NH4ef) in pilot or full-scale CWs. From screening 1476 papers, 24 pilot and full-scale CW 

studies were selected to extract data - contains 15 features and 975 data points. Nine models fitted such 

data, and the results disclosed that linear models were not capturing CW’s effluent well compared to 

non-linear ML algorithms. For training data, Monod kinetic model predicted the worst with RMSE of 

41.84 mg/L and R2 of 0.34, followed by simple LR (RMSE 24.29 mg/L and R2 0.77) and multiple LR 

(RMSE 22.63 mg/L and R2 0.80). Meanwhile, Cubist and Random forest (RF) achieved high 

performances with 12.01±5.38 in RMSE & 0.93±0.07 in R2, and RMSE of 15.94±10.69 and R2 of 

0.91±0.08, respectively. For new data, trained RF performed the best in predicting NH4ef, with R2 of 

0.93, RMSE of 13.48 mg/L and mean absolute percentage error of 0.38%. Thus, RF is recommended 

for forecasting effluent ammonium concentration in CW.  

Graphical abstract 
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Extended Abstract 

The progress of research done on biomass waste-derived carbon materials for air electrodes used in 

metal-air batteries were reviewed in this report. This report also aims to provide greater understanding 

as well as to identify the strength and challenges of metal-air batteries (MAB), biomass wastes as 

precursor and the synthesis steps of carbon materials from biomass wastes as well as to propose several 

research routes for the shortcomings of carbon material synthesis from biomass wastes. MAB is a 

promising energy storage technology due to its favorable features compared to the conventional lithium-

ion batteries (LiB) such as high theoretical energy density, lower cost and safer characteristics (Chen et 

al. 2020). However, MAB is rarely applied commercially due to the sluggish reaction kinetics and mass 

transfer of the discharge products at the air cathode. The performance of a rechargeable metal air battery 

is mainly influenced by the Oxygen Reduction Reaction (ORR) as well as the Oxygen Evolution 

Reaction (OER) at the air cathode during the discharge and charge process, respectively (Lee et al. 

2016). Figure 1 illustrates the transfer of ions and charges during charge and discharge. 
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Figure 19 Movements of ions and charges during MAB mechanism 

The practical use of MAB was hindered due to the absence of a stable and active bifunctional 

electrocatalyst. To date, the most commercially implemented catalysts for ORR and OER are the Pt-

based catalysts, RuO2 and IrO2, respectively. These materials are costly, limited and have inferior 

stability which hindered MAB from being used commercially (Zeng et al. 2020). Carbon materials were 

found to be able to perform as an electrode material with its porous structure while acting as a catalyst 

towards the charge-discharge reactions (Zhu & Xu 2020). Carbon nanotube (CNT) has advantageous 

propeties as an electro-catalyst material for air cathode but it is not commercially implemented due to 

its high cost. Hence, it is desired to find a cheaper and comparably efficient alternative electro-catalyst 

material as an air electrode for MAB. Due to its abundance and renewability, biomass wastes have great 

potential as low-cost and sustainable precursors to synthesize carbon materials while achieving waste 

reduction. Biomass wastes are generally composed of carbohydrates and polysaccharides in which they 

can offer several elements such as carbon, phosphorus, nitrogen and sulfur at the same time which 

enables the synthesis of carbon materials and heteroatom doping simultaneously. The synthesis of 

carbon electrocatalyst from biomass waste usually include but not limited to pretreatments, 

carbonization, activation and doping. Table 1 summarizes the purposes and additional information of 

each synthesis steps (Zhang et al. 2020). 

 

Table 10 Purpose and Method of Individual Synthesis Steps 

Steps Purpose Method 

Pretreatment Remove impurities and 

moisture as well as size 

reduction.  

Washing with water, drying in oven or under 

sunlight, grinding or milling. 

Carbonization Decompose precursor into 

heteroatoms. Affects physical 

Pyrolysis  

- inert condition at temperature above 450°C 
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and chemical properties of the 

carbon including pore size, 

structure and elemental 

content 

 

Hydrothermal 

- in liquid medium within a high-pressure vessel 

at 150 to 250 °C and 30 minutes to 30 hours 

- sometimes implemented as a pretreatment step 

before pyrolysis 

Activation Increased surface area as well 

as adjustable pore size and 

distribution 

Physical Activation  - steam or CO2 purging at 

high temperature 

Chemical Activation - KOH, H3PO4, ZnCl2 

impregnation 

Heteroatom 

and metal 

doping (N, P, 

S, Si, etc) 

Improve the catalytic activity 

by modification in charge 

distribution and defect 

formation. 

Commonly carried out through pyrolysis of 

carbon material with compound containing the 

desired elements. 
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Extended Abstract 

Despite the exponential growth in the development and application potential of engineered nanomaterials, 

there are safety concerns surrounding their wide exploitation. In recent years, numerous scientific 

investigations have been performed to evaluate various kinds of nanoparticles impact on organisms and cells. 

However, information on the toxicity of nano-sized resin cyanoacrylate particles (PACA-NPs) is still 

limited. It is well-known that PACA-NPs are instable and decompose easily to produce cyanoacetate and 

formaldehyde. Recent study showed that ethyl cyanoacrylate nanoparticles (ECA-NPs), one of PACA-NPs 

studied, induced significant mortality in wide range of organisms, bacteria, yeast, and microalgae. The 

growth inhibitory effect of PACA-NPs on microorganisms was distinguished by monitoring microbial 

growth in the presence and absence of nanoparticles. Effect of ECA-NPs have been analyzed on agar plate 

in liquid medium against Gram-positive bacteria (Bacillus subtilis, Brevibacillus agri, Microbacterium 

aurum, Propionibacterium acnes, Staphylococcus aureus), Gram-negative bacteria (Escherichia coli, 

Klebsiella pneumoniae, Pseudomonas aeruginosa, Salmonella typhimurium, Serratia marcescens), yeasts 

(Saccharomyces cerevisiae, Schizosaccharomyces japonicas, Schizosaccharomyces pombe), and a 

microalga (Chlamydomonas reinhardtii). We found some microorganisms are more susceptible to ECA-NPs 

than others. Among the tested microorganisms, Gram-positive bacteria (Bacillus subtilis, Microbacterium 

aurum, Staphylococcus aureus), Gram-negative bacteria (Escherichia coli, Salmonella typhimurium), yeast 

(Schizosaccharomyces japonicas) were the most susceptible to ECA-NPs. Addition of N-acetyl Lcysteine, 

a reactive oxygen species (ROS) scavenger, significantly reduced the effect of the nanoparticles, regardless 

of the exposed organisms or species of the nanoparticles. This fact suggests that PACA-NPs induce cell 

death or tentative cell growth inhibition by inducing the generation of excessive amounts of ROS in the cells. 

The results of this study could help to develop environmental standards and regulations for PACA-NPs 

applications. 
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Extended Abstract 

 

More aggressive reservoir conditions, such as the higher concentrations of CO2 corrosive gases, have a 

massive effect on corrosion. Moreover, the presence of additional aqueous species such as organic acids 

has complicated the conditions and enhanced corrosion to the maximum rate. This study investigates 

and screens three commercial corrosion inhibitors on their performance in mitigating corrosion in high 

CO2 conditions with the presence of organic acids. These investigations were conducted via chemical 

elucidations to study the functional groups present in the compounds that affect the inhibition 

performance and the electrochemical measurements to evaluate the inhibition activities and efficiency 

of these commercial inhibitors under the extreme conditions of high CO2 and organic acids. The results 

indicated that only two of these three inhibitors gave a high inhibition efficiency of 90% in the absence 

and presence of organic acid, while the other gave the worst inhibition performance under these 
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conditions. The elucidation of these inhibitors also found that specific functional groups such as 

hydroxy, carboxylic acid, alkyl and alkene presence in the structure were believed to affect the 

inhibition performance of these commercial inhibitors in mitigating corrosion. These could be used as 

a future reference for the new development of corrosion inhibitors in similar conditions. 
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Extended Abstract 

 

Corrosion can cause a major failure to the pipelines and destroy the transportation systems in  the oil & 

gas industry. The addition of corrosion inhibitors (CI) was the most promising method  in reducing the 

corrosion rate of the metal surface in the pipelines. The development of a new CI molecule becomes 

the primary problem between researchers due to the lack of an in-depth  investigation on the CI 

molecule's mechanism as a corrosion inhibitor. Hence, in this study,  density functional theory (DFT) 

calculation and molecular dynamics (MD) simulation was  used to do an in-depth study on the inhibition 

mechanism of quaternary ammonium surfactant  CI molecules with a different chain length (C6, C8, 

C10, C12, C14, C16, and C18) in the  presence of 1 m HCl and 500 ppm acetic acid on the Fe (110) 
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metal surface. Results from DFT  calculation showed that all surfactant CI molecules have good 

inhibition properties where the  ammonium groups (N+) act as a reactive centre to donate electrons to 

the metal surface with  low band-gap energy (1.26 eV). In the MD simulation, C12 showed the most 

promising CI molecules with high adsorption energy and binding energy value, low diffusion 

coefficient  towards the corrosion particles and randomly scattered at low concentration that give better  

adsorption towards the Fe (110) metal surface. The inhibition efficiency of all CI molecules based on 

computer modelling data and the success of an in-depth study on the theoretical  understanding of 

quaternary ammonium surfactant CI molecules in the acidic medium  corrosion system towards metal 

surface could be used as the future development of new  surfactant CI molecules with ammonium-based 

functional groups. 
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Extended Abstract 

Leachate from landfills is known to be one of the major environmental impacts, particularly those 

constructed near rivers. Therefore, this study is conducted to assess the impact of discharged leachate, 

using SL Landfill and Sembilang River as the case study. Solid waste generated served as input data on 

volume and composition of the solid waste that was sent to SL Landfill. A material flow analysis (MFA) 

is employed to trace the fate of solid waste that has been disposed and leachate that is produced at SL 

Landfill using STAN software. Six parameters in Water Quality Index (WQI), viz. DO, pH, BOD, COD, 

NH3N, TSS were used to define the quality of the river water. A total of 80 water samples were collected 

monthly for 1 year from 10 sampling stations. In order to predict and assess the pollutant transport in 

Sembilang River basin, QUAL2K was used as a simulation model. Water quality parameters (DO, BOD 

and NH3-N) were chosen to model the impact from the SL landfill effluent towards Sembilang River. 

The findings showed that the highest composition of waste that was present at the landfill can be 

categorized as food waste with 32% of the total waste input. Results from the MFA model showed that 

the amount of leachate generated from SL landfill was 123,386 m3 /year. The finding had also 

successfully identified the input and output flow of SL Landfill, with an overall input values of 948,505 

ton per year and the output at 393,292 ton per year. From 3 different possible scenarios that were chosen, 

results from the MFA showed that composting was the most effective method in terms of reducing 

leachate production in SL Landfill which expected to reduce leachate production by up to 92%. The 

Sembilang River water quality results show that it falls in Class III of the WQI, which ranges from 
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43.46 to 68.03 mg/L. Different water quality model scenarios were simulated in order to assess the 

pollutant transport on the Sembilang River water quality and it was found that the effects of different 

scenarios for water quality parameters were particularly noticeable for DO and BOD. However, for the 

NH3N parameters there were no significant change and had remained in Class IV and V. This was due 

to the high NH3N concentration from a few points along the river. These findings showed that the MFA, 

water quality assessment and modeling were found to be the best methods to predict and analyzed the 

composition of waste to the leachate production and the effect to the river water pollution. 
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Extended Abstract 

 

Recent studies demonstrate outstanding electrochemical activity and better electrical conductivity of binary 

metal nickel cobaltite (NiCo2O4). NiCo2O4 exhibits good material stability and higher electronic 

conductivity, at least two orders of magnitude higher than its single-component metal oxides NiO and Co3O4. 

These metal oxides also show impressive potential as composited based materials for fuel cell application 

and can be synthesized through various methods.  

 

Introduction: With the rapid depletion of fossil fuels due to colossal energy demand and environmental 

pollution, there is a critical effort to develop green and sustainable electrochemical energy conversion 

devices. Among the various energy conversion system, a fuel cell has gained significant interest as it 

produces low-to-zero emissions, high efficiency coupled with high energy density (Fang et al. 2020). 

However, the major obstacle that hinders its commercialization comes from the high material cost for its 

components. Hence, the exploration of low cost and high-performance materials has been actively carried 

out in recent days by utilizing non-noble materials with high catalytic activity such as low-cost binary 

transition metals like NiCo2O4. Various synthesis methods like electrodeposition, precipitation and 

hydrothermal were reported to prepare different morphological nanostructures NiCo2O4. Assembled from 

several levels of structure, 3D nanostructures possess outstanding properties compared with 1D and 2D 

nanostructures in terms of material stability and electrochemical performance due to larger specific surface 

area (Li et al. 2019). 
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NiCo2O4-based composites materials As single NiCo2O4 suffers from poor redox reaction and stability issues 

that lead to low performance, combining it with other materials like carbon, metal and conducting polymers 

seems to overcome the disadvantages of individual components. For example, Narayanan and Bernaurdshaw 

had developed highly active hybrid materials of reduced graphene oxide (rGO) supported NiCo2O4 

(NiCo2O4/rGO) nano-rods as electrocatalyst for methanol oxidation reaction (MOR). The morphologies and 

microstructure of NiCo2O4/rGO were elucidated by SEM, as shown in Figure 1(a). This composite showed 

3.11 folds (78 mA/cm2 ) and was nearly 50 times higher in electrocatalytic activity and stability, 

respectively, compared to commercial catalysts (Narayanan & Bernaurdshaw 2020).  

The resulting functional hierarchical nanostructures contribute to a more high level of electrochemical 

performance, as reported by Gopalakrishnan and Badhulika. They had synthesized unique hierarchical dahlia 

flower-like NiCo2O4 nanograss/NiCoSe2 nanosheets on Ni foam (NCO/NCS/NF) as bifunctional binder-free 

electrodes for high energy density hybrid supercapacitors and methanol electro-oxidation applications. The 

as-synthesized nanoflowers NiCo2O4 and NiCoSe2 nanosheets are uniformly grown on a substrate by 

electrodeposition technique. The nanoflowers NiCo2O4 and NiCoSe2 nanosheets are very thin, which can be 

observed in the magnified images of Figure 1(b). Impressively, the electrochemical test reveals that the 

obtained hybrid exhibited good specific capacitance and stability as supercapacitor electrode and high 

tolerance toward methanol oxidation and current density as fuel cell electrocatalyst (Gopalakrishnan & 

Badhulika 2021).  

 

Conclusion: Notably, NiCo2O4-based materials are widely used on energy storage applications like 

supercapacitors based on a higher number of past publications. However, very few studies on this material 

in fuel cell applications are limited to electrocatalyst and electrode synthesis. NiCo2O4-based composite 

materials can be extensively used on other fuel cell components such as PEM due to their potential and 

performance in electrocatalysts and electrodes. Different morphologies can be synthesized to yield the best 

performance based on different applications in fuel cell. Besides that, the approach of fabricating hybrid 

materials composites by combining different materials has been proved to be a promising strategy to boost 

the electrochemical performance of NiCo2O4. 
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Extended Abstract 

 

Perovskite solar cell (PSC) is a type of solar cell that converts sunlight to electricity, which is called the 

third generation solar cell. It uses a perovskite structured material such as methylammonium lead iodide 

(CH3NH3PbI3) as the light harvested layer (Khalid et al., 2022; Kumary, 2022). Figure 1 shows the 

example of a complete cell of a PSC. According to (Wu et al. 2021), PSC appeared to be the fastest 

progressing solar cells in terms of power conversion efficiency (PCE) since their first development in 

2009 from 3.1% to 25.7%. PSC has the potential to be commercialized in large scale in the future since 

it requires low material cost, easier to manufacture and the flexible device compared to silicon based 

PV cells (Kukkikatte Ramamurthy Rao et al., 2021; Seri et al., 2021).  
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Figure 1: The Example of Complete Cell of a Perovskite Solar Cell (Krückemeier et al., 2021). 

 

For a PSC device, the properties to compare performance and effciencies involves open- circuit voltage 

(VOC), short-circuit current (ISC) and fill factor (FF) (see Eq.1).  

 

𝑃𝐶𝐸 =  
𝐼𝑆𝐶 𝑉𝑂𝐶𝐹𝐹

𝑃𝑖𝑛
 

 

Where 𝑃𝑖𝑛 is 1000W/m2 from sunlight. 

 

The barrier between the layers’s interface and the presence of grains remain the dominant factors that 

affect passage of the charge currents in a PSC device (Hu et al., 2020). The defects in the interface 

between layers caused the tranfer of electrons become inefficient. Therefore, addition of biomaterial 

based passivation such as cellulose is required to increase the device’s efficiency (Gao et al., 2018; 

Yang et al., 2019). This study compares the PCE of PSC using three different perovskite layers. The 

PSC layers investigated were standard (no passivation), ethyl cellulose (EC) passivated and poly 

(methyl methacrylate) passivated perovskite layers (see Figure 2). 
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Figure 2: The Current Density Plotted with Respect to The Voltage for Non-passivated PSC 

(Blue), PMMA Passivated PSC (Green) and Ethyl Cellulose Passivated PSC (Red). 

 

From the solar simulator and photovoltaic analyzer, EC passivated PSC showed highest efficiency of 

12.5%, followed by PMMA passivated PSC of 11.8% and standard, non passivated PSC at 9.2%. The 

optimum PCE by using EC passivation had a short circuit current density (JSC), open circuit voltage 

(VOC), and fill factor (FF) of 21.5 mA/cm2, 1.006 V, and 57.95%, respectively. This demonstrates that 

biomaterials such as cellulose are able to passivate the defect and improve the performance of PSC. 
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Extended Abstract 

 

It is known that microplastics, which have a size of 5 mm or less, can cause ecosystem disruption 

through bioaccumulation and behave as toxic substances harmful to human health. Most of the 

microplastics are organic polymers and are released by personal care products and detergents [Xu et al., 

2021]. Microplastics are being detected in effluent and stream water because it is difficult to completely 

remove them with conventional wastewater treatment, which is a biological treatment [Uheida et al., 

2021]. Several studies are being conducted on the removal of microplastic using various processes 

including photocatalysis, biodegradation, and electro-Fenton oxidation [Du et al., 2021]. Recently, the 

plasma in liquid process has been attracted to the process for the generation of nanomaterials or removal 

of pollutants. Plasma in liquid process provides the plasma fields having high energy and generated 

chemically active species such as hydroxyl radical and excited atoms in an aqueous solution. In this 

work, we have attempted plasma in liquid process to degrade microplastics in an aqueous solution. 

Polyethylene (PE) was selected as a target material and the decomposition behavior was considered. 

The plasma in liquid process had consisted of a reactor, power supply, and refrigerator. The details of 

plasma in liquid process were described in our previous literature [Chung et al., 2019]. The initial 

concentration of PE microplastic was 50 ppm. The degradation rate of PE microplastics was determined 

by weight loss.  

The plasma phenomena in an aqueous solution could generate various chemically active species. Figure 

1 shows the optical emission spectra of plasma reactions in deionized water. The five peaks were 

observed and attributed to hydroxyl radical, hydrogen radical, and oxygen radical. Among chemically 

active species, hydroxyl radicals have strong oxidizing power and can decompose organic substances 

in an aqueous solution exactly. The plasma reaction in an aqueous solution is affected by various 
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parameter as electric operation parameter, conductivity, pH of the solution, etc. The peak intensity of 

the optical emission spectrum is proportional to the amount of chemically active species. As results of 

peak intensity were compared by varying the applied voltage of the power supply, the amount of 

hydroxyl radical and oxygen radical was increased as increasing of applied voltage.  

 

 

Figure 20: The optical emission spectra of plasma in liquid process with deionized water. 

 

Figure 2 shows the correlation between the applied voltage of power supply and the degradation 

efficiency of PE microplastics in an aqueous reactant. The degradation efficiency of PE microplastics 

is actively performed with the increase of the applied voltage. In particular, it can be seen that the 

degradation efficiency of PE microplastics at 250 V for applied voltage was significantly increased 

compared to that at 225 V. The hydroxyl radical generated by plasma reaction in an aqueous solution 

attacks the main polymeric chain of PE microplastics, thereby causing the degradation reaction of PE 

microplastics [Kamalian et al., 2020]. The degradation of PE microplastics is dependent on the amount 

of hydroxyl radical. When the applied voltage increased, the amount of hydroxyl radical and oxygen 

radical was increased so that the degradation efficiency of PE microplastics was increased. Also, the 

effect of pH of solution on PE microplastics degradation rate was evaluated. As the pH of the aqueous 

solution was increased, the degradation reaction of PE microplastic was improved. This is because the 

hydroxyl radical was more generated in the solution with higher pH. In an acidic solution, the hydroxyl 

radical could be consumed by hydrogen ions in an aqueous solution [Wang et al., 2021].   
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Figure 2: The effect of applied voltages on PE microplastic degradation. 
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Extended Abstract 

 

Abundant energy sources are readily accessible, and the conversion and storage of these energies are 

critical in amending the current immense global energy demand, solar energy is recognized as one of 

the most renewable and sustainable energy sources due to its abundance and comprehensive harvesting 

techniques. With equal importance, energy conversion, and storage of these techniques are needed to 

attain optimal solar energy harvesting. Among these solar energy harvesting techniques is phase-

changing material. With the ability to seamlessly convert and store an immense amount of solar-thermal 

energy during phase change transition without any harmful emission, encapsulated PCM (EPCM) 

provides a benevolent route for solar energy harvesting. However, considering the limited solar 

absorption and conversion ability of PCM and its traditional support and encapsulating material, which 

is dominated by conductivity modifications through heterogeneous incorporation of conductive 

additives towards the EPCM shell. In the premise of effective solar thermal harvesting materials, both 

spectral solar absorption and light-to-heat conversion efficiency are essential aspects of photo energy 

cultivation. Approaches for the enhancement of light to heat conversion had been explored such as the 

following: (i) tuning the broadband absorption capability to cover the full spectral range (UV-Vis-NIR), 

(ii) tuning the band structure characteristic to facilitate effective light to heat conversion efficiency, and 

(iii) structural engineering modification to enable better thermal distribution. Inspired by these 

techniques construction of enhanced encapsulating materials is facilitated, these advanced solar-thermal 

conversion PCM can effectively facilitate the transformation of light energy into thermal energy, 

thereby insinuating a significant contribution to sustainable energy application. Light absorbance over 
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a broad range of the solar spectrum is the first step toward effective solar harvesting. The next step is 

ensuring the efficient conversion of the absorbed light photons, these were facilitated through bandgap 

tuning granting non-radiative recombination of the absorbed phonons. Moreover, structure and 

engineering articulation posed an accretion towards the heat dissipation of the absorbed heat, 

surpraparticle arrangement is enforced as a compounded encapsulating shell. The distribution of smaller 

and more photoactive particles onto the interface of the EPCM channels the absorbed energy. Herein a 

comprehensive strategy and advancement were conferred particularly on the design and engineering of 

the encapsulating material attributed to effective solar absorption and light to thermal energy 

conversion. We aim to present a thorough understanding of the light to thermal conversion mechanism. 

Thereby providing insightful techniques and mechanisms for the fabrication of improved PCM energy 

harvesting and storage. Moreover, PCM’s present struggles and future direction were also conferred.  

  

 

Figure 1: Photothermal advancement of solar-mediated encapsulated phase-changing material. 
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Extended Abstract 

 

As one of the fourth-generation fluoroquinolone antibiotics, moxifloxacin (MOX) has been frequently 

released to aquatic environment, threatening local organisms. However, researches on its ecotoxicity to 

aquatic organisms are still limited. In the present study, we investigated the effects of MOX on the 

growth, photosynthesis and oxidative stress of two common types of microalgae, Chlorella sorokiniana 

and Scenedesmus dimorphus. The results of the 96 h-EC50 values of MOX for C. sorokiniana and S. 

dimorphus were 28.42 and 26.37 mg/L, respectively. Although the variations of specific indicators of 

photosynthetic fluorescence intensity were different, they all suggested that the photosystems of two 

types of microalgae were irreversibly damaged. The malondialdehyde content and superoxide 

dismutase of C. sorokiniana and S. dimorphus significantly increased, indicating that exposure of MOX 

caused serious oxidative stress. Chlorophyll a, b and carotenoids contents of C. sorokiniana increased, 

being probably related to resistance to oxidative stress, whereas they were inhibited as for S. dimorphus 

due to oxidation damage. Our results demonstrate that MOX has a considerable risk to aquatic 

environment, especially in the context of its increasing use in practice. 
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Extended Abstract 

One of the most seek fossil fuel now a days is natural gas (NG) because it is efficient, convenient and 

relatively clean energy source as compared to coal and oil. NG consist mainly of methane (CH4), some 

hydrocarbons and impurities of acid gases such as carbon dioxide (CO2) and hydrogen sulfide (H2S). The 

presence of acid gases in NG is undesirable since it lowered the heating value of the gas and possibly can 

corrode the equipment used for the transportation upon contact with water [1]. In Malaysia, most of the NG 

reserves are found to be sour gas fields where sour gas refers to natural gas that consists of high amount of 

CO2 and H2S. Typically, the NG reserves in Malaysia are high in CO2 composition which ranges between 

28 and 87% but with a relatively low H2S content [2]. Therefore, this shows that the removal of high CO2 

composition from the raw natural gas has always been a major challenge to the oil and gas operators in 

Malaysia in order to meet the sales gas specifications. Various separation techniques have been established 

to purify the natural gas by removing and reducing CO2 and H2S from the NG which include absorption, 

adsorption, cryogenic distillation and membrane separation [3]. More than 95% of the natural gas processing 

plants are operated through the acid gas removal unit (AGRU) using aqueous amine solvent in removing 

sour gas components from the hydrocarbon gas due to the availability of amine solvent at low cost [4]. 
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However, the major drawback of this process is the high operating cost in providing sufficient thermal energy 

at the reboiler for solvent regeneration. Meanwhile, the reboiler duty requirement generally increases with 

the requirement of CO2 removal efficiency as higher energy consumption is required to strip off a larger 

amount of CO2 from the rich solvent [5]. The present study addresses the performance of mixture of physical 

and chemical solvent for the absorption of CO2 and H2S. The main goal of this study is to reduce the reboiler 

heat duty which consume most of the energy for the solvent regeneration by using hybrid solvent with the 

optimum mixing ratio. Methyldiethanolamine (MDEA) and sulfolane was used as a fixed solvent with the 

addition of other solvent which act as an activator. Primary and secondary amines are usually used as an 

activator, 2-amino-2-methy-1-propanol (AMP) was used as an activator. AGRU model was simulated using 

Aspen HYSYS software. The activator amine concentration was varied at 3, 5, 10, 15 and 20 wt% while 

keeping the total amine concentration fixed at 50 wt%. Effect of temperature, pressure and amine circulation 

rate on the reboiler duty for the solvent regeneration were studied in this case. 

 

The results revealed that as the pressure increased, lesser reboiler duty was required. While increasing 

temperature shows an increas in reboiler duty requirement for solvent regeneration as shown in Figure 2. 

Similarly, regeneration energy requirement is propotionally related to the amine circulation rate. As the 

solvent circulation rate increased, higher energy is required for the solvent regeneration. 
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Extended Abstract 

 

In recent decades, the socio-economic development experienced in Brazil has generated great demand 

pressures on the goods market and, consequently, increased the production of waste associated with 

them. This is the case of the demand for beef. To supply the domestic and foreign markets, the livestock 

advances into forested areas such as the Amazon, the region with the country's worst social indices and 

serious obstacles to development. In addition, the expansion causes land-use changes and waste 

generation, as manure and other emissions associated with cattle raising and slaughtering. Economic 

maturation also increases the domestic demand for electricity, which averaged 4.4% per year in the last 

decade. Therefore, the search for energy sources with low environmental impact becomes increasingly 

timely and urgent for Brazilian development. This study seeks to contribute to the management of both 

situations, evaluating environmental and technical aspects of installing a biogas production plant 

(BGPP) from manure and agricultural waste to supply the energy demand of a municipality isolated 

from the Amazon Interconnected System. National (NIS). In the current context, the electrical needs of 

these locations are supplied by plants operated with diesel oil (DOPP). 

 

General aspects of the study 

The technical analysis started with constructing a BGPP plant model based on data available in the 

literature. Bovine manure and corn stover tailings collected from farms in the region served as substrates 
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for biogas production (Figure 1). The biogas obtained from anaerobic digestion is dehumidified before 

going to the electric generation unit (combined gas cycle), with a generating capacity of 500 kW. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21. Scheme of a biogas plant 

In addition to fuel, the arrangement also produces digestate, a fluid that could complement macro and 

micronutrients in agricultural soils due to its contents of N-P-K, Ca, Mg, and metals. However, the 

absence of an adequate operational structure for the collection and spraying of this flow makes it to be 

discarded as water effluent. The environmental performance of the BGPP was determined using the 

Life Cycle Assessment (LCA) technique. The results were compared to those of a DOPP and the 

electricity generation in a typical grid for the Amazon region based on hydro (86%) and thermopower: 

oil (9.0%) and natural gas (5.0%). This condition simulates a hypothetical inclusion of the municipality 

in the NIS. 

 

Life Cycle Modeling 

The LCA-based study followed the methodological guidelines of ISO 14044 for the attributional 

modality. The analysis took place for a cradle-to-gate scope and considered a Reference Flow (RF) of 

1.0 kWh injected into the local network of a municipality in the Brazilian Amazon. Secondary data 

were used for environmental modeling of all electricity production alternatives. Multifunctionality 

situations were addressed by allocation using physical criteria. Finally, the impact assessment was 
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carried out for the effects of Global Warming Potential (GWP), Freshwater Ecotoxicity (FWET), and 

Primary Energy Demand (PED). 

 

Results and discussion 

According to the results depicted in Table 1, it is possible to observe that the BGPP has about 25 times 

less impact in terms of GWP and PED than the DOPP system. In both categories, the energy produced 

by biogas also performs environmentally better than a hypothetic supply from the northern Brazilian 

grid. The supremacy of BGPP can be justified due to the system using manure and corn stover, which 

are waste in their original processes, as substrates. On the other hand, the electricity provided by diesel 

and from the regional grid strongly depends on fossil fuels with high GWP and PED impacts associated. 

Table 1 also shows significant impacts of BGPP for FWET compared to those obtained by DOPP and 

the regional Grid. The disparity is associated with the release of digestate into the environment without 

any prior treatment. This finding only reinforces the need to systematically and carefully observe the 

environmental interactions between human endeavors and their surroundings. 

 

Table 11. Environmental impacts of the energy supply from DOPP, Regional Grid and BGPP 

 

Conclusions 

Even with the logistical difficulties and peculiarities of the Amazon, a BGPP fed by wastes from cattle 

raising and agriculture proved to be a good alternative to energy supply for the region in environmental 

terms compared to the possibilities currently available. However, engineering design choices that 

consider the proper disposal of effluents are essential for the mitigation of impacts in a broader way. 

 

Acknowledgements: The authors thank the National Council for Scientific and Technological 
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Extended Abstract 

 

Natural water evaporation generation (NWE) is a green method to explore the electric energy. However, 

the relation between nanochannels constructed by generation materials and output electrical 

performance is unclear. In this paper, NiAl layered double hydroxide/SiO2 (NiAl-LDH/SiO2) as the 

power generation material with the tunable nanochannels has been prepared by using NiAl-LDH as the 

template and SiO2 as the coated layer. The nanochannel size can be tunable by the coated thickness of 

SiO2 on the surface of NiAl-LDH. When the coated thickness of SiO2 increases from 0 to 14 nm, the 

surface charge will change due to the increases in negative charged SiO2. Meanwhile, the nanochannel 

size build by NiAl-LDH/SiO2 material decreases from 3.524 to 2.397 nm and then increases to 3.674 

nm. The output electricity performances have been tested by the natural water evaporation generators 

(NWEGs). Although the zeta potential value of NiAl-LDH/SiO2-9nm is smaller than pure SiO2 and 

pristine NiAl-LDH, the open-circuit voltage (Voc) of the NiAl-LDH/SiO2-9nm NWEG is the largest 

owing to its smallest pore size. By experimental verification, the Voc of the NWEGs shows an opposite 

trend with the nanochannel sizes of generation materials. The Voc value increases from 0.4 to 1.4 V and 

then decreases to 0.25 V. When the nanochannel of 2.397 nm constructed by NiAl-LDH/SiO2-9 nm, 

the NWEG obtains a maximum Voc of 1.4 V and a maximum short-circuit current (Isc) of 240 nA. This 

work reveals that the output electrical performance of NWEG is relative to surface charge and has a 

quantitively relative with pore size. 
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Copper (Cu) is an essential micronutrient that is vital to wildlife. Excessive copper can cause a series 

of hazards to health, i.e., neurotoxicity, jaundice, and liver toxicity [Taylor et al, 2020]. Therefore, 

finding highly efficient remediation of heavy metal-contaminated water materials is highly desirable. 

can be used as an environmentally friendly adsorbent of heavy metal ions. Hydroxyapatite (HAp) as a 

unique inorganic compounad which can be used as an environmentally-friendly adsorbent for divalent 

heavy metals ions. The agglomeration and precipitation of HAp will result in the loss of adsorption 

capacity to heavy metal ions [Shrestha et al., 2020]. In this study, the wood powder surface decorated 

with hydroxyapatite (HAp@wood) was used as a green adsorbent for efficient Cu(II) ions removal from 

wastewater. Physical and chemical characteristics of the HAp@wood were characterized by Fourier 

transform infrared spectroscopy (FT-IR), X-ray diffraction technique (XRD), BET surface area, and 

Thermogravimetric analysis (TGA) (Fig. 1). The thermal stability of the wood increased with the 

loading of HAp particles from TGA and DTG curves. The residual weights of wood and HAp@wood 

were 13.82% and 57.40%, respectively. Thus, the HAp@wood nanocomposites were composed of at 

least 53.5% HAp. Based on N2 adsorption–desorption isotherms investigation, the pore size, surface 

area and pore volume of HAp@wood were 21.46 nm, 61.72 m2/g and 0.31 cm3/g. The maximum 

adsorption capacity of HAp@wood for Cu(II) ions was found to be 98.95mg/g-HAp (Fig. 2). 

Adsorption kinetics indicated the adsorption equilibrium of HAp@wood was within 720 min and the 

adsorption process was well described by the pseudo-second-order kinetic model. The Langmuir and 

Freundlich isotherm models could fit the experimental data well. All the results revealed that this 

method as a low-cost and ecofriendly alternative modification treatment to increase the adsorption 

efficiency of agricultural waste and avoid the agglomeration of HAp.  
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Figure 1: (a) FTIR spectra of HAp, Wood, and HAp@wood. (b) Nitrogen absorption/desorption 

isotherm curves of HAp@wood. (c) XRD patterns of HAp@wood. (d) TGA curves for HAp, 

wood, and HAp@wood. 

 

Figure 2: (a) Effect of time on the adsorption capacity of Cu(II) ions by HAp and HAp@wood. 

(b) Pseudo-first-order model. (c) Pseudo-second-order model. (d)Effect of initial concentration 

on the adsorption capacity of Cu(II) ions by HAp and HAp@wood. (e) Langmuir isotherm 

model. (f) Freundlich isotherm model. 

 

 

Acknowledgements: The authors thank for Jiangsu Specially-Appointed Professor funding. 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

331 

 

 

References 

Taylor, A.A., Tsuji, J.S., Garry, M.R., McArdle, M.E., Goodfellow, W.L., Adams, W.J., Menzie, 

C.A.J.E.m., 2020. Critical review of exposure and effects: Implications for setting regulatory health 

criteria for ingested copper. Environmental Management. 65, 131-159 

Shrestha, S., Wang, B., Dutta, P., 2020. Nanoparticle processing: Understanding and controlling 

aggregation. Advances in Colloid and Interface Science. 279, 102162 

 

  



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

332 

 

PCR14042022 – 120: Bionanocomposite of chitosan and ZnO and its functionality in the 

preservation of strawberries. 

Dulce Jeanette Garcia-Garcia a , Francisco Gerardo Pérez-Sancheza , Heriberto Hernández-Cocoletzib,* , 

Carolina Morán-Raya a , Maria Lorena Luna-Guevarab , Madai Gizeh Sanchez-Arzubideb ,Eva 

ÁguilaAlmanzab and, Nicolás Morales-Lópeza  

 

aBenemérita Universidad Autónoma de Puebla, Centro de Investigación en Fisicoquímica de Materiales, 

ICUAP, Ecocampus Valsequillo, Edificio Val-3, San Pedro Zacachimalpa, Puebla, 72960, México.  

bBenemérita Universidad Autónoma de Puebla, Facultad de Ingeniería Química, Avenida San Claudio y 

18 Sur, S/N edificio FIQ7 CU San Manuel C.P. 72570, Puebla, México.  

 

• *Corrensponding Author E-mail: heriberto.hernandez@correo.buap.mx  

 

Keywords: Strawberry, Chitosan, edible coating, food spoilage, nanobiopolymer, shelf life, nonthermal 

technologies. 

 

Extended Abstract 

 

The consumption of fresh fruits and vegetables has been associated with many health benefits due to the 

nutritional importance in human diet. However, their short shelf-life, associated with deterioration rate, is 

one of the most important issues that should be enhanced [Halonen, et. al., 2020; Ochoa-Velasco et. al., 2014 

]. Particularly, strawberry is one of the fruits with a very short shelf-life, mainly, because of fungal 

contamination and due its delicate tissue. Therefore, diminishing the rate of deterioration is one of the most 

important challenges to guarantee flavour, colour, and nutritional value. In this context, recently has been 

studied edible coatings to extend the shel-life and quality of fruits and vegetables. Some edible coatings like 

chitosan possess antimicrobial characteristics [Treviño-Garza, et. al., 2015; Ziv, et. al., 2021]. The aim of 

this work was to evaluate the effect of chitosan-ZnO based bionanocomposite edible coating on the 

physicochemical, antioxidant, microbiological and sensorial hproperties of fresh strawberries. Strawberries 

were submerged into a chitosan-ZnO solution (dissolved in acetic acid) for 4 and 8 seconds. To evaluate the 

efficacy of the coating, the colour and humidity in coated and uncoauted samples were measured, using only 

chitosan. Main results are reported in Table 1; where L* indicates the bright red, a* (chromatid) indicates 

the intensity in the red colour, and b* (chroma) indicates the colour intensity. As can be see from Table 1, 

L* values are higher for coated strawberries. The humidity at day 1 increased as the immersion time 

increased; after 10 days of applied the coating, this parameter decreased to 88.1% for 4 and 8 s of immersion. 

The uncoated strawberry diminished the humidity to 83.5% in the same time; it may be concluded that the 

coating helps to maintain the fruit freshness, which can be attractive to the consumer. Concerning the 
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appearence, the samples coated with the chitosan solution look less damage at day 10, compared to those 

that were not coated (Figure 1); it is evident the damage of the uncoated samples, in which fungus has 

appeared. Experiments where the incorporation of 5% ZnO nanopartices into the chitosan solution are now 

conducted; results will be presented during the congress. It is expected that parameters like taste, colour and 

smell will not be affected. 
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Extended Abstract 

Magnesium air fuel cells (MAFC) are considered as a promising source of alternative energy. However, 

MAFC performance is not optimal due to low ORR conductivity and kinetics. Recent studies show that 

MnO2 is often used to overcome the problem (Zhang et al., 2017, Zhang et al., 2019). Thus, this article will 

examine the conductivity and crystalline correlation of 3D-G-supported MnO2 nanocatalysts. MnO2/3D-G. 

Conductivity studies will be performed using Density Functional Theory (DFT) via Material Studio 

software by Accelrys. Then, MnO2/3D-G will be synthesized using the template method before its 

crystallinity is analyzed using X-ray diffraction (XRD).  

Figure 1 shows the three optimal molecules that have been developed. While, figure 2 shows the band 

structure achieve after some times of calculations for 3D-G and MnO2 is 0.728 eV and 0.433 which 

indicate that 3D-G is a direct band gap semiconductor. Upon the interactions, the resulting in an opening 

band gap about 360meV for the 3D-G between the bonding and antibonding states for both spin up and 

spin down.  
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Experimentally, the 3D-G as support for MnO2 nanocatalyst showed (002) graphene and a peak at 

approximately 2θ = 43° corresponding to the (100) in-plane hexagonal atom arrangement overlapped with 

MnO2 the (111) peak, resulted in a broad diffraction peak at approximately 25° (figure 3a). The peaks and 

values were indexed to for the MnO2/3D-G (figure 3b), the major diffraction peaks were at 2θ= 12.7, 18.1, 

28.9, 37.4, 41.9, 49.8 and 56.1°, which correspond to the (110), (200), (310), (211), (301), (411) and (600) 

planes of MnO2/3D-G, respectively. Upon interaction between 3D-G and MnO2 (111) substrate, a forbidden 

gap of about 350 meV was opened between its bonding and antibonding π bands. A forbidden gap and the 

local magnetic moments in bilayer graphene can be controlled by changing the oxygen nonstoichiometry or 

by oxygen adsorption. Hence, 3D-G structure will potentially increase the catalytic activity. 

 

From the resutls, it can conclude that  

1. The band structure indicates that 3DG is semiconducting. It is indicate of potential various electronic 

applications which may hold to the high conductivity escpecially after doped with MnO2 nanocatalyst.  

2. The study of crystalline structure is 3D-D showed a broad peak at approximately 2θ = 25°corresponding 

to the (002) graphene and a peak at approximately 2θ = 43° corresponding to the (100) in-plane hexagonal 

atom arrangement were observed. This result is comparable as reported by Zhang et al., 2019.  

3. A forbidden gap of about 350 meV was opened between its bonding and antibonding π bands  

4. The particle size of template can control the pore size of 3D-G and the number of graphene layers is 

adjusted by controlling mass ratio of carbon precursor and template  
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Extended Abstract 

 

Biogas purification is a key step in enhancing biogas quality by capturing and eliminating pollutants 

including hydrogen sulphide (H2S) and carbon dioxide (CO2). The presence of H2S gas causes 

ineffective biogas production, corrosion of mechanical equipment, and harmful gas emissions into the 

environment. Adsorption technology is one of the viable approaches for purifying biogas, particularly 

for removing H2S gas. The fundamental issue of this technology, however, is the selection of adsorbents 

that require a high adsorption capacity of H2S gas as well as improved stability and shelf-life. As a 

result, the focus of this research is on the development of adsorbent materials for enhancing H2S 

adsorption capacity and stability in the adsorption-desorption cycle. Surface modifications were made 

to commercial coconut-type activated carbon (CAC) through core shell (CS/CAC) technique. By 

adjusting the solvent concentration, time, and temperature of CAC immersion, the CS technique were 

implemented. The adsorbent was next characterised by analysing the surface morphology and element 
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presence (SEM-EDX), functional group (Fourier Transform Infrared), stability and degradation 

(Thermal Gravimetric Analyzer), and surface characteristics (Brunauer–Emmett–Teller). The CS/CAC 

adsorbents prepared with 0.2 M for solvent concentration, immersion time, and temperature at 50 min 

and 95°C, respectively. Furthermore, the adsorption capacity of H2S gas and the adsorption-desorption 

cycle were used to evaluate the performance of these adsorbents. The effects of operational parameters 

on adsorbent performance were investigated by varying the desorption process temperature (50-150°C) 

in a real adsorption-desorption process with a supplied concentration of 5000 ppm of H2S gas at 5.5 

L/min. Based on the morphological characterization, the chemical was impregnated and uniformly 

covered the surface of CAC. In general, the adsorbent and the operating settings have an impact on 

adsorption-desorption performance. Based on this research, the CS/CAC has the maximum stability 

based on the rate of degradation in H2S adsorption capacity across multiple cycles compared to single 

impregnation [Zulkefli et al. 2019] and dual-chemical mixture-CAC (DCM/CAC) [Zulkefli et al. 2020]. 

As a result, this study is essential work which could improve the selectivity and stability of adsorbents 

to H2S gas, and hence has a potential in improving the removal of H2S in biogas purification technology. 
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Extended Abstract 

 

Huge quantities of apple orchard waste generated which regarded as a promising alternative energy 

source for biofuel and biomaterial production. Biorefinery emerged as a sustainable approach and 

recognized promising transformation platforms for products, to achieve circular bioeconomy which 

focuses on the biomass efficient and sustainable valorization, promotes resource regeneration and 

restorative. The emerged biowaste biorefinery has proved as sustainable approach for integrated 

bioproducts further applied in industrial, commercial, agricultural and energy sectors. Based on carbon 

neutral sustainable development, this review comprehensive explained the apple orchard waste as 

renewable resource generation and resource utilization technologies from the perspective of energy, 

nutrient and material recovery in the concept of biorefinery. Integrate biorefinery concepts into apple 

orchard waste management is promise for conversion into value-added materials and contribute as 

driving force to cope with resource scarcity, climate changes and huge material demand in circular 

bioeconomy. 
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Abstract 

The ion exchange properties of crystalline ⍺- and 𝛾-zirconium phosphates in the sodium and hydrogen 

forms were investigated. The zirconium phosphates were synthesized by a mechanochemistry-assisted 

protocol. Amongst the compounds, ⍺-Na2-zirconium phosphate and 𝛾-H2-zirconium phosphate were 

found to be excellent ion exchangers for NH4
+ and K+ ions, two key cations in renal sorbent dialysis 

systems. The maximum NH4
+ uptake by ⍺-Na2-zirconium phosphate was 5.5 mmol/g, close to the 

theoretical limit of exchangeable sites. In multi-ion solutions, 𝛾-H2-zirconium phosphate was a selective 

exchanger for K+ with total uptake capacity of 2.9 mmol/g. The as-synthesized microcrystalline 

zirconium phosphates were encapsulated by polyacrylonitrile to form spherical porous beads of 

tailorable sizes. Owing to the porosity, access to the ion exchange sites of the embedded zirconium 

phosphates particles was unaffected, enabling fast kinetics in the uptake of NH4
+ and K+. In this form, 

the PAN/ZrP beads can be easily handled in sorbent cartridges. The activity of the PAN/ZrP beads 

could be fully restored by simple regeneration with the appropriate electrolyte.     

 

Keywords: Ion Exchanger; Layered Materials; Mechanochemistry; Water Treatment; Dialysis. 

 

1. Introduction 

The kidney has important functions in the body such as removing extra fluids, maintaining the 

acid-base and electrolyte balance and eliminating metabolic waste products. In Chronic Kidney Disease 

(CKD) patients, the ability of the kidney to remove waste substances and acid load from the body 

declines [Schwartz et al., 1959]. Such patients require dialysis where the function of the kidney to 

remove ions such as ammonium , sodium, potassium and magnesium from the blood, is taken over by 

an external device. In sorbent dialysis, the spent dialysate is continuously regenerated, providing an 

uninterrupted supply of fresh dialysate. The sorbent cartridge contains a number of layers to remove 
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solutes transferred from the blood into the dialysates, one of which is a layer with zirconium phosphate 

to exchange NH4
+, K+, and other cations with Na+ and H+ [Roberts, 1998].  

Amorphous zirconium phosphate (ZrP) is used as the cation exchanger in current sorbent 

systems. However, the lack of long-range order poses difficulties in characterization so that batch to 

batch variations are difficult to be detected. Moreover, due to irregular positioning of the phosphate 

groups in the amorphous crystal lattice, the cavities in gel vary in their dimensions [Clearfield, 2000]. 

In contrast, the crystalline form possesses uniform cavities which are essential for reproducible 

performance in its applications, especially as a medical device. However, the synthesis of crystalline 

zirconium phosphates requires excess phosphates and is energy intensive and time consuming, requiring 

reflux or hydrothermal treatment for days to weeks to achieve the desired crystallinity.  

Recently, our lab has successfully developed a convenient protocol to prepare crystalline 

zirconium phosphates of different phases [Cheng et al., 2018]. Using this mechanochemistry-assisted 

protocol, bulk quantities of highly crystalline zirconium phosphates can be readily formed without 

involving solvents or additional reagents other than the reactants. In addition, to address practical 

considerations, we investigated their encapsulation in polyacrylonitrile (PAN). The spherical beads 

formed should overcome operational problems such as pressure build-up and clogging in the dialyzer. 

 

2. Methodology 

Crystalline zirconium phosphates were first synthesised using a mechanochemistry-assisted 

protocol. They were then encapsulated with PAN to form spherical porous beads of tailorable sizes. 

Their ion-exchange properties were evaluated for application in sorbent dialysis cartridges.  

3. Results and Discussion 

Crystalline sodium and hydrogen zirconium phosphates with ⍺- and 𝛾-structures were 

synthesised via a liquid-assisted mechanochemistry based route. They were then subjected to 

encapsulation with PAN. Among them, PAN/⍺-Na2ZrP demonstrated remarkable ion exchange 

properties. The total uptake of NH4
+ was 5.5 mmol/g, which is very close to its theoretical exchange 

capacity while the total uptake of K+ was 1.5 mmol/g (Figure 1a). ⍺-Na2ZrP was a good ion 

exchanger as compared to ⍺-H2ZrP because the latter has a very small interlayer spacing of 7.55 Å 

(Figure 1b). Substituting the H+ with Na+ greatly increased its interlayer spacing to 8.60 Å which 

reduced diffusion constraints.  

Beads with tailorable sizes can be synthesized depending on the needle internal diameter used 

during drop formation (Figure 1c). The strength of the beads increased with weight fraction of PAN 

used and the optimum composition to balance high sorption and mechanical stability was found to be 

at 33 wt. %. The polymer formed a highly porous network (Figure 1d) with mesopores of 5 to > 30 
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nm, resulting in 3 – 4 fold increase in the pore volumes for the PAN/ZrP composites. The ion-

exchange properties of the zirconium phosphates were unaffected by the polymer encapsulation.     

The PAN/𝛾-H2ZrP beads show preferential uptake of K+ while PAN/⍺-Na2ZrP was ~ fourfold 

more selective for NH4
+ than K+. The PAN/ZrP beads have high rates of sorption and retained their 

ion-exchange properties even after multiple cycles.  

 

Figure 22: (a) Adsorption isotherms of () NH4
+ and () K+ on PAN/⍺-Na2ZrP beads from 

aqueous solutions of NH4NO3 and KCl respectively where the horizontal dashed line indicates 

the theoretical ion-exchange capacity, (b) crystal structure of ⍺-Zr(HPO4)2∙H2O, (c) spherical 

beads of tailorable sizes and (d) cross section showing encapsulation of ⍺-Na2ZrP in a highly 

porous PAN network. 

4. Conclusion 

Crystalline zirconium phosphates were successfully encapsulated with PAN to form spherical 

porous beads of tailorable sizes. These beads were found to be excellent ion exchangers for NH4
+ and 

K+, with high rates of sorption and recyclability potential. Together with its ability to alleviate pressure 

build-up and clogging in the dialyzer as compared to powdered samples, these PAN/ZrP beads are 

promising materials for sorbent dialysis cartridges. 

 

Acknowledgements: Financial support from the Ministry of Education AcRF Tier 1, R-143-000-B07-

114 is gratefully acknowledged.  

 

References 

Cheng, Y., Dong Wang, X., Jaenicke, S., Chuah, G.-K., 2018. Mechanochemistry-based synthesis of 

       highly crystalline γ-zirconium phosphate for selective ion exchange. Inorganic Chemistry. 57 (1): 

       4370-4378. 

Clearfield, A., 2000. Inorganic Ion Exchangers, Past, Present, and Future. Solvent Extraction and Ion 

       Exchange. 18 (1): 655-678. 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

342 

 

Roberts, M., 1998. The regenerative dialysis (REDY) sorbent system. Nephrology. 4 (1): 275-278. 

Schwartz, W.B., Hall, P.W., Hays, R.M., Relman, A.S., 1959. On the mechanism of acidosis in chronic 

       renal disease. Journal of Clinical Investigation. 38 (3): 39-52. 

  



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

343 

 

PCR14042022 – 125: Pretreatment of secondary sludge with bacteriophage T4, T7 or λ 

lysozyme to increase hydrolysis efficiency and biogas production  

 

Sangmin Kima, Sujin Choia, and Seokhwan Hwang a* 

 

a Division of Environmental Science and Engineering 

Pohang University of Science and Technology (POSTECH), 77 Cheongam-Ro, Nam-Gu, Pohang, 

Gyeongbuk, Republic of Korea 

 

 Corrensponsing Author E-mail: shwang@postech.ac.kr 

 

Keywords: Lysozyme; Secondary sludge; Pretreatment; BMP test 

 

Extended Abstract 

 

The current concern in the activated sludge processes is its hydrolysis in an anaerobic digester. Because 

the secondary sludge mainly consists of the aerobic biomass cells, it induces the hydrolysis rate-limiting 

step in the anaerobic digestion (AD) [Kor-Bicakci and Eskicioglu, 2019]. Each microorganism in the 

digesters can secrete the hydrolytic enzymes degrading the organic wastes. However, the AD processes 

can reduce only 30 ~ 50 percent of volatile solids in secondary sludge [Gonzalez et al., 2018]. Of the 

hydrolytic enzymes, the lysozyme can break up the β-1,4 glycosidic bonds in the cell wall, so it is the 

proper enzyme for enzymatic pre-treatment [Wu et al., 2019].  

In this study, our group aimed to improve a solubilization rate and methane conversion efficiency of 

the secondary sludge treating the recombinant lysozyme. The sludge sample was taken from the 

secondary sedimentation tank of Pohang wastewater treatment plant in South Korea. Physicochemical 

properties were analyzed by ‘Standard methods’ [APHA, 2005]. The activities of recombinant 

bacteriophage lysozyme (BL) from bacteriophage T4, T7, and λ (KRIBB, Daejeon, South Korea) were 

about 662, 95, and 294 U/mg. The following equation (1) was used for estimation of a biogas production 

rate coefficient. 

 

Yt = A (1 – exp-k·t)          (1) 
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where, Yt is the cumulative biogas production (NmL/g VSin) at time t; A is the maximal biogas 

production (NmL/g VSin); k is the rate coefficient of biogas production (d-1); and t is the reaction time 

(d). 

Energy conversion rate (mL CH4/g VSin) and sludge reduction rate (Δg VS/g VSin x 100) was calculated. 

T4 lysozyme (T4L), T7 lysozyme (T7L) and λ lysozyme (λL) responded optimally with secondary 

sludge under the conditions: T4L (pH 7.2, 47oC), T7L (pH 7.1, 37.1oC), λL (pH 7.0, 38.4oC). After 

lysozyme treated with secondary sludge under the optimal condition, a biochemical methane potential 

(BMP) test was performed to investigate the change of methane conversion efficiency by treating the 

different lysozyme. Volatile suspended solid (VSS) reduction shows the range of 23.6 ± 4.8% (Pohang 

secondary sludge) to 50.1 ± 2.3% (Busan cultivated sludge) by three different lysozymes. T4L, T7L 

and LaL also improved the biogas production and coefficients of first order models. These values more 

related with the type of BLs than the type of substrate sludge. Simplicispira (10.3 ± 12.5%), 

Flavobacterium (5.8 ± 4.1%), and Dokdonella (4.9 ± 3.7%) were dominant bacterial genera in 

secondary sludges without BL treatment, and the relative abundance of these genera was decreased in 

all samples treating BLs. On the other hand, the major groups in cultivated sludge were changed before 

and after BL treatment: Klebsiella (3.7 ± 3.3% → 23.0 ± 8.5%), Kosakonia (1.8 ± 1.5% → 19.0 ± 5.3%) 

and Dysgonomonas (0.0 ± 0.0 → 15.3 ± 3.3%). This research demonstrated the effect of lysozyme on 

activated sludge. These results can be referred to increase the efficiency of methane gas generation 

through the enzymatic pre-treatment of sludge by recombining the enzyme. 

 

Figure 23. Acculmulated biogas production using (a) raw secondary sludge and cultivated 

sludge, (b) sludges treated with T4L, (c) sludges treated with T7L, and (d) sludges treated with 

LaL 
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Figure 24. Relative abundance (RA, %) of bacterial genera in the secondary sludge and 

cultivated sludge from WWTPs in Busan, Pohang, and Ulsan (RA ≥ 1% in at least one sample) 
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Extended Abstract 

Scandium is currently seen as a valuable rare-earth element and with little mining sites available, recovery 

and recycling of scandium should be focused on. With bauxite residues containing a high amount of 

scandium ions, it presents as a opportunity for us to explore recovery of scandium from these rich sources. 

However, recovery of scandium in bauxite residues are often done in acidic conditions. Crystalline 

magesium zirconium phosphate was synthesied via a mechanchemical protocol and its ion exchange capacity 

was explored on scandium. This material displays a fast uptake on scandium with a ion exchange capacity 

of 24 mg g-1 under acidic conditions. It is also selective to scandium when exposed to other ions commonly 

found in bauxite residues, which presents magesium zirconium phosphate as a fast and selective material for 

scnadium ions.  

 Introduction. Scandium is classified as a rare-earth element (REE) and has been recognised as a valuable 

commodity for various advanced applications. One such example will be in the maufacturing of solidoxide 

fuel cells (SOFC) (Binnemans et al., 2018). There are not many mining sites for scandium and with the 

strong industrial development of fuel cells, recovery and recycling of scandium are a pressing issue to be 

addressed. Bauxite residues (BR) or red mud contains a high amount of scandium ranging from 50 to 110 

mg kg-1 (Vind et al., 2018, Borra et al., 2015). The extraction of scandium from BR is often under acidic 

conditions, as the scandium ions are first leached from the wastes. Thus, employing an ion exchanger which 

can withstand the acidic conditions yet uptake scandium will be advantageous. In this work, we synthesised 

highly crystalline magnesium zirconium phosphate (MgZrP) for the adsorption of scandium under acidic 

conditions.  

Methodology. MgZrP was first synthesised using a mechanochemical protocol and the ion exchange 

performance was tested with scandium ions done via batch uptake. The selecvitvity and kinetics was 

determined as well. 

Results and Discussion. Previous synthesis methods of MgZrP resolves around ion exchange or 

hydrothermal synthesis. These processes either requires the formation of α-zirconium phosphate first, which 

followed by an ionexchange or a direct hydrothermal synthesis, where both requires additional time and 
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energy for its synthesis. However, our lab proposed a mechanochemical approach, which the precurors of 

MgZrP are ground together and the resultant gel is heated in an oven for 24 hours.  

The crystalline MgZrP was synthesised via a minimal liquid assisted mechanochemical approach and its 

structure was confirmed with x-ray diffraction and inductively coupled plasma atomic emission 

specstrocopy. Scanning electron microscopy revealed the morphology of MgZrP (Figure 1a), which has a 

hexagoal shape and sizes of approximately 100 – 300 nm.  

The adsorption of Sc3+ ions was done via a batch uptake and the ion exchange capacity of MgZrP for Sc3+ 

under acidic conditions was determined to be 24.7 mg g-1 (Figure 1b). Selectivty of Sc3+ among other ions 

was compared with common ions found in BR such was Al3+, Cu2+ , Fe3+, and Zn2+ . MgZrP was found to 

be very selective to Sc3+ when equimolar of the ions mentioned earlier (Figure 1c) are in the same system. 

This is advantageous since Fe3+ and Sc3+ have similar chemical properties and MgZrP is able to selectively 

adsorp Sc3+ over Fe3+ .  

 

Conclusion. In conclusion, crystalline magnesium zirconium phosphate was successfully synthesied via the 

mechanochemical approach. This method allows the material to be formed in 24 hours which is much shorter 

to conventional synthesis strategies. This material was found to have both fast and selective adsorption of 

scandium over other ions such as iron and copper, which are commonly found in bauxite residues.  
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Extended Abstract 

In recent years, the recognition of waste disposal problems and their impacts on the environment has risen 

the demand for packaging manufactured from renewable materials such as biopolymer. However, there are 

some limitations of using biopolymers such as brittleness and low mechanical properties for packaging 

applications. These issues may be addressed by incorporating biopolymers and nanomaterials. Cellulose 

nanocrystals (CNC) has shown a potential to be implemented as filler to reinforce synthetic polymer for 

packaging applications, equating its unique attributes of biodegradability to high surface area but their 

alignment and dispersion is a major limitation.Hence, this research was proposed to study an effect of 

magnetic field on modified nanocellulose with iron particles (FeNp) as a filler of PLA composites matrix. 

The procedure was based on 2 steps ; firstly preparation of nanocellulose modified with metal NP and next 

combination with PLA by solvent casting method. The influence of iron cellulose/PLA nanocomposites on 

morphology, hydrophilic and wettability of obtained nanocomposites was evaluated.  

 

Introduction 

 

Nowadays, plastic is the most widely used material. A large amount of petroleum based plastic waste is 

created each year around the world. Despite the growing number of appliances that are reused or recycled, 

a large amount of plastic is still accumulating in landfills. This final disposal option is causing major 

problems in the environment. As a result, researchers began to pay attention to biodegradable materials in 

order to lessen the environmental impact of residential plastics, as biodegradable plastics can be readily 

degraded by microbial action and be converted into biomass. These days, biodegradable plastic such as 

polylactic acid (PLA) made from renewable biomass like plant starch (usually corn). However, PLA is brittle 

and poses inferior mechanical properties. Therefore, certain modifications are needed to improve the 

properties of PLA.One common method is to blend PLA to form a composite with a reinforcing filler 

material [Nuthong et al.,213] which can be either synthetic or natural fibre. For this study, nanocellulose 
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form oil palm fruit bunches are selected as the filler reinforcement for PLA due to the abundance of this 

biomass in Malaysia. Reinforcing fibres can be employed as a reinforcement, however their dispersion and 

alignment is a major limitation. The mechanical properties of composite largely depend on fibre volume 

fraction and fibre direction/alignment.  

 

To improve the dispersion and alignment, magnetic fields can be applied but NCC is not magnetically 

responsive. To incorporate magnetic properties into the NCC, it can be coated by metal particles [Mutiah et 

al. 2013]. The amount of metal nanoparticle loading and the magnetic field strength is a critical factor on the 

degree of the dispersion, which eventually controls the properties. So, it is necessary to study the interaction 

of the magnetic field strength, NP and NCC loading to achieve the best mechanical properties. Hence, the 

cellulose coated with iron particle was used in this study to generate nanocellulose with improved 

dispersibility (magnetic field) which was then used during the preparation of PLA films to elucidate on the 

mechanical properties and their characterization.  

 

Materials and Method 

 

Preparation of Iron Cellulose/Polylactic Acid (PLA) Films. For the preparation of the films, we used the 

procedure reported by Hossain et al. (2012) with some modifications. Pure PLA films,PLA/CNC and 

PLA/FE/CNC nanocomposite films were prepared using a solvent cast method. 5g of PLA was dissolved in 

100 ml of chloroform under continuous stirring until the PLA completely dissolved. The desired amount of 

CNC (1%, 3%,5%) and iron cellulose (1%,3%,5%) was suspended in 10 ml of distilled water and then added 

to the PLA solution. After that, the two solutions were mixed for 45 minutes and then homogenized for 15 

minutes. Afterwards, the homogenized solution was poured into stainless steel dishes and allowed to 

evaporate at room temperature for 24 h. 

 

 Examine Morphology of Iron Cellulose/PLA films. In order to analyze prepared films morphology, 

scanning electron microscope (SEM) and energy dispersive xray analysis (EDX) was utilized using 

Hitachi/TM3030 Plus. Next, characterization of the morphology of decorated CNCs were performed on 

JEOL-1400, 120 kV transmission electron microscopy (TEM).  

 

Contact Angle Test. The contact angles of 5 𝜇L water droplets on the film’s surface attached to 

microscopic slides by doublesided tape were measured. The Rame Hart 200Std goniometer (Rame Hart 

Instrument co., Succasunna, NJ, USA) was used. The measurements were performed for 10 min with 1-s 

time intervals. A longer measurement did not give any reliable results, and it was decided to be completed 

after 10 min. Each contact angle value corresponded to the mean value of the left and right contact angle at 

a given point in time.  
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Result and Discussion 

 

Morphology Analysis. The characterization of iron nanoparticles,SEM-EDX to prove the presence of iron 

nanoparticles.SEM images showed that the surface of nanocomposite films changed when the concentration 

of iron cellulose increased. The energy dispersive X-ray analysis (EDX) spectrum of Fe(NO₃)₃.9H₂O 

nanoparticles is shown in Figure 1.0. The EDX spectrum indicates that the iron nitrate structures are 

composed of Ferum, Oxygen and Carbon. However, a small percentage of gold is present due to the need to 

coat the sample with a thin layer of gold in order to prevent charging of the surface and to provide a 

homogeneous surface for analysis and imaging. The morphology of the CNCs decorated with iron 

nanoparticles (IONPs) has been characterized by TEM and is shown in figure 2. The result showed that the 

surface of CNC is perfectly coated with IONPs so can proceed to produce PLA film by solvent casting 

method.  

 

 

Contact Angle. Water contact angles were measured for films and are presented in Table 1.0.The 

hydrophobic/hydrophilic properties are important features of packaging materials, influencing their 

resistance to humidity. Previously, it has been shown that the addition of cellulose nanocrystals to the PLA 

matrix causes a decrease of contact angle (from 80⁰ to 70⁰) [Arieta et al.,2015]. The values of water contact 

angle above 65⁰ are considered as acceptable.  
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Conclusion 

PLA/ CNC nanocomposite films were successfully prepared through the solvent casting method with various 

internal mixers at CNC content 1,3,5 wt%. The impact of CNC on barrier, optical, and mechanical properties 

were investigated in this work as well as the morphology of the prepared films. The physical characterization 

of SEM-EDX and TEM proved the morphology changing and element contents present indicates the success 

of iron nanocomposites.  

In addition, analysis on tensile strength of prepared film will be investigated to compare the ultimate strength 

point of the film and anti-microbial also will be analyzed to ensure packaged quality and safety.Lastly, 

further analysis on magnetic alignment will be designed to measure the effect of magnetic field on the 

preparation Fe-coated cellulose / pla nanocomposite.  
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Extended Abstract 

 

 In jellyfish processing, processing wastewater due to the autolysis of jellyfish after harvesting 

is found as a vast source of protein. A nature jellyfish hydrolysate may be a relevant by-product of this 

process producing many short bioactive peptides used as ingredients in several products such as 

cosmetics, foods, and drugs. Recently, many pieces of research revealed that peptides found in marine 

organisms can inhibit P.acne and could promote a cell immune system [Marcinkiewicz and Majewski, 

2016; Han et.al., 2018]. Therefore, those peptides are applied as anti-aging compounds in a moisturizer 

cream or as a cosmetic ingredient to deter dermatological pathogens.  

 The research focuses on the significance of wastewater from jellyfish processing, which might 

be a crucial unknown protein source, especially wastewater from white jellyfish processing. In the 

study, bioactive peptides in antimicrobial activity against pathogen bacteria, especially,  

Propionibacterium acnes (P. acnes), will be identified and analyzed because it is involved in the 

pathogenesis of acne, which is one of the most critical skin inflammatory. This research can resolve 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

353 

 

environmental problems in waste disposal issues. Still, it also helps reuse waste for high-added values 

products that could be developed to be bioactive ingredients in cosmeceuticals. 

 5.45 kG of the processing wastewater was freeze-dried to concentrate proteins from nature 

jellyfish hydrolysate. 1.8 g of wastewater powder was washed with 70% ethanol and redissolved in 

0.5%(w/v) Sodium Dodecyl Sulfate in 10 mM Acetate Buffer pH 4.0 before using PD-10 desalting 

column to remove salt excess in the sample. Most Antimicrobial peptides were revealed as positive 

charged and hydrophobic peptides [Stone et.al.,2019]. Therefore, A cation exchange column and a 

reversed-phase column were used for peptide purifications. Using the Broth dilution method, the 

purified sample determined an inhibitory activity against P. acnes. The results revealed that the purified 

sample contained an antibacterial activity against P. acnes.  

To identify anti-P. acnes peptide sequences from the purified samples, Nano/Capillary LC 

(Ultimate3000 LC System, ThermoScientific, UK) with Hybrid quadrupole Q-Tof impact II™ (Bruker 

Daltonics) and Nano-captive spray ion source, peptide sequences present in the purified samples were 

used. Next, by applying the results to Bruker compass data analysis 4.4 software (Bruker Daltonics), 

the peptide sequences were analyzed. The appropriate antibacterial peptides were identified by DeCyder 

MS differential analysis 2.0 software (DeCyderMS, GE Healthcare) and Mascot (Matrix Science). Six 

peptide sequence candidates were chemically synthesized (GenScript Biotech, USA) depending on their 

helical symmetry, hydrophobicity or charge. Although all six chemically synthesized peptide sequences 

did not have antibacterial activity against P.acnes, they still contained inhibitory activity against 

Klebsiella pneumoniae and Vibrio parahaemolyticus, other human pathogen. The experiments still are 

in the process with other candidate synthesized peptides. Peptide sequences derived from wastewater 

samples with similar sequence structures or properties to Defensins or Cathelicidine would be screened 

for inhibitory against P.acnes. Many cysteines in the peptide sequence could induce a mechanism of 

action of bacterial cell-wall destruction. [Marcinkiewicz and Majewski, 2016; Wang, 2014; Wang 

et.al.,2015]     

 

Table 1: Inhibitory activity against pathogenic bacterias of the synthesized peptides  
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Extended Abstract 

The thermodynamic hydrate inhibition (THI) behaviour of two ammonium-based ionic liquids (AILs), 

namely tetramethyl ammonium tetrafluoroborate (TMABF4), tetraethylammonium tetrafluoroborate 

(TEABF4), and their mixtures with the mixture of glycols for CO2 hydrates are investigated in the 

present work. The T-cycle method is used to calculate the Hydrate liquid-vapour Equilibrium (HLVE) 

values for CO2 hydrates at pressures ranging from 2.0 to 4.0 MPa for 5 wt% and 10% wt concentrations. 

The inhibition effect (average suppression temperature (Ŧ)) and dissociation enthalpies (Hdiss) are also 

determined. The mixture of TMABF4 + glycols demonstrated a higher THI effect than the mixture of 

TEABF4 + glycols owing to its shorter alkyl chain length. Therefore, using these AILs with CO2 or 

natural gas pipelines may lead to their potential application in flow assurance strategies. 
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Extended Abstract 

A series of crystalline and porous MIL-101(Cr) metal-organic frameworks and its ZnO@MIL-101(Cr) 

nanocomposites were synthesized using the hydrothermal technique at 160 and 220 ºC, while the ZnO 

nanoparticles were synthesized using banana peel (BP) extract as capping and reducing agents at room 

temperature. The idea is to incorporate the green synthesized ZnO into MOFs to enhance the 

photodegradation of phenanthrene. The as-synthesized MIL-101(Cr) and its ZnO nanocomposites were 

characterized using powdered X-ray diffraction (XRD), Scanning electron Microscopy (SEM), Fourier 

Transform Infrared (FT-IR) spectroscopy, Nitrogen adsorption-desorption analyses, ultraviolet-visible 

(UV-vis) diffuse reflectance (DRS) spectroscopy and photoluminescence (PL) spectroscopy. Fig. 1(a) 

shows the FTIR spectrum of the green synthesized ZnO nanoparticles. The main bands are observed at 

the 400-600 cm−1 region. The broadband at 505 cm−1 is attributed to the Zn-O vibration. The O-H 

stretching vibrations of hydroxyl groups from the phenolic compounds of BP extract appeared at ~3400 

cm−1 (Abdullah et al., 2021). Similarly, Fig.1(b-e) shows the FTIR spectra of MIL-101(Cr) and 

ZnO@MIL-101 nanocomposites. The main peaks observed at 1404, 1630, 1680, and 933 cm−1  are 

attributed to the presence of aromatic O-C-O, C=C, C=O, and O-H out of plane stretching vibrations 

modes from the terephthalate ligand ( Tang et al., 2020). In the case of ZnO@MIL-101@160 and 

ZnO@MIL-101@220, Fig. 1(d and e), another important peak at 505 is attributed to the Zn-O vibration. 

The XRD patterns  of the green  synthesized ZnO in Fig. 2 shows characteristic peaks at 2θ = 31.6º, 

34.4º, 36.3º, 47.6º, 56.6º, 62.8º, 67.9º and 69.2º, which match well with the (100), (002), (101), (102), 

(110), (103), (112) and (201) crystalline planes of the hexagonal wurtzite structure of ZnO as reported 

by (Abdullah et al., 2021). High intensity of diffraction peaks and the absence of impure reflections 

confirmed the high crystallinity and purity of the prepared ZnO. Furthermore, in Fig. 2 (B), it can be 

observed that the 2θ values of 2.7° 3.3°, 5.12°, 5.83°, 8.5°, 9.1°, and 10.4° corresponded to the 

diffraction peaks of the calculated (220), (311), (511), (822), (753), (1022 and (880) planes of the MIL-

101 and ZnO@MIL-101 nanocomposites respectively. The characterizations indicate that the 
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preparation of MIL-101(Cr), is successful (Tang et al., 2020). Interestingly, the above characteristic 

peaks observed, indicate that the crystalline structure of ZnO@MIL-101 is not destroyed after the 

addition of the ZnO. In addition, compared to MIL-101(Cr), these peak intensities of ZnO@MIL-

101(Cr), are significantly weakened, which indicates that the crystallinity of the  ZnO nanocomposite 

decreases and the crystalline structure becomes more disordered than that of pure MIL-101(Cr) (Tang 

et al., 2020 Hassan et al., 2017). Furthermore, large pore structures are generated in the composites 

which are due to uniform morphology, high surface area, and pore volume. The nitrogen adsorption-

desorption analysis revealed a high BET surface area for the ZnO@MIL-101(Cr) composites (>1000 

m2/g) irrespective of synthesis temperature compared to MIL101(Cr). The UV-visible spectra of the 

ZnO@MIL-101(Cr) composites showed a strong absorption peak at 443 and 598 nm with a low 

bandgap of 3.10-3.30 eV while MIL101(Cr) has a bandgap of 3.5 eV.  Finally, the MIL-101(Cr) and 

their ZnO@MIL-101(Cr) composites have been applied for the photocatalytic degradation of 

Phenanthrene. 

 

 

Table 1: Properties of ZnO, MIL-101, and their 

nanocomposites. 

 

Fig. 1: FTIR spectrum of (a) ZnO (b) MIL-

101@160, (c) MIL-101@220, ZnO@MIL-

101@160 and (d) ZnO@MIL-101@220. 

 

 

Catalyst BET (m2/g) VBJH(cm3/g) DBJH(Å) 

ZnO 15.05 0.096 280.46 

MIL-101@160 862.7 0.1792 24.390 

MIL-101@220 760.69 0.1528 23.56 

ZnO@MIL-101@160 1811.99 0.427 25.11 

ZnO@MIL-101@220 1181.07 0.382 2397 
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Fig. 2: XRD of (A) green synthesized ZnO; (B) MIL-101(Cr) and ZnO/MIL-101 nanocomposites. 
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Extended Abstract 

 

Synthetic dyes are widely using in many industries areas. Most of synthetic dyes can be degraded by 

microorganism. However, some of dyes strongly resist against biodegradation processing. Thus, these 

recalcitrant dyes caused numerous problems for the treatment processing that need to overcome. In this 

study, the biological degradations of recalcitrant dyes including aniline blue, reactive black 5, orange 

II, and crystal violet were assessed and evaluated through modification the culture conditions of 

Fusarium oxysporum HUIB02. The results indicated biodegradation efficiency significantly enhanced 

after modifying the cells biomass, nutrient conditions, and mediators. Supplementation glucose 
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concentration at 1% improved aniline blue, reactive black, orange II, and crystal violet by 2.24, 1.51, 

4.46, and 2.1 folds, respectively. Meanwhile, mediators significantly increased biodegradation aniline 

blue, reactive black, orange II, and crystal violet, reaching 86.07%, 68.29%, 76.35%, and 95.3% total 

color removal, respectively. Interestingly, pre-culture the fungal with 1% remazol brilliant blue R 

(RBBR) boost the biodegradation up to 97.06%, 89.86%, 91.38%, and 86.67% for aniline blue, reactive 

black, orange II, and crystal violet, respectively. Under optimal culture conditions, the fungal could 

degrade these synthetic dyes concentration up to 1%. The present study demonstrated recalcitrant dyes 

can be efficiently degraded by F. oxysporum. 
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Extended Abstract 

 

Wastewater from Jellyfish (Lobonema smithii) harvesting and processing impacts people living in 

close contact with the sea because of water pollution. However, the wastewater in pre-salted jellyfish 

contains many short peptides produced by proteolysis-induced mucus secretion of the jellyfish after 

removing them from seawater [Liu et al., 2018]. The vast source of small peptides in that waste, as 

mentioned above, the researcher was interested in analyzing short peptides derived from wastewater in 

pre-salted jellyfish.  

This research aimed to study the purification process and analyze antioxidant short-chain peptides 

derived from wastewater in pre-salted jellyfish (Lobonema smithii) processing using different 

chromatography techniques. In addition, the crude peptides are sequenced by using Liquid 

Chromatography-Tandem Mass Spectrometry (LC-MS/MS) for antioxidant peptides determination. 

Consequently, the active peptides would be studied for their stability. 
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There are six steps in the research. First, wastewater in pre-salted jellyfish (Lobonema smithii) 

processing was collected and freeze-dried. Second, the peptides were extracted from the wastewater 

with 0.5% Sodium dodecyl sulfate (SDS) [Kaweewong et al., 2013]. Third, the peptides were purified 

using various chromatography techniques (such as gel filtration, ion-exchange, and reversed-phase 

chromatography). Then, the isolated peptides were determined by DPPH (2,2-diphenyl-1-

picrylhydrazyl radical) assay [Xiao et al., 2020] to observe the highest antioxidant activity. The 

activity's results were calculated from the following equation (1) and shown as DPPH radical 

scavenging activity (%) per milligram of protein. 

          

         DPPH radical scavenging activity (%) = (A1-A2) × 100/A1                                                                     (1) 

      where A1 is the absorbance of the control and A2 is the absorbance of the testing sample solution.  

 

After that, the antioxidant peptides were sequenced by LC-MS/MS and were analyzed using 

DeCyder MS differential analysis 2.0 software (DeCyderMS, GE Healthcare) and Mascot software 

(Matrix Science). The peptides were matched to the published sequence of the relative protein data in 

the Scombridae database (NCBInr databank). The candidate peptides were chemically synthesized by 

GenScript Biotech (NJ, USA) as above 85% purity and were determined again for antioxidant activity 

test. The stability of the antioxidant peptides with the highest antioxidant activity would be further 

studied to develop these peptides for the food and pharmaceutical industries. 

The results showed that 3.41 % was the freeze-dried yield of five kilograms of wastewater. The 

fifteen gram of wastewater freeze-dried was dissolved for an antioxidant activity test and protein 

purification. The results revealed that the peptides purified using gel filtration, reversed-phase, and 

cation exchange chromatography contained 166.9, 126.8, and 161.5 DPPH (%) / mg of protein. 

However, the peptides purified from anion exchange chromatography had no antioxidant activity 

against the DPPH assay (Figure 1). Therefore, the various sodium chloride (NaCl) concentrations of 

50-1000 mM were used for elution cation exchange chromatography. Then, 5 to 100% Acetonitrile 

(ACN) concentration was varied in the reversed-phase column to determine peptides with high 

antioxidant activity. The results showed that the fractions were first eluted with 150 mM and 900 mM 

NaCl in cation exchange chromatography and then purified and eluted with 10%, 35%, and 95% ACN 

in the reverse-phase column, respectively, obtained high antioxidant activity. The crude peptides from 

these fractions were sequenced using LC/MS/MS, and candidate peptides were sent to chemically 

synthesized by GenScript Biotech. The obtained peptides with antioxidant activity from wastewater of 

pre-sated jellyfish processing could be one solution to decrease waste from the production process and 

change it to value-added peptides. 
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Figure 1: Antioxidant activity of the peptides purified using various chromatography techniques. 
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Extended Abstract 

 

Solid oxide fuel cells (SOFCs) have gained a huge attention due to their fuel diversity, high efficiency, 

improved performance, better heat utilisation in both heat and power systems, improved life span and 

low production of noise and pollutants. This short review will be focusing on the importance of 

zirconate material in the production of proton-conducting solid oxide fuel cell electrolyte.  

 

Introduction 

In proton-conducting SOFCs (H+-SOFCs) as shown in Figure 1, by-products are obtained at the cathode 

thus eliminating fuel dilution problem and eliminating the need for fuel reforming. Proton-conducting 

electrolytes must have high ionic conductivity, be dense enough to inhibit gas diffusion and be 

chemically and thermally stable in relation to other components. Perovskite type-oxide ABO3, such as 

those based on cerates or zirconates or cerate-zirconates, is widely regarded as a promising electrolyte 

material for H+-SOFCs. Solid electrolytes that are based on cerate–zirconates have been studied 

extensively because of their acceptable proton conductivity and chemical stability in hydrogen and/or 

water vapour atmospheres. These perovskite oxides are usually doped with low valence cation at the 

A- and B-site to create oxygen ion vacancy which is essential for proton conduction. The most common 

proton-conducting electrolytes studied till now are Ba-based A-site due to their high conductivity 

[Radenahmad et al., 2020].  
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The basis for using zirconate as an electrolyte material 

Despite being a promising electrolyte with the highest proton conductivity, doped-cerate material has a 

tendency to react with acidic gases (CO2, SO2) and water vapour (H2O). The low chemical stability 

leads to the formation of carbonate, sulphate or hydroxide phases, thus resulting in total or partial 

surface deterioration. Zirconates have strong chemical stability in CO2, but they have lower electrical 

or proton conductivity whenever grain boundaries are prominent. Thus, cerate-based perovskites and 

zirconate-based perovskites have mutually opposing drawbacks and benefits in terms of stability and 

conductivity. Satisfactory H+-SOFCs performances were also broadly documented in which dopant-

optimised electrolytes such as Ba(Ze0.1Ce0.7Y0.2)O3-δ, displayed the highest ionic conductivity along 

with encouraging stability in both CO2 and H2O atmosphere [Zhang et al., 2021]. 

 

Several studies focus on combining BaZrO3 and BaCeO3 to create chemically stable and highly 

conductive electrolytes. Since they are mutually stable, manipulating a fraction of Zr in BaZrO3 with 

Ce can result in a chemically stable electrolyte with desired proton conductivity. Throughout most cases, 

increasing the Ce content in BaZrO3 improved overall conductivity, sinterability, and decreased 

instability in ambient atmospheres. BaCe0.9-xZrxY0.1O3-δ electrolyte for example was discovered to be 

stable under the condition of 40 mol% of Zr through this approach [Kim et al., 2019]. The yttria 

composition of 20 mol % in BaZr0.8Y0.2O3-δ electrolyte is considered most suitable due to appropriate 

microstructure for high conductivity. They exhibit unique properties due to similar electron density of 

O-2 to Y+3 and Zr+4 cations. [Irshad et al., 2019]. Based on the findings, the researchers concentrated 

their efforts on improving the cerate-zirconate materials by varying the dopants for the formation of 

oxygen vacancies which in return enhances proton transport.  

 

Despite its high-temperature findings on conductivity, the stability of the electrolyte materials in 

ambient settings is crucial, as it affects SOFC systems. Higher Zr doping ratio slowed down the aging 

degradation of BZCY and can be reversible by re-calcining the material to become pure BZCY 

perovskite [Yan et al., 2015]. However, compositions with a high Zr content (> 40 mol%), have a high 

grain boundary resistance and require a high sintering temperature (> 1600 °C). On the other hand, a 

composition with a low Zr content is unsuitable for long-term operation in a reducing environment. The 

moderate incorporation of Zr (10–30%) is a reasonable and practically the most realistic method for 

obtaining excellent thermal stability and high protonic conductivity [Sonu et al., 2021]. 
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Figure 25: A typical proton-conducting solid oxide fuel cell (H+-SOFC) 

 

Conclusions 

To alleviate the deficiency in perovskite materials, more developments have been focused on doping 

the cerate-zirconate materials. Enhancing the ionic conductivity of zirconate-based perovskite seems to 

be more crucial than that of cerate-based perovkite. 
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Extended Abstract 

 

Porous anodes can improve electrode performance by increasing microbial attach-ment through 

increased specific surface area, but the optimal pore size and effective depth are not known. In order to 

explore the relationship between the electrochemical performance of three-dimensional porous 

biological anodes and their pore size and hole depth, we customized a multilayer, removable "bacterial 

apartment" to provide a "standard room" with an aperture size of 0.5-4 mm for electroactive 

microorganisms. This "layered" structure is helpful to study the penetration depth and layer by layer 

bioelectrochemical performance of electroactive microorganisms. By using CV, confocal microscopy, 

high-throughput sequencing and other techniques, we obtained the penetration depth, biofilm thickness, 

living and dead state, species composition and electricity generation intensity of electroactive 

microorganisms in micropores. The effective hole depths of 0.5 mm, 1 mm, 2 mm, 3 mm and 4 mm are 

2 mm, 2 mm, 4 mm, 7-8 mm and more than 10 mm respectively. At the same depth, the larger the hole 

diameter is, the higher the current density is. As can be seen from the data of the second layer, the 

current density of D4 is 0.23 A m−2, while the current density of D0.5-3 is 0.17, 0.13, 0.073 and 0.069 

A m−2, respectively. In all pores, Geobacter is the main type of biofilm acclimated by sodium acetate, 

and the abundance can reach more than 70%. In addition, the thickness and current density of biofilm 

increase with the increase of pore size, but decrease with the increase of hole depth. In this paper, the 

laws of electricity generation and penetration of electroactive microorganisms in different pore sizes 

were obtained successfully, which provided theoretical basis for the design and application of porous 

bio-anodes. 
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Figure 26: Graphical Abstract 

  

Figure 2:  The CV peak current intensity changes with the increase of depth in different pore 

sizes. 
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Extended Abstract 

Solid oxide fuel cells are of interest technologically because they provide high-efficiency energy conversion 

through an electrochemical reaction within the cells. Understanding the fundamental characteristics of 

oxygen self-diffusion in solid-state ionic systems is critical for developing next-generation electrolyte and 

cathode material compositions and microstructures that enable SOFCs to operate more effectively, durably, 

and inexpensively at lower temperatures (Abd Aziz et al. 2020). Due to the slower oxygen reduction kinetics 

at a lower temperature, the electrochemical performance of SOFC is highly dependent on the catalytic 

activity of the cathode materials engaged in the oxygen reduction reaction. Modelling approaches have been 

utilised to understand the reaction mechanism, oxygen diffusion coefficient and kinetics of electrode 

reactions in SOFC, including the mixed ionic electronic conductor (MIEC)-based cathode. Recently, various 

models were developed to represent the reaction mechanisms of SOFCs, particularly at the cathode electrode 

(Flura et al. 2016). 

 

For the cathode, Adler-Lane-Steele’s (ASL) mathematical theory is suitable for predicting the oxygen gas 

diffusion through the pores for the MIEC-based materials (Adler 2004) (Adler, Lane, and Steele 1996). 
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This review attempted to summarise cathode's modelling works via the ASL mathematical theory. This 

article will help the researchers anticipate and validate the cathode performance regarding the oxygen gas 

diffusion mechanism  

Acknowledgements: The authors thank the Research Grant GUP-2020-080 
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Extended Abstract 

 

Ageing of equipment is garnering global attention due to several major industrial accidents. Other 

ageing factors besides equipment age include damage, failure, degradation mechanism, unscheduled 

shutdown, and near-miss accidents that may cause unrecognized ageing of newly used equipment that 

has not yet surpassed the intended lifespan limit (Milazzo et al. 2018). 

 

Two systematic bibliometric analyses of the extensive research development of equipment ageing and 

the application of Industry 4.0 technologies in asset management have been performed. The first 

bibliometric study is analyze the equipment ageing publications in the Scopus database from 2000 to 

2021. According to the growth pattern of publications on equipment ageing from 2000 to 2021, the 

increased cumulative number of publications in the last decade (2011 to 2021) has resulted in a 3.5-fold 

rise in total publications from 40 to 143 papers, as shown in Figure 1. Chemical Engineering 

Transactions (4 publications), United States (36 publications), and Millazo M.F. is the top journal, 

country, and author in equipment ageing research publications (6 publications). Analysis of keywords 

was conducted using VOSviewer highlighted five main clusters of equipment ageing management in 

various industries, and the suitable sub-categorizations are as follows. The respective industries are 

Cluster 1: chemical and petroleum industries (red), Cluster 2: nuclear and process industries (green),  
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Cluster 3: oil and gas industry (blue), Cluster 4: upstream petroleum industry (yellow), and Cluster 5: 

electric industry (purple). 

 

The following bibliometric analysis focused on applying Industry 4.0 technologies in asset management. 

According to the growing trend of publications in this study, the total cumulative number of publications 

has expanded exponentially from 1 to 69 papers in 6 years (2016 to 2021). IFAC Papersonline (5 

publications), Germany (8 publications), and Guillén, A. (5 publications) is the top journal, country, 

and author for this bibliometric analysis. Six primary clusters of keyword analysis were emphasized by 

the VOSviewer software, as illustrated in Figure 2. The appropriate subfield categorizations consist of 

the types of Industry 4.0 technologies implementation for asset management are as follows. Cluster 1: 

information technology solution in operation and maintenance (red), Cluster 2: big data in equipment 

information management (green), Cluster 3: Artificial Intelligence in condition monitoring and decision 

making (blue), Cluster 4: Internet of Things in predictive maintenance and process control (yellow), 

and Cluster 5: economic aspect in digital twin (purple), and Cluster 6: Industrial Internet of Things and 

digital transformation (cyan). 

 

In conjunction with reducing the risk of industrial accidents due to ageing equipment, the future research 

prospects that have the potential to be exploited are the implementation of 6 out of 9 Industry 4.0 

technologies in asset management. The possible emerging technologies are the Internet of Things (IoT), 

big data, simulations, cloud computing, cybersecurity, and Augmented Reality (AR). 
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Figure 27: Growth Trend of Publications in Equipment Ageing from Year 2000 to 2021 

 

 

Figure 2: Keyword Network Visualization of Asset Management and Industry 4.0 Technologies 

in VOSviewer 
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Extended Abstract 

 

Solid oxide fuel cell is a renowed device in energy field which are able to generate energy via 

electrochemical process. Despite of the device high efficiency as well as the fuel flexibilty advantages, 

SOFC oftenly met issues whenever operated at operating temperature (Meng et al. 2021). Not to 

mention the multiple fabrication process for both electrode in obtaining a single cell. Thus, a new 

configuration by utilizing the same electrode materials in order to reduce the fabrication thermal 

treatment and minimising the thermal expansion coefficient of the dissimilar electrode materials (Zhao 

et al. 2021). In this work, modified lithiated nickel oxide electrode were reported as a potential electrode 

for symmetrical solid oxide fuel cell. Two different types of current collector were employed onto the 

LiNi0.5Ru0.5O2 electrode screen printed film and compared in different operating atmosphere (Ma et al. 

2020). A total of three symmetrical cell were fabricated where the S1 as the control without any current 

collector, S2 with the gold sputtered coat and S3 with the hand painted silver paste. All the symmetrical 

cells have an electrode with active area of 1cm2 with the configurations of 

LiNi0.5Ru0.5O2/SDC/LiNi0.5Ru0.5O2. Electrochemical impedance spectroscopy analysis was done in both 

oxidized and reduced environment. The ASR values obtained as showed in Nyquist plot in Figure 1 for 

S1 is 5.92 cm-2 in air (cathode) and 0.26 cm-2 in H2:N2 gas mixture (anode) environment measured 
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at 800 C. S2 exhibit ASR value of 2.20 cm-2 and 1.96 cm-2 at 800 C in air and gas mixture 

respectively. As for S3 with silver paste as current collector, the ASR value is much lower which are at 

0.70 cm-2 and 0.02 cm-2 measured at the 800 C with the same environment sequence. In particularly, 

FESEM micrographs were analyzed on the cross-section area for a better understanding regarding the 

interface of the printed electrode and the substrate (SDC electrolyte). To generalised, sample S3 offered 

an outstanding performance which related to the coverage area of particular current collector. In this 

case, sample S3 with maximise contact area with the current collector of the set up system exhibit the 

lowest resistance. Based on Figure 2 micrograph, the surface of the electrode active area showed a 

homogen particle size with almost spherical particle shape. Homogen particles size ensure constant 

porosity in active area film for ions transfer. Meanwhile the cross section micrograph, the electrode film 

was well adhered to the electrolyte substrate which reducing the polarization resistance resorted by the 

gap in between the film layer. A detailed version of discussion on this study will cover the relation of 

morphologycal characteristic and electrochemical performance of the symmterical cell. The results 

indicated that the modified lithiated nickel oxide electrode with silver paste as current collector 

displayed a great potential as an electrode for the symmetrical solid oxide fuel cell application which is 

not only an alternative to improve the SOFC performance with minimal optimization for the 

configuration.  

 

 

FIGURE 28 Nyquist plot for S1, S2 and S3 in both working environment (air and H2:H2 gas 

mixture) 
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Figure 29: Surface and cross section morphology of screen printed LNR5 electrode film, S1 

(without current collector). 
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Extended Abstract 

Concrete is widely used for infrastructures due to its low initial cost, but with the increasing 

awareness of its full life cycle and money-saving in the long run, fiber-reinforced polymer (FRP) 

composites are becoming more prevalent compared with the concrete types, especially with the glass 

fiber reinforced polymer (GFRP) composites because of their relatively cheaper price from different 

FRPs, light-weight, high strength-weight ratio, and good anti-corrosion performance(Morampudi et 

al., 2021, Sathishkumar et al., 2014). Another cause for the limited application of GFRP is the 

seawater effect such as the creep effect and time-dependent impacts on the material, which holds a 

larger effect than some traditional composites (Xian et al., 2022). This paper provides a 

comprehensive review of how the GFRP composites function in the marine water environment, and 

how the GFRP composites would change under different loading conditions with one or more 

parameters. Another thing is that the review was conducted by using the ScienceDirect® and Web of 

Science® databases (Chong et al., 2021) to search the short-term and long-term performance under 

sustained loading or environmental conditions of GFRP and its composites, especially when the 

GFRP composites have the degradation effect on the interface between the matrix and fiber, or the 

micro damages of fiber under the environmental conditions and subjected loading conditions(Wang et 

al., 2018, Sá et al., 2011). To fully understand the reasons for the damage formation, characteristics 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

379 

 

tools such as Scanning Electron Microscope (SEM), and Fourier-transform infrared spectroscopy 

(FTIR), would be required for quality control and supervision and further studies (Alabtah et al., 

2021). The review mainly stresses the significance of further research in GFRP composites by 

comparing different countries’ criteria, since the durability study needs to be conducted especially 

when it comes to a certain amount of altitude in marine water and conservative parameters values. 

Few studies have considered the GFRP composites for long-term applications and studies even, 

though it has been applied in serval fields (e.g. bridges of GFRP composites(Yingxiang, 2018), 

external pipes of GFRP composites). 
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Extended Abstract 

 

This  study aims at investigate the effect of rice straw and gabage enzyme to rice plant growth and soil 

carbohydrate, ammonium content. The results show that no significant difference for plant height and 

biomass among treatments. The extracted carbohydrate was enhanced by rice straw addition, while 

ammonium production was enhanced by gabage enzyme addition. Further research with longer 

observation on the impact of rice straw and gabage addtion is recommended. 

1. Introduction 

Rice straw application plays an important role to improve soil organic matter in long-term paddy field 

(Nguyen-Sy et al., 2019; Tang et al., 2016). However, one of the limitation of applying rice straw is 

long time decompose of matterial. Gabage enzymes (GE) are solutions obtained by fermenting fruit or 

vegetable skins, molasses and water, which have multiple functions to degrade, modify and speed up 

the reaction (Arun & Sivashanmugam, 2015; Polprasert & Koottatep, 2017). However, studies on 

application of waste enzymes have not been studied in post-harvest treatment of rice straw. Therefore, 

this study aims to find a solution to apply waste enzymes in rice straw treatment in an environmentally 

friendly way, and increase nitrogen fixation capacity for rice soil. 

2. Methodology 

Fifteen rice seeds per bottle were planted in five treatments are design as following: soil and water only 

(Control), soil and rice straw addition (RS), soil and gabage enzyme addtion (GE), and soil and rice 

straw combine gabage enzyme (Combine). After 1 month growth, plants were harvested to measure 

biomass and height, while soil was extracted by distilled water to measure extracted carbohydrate 

(ECH), ammonium (NH4
+) and nitrate.  For stastistical annalysis to determine the effects of rice straw 

and gabage enzyme based on SPSS ver 20 software. 

3. Result and dicussion 
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Fresh weight and dry weight of all treatments ranged from 1.60-1.83 and 0.27-0.32 mg, but no 

significance (p>0.05) was observed ( Figure 1). Interestingly, root length ranged from 4.7-7.7 cm with 

the highest with Control and lowest with Combine treatment, meanwhile, shoot height ranged from 

17.8-20.3 cm and longest in RS treatment and shortest in Control treatment (P<0.05) (Table 1, Figure 

2). We suppose that in the initial stage of rice growth, rice mostly comsume energy from its seeds, 

therefore, the effect of soil nutrient is less effective. 

 

Figure 30: The Plant height (a) and biomass (b) after 1 month growth 

Extracted carbohydrate (ECH) ranged from 61-207 mg kg-1 and classified into two groups, once with 

Control and GE (60.0 and 60.3 mg kg-1), and the other once with higher values with RS and Combine 

(185.9 and 206.5 mg kg-1). The application of rice straw enhanced ECH production, while gabage 

enzyme did not effect on this. The previous report by Nguyen-Sy et al. (2021) also confirmed that 

adding rice straw at 0.2% soil would enhance mineralize carbohydrate in anaerobic incubation. In this 

current research, with exist of rice plants have the similar result. 

 

Figure 31: Soil extracted carbohydrate  (a) and ammonium extraction (b) after 1 month growth 

Extracted inorganic nitrogen was measured with ammonium and nitrate, however, nitrate was not 

detected. The ammount of ammonium ranged from 0.45-2.86 mg kg-1, and also made of two groups, 

once with Control and GE (1.97-2.86 mg kg-1), and other with RS and Combined treatment (0.45-0.48 

mg kg-1) (Figure 2). It seems gabage enzyme enhance slightly the ammonium production, while rice 
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straw against this process. Despite that gabage enzyme did not affect on cellulose degradability 

(presented through ECH productivity), it enhanced soil nitrogen mineralization. However, the 

production of ammonium is not high (less than 5mg/kg-1). 

4. Conclusion 

Rice straw and gabage enzyme has been applied into paddy soil aimed to enhance plant growth and soil 

labile carbon and nitrogen. Plant biomass and plant height was not regulated at the initial stage. Soil 

carbohydrate  was enhanced by rice straw additionand, meanwhile, ammonium extracted was enhanced 

by gabage enzyme. Combination of rice straw and gabage enzyme was not significant for ECH and 

NH4
+ improvement. 
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Extended Abstract 

 

Guava (Psidium guajava L.)  is being recognized as “super food” and it is getting attention in the agro-

food business due to the attractive characteristics of the fruit, such as health-promoting bioactive 

components and functional elements [Verma et. al., 2013]. The extraction of fruit juice always 

encountered undesirable turbidity due to the suspension of polysaccharide particulates, mainly pectin 

arising from the primary and inner cell wall [Deng et al., 2019]. In most cases, pectin makes the juice 

clarification difficult, as it is generally associated with plant polymers and cell debris having fiber-like 

molecular structure, thereby creating fouling during membrane filtration. Enzymatic clarification is a 

method in which pectinase breaks down pectin molecules into smaller oligalacturonans causing pectin-

protein complexes to flocculate, so the resultant juice is much lower pectin and viscosity. The resulting 

enzymatically treated can therefore be easily clarified through centrifugation or filtration [Ninga et al., 

2021]. In spite of high catalytic properties of pectinase, free enzyme always presents some drawbacks 

such as poor stability under operational conditions, impossibility of multiple reuses in an industrial 

process, and the presence of compounds arising from enzyme preparation in the final food product. 

Nata de coco is a bacterial cellulose produced from coconut water by fermentation of Acetobacter 

xylinum, and it has high potential as a support for pectinase immobilization. For reaction kinetics study, 

non-elementary kinetics model was used in which n-reaction order and reaction rate constant (k) were 

estimated by using graphical differentiation (Figure 1) as equation below: 
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ln (−
𝑑𝐶𝑇

𝑑𝑡
) = 𝑙𝑛𝑘 + 𝑛𝑙𝑛𝐶𝑇         (1) 

 

Figure 1: Kinetic parameters estimation by linearization method ( free pectinase,  

immobilized pectinase) 

 

In conjunction with this, applying simulation (SuperPro Designer v12) for process design of juice 

clarification using immobilized peactinase with techno-economic analysis is very important in 

evaluating optimistic scenario of investigated project at an industrial scale as shown in Figure 2. As a 

results, a more interesting project can be proposed based on high profitability, and the most important 

is its sustainability.  
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Figure 2: Guava juice extraction plant developed by SuperPro Designer v12. 
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Extended Abstract 

 

Rice husks is one of the major by-products produced in the form of wastes by rice milling industries. 

In Malaysia, it was reported that approximately 0.48 million tonnes of rice husks is generated each year 

[Shafie et al., 2017]. The current practice adopted to manage the disposed rice husks is through open 

burning or leaving the rice husks to rot slowly in the field [Rozainee et al., 2009; Shafie, 2016]. 

Consequently, this results in negative environmental impacts snce open burning can generate various 

pollutants (such as smoke and acid gases) while the slow-rotting process can lead to the emission of 

methane, which is a greenhouse gas causing global warming [Rozainee et al., 2009]. Recently, it was 

revealed that rice husks showed good potential to be utilized as support matrix for enzyme 

immobilization. Due to its high silica body content with nanoporous structure, effective enzyme 

immobilization with excellent loading rate is achievable [Corici et al., 2016; Le et al., 2017]. Therefore, 

the present research aims to utilize rice husks as carrier for lipase immobilization and applies the 

prepared immobilized biocatalyst in packed bed bioreactor for continuous production of 

monoacylglycerol (MAG), which is a valuable lipid product often used as food emulsifiers. In the 

present study, lipase from Thermomyces lanuginosus was immobilized on oxidized rice husks 

functionalized with different combination of spacer arms (hexamethylenediamnine, HMDA or 

ethylenediamine, EDA) and ligands (glutaraldehyde, GA or o-phthalaldehyde, OPA). The results show 
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that the highest enzyme loading was achieved by lipase immobilized with HMDA and OPA as can be 

seen in Table 1. Besides, the FTIR analysis, as shown in Figure 1, have also confirmed the presence of 

lipase on rice husks. The immobilized lipase with the best properties will then be applied in packed bed 

bioreactor system for continuous glycerolysis reaction. This will be followed by the evaluation on the 

performance of the bioreactor system such as MAG productivity and operational stability. It is believed 

that the outcome of the present study will effectively mitigate the environmental impacts brought by 

rice husk disposal while simultaneously achieve the target of transforming waste into wealth. 

 

Table 1: Percentage of Protein Loading on Rice Huks upon Immobilization 

Immobilized lipase Protein added  

(mg/g support) 

Protein load (mg) Percentage of proten 

loading (%) 

HMDA-GA-lipase 10 4.35 43.50±1.27 

20 8.28 41.40±2.47 

30 10.93 36.42±1.01 

40 10.30 25.74±0.90 

HMDA-OPA-lipase 10 6.34 63.40±3.82 

20 12.25 61.25±1.56 

30 16.42 54.72±1.63 

40 16.70 41.75±0.85 

EDA-GA-lipase 10 4.63 46.30±3.55 

20 8.44 42.20±1.63 

30 10.39 34.63±2.88 

40 9.85 24.63±1.94 

EDA-OPA-lipase 10 5.67 56.70±0.14 

20 10.71 53.55±0.21 

30 14.19 47.28±1.72 

40 14.97 37.43±1.66 
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Figure 1: FTIRSpectra of a) Rice husks, b) Oxidized rice husks, c) Oxidized rice husks with    

                HMDA, d) Oxidized rice husks with HMDA and GA, e) Oxidized rice husks with  

                     HMDA, GA and immobilized lipase 
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Extended Abstract 

 

3-monochloropropane-1,2-diol (3-MCPD) is a contaminants forms when the edible oil heated at very 

high temperature during refinery process. It is important to address this issue because the 3-MCPD 

giving risk to human health such as kidney failure. The mitigation strategies of 3-MCPD can be done 

prior to refinery process as early as in the field and during milling process according to Sulin et al., 

2020. In order to mitigate the formation of 3-monochloropropane-1,2-diol (3-MCPD), some additional 

process added to the mill to remove its precursors. Widely known that, the precursors of 3-MCPD is 

glyceride, chlorin and some paramters such as temperature and pH as mentioned by Destaillats et 

al.,2012. Removing the chloride for instance can reduce the formation of 3-MCPD. However, the 

addition of more unit procedures could impact plant capital costs, operating costs and utility rates. 

Energy saving is one of the main interest in palm oil mill and more researchers aim to asses the mill 

utilization of steam and electricity. Based on the literature review, two case scenarios were made for 

chlorine removal constructed and compared with the baseline case scenarios. Base case scenario is a 

conventional method of crude palm oil (CPO) processing shown in Figure 1.  The case 1 involves a 

process to wash the final product (CPO).The quality of washed and unwashed CPO is shown in table 1 

which is 74% chloride difference according to Lakshmanan et al., 2021. Case 2 involves integrated 

process to remove the chloride before it go further in the milling process by washing the fresh fruit 

bunch (FFB)  and chloride removal during raw water treatment sections using membrane separation 

technology. For this study, Superpro Designer 12.0 Software used to facilitate modelling and evaluation 

of integrated process palm oil mill. The results will help millers and researchers to gain an understanding 
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of the actual future scenario as early and as detailed as possible. Decision can be make based on sound 

estimates of costs and potential of a process to reduce the 3-MCPD precursor.  

Table 12: Different quality value of unwash and washed CPO (Lakshmanan et al., 2021) 

Quality Unwash CPO Washed CPO Different (%) 

FFA (%) 4.2 ± 0.3 4.1 ± 0.3 -2 

DOBI 2.3 ± 0.1 2.4 ± 0.1 +4 

Impurities (%) 0.045 ± 0.004 0.010 ± 0.004 -78 

Peroxide Value (meq 

kg−1) 

2.1 ± 0.7 2.1 ± 0.7 -5 

Chloride (mg kg−1) 7.6 ± 0.9 2.0 ± 0.2 -74 
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Figure 32: Base case scenario of conventional Palm oil mill model in Superpro Designer 

software. 
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Extended Abstract 

The progress of various approaches in developing the commercialized drugs versus energy from the 

renewable sources such as lignocellulosic biomass, marine macroalgal sources and other common 

feedstocks. Marine seaweeds are well known for its specific features in nutraceutical and bioactive 

compounds related to cancer, obesity, diabetics etc., and it prolongs the life span (Ragumaran et al., 

2018). Meanwhile, the leftover seaweed biomass after bioactives extraction used for energy applications 

specifically liquid fuels like bioethanol and biodiesel and so on. Commercially, the bioenergy 

production requires the minimal cost of feedstock that should not exceed the production rate, feedstock 

availablity, and improving the yield percentage. Thus, this study majorly focused on two marine 

seaweeds used for different end-products from several machinery using two different brown seaweeds. 

The bioactive compounds from seaweeds is due to the substantial availablity of carotenoids, 

polyphenols and polysaccharides that shows significant activity in anti-cancer, anti-diabetic, anti-

inflammatory and anti-obesity etc. (Gupta and Abu-Ghannam, 2011). In this study, a known quantity 

of seaweed was taken for fucoxanthin extraction using different solvents (ethanol and acetone) by 

Ultrasound assisted method (UAE) method. The UAE is a modern methodology used for extracting the 

compounds by producing acoustic cavitation on feedstock that improving the yield by increasing the 

shearing force on biomass, further the UAE is a cost and time consuming process (Ragumaran et al., 

2018). The fucoxanthin is an eccentric carotenoid that have an allenic bond having more anti-oxidant 

properties. Earlier, the conventional methods were used for extracting fucoxanthin production was 

lower due to its extended timings, solid-liquid ratio. On the otherhand, the solvent (ethanol and acetone) 

https://www.tandfonline.com/doi/full/10.1080/10498850.2018.1448918?casa_token=7mg6yhdJ7y8AAAAA%3AtW0F8c92DA4n_pO2ZWuTNQsWrz8T1bIFXew4m7UrRRgZ2tdQW4iIg0khWZGv2iNm_x0qOzlY6c8NfQ


6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

393 

 

used in this study is also taken in consideration. According to the previous reports, the ethanol is the 

major food grade solvent which helps in efficient carotenoids, and acetone also favors the same, but the 

drawback in methanol is its toxicity. In this report, the extraction of fucoxanthin using two different 

solvents employed in two seaweeds showed a fold increase in acetone extracted fucoxanthin compared 

to ethanol fraction. Further, the crude sample was purified by  

using silica gel packed column and further confirmed by using High performance liquid 

chromatography (HPLC). Aftermath, the extracted crude and pure fucoxanthin will be carried out to 

check for its potential in anti-oxidant activity by DPPH assay (lim et al., 2018). Further, the leftover 

seaweed from the fucoxanthin extraction was used for extracting sulphated polysaccharide called 

fucoidan. So far, the fucoidan was extracted from various seaweeds using conventional methods are 

well reported but using modern extraction techniques for fucoidan was scarce. Hence, this report 

focused on extracting the sulphated polysaccharide using UAE and microwave assisted extraction 

(MAE) (Yuan et al., 2015). From the experimental result, it clearly depicted that the extraction 

efficiency is equally significant in both UAE and MAE process. Further, the fucoidan was purified 

using column chromatography and subjected to several characterization techniques such as FT-IR, XRD 

and NMR for structural conformation. Then, the partially purified fucoidan was employed in Zebrafish 

models to know the activity of anti-obesity. The Zebrafish were purchased and maintained under the 

laboratory conditions. Ten fishes per group was selected and allowed to grow in separate tanks. To 

which the formulated feed was fed for 15 days continuosly three times per day. After the feeding period,  

the fucoidan was also given along with normal feed for thrice a day upto 15 to 20 days. Further, the 

gene expression related to anti-obesity biomarkers were performed. Owing to this, the residual 

seaweeds biomass (approx 10.5 g) was used for ethanol production. The seaweed biomass was subjected 

into pretreatment using sulphuric acid for an hour, followed that neutralization, overliming process were 

also carried out (Sakthivignesh et al., 2020).  Then, the aqueous extract was allowed for fermentation 

process using Sacharomyces cerviseae for 5-7 days. Finally, the ethanol yield was quantified through 

headspace GC-MS analysis. The resultant peak showed that presence of ethanol than the control. Thus, 

this is the first report dealt with the ethanol production from leftover biomass of seaweeds with 

simultaneous fucoxanthin and fucoidan extraction. Further, the leftover seaweed biomass was used for 

composting as fertilizer for plants. This study highlighted that the significant way for extracting two 

different end-products (Fucoxanthin and Fucoidan) and the other bioenergy product of ethanol was 

produced from leftover seaweed biomass and remaining seaweed used as fertilizer for efficient plant 

growth in biorefinery approach. 
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Introduction 

Nowadays, zinc deficiency is a common problem in many countries and regions, especially 

developing countries[1]. The absorption site of zinc in the human body is mainly the small intestine, and 

its absorption is mainly through the ZnT zinc transporter or the Zip transporter, and it is transported to 

and from the membrane through transmembrane transport. However, dietary zinc is generally poorly 

absorbed in the human body, and certain food matrix components, such as phytic acid, polyphenols, 

saponins, and cellulose, combine with zinc to form insoluble complexes in the gastrointestinal tract, 

hindering zinc absorption and use [2]. On the other hand, other minerals in food, such as iron, calcium, 

and copper ions, also compete with valence metal ion transporters and carrier proteins, thereby 

inhibiting the absorption of zinc. 

The peptide-zinc chelate was prepared and entered into cells and blood circulation in  whole form 

[3]. In this process, zinc ions can avoid the formation of precipitates with phytic acid, etc., and share the 

peptide transport pathway, thereby improving the bioavailability of zinc. 

In the study, a novel kind of peptides-zinc chelate was obtained using the casein peptide as raw 

material,the reaction was carried out  with the mass ratio of the casein peptide to ZnSO4·7H2O of 1:1 ; 

based on gastric juice-intestinal juice-Caco-2 cell model, the gastrointestinal digestion of casein 

peptide-zinc chelate was investigated. Stability and absorption in small intestinal epithelial cells; on this 

basis, the changes in the transmembrane transport flux of chelates were analyzed by means of pathway 

inhibitors, and the mechanism of chelates promoting zinc absorption was clarified. 

 

Methods 

In the study, we intends to prepare a nutrient delivery system peptide-zinc chelate with casein 

peptide and inorganic zinc salt as raw materials; Digestive stability and absorption in small intestinal 

epithelial cells; on this basis, the changes in the transmembrane transport flux of chelates were analyzed 

by means of pathway inhibitors, and the mechanism of chelates promoting zinc absorption was clarified. 

Specific research contents include: 

(1) Preparation of casein polypeptide and polypeptide-zinc chelate 
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Preparation of zinc chelated peptides by fermentation of lactic acid bacteria. Polypeptide-zinc 

chelates were prepared, and the ability of casein polypeptides to chelate zinc ions and the binding sites 

of zinc ions were detected by techniques such as infrared spectroscopy, atomic absorption spectroscopy 

and mass spectrometry. 

(2) Correlation study on gastrointestinal digestive stability of polypeptide-zinc chelate 

Gastrointestinal digestion of polypeptide-zinc chelates was simulated by an in vitro gastric-intestinal 

digestion model. Monitor the changes of the chelation state of the chelate during the digestion process, 

and use infrared spectroscopy, atomic absorption spectroscopy and mass spectrometry to detect the 

changes in the ability of polypeptides to chelate zinc, the dissociation degree of zinc ions and the 

dissociation rate and other indicators. 

(3) The role of polypeptide charge properties in the mechanism of polypeptide-zinc chelate 

transmembrane transport 

The Caco-2 cell model was used to simulate the absorption of different properties of peptide-zinc 

chelate in small intestinal epithelial cells. The transmembrane absorption of chelates was intervened by 

different means, and the content changes of polypeptide-zinc chelates and free zinc ions during the 

whole transmembrane transport process were monitored. 

(4) Verification experiment 

Polypeptides were synthesized by solid-phase synthesis and the peptide-zinc chelate was prepared. 

Then, the digestion and absorption of chelates were simulated by the three-stage digestion and 

absorption model of gastric juice-intestinal fluid-Caco-2 cells; the dissociation degree of zinc ions in 

the digestion process, the apparent permeability coefficient of chelates and other indicators were 

detected, and the The changes of chelate transmembrane transport pathway were observed to verify the 

above research conclusions. 

On the basis of exploring the pathways through which peptide-zinc chelates can pass through shared 

peptides, the link between the structural properties of the peptide itself and the transmembrane transport 

mechanism of chelates was investigated, and the final bioavailability of zinc via different pathways was  

investigated.  

 

Conclusions and Discussion 

The zinc chelates of the products under different conditions are shown in Figure 1. The zinc chelation 

rate of LP1 was the highest, which was 23.08±2.61%, and the zinc chelation rate of LP2 was 

17.49±1.33%. After mixed fermentation, the zinc chelation rate became lower, which may be due to the 

increase in the degree of hydrolysis of the product, resulting in a part of zinc chelation sites  point is 

destroyed. 
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Figure 33: The Drawing Canvas 
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Extended Abstract 

 

Many studies have investigated indoor air quality (IAQ) in relation to cigarette smoke. It is not easy 

to assess Environment Tobacco Smoke (ETS) exposure and IAQ owing to the variability of 

concentrations, exposure profiles and other factors. Air nicotine and heavy metals are among the most 

used ETS indicators and their indoor levels have been found to be related to the number of smoked 

cigarettes. The interaction of lichen thalli with chemical compounds (e.g., heavy metals) has been 

extensively and critically investigated (Paoli et al., 2019). Biomonitoring with lichens allows to detect 

variations in environmental levels of trace elements and provides useful evidence of the biological 

effects of atmospheric pollutants. So far, lichens have been widely used as biomonitors of outdoor air 

quality, but only rarely for the assessment of indoor air quality, such as in the case of schools (Protano 

et al., 2017). Therefore, this study aims to investigate the indoor air pollution from the nicotine and 

other heavy metals in the office building using transplanted lichen Usnea Misaminensis. This study 

underlined two hypotheses; a) that the transplant lichen can accumulate relevant amounts of nicotine 

and heavy metals from cigarette smoke, and b) that such exposure effects their vitality. 

This study was conducted in an office building at the Universiti Kebangsaan Malaysia, Selangor, 

Malaysia. Five office rooms were selected as the sampling location which 2 out of 5 are the office rooms 

of a smoker (Table 1). The average time spending by the occupant of the selected office rooms is 

between 8 hours per day during working day. Lichen samples were collected from Bukit Larut, a pristine 

forest area and distant from any pollutant (Abas et al. 2021). Bukit Larut, Perak are known as the wettest 

area in Malaysia and it has the best climate for lichen to grow abundantly. The lichen samples were 
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exposed in all 5 selected office rooms (3 samples for each room) for 3 months, and one lichen sample 

were exposed in the lab under ambient condition as a control sample. After th 3 months exposure, all 

lichen samples were brought into the lab and lichen samples were immediately stored at−18 °C in paper 

bags to prevent nicotine degradation. Heavy metals concentration (Al, As, Cd, Cr, Cu, Fe, Ni, Pb, Sb 

and V)were analyzed using ICP-MS, nicotine content were analyzed by using HPLC and the lichen’s 

vitality rate (FV/FM) were measured using Plant Efficiency Analyzer (Abas 2021). The bioaccumulation 

of heavy metals and nicotine, as well as the loss in vitality were assessed in terms of the ratio between 

exposed to control samples (EC ratios). According to Frati et al. (2005), EC ratios>1.25 and<0.75 

indicate values significantly different from the control. 

 

Table 13: Sampling locations’ description 

Sampling 

Location 
Description 

Control Lab, under ambient condition, no exposure to nicotine 

1 Smoker’s room 

2 Smoker’s room 

3 Non-smoker’s room, connected with the smokers’ room 

4 Non-smoker’s room, connected with the smokers’ room 

5 Non-smoker’s room, disconnected from the smokers’ room 

 

Based on table 2, the concentration of nicotine and heavy metals are higher in both of the smoker’s 

room, and lower in all of the non-smokers’ room. The EC ratio of the smoker’s rooms shows there is 

significant uptake of the heavy metals and nicotine by the transplanted lichen. In term of the vitality of 

lichen, room no 1 shows very high impact compare to the room no 2 eventhough both are occupied by 

smoker.  

 

Table 2: EC ratio for each sampling station 

 Room 1 Room 2 Room 3 Room 4 Room 5 

Al 1.31 ± 0.05 1.27 ± 0.11 1.03 ± 0.06 0.99 ± 0.12 1.03 ± 0.01 

As 1.43 ± 0.01 1.17 ± 0.20 0.99 ± 0.04 1.02 ± 0.03 0.84 ± 0.07 

Cd 1.48 ± 0.15 1.33 ± 0.04 0.82 ± 0.19 1.14 ± 0.10 0.77 ± 0.13 

Cr 1.37 ± 0.04 1.28 ± 0.09 1.07 ± 0.14 0.93 ± 0.04 1.05 ± 0.19 

Cu 2.21 ± 0.12 1.62 ± 0.03 0.88 ± 0.05 1.30 ± 0.07 1.07 ± 0.22 

Fe 1.72 ± 0.03 1.69 ± 0.02 0.78 ± 0.03 1.26 ± 0.02 1.19 ± 0.02 
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Ni 1.95 ± 0.08 1.31 ± 0.01 1.10 ± 0.02 1.21 ± 0.01 0.97 ± 0.05 

Pb 1.39 ± 0.02 1.44 ± 0.02 1.32 ± 0.03 1.29 ± 0.05 1.14 ± 0.08 

Sb 1.18 ± 0.11 1.21 ± 0.06 1.17 ± 0.01 0.87 ± 0.01 1.21 ± 0.05 

Sr 1.09 ± 0.01 1.17 ± 0.11 1.09 ± 0.01 0.90 ± 0.02 1.08 ± 0.01 

V 1.46 ± 0.03 1.51 ± 0.21 0.71 ± 0.05 1.01 ± 0.07 0.99 ± 0.02 

Nicotine 1.99 ± 0.05 1.30 ± 0.02 1.00 ± 0.01 1.00 ± 0.09 1.00 ± 0.01 

FV/FM 1.43 ± 0.02 0.98 ± 0.03 0.81 ± 0.02 0.89 ± 0.11 0.74 ± 0.04 

 

This study has found that nicotine and heavy metals can be detected by using lichen as the biological 

indicator. This study also confirms that the increase of nicotine and heavy metals will decrease the 

vitality rate of living things. Nicotine and heavy metals does not travel very well through the building’s 

ventilation system  due to its heavy molecular weight and also being filtered by the ventilator. Hence, 

this study suggests for better ventilation system in the public office building to secure the health well 

being of the occupants.  
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Extended Abstract 

 

During the production of cotton-woven fabrics in textile factories, a huge amount of unsatisfactory 

cotton yarn is discarded. So far, this waste has been used as filler material in downcycling products such 

as teddy bears and decorative products, landfilled on-site, or burned in an incinerator. With a large 

amount of cellulose content (above 80 wt%), cotton waste is a potential cellulose-based ingredient for 

the synthesis of high-value engineering aerogels. In this study, the cotton waste fibers (CFs) are 

successfully converted into cellulose aerogels by using polyvinyl alcohol (PVA) as a cross-linker and 

freeze-drying method. The prepared aerogels are extremely lightweight with a low density in a range 

of 18.52-32.18 mg/cm3 and high porosity of 97.81-98.73%. After being modified with 

methyltrimethoxysilane, the coated-aerogels exhibit enhanced hydrophobicity with water contact 

angles of 92-122°. They also express their ability to deal with oil pollution with a maximum oil 

absorption capacity of 30.61-47.19 g oil/g aerogel within only 20 sec, which is 2 times higher than that 

of commercial oil-absorbents made of non-renewable polypropylene and polyurethane. This work 
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provides a sustainable procedure to recycle the solid products of the apparel industry by creating 

valuable products from cotton waste fibers for water treatment. 
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Extended Abstract 

 

To handle serious environmental pollution caused by municipal solid wastes, the general trend of the world 

today is to develop a cost-effective procedure for recycling waste into high-value engineering products. In 

this study, rice husk ash, which is one of the abundant by-products of industrial incinerators, is firstly treated 

with sodium hydroxide for silica recovery. The obtained sodium silicate is then gelated on a matrix of 

recycled polyethylene terephthalate (rPET) fibers, followed by low-cost ambient drying to generate heat-

insulating and flame retardant silica aerogel composites. The developed method is economical and user-

friendly due to no consumption of expensive and toxic organosiloxane as being commonly used in the 

previous studies. The composites remain lightweight properties with a low density of 0.126-0.176 g/cm3 

and high porosity above 90%. The strong adhesion of silica aerogels to the aerogel composite not only 

reduces heat transfer through it with the low thermal conductivity of 0,040-0,056 W/(m·K) but also enhances 

its flame retardancy effectively with a flame propagation speed is approximately 0.27 mm/s. With a structure 

of 4 layers of rPET fibers stacked on top of each other and alternating layers of silica aerogels, the prepared 

aerogel composite has a high Young’s modulus of 84.099 kPa and can withstand 695 times its weight. The 

novel silica aerogel composites are also considered an alternative to brittle silica aerogels. 
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Extended Abstract 

 

Exposure to indoor dust pollution is one of the public health concerns especially in children, who are 

one of the most susceptible groups of the population in our world. Children are more vulnerable in terms 

of exposure by virtue of their susceptibility and the doses of the receiving. The uncontrolled mining 

activities in Pahang has created a dusty environment that leads to health impacts especially respiratory 

health among children. A comparative cross-sectional study was conducted on 270 students randomly 

selected from the Primary 4 and 5 clusters. Questionnaires were used to collect the information on their 

background and their respiratory health symptoms. Lung function test was performed for each student 

using a spirometer according to the American Thoracic Society standards. Environmental sampling for 

particulate matter (PM10) and indoor air and indoor dust of heavy metals pollutants dust samples from 

each of the eight classes (four classes from Primary 4 and another four classes from Primary 5) were 

collected using a Gillian Personal High-Volume Air Sampler  and 400W vacuum cleaner that consists 

of a special filter. The heavy metals concentrations in indoor air and indoor dust samples were analysed 

using Inductively Coupled Plasma-Mass Spectrometry (ICP-MS). Results showed the concentration of 

particulate matter (PM10) and heavy metals (As, Cd, Ni and Pb) in indoor air and dust and soil was 

significantly higher in the studied area compared to comparative area (p<0.001). Highest reported 

symptoms among students in the studied area was cough with flu (48.0%) followed by nasal congestion 
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(45.9%) and runny nose (42.6%) and headache (41.2%). While in comparative group was cough with 

flu (35.9%) and cough only (35.2%) for the past 3 months. Symptoms such as diagnosed asthma 

(p=0.033), runny nose (p<0.001), nasal congestion (p<0.001), sore throat (p<0.001), dry throat 

(p<0.001) and chest tightness after outdoor activities (p<0.001) showed significant differences between 

two groups. This study also showed students in studied area have significantly lower (p<0.01) of FEV1, 

FVC, and FEV1/FVC ratio compared to the comparative group. Students from studied area have 68.2% 

of FEV1 abnormalities followed by 50% of FEV1/FVC abnormalities and 38.5% of FVC abnormalities. 

Higher pollutants concentration of PM10 and heavy metals concentration in indoor air, window dust and 

corridor dust were significantly associated with all reported health symptoms except for cough and chest 

tightness at night. PM10 and heavy metals exposure in school environments especially air, window dust 

and corridor dust were significantly associated with reduction of lung functions (p<0.05). Lower values 

of FEV1, FVC and FEV1/FVC were found to be significantly associated with runny nose, nasal 

congestion, dry throat, chest tightness, chest tightness at night and chest tightness after outdoor 

activities. The study revealed that concentration of PM10 and heavy metals in indoor air and indoor dust 

were higher in the studied school compared to comparative school. The elevated or increasing 

concentrations of these pollutants in the school investigated should be one of our cause for concern 

especially for stakeholders in the education sector. Therefore, all appropriate measures needs to be taken 

safely and urgently for any safeguard the health of the concerned children. Logistic analysis showed 

that increasing exposure to heavy metals in indoor air and dust will lead to reported health symptoms 

and lung function abnormalities. 
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Extended Abstract 

 

Red pitaya fruits (Hylocereus polyrhizus) also known as dragon fruit, is one of the popular tropical 

fruits and belongs to the cactus family, Cactaceae. The fruit has an exotic look and flavor, and offers 

numerous nutrients, including vitamin B and C, phosphorus, protein, calcium, fiber, and antioxidants. 

While the flesh part is high in demand, the peel of pitaya usually will be discarded as waste. Without 

proper waste management, the discarded peel may contribute to a major ecological problem. Hence, 

efforts have been done to retrieve valuable bioactive compounds from the pitaya peel including dietary 

fiber, natural colorant, and many enzymes such as pectinase and amylase (Jiang et al., 2021). Among 

all, amylase separation, particularly from pitaya peel is one of a few attractive options considering this 

enzyme is dominating the biotechnology industry. Separation of this enzyme from pitaya peel may 

require the advancements in the extraction technology which may involve the membrane filtration 

process. Multistage membrane filtration process was reported to successfully separate proteins and 

enzymes such as bromelain from pineapple waste (Nor et al., 2018). Hence, this work focused on the 

separation of α-amylase from red pitaya peel by employing a two-stage ultrafiltration (UF) scheme. 
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Figure 1: Schematic diagram of the two-stage UF for α-amylase separation 

 

All pitaya samples were first pre-treated with pectinase to hydrolyze the pectic substances prior to the 

UF process. The pitaya peel extract was then purified by using a two-stage UF system which consisted 

of polyethersulphone membranes with molecular weight cut-off (MWCO) bigger in the ultrafiltration 

stage 1 (100kDa) and smaller in the ultrafiltration stage 2 (10kDa) than the α-amylase molecular weight 

of 42 kDa as shown in Figure 1. The UF stage 1 is considered the pre-filtered stage since it was aimed 

to separate the targeted enzyme in the permeate from the high molecular weight molecules including 

polysaccharides. The permeate from UF stage 1 will be taken back to be further filtered in the UF stage 

2 to obtain concentrated α-amylase solution as the retentate. The process was performed up to the 

permeate recovery (PR) of 80% in UF stage 1, and volume reduction factor (VRF) of 10 in UF stage 2.  

 

   

Figure 2: Flux profiles of (a) UF stage 1; and (b) UF stage 2 

 

The findings indicate that both UF stages produced declining flux profiles with three obvious phases; 

(1) drastic declination, (2) minor declination, and (3) steady-state flux as shown in Figure 2. The 

declination of the flux is influenced by the fouling phenomenon taking place on the surface membrane 

during the filtration process (Omar et. al, 2020). The rapid decline observed at the beginning of both 

UF processes is probably due to the blocking of the membrane pores. It was then followed by the gel 

polarization phenomenon when the suspended solids were rejected by the membrane. 
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Table 1: Properties of red pitaya peel extract in two-stage ultrafiltration 

 

The properties of the sample in each UF stage in Table 1 also displayed promishing results. In UF stage 

1, there was no significant change in protein content and enzyme activity of the permeate compared to 

the feed after the process was concluded at the 80% PR. This signifies the high recovery of the enzyme 

after passing the membrane in UF stage 1 with 97.8% recovery. For UF stage 2, the protein and enzyme 

activity was significantly high in the retentate indicating high rejection of the compounds by the 

membrane. Hence, an increment of enzyme specific activity by 2.39-fold in the retentate was observed 

after the total volume of the feed was reduced by 10 times. The purity fold obtained in this study exceeds 

the targeted purification requirement since the extract needs to be purified to 2 to 4 folds necessary for 

commercialization purposes as reported by Nor et al. (2018). With the high enzyme recovery in UF 

stage 1, and acceptable enzyme purity fold in UF stage 2, this study indicates the successfulness of this 

technology for the separation of α-amylase from the pitaya extract. 
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Properties  UF stage 1 (100 kDa)  UF stage 2 (10 kDa) 

Feed Permeate Retentate  Feed Permeate Retentate 

Volume (ml) 300 240 60  240  216 24 

Protein content 

(mg/ml) 

0.82± 

0.02a 

0.83 ± 

0.03a 

0.65 ± 

0.01b 

        0.82 ± 

0.02a 

0.74 ± 

0.04c 

1.2 ± 0.02d 

Enzyme 

activity (U/ml) 

7.58 ± 

0.22a 

7.4 ± 0.15a 4.82 ± 

0.11b 

        7.38 ± 

0.16a 

4.60 ± 

0.06b 

25.74 ± 

0.31c 

Specific 

activity (U/mg 

protein) 

9.24 ± 

0.04a 

8.92 ± 

0.17a 

7.47 ± 

0.49b 

        8.97 ± 

0.32a 

6.19 ± 

0.18c 

21.41 ± 

0.63d 

Enzyme 

recovery (%) 

after UF stage 1 

 97.80 ± 

4.83 

     

Purification 

fold in UF stage 

2 

      2.39 ± 0.08 

*Different letters in the same row indicate the significant differences (p < 0.05)  
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Extended Abstract 

 

Concrete is one of the most widely used material in the construction industry resulting in high demand 

of its raw materials. One of the raw materials in concrete is cement. The cement industry has generally 

known to have negative impact on the environment, living things and climate change (Mohamad et al., 

2021). Due to this, research has expanded to utilize different materials to replace cement in the concrete 

mix that would be environmentally and economically beneficial. Recently, there has been an increase 

in studies using biochar in concrete mix as a supplementary cementitious material (Wang et al., 2020). 

Use of biochar as cement replacements is found to be very beneficial (Gupta et al., 2018). This would 

eventually motivate the construction industry to adapt biochar usage and will lead to a decrease in the 

cement demand which can the production. Malaysia is one of the largest producers of palm oil in the 

world as reported by the Malaysian Palm Oil Council. Large amount of palm kernel shells are available 

as wastes after the palm oil extraction process.  

Pyrolysis is a thermochemical conversion process that is conducted under the absence of oxygen to 

convert biomass into biochar, syngas and bio-oil. The target product of this of study is biochar, slow 

pyrolysis has been adopted as it has confirmed that in order to obtain a higher yield of biochar slow 

pyrolysis would be preferred in comparison to fast pyrolysis (Al Arni, 2018). Palm kernel shells used 

in this study was collected locally from Seri Putra Oil Palm Mill, Banting, Selangor. The palm kernel 

shells were washed to remove impurities, dried in an oven, milled and then sieved to 1.18 -2 mm. Slow 

pyrolysis was conducted in a tubular reactor at different temperatures ranging from 200-800 ℃. 

Nitrogen flow of 30 ml/min, heating rate 10 ℃/min and residence time of 70 min were adopted for all 

pyrolysis runs. The weight of sample remaining after the pyrolysis process was weighed to obtain the 
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biochar yield. The biochar yield (ymass) in equation (1)  has been adopted from Weber et al., (2018), 

mfeedstock  representing the mass of the raw palm kernel shells and mchar representing the mass of biochar.   

 

𝑦𝑚𝑎𝑠𝑠 (%) =
𝑚𝑐ℎ𝑎𝑟

𝑚𝑓𝑒𝑒𝑑𝑠𝑡𝑜𝑐𝑘
× 100                                                                                                                (1) 

 

As illustrated in Table 1, the palm kernel shell biochar yield is inversely proportional to the temperature. 

Highest biochar yield of 98.7 % was obtained at pyrolysis temperature of 200 ℃ and the yield decreased 

to around 29.5 % at temperature of 800 ℃. These results are in agreement with the study conducted 

with different types of feedstock biomass (wheat straw, corn straw, rape straw and rice straw)  at 

different ranges of pyrolysis temperatures 300 oC to 600 oC and show a gradual decrease of yield with 

temperature (Zhang et al., 2020). It shows that temperature has significant effect on the biochar yield. 

The loss of mass during pyrolysis as the temperature increases is due to the decomposition of the volatile 

matter and the appearance of larger pores that were generated with the release of volatile compounds 

(Liu et al., 2018).  

 

Table 14: Biochar yield results through slow pyrolysis 

Temperature (℃) Biochar Yield (%) 

200 96.7 

300 64.2 

400 41.3 

500 35.1 

600 32.3 

700 32.2 

800 29.5 

 

There is a potential of producing biochar from palm kernel shell which could be used as cement 

replacement. These results would then motivate further studies that can be experimented on the different 

amount of biochar as cement replacements and conduct mechanical tests on the resultant concrete mix 

to study the concrete strength. 
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Extended Abstract 

 

It is widely recognized that the large-scale emission of greenhouse gases, such as carbon dioxide,  

leads to global climate anomalies and frequent natural disasters, which is not conducive to the long-

term survival and development of mankind. In order to achieve the carbon neutrality target, microalgae 

- based approaches are potential ones for carbon capture and utilization. Reducing CO2 emmision is not 

enough and the development of high value-added products will improve the technical economy of 

microalgae - based approaches.  

Microalgae have high photosynthesis efficiency but environmental stresses lead to negative effects 

on growth of microalgae. It is essential to enhance the tolerances to these environmental stresses, for 

exampel, high concentration of CO2, flue gas and phenol during environmental remediation process 

(Zhao and Huang, 2021).  

There are some studies improving the metabolic phenotype and tolerance by adaptive laboratory 

evolution (ALE). Firstly, the growth phenotype of Chlamydomonas reinhardtii gene deficient strains 

was enhanced by adaptive laboratory evolution. The results showed that the oil yield was significantly 

increased by more than 40% (Yu et al., 2013). This is a successful application to enhance microalgae 

growth and lipid synthesis in microalgae. It should be mentioned that it was not performed under stress 

contions. In addition, 10% and 20% CO2 (Li et al., 2015),  simulated flue gas (10% CO2, 200 ppm NOx 

and 100 ppm SOx) (Cheng et al., 2019), and 30 g/L salt (Li et al., 2018) were selected as environmental 

stresses for Chlorella vulgaris. Then, the tolerances to high concentration of CO2, simulated flue gas, 

and salt through shown in Fig. 1. The starting algal strain is Chlorella sp. L3, and the evolved algal 

strains are AE10, CV, L5 and S30, respectively. It should be noted that S30 can maintain high carbon 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

419 

 

fixation capacity and salt tolerance at the same time. It is possible to make CO2 capture in seawater or 

high salinity wastewater. 

 

 

Figure 1: ALE of microalgae for CO2 capture 

 

Full utilization of microalgae is helpful to realize carbon neutrality based on the concenpt 

biorefinary (Li et al., 2019). There are carbohytrates, proteins, lipids and pigments in microalgae. An 

approch based on ionic liquid was developed to help pretreatment of cell wall of microalgae and lutein 

extraction from Chlorella sp. (Zhu et al., 2021). Nano-emulsion of lutein has been prepared and the 

bioactivities were determined. It was shown that the nano-emulsion was stable under 25 oC. 

 

 

Figure 2: From biorefinary of microalgae, lutein extraction and nano-emulsion preparation 
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Strain improvement is the first step in microalgae biotechnology. Extractions of pigment and other 

products are downstream process. Both of them are important for CO2 capture and utilization.  
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Extended Abstract 

 

Vessel clogging often occurs in both lab-scale and full-scale anaerobic digestion system especially 

when fed with substrate containing high suspended solids or lipid [Cirne, 2007; Spanjers, 2006]. The 

clogging from lipid-rich substrate is usually induced by fat, oil and grease (FOG) deposits created by 

the saponification of free fatty acids and Ca2+ [He, 2017]. This can cause substrate transfer problem 

which will eventually deteriorate reactor performanc. However, clogging is difficult to be noticed in 

advance until the following outcome happens. In this study, early detection of clogging in substrate tube 

had been performed with machine learning using substrate and effluent characteristics. Two laboratory-

scale anaerobic CSTR reactors were operated for 120 days and fed continuously with a mixture of 

foodwaste and waste activated sludge from wastewater treatment plant through peristaltic pump and 

tygon tube. The mixture created sufficient amount of FOG deposits to hinder the inlet tube and showed 

reducing flow after several days. The influent amount was recorded to indicate the degree of clogging 

and some of the potential features to predict the clogging was analyzed from the substrate and effluent. 

The data is a multidimensional data which is the combination of a cross-sectional (substrate 

characteristics) and a time-series data (effluent characteristics). Therefore, the algorithm to use this type 

of data has been selected from several types of candidate models including deep neural network, 

recurrent neural network with and without attention mechanism based on R2 evaluation metric. 

Moreover, in order to clarify the cause and effect of the attributes, time scale of the target attribute 

(influent amount) had been moved forward to assure it as an effect. The data from one of the reactors 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

422 

 

was used as train dataset and the other reactor was used as test dataset. The feautre importance analysis 

had been performed as well to select which kind of attributes contribute the most to detect clogging. 

The result from this study demonstrates the possibility of predicting tube clogging through machine 

learning algorithm and determines the important factors that affect clogging in anaerobic digestion 

system. 

 

 

 

Figure 34 : Schematic experimental diagram anaerobic CSTR system 
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Extended Abstract 

Plastic waste in the environment is a global growing concern. Polyethylene terephthalate (PET) is a 

common plastic used in industry and human life. Thermochemical process is a preferred method to 

dispose plastic waste mainly because it can reduce volume of the waste; however, the thermochemical 

disposal of plastic waste can emit harmful chemical species such as benzene derivatives and polycyclic 

hydrocarbons. Therefore, it is critical to prevent the generation of polycyclic aromatic compounds 

during pyrolysis of PET waste to make it more environmentally benign and more sustainable for the 

disposal of PET. As an effort to overcome this challenge, supported metal catalysts (carbon-supported 

Pd and Pt catalysts) were used to inhibit the formation of polycyclic compounds and biphenyl 

derivatives by pyrolysis of PET. Less polycyclic compounds and biphenyl derivatives were generated 

during the Pd or Pt-catalyzed PET pyrolysis than non-catalytic PET pyrolysis. The concentrations of 

polycyclic compounds and biphenyl derivatives were 107 % and 56 % lower for the Pt-catalyzed 

pyrolysis at 700 °C than non-catalytic pyrolysis, respectively. The Pt catalyst was more effective to 

suppress the generation of polycyclic compounds and biphenyl derivatives during the PET pyrolysis 

than the Pd catalyst at temperatures from 400 to 800 °C. This was likely because the Pt sites catalyzes 

decyclization reaction and/or free radical mechanism that is dominant in thermal cracking of 

carbonaceous substances such as PET. The results of this study would help develop environmentally 

friendly plastic waste treatment methods via thermochemical processes. 
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Extended Abstract 

 

Pyrolysis is an effective method for both waste valorization and treatment. Herein, carbon dioxide-

assisted pyrolysis was conducted for the valorization and treatment of everyday waste, namely used tea 

bags. The effects of pyrolysis temperature and medium (N2 and CO2) on the composition and yield of 

the pyrolytic products were explored. The changes in the pyrolysis temperature and pyrolysis medium 

affected the compositions and yields of pyrolytic products. More non-condensable gases and less char 

were produced as the temperature increased. CO2 increased the yield of pyrolytic gases, particularly 

hydrogen and also prevented the formation of environmental pollutants such as phenolic compounds, 

benzene derivatives, and polycyclic aromatic hydrocarbons. The char produced from waste tea bags via 

CO2-assisted pyrolysis had a higher heating value (26.8 MJ kg− 1 ) comparable to that of coal. This study 

demonstrates the effectiveness of CO2 utilization in pyrolysis for valorization of everyday waste. 
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Extended Abstract 

The pyrolysis of mulching film waste (an agricultural plastic waste) with cattle excreta (livestock 

organic waste) was investigated as the efficient simultaneous treatment of plastic and organic wastes. 

For pyrolysis of mulching film waste or cattle excreta, an increase in temperature increased the yield of 

non-condensables and decreased the yield of condensables or solid residue. The mulching film waste-

derived pyrolytic product was composed largely of a wide range of hydrocarbons (C1–C44), while the 

cattle excreta-derived pyrolytic product was composed of a variety of chemical groups such as 

oxygenates, polycyclic aromatic compounds, N-, S-, and B-containing compounds, and halogenated 

compounds. Pyrolysis temperature had no significant effect on the selectivity toward each chemical 

groups found in the condensables derived from either the mulching film waste or cattle excreta. The 

addition of the cattle excreta to the pyrolysis of the mulching film waste increased the yield of non-

condensables and enhanced selectivity toward H2 between 500 ℃ and 900 ℃, compared to the pyrolysis 

of the mulching film waste only. The pyrolysis of the mulching film waste/cattle excreta mixture led to 

the condensables with lower contents of N, S, B, and halogens than the pyrolysis of a single feedstock. 

This study is to propose thermochemical conversion pathway of agricultural plastic waste along with 

livestock organic waste as an effective strategy for waste-to-resources. 
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Extended Abstract 

 

INTRODUCTION: The respirable dust from quarry sites may contain harmful minerals that can 

penetrate deep into the lungs. Mineral dust contains a variety of carcinogenic and non-carcinogenic 

substances. AIMS: This study was to investigate the impact of exposure to quarry respirable dust on 

respiratory health performance by interpreting Fractional Exhaled Nitric Oxide (FENO) and 

Interleukin-8 (IL-8) concentrations. METHODS: A cross-sectional study was carried out among 173 

school staff who have been exposed within a 10km radius of the quarry sites. An air sampling pump 

was used to collect personal exposure to quarry respirable dust. A human ELISA kit was used to analyze 

IL-8 concentrations, whereas NIOX MINO and Chestgraph H1-105 spirometers were used to measure 

FENO levels and lung function. RESULT: The mean and standard deviation of quarry respirable dust 

was 1.18±0.78 mg/m³. The FVC% predicted and FEV₁% predicted had normal lung function levels of 

91.83±12.37 and 96.21±11.40. The geometric mean (GM) concentration of IL-8 was 87.34±2.38 pg/mL. 

The geometric mean (GM) concentration of FENO was 21.08 ± 7.98 ppb. FENO concentrations among 
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study respondents were significantly influenced by the exposure to quarry respirable dust (R2=0.051, 

p=0.001).  

CONCLUSION: The public is at high risk of lung impairment by developing respiratory health 

symptoms, reducing lung function levels and increasing high levels of FENO cause of their exposure 

to quarry respirable dust. 
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Extended Abstract 

Herein, the pyrolysis of two types of single-use disposable waste (single-use food containers and 

corrugated fiberboard) was investigated as an approach to cleanly dispose of municipal solid waste, 

including plastic waste. For the pyrolysis of single-use food containers or corrugated fiberboard, an 

increase in temperature tended to increase the yield of pyrolytic gas (i.e., non-condensable gases) and 

decrease the yield of pyrolytic liquid (i.e., a mixture of condensable compounds) and solid residue. The 

single-use food container-derived pyrolytic product was largely composed of hydrocarbons with a wide 

range of carbon numbers from C1 to C32, while the corrugated fiberboard-derived pyrolytic product 

was composed of a variety of chemical groups such as phenolic compounds, polycyclic aromatic 

compounds, and oxygenates involving alcohols, acids, aldehydes, ketones, acetates, and esters. Changes 

in the pyrolysis temperature from 500 ◦C to 900 ◦C had no significant effect on the selectivity toward 

each chemical group found in the pyrolytic liquid derived from either the single-use food containers or 

corrugated fiberboard. The co-pyrolysis of the single-use food containers and corrugated fiberboard led 

to 6 times higher hydrogen (H2 ) selectivity than the pyrolysis of the single-use food containers only. 

Furthermore, the co-pyrolysis did not form phenolic compounds or polycyclic aromatic compounds that 

are hazardous environmental pollutants (0% selectivity), indicating that the co-pyrolysis process is an 

eco-friendly method to treat single-use disposable waste. 
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Extended Abstract 

Green spaces and urban parks are in limited supply in densely populated cities across the world caused 

by rapid population growth, urbanisation, and increased land-use demands. Globally, rising energy 

demand and consumption, particularly of fossil fuels in the residential and industrial sectors, is the 

major driver of increased GHG emissions. However, urban parks with plantations and vegetations have 

the potential to capture carbon and other GHG’s naturally. Carbon emission from the urban parks and 

the total carbon sequestration for Baishakhi park in Banani, Dhaka has been assessed for this particular 

study. The motivation behind this research is to understand whether urban parks as such in densely 

populated cities can self-sustain in terms of their GHG emissions and provide cleaner air for the 

neighbourhood surrounding them. This study has been done as a case study for the park in Dhaka city 

to draw baseline conclusions on how similar parks around the city within similar neighbourhood can 

contribute in reducing GHG from the atmosphere. The methods used for this study includes GHG 

protocol to develop the GHG inventory and calculate the total GHG emissions in tonnes of carbon 

dioxide equivalent (tCO2e) and their sources. A total of 2 scopes are considered for the GHG emission; 

scope 1 (direct emission) from stationary and mobile combustion and scope 2 (indirect emissions) from 

purchased electricity. The data collection sheet provided by the research group is the instrument of data 

collection for this method. Secondly, the carbon sequestration is done using a above and below ground 

biomass calculation and their ability to capture GHG’s. A total station was used to measure the 

dimensions of the plantations around the park and the total dimension of the park. The identification of 
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plantations and they type of vegetation were done to identify the species and their dominance within  

the park to understand which species has higher sequestration potential for future afforestation or 

reforestation projects. The total carbon emissions and the total sequestration of GHG’s will give us an 

insight into the park’s ability to sustain the emissions from day to day activities. The net emission within 

the park will be calculated to determine whether the parks is an emitter of more GHG’s than an absorber. 

Mitigation strategies, a framework and plan will be implemented at the end of the project to reduce the 

emissions from multiple sources within scope 1 and 2 and ways to increase the sequestration potential. 

The aim is to ensure that urban parks in these localities can provide not just place for people to socialise 

and rejuvenate but also to allow them to breathe cleaner air, provide shade and reduce the impact of 

climate change around them.  
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Extended Abstract 

 

 Drying is one of the most widely applied methods for reducing the moisture content of materials 

so as to facilitate transportation, storage and preservation (Kahraman et al., 2021). However, drying are 

considered to be the most energy-intensive units, and some quality deterioration could happen during 

long-time dehydration process. Therefore, to improve the drying process, more efforts are needed in the 

aspects of novel drying technology development and process optimization. 

  Hybrid or rapid drying technology is more efficient than the individual drying technology in 

food drying, while that the pretreatments can also preserve food quality, speed up drying. Pretreatments 

and airborne or contact ultrasound, microwave drying were selected for our research. Square apple 

slices and spherical black chokeberries were used as experimental materials. In the study of apple slices, 

pretreatments of either water blanching or NaCl immersion and airborne ultrasound-assisted air drying 

were combined to dehydrate materials. For the drying of black chokeberries, the fast remove of water 

can lead to the severe deformation problem. Therefore, calcium immersion was performed as a 

pretreatment and combined with ultrasonic or microwave drying to carry out the drying process of black 

chokeberries. 
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 Food drying involves heat and mass transfer mechanism, as well as the knowledge referring to 

food chemistry. Mathematical simulation is an important tool to explore the physical phenomenon 

underneath drying (Gamboa-Santos et al., 2014; Magalhães et al., 2017). However, the shrinkage law, 

porosity and temperature change would all affect the mass transfer process (Tao et al., 2021). To 

improve the applicability of the mass transfer model, the model in the drying of apple slices incorporated 

the temperature-dependent diffusivity in an Arrhenius pattern into the partial differential equations, and 

this model well depicted the moisture decline (Zhu et al., 2022). While in the drying of black 

chokeberries, the factors about temperature rising, deformation and porosity were considered together 

in the model. In the drying study of these two materials, the drying time was found to be greatly reduced 

when the ultrasonic and microwave drying was applied, and they lowered the activation energy required 

for the enhancement of moisture diffusive ability. In terms of quality attributes, both water blanching 

and NaCl immersion significantly increased the amounts of procyanidin B2 in dehydrated apple slices, 

while procyanidin B2 in black chokeberries were also well preserved when ultrasonic drying was 

applied. However, sonication promoted the loss of procyanidin B2 in apple slices and black 

chokeberries with pretreatments during air drying, and the samples dried by microwave suffered the 

sever loss of procyanidin B2. In addidtion, sonication had no obvious influences on PPO activity and 

individual organic acids throughout drying, but POD was significantly inactivated in all drying methods. 

Overall, the sequential NaCl immersion pretreatment (or water blanching pretreatment) and drying with 

airborne sonication are effective to improve the quality of dried apple slices, but only the calcium 

immersion pretreatment combined with contact ultrasonic drying is suitable for the drying of black 

chokeberries. 
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Extended Abstract 

 

Relevance and Background 

Coastal Reservoir has been given prominence and attention due to its potential to becoming the next 

major freshwater storage option. One of the successful operating examples of coastal reservoir would 

be Qingcaosha, constructed in Shanghai China since year 2010 and it has been a major freshwater intake 

for Shanghai City, China. In many of the published research and books on Coastal Reservoir, 

eutrophication has been a great concern to coastal reservoir due to its low flow velocity. Thus, there is 

a great need to water researchers to take in consideration of the algal blooming and pinpoint the areas 

that are prone to algal bloom occurrence for further prevention and mitigation. A hydrodynamic 

modelling has therefore done on Qingcaosha Coastal Reservoir to locate the areas that are prone to algal 

bloom based on the flow velocity in the reservoir.  

  

Methodology 

MIKE 21 Modelling was used to model the Qingcaosha based on idealised condition. To simulate the 

critical flow velocity in the reservoir, only the tidal and river discharge were considered in the 

simulation based on the tidal gauge data near the project boundary determined. Hence the locations of 

the area prone to algal blooming are solely due to the depth, existing geometry and flow velocity of 

Qingcaosha Reservoir without taking the effect of nutrients, salinity, carbon dioxide and other factors 

that are affecting the growth of algal bloom. The critical velocity for the growth of algae and chlorella 

are 0.05 m/s and for filamentous algae is 0.01 m/s according to (Jiao, 2017). Therefore, in the modelling, 

areas with velocity lesser than 0.05 m/s will be marked as area with potential occurrence of algae and 
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chlorella, whereas area with velocity lesser than 0.01 m/s for filamentous algae mapping. The tidal 

height utilised for the upper boundary was -0.33m and -0.15 m for the lower boundary to simulate the 

flow in the esturary on the 25th of February 2002, 10 a.m. obtained from (Antolinez et.al., 2015). With 

that result, it reflects the effectiveness of the current geometry and depth of Qingcaosha to minimise 

algal blooming.  

 

Results and discussion 

Table 1 shows the percentage of areas in the idealised Qingcaosha Reservoir that are prone to algae, 

chlorella and filamentous algae blooming based on the flow velocity in the reservoir, affected by the 

geometry and the depth. The locations that prone to the occurrence of algae bloom and chlorella are 

mostly shallow, otherwise located at the bends or corners that are of challenge for water to flow easily. 

With these mapping, mitigation such as dredging or changing the existing shape with lesser corners can 

be done to reduce the areas prone to algal blooming in the reservoir.  

 

 

 

 

Velocity 

Interval 

<0.05 m/s 

(m/s) 

Midpoint 

of the 

Velocity 

Interval 

(m/s) 

Percentage of 

Area with the 

Respective 

Velocity (%) 

Percentage of 

Occurrence for 

Algae and 

Chlorella (%) 

Percentage of 

Occurrence 

for 

Filamentous 

Algae (%) 

Total 

Percentage of 

Area with 

Algal and 

Chlorella 

Occurrence 

(%) 

Total 

Percentage 

of Area with 

Filamentous 

Algae 

Occurrence 

(%) 

0.04-0.05 0.045 11.75 10.00 0.00 

 

52.49 10.38 

0.03-0.04 0.035 12.47 30.00 

0.02-0.03 0.025 6.94 50.00 

0.01-0.02 0.015 10.95 70.00 

0.00-0.01 0.005 10.38 90.00 50.00 

 

Table 1 Result Summary Showing the Percentage of Area in the reservoir with velocity lesser than 0.05 

m/s and 0.01 m/s and its respective percentage of algae, chlorella and filamentous algae bloom 

occurrence 

 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

437 

 

Conclusions 

Based on the modelling result on idealised condition, 52.49% of the areas in Qingcaosha Coastal 

Reservoir are prone to Algae and Chlorella Occurrence whereas 10.38% of the area are prone to 

filamentous algae blooming based on the flow velocity. These are the areas in the coastal reservoir that 

should be given attention to prevent the growth of algal blooming. Mitigation such as dredging or 

optimising the shape based on the water flow within the coastal reservoir should be done to reduce the 

algal bloom occurrence and improve the water quality of the freshwater stored.  
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Extended Abstract 

 

Ordinary Portland Cement (OPC) concrete is considered not environmentally friendly due to the large 

amount of carbon dioxide gas generated during its manufacturing process. Recent studies have proven 

that by incorporating palm oil ash (POA) into cement as a supplementary cementing material can reduce 

waste and benefit the environment. This research will provide an overview of POA's physical and 

chemical properties, and its effect as a partial cement substitute. Figure 1 shows flow chart of analytical 

test. OPC was replaced by 0%, 10% and 20% of POA by cement weight. Dry mixing and pre-soaked 

POA (wet mixing) were used during this experiment. The mortar properties like workability, 

compressive strength, flexural strength, and microstructural analysis were investigated. The substitution 

of 10% (dry and wet) of POA in mortar per unit weight of cement gave 1% and 8% increased of 

compressive strength compared to control sample at 7 days whereas 20% (dry and wet) produce 9% 

and 11% increment, respectively at 28 days. Additionally, the optimization of the POA dosage, the 

curing period and the mixing method of mortar was investigated using the response surface 

methodology (RSM). Modelling and statistical analysis were carried out using historical data design 

model, which was based on experimental data. Polynomial regression equation was found to be the best 

fit with a coefficient of regression (R2) of 0.89. The analysis of variance implies that the model for 

compressive strength was significant. The outcome achieved suggest 20% of POA (dry method) and 28 

days of curing period are the optimum operating parameters to obtain maximum strength. 
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Figure 1: Flow chart of analytical test 
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Extended abstract 

Relevance background  

Despite of having an average annual rainfall of about 3,000mm, Malaysia still experiences numerous 

incidences of water supply disruptions and rationing. From the 672 rivers monitored, 9 % are polluted 

while another 36% are moderately polluted (Jabatan Alam Sekitar, 2020). On top of that, flooding is 

also another water hazard, in which a total of 10% of Malaysia are categorised as flood-prone area, 

affecting 21% of the total population (DID, 2021). On the other hand, there is also the issue of mild to 

moderate hydrological drought which may occur once in every 5 to 7 years, causing water stress in 

some developed states. All these three major issues can be minimised or mitigated through good water 

governance which must in turn be based on the principles of Integrated Water Resources Management 

(IWRM).  Application of the principles of IWRM can best be achieved if carried out at basin level, and 

such process may also be referred to as Integrated River Basin Management (IRBM).    

 

The Global Water Partnership (GWP) has defined IRBM as a process of coordinating conservation, 

management and development of water, land, and related resource across sectors within a given river 

basin, in order to maximise the economic and social benefits derived from water resource in an 

equitable manner (GWP, 2009).  All form of land uses in a river basin, such as land development for 

residential, commercial, and industrial purposes, agricultural and plantation activities, logging, 

mining, and other forestry activities, can have profound impacts on the water resources in the basin.  

mailto:evxcl6@nottingham.edu.my
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A basin-level perspective allows water managers to address effectively the interactions between water 

resources management and the management of land and other related natural resources. 

Methodology 

A desktop and systematic study was done to identify the current status and issues on IRBM in 

Malaysia. The thirteen (13) thematic areas focused for the study include policy, legislation, 

institution, finance, water assessment and allocation, pollution control, flood management, drought 

management, river basin and land use planning, information system, R&D, river basin monitoring 

and stakeholder participation. 

Results and discussion 

Three (3) out of the thirteen (13) thematic areas from this study are listed in Table 1.0, together with 

their status and issues identified. 

Thematic 

Focus Areas 

Status Issues 

Policy A roadmap of IWRM status was developed, showing the 

evolution of IWRM approach in Malaysia over the past 20 

years. Some of them include the organisation of the 

awareness programme in year 1993, formation of National 

Water Resources Council in year 1998, implementation of 

IWRM BMP in year 2009 and finally the formulation of the 

National Water Resource Policy in year 2012. 

Some key policy issues 

identified are still in its 

implementation stage at the 

state-level, and development of 

state-level collaboration for its 

implementation is slow. 

Water The Federal Constitution grant the states with the right to 

access to water resources and thus there is a need to identify 

the water resources available in each basin for water 

allocation priorities.  Currently, water extractions for portable 

water supply and irrigated paddy crops were given priorities. 

All the operators for the water supply will have to apply for 

license from state to extract water from the river. 

Inconsistent       and       no 
Assessment standard in state legislation 

and Allocation for       water       allocation 

 governance. Other than that, 

the water allocation is not 

guided by an IRBM plan or 

IWRM principles. 

River Basin and The land use planning was carried out by Town and Country 

Planning Department with the basis on the 3-stage urban 

planning system. The country’s level is governed by the 

National Physical Plan, State Structure Plan for states and 

Local Plan for the local authority level. In year 2001, DID 

had done a study on the development of a Register of Rivers 

in Malaysia. A list of River Basin Management Units 

Insufficient legislative support 

for land use control in river 

basin that is IRBM-compliant. 

Moreover, land use control at 

the local level is not based on 

the river basin plan.  Besides 

that, there      is      also 

Land Use 

Planning 
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 (RBMU) was also recommended. In year 2003, IRBM plans 

for all the RBMU were initiated and 25 have been completed 

by year 2021. 

insufficient technical capacity to 

monitor IRBM implementation 

master plans. 

 

 
 Table 1.0 Three (3) out of the thirteen (13) thematic areas focused from this research with its 

respective status and issues 

Conclusion 

The implementation of IRBM is the key for sustainable water resources management in 

Malaysia. As part of the good water governance, there is an urgent need for the formation of 

River Basin Authority with the necessary legal mandate. This is to ensure that all the 

principles, policy and strategies can be effectively implemented. In addition to that, the IRBM 

plan should be the basis for all the land use planning and approval in Malaysia. 
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Extended Abstract 

 

Putrajaya lake was created by construction of a dam across Chuau River as shown in Figure 1. The dam 

was constructed in 1999, together with the 24 wetland cells. The constructed wetland is 200 ha and 

comprises 5 arms, namely Upper West (UW), Upper North (UN), Upper East (UE), (Lower East) LE 

& Upper Bisa (UB). The lake is a 400-ha surface area with a 38 km shoreline and an estimated 26.5  

mil m3 of water.  

The lake and wetland system plays an important role in purification the water by natural processes of 

trapping of sediment, uptake of nutrients and pollutants by wetland plants before flowing into the 

Putrajaya main lake. Figure 1 shows the overall configuration of the Putrajaya Wetlands and Lake. \ 

This study aims to investigate the hydrodynamic behaviours in Putrajaya Lake under various weather 

conditions. Water quality modelling was also conducted for key parameter such as Temperature, 

Disolve Oxygen, Nitrate and Phosporite.  
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Figure 1. Overall configuration of the Putrajaya Wetland Areas and Lake. 

 

Hydrodynamic model domain cover the main Putrajaya Lake from the Cetral Weir all the way the the 

dam as highlighted yellow in Figure 1. The calibarted hydrodynamic model was then used for water 

quality modelling.   
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The hydrodunamic behavious for the whole Putrajaya Lake are presented for dry, normal and wet 

season. Figure 2 shows the flow direction and magnitude of current during dry waether condition.  

 

 

 

 

 

 

 

 

Figure 2 Overall current direction and magnitude in Putrajaya Lake during dry weather condition 

The average current flow for the wet season is 0.43 m/s, which is two times faster than the current flow 

speed during the dry season. In fact, 93% of the POIs experienced a range of flow speed between 0.3 

m/s to 0.4 m/s. Selected water quality parameters in the lake were simulated for various weather 

condition and presented. 

 

Acknowledgements: The authors would like to thank Global Water Consultant Sdn Bhd for providing 
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Extended Abstract 

 

Oil refineries utilize a significant amount of energy and hydrogen. They are also regarded as one of the 

refinery's most essential utilities. Refineries can reduce both energy and hydrogen use by performing 

simultaneous integration of hydrogen and heat since they coexist in most scenarios. As the hydrogen 

and heat exchanger network designs are interconnected, the optimization should be conducted 

concurrently rather than individually (Gaia et al., 2020). A hydrogen network that incorporates heat and 

simultaneously considers pressure and impurity limitations with a regeneration scheme during 

optimization is known as a heat integrated hydrogen regeneration network (HIHRN). Currently, there 

are very few existing works on the design of HIHRN, which are mainly performed using insight-based 

or mathematical programming techniques. The limitation of these techniques is the generation of a 

single optimal solution, which may be impractical due to the lack of consideration of certain aspects 

during optimization such as piping complexity, safety constraints and spatial constraints. Thus, it is 

imperative to provide decision-makers with several optimal and near-optimal solutions from which they 

can narrow down their design options based on their unique scenario. The graph-theoretic method, i.e., 

P-graph, is an alternative tool that can solve process network synthesis (PNS) problems by generating 

multiple optimal and near-optimal solutions (Friedler et al., 2019). 
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The research methodology framework used in this work is depicted in Figure 1. The first step refers to 

the data collection required for the network synthesis (i.e., the flowrate, temperature, pressure, and 

impurity of all hydrogen sources and sinks). In Step 2, a hydrogen regeneration network (HRN) 

superstructure model is constructed in P-graph. This model is capable of generating multiple optimal 

and near-optimal solution structures. Then, a heat cascade is implemented to transform the HRN model 

into a HIHRN model. It is worth noting that the introduction of heat cascade into P-graph was first 

introduced by Chin et al. (2019) to solve a heat integrated water regeneration problem. Such concept 

has been implemented for a HIHRN problem in this work. Figure 2 represents an illustrative model that 

incorporates heat cascade in a two source-sink hydrogen network problem. The overall external heating 

utility is denoted as QH, while the overall external cooling utility is denoted as QC. The temperature 

intervals in the heat cascade are represented by k, where the energy balance takes place for its respective 

temperature difference (i.e., ΔT). The last step (i.e., Step 4) includes generating the feasible HIHRN 

solution structures, i.e., the optimal and near-optimal structures. 

 

 

Figure 1: Research Methodology Framework 

 

Figure 2: Two Source-Sink HIHRN Problem in P-graph 

 

The case study adopted in this work is an oil refinery hydrogen network introduced by Hallale and Liu 

(2001). It consists of seven hydrogen sources, including a pressure swing absorption (PSA) unit and six 

hydrogen sinks. The developed HIHRN P-graph model generated more than 10,000 feasible solution 

structures, where a summary of the top 5 solutions is presented in Table 1. The total cost of production 

(TCOP), the fresh hydrogen consumption (FH
2), and the overall required external utility (ΔQ) are 
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provided for each solution structure. It is worth noting that the required external utility for this problem 

consists of only hot utility. From Table 1, it can be observed that the optimal solution (i.e., solution 1) 

and near-optimal solutions (i.e., solutions 2-5) offer similar performances in terms of TCOP, FH
2, and 

ΔQ. For instance, the percentage increase in TCOP, FH
2, and ΔQ between the optimal solution and 

solution 5 is only 0.43%, 0.83%, and 2.62%, respectively. Therefore, the identification of these 

solutions are vital for decision-makers to make further analysis with considerations of other factors such 

as pipeline, safety, and spatial constraints. 

 

Solution Rank TCOP (M$/year) FH
2 (MMscfd) ΔQ (kW) 

1 32.861 36.054 1122.540 

2 32.870 36.060 1123.160 

3 32.870 36.060 1124.770 

4 33.002 36.355 1152.620 

5 33.003 36.356 1152.800 

Table 1: Top 5 HIHRN Structures Summary  

 

The current work only identifies a set of feasible HIHRNs without putting much attention on the multi-

solution generation for heat exchanger network (HEN) synthesis. Therefore, the authors are currently 

developing a systematic methodology to close this gap. 
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Abstract 

The performance of 1-ethyl-3-methylimidazolium trifluoromethanesulfonate ([EMIM][TF]) was 

evaluated for the extraction of acetonitrile from the binary azeotrope composed of acetonitrile and 

benzene. Relevant ternary phase diagram for the ternary mixture was plotted based on refractive index 

results, and samples were collected at 298.15K under atmospheric pressure condition. Two activity 

coefficient models, namely the NRTL and UNIQUAC were selected to correlate the experimental data.  

 

Keywords: Liquid-liquid Equilibrium; Ionic Liquids; Refractive Index; Activity Coefficient.  

 

Extended Abstract 

 

In this work, the capacility of 1-ethyl-3-methylimidazolium trifluoromethanesulfonate ([EMIM][TF]) 

for the extraction of solvent in the water treatment purpose was investigated by using the cloud point 

method. The specific type of wastewater targeted is a sample binary azeotrope mixture of acetonitrile 

and water, which forms an azeotrope at 346.05 K at atmospheric pressure condition  (Feng et al., 2007). 

The refractive index results provide the data on the mass fraction of the component in the ternary 

mixture. The refractive index (n) results, Table 1, provide the data on the mass fraction of the 

components, with A indicating Acetonitrile, B indicating Benzene and IL indicating the EMIM Triflate. 

The provided results were in mass fraction. The results appear to be promising; it was observed that 

good separation has occurred with the addition of the ionic liquids. The good separation that occurred 

produces good results that can be utilized for further industrial applications.  

Table 1. Sample Component Mass Fraction and Refractive Index (n) 

Sample No. A Mass Frac B Mass Frac IL Mass Frac n 
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1 Top 0.0424 0.9271 0.0305 1.477 

1 Bottom 0.2229 0.3492 0.4279 1.4325 

2 Top 0.0859 0.8793 0.0348 1.4705 

2 Bottom 0.2339 0.3592 0.4069 1.432 

3 Top 0.1230 0.8489 0.0282 1.465 

3 Bottom 0.2657 0.3895 0.3449 1.4305 

 

The liquid-liquid equilibrium data of the investigated ternary systems were correlated using the Non-

random Two-Liquid equation (NRTL) (Renon et al., 1969) and the Universal Quasi-Chemical 

(UNIQUAC) (Maurer et al., 1978), respectively. The NRTL described by the following equation: 

𝑙𝑛 𝛾𝑖 =
∑ 𝑥𝑗𝜏𝑗𝑖𝐺𝑗𝑖

𝑚
𝑗=1

∑ 𝑥𝑘𝐺𝑘𝑖
𝑚
𝑘=1

+ ∑
𝑥𝑗𝐺𝑖𝑗

∑ 𝑥𝑘𝐺𝑘𝑗
𝑚
𝑘=1

(𝜏𝑖𝑗 −
∑ 𝑥𝑗𝜏𝑗𝑖𝐺𝑗𝑖

𝑚
𝑗=1

∑ 𝑥𝑘𝐺𝑘𝑖
𝑚
𝑘=1

)𝑚
𝑗=1        (1) 

 

𝑤𝑖𝑡ℎ 𝐺𝑖𝑗 = 𝑒𝑥𝑝(−𝛼𝑖𝑗𝜏𝑖𝑗) 𝑎𝑛𝑑 𝜏𝑖𝑗 =
∆𝑔𝑖𝑗

𝑅𝑇
=

𝑔𝑖𝑗 − ∆𝑔𝑗𝑗

𝑅𝑇
 

The ∆𝑔𝑖𝑗  is the energy parameter that represents the characterized interaction between the two 

components 𝑖 and j. In this work, the non-randomness parameter of 𝛼 is taken equal to 0.2 and 𝛼𝑖𝑗 =

𝛼𝑗𝑖 = 𝛼. Similartly, the The UNIQUAC model equation is shown as equation (2):    

 

𝑙𝑛𝛾𝑖 = 𝑙𝑛
𝜙𝑖

𝑥𝑖
+

𝑧

2
𝑞𝑖𝑙𝑛

θi

ϕi
+ li −

ϕi

xi
∑ xjlj

m
j=1 − qi ln(θjτji) + qi − qi ∑

θjτji

∑ θkτkj
m
k−1

m
j=1     (2) 

with ϕi =
rixi

∑ rixi
m
j=1

, θi =
qixi

∑ qjxj
m
j=1

, lj =
z

2
(rj − qj) − (rj − 1) and τji = exp (

−∆uij

RT
)   

The lattice coordination number z is equal to 10, and the molecular surface, qi, and the molecular van 

der Waals volumes, ri of the pure component i were calculated as the sum of the group volume and 

group area parameters. 

 

The experimental data together with the correlated values is displayed in Figure 1.  
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Figure 35. The NRTL and UNIQUAC correlation for ternary diagram of EMIM TF, Blue=NRTL 

correlation, Purple=UNIQUAC correlation, Red=Experimental Results.  

 

From the obtained data points in red (experimental), blue (NRTL), purple (UNIQUAC), several 

conclusions can be made. Firstly, multiple data points were close to each other, providing indication 

that the data obtained by experimental procedure matches the NRTL and UNIQUAC correlation data, 

providing good confidence that the data possess strong reliability, and has potential to be recreated 

easily when followed accordingly. Next, the data points obtained provides substantial data points for 

future work, which further investigation on the chemical properties of the ionic liquid as well as the 

binary mixture azeotrope can be carried out to provide insight for industrial applications. 
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Extended Abstract 

Energy demand in Malaysia is typically supplied from fossil fuels, leading to greenhouse gas emissions. 

Therefore, a new form of cleaner energy needs to be used. Hydrogen (H2) is considered a potential 

resource suitable for replacing fossil fuels as the primary energy source. This is because H2 reacts with 

oxygen to form water (H2O) as the only product without producing carbon emissions. However, the 

implementation of a clean H2 production process is not straightforward. Such a process suffers hurdles 

in the production and storage of H2. This includes high storing costs for H2 before being transported to 

the end-users, high energy consumption requirements and low H2 production efficiency. Hence, this 

research presents a mathematical optimisation model to optimise clean H2 production based on costing 

and energy consumption. In the optimisation model, aspects such as total annualised cost, yield and 

efficiency of each technology, and energy consumption of H2 production and storage technologies, were 

considered. The model also screens and optimises clean H2 technologies such as renewable energies, 

electrolysers, methane pyrolysis and biomass fermentation. The developed optimisation model is 

demonstrated using a case study with several scenarios, such as an economically feasible and clean H2 

process and optimal H2 production and storage technologies in terms of energy consumption. 
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Extended Abstract 

 

A bioelectrochemical auxiliary reactor that supplies electroactive microorganisms was studied to 

improve the performance of anaerobic digesters. Anaerobic reactors exposed to an electric field enrich 

the bulk solution with electroactive microorganisms that significantly improve methane production via 

direct interspecies electron transfer (DIET), called electromethanogenesis[Feng and Song, 2018]. 

However, applying the electromethanogenesis concept to a full-scale anaerobic reactor still has several 

economic and technical challenges, including the capital cost for electrode installation and maintenance, 

mixing the digesting slurry, and cleaning the digester. A horizontal anaerobic digester (HAD, 50L) has 

been operating for more than 1.5 years using a thermally hydrolyzed sludge and pulverized food waste 

mixture as the feed substrate. An upflow anaerobic bioelectrochemical reactor (UABE, 5L) as a 

bioelectrochemical auxiliary reactor was combined in the HAD. The anaerobic digestion slurry was 

discharged from the rear end of the HAD and pumped to the UABE. The anaerobic slurry passed 

through the UABE was recirculated to the HAD again. During the operation of the combined anaerobic 

digestion system, the enrichment of electroactive microorganisms in the UABE and the improved 

performance in the HAD, depending on the recirculation rate and electric field strength, were 

investigated. Based on the oxidation and reduction peaks of the cyclic voltammogram, the methane 

production and the yield, both the hydraulic retention time (HRT) and the electric field intensity 
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significantly affected the enrichment of electroactive microorganisms in the UABE. The appropriate 

HRT in the UABE was estimated to be 3 days or more, and the electric field intensity was more than 2 

V/cm. The performance of HAD, including organic matter removal, methane production, and process 

stability, was also studied by supplying the electroactive microorganisms from the UABE. Before the 

assistance of the UABE, the methane production from the HAD was only 483.5 mL/L.d. Interestingly, 

when the recirculation rate was 1Q between the HAD and UABE, the methane production rate improved 

to 720.8 mL/L.d in the electric field of 2 V/cm, and it improved further 880.23 mL/L.d in the 3 V/cm.  

The PCA and the path analysis demonstrate a causal relationship between the organic matter removal 

and methane production in the HAD and the UABE, indicating that a small bioelectrochemical reactor 

can improve the performance of anaerobic digesters with a big capacity. This result provides a hint for 

the first time that the practical application of electromethanogenesis in full-scale anaerobic digestion is 

possible. 

                      

  

Figure 36: Methane production rate in (a) the HAD, and (b) the BEAD depending on the recirculation 

rate and the electric field intensity 

Table 15: Summary of methane production and organic matter removal in the HAD 
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EF 

 (V/cm) 

Qr  

(1.7L) 

MPR  

(mL CH4/L.d) 

CH4 yield  

(mL/g CODr d) 

COD removal  

(%) 

VS removal 

 (%) 

0.0 0.0 483.49±13.56 258.42±4.56 52.96±6.92 57.03±7.65 

2.0 0.1 623.99±2.95 335.59±11.00 54.14±1.63 57.25±4.37 

2.0 0.5 623.48±14.95 316.97±6.95 59.75±3.34 64.53±2.48 

2.0 1.0 720.79±16.86 324.31±3.52 69.50±5.28 64.87±2.15 

2.0 2.0 680.53±13.77 307.16±4.01 72.17±2.99 72.65±2.80 

1.0 1.0 663.13±4.11 293.86±1.08 72.63±3.25 77.25±3.81 

0.5 1.0 650.88±3.86 285.22±1.60 73.51±2.33 77.56±1.19 

0.0 1.0 624.17±2.85 273.00±2.93 71.29±2.29 71.85±1.52 

3.0 1.0 882.30±16.20 339.72±9.66 76.04±1.68 78.07±4.37 
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Extended Abstract 

 

Seaweeds, also known as macroalgae, are a rich source of polyphenolic compounds such as catechins, 

flavonols, and phlorotannins. In this study, seaweed from tropical waters of Indonesia was evaluated 

for their potential anticancer activity. Nine macroalgae species (Sargassum cristaefolium, Sargassum 

crassifolium, Sargassum polycystum, Halimeda opuntia, Padina australis, Mastophora rosea, 

Hormophysa cuneiformis, and Galaxaura rugosa) were collected and extracted in three solvents 

(ethanol, n-hexane, and ethyl acetate). Based on total phenolic content (TPC), the ethyl acetate extracts 

provided higher values. Significant high TPC was shown by Mastophora rosea ethyl acetate extract 

(225.40 ± 15.47 mg/g GAE) and T. murayana (368.81 ± 13.14 mg/g GAE). The TPC contents strongly 

correlates to the antioxidant activity of the macroalgae extracts. Four cancer cell lines (B16-F10, HeLa, 

T24, and HT-29) and normal cell line fibroblast was used for cytotoxicity activity screening of the 

macroalgae extracts. The ethyl acetate extract of P.australis, M.rosea, and T.murayana show strong 

cytotoxic activity against B16-F10 melanoma cell line with IC50 values < 100 µg/mL. These selected 

extracts also induced apoptotic features such as nuclear condensation shown by Hoechst33342 staining 

and increased caspase-3 expression. GCMS analyses revealed major cytotoxic compounds in these 

extracts such as Agmatine, Isopropyl myristate, and succinic acid. However, HPLC analyses revealed 

sufficient concentrations of Protocatechuic Acid and EGC in M.rosea and P.australis which potentially 

contributes to their strong cytotoxic activity. Current results suggest that these two extracts are potential 

source of novel therapeutic agent for topical treatment of melanoma.   
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Extended Abstract 

 

Renewable heating and cooling sources are regarded as appealing technologies to alleviate the energy 

crisis and environmental pollution in building sector. This study aims to quantitatively assess 

environmental and economic performance of renewable heating and cooling sources such as Air source 

heat pump (ASHP) system, Ground Source Heat Pump (GSHP), Water Source Heat Pump (WSHP) and 

Combined Cooling Heating and Power (CCHP) systems through a life cycle assessment coupled with 

life cycle costing method. Results show that impact categories of global warming and fossil depletion 

have significant influence on the overall environment in ASHP, GSHP, WSHP and CCHP. In a 

commercial building, WSHP and GSHP had the least comprehensive environmental impact index, and 

CCHP had the lowest economic cost. When considering the economic effects of environmental 

emissions, WSHP is the best choice, comprehensive economic cost of which is $7.2/m2.about 16% 

lower than the GSHP system, 35% lower than the ASHP system and 47% lower than the CCHP system. 

In addition, variable transmission distances and energy prices have significant impacts on the results. 

Recommendations on selection of renewable heating and cooling sources based on actual status quo in 

Chongqing could be useful for decision-makers and designers.  
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Extended Abstract 

 

Energy supply is one of the prominent demands in the world nowadays. Rising energy demands enhance 

the increase of carbon emissions since the use of fossil fuels as a power generation is rising. Several 

countries are shifting the use of nuclear energy as power generation as sustainable energy sources. The 

nuclear reactor, however, is operating at a thermal efficiency of 30 to 40% and the rest is dissipated to 

the environment. Enhancement of the thermal efficiency of the nuclear reactor by recovering waste heat 

can reduce not only the dependency on fossil fuels but also carbon emissions. Cogeneration and 

trigeneration systems are technologies that can able to improve the thermal efficiency of the nuclear 

reactor by recovering the waste heat into useful applications such as district heating and desalination. 

The development studies of the nuclear cogeneration system are progressive but on the other hand, the 

trigeneration system in a nuclear reactor is still lagging behind. This paper reviews the various aspects 

of the cogeneration nuclear system, including applications on district heating, desalination and 

industrial process heat as well as opportunities for the implementation of the trigeneration system in the 

nuclear reactor. The implementation of the trigeneration system into the nuclear reactor can help not 

only for energy providers to increase the economics of the plant but also to provide the minimum cost 

for the community and industries as waste heat is reused for other applications. 
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A nuclear reactor has progressively developed around the world as fossil fuels are depleting and carbon 

emissions are increasing. As stated by International Energy Agency (2021), the total final consumptions 

of buildings, industry and transportation are growing on average by 1% per year and are expected to 

increase consistently until 2050. This has brought about the rise of carbon emissions. Hence, nuclear 

power reactors are demanding in the world as 454 nuclear reactors are operating which contributes more 

than 10% of the world’s electricity and currently, 54 nuclear reactors are under construction in the world 

(Ho et al., 2019). The usage of nuclear reactors can reduce the dependency on fossil fuels and carbon 

emissions. The development of nuclear reactors allows energy providers to improve thermal efficiency. 

The thermal efficiency of the conventional nuclear reactors has only reached the maximum of 35% and 

the other thermal energy is dissipated to the environment (Khamis et al., 2013). Low thermal efficiency 

means most of the energy is lost that is vented as heat. Improving efficiency can translate into the 

reduction of emissions of all pollutants, reducing operating costs and improving energy usage. 

Cogeneration is one of the systems that has been proven for many decades to improve thermal efficiency 

by up to 80% (Lipka and Rajewski, 2020). The cogeneration system operates when the waste heat that 

is discarded from the conventional nuclear reactor is reused and converted for other useful applications 

such as desalination, district heating or cooling. However, the development of the trigeneration system 

in the nuclear reactor is lagging behind. This paper discusses on development of nuclear cogeneration 

systems in the world as well as the opportunity for the trigeneration mode to be implemented in nuclear 

reactors. Integration of a trigeneration system in the nuclear reactors gives benefits to the energy 

providers to improve the performance of the nuclear reactor by maximizing usage of the energy 

generation. Wu and Wang (2006) stated that implementation of the trigeneration system in the 

conventional power plant can improve the thermal efficiency by up to 90%, higher than cogeneration 

system. This can be translated into much lower operating costs and waste energy as compared with the 

cogeneration system. 

 

A cogeneration system has been developed for many decades as a proven and reliable technology to 

provide various economic, technical and environmental advantages as compared with the heat and 

power separate productions. Currently, the total distributed heat and power from the nuclear 

cogeneration system in the world is around 5,000 MW (thermal) (International Atomic Energy Agency, 

2020) and today, the applications of the nuclear cogeneration system have been widely used and 

operated in 13 countries for desalination, district heating, industrial process heat and non-electric 

applications (International Atomic Energy Agency, 2017). A further explanation of the applications on 

district heating, desalination and industrial process heat of the nuclear cogeneration systems is discussed 

in the full paper.  
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A trigeneration system is a technology that can able to generate electricity, heating and cooling from a 

single fuel, advancement from a cogeneration system through the addition of absorption chiller. As 

stated by (Jradi and Riffat, 2014), the implementation of the trigeneration system in a conventional 

power plant can improve the thermal efficiency by up to 90%, higher than the cogeneration system. The 

trigeneration system has been implemented in various kinds of power reactors in various industries. 

However, the development of the nuclear trigeneration system has been lagging behind. The studies 

that have been focused on trigeneration mode in the nuclear reactor are very limited. Implementing the 

trigeneration system into the nuclear reactor can help not only for energy providers to increase the 

economics of the plant but also to provide the minimum cost for the community and industries as waste 

heat is reused for other applications. 

 

Nuclear reactors are producing carbon-free electricity and also a large amount of heat for district heating 

and cooling. The development of the nuclear cogeneration system has been extensively utilized and 

demonstrated in several countries. The nuclear cogeneration system is experienced the most as non-

electric applications such as district heating, desalination and process heat for industry. A trigeneration 

system is an opportunity for the nuclear reactor to improve the thermal efficiency by up to 90%, higher 

than the cogeneration system. However, the study of the nuclear trigeneration mode is still lagging 

behind. Up to this date, studies have been done that focus on trigeneration mode in the nuclear reactor 

are very limited. The implementation of the trigeneration system into the nuclear reactor can help not 

only for energy providers to increase the economics of the plant but also to provide the minimum cost 

for the community and industries as waste heat is reused for other applications. 
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Extended Abstract 

Introduction 

 The phenomenon of haze occurs annually in Southeast Asia (SEA) for the past decade has 

drawn public attention as it has significant impact on the visibility, regional climate, and human health. 

[Admed et al., 2016]. The scale of the open biomass burning activity can be influenced by both human 

activity (primary) and climate patterns (secondary) [Latif et al., 2018]. ‘Slash and burn’ is one of the 

technologies used in Indonesia to clear land by fire. It is commonly used by small-scale cultivators and 

large-scale as it is cheap and easy to carry out the practice. Climate pattern is a secondary factor that 

affects open burning. During June and November in the El Niño year, the drought period is likely to 

extend and reduce the frequency and intensity of precipitation over the region. Therefore, fire events 

become harder to control and fire duration is extended under the dry environmental condition. 

 The annual haze episode that occurs in Malaysia can be referred to as a transboundary biomass 

haze from Indonesia. Monsoon plays an important role in spreading aerosol particles for a long distance 

to other regions in SEA [Latif et al., 2018]. The haze episode occurred between August and October 

2015 in Malaysia came mainly from Sumatra Island and Kalimantan in Indonesia and was transported 

by the southwest monsoon. It has been indicated the trace path of aerosols travels from Indonesia to 

Malaysia for approximately 2 to 3 days. Prevailing wind travels in the path where across through the 

open field burning region at end of August and brought haze to Malaysia in the following one month in 

various amplitude. At end of October, airflow changed its direction from southwest to northeast, 

therefore reduces the aerosol concentration in Malaysia. [Admed et al. 2016] 

mailto:evyyc4@nottingham,edu.my
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 Aerosol released from biomass burning activity can affect precipitation patterns by radiative 

effect and changes in the cloud composition [Rosenfeld et al., 2008]. The high concentrated human-

made aerosol that suspends in the atmosphere scatters and absorbs more solar radiation in the polluted 

area [Ramanathan et al., 2001]. Those suspended aerosols absorb energy and heat the atmosphere. The 

changing temperature in the atmosphere stabilizes the low atmosphere and suppresses the convective 

could formation, which results in the suppression of precipitation. Aerosol also brings a big influence 

on precipitation patterns as it can act as cloud condensation nuclei (CCN) [Tao et al., 2007]. In the 

highly polluted area, precipitation is suppressed at the early stage, but increases in its intensity at the 

later stage, as longer time required to gather small-sized cloud droplet into larger droplet which is heavy 

enough to rain down. 

It has been conjectured the high concentration of aerosols can affect weather patterns by 

creating time-lag and more intense rainfall in the future. However, there is no previous study about the 

specific delay time and affected range of the precipitation or storm by the server haze episode. It is 

important to have a clear understanding of the relationship between haze episodes and weather patterns 

for better planning. Therefore, this study is aimed to find the spatial-temporal relationship between haze 

and precipitation by analyzing the transboundary haze event that happened from 2014 to 2016 in 

Malaysia. 

Methodology 

 Observational data includes Global Precipiatation Measurement, Aerosol Optical Depth are 

taken from Giovanni data server for analysis. Empirical orthogonal function (EOF) analysis was use to 

show a spatial and temporal correlation between particular aerosol and weather phenomena. By 

maximizing the variance of the data set, the most dominant variation mode from the dataset could be 

extracted. Each EOF mode represents one physical mode, and they are independent of each other. 

Python used to carry out the EOF analysis and visualize the metrological data in the form of map 

plotting. 

Result and discussion  

The discussion is mainly focused on the result of the first mode of EOF from AOD and precipitation, 

as they cover the highest percentage of the total dataset. By comparing the spatial distribution of AOD 

and precipitation, during the haze episode, rainfall intensity at the region with high aerosol 

concentration (South-East Peninsular, Sarawak) is normally lower, while rainfall occurs more around 

coastal areas where sir humidity is relatively higher than the mainland. Heavy precipitation has been 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

464 

 

observed after approximately 30 days after the haze episode, and mainly concentrated at South-East 

Peninsular and North-East Sarawak.  

After putting more attention on the Malaysia mainland and separates into East Malaysia (Peninsular) 

and West Malaysia (Sarawak and Sabah). Eigen-coefficient increases largely by removing the 

obstruction from oceanic data and produce a strong signal from the first EOF mode. In East Malaysia 

during 2014, high concentrated aerosols suppress the precipitation during Mid-September to Mid-

October in South Sarawak. These aerosols continue to travel toward the north in the next 60 days and 

rain down at North-West Sarawak. 2016 is also shown with 2 months of delay in the rainfall activity. 

A similar movement path of aerosols has also been found in 2015 (travel from South-East to North-

West), with a delay of 30 days. While in West Malaysia, aerosols are shown to arrive at South-West 

Sarawak during September to October and suppress local precipitation, then travel to North-East 

Sarawak with heavy rainfall with 60 days, 30 days, and 60 days after the haze episode in 2014, 2015, 

and 2016 respectively.  
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Extended Abstract 

 

Fluorides are introduced into the environment either naturally by fluoride bearing host rocks and 

volcanic ash, or by effluents from various industries like semiconductors, aluminium, etc. Drinking 

water with fluoride levels upto 1.5 mg/L is beneficial as it prevents dental decay, but concentrations > 

1.5 mg/L cause dental and skeletal fluorosis. The existing efficient defluoridation techniques are 

energy-intensive, require chemical addition, and generate large amounts of sludge, which require 

further treatment prior to disposal. Recently, microbial desalination cells (MDCs) have been 

developed for desalination without the application of external energy. MDCs are proven technology 

for desalination coupled with energy production, however, its application in deflouridation has not 

been explored very much. In addition, the practical applicability of MDC is limited due to low energy 

output and costly electrode materials. Hence, in the present study: (i) MDC was applied to remove 

fluoride from groundwater using plain carbon cloth (CC) as an anode; and (ii) the performance of 

MDC for power production and  deflouridation efficiency was improved by using dimethyl sulfoxide 

(DMSO) coated carbon cloth (CCDMSO). The DMSO improves the hydrophilicity of plain carbon cloth 

(CC) by delivering an O atom to the surface of CC. Incorporation of O atoms onto the electrode 

surface increases the wettability in polar solvents and improves the effective surface area. The coating 

also enhances the interaction between the electrode and anolyte, thereby intensifying the 

electrochemical activity. Raman spectroscopic analysis revealed that the ID/IG ratio increased from 

0.94 for CC to 1.106 for CCDMSO, indicating the introduction of O functional groups onto the CC 
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surface. The electrochemical performance of CCDMSO was investigated by cyclic voltammetry (CV) 

and electrochemical impedance spectroscopy (EIS).  In CV analysis, CCDMSO exhibited an increased 

current density–voltage response (1.45 mA) than CC(0.75 mA). Similarly, in EIS, the charge transfer 

resistance (Rct) from the nyquist curve of CCDMSO was found to be less (23 Ω) than CC (175 Ω). 

Additionally, when CCDMSO was applied  as an anode in MDC, the permissible level of 1.5 mg/L of F- 

was achieved within 17 hrs, 48 hrs, and 96 hrs for 3 mg/L, 10 mg/L, and 20 mg/L, respectively, while 

the CC anode took 24 hrs, 72 hrs, and 120 hrs, respectively. Moreover, the maximum power density 

obtained using the CCDMSO electrode was found to be 2- 2.28 times higher than that of the CC 

electrode in MDC. Furthermore, the anode chamber of MDC exhibited a maximum of 50% substrate 

degradation. The study showed that modifying CC with DMSO opens up new avenues for developing 

novel electrode materials for bioelectrochemical systems. 

 

 
 

Figure 1: Graphical abstract  
 

 
Figure 2: (a) Time taken to achieve permissible limit of 1.5 mg/L , (b) Maximum power densities 

obtained when CC and CCDMSO was used as anode in MDC. 
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Extended Abstract 

Supercritical fluid extraction (SFE) is a green and clean (GLEAN) extractive technique that solvates and 

extract phytochemical components from plant cell matrices through bulk supercritical solvent. SFE is 

favourable due to its unique extractive process that can operate at the absence of oxygen, contrary to 

conventional extraction techniques such as maceration and Soxhlet extraction, to avoid oxidation process 

that could potentially degrade antioxidants in the extraction process [Abbas et al., 2008].  

Papaya fruit is one of the preferred fruits in the tropical region with Asia leading in the productions of papaya 

with 52% production globally [Ikram et al., 2015]. Papaya seed oil is reddish yellow in colour and is 

composed of various sources such as protein (27.3% - 28.3%), lipids (28.2% - 30.7%) and crude fibres 

(19.1% - 22.6%) [Malacrida et al., 2011]. In fact, the two major fatty acid composition extracted consists 

mainly of oleic acid and palmitic acid [Barroso et al., 2016]. Therefore, both unsaturated fatty acids was 

taken as a basis for the thermodynamic solubility modelling prediction of papaya seed oil solubility in 

supercritical carbon dioxide. 

Thermodynamic modelling is often employed to predict known pure components’ solubility in mixture 

fluids. Therefore, the only limitations of such models are restricted to the accuracy of the available 

thermophysical properties of solutes as these organic compounds tend to degrade at higher temperature 

[Martinez-Correa et al., 2010]. The determination of critical properties of organic compounds are often 

estimated by group contribution methods such as Joback-Reid method that utilizes functional groups from 
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organic compound to calculate its thermophysical properties as a function of the sum of group parameters 

[Joback and Reid, 1987]. The determination of 𝜑2 𝑆𝐶𝐹 can be derived from the equation of state coupled 

with classical mixing rules. In this study, two equation of states are focused: namely PengRobinson (PR) 

and Soave-Redlich-Kwong (SRK): 

 

The calculated binary interaction parameters of seed oil – SCO2 were applied to calculate and compare 

solubility of Carica papaya seed oil in SCO2 against experimental solubility data. The binary interaction 

parameters of oleic acid and palmitic acid into the supercritical solvent system that was calculated by 

classical mixing rule vDW1 and vDW2 respectively. It can be observed that binary interaction parameters 

are closely associated with temperature where the parameters generally increase with regards to pressure. 

These findings are in agreement with the findings by other researchers [Lee et al., 2018]. 

 

Peng-Robinson and Soave-Redlich-Kwong equation of states coupled with classical van der Waals mixing 

rules, vDW1 and vDW2, and density-based models were compared against experimental data. Solubility of 

Carica papaya seed oil were observed to increase with pressure and temperature where extraction of palmitic 

acid is more favourable compared to oleic acid. From the solubility models proposed, SRK equation of state 

model provided the best correlation against the experimental data obtained.  
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Extended Abstract 

 

Climate change has prompted many policymakers and governments to implement strategies in 

establishing new solutions concerning clean renewable energy systems. In this context, hydrogen as an 

energy carrier has been considered an alternative towards the integration of energy sector 

decarbonisation. However, the access to technology and management of hydrogen (H2) supply chains 

are not yet matured for deployment. As such, this study proposes to develop a mathematical decision-

making model to identify the minimum cost of establishing the hydrogen supply chain. This is done by 

using a single objective optimisation model. The model is developed by taking into account the various 

echelons in the H2 supply chain such as conditioning, storage, transportation and distribution. To 

demonstrate the overarching goals of this study, different scenarios were implemented to analyse the 

techno-economic feasibility of the supply chain. The results show that liquefied H2 and gaseous H2 were 

the most economical form of H2 from conditioning, stroing and transporting. Lastly, distances and H2 

demand are two deciding factors on the configurations of H2 supply chain. 
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Extended Abstract 

Hydrogen (H2) energy has high potential to become a source of sustainable future fuel to replace fossil 

fuel. At present, natural gas conversion is the conventional process to produce H2. However, this process 

produces carbon dioxide (CO2) emissions as a by-product. To address this issue, CO2 capture, 

utilisation, and storage (CCUS) technologies can be integrated in conventional H2 plants. By doing so, 

conventional H2 plants can be retrofitted to produce cleaner H2 called blue H2. This work presents a 

mathematical model to optimise blue H2 processes integrated with CCUS technologies. The research 

objectives are to determine optimal and feasible decarbonisation systems for H2 production and optimal 

storage technologies for the produced H2 with minimum cost. The developed optimisation-based model 

considers different grey H2 production paths, CO2 capture technologies, CO2 transportation, utilisation, 

and storage as well as H2 storage. The model factors aspects such as technology efficiency, costing and 

overall energy consumption. The developed model is demonstrated with blue H2 production case study 

under different scenarios – minimum overall blue H2 production cost, minimum overall energy 

consumption, and minimum CO2 production/emissions. Three optimised blue H2 process with CCUS 

are obtained with the optimisation objectives of minimising total annualised production cost and total 

energy consumptions.  
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Extended Abstract  

Agriculture is the largest human-managed ecosystem in the world, it relies on a large number of external 

resources, and large-scale monoculture is the primary method of farming. These factors cause it to increase 

greenhouse gas emissions when operating and most likely reduce the biodiversity of the surrounding area of 

the region. Organic farming is considered a solution to reducing greenhouse gas (GHG) emissions by 

avoiding synthetic fertilizers and pesticides in place of traditional farming systems (Viana, L.R. et al., 2022). 

However, in addition to the use of fertilizers, agricultural systems, whether conventional or organic, are 

increasingly dependent on other sectors of the economy due to the input of various agricultural practices, 

extensive mechanization, transportation, subsequent processing, and product distribution (Viana, L.R. et al. 

al., 2022). These factors also contribute to high GHG emissions from agriculture. The carbon footprint (CFP) 

measures the direct or indirect GHG emissions of human activities or product production in the whole life 

cycle. It is also one of the crucial tools for governments and businesses to reduce GHG emissions. Based on 

the life cycle assessment (LCA) methodology, this study investigated the CFP of organic citrus orchards in 

Dongshi, the vital place of fruit production in central Taiwan. In order to calculate carbon emissions and 

analyze emission hotspots, through on-site visits and interviews with local stakeholders, relevant information 

and complete data on the four steps of raw material extraction, manufacturing and processing, retail and 

transportation, use, and waste disposal were collected.  

In the study, organic citrus orchard cultivation was based on three scenarios as analysis scenarios: (1) normal 

farming conditions, (2) drought due to climate change in 2021 (reduced yields during drought), and (3) 

conventional farming using chemical fertilizers for the carbon footprint calculation comparison and analysis. 

The yields of citrus orchards in Scenario 1, Scenario 2, and Scenario 3 are 6000 kg, 3600 kg, and 6000 kg, 

respectively. Table 1 shows the raw material extraction input in the citrus orchard farming; Table 2 shows 

the total CFP emissions for each scenario and the particular emissions for the four stages. Among them, it 

can see that the part with a significant difference in the emission of the three scenarios is the material input 

in the growth process. The carbon emission intensity of Scenario 1 in this part was 0.271 kg CO2e/kg, while 

that of Scenario 2 was 0.452 kg CO2e/kg, which was nearly 67% higher than that of Scenario 1. The drought 

in the assessment year resulted in a shortage of fruit production, making the same raw material extraction 

input, but getting less output was the reason. Scenario 3 also had nearly 52% higher emissions in this part 

than scenario 1, which was due to the use of chemical fertilizers during farming. The total emissions section 
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also presents these effects in Table 2. Therefore, the material input in citrus growing and farming (means 

raw material extraction) was the part with the most significant emission among the four stages. Figure 1 

shows the hotspot analysis at this stage. It can seem that whether it is Scenario 1, 2, or 3, green manure crops 

were the primary source of emissions, followed by fertilizers, whether organic or chemical. It requires a deep 

dive into the material used in the fertilizer, the treatment process, and even the emissions that may result 

from its use. Notably, the fruit bagging was another emissions hotspot, reminding the industry to be more 

careful when using plastics. It encourages considering alternatives to other materials with the same effect 

but are also environmentally friendly. Hence, simply changing the farming method to organic is not a 

guarantee for reducing the contribution of carbon emissions in agriculture. It also needs to consider all 

possible activities in the agricultural production chain and the choice of materials to use. It also involves the 

regions of the production chain and the life behaviors of the residents. Only in this way can the factors that 

affect emissions be found more intuitively, and it can effectively change the impact of the production system 

on the environment. 
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Extended Abstract 

Magnetic field has been applied to enhance simultaneously electricity generation and the pollutant remove 

efficiency in the bioelectrochemical system recently (Gunda et al., 2021). A long straight coil of wire can be 

used to generate a nearly uniform magnetic field similar to that of a bar magnet. Such coils, called solenoids, 

have an enormous number of practical applications. The field can be greatly strengthened by the addition of 

an iron core. Such cores are typical in electromagnets. The coil density is an important parameter for solenoid 

magnetic field (SMF). 

This study would apply on the cylindrical microbial fuel cells (MFCs) to explore the effects of coil density 

(0, 8, 16 turns) on MFC performance. This cylindrical dual-chamber MFCs was made from acrylic and 

separated by a cation exchange membrane (AMI-7000, Membranes International, Ringwood, NJ) into anode 

with working volumn 750 mL and cathode with working volumn 300 mL. Both andic and cathodic chambers 

have the carbon cloth electrode (W1S1010, Ce Tech Co., Ltd, Taiwan) with the dimension of 5 cm * 3 cm 

and reaction surface of 30 cm2 . An external resistance (R) of 1000 Ω connected the two electrodes by the 

copper wires. The seeding microorganism of granular sludge was collcected from a fructose manufactory in 

Central Taiwan. The granular sludge of 200 mL and the sulfate reducing bacteria medium (Lee et al. 2014) 

550 mL were mixed into the anodic chamber, then the argon gas was flushed for 5 min to keep the anaerobic 

environment. The cathodic electrolyte was potassium ferricyanide (K3Fe(CN)6) 50 mM. Both anodic and 

cathodic electrolytes were added 100 mM phosphate buffer saline (PBS) to maintain the stable pH to 7.5. 

The cylindrical MFCs were cultivated in a room temperature for 39 days. 

The results showed that the peak chemical oxygen demand (COD) removal efficiency of 59.8±4.0% using 

16 coil SMF which is higher than the value of 42.1±2.4% without SMF (Table 1). Gunda et al. (2021) also 

reported that applying the MF of 500 mV could increase the COD removal efficiency from 36.3% to 80.4% 

compared to the condition without MF. Moreover, the specific growth rate of SRB the in the anode of 

cylindrical MFC was enhanced from 9.6 mg/L-d without SMF to 10.2 to 10.2 mg/L-d while applying the 

SMF (Table 1). Table 2 shows the maximum bioelectricty of 521±30.4 mV was obtained while applying the 

SMF with 16 turns which is much higher than the 158±19.2 mV without SMF and 256±95.9 mV with 8 turns 

of SMF. Furthermore, the CE increases with the increase of the coil density. The coulombic efficiency (CE) 

from the MFC used 16 coils is 79.8±6.4%, which is significantly higher than the CE (36.5±10.2%) without 

current-powered MFC. The internal resistance value was evaluated by the polorization curves in Figure 1 
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and the peak value was 270 Ω without SMF and closer value of 253 Ω with the 8 turns of SMF. Applying 

the 16 turns of SMF can significantlt decreased the internal resistance to 193 Ω to enhance the bioelectricity 

performance of this cylindrical MFC. 
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Extended Abstract 

 

In the effort of reducing carbon footprint, shifting the conventional energy to renewable energy is the 

most favourable alternative approach. Liquid fuel such as biofuel and biodiesel have been reviewed as 

the prime substitute for the fossil fuel as it acquire more benefits in significantly reduced the greenhouse 

gas, global warming, and dependancy on foreign oil (Muhammad, Shamsuddin, Danjuma, Musawa, & 

Dembo, 2018). The focal point of this study will be on the liquid fuel of waste cooking oil (WCO) and 

pyroysis oil. The global demand for cooking oil has increased significantly for the past five years. Amid 

the pandemic of Covid-19, the request for cooking oil displayed no adverse repercussion with an 

outstanding growth of 18.43% in 2020 in contrast to the average demand in 2017 to 2019 (Fortune 

Business Insights, 2022). In Malaysia, the consumption of cooking oil was approximately 3.37 million 

tons in the year 2020/2021 (Hisrchmann, 2022). However, the dumping of WCO is a hazard for health 

and environment, such as water or soil polution, and the clogging of sewer and drainage system (Foo, 

et al., 2021). In other hand, pyrolysis oil has been extensively researched as a replacement or additive 

towards the fossil fuel in an internal combustion engine (ICE) that operated with gasoline or diesel. 

From a study had revealed that pyrolysis oil has the capability to be utilised as fuel in a diesel ICE 

where the maximum load yielded from pyrolysis oil and diesel were 3,282 W and 3,500 W respectively 

(Wongkhorsub & Chindaprasert, 2013). In a flexible fuel ICE, a research demonstrated that when the 

pyrolysis oil is blended as an additive with ethanol, the overall engine performance will be increased 

(Szwaja, Chwist, Szwaja, & Juknelevicius, 2021). Therefore pyrolysis oil has proven to be one of the 
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most potential biofuel to replace fossil fuel. 

 

Hanisah K et al had conducted a survey in Teluk Bahang, Penang on the WCO management, it was 

discovered that 84% of the repondents were discarding the WCO in drainage system, dustbin, and soil where 

disposing into drainage system has the highest percentage, at 60% (K, S, & AY, 2013). Recent study also 

justify the numbers, where 92% of the people of Pasir Gudang, Johor had improprely dump the WCO as 

formerly mentioned (Mat Daud, Ngadiman, & Sulaiman, 2020). This clarifies that there is a plethora of 

WCO that is not fully exploited. The straightforward chemical composition of WCO has become a vital 

chemical element for the application in lubricant products, and fuel (Mannu, Garroni, Porras, & Mele, 2020). 

As for raw pyrolysis oil, it is consists of various organic compound, high oxygen content, and complex water 

mixutres. These unfavourable chemical properties of biofuel has resulted to thermally instable, corrosiveness 

and high viscosity (Yang, et al., 2014). Hence, the raw pyrolysis oil is not workable for commercial 

application. The treatment of the raw pyrolysis oil is essential to develop a high quality biofuel. As such, it 

is a necessity to upgrade the biofuel by eliminating the oxygen content and refining the chemical composition 

from the pyrolysis oil (Lee, 2013). The objective of this study is to investigates the effect of liquid-plasma 

reactor powered by non-thermal plasma (NTP) on changing the properties of the liquid oils which are waste 

cooking oil and pyrolysis oil. 

 

These liquid oils are treated in a different scale of plasma reactor where the cooking oil and pyrolysis oil 

adopted a small scale and a large scale reactor respectively. Figure 1 shows the small scale reactor setup for 

which was filled with 1.6L of waste cooking oil and treated for one hour. The NTP is powered by the variable 

AC (VARIAC) transformer at the power consumption of between 107 W to 117 W and the frequencey 

resonance of 28 kHz. As for the treatment of pyrolysis oil, 20L of oil was loaded in the large scale reactor 

for two hours. The VARIAC and frequency were set to 150 W and 25 kHz respectively. Figure 2 shows the 

large scale reactor. 
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The WCO and pyrolysis oil were analysed using FTIR to compare the composition of the treated and 

untreated oil. FTIR result for the treated oil illustrated the disappearance of several peaks from the untreated 

oil. For WCO, the disappearance of peaks are at wavelenght range of aromatic, alkanes and alkenes group, 

meanwhile pyrolysis oil showed at the range of carbonyl ester and meta aromatic group. Following the 

treatment process, bomb calorimetry experiment was executed for pyrolysis oil which resulted to an increase 

of 0.3% in calorific value. Despite the slight increased in energy content, the efficiency of the plasma 

treatment process achieved 74%. From these results, it conveyed that by treating the liquid oils in the non-

thermal plasma reactor, it able to improve the chemical properties of the WCO and upgraded the quality of 

pyrolysis oil. Nevertheless, further research is required to investigate the mechanism of liquid oil treatment 

in non-thermal plasma reactor and optimised the setting of the plasma reactor to maximise efficiency of the 

treatment proces. 
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Extended Abstract 

 

Simulation of microwave heating is crucial to investigate the reactor design that is able to heat the 

sample evenly to desire temperature.  This study integrates the radio frequency and transient heat 

transfer modules to simulate the microwave distribution and investigate the performance of microwave 

heating in the cavity. The finite element analysis software of COMSOL MULTIPHYSICS predicted 

the temperature profile and electric field of microwave in the sample, and the simulation results were 

compared with the experimental results. Higher temperature distribution was observed at the bottom 

part and centre of the empty fruit bunch  pellet bed in the reactor, showing the uniqueness of microwave 

heating. The simulated temperature profile obtained through specific cavity geometry and dielectric 

properties showed a consensus with the experimental temperature profile. The simulated temperature 

profile showed a logarithmic increase of 120 °C/min at the first 50 s and followed by 50 °C/min until 

350 s. The experimental temperature profile showed three different heating rates before reaching 300 
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°C, including 78.3 °C/min (50-120 °C), 30.6 °C/min (121-250 °C) and 105 °C/min (250-300 °C). The 

simulation of microwave heat distribution are crucial to improve the development of microwave usage 

in torrefaction process.   
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Extended Abstract 

 

Fast growing Kariba weed (KW) creates serious issues on freshwater systems by disturbing nutrient 

uptake of crops, limiting sunlight penetration into freshwater system, and most likely to invade native 

aquatic organisms. In this work, solvothermal liquefaction (STL) of KW was performed to investigate 

the influences of different KW mass loading on product yield and features. The STL resulted in a KW 

conversion of up to 92%. The oil, char, and gas recovered were up to 33 wt%, 20 wt%, and 58 wt%, 

respectively. The use of lower KW mass loading (5% w/v) were found to have increase the higher 

heating value (HHV) of oil product up to 35 MJ/kg. On the contrary, the higher KW mass loading (10 

% w/v) increased the HHV of char product (29 MJ/kg) and production of fatty acid methy ester and 

hydrocarbon compounds in oil product that can be used for biofuels application. This study provides 

useful information to promote thermochemical biorefinery of aquatic weeds rather than disposing 

them in landfills. 
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Extended Abstract 

 

Shellfish are rich in vitamins and minerals and are popular among consumers because of their high 

nutritional value and good taste. However, shellfish waste (SW) causes serious environmental pollution 

if it is not handled properly. In this study, three types of shellfish waste (i.e. crab shell, oyster shell and 

scallop shell) are recovered via pyrolysis technology and transformed into value-added products. Firstly, 

thermogravimetric analysis combined with Fourier transform infrared spectroscopy (TG-FTIR) and 

pyrolysis combined gas chromatography / mass spectrometry (Py-GC/MS) were used to determine the 

volatile products released from shellfish waste during pyrolysis. Shellfish waste has high carbon and 

oxygen content, which is suitable as pyrolysis raw materials. The shellfish waste is then subjected to 

microwave pyrolysis (MP) to produce biochar. TG-FTIR analysis shows that the volatile products 

produced by pyrolysis were mainly composed of carbon dioxide, oxygen, and light hydrocarbons such 

as methane. Py-GC/MS shows that pyrolysis performed at different final temperatures and heating rates 

recovered mainly chitin, which can potentially be used in fish feed formulation. Low calorific value (5-

8 MJ/kg) and high O/C (3.2-5.2) and H/C (0.3-1.3) ratio of shellfish waste provides low chemical energy 

during combustion process. Thus, shellfish waste is subjected into MP to produce biochar with high 

calorific value (14-18 MJ/kg), which is more suitable for fuel application. Biochar produced via MP 

also poses high BET surface area (189.5 m2/g), which shows the potential as an adsorbent for ammonia 

compounds in green crab aquaculture wastewater. These results show that biochar produced from 
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shellfish waste can be used as fuel and biosorbent. It is promising to transform shellfish waste into 

value-added products by microwave pyrolysis. 
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Extended Abstract 

Shrimps are rich in nutrition, and it’s delicious taste made them to be one of people's favorite seafood. 

However, increase consumption of shrimp has resulted in the generation of shrimp shell waste (SSW). 

Improper handling of this waste will create environmental problem, such as air and water pollution. In 

this study, thermogravimetric analysis combined with Fourier transform infrared spectroscopy (TG-

FTIR) and pyrolysis gas chromatography/mass spectrometry (Py GC/MS) is used to identify the gas 

components produced by heating of SSW. Microwave pyrolysis with unique properties such as fast and 

uniform heating has been introduced to valorize SSW to produce biochar. TG-FTIR data analysis 

revealed that the volatile products produced by SSW pyrolysis are mainly composed of CO2, H2 and 

CH4. Py-GC/MS indicated that pyrolysis performed at different final temperatures and heating rates 

mainly recovered chitin. The elemental analysis shows that the content of C and O in SSW is very high, 

which are (36.52 wt.%) and (46.68 wt.%), respectively. The low calorific value of SSW (15.11MJ/kg) 

and its high nitrogen content (10.58 wt.%) indicate that SSW is not suitable for direct combustion 

because it produces harmful gases such as nitrogen oxides to the environment. Alternatively, it can be 

a potential fertilizer or adsorbent in aquaculture wastewater treatment owing to its high nitrogen content 

and high BET surface area (401 m2/g), respectively. Therefore, microwave pyrolysis is a promising, 

energy efficient and environmentally friendly method to valorize SSW and produces value added 

biochar. 
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Extended Abstract 

 

Chitin is naturally occurring biopolymer that is present in abundance in shellfish, while chitosan is the 

deacetylated-derivative of chitin. Chitin and chitosan have excellent biological and chemical properties, 

thus are widely used in applications such as adsorbent and pharmaceutical. This research work aims to 

extract chitosan from different shellfish waste via a fast, efficient, and easy method, by applying 

microwave irradiation in the extraction steps (demineralization, deproteinization and deacetylation). 

The physicochemical and structural properties of extracted chitosan such as the degree of deacetylation 

(DD%), is characterized by X-ray Diffractometry (XRD), Fourier-Transform Infrared Spectroscopy 

(FT-IR) and Scanning Electron Microscopy equipped with energy dispersion spectroscopy (SEM-

EDS). The highest yield of chitosan is extracted from shrimp waste, with DD% of 85%. The DD% of 

chitosan extracted from other shellfish waste such as mussel, crab, squid pen and scallop shell are 

ranging from 60% to 80%. Microwave-assisted extraction has reduces the extraction time 6 folds as 

compared to conventional method, suggesting microwave technology can be used as an alternative to 

recover chitosan from shellfish waste as it is a more energy saving, efficient and environmentally 

friendly method. 
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Extended Abstract 

 

Various kinds of organic solid wastes could be converted to clean eneryg via suitable catalytic 

thermochemical conversion.  

To do this, in this study, tandem micro-reactor-GC/MS system is constructed with two reactors online 

coupled with a conventional GC/MS, as shown in Fig. 1, for catalytic pyrolysis. Gas, liquid, or solid 

samples can be introduced into 1st reactor using a micro-syringe, micro-feeder, or inert sample cup for 

gas preheating, liquid vaporization, or solid pyrolysis. The product vapor emitted from 1st reactor as a 

results of heating or pyrolysis is transferred to 2nd reactor having catalyst bed and converted to other 

chemicals by the ex-catalytic reaction. If the sample and catalyst was mixed and introduced to 1st 

reactor, with no catalyst loading on 2nd reactor, in-situ catalytic reaction also can be performed. Final 

products are moved to GC and detected in MS after the separation in a capillary column in GC oven.  
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Fig. 1. Schematic diagram of tandem micro-reactor-GC/MS 

 

Also, other catalytic thermoconversion approach, such as catalytic co-pyrolysis of biomass and plastics, 

catalytic hydrodeoxygenation of bio-oil, hydropyrolysis, and catalytic gasification are introduced. 

Acknowledgements: This work was supported by National Reseach Foundation of Korea (NRF-

2021R1A2C3011274). 
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Extended Abstract 

Polystyrene (PS) is the fourth most highly produced polymer worldwide and is used extensively in clear 

or expanded form (Inayat et al., 2021). On the other hand, polystyrene waste due to low recycling 

contributes up to 70% of plastic debris. Different disposal techniques are available, e.g., incineration 

and landfill, but the annual recycling of PS only constitutes a small portion and needs to be improved. 

The thermal and catalytic pyrolysis of PS are excellent techniques for recovering chemical feedstock 

(Ukei et al., 2000). Notably, the pyrolysis oil obtained through thermal or catalytic pyrolysis can be 

upgraded further using a catalytic cracking process. Many researchers have worked on the catalytic 

cracking of pyrolysis oil obtained using different feedstocks (Lovás et al., 2017; Gandidi et al., 2018; 

Rodríguez et al., 2019). 

In this study, The catalytic cracking of polystyrene pyrolysis oil was investigated over a Nb2O5 and a 

NiO/Nb2O5 catalyst in a fixed bed reactor. First, the pyrolysis of two different polystyrene feedstock 

(polystyrene foam (PF) and General-purpose PS (GPPS) pellets) was carried out in a semi-batch reactor. 

Catalytic cracking experiments were then performed at different temperatures (350–500 ℃) using 

Nb2O5 or NiO/Nb2O5 catalyst.  

According to Figure 1(a), The GPPS pyrolysis oil was selected for the catalytic cracking reaction 

because of its high liquid yield (85%). Also, the catalytic pyrolysis in the semi-batch process using 

Nb2O5 as a catalyst increased the pyrolysis oil yield slightly. As shown in Figure 1 (b), gas 

chromatography–mass spectrometry analysis of liquid product obtained from the catalytic cracking 

process showed that the dimers in the pyrolysis oil were converted to monomers during the catalytic 

cracking process. 
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Figure 1: Thermal and catalytic pyrolysis of PS Foam (PF) and PS pellets (GPPS). (a) Product 

yield, (b) Liquid oil Product distribution. 

 

Generally, the catalytic cracking process convertes the dimers present in the pyrolysis oil to monomers. 

Based on the Figure 2 (a,b), the Nb2O5 catalyst is more active towards the conversion of dimers to 

monomers, whereas NiO/Nb2O5 catalyst favored the conversion of monomers. Indeed, monomers, such 

as toluene, ethylbenzene, styrene, and α-methylstyrene, were further cracked over the NiO/Nb2O5 

catalyst surface to yield a gaseous product. Overall, the highest catalytic cracking activity was observed 

at 400 ◦C using the Nb2O5 catalyst with 4% toluene, 6% ethylbenzene, 50% styrene, 13% α-methyl 

styrene, and only 6% of dimers in the liquid oil. The increase in temperature positively affected the 

yield of gases during catalytic cracking process and favored the production of H2 and CH4 (Figure 2 

(c)). 

 

 

 

Figure 2: Effect of temperature and catalyst on the (a) dimer, (b) styrene monomer, (c) gas 

product composition 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

492 

 

 Acknowledgements: This work was supported by Korea Environment Industry & Technology 

Institute (KEITI) through Post Plastic, a specialized program of the Graduate School funded by Korea 

Ministry of Environment (MOE). 

 

References 

Gandidi, I.M., Susila, M.D., Mustofa, A., Pambudi, N.A., 2018. Thermal–catalytic cracking of real 

MSW into bio-crude oil. Journal of the Energy Institute 91, 304-310. 

Inayat, A., Klemencova, K., Grycova, B., Sokolova, B., Lestinsky, P., 2021. Thermo-catalytic pyrolysis 

of polystyrene in batch and semi-batch reactors: A comparative study. Waste Management & Research 

39, 260-269. 

Lovás, P., Hudec, P., Jambor, B., Hájeková, E., Horňáček, M., 2017. Catalytic cracking of heavy 

fractions from the pyrolysis of waste HDPE and PP. Fuel 203, 244-252. 

Rodríguez, E., Palos, R., Gutiérrez, A., Arandes, J.M., Bilbao, J., 2019. Production of non-conventional 

fuels by catalytic cracking of scrap tires pyrolysis oil. Industrial & Engineering Chemistry Research 58, 

5158-5167. 

Ukei, H., Hirose, T., Horikawa, S., Takai, Y., Taka, M., Azuma, N., Ueno, A., 2000. Catalytic 

degradation of polystyrene into styrene and a design of recyclable polystyrene with dispersed catalysts. 

Catalysis today 62, 67-75. 

 

 

  



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

493 

 

PCR17042022 – 195: Kinetic analysis for the catalytic degradation of polyethylene 

terephthalate 

Dongwon Chang, Hoesuk Yim, and Young-Kwon Park*  

 

School of Environmental Engineering 

University of Seoul, Seoul, Republic of Korea 

 

 Corrensponsing Authors E-mail: : catalica@uos.ac.kr 

 

Keywords: Polyethylene terephthalate; Kinetic analysis; Bentonite; Pyrolysis.  

 

Extended Abstract 

 

Polyethylene terephthalate (PET) is known as a common plastic widely used in many industries, such 

as textile, packaging, and fibers manufacturing (Diaz-Silvarrey et al., 2018). The amount of waste PET 

bottle is also increased rapidly in recent years. Although PET bottle can be properly recycled, the 

considerable amount of PET wastes is still difficult to be recycled due to the co-presence of impurities, 

pigment, and so on, with PET (Faraca and Astrup, 2019). Pyrolysis can be the proper solution to increase 

the recycling efficiency of PET because the large amount of chemical and/or fuel can be produced from 

PET wastes (Syamsiro et al., 2014). Although the large amount of PET pyrolysis oil can be obtained by 

the simple pyrolysis, the high content of acids in PET pyrolysis oil is being considered as the limitation 

on the commercialization of PET pyrolysis process. To overcome this limitation, the catalytic pyrolysis 

of PET was intensively suggested.  

In this study, kinetic analysis for the thermal and catalytic pyrolysis of PET (over natural zeolite (NZ), 

olivine, bentonite, HZSM-5, and HAl-MCM-41) was performed using a thermogravimetric (TG) and 

model-free kinetic analysis. Catalytic TG analysis was performed by heating PET or PET and catalyst 

mixture at multi-heating rates under nitrogen atmosphere. Flynn-Wall-Ozawa (Flynn and Wall, 1966) 

model (FWO) was applied to calculate Ea values on the thermal and catalytic pyrolysis of PET without 

the assumption of reaction model. 

As shown in Figure 1, all catalysts revealed lower Tmax compared to non-catalytic reaction. Although 

natural catalysts, NZ, olivine, and bentonite, could not lead the higher PET decomposition efficiency 

than synthetic zeolites, HZSM-5 and HAl-MCM-41, maximum decomposition temperatures on the 

differential TG (DTG) curves for the catalytic pyrolysis of PET, 436 °C over olivine, 435 °C over 

bentonite, and 434 °C over NZ, at 10 °C/min, were definitely lower than non-catalytic pyrolysis. 
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Different PET decomposition efficiency of the catalysts can be explained by catalyst acidity and pore 

properties. Among natural catalysts used in this study, bentonite and olivine have larger pore size, 29.8 

nm and 7.9 nm respectively, than HZSM-5 (0.55 nm). NZ has the smallest pore size (0.5 nm) among 

the catalysts used in this study. These indicate that the diffusion limitation of reactant molecules to the 

pore of bentonite and olivine is lower than that of HZSM-5. Meanwhile, natural catalysts have the lower 

acidities around 400 °C, 0.122 mmol/g (bentonite), 0.151 mmol/g (NZ), and almost no acidity (olivine), 

than HAl-MCM-41 (0.553 mmol/g) and HZSM-5 (0.573 mmol/g). This suggests that the catalyst acidity 

is more important factor concluding PET decomposition rates. 

 

 

Figure 1: (a) TG and (b) DTG curves for the thermal and catalytic pyrolysis of PET at 10 

°C/min. 

 

Furthermore, according to Figure 2, calculated Ea values for the catalytic pyrolysis of PET over natural 

catalysts, 177 kJ/mol over olivine, 168 kJ/mol over bentonite, and 171 kJ/mol over NZ, were also not 

lower than those over synthetic zeolites, however, those were also much lower than the thermal 

decomposition, suggesting their feasibility as the proper and cost-effective catalysts on the pyrolysis of 

PET. 
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Figure 2: Activation energy values obtained from catalytic and noncatalytic TGA data. 
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Extended Abstract 

 

The analytical technologies for micro plastics (MPs) include visual identification, microscopy, 

spectroscopy, and thermal analysis (Faltynkova et al., 2021). Generally, microscopy is considered a fast 

and straightforward method, however, the difficulties in chemical confirmation are regarded as a 

limitation (Sierra et al., 2020). Fourier transform infrared (FT-IR) spectroscopy and Raman 

spectroscopy are typical non-destructive analysis methods, but the interference by the non-target matrix 

for MPs analysis is considered a limitation of these spectroscopy technologies (Dąbrowska, 2021). 

Various thermo-analytical technologies have been suggested to overcome the disadvantages of 

spectroscopy technologies on weight-based quantification, such as thermogravimetric-IR (TG-IR) 

(Goedecke et al., 2020), TG-mass spectrometry (TG-MS) (La Nasa et al., 2020), pyrolysis-gas 

chromatography/MS (PyGC/MS), and thermal extraction and desorption-GC/MS (TED-GC/ MS) 

(Dümichen et al., 2017). 

This paper reports the selective quantification of synthetic microfibers (MFs), polyethylene 

terephthalate (PET), nylon-6 (N-6), and polyacrylonitrile (PAN), emitted from a textile laundry. 

Sequential steps consisting of filtration, MFs extraction using hexafluoroisopropanol (HFIP), TG-

analysis, and PyGC/MS analysis were suggested. 
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After filtering the textile laundry wastewater, selective sampling of synthetic MFs excluding non-

target matrices and natural fibers was achieved by extracting the filtered samples with HFIP. Figure 1 

compared selected ion monitoring (SIM) chromatograms obtained from the Py-GC/MS analysis of a 

solid standard mixture and the solution standard mixture. MF recovery for HFIP extraction by Py-

GC/MS analysis was 91.4 %, 98.5 %, and 98.8 % for PET, N-6, and PAN, respectively. This suggests 

that the HFIP solvent extraction of these polymers from the filtered MF sample collected after the 

laundry test is an efficient sample preparation step for the selective quantification of synthetic MFs 

emitted from a textile laundry.  

 

Figure 1: SIM chromatograms obtained from the pyrolysis of the solid and the solution 

standard mixtures. (VB: Vinyl benzoate, CL: ε-Caprolactam, HTCN: Hexane1,3,5-

tricarbonitrile). 

 

Based on the quantification results of MFs extracted from the accelerated laundering test by Py-GC/MS, 

the quantification results for the MFs extracted from the textile made from a single filer showed that 

PET, N-6, and PAN textile produced 481, 111, and 329 mg of MFs/kg textile, respectively. Compared 

to the single textile (PET), the blended textiles produced larger amounts of MPs, 961 mg/kg for 

PET/cotton and 680 mg/kg for PET/wool blended textiles, suggesting the easier formation of MFs from 

blended textiles during textile laundering. Although Py-GC/MS has been suggested as an appropriate 

quantification tool, TGA was required in the pre-analysis step before Py-GC/MS to obtain a suitable 

HFIP dilution factor because of the wide MF weight range from sub mg to 1,000 mg per kg textile. 
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Extended Abstract 

 

The need for alternative energy resources has grown since the depletion and increasing prices of fossil 

fuels and their environmental footprint, hence, it is essential to find some other environmentally friendly 

means of energy generation. Plastic production has increased from 2 million tons per year to 381 million 

tons per year in 2015, which has resulted in a subsequent increase in the generation of plastic waste, 

such as polyethylene terephthalate (PET), polypropylene (PP) and high density polyethylene (HDPE) 

(Moses et al., 2002; Sancho et al., 2008). The long natural/biological degradation time for plastic waste, 

which accumulates in the form of landfill under the earth and oceans, poses a great threat to the 

environment (Moore, 2008; Chen et al., 2019). The thermochemical conversion of plastics, such as 

gasification, is an economical solution to the removal of plastic waste from the environment. Moreover, 

the use of catalysts can reduce tar generation and the operating temperature in gasification, making the 

process more economical compared to non-catalytic cases (Ateş et al., 2013; Saad and Williams, 2016) 

This study examined the possibility of applying Ni-loaded nano-sized alumina (13 nm and < 50 nm) 

and m-Al2O3 to HDPE gasification. The catalytic gasification activities of the different Ni-loaded 

alumina catalysts were compared with that of the well-known Ni-loaded γ-Al2O3 in a laboratory scale 

fixed bed quartz reactor.  

Based on the Figure 1, The catalysts had a significant effect on the gasification products. the catalytic 

activity of Ni loaded alumina was observed in the order of 13 nm-sized Al2O3> mesoporous Al2O3> 

(<50 nmsized Al2O3) > γ-Al2O3 for the gas yield and γ-Al2O3> (<50 nm Al2O3) > mesoporous Al2O3 > 
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13 nm Al2O3 for the oil yield, respectively. The product distribution showed that the nano-sized or 

nanostructured alumina with a nickel loading could be a suitable catalyst for obtaining a higher gas 

yield. However, although the maximum gas yield was observed on Ni/13 nm Al2O3, a detailed analysis 

suggested a large percentage of CO2 and hydrocarbons (mostly CH4). 

 

Figure 1: Yields of HDPE gasification over various catalysts. 

 

In addition, as demonstrated in Figure 2, the production of hydrogen from Ni loaded alumina showed 

an increasing trend in the order of (<50 nm-sized Al2O3) > γ-Al2O3 > 13 nm-sized Al2O3.> mesoporous 

Al2O3. In contrast, CO showed the trend as Ni/mesoporous Al2O3> Ni/13 nm-sized Al2O3> Ni/g-Al2O3> 

(Ni/<50 nm Al2O3). Moreover, the maximum CO2 generation was observed in the case of Ni/13 nm 

Al2O3 (26.90 vol%) compared to the other three, which is not recommended.  

 

Figure 2: Gas composition from HDPE gasification over various catalysts. 

 

Overall, the highest level of hydrogen production from the Ni/<50 nm-sized Al2O3 catalyst might be 

because of its highest Ni dispersion and surface area. Consequently, Ni/(<50 nm alumina) could be a 

better catalyst for enhanced hydrogen production and low CO2 generation compared to other types of 

Al2O3 available. 
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Extended Abstract 

 

 The rapidly increased production and consumption of waste plastics are accelerating global 

contamination, and the microplastic issue has become an important issue worldwide (Ng et al., 2018). 

Among the various kinds of plastics, the use of polypropylene (PP) has increased dramatically in many 

applications owing to its high molecular weight, hydrophobicity, and resistance to microbial 

decomposition (Encarnacion et al., 2020). On the other hand, the mechanical superiority of PP makes 

it challenging to dispose of, and it remains in the environmental matrix for a long period when not be 

collected and treated appropriately. Thermal conversion processes, especially pyrolysis, can be 

considered a proper treatment method of organic wastes like biomass and plastics because it can 

decompose organic wastes in a short time and recover alternative sources of fuel or chemical feedstock 

(Santamaria et al., 2020). Value-added oil production on the pyrolysis of PP can be obtained through 

the additional use of catalysts (Kassargy et al., 2018).  

In this study, the thermal and catalytic pyrolysis of PP over various catalysts (Ga/ HZSM-5 (namely 

GaHZ(30)), HZSM-5 with three different SiO2/ Al2O3 ratios, namely HZ(SiO2/Al2O3 = 30), HZ(80), 

HZ(280), and HY(30)) were investigated by thermogravimetric analysis (TGA) and pyrolyzer-gas 

chromatography/mass spectrometry (Py-GC/ MS). The apparent activation energy (Ea) on the 

decomposition of PP was calculated using a model-free kinetic analysis method, Ozawa-Flynn-Wall 

(OFW method), and the production of BTEXs was compared to determine the feasibility of GaHZ (30). 

According to Figure 1 (a), The non-catalytic DTG curve of PP consisted of a single peak, indicating a 

single decomposition reaction. TGA result (Figure 2 (b)) indicated that HY(SiO2/Al2O3; 30) is the most 

effective catalyst lowering PP decomposition temperature, followed by Ga/HZSM-5(30), HZSM-5(30), 
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HZSM-5(80), and HZSM-5 (280). So, compared to the thermal decomposition of PP, the catalytic 

pyrolysis of PP resulted in a different decomposition temperature, suggesting that the decomposition 

reaction pathway of PP was changed using the catalysts 

 

 

Figure 1: TGA and DTG curves for the TCP of PP at 10 C/min. 

 

However, Ga/HZSM-5(30) revealed the lowest apparent activation energy (Ea), 110 kJ/mol, than 

HY(30) (159 kJ/mol), and other HZSM-5 catalysts (122 ~ 172 kJ/mol) (Figure 2 (a)), suggesting its 

high efficiency lowering Ea on PP pyrolysis. Moreover, as shown in Figure 2 (b), Py-GC/MS results 

suggested that Ga/HZSM-5 produces the largest amount of aromatic hydrocarbons, followed by HZSM-

5(30), HZSM-5(80), HY(30), and HZSM-5(280). This confirms that the acceleration of PP cracking 

and aromatics formation was occured by the additional use of Ga with HZ.  

 

 

Figure 2: (a) Ea values for the TCP of PP over various catalysts from kinetic analysis, (b) 

Pyrolytic product materials obtained from the PP with HZ and HY catalysts. 
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Notably, the increase of Ga/HZSM-5(30) amount on PP pyrolysis led the further decrease of Ea value 

and increase of aromatics production efficiency. The cracking and aromatics formation efficiency over 

both HZ(30) and GaHZ(30) also increased after increasing the catalyst to PP ratio from 1/1 to 5/1. 
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Extended Abstract 

 

Nitrogen oxides (NOx) are considered as the main air pollutants from industrial and automobile 

exhausts, which have caused a lot of environmental problems, such as acid rain, photochemical smog, 

ozone depletion and greenhouse effect(Ma et al., 2015). Currently, among the developed various 

techniques for NOx abatement, the selective catalytic reduction of NOx by ammonia (NH3-SCR) is 

accepted to be an effective method to eliminate NOx pollutants(Wang et al., 2019). As a typical and 

efficient catalyst, a V2O5-WO3(MoO3)/TiO2 catalyst used in NH3-SCR technology has been 

commercialized for several decades, even though it still has some drawbacks to solve such as narrow 

operation temperature range, low N2 selectivity, low thermal stability and the volatility and toxicity of 

vanadium oxide species(Xu et al., 2017). As a result, it is necessary to develop novel environmental 

friendly metal oxide NH3-SCR catalyst which possesses excellent low-temperature deNOx activity, 

high N2 selectivity and strong thermal stability in a broad operation temperature window(Zhang et al., 

2021, Chen et al., 2017.) 

Recently, for this reason, NbOx has attracted much attention as a promoter to improve the NH3-SCR 

performance due to its unique acid property as well as excellent redox property(Sun et al., 2018). When 

the SCR catalyst reacts at a low temperature, NH4HSO4(ammonium bisulfate, ABS) would be inevitably 

produced through the reaction of SOx, H2O and NH3 in the flue gas. The as-formed ABS blocks the 

pore structures and covers the active sites of catalysts, which exerts a negative effect on the SCR 

reactions and constitutes the main barrier in commercializing low-temperature SCR systems(Ye et al., 

2018, Guo et al., 2009). Thus, the key step for catalyst commercialization is to study the poisoning 
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properties of catalysts in the low-temperature region. Also for in-situ catalyst regeneration, it is 

necessary to understand the ABS decomposition behaviors.  

In this study, ABS poisoning characteristics of V2O5-WO3/TiO2 and Nb2O5-V2O5-WO3/TiO2 catalyst 

at low temperature were investigated. Each catalyst was poisoned at 240℃ for 54 hours at 

[NH3]=300ppm, [SO2]=300ppm, [O2]=5vol.%, [H2O]=10vol.%, and the samples were characterized by 

elemental analysis, N2 adsorption-desorption, XRD, FT-IR, XPS, EGA-MS method. The deNOx 

efficiency of each catalyst was measured at [NO]=[NH3]=[SO2]=300ppm, [O2]=5vol.%, 

[H2O]=10vol.%. and the interaction between ABS and Nb2O5 as well as the thermal decomposition of 

ABS over each catalyst was investigated. 

 

a. V-W/Ti                            (b) Nb-V-W/Ti 

Fig. 1. EGA-MS profiles of (a) V-W/Ti (b) Nb-V-W/Ti poisoned with ABS 

 

(a) V-W/Ti             (b) ABS V-W/Ti         (c) Nb-V-W/Ti       (d) ABS Nb-V-W/Ti 

Fig. 2. O1s X-ray photoelectron spectroscopy(XPS) spectra of (a) V-W/Ti (b) ABS V-W/Ti  (c) Nb-

V-W/Ti (d) ABS Nb-V-W/Ti 
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Extended Abstract 

 

Gaseous formaldehyde is one of the major indoor VOCs pollutants, it is well-known carcinogen that 

causes several health isuues such as eyesm nasal and throat irritations(Salthammer et al., 2010). Several 

techniques have been used to contol VOCs, adsorption is an economical technique, cost effective, easy 

to operate, most efficient and flexble technique(Manap et al., 2017). Biochar is black carbon solid 

material resulting from pyrolysis of biomass under zero or low oxygen concentration and low 

temperature (Kong et al., 2014). Recently, biochar is used as adsorbent for organic pollutants removal. 

This is because there are many functional groups at the surface of biochar which affect its adsorption 

capacity.  

In this study, the effect of biochar characteristics by pyrolysis temperature on the adsorption of 

formaldehyde was investigated. In addition, biochar was activated with KOH, and compare the 

adsorption properties of commercially available activated carbon. Sludge dereived char (SDC) was 

produced from fast pyrolysis of sewge sludge at 450, 500, and 550℃, respectively. To improve surface 

area and porosity, SDC that was generated at 450℃ were activated using KOH (Fu et al., 2019).  

The adsorption efficiency of formaldehyde in SDC produced from different pyrolysis temeperature 

was shown in Fig. 1(a), and in activated biochar(SDC-K) and activated carbon was shown Fig. 1(b). In 

Fig. 1(a), the formaldehyde adsorption efficiency increased as the pyrolysis temperature increased. 

From the specific surface area measurement results (Table 1), it can be seen that the adsorption 

efficiency increases as the specific surface area increases. However, activated carbon had relatively low 
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formaldehyde adsorption efficiency despite the high specific surface area. It can be seen that activated 

carbon has lower oxygen contents than other SDCs in Table 1 . From the FT-IR results in Fig. 2, it can 

be seen that oxygen functional groups are hardly formed in activated carbon compared to other SDCs. 

Yang et al. studied the effect of oxygen-containing functional groups on the adsorption of 

formaldehyde, and reported that the incorporation of certain oxygen-containing functional groups to the 

edge of the carbon surface could promote the adsorption of formaldehyde. In this study, the effect of 

the type of oxygen functional group on the adsorption performance of formaldehyde is to proceed. 

 

 

a.                                                                  (b) 

Fig. 1. Adsorption efficiency of formaldehyde (a) SDC produced from different pyrolysis 

temeperature (b) activated SDC and activated carbon 

 

Table 1. Physico-chemical properties of SDCs, SDC-K and AC 

sample BET surface area (m2/g) Total pore volume(cm3/g) Ave. pore size(nm) O 

SDC-450 3.28 0.053 64.7 13.22 

SDC-500 25.02 0.034 5.5 14.29 

SDC-550 108.01 0.027 1.0 17.43 

SDC-K 1,231.65 0.661 2.1 18.60 

AC 1,495.06 0.775 2.0 1.03 

 

 

Fig. 2. FT-IR spectra of SDCs, SDC-K, and AC 
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Extended Abstract 

 

Carbon fiber-reinforced plastic (CFRP) is a high-performance composite composed of carbon fiber and 

polymer and has high strength, high modulus, and low density. Due to these advantages, CFRP is being 

used in renewable energy systems, automotive parts, aerospace, and sports industries. In 2018, the 

global usage of CFRP was approximately 128 kilotons, and the annual global demand of CFRP is 

estimated to reach 199 kilotons by 2022. The increased consumption of CFRP has resulted in substantial 

energy and materials consumption during the production process and generates significant quantities of 

waste. CFRP waste was disposed of by landfilling, but landfilling is currently prohibited due to stricter 

regulations. To recover high-quality carbon fibers from CFRP waste, a method was used to decompose 

the resin. Chemical decomposition and thermal incineration were used in CFRP recycling method. 

Chemical decomposition uses chemical agents to decompose the resin to recover carbon fibers. Several 

solvents, such as acid, peroxide, supercritical alcohol, and supercritical acetone have been used as media 

for the chemical decomposition processing of epoxy resin. Chemical decomposition can maintain a high 

recovery rate and suitable strength of carbon fibers. However, the high price of chemical reagents and 

processes of massive harmful gases are the major drawback of recycling carbon fibers from chemical 

decomposition. Another method is thermal incineration. Conventional thermal incineration used N2 and 

O2 gases to decompose epoxy resin. However, it requires a high temperature of 600-1200°C to 

decompose the resin, so it is high price and generates low quality and harmful gases due to oxidation 

and adsorption. Super-heated steam was applied to the process to maintain the excellent mechanical 

properties of the carbon fibers. Super-heated steam is readily available water and has the characteristic 

that uniform heating is possible. In this study, 4,4’-diaminodiphenyl methane (DDM) and 4,4’-
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diaminodiphenyl sulfone (DDS) were used as curing agents for the epoxy to prepare CFRP and pyrolyze 

it. CFRPs were carried out under two gas atmospheres (steam and air), and the pyrolysis temperature 

and time were set in the range of 500-600°C and 60-180 min, respectively. The universal testing 

machine measured the tensile strength, modulus, and interfacial shear strength (IFSS) of recycled 

carbon fibers (UTM). The functional group changes with the thermal decomposition conditions were 

observed by Fourier-transform infrared spectroscopy (FT-IR) and x-ray photoelectron spectroscopy 

(XPS). Also, the recovered decomposition product was investigated by nuclear magnetic resonance 

(NMR). As a result, the tensile strength, modulus, and IFSS of the recycled carbon fibers were found 

that all recycled carbon fibers had over 80% of the strength of as-received carbon fiber. 

0

2

3

4

5

 

500-3-600-10

500-3-550-10

500-3-450-60

500-3-400-60

500-3-400-30
500-3-500-10

T
en

si
le

 s
tr

en
g
th

 (
G

P
a)

500-3

4.84
103.64%

4.11
88.01% 4.10

87.79%

3.55
76.02%

3.77
80.73% 3.26

69.81%

3.85
82.44%

 

0

5

120

140

160

180

200

220

240

 

500-3-600-10

500-3-550-10
500-3-450-60

500-3-400-30
500-3-500-10

T
en

si
le

 m
o
d
u
lu

s 
(G

P
a)

224.20

106.30%

102.99%

217.23
217.78

103.25%
208.75

98.97%
199.01

94.35%

206.42

97.87%
500-3

 

Figure 1. Tensile strength and modulus of the carbon fibers recycled in steam and air atmospheres. 
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Figure 2. Interfacial shear strength of the carbon fibers recycled in steam and air atmosphere. 

 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

513 

 

 

Figure 3. Surface morphologies of recycled carbon fibers; (a) 500-3-450-60, (b) 500-3-500-10, (c) 

500-3-550-10, and (d) 500-3-600-10. 
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Extended Abstract 

 

Activated carbon fibers (ACF) have a high specific surface area and a well-developed pore structure. 

Therefore, they are widely used as environmental materials. Moreover, they can possess various surface 

functional groups with an affinity for different adsorbates, so these features provide them with high 

adsorption kinetics and capacities. However, the excessively high costs of ACFs, which are mainly 

related to the production costs of the polyacrylonitrile (PAN) precursors used for their production, still 

represent a significant impediment to their widespread use. 

Recently, ACF has been produced using polyethylene (PE), which is a relatively inexpensive material. 

PE precursors in aliphatic polymers are not stable during the carbonization process. Thermally 

decompose into mostly volatile aliphatic and olefinic compounds completely. Most studies have used 

sulfuric acid treatment at 180°C or higher to impart thermal stability to thermoplastic polyethylene. 

However, precursor fibers are easily broken at such high temperatures and alter the fiber’s 

shape,  making it challenging to develop a continuous process. Based on these disadvantages, a method 

that allows for sulfonation at temperatures that do not exceed 100°C is required. 

When an electron beam and sulfonation treatment are applied to polyethylene fibers, it can accelerate 

sulfonation at a relatively low temperature. However, this method also does not allow sulfonation at 

temperatures not exceeding 100°C. 

Thus, this study proposes the hybrid stabilizing method to convert high-density polyethylene (HDPE) 

fiber into activated carbon fiber (ACF). The stabilizing process of HDPE fiber was achieved through a 

hybrid treatment using electron-beam/sulfonation at 80℃/oxidation which was more effective than the 

traditional method. The stabilized fibers were then carbonized at 800~900°C and activated at 900°C 
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with different activation times. The structural characteristics and surface texture of these ACFs were 

observed using an X-ray diffractometer and a field-emission scanning electron microscope. The textural 

properties were studied using N2/77 K adsorption isotherms. From the results, difficult to convert the 

HDPE fibers sulfonated at 80°C fibers because of their lower thermal stability but oxidized sulfonated 

fiber could be converted to activated carbon fibers because of improved thermal stability. In addition, 

the oxidation process was possible to control the crystallinity of the stabilized fiber by adjusting the 

oxidation process time.  

 

 

Figure 1. TGA curves of stabilized HDPE fibers as a function of various oxidation times. 

 

Figure 2. N2/77K adsorption isotherm curves of HDPE-based activated carbon as a function of various 

oxidation times. 
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Extended Abstract 

 

Protection against emissions of chemical warfare agents (CWAs) is a significant social and military 

concern. A CWA is a chemical substance whose toxicity is used to kill, wound, or incapacitate people. 

sarin and soman nerve agents, a potent vesicant, has been used since World War I. Sarin and soman 

nerve agents are a nerve agent, interfering with normal functioning of the mammalian nervous system 

by inhibiting the enzyme cholinesterase. Therefore, studies on chemical protective overgarments are 

essential for protecting the human body from CWAs. 

The Dimethyl methylphosphonate (DMMP, CH3PO(OCH3)2) molecule is a simulant for sarin and 

soman nerve agents. The DMMP molecule is much less toxic, yet it has a chemical and crystal structure 

very similar to sulfur mustard but without one chlorine atom. Therefore, DMMP is used in the 

laboratory instead of sulfur mustard for research purposes because it can mimic the reactivity of sulfur 

mustard. 

Chemical protective overgarments for protection against emissions from CWAs are classified as 

impermeable and permeable. Impermeable protective clothing is expected to provide excellent 

protection against CWAs, but it cannot be worn for a long time due to the heat load. Permeable 

protective clothing has been developed in which a layer of porous materials are bound between two 

layers of textile to reduce the heat load. The porous materials are made up of activated carbon (AC) 

pellets (Saratoga carbon pellet, Blucher GmbH, Germany), and the CWAs are absorbed on the AC 

pellets. Therefore, the shielding performance of the permeable protective clothing against CWAs is 
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depended on the performance of the activated carbon. AC with its excellent adsorption capacity has 

been studied for the long-term protection of permeable protective clothing. The adsorption rate (or 

speed) of activated carbon is also essential in protective systems. The adsorption capacity and rate of 

adsorbing media in permeable protective clothing depends on the pore structure of the adsorbent. In AC 

uses in protective clothing, the pores of activated carbon fiber (ACF) open directly to the outer surface, 

and the sizes of the pores fall within a narrow distribution. The unique pore structure of this ACF enables 

a higher specific surface area and faster adsorption rate than ordinary AC. 

In this work, ACF were modified via e-beam irradiation at various doses for use as an adsorption 

material in chemical protective overgarment. The N2 adsorption isotherm characteristics at 77K were 

confirmed by Brunauer-Emmett-Teller, Barrett-Joyner-Halenda and non-local density functional theory 

equations. The surface properties of e-beam irradiated ACF were characterized using an X-ray 

photoelectron spectroscopy. The DMMP adsorption capacities of the ACF were measured by 

breakthrough experiments in the gas phase (120 μg/mL of DMMP in N2 flow). The textural properties 

of the ACF was largely unchanged by the e-beam irradiation. The DMMP adsorption capacity of the 

ACF treated with the e-beam at radiation doses of 200 kGy increased by 14 times compared with the 

untreated ACF. The enhancement of the DMMP adsorption capacity of the e-beam irradiated ACF can 

be attributed to a change in their surface functional group. 

 

Figure 1. Nitrogen adsorption curves of electron beam-irradiated activated carbon fiber.  
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Figure 2. Breakthrough curves of electron beam-irradiated activated carbon fiber. 
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Extended Abstract 

 

As a new type of charge storage devices, supercapacitors are attracting more and more attention because 

of their high power density and long cyclic life compared with batteries and high energy density relative 

to traditional capacitors. According to the energy storage mechanism, supercapacitors can be divided 

into two classes, electric double-layer capacitors (EDLCs), depending on the pore structure of the 

electrode materials, and pseudocapacitors based on the active electrode materials, in which the Faradic 

redox process occurs. To develop supercapacitors with high performance, various materials have been 

examined as possible electrode materials. Among them, porous carbons, which have high porosity, a 

large surface area, and good conductivity, have been used most widely. 

In general, a large surface area is considered necessary for charge accumulation for a high energy 

density EDLC electrode material. However, electric double-layer capacitance (CEDL) cannot be 

enhanced illimitably because the excessive increase of surface area causes a huge decrease of the 

mesoporosity, thus reducing the mass transfer capacity. Therefore, a number of approaches are under 

development for optimizing the specific capacitance of carbon materials while keeping a proper 

mesoporosity.  

The oxygen functional group of the activated carbon negatively affects the charge transfer resistance of 

the EDLC. Oxygen-containing functional groups of activated carbon can be effectively removed by 

using a temperature programming method. Surface oxygen groups on carbon materials decompose upon 
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heating by releasing CO and CO at different temperatures. With regards to chemical properties, the 

effects of oxygen-containing functional groups on electric characteristics have been investigated 

qualitatively in terms of temperature-programmed desorption; however, there have been few 

quantitative investigations described in previous reports. 

In this study, we investigated the correlation between the oxygen functional group of activated carbons 

and electrochemical characteristics. Activated carbons with reduced oxygen was prepared in various 

gas atmospheres for the improving the electrochemical performance of supercapacitors. Besides, the 

activated carbons were heat-treated at 200-900℃ for one hour under two gas atmosphere (N2 and H2/N2 

mixing gas). The textural properties were studied by Brunauer-Emmett-Teller, Barrett-Joyner-Halenda 

equations, and nonlocal density functional theory with N2/77K adsorption isotherms. The reduction 

characteristics of activated carbons were investigated through Temperature Programmed Reduction 

(TPR) under N2 and H2/N2 mixing gas atmosphere. Also, oxygen functional group changes with the 

heat-treated condition were observed by FT-IR and XPS. As a result, the decrease in the oxygen 

functional group of the activated carbon was found by the reduction step. Meanwhile, the 

electrochemical performance of the activated carbons was significantly enhanced after the reduction 

process. 

 

 

Figure 3. XPS survey spectra of  reduced HAC as a function of various reduction condition by (a) N2 

atmosphere, (b) H2 / N2 atmosphere.. 

 

Table 1. Chemical Compositions of reduced HAC under vaious atmosphere by XPS. 

Sample name 

Element composition (%) Element ratio 

O1S C1S N1S O1S/C1S 

As-received 7.41 92.59 0.00 0.08 

HAC-N-3-6 7.00 93.00 0.00 0.08 
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HAC-N-6-6 5.50 94.26 0.23 0.06 

HAC-N-9-6 3.91 96.08 0.00 0.04 

HAC-H-3-6 6.19 93.56 0.25 0.07 

HAC-H-6-6 4.54 95.34 0.13 0.05 

HAC-H-9-6 4.59 95.41 0.00 0.05 

 

 

Figure 5. N2/77K adsorption isotherm curves of reduced HAC as a function of various reduction 

condition by (a) N2 atmosphere, (b) H2 / N2 atmosphere. 
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Extended Abstract 

 

Worldwide antibiotic production is estimated to be about 200,000 tons per year, and tetracycline 

antibiotics are one of the most used antibiotics [Li et al., 2018, Vaz et al., 2016]. Among the tetracycline 

antibiotics, Oxytetracycline (OXY) has a low cost and high efficiency, so it is used in large amounts in 

agriculture and fishery industries worldwide [José Miguel et al., 2020]. Nevertheless, about 90% of 

OXY is not metabolized and can be excreted, which can cause environmental problems, and since OXY 

is chemically stable and cannot be easily treated with general wastewater treatment processes, the 

photofenton method for efficient removal of OXY research on AOPs and TiO2 photocatalysts are being 

actively conducted [Almeida et al., 2021, Yan et al., 2018, Giler-Molina et al., 2020]. TiO2 photocatalyst 

is widely used to decompose difficult-to-decompose pollutants because of its low price and high 

chemical stability. 

 In this study, a photocatalyst responsive to visible light was prepared by precipitating nickel to TiO2 

powder (P25) using the liquid phase plasma (LPP) process. The content of nickel precipitated in TiO2 

powder was increased by increasing the number of LPP processes, and the results are shown in Table 

1. TNP-1 is a nickel precipitated by performing the LPP process once, and TNP-5 is a Ni/TiO2 

photocatalyst obtained by performing the LPP process five times. As the number of LPP processes 

increased, the nickel content in the Ni/TiO2 photocatalyst showed a tendency to increase. 

 

Table 16. Chemical composition of Ni/TiO2 photocatalyst prepared by LPP process 

Sample Ti O Ni 

name Wt.% At.% Wt.% At.% Wt.% At.% 

TNP-1 51.15 25.96 48.70 73.98 0.16 0.06 
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TNP-3 50.44 25.63 48.63 73.98 0.93 0.39 

TNP-5 53.23 28.03 45.23 71.31 1.54 0.66 

 

The band gap energy of the Ni/TiO2 photocatalysts prepared in this study was measured using UV-

VIS diffuse reflection adsorption spectra, and the results are shown in Fig. 1 along with the band gap 

of the bare TiO2 photocatalyst. The band gap of the bare TiO2 photocatalyst was measured to be 389 

nm, and the band gap of the Ni/TiO2 photocatalysts showed a larger value (406 ~ 410 nm) as the nickel 

content increased. 

 

Figure 1 : UV-VIS diffuse reflection adsorption spectra of bare TiO2 powder and TNPs. 

 In this study, photoactivity was compared and evaluated by performing decomposition reaction using 

bare TiO2 photocatalyst and Ni/TiO2 photocatalyst in reaction aqueous solution containing 30 ppm of 

antibiotic OXY to be degraded. For the decomposition reation, each of 100 UV LEDs and blue LEDs 

were used for UV and visible light sources, and the amount of photocatalyst powder added to the 

reaction was 0.2 mg/mL. In all photocatalysts, the reaction using ultraviolet light showed a faster 

decomposition rate than the reaction using visible light, and the photocatalyst activity of the bare TiO2 

photocatalyst was the best in the ultraviolet light source. Meanwhile, in the decomposition experiment 

using blue LED as a light source, the bare TiO2 photocatalyst had the lowest activity, and the Ni/TiO2 

photocatalyst with a high nickel content showed a fast decomposition rate. 
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Figure 2. Rate constant of decomposition reaction using various photocatalysts with different LED 

Lamps. 

In this study, a photocatalyst that responds to visible light was successfully prepared by precipitated 

nickel in TiO2 powder using the LPP process, and the antibiotic oxytetracycline was successfully 

decomposed using a Ni/TiO2 photocatalyst. These results can be applied as a new method to remove 

antibiotic components that cannot be treated with conventional water treatment methods. 
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Abstract 

Hydrogen energy is firmly establishing as a clean future energy to replace fossil fuels. Fuel cell 

technology using hydrogen is also developing rapidly. However, much of the hydrogen production now 

depends on the way fossil fuels are used. This method has a fatal problem in emitting carbon dioxide 

during production. To solve this problem, a method of producing hydrogen without CO2 emission from 

waste hydrocarbons using plasma is presented herein. The only gaseous product was hydrogen and no 

CO2 was generated. The reaction produced hydrogen as the main product and produced nano-sized 

carbon crystallites. Hydrogen production rate was maximized by using benzene as a reactant. The 

hydrogen generation rate was improved by applying transition metals loaded on zeolite as a catalyst. 

The carbon obtained as a solid product contained no impurities. The crystal size was very small and 

uniform (10 nm or less)  

 

Introduction 

In modern society, excessive use of fossil fuels has caused serious environmental problems, such as 

deteriorating air quality and accelerating global warming. Currently, the international community is 

aiming to realize a carbon-free society, and for this purpose, the ratio of renewable energy among the 

energy production is increasing. Hydrogen is a clean energy source that has the advantage that it can 

be easily converted into other compounds and can be produced in an eco-friendly way. However, 

since hydrogen has a small storage capacity per volume, it is expensive to store a large capacity, and 

that long-distance transportation is difficult. 

Liquid-phase plasma (LPP) generates a large active species upon initiation (Malik et al. 2013). This 

active species has the function of generating hydrogen by easily decomposing organic chemicals at a 
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high speed (Sun et al. 2012). The lowest energy required for H2 production by plasma discharge was 

found to be 0.08 kWh/m. This is more efficient than most H2 production methods such as water 

electrolysis (Chung et al. 2018). Therefore, plasma discharge technology is regarded as a potential 

method for efficient hydrogen production. In particular, the LPP technology has the advantage of 

being able to produce H2 immediately from liquefied H2 derivatives. 

 

Experimental 

Figure 1 represents a schematic diagram of a photocatalytic reaction device for H2 production using 

LPP. 100 mL of liquid hydrocarbons was used for the reaction. The reaction was carried out by directly 

irradiating the reactants with LPP in the photocatalytic reactor. The temperature inside the LPP reactor 

was controlled to 25°C by a water circulator. The generated gaseous product was measured for rate of 

H2 generated by a mass flow meter for measuring H2 gas (MFM; MFC Korea, TS- D2200). The 

composition of the generated gas  

 

Figure 1. Schematic apparatus of photocatalytic hydrogen production using LPP device. 

was analyzed by a gas chromatograph (GC; Yonglin, M600D) equipped with a TCD and Molecular 

sieve 5A packing column. 

Plasma was emitted between the two electrodes within a double annular reactor filled with liquid 

benzene and a catalyst. As the electrode, a tungsten rod with a needle-shaped tip and a diameter of 4 

mm was used. The plasma was discharged using a high-frequency plasma generator (Nano-

Technologies, NTTI-1500). Plasma applied to the liquid benzene was discharged with a frequency of 

30 kHz and a pulse width of 5 μs at 250 V. 

 

Results and discussion 

The only gaseous product was H2 and no CO2 was produced from n-hexane. The nano-sized carbons 

were produced as a solid product. The reaction produced H2 as the main product and produced nano-
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sized carbon particles contained no impurities. The crystal size was very small and uniform (10 nm or 

less). Figure 2. shows the amount of H2 generated during 1 h of reaction time and the yield of nano-

sized carbon black. Liquid-phase plasma decomposed liquid hydrocarbons with H2 evolution without 

injecting a catalyst. When the perovskite catalyst was applied to the reaction using liquid-phase plasma, 

the rate of H2 generation was increased significantly.  

 

Figure 2. Amount of H2 generated during 1 h of reaction time and the yield of carbon black. 

Conclusion 

Hydrogen was produced as a gaseous product in the decomposition reaction of hydrocarbons by LPP. 

The gaseous product was H2, and no CO2 was formed. This reaction produced only H2 as a gaseous 

product without by-products. Simultaneously, nano-sized carbon was obtained as a solid product with 

hydrogen generation. Nanoscale carbon was produced as a solid product. Perovskite catalysts were 

applied to increase the hydrogen production efficiency. The reaction produced nano-sized carbon 

particles with hydrogen as the main product with no impurities. The crystal size of carbon black was 

very small (<10 nm) and uniform. 
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Extended Abstract 

 

We explores high flexible all solid state thin film supercapacitors integrated on textile fabric for sweat 

electrolyte based energy storage devices as wearable smart devices approach.  The composite film 

electrodes fabricated using PEDOT:PTREN:MnO2@MnCO3 polymer hydrogel chelate decorated 

composites. The active materials made hydrothermally under BMIMBF4 ionic liquid assistant. X-ray 

diffraction, X-ray photoelectron spectroscopy, and scanning electron microscopy examinations are used 

to examine physio-chemical qualities and surface morphological features. The composites’s XPS 

outlines reveal expected peaks of Mn 2p1/2 (653.2 eV), Mn 2p3/2 (641.3 eV), N1s (401.4 eV), and C1s 

(285.3 eV). The mechanical and flexibility of solid state thin film supercapacitor results in a significant 

areal capacitance and a high energy density. After 10,000 charge-discharge cycles, these 

supercapacitors retain 92% of their initial performances and the biocompatibility studies also exposed 

good results. The textile fabricated device performed well on ionic liquid and sweat @ionic liquid dual 

electrolyte modes and the exhibited biocompatibility results also good. The thin film supercapacitor 

based supercapacitor may tenderfoot for the appropriateness to wearable smart and textile based energy 

storage system. 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

532 

 

 

Figure 1: Schematic representation of sweat electrolyte on textile supercapacitor 

 

To preapre MnO2@MnCO3 particles, a new method was applied. The metal oxide and carbonates were 

made using the hydrothermal technique using potassium permanganate, methanol, and DMF. MnO2 and 

MnCO3 were formed in the following way [1]. The composite preapration and incorporation on textile 

fabric (cotton)are  schematically mentioned in Fig. 1 and 2. 

 

5CH3OH + 4MnO4
-+12H+ → 4Mn2+ +11H2O + 5HCOOH                                         (1) 

(CH3)2NCHO + MnO4
- + 6H+ → (CH3)2NH + Mn2+ + CO2 +3H2O                            (2) 

MnO4- + Mn2+ → 2MnO2                                                                                               (3) 

CO2 + H2O → CO3
2- + 2H+                                                                                             (4) 

Mn2+ + CO3
2- → MnCO3                                                                                                (5) 

  

 

Figure 2: PEDOT:PTREN:MnO2@MnCO3 composite preaparation  
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Figure 3: XRD (a), XPS (b) of MnO2@MnCO3 and PEDOT:PTREN:MnO2@MnCO3 composite 

and SEM images of untreated and composite treatd textile fabric (c and d)  

 

 

 

Figure 4: Cyclic voltammetry, Electrochemical impedance and galvanostatic charge discharge 

profile of textile supercapacitor under ionic liquid and sweat @ ionic liquid mode respectively 
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Abstract: 

Securing fresh water and sustainable clean energy sources are the top priorities of human beings. 

Wastewater is produced daily in massive amounts and requires proper treatment before safe discharge 

to the environment. Traditional wastewater treatment methods are complicated and consume a large 

amount of energy produced from fossil fuels, accompanied by severe environmental impacts. Direct 

urea fuel cells (DUFCs) are novel methods that can be used for simultaneous treatment of urea 

contaminated wastewater and electricity generation. Recently there has been rapid progress in operating 

DUFCs under real operation conditions with a high power output using a complete non-precious 

catalyst. This work summarizes the recent progress done in the actual operation of the DUFCs, 

emphasizing the progress done in preparing the anode and cathode catalysts, electrolyte membrane, 

operation conditions, ..etc. Moreover, the role of the DUFCs in achieving the 17th development goals 

set by the united nations is elaborated. 

 

Keywords: 

Direct urea fuel cells (DUFC); In-situ fuel cell operation; sustainable development goals (SDGs); 

Indicators; wastewater treatment.  

 

The rapid progress in the world population and the recent technological advances resulted in 

increased energy consumption that comes from fossil fuels. Fossil fuels are not only limited in resources 
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but also have severe environmental impacts (Olabi et al., 2022; Wilberforce et al., 2021a). While 

wastewater is daily produced in large amounts, whether domestic, municipal, or industrial, there is an 

apparent deficiency in freshwater resources. The conventional treatment methods of this wastewater are 

dependent on the aeration tanks that require a significant amount of energy and produce unsafe aerobic 

sludge (Wilberforce et al., 2021b). Fuel cells are efficient energy conversion devices with no or low 

environmental impacts (Abdelkareem et al., 2021). Direct urea fuel cells are emerging types of fuel 

cells that can simultaneously treat urea contaminated wastewater and produce electricity (Sayed et al., 

2019). Extensive work has been done to overcome the challenges of the direct urea fuel cells, i.e., cost 

and low power output, through the development of efficient non-precious anode and cathode catalysts 

(Abdelkareem et al., 2020). Our group reported that the nanosheet structure of the metal chalcogenides 

(Nickel selenide), is effectively used as the anode of the DUFC and Prussian blue is used as the cathode 

in DUFC under real fuel cell operation, producing a high power output of 33 mW/cm2 at room 

temperature, as can be seen in Figure 1 (Sayed et al., 2021). Several reports demonstrated the potential 

of the DUFCs in the simultaneous wastewater treatment and electricity generation under actual fuel cell 

operation.  

All UN member states endorsed the UN 2030 Agenda for Sustainable Development in 2015, 

which provides "a shared blueprint for prosperity and peace for humans and the environment, either 

now or in the future"(Marvila et al., 2021). The 17 Sustainable Development Goals (SDGs) are at the 

core of this strategy as an urgent appeal for global cooperation. These SDGs have been broken down 

into 169 particular targets in order to attain them. Energy and water, and more especially, clean water 

and clean energy, are at the heart of the SDGs, with SDG 6 “clean water and sanitation” and SDG-7 

"Affordable and Clean Energy" serving as key drivers of the major SDGs. The widespread use of DUFC 

as an energy harvester of urea contaminated wastewater significantly impacts most of the SDGs. 
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Figure 1: Actual performance, i.e., i-V and i-P, of DUFCs using (a) Ni-LDH anode and (b) Ni–Se 

anode. Different urea concentrations in KOH (1 M) at the anode, and H2O2 (2 M) in H2SO4 (2 

M) at the cathode. 
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Extended Abstract 

 

Separation of refractory sulfur from fuel oil is crucial to sustain a clean environment. The conventional 

hydrodesulfurization (HDS) could not efficiently remove sterically-hindered sulfur including 

dibenzothiophene (DBT). Therefore, extractive desulfurization (EDS) using deep eutectic solvent 

(DES) as extraction medium is recommended as it can provide a feasible process with less expensive 

and low-toxic materials. Four glycol-based DES were synthesized by combination of 

tetrabutylammonium chloride (TBAC) with glycerol (GLY), ethylene glycol (EG), tetraethylene glycol 

(TEG) and poly(ethylene glycol) 400 (PEG) at different mole ratios. The effect of glycols concentration, 

the alkyl chain and the nature of glycols towards density and viscosity was analysed at temperature 

ranged from 293.15 – 363.15 K. It was found that the density and viscosity of DES can be modified by 

changing the ratio of glycols. From the desulfurization performance, high extraction efficiency can be 

obtained by using glycols with longer alkyl chain at minimum concentration. The best DES was TBAC-

PEG-1-2 and up to 93.89% of sulfur could be removed within three consecutive extractions at optimized 

conditions. Extraction temperature, DES volume ratio and mixing speed were greatly influenced the 

extraction efficiency. Compared to previous literature,  minimum amount of DES is adequate to achieve 

deep desulfurization which is desirable by industrial practice. This study provides a systematic design 

of DES for an economical and sustainable extraction of refractory sulfur from fuel oil. 
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Extended Abstract 

 

Hydrocarbon fuel combustion is the major way for energy generation in many countries. The main 

combustion products from the generated flue gas include water vapor and NOx (NO+NO2). If water 

vapor is not directly emitted but collected via condensation process to form water, it can become a 

considerable water source. The heat can be also recovered in the condensation process. NOx is one of 

the most detrimental pollutants both to the environment and human health because it is not only noxious 

but also acts as the precursor to form acid rain, photochemical smog, and ozone layer depletion. The 

catalytic membrane which combines separation and catalysis function can be applied for flue gas 

purification with lower energy consumption, lower pollution, and enhanced performance. The hollow 

fiber configuration with a thin wall and an asymmetric structure is considered as the most promising 

one for the industrial applications because of high permeation flux and high packing density [1]. Most 

of catalytic membrane are made of inorganic materials, because catalytic reactions take place under 

harsh conditions such as high temperature, high pressure, and the presence of corrosive gases or 

solutions. Among all inorganic membranes, ceramic membranes such as metal oxides (Al2O3, SiO2, 

ZrO2, and TiO2) have superior advantages over polymer based membranes including high chemical 

and thermal stability, high fouling resistance, and better mechanical strength, thus possessing properties 

such as lower chemical demand, lower maintenance frequency and extended lifetime [2]. Ceramic 

membrane structure normally include plate, tube, and hollow fiber. In particular, [3]. In spite of the 

recent advances in hollow fiber ceramic membranes, there remain some problems of industrial 

challenge and scientific interest, which have been inadequately studied and thus require investigations.  
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In this project, we develop a facile and cost-effective way as alternative of conventional tetra-bore 

spinneret to fabricate ceramic hollow fiber membranes with multichannel configurations by using 

microfluidic approach. The membrane also features with nanoporous surface.The ceramic hollow fiber 

membranes will integrate with photocatalysis function which can be activated under visible light. When 

the fabricated ceramic multichannel hollow fiber photocatalytic membranes are subject to flue gas, the 

membranes can achieve two functions: NOx from flue gas can be removed via the catalytic membranes 

under visible light.The membrane can be used as condenser for heat and water recovery from flue gas, 

the heat and mass transfer can take place simultaneously and the recovery efficiency can be enhanced 

by the multichannel configurations as well as the nanoporous surface structure. 
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Extended Abstract 

 

Life cycle assessment  (LCA) is a useful tool for not only analysing a product's environmental impact, 

but also for aiding with early product development prior to scaling-up costs (Moura et al., 2022). LCA 

studies are applied based on assumptions and scenarios about potential environmental harm and 

resource consumption from a specific system. When a new process or project is being verified, it may 

be limited in order to comply with current norms or laws. As a consequence, LCA must be combined 

with other criteria to demonstrate the viability of a project or process, particularly when wastewater is 

discharged into a river. The water quality index (WQI) provides a single number that represents the 

overall water quality at a given location and time. The purpose of the Water Quality Index is to interpret 

complex water quality data into information that the general public can understand and utilise (Moujdin 

and Summers, 2021). The study's goal is to use the LCA framework in combination with the Malaysia 

WQI to safeguard the river's water quality. In this research, the environmental impact categories' 

indicators, as well as the inventory data, are multiplied by characterisation factors obtained from the 
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Malaysia WQI (EQR, 2006). Equation 1 is used to determine the project's or system's significance in 

the river basin system; the dWQI value should be greater than 0.  A negative dWQI score shows that 

the process's present effluent is deteriorating the river class, rendering the process's current effluent 

undesirable and necessitating a concentration reduction. 

 

dWQI = WQIi - WQIr    Equation 1   

where;  

WQIi = Water quality index for mixing point when effluent mix at target river 

WQIr = Water quality index for target river 

dWQI > 0; System does not degrade river class 

dWQI < 0; System will degrade river class 

 

Three scenarios were established: Scenario 1: Effluent discharge in accordance with Environmental 

Quality Regulations 2009 Standard A. Scenario 2: Effluent discharge in accordance with Environmental 

Quality Regulations 2009 Standard B. Scenario 3: The treatment system fails, resulting in the discharge 

of raw wastewater at the effluent outlet. The concentration in mixing point can be generated through 

projected pollution dispersion analysis. Figure 1 illustrates the scenario build up in the river basin area. 

 

 

Figure 1: Scenario builds up in the river basin area 

 

The dWQI result for each scenario using Class II river as the baseline is shown in Table 1. Scenario 1's 

dWQI value is greater than zero, suggesting that the new maximum concentration from effluent to the 

target river will not lower the river class, indicating that the wastewater treatment system is feasible. 

Scenario 2 (which is based on Standard B) may degrade target river water quality to Class III, while 

Scenario 3 can degrade target river water quality to Class IV. The findings suggest that the procedure 

is straightforward and repeatable for determining effluent requirement from wastewater treatment 

system. Furthermore, the approach assesses the feasibility of the study using dissolved oxygen and pH 

as metrics, which has limits in terms of its usage in life cycle impact assessment methodology. The 

approach might also be utilised as a mean of project viability verification, such as in an environmental 

impact assessment study. 
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Table 1: The dWQI value for each scenario 

Scenario dWQI 

1 5.31 

2 -9.33 

3 -33.06 
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Extended Abstract 

Lignin is one of the most abundant natural compounds in all plants. Its properties such as fibrous structure 

and good combustion value has called for its utilization in various application especially in fuel industry. 

This study will explore on the pretreatment of lignin from Napier grass using thermal, physical, and chemical 

means as well as determine the optimum condition for the feedstock pretreatment. In thermal pretreatment, 

the drying temperature and time are varied from 45-135 °C and 5-25 hours, respectively while for physical 

pretreatment, a comparison between grinding and ball milling is done. Acid pretreatment is done by varying 

the stem: leaf ratio, concentration, and soaking duration. Moisture analysis, FTIR spectroscopy, XRD 

analysis and Klason lignin are done to analyze the moisture, functional group, and crystallinity of sample. 

Moisture content of sample after physcial and thermal pretreatment are found to be inversely proportional 

to the drying conditions. The FTIR result showed that higher conditions produce lower peak intensity with 

higher drying condition while ball-milling also shows less reduction of peak intensities as compared to 

grinding. Acid pretreatment produces higher peaks signifying lignin concentration. Crystallinity only 

slightly affected by physical and thermal pretreatment while the sulfuric acid causes it to increase. Higher 

total lignin is obtained after physical and thermal pretreatment as compared to acid pretreated sample. 

Optimization is done by evaluating the statistical significance of each effect of the pretreatments. 15 hours, 

75 °C and ball milling onto leaf sample are found to produce most lignin for thermal and physical 

pretreatment while 4.0M for 150 minutes onto 75:25 stem:leaf ratio produce most lignin for acid 

pretreatment. This findings can be used for further optimize the extraction of lignin from biomass sources 

especially grass-type biomass. 
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Extended Abstract 
 

District Cooling Systems (DCS) are a sustainable method of consuming energy used for refrigeration 

and delivering chilled water to end-users via chillers and distribution networks (Khan et al., 2021a, 

2022). DCS, generally operated with vapor compression refrigeration (VCR) chillers, is superior to 

conventional air conditioning as it helps to reduce energy consumption and protect the environment by 

reducing carbon dioxide emissions (S. Kadam et al., 2021; S. T. Kadam et al., 2022; Khan et al., 2021b). 

The advantages of the district cooling plant can further be improved by carefully optimizing the VCR 

operating parameters (S. T. Kadam et al., 2022; Khan et al., 2021a). Although thermodynamic 

assessments of VCR cycles are available in the open literature, most studies have been conducted for 

cooling capacity well below the actual DCS requirement (less than 500 kW)(S. Kadam et al., 2021; 

Khan et al., 2021b). As a result, this work aims to investigate the energy and exergy analysis of a large-
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scale VCR cycle operating on 1,1,1,2-tetrafluoroethane (R134a) refrigerant for a cooling capacity of 

approximately 4300 kW and to assess the influence of several operating parameters on cycle 

performance. Figure 1 represents the process flow diagram of the R134a operated VCR cycle. Different 

parameters such as evaporator operating pressure (10.5-12.5 atm), chilled water inlet temperature (280-

284 K), isentropic efficiency of a compressor (0.60-0.96), compressor pressure (10-12.5), condenser 

temperature (315-340 K), cooling output (4300-4700 kW), cooling water inlet temperature (307-310.5 

K) and chilled water temperature (282.15-285.15 K) are varied in the parametric investigations. The 

2nd law (exergy destruction) analysis of the cycle's components is also included in the study. Overall, 

the COP and Exergy efficiency of the R134a cycle was observed up to (6.27) and (65%). The exergy 

destruction analysis of individual components suggested that maximum exergy loss was found in the 

compressor section, whereas minimum loss was observed in the evaporator unit. In addition, the VCR 

system is optimized based on the R134a operated VCR cycle. For large-capacity district cooling 

systems, optimal operating conditions were established for various parametric situations. As a result, 

the findings will serve as a road map for designing and optimizing large-scale DCS systems in Malaysia 

that run on VAR cycles.  

 

 
Figure 1: ASPEN Plus generated process flow sheet for R134a operated large scale VCR system. 
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Extended Abstract 

 

The water environmental capacity (WEC) is an important index for implementing the management of 

the water environment in river watershed and water area (e.g. river, lake, estuary, sea). The WEC is 

defined as the maximum number of contaminants that a water body can take without producing 

unacceptable environmental impacts[Li et al., 2010]. In this study, a WEC estimation method that 

incorporated the machine learning approach and process-based model was developed. A process-based 

model was used to simulate contaminant concentrations at monitoring or critical river locations in 

response to contaminant inputs in the watershed, while an artificial neural network (ANN) as a machine 

learning method was trained to link the contaminant inputs in the watershed with the contaminant 

concentrations at the critical locations. From the linkages, a global optimization method called “The 

Shuffled Complex Evolution method developed at the University of Arizona algorithm (SCE-UA)” was 

used to find the a watershed-scale WEC that meets the targets of the water quality at critical 

locations[Duan et al., 1994; Hubbard et al., 2020]. Maozhou River watershed at Shenzhen City, 

Southeast China, a typical rapidly urbanized zone was used as an example to illustrate the approach 

with ammonium as an example contaminant under different water quality standards with two different 
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scenarios. Scenario 1 represents those watersheds with the fixed ratio between contaminant inputs, 

while scenario 2 represents those watersheds under design to optimize flux inputs. In scenario 1, the 

inflow concentration ratios of contaminant at different branches were fixed, and the WEC can be easily 

estimated by iterative running of the process-based  model. The estimation results of the WEC of 

ammonium were 361.71 t yr-1 and 483.66 t yr-1  under the water constraints of Class Ⅳ and Class Ⅴ 

standards. However, with less water quality data availability, the constraint of input concentration ratios 

at each branch is difficult to be determined. In scenario 2, the WEC was estimated without priori 

information of these pollutant concentration ratios. In this case, the WEC estimation results ranged from 

766.84 t yr-1 to 880.90 t yr-1 with an average value of 815.44 t yr-1 under the water constraints of Class 

Ⅳ standard and 1118.10 t yr-1 to 1129.88 t yr-1 with an average value of 1123.38 t yr-1 under the water 

constraints of Class Ⅴ standard. The optimization step generated several different solutions to approach 

the maximum WEC. In these solutions, the values of estimated WECs were very close to each other but 

the spatial distribution of local WEC in each sub-domain showed significant difference. The results 

from this study have strong implications for the environmental management and water quality control 

in the Maozhou River watershed in eliminating contaminant sources or re-distributing contaminant 

sources by taking the advantage of WEC. In addition, comparing with the traditional processed-based 

model approach, the estimation method proposed in this study is more applicable and effective for the 

problems limited by the river network complexity and water quality data availability.  
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Extended Abstract 

 

The prevalence of antibiotics (ATs) in aquifers causes potential public risks, owing to their transfer 

possibility to drinking water [Ben et al., 2020] and their ability to induce resistance genes even at low 

concentrations [Zhang et al., 2019]. Unlike traditional pollutants (POPs and heavy metal pollutant), the 

environmental concentration of ATs is lower, which may lead to less chance of being removed by 

adsorption. In addition, in the natural aquatic environment, ATs generally present a variety of charged 

ionic states (cationic, anionic, and zwitterionic species) [Qin, Liu, Wang, Weng, & Li, 2014], and the 

special functional group structure of most ATs is easily complexed with divalent cations into stable 

complexation states [Wang, Yao, Sun, Li, & Huang, 2016]. However, the transfer mechanisms of ATs 

in aquifers is still remained unclear. 

In this study, batch experiments were performed to understand the adsorption behavior of two 

frequently detected ATs Tetracycline (TC) and levofloxacin (LEV) on the solid particles in the aquifer 

with 50 mg/L initial concentration. Results indicated that the adsorption kinetics of TC and LEV were 

well fitted with intraparticle diffusion model (Figure 1). This was supported by the scanning electron 

microscope equipped with electron backscatter diffraction (SEM-EDS) and confocal laser scanning 

fluorescence microscopy (CLSM) results that the ATs were observed to diffuse into the 

micropores/fractures inside of the quartz sands (Figure 2); and also supported by the X-ray powder 

diffraction (XRD) result that the ATs could diffuse into the clay layer. 
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Correlation analysis found that the adsorption of LEV had a strong correlation with the surface 

physical parameters, while the adsorption behavior of TC was significantly related with the pore 

parameters. In addition, the irreversible strong bonding inhibited the desorption of adsorbed antibiotics 

in the pores. Therefore, antibiotics could easily diffuse into the micropores or interlayers of the solid 

particles in the aquifer, but hardly desorb into solution again. These results shed light on understanding 

the fate of ATs in aquifers. 
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Figure 1 The fitting results of intraparticle diffusion compared with the observed concentration 

of TC and LEV adsorbed on the solids. 

 

Figure 2 The SEM-EDS (Ⅰ)  CLSM (Ⅱ) images of the profiles of the sand with adsorption of TC  
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Extended Abstract 

The study aimed to evaluate the effect of [Bmim]acetate pretreatment of giant reed on hydrogen yield 

improvement via photo-fermentation. Different concentrations (3 g/L, 6 g/L, 12 g/L, 24 g/L), different 

temperatures (60 °C, 70 °C, 80 °C, 90 °C) and different time (1 h, 2 h, 3 h, 4 h) of [Bmim]acetate 

pretreatment were carried out to check the effectiveness. Giant reed pretreated by 6g/L of 

[Bmim]acetate at 70 °C for 4 h achieved the maximum sugar yield of 9.5 g/L during the enzymatic 

hydrolysis. Additionally, the maximum hydrogen production of 361.6 mL was also obtained from 

giant reed pretreated by 6g/L of [Bmim]acetate at 70 °C for 4 h. Moreover, Ternary analysis was 

employed to demonstrate the effect of [Bmim]acetate pretreatment on delignification、sugar yield 

and hydrogen yield. The results of this study would help in understanding the photo-fermentative 

hydrogen yield improvement of giant reed via [Bmim]acetate pretreatment. 
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Extended Abstract 

 

Arbuscular mycorrhizal fungi (AMF) are ubiquitous in the soil that can form symbiotic associations 

with roots of the majority of plant species. In the present study, we investigated the effects of 

mycorrhizal inoculation on the distribution, transformation of selenium (Se) fractions in the rhizosphere 

soil, and the accumulation and availability of Se in each part of winter wheat. A pot experiment was 

conducted using different concentrations of exogenous selenate (0.1, 0.25 and 0.5 mg Se kg−1 soil) at 

different growth stages in wheat (before sowing, jointing stage, heading stage). The results 

demonstrated that inoculation with AMF had no significant effect either on wheat biomass or grain 

yield (p < 0.05). Se distribution in different parts of wheat plant ranked decline as grain > leaf > husk 

>stem > root with selenate treatment. The inoculation of AMF significantly increased available Se 

(SOL–Se + EXC−Se) content by 0.34 -6.80 times, respectively, compared with the control. In addition, 

the dominant Se fraction in all treatments was EXC–Se, accounting for 34.46%-56.23%. The results 

indicated that the availability of Se in rhizosphere soil was influenced by mycorrhizal inoculation. The 

results indicated that inoculation with AMF significantly (p < 0.05) increased Se accumulation in grain 

when selenium fertilizer was added at heading stage. Mycorrhizal inoculation effectively improved Se 

absorption by activating soil available Se. AMF has the potential to increase the Se content in wheat 

grain and would be a new strategy improves the dietary of residents living on wheat as a staple food. 
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Extended Abstract 

 

To strengthen the process of continuous photofermentative hydrogen production, a novel groove-type 

flat panel bio-reactor (GFPR) with higher surface-to-volume ratio was proposed in this study. With the 

specific geometric structure of wavy grooves, both cell-immobilization and continuous-flow operation 

mode were achieved simultaneously to ensure the steady performance of hydrogen production to be 

maintained. Key factors associated with hydrogen production and substrate degradation were regulated 

to optimize the bioprocess using response surface methodology (RSM). Desirable hydrogen production 

rate of 28.81 mL/h/L was attained under the light intensity of 44.3 μE/m2/s, inlet substrate concentration 

of 55.6 mmol/L and flow rate of 928.1 mL/h. 
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Extended Abstract 

 

The purpose of this study is to investigate fungi dynamics in pig manure composting assisted by coconut 

shell biochar (CSB) and bamboo biochar (BB). Three different treatments (blank, 10% CSB and 10% 

BB) were designed to put into pig manure and indicated with T1, T2 and T3. 16S rDNA high-throughput 

sequencing and β diversity analysis were elected to analyze the evolution of antibiotic resistant fungi 

(ARF) communities during composting. The experimental results declared that the number of fungi in 

composting environment is scarce but three dominant phyla were Ascomycota, Basidiomycota and 

Mucoromycota. There were significant differences in the relative abundance and diversity of fungi 

among 3 treatments. Moreover, the participation of biochar regulated the fungal community. Compared 

with the control group, the abundance of fungi was significantly positively mobilized, and especially in 

some aspects, bamboo biochar showed a better effect. These findings offer insight into potential 

strategies to understand the succession of ARFs during PM reutilize. Conclusively, biochar which can 

inhibit the dynamics and degrade of antibiotic resistant fungi is a promising additive for improved 

composting, which provide inspiration for modern agricultural management.  

 

  



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

558 

 

PCR27042022 – 220: Enhancement of anaerobic fermentation with corn straw by sludge-corn 

stalk mixed biochar 

 

Youzhou Jiaoa,b,c, Ninglu Zhanga,b,c, Chao Hea,b,c, Xiaoran Maa,b,c, Xinxin Liua,b,c, 

 Liang Liua,b,c, Tingting Houa,b,c, Xiaohui Pana,b,c,* 

 

 a Key Laboratory of New Materials and Facilities for Rural Renewable Energy of Ministry of 

Agriculture and Rural Affairs, College of Mechanical & Electrical 

engineering, Henan Agricultural University, Zhengzhou 450002, China. 

 

b Henan International Joint Laboratory of Biomass Energy and Nanomaterials, Henan Agricultural 

University, Zhengzhou 450002, China. 

 

c Henan Collaborative Innovation Center of Biomass Energy, Henan Agricultural University, 

Zhengzhou 450002, China 

 

 Corrensponsing Author E-mail: panxiaohui1987@163.com 

 

Keywords: Sludge-corn stalk mixed biochar; Anaerobic fermentation; Corn straw; Methane 

production. 

 

Extended Abstract 

 

In order to realize the efficient resource utilization of straw and sludge, this study used sludge and corn 

straw as raw materials to prepare sludge-corn straw mixed biochar at different carbonization 

temperatures, raw material ratios, holding times and heating rates. As an additive for anaerobic 

fermentation, the effect of sludge-corn straw mixed biochar on the anaerobic fermentation performance 

of corn straw was investigated, and the correlation between the physicochemical properties of biochar 

and anaerobic fermentation performance was established. The results showed that when the preparation 

conditions of biochar were as follows: carbonization temperature of 600℃, raw material ratio of 1, 

holding time of 90 min, and heating rate of 20℃/min, the cumulative methane production of corn stalk 

by anaerobic fermentation exhibited the highest value of 269.23 mL/g VS, which was 47.1% higher 

than the blank control group. The specific surface area and pore structure of biochar only affect methane 

production in a certain range. This study provides a theoretical basis for further research on the 
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mechanism relationship between the properties of biochar materials and methane production by 

anaerobic fermentation. 
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Extended Abstract 

 

The addition of surfactant or fillers can change the interfacial state and viscosity of the hydrogen-

production material liquid, which facilitates the escape rate of hydrogen bubbles. Therefore, the 

performance of the photofermented biohydrogen production system with the addition of surfactants and 

fillers was evaluated in the work. The cumulative hydrogen production, pH value, reducing sugar 

concentration and hydrogen production kinetics are analyzed under different concentrations of 

polyethylene glycol 4000 and ammonium polyphosphate using corncob as hydrogen production 

substrate. The results showed that the addition of polyethylene glycol 4000 and ammonium 

polyphosphate effectively increased the cumulative hydrogen production. The highest cumulative 

hydrogen production was achieved when 1.5 g/L polyethylene glycol 4000 and 1.0 g/L ammonium 

polyphosphate were added, with 397.30 mL and 365.38 mL, respectively, which were 50.39% and 

38.79% higher than the control group. The maximum energy conversion efficiencies reached 5.47% 

and 5.04%, which were 50.27% and 38.46% higher, respectively. The results of hydrogen production 

kinetic properties showed that both the appropriate amount of polyethylene glycol 4000 and ammonium 

polyphosphate could improve the maximum hydrogen production potential and maximum hydrogen 
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production rate. In addition, the flow index of the hydrogen production stream was reduced by the 

appropriate amount of polyethylene glycol 4000 and ammonium polyphosphate. This study can provide 

a reference for the biohydrogen production process of straw-based biomass photofermentation. 
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Abstract 
Stingless bee honey contains greater health benefits over regular honey that lead to the 

increase of awareness among people to consume it. However, no international standard for 

stingless bee honey is available due to the lack of knowledge of its composition. This study 

aims to evaluate the physicochemical properties of Malaysian stingless bee honey that was 

produced by Geniotrigona thoracica and Heterotrigona itama stingless bee. These stingless 

bee honeys were harvested from the same geographical origin which was at an orchard in 

Universiti Putra Malaysia. The data from this study suggested to be useful in determining 

quality patterns for these stingless bee honeys from Malaysia. 

 

Keywords: Geniotrigona thoracica; Heterotrigona itama; Honey; Physicochemical; 

Stingless bee honey 

 

 

1. Introduction 
Stingless bees or locally known as kelulut, belong to the family Apidae, order Hymenoptera, 

with sub-family level of Meliponinae (Michener, 2013). In Malaysia, two common stingless 

bees can be found are Heterotrigona itama and Geniotrigona throacica. Stingless bee honey 

usually contains higher moisture content compared to Apis mellifera honey (Alvarez-Suarez et 

al., 2018). Stingless bee honey contains greater health benefits over honey produced by honey 

bee, A. mellifera, that lead to the increase of awareness among people to consume it. However, 

the production of stingless bee honey is limited when compared to the production of A. 

mellifera honey due to the absence of quality control standards in relation to stingless bee 

honey, limited knowledge about the product, and low levels of industrial production. There is 

no international standard for stingless bee honey is available. Furthermore, international 

standard for honey quality, i.e. International Honey Commission (IHC), only focused on 

quality of honey bee honey and sometimes are not suitable for stingless bee honey. Therefore, 
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the objective of this study was to evaluate the physicochemical properties of Malaysian 

stingless bee honey that was produced by Geniotrigona thoracica and Heterotrigona itama 

stingless bee.  

 

 

2. Methodology 

Stingless bee (G. thoracica and H. itama) honey were harvested pots in the log hives placed 

in Orchard 10, Universiti Putra Malaysia (UPM), Serdang, Malaysia. Moisture content, total 

soluble solids (TSS) content, ash content, pH and free acidity of honey samples were analysed 

according to the methods recommended by the Association of Official Analytical Chemists 

(AOAC, 2005). Colour intensity of the honey was measured based on the honey industry's 

Pfund scale, an overall honey colour score. The sugar compositions (glucose, fructose and 

maltose) and hydroxymethylfurfural (HMF) content were determined using method described 

in the IHC (2009) using HPLC using a Waters Alliance 2695 (Waters Corp., Milford, MA, 

USA) system. 

 

 

3. Results and discussions 

The physicochemical properties of G. thoracica honey and H. itama honey were presented 

in Table 1. The results showed that the moisture content of the honey was ranging from 25.8–

26.4 g/100 g which revealed that the G. thoracica honey contained higher moisture than H. 

itama honey. The obtained value of moisture content for both honey was higher than the limit 

of < 20% set by IHC. Similar findings that found moisture content of G. thoracica honey was 

higher than H. itama honey were reported for stingless bee honey from different states in 

Malaysia (Johor and Malacca) (Abu Bakar et al., 2017). As a results due to the high moisture 

content of G. thoracica honey, the TSS content in G. thoracica honey (72.2 ± 0.3 °Brix)  lower 

than TSS content in H. itama honey. This is owing to the fact that the value of TTS content of 

honey relates the water and sugar content in honey (Ghazali et al., 2020).  

The ash content of the honey samples ranged from 0.06 to 0.11 g/100 g of honey.it is 

reported that the ash content value affected by the amount of minerals present in the nectar 

(Nordin et al., 2018). Both honey was found to be acidic with pH value ranging between 3.11–

3.44 and free acidity value of 85–172 mEq/kg. The free acidity of G. thoracica honey was 

found higher compared to H. itama honey due to its more acidic in pH. The high free acidity 

value of honey was attributed by the presence of organic acids in honey (Nordin et al., 2018). 

The value of colour intensity of all honey samples ranged between 132–165.1 mmPfund, with 

G. thoracica honey being the darkest colour. For sugar compositions, G. thoracica honey had 

higher maltose content, and lower glucose and fructose content than H. itama honey. Based on 

Table 1, both honey contained higher value of glucose than fructose. The variations in sugar 

content of these stingless bee honeys might be due to the diverse floral sources utilised by the 

bees during foraging activities, where larger body size of stingless bee (G. thoracica) can 

wander further when foraging. The HMF content was not detected in both honey indicating 

that the honey was fresh and proved that no additional treatment, e.g. heating treatment, was 

applied. 
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Table 1: Physicochemical properties of G. thoracica honey and H. itama honey 

Physiochemical properties Geniotrigona thoracica 

honey 

Heterotrigona itama 

honey 

Moisture content (g/100 g) 26.4 ± 0.3 25.82 ± 0.03 

TTS content (°Brix) 72.2 ± 0.3 72.64 ± 0.03 

Ash content (g/100 g) 0.055 ± 0.014 0.11 ± 0.01 

pH 3.11 ± 0.01 3.44 ± 0.01 

Free acidity 172.0 ± 1.4 85 ± 2.8 

Colour intensity 

(mmPfund) 

165.1 ± 1.5 132 ± 2.1 

Glucose content (g/100 g) 10.98 ± 0.08 25.98 ± 0.04 

Fructose content (g/100 g) 9.47 ± 0.01 19.56 ± 0.04 

Maltose content (g/100 g) 55.70 ± 0.19 21.67 ± 0.14 

HMF content (mg/kg) nd nd 

 

 

4. Conclusions 

Based on the results obtained, different type of stingless bees exhibited differences in some 

of the physicochemical properties. This study will provide information on stingless bee honey 

to add up to the current knowledge as well as for future research on the development of 

nutrient–rich food products.  
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Extended Abstract 

 

   In this study, the co-pyrolysis of food waste with lignocellulosic biomass (wood bark) in a 

continuous-flow pyrolysis reactor was considered as an effective strategy for the clean disposal and 

value-added utilization of the biowaste. To achieve this aim, the effects of major co-pyrolysis 

parameters such as pyrolysis temperature, the flow rate of the pyrolysis medium (nitrogen (N2) gas), 

and the blending ratio of food waste/wood bark on the yields, compositions, and properties of three-

phase pyrolytic products (i.e., non-condensable gases, condensable compounds, and char) were 

investigated. The temperature and the food waste/wood bark ratio were found to affect the pyrolytic 

product yields, while the N2 flow rate did not. More non-condensable gases and less char were 

produced at higher temperatures. For example, as the temperature was increased from 300 °C to 700 

°C, the yield of non-condensable gases increased from 6.3 to 17.5 wt%, while the yield of char 

decreased from 63.6 to 30.6 wt% for the co-pyrolysis of food waste and wood bark at a weight ratio of 

1:1. Both the highest yield of hydrogen (H2) gas and the most significant suppression of the formation 

of phenolic and polycyclic aromatic hydrocarbon (PAH) compounds were achieved with a 

combination of food waste and wood bark at a weight ratio of 1:1 at 700 °C. The results suggest that 

the synergetic effect of food waste and lignocellulosic biomass during co-pyrolysis can be exploited 

to increase the H2 yield while limiting the formation of phenolic compounds and PAH derivatives. 

This study has also proven the effectiveness of co-pyrolysis as a process for the valorization of 
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biowaste that is produced by agriculture, forestry, and the food industry, while reducing the formation 

of harmful chemicals. 
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Extended Abstract 

 

Microalgae are well known to produce bioactive compounds such as proteins, fatty acids, 

polysaccharides and antioxidants, which can be adapted by pharmaceutical industries as a promising 

alternative for therapeutic application (Tang et al., 2020). In this study, the biochemical composition 

of mixed microalgae species, Desmodesmus sp. and Scenedesmus sp. was studied to explore its 

pharmaceutical potential and revealed that the biomass consisted of varied concentration of 
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carbohydrates, protein and lipids. Phenolic compounds and antioxidant activity was high, at 60.22 

mg/L of phenolic compounds and 90.69% scavenging activity respectively.  

Next, artificial intelligence system was utilized to estimate the chlorophyll content in microalgae on 

total 40 samples for each extractant solvent with one dependent variable (concentration) and one 

independent variable (colour index). Through the regression analysis, methanol exhibited the 

strongest linear relationship with colour index whereas ethanol showed the weakest linear 

relationship. All the extractant solvents, except ethanol, showed the significant result in determining 

chlorophyll concentration. Regression models that are statistically significant should theoretically 

have a high R-squared value. Lower R-squared value in this study were due to the high variability 

around the regression line due to the given datasets. Hence, for future studies, the sample size of 

dataset can be increased to train the machine learning system, for example, input of minimum 100 

datasets instead of 40 datasets only or application of multiple models to get the colour index. 

Nonetheless, R-squared value does not convey the reliability of a model and cannot be used to 

determine whether the regression model fits adequately to the data set (Frost, 2017; Parveen et al., 

2019). Further works are required into this area including more data sets and application of various 

machine learning techniques. This will enable a more reliable relationship between the concentration 

of chlorophyll and colour index as well as the development of a model for the purpose of recognizing 

the chlorophyll concentration of microalgae. Overall, this research study holds the promise in a 

machine learning approach to estimate chlorophyll in microalgae species at industrial scale. 
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Extended Abstract 

 

In flow assurance, line losses and commotions caused by pipeline bottlenecks can pose a major safety 

concern while also depressing the production economy (Sloan Jr & Koh, 2007). CO2 concentrations in 

some Malaysian offshore gas fields range from 70 to 80 percent. In a deep-water situation, higher CO2 

concentrations pose issues in terms of gas production and delivery (E. Dendy Sloan & Koh, 2008). Gas 

hydrates are formed when high pressures and low temperatures are combined, trapping gas molecules 

in the cage molecules of frozen water (Koh, 2002). Water removal, heating, depressurization, and 

chemical inhibition are four fundamental approaches for preventing hydrate formation in deep seawater 

environments  (Khan et al., 2018). The hydrate vapor-liquid equilibrium was changed by these THIs 

(HLVE). Chemical inhibitors, on the other hand, are usually the only viable option for hydrate inhibition 

in offshore gas pipelines. Methanol and glycol amines, which are traditional thermodynamic hydrate 

inhibitors, are utilized at much higher concentrations, sometimes up to 50% (Nasir et al., 2014). 

Diethlyene glycol (DEG) and glycine (Gly) combinations are shown to inhibit the production of carbon 

dioxide hydrate by shifting phase boundaries to the lower temperature side in this experimental 

investigation. DEG and Gly in a 1:1 ratio was examined at concentrations of 5% weight percent and 

pressures ranging from 2.5 to 4.0 MPa. The impact of the suggested mix on the CO2 hydrate was 

evaluated using a T-cycle method to determine the dissociation temperature, as shown in Figure 1. In 

comparison to the 5 wt. % of pure chemicals, the results demonstrate that 5 wt. % DEG and Gly mixture 

has a very good inhibitory impact as compared to the pure components.    
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Figure 1 T-Cycle method to measure the equilibrium point. 
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Extended Abstract 

 

Through the investigation, analysis and summary of the resource reserve, various modification methods 

and industrial application of biomass straw, this paper summarizes the main utilization ways of waste 

straw, new modification treatment methods and technical barriers that need to be overcome. It is clear 

that new straw plastic materials are the key direction of comprehensive utilization and high-value 

utilization of crop straw, and straw modification is the difficulty of material research. At the same time, 

the development trend of innovative utilization of straw is pointed out, which provides a reference for 

efficient utilization of crop straw and energy conservation and emission reduction. 

 

Table 1: Utilization ways and proportion of straw biomass 

Utilization way Energy Material Feed Fertilizer Stroma 

Proportion 43% 4% 31% 21% 1% 

 

As a huge amount of renewable resources, the development of industrial utilization still needs efforts. 

Among many application ways, straw as a material is the most efficient utilization way. Adding the 

modified straw powder into plastic can not only significantly enhance the toughness and tensile strength 

of the composite, but also increase the friendliness of the material to the environment. 
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As shown in the above figure, through the selection of different modification methods and contents of 

straw, new Straw-Plastic Composites with various excellent properties can be obtained. In addition, 

straw can also be modified and added into geopolymer cementitious materials to prepare new 

lightweight thermal insulation wall materials. The expansion of straw for papermaking can reduce the 

pollution in the production process. The key lies in the modification method of straw, which is still the 

focus of current research. 
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Extended Abstract 

 

Oily wastewater or also known as produced water is one of inseparable hydrocarbon waste in the petroleum 

industry and their existing in the form of severe oil-in-water emulsion results in costly impact to the 

petroleum industry. In order to break up oil-in-water emulsion into crude oil and water, the industry aims to 

look for profoundly effective, speedy and low-cost demulsifying materials. Thus, in this paper, several types 

of demulsifiers such as cationic polyamine, resin alkoxylate, EO/PO block copolymers and a non-ionic 

surfactant are used to treat emulsion of gas condensate field. Based on the initial screening, a novel 

demulsifier was developed by adding appropriate weight percentage ratio of resin alkoxylate and non-ionic 

surfactant. The demulsification efficiency (De) of 95.5 % based on turbidity measurement was achieved after 

the treatment of OA-KX demulsifier at a dosage of 7 ppm.. To further conclude the efficiency of the 

demulsifier, oil-in-water content (OIW) of the produced water after the treatment of OA-KX demulsifier 

was measured. The developed OA-KX demulsifier was able to reduce the oil content of oily wastewater 

from 1008.3 ppm to 97.1 ppm under 15 mins at a dosage of 7 ppm and achieved the oil removal efficiency 

up to 90.37%.  

 

Introduction: In today's world, various crises are being faced including environmental pollution, a high 

demand for fresh water, and the discovery of new energy sources. As a consequence, during oil/gas 

exploration and development, an excessive amount of water will be produced, which must be properly 

handled in order to protect the environment from contamination. Produced water can be in the form of oil-

mailto:dzetifarhah.mohshim@utp.edu.my


6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

576 

 

in-water emulsion where it can be contaminated with the crude oil and it needs to be treated before discharged 

into the sea. An emulsion is a mixture of two incompatible liquid phases in which one is dispersed into the 

other [Tadros, 2013]. Demulsification is the breaking of a crude oil emulsion into oil and water phases. One 

of the common methods to accomplish this process is through chemical method by adding demulsifiers to 

enhance the process of emulsion breaking [Razi et al., 2011]. The main function of chemical additives is to 

neutralize the stabilizing effect of emulsifying agents [Daniel-David et al., 2018]. In this paper, various types 

of demulsifier such as cationic polyamine, resin alkoxylate, EO/PO block copolymers and a non-ionic 

surfactant have been tested to treat the oily wastewater. The effect of these demulsifiers were studied on the 

oil-in-water emulsion. 

 

Materials and Methods: The produced water and condensate from a Miri oilfield were provided from 

PETRONAS Research Sdn. Bhd. (PRSB). Several types of chemicals such as demulsifier HF, KX, BS1, 

BS2 and OA are industrial grade and were obtained from PETRONAS Research Sdn. Bhd. (PRSB) for the 

treatment of oily wastewater.  

Preparation of emulsion: The emulsion is prepared at a ratio of 85:15 of the produced water and 

condensate crude oil. 34 ml of produced water is poured into 100 ml beaker and 6 ml of condensate added 

as well. The mixture is then stirred at 4000rpm for 10 mins using IKA Ultra-Turrax T-50 Homogenizer to 

form a stable oil-in-water emulsion 

Zeta potential and Interfacial Tension (IFT) of the emulsion: The zeta-potential of produced water sample 

without any addition of chemicals additives was measured using Malvern Zetasizer NanoZSP. Interfacial 

tension of two immiscible fluids which are oil and produced water phase can be determined by using Du 

Nuoy ring method.  

Bottle test screening: The prepared emulsion is then transferred to a bottle and placed in water bath at a 

temperature of 60 °C for 30 mins. Once the injection of demulsifier done, the bottles was shaken 100 times 

by hand for the demulsifier to evenly distribute in the emulsion. Then, the bottles were placed in the water 

bath for 15 mins to allow the sample to settle. . The turbidity and oil concentration of the water sample 

were measured.  

Turbidity measurement: The measurement of emulsion turbidity was performed using a HACH 2000 

turbidimeter with a highest sensitivity of 0.001 NTU. 2.6 Oil-in-water (OIW) concentration measurement: 

The TD-500D Handheld Oil in Water Analyser from HMA INSTRUMENTATION was used to measure 

the OIW concentration of the sample. 

Results and Discussion:  

Zeta potential and Interfacial Tension (IFT) of the emulsion: The sample recorded a pH of 3.7 which 

is quite acidic condition and has a zeta potential measurement of -23.7 mV that indicates a stable 

emulsion.. The interfacial behavior of interfaces between produced water and condensate is 24.72 mN/m. 

Effect of demulsifier on turbidity of produced water: The bottle test screening was performed on the 

prepared emulsion. A concentration of 7ppm, 10ppm and 20 ppm was injected into the emulsion sample. 

The demulsifier OA and KX exhibited much higher reduction of turbidity compared to the blank sample. 
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Addition of demulsifier KX showed a continuous reduction of turbidity as the concentration of dosage 

increased from 7ppm to 20ppm. Demulsifier OA recorded the lowest turbidity (181 NTU) at a 

concentration of 7ppm.  

Development of novel demulsifier (OA-KX): A novel demulsifier for treatment was developed based on 

the weight percentage ratio of OA and KX demulsifier. The novel demulsifier, OA-KX was then tested at 

7ppm, 10ppm and 20 ppm for the treatment of emulsion. Based on the results, at a dosage of 7 ppm, the 

OA-KX was able to reduce the turbidity of produced water to 45 NTU which is lower than than results 

obtained by the addition of demulsifier OA (181 NTU). 

 

Effect of demulsifier OA-KX on OIW concentration: The lowest reading of OIW content (97.1 ppm) was 

recorded at the dosage of 7ppm of OA-KX. The OIW content of the blank sample without any chemical 

injection was 1008.3 ppm. The results show a significant result in the reduction of OIW content when the 

novel demulsifier, OA-KX was added at an oil removal efficiency of 90.37 %. A gradual increase of OIW 

content was recorded as the dosage of demulsifier was increased. 4.0 

 CONCLUSION: The optimum dosage of OA-KX demulsifier was obtained at 7ppm under a settling 

temperature of 60 °C for 15 mins. The oil content of the produced water from gas condensate was able to 

reduce from 1008.3 ppm to 97.1 ppm under 15 mins which is an oil removal efficiency of 90.37%. 
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Extended Abstract 

 
There is increasing attention worldwide on biodiesel production as an alternative to commercial diesel 

because of its growing demand, rapid depletion, and environmental pollution concerns. However, the high 

feedstock price for biodiesel production has made it less completive to commercial diesel. Therefore, studies 

are conducted to determine renewable biomass as a viable feedstock for biodiesel production. The municipal 

sewage sludge (MSS) could be a viable feedstock for biodiesel production due to its high lipids content, 

abundance availability, and low cost. In the present study, lipids were extracted from MSS with a solvent 

extraction method using methanol as a solvent with varying temperature (40 -80 oC), treatment time (1 -5 

h), and sludge to the solvent (S/L) ratio. It was found that the lipids extraction was influenced by the 

temperature, treatment time, and S/L ratio. About 26.62±1.2% of lipids were extracted from MSS at a 

temperature of 70 ℃, treatment time of 3 h, and S/L ratio of 1: 10. Subsequently, the biodiesel was produced 

from the extracted lipids via the catalytic transesterification process using methanol as a solvent. The highest, 

about 84% of biodiesel was produced from MSS lipids at lipids to methanol molar ratio 1:12, catalyst 

concentration of 5 wt %, temperature of 60 ℃, and time of 4 h. Several analytical methods were employed 

to determine physicochemical and fatty acids properties of the extracted lipids and biodiesel. The 

physicochemical properties of the produced biodiesel comply with the ASTM D6751 and EN 14214 

standards. The findings of the present study reveal that the MSS could be utilized as a potential feedstock 

for biodiesel production. Besides, the utilization of the MSS as a biodiesel feedstock will enhance the 

sustainable utilization of waste materials while minimizing negative environmental impacts.   
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Extended Abstract 

 

Dark fermentation is one of the propitious ways for bio-hydrogen production using a mixture of various 

microorganisms present in anaerobic sludge from a wastewater treatment plant (WWTP). The mixture 

of microorganisms will break down different types of organic substances during fermentation and 

convert them to hydrogen in the absence of light and oxygen. Most studies on bio-hydrogen production 

using dark fermentation have been focused on the effects of various substrates and operating conditions 

and on hydrogen production, but little attention has been paid to communication within the complex 

microbial community. 

 

Quorum sensing (QS) is cell-to-cell communication based on population density and organizes group 

behaviors using signaling molecules known as auto-inducers, which are produced and recognized by 

microorganisms. By activating social behaviors through QS signaling molecules in diverse microbial 

populations during fermentation, the formation of biofilms or granules by hydrogen-producing 

microorganisms might be accelerated, resulting in an increased hydrogen production thanks to 

improved stability in adverse environmental conditions. However, little has been studied about the role 

of QS signaling in the biohydrogen production process. 
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In this study, we investigated the effect of QS molecules of N-acyl homoserine lactone (AHL), on 

hydrogen production in a lab-scale continuous anaerobic reactor. A continuously stirred tank reactor 

(CSTR) with a working volume of 2.9 L was operated. The pre-treated anaerobic suspended sludge 

immobilized in sodium alginate beads was used as an inoculum for the CSTR system, and the reactor 

was continuously fed with a Modified Endo medium with a concentration of 15 g/L glucose at an HRT 

of 6 h. Once the system has started to generate stable bio-hydrogen production, various types of AHLs 

mixed as a cocktail (C4-, C6-, C8-, and C10-HSL) were added into the system with a final concentration 

of 20 µM to observe the impact of the QS signaling molecules in the hydrogen production.  
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Figure 1: A) Biogas production rate (BPR), hydrogen production rate (HPR), and hydrogen 

yield (HY) change when AHL is added to the system, B) Taxonomic composition of the 

microbial community at genus level revealed by illumina Miseq of 16S rRNA. 

 

The addition of the AHL cocktail resulted in an increased hydrogen production rate (24.6 ± 0.4 and 

19.3 ± 0.5 L H2/L-d after the first and the second dosage, respectively) compared to before the addition 

(13.8 ± 1.9 L H2/L-d) (figure 1, A). Analysis of the microbial community revealed that the addition of 

AHLs increased the abundance of Clostridium genus known as hydrogen-producing bacteria (figure 1, 

B), which appears to have played an important role in increasing hydrogen production. We also 

observed increased biofilm formation after the addition of AHL cocktails. These results demonstrated 

that the QS molecules may have an impact on the hydrogen-producing bacterial community, thereby 

altering the biofilm in the system as well as the bio-hydrogen production rate. Therefore, this study 

suggests that QS signaling plays an important role in biological hydrogen production and that it may be 

possible to increase hydrogen production through its regulation. 
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Extended Abstract 

Anaerobic digestion (AD) is a low-cost biological wastewater treatment method that employs a diverse array 

of bacteria and archaea to break down organic matter into biomethane in three stages: hydrolysis, 

acidogenesis, and methanogenesis. Biomethane recovered in AD is a renewable, sustainable, and 

costeffective alternative energy that could help meet the community's rising energy demands. Hydrolysis is 

thought to be the rate-limiting step in the AD process, influencing the activity of substrate-dependent 

methanogenic archaeons and, as a result, biomethane production. Treatment success in AD reactors depends 

on the synergy of essential microorganisms and the control of competitive microbes that contribute to 

excessive cell aggregation, which can hinder the efficient treatment process. It is then imperative to 

promote/control certain microbial interactions while ensuring the retention of an active and robust microbial 

community which is essential for biomethane recovery. 

Quorum sensing (QS) is a chemical signaling system that allows microorganisms to communicate with each 

another. It is important for activating social behaviors in microbial populations and controlling group 

activities including biofilm formation and virulence factor production. Recently, quorum quenching (QQ), 

which disables QS systems, has been reported as an effective strategy to mitigate unwanted group behaviors, 

such as biofilm formation, in anaerobic membrane bioreactors (An-MBRs) as well as aerobic MBRs. 

However, the effect of QS and QQ on methanogenesis in AD has been rarely explored. The main objective 

is to develop an understanding regarding the effects of QS/QQ within the AD system during efficient 

biomethane recovery. In this study, various concentrations of AHL cocktails (C6-, C8-, C10-, and 3oxo-C6-

HSL) and a facultative QQ bacteria (Bacillus sp.) were introduced into a sealed batch anaerobic mixed 

culture with 2 g/L of glucose as a substrate to determine the role of QS and QQ in anaerobic systems, 

respectively. The changes in biogas and extracellular polymeric substances, aggregation formation, and 

particle size distribution were analyzed. Furthermore, with AD treatment, changes in microbial composition 

were observed. 
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The addition of 20 μM AHLs resulted in the highest average methane yield of 330 mL CH4/g-COD, which 

increased methane production by 14% when compared to the control (without AHL addition) (table 1). It 

also reduced the lag phase of the systems by 28%. It seems that activating QS systems by adding exogenous 

AHLs could promote the methanogenesis pathway. In addition, the composition of EPS was elevated 

following dosing with the AHL cocktail (figure 1, A). Furthermore, adding AHLs promotes floc formation 

and particle size, which is a key factor in enhancing biomethane production by increasing the microbial 

population. QQ bacteria, on the other hand, had a considerable negative impact on EPS synthesis, as seen by 

lower PS concentrations. As a result of the lowered EPS production, the addition of QQ bacteria reduced the 

average floc diameters. Nevertheless, surprisingly, adding QQ bacteria also increased methane output, with 

5% of QQ bacteria resulting in the highest methane production (337.16 ml CH4/gCOD) (table 1). The 

hydrolysis activity of QQ bacteria itself was investigated to see how it influenced the biomethane recovery 

of the mixed community of AD system. As shown in Figure 1, B, the QQ bacteria used in this experiment 

had high hydrolysis activity, which might result in more available food for methanogenesis and thus 

increased methane productivity. 

 

The results of this study demonstrate that the QS mechanism plays an important role in the methanogenesis 

efficiency of AD systems. (1) QS has the potential to boost methanogenesis activity as well as microbial 

regulation and EPS generation. This could be useful in AD systems where microbial wash-out is a problem, 

as it increases microbial retention through improved flocculation. (2) QQ application may interfere with 

effective methane production by lowering EPS production and inhibiting floc formation, but increased 

hydrolysis by QQ bacteria can rather boost overall methane production.  

Acknowledgments: This work was supported by the National Research Foundation of Korea (NRF) grant 
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Extended Abstract 

 

The growing demands of fossil fuel consumption led to the depletion of fossil fuels, and global warming 

problem. Sustainable development has thus become a necessity in the current scenario. Lignocellulose with 

its rich carbon source is considered as an alternative for fossil fuels to produce biofuels and several platform 

chemicals. Napier grass has been identified as an important energy crop due to its high growth rate, and 

carbohydrate content (Nantasaksiri et al., 2021). This study aimed to enhance conversion of Napier grass to 

bioethanol by pretreatment with acidic deep eutectic solvent (DES) , choline chloride: lactic acid (ChCl/LA). 

The physical properties of the synthesized ChCl/LA were also determined in this study (pH of 0.15, 

density of 1.04 g/ml, and viscosity of 125 mPa). The pH for ChCl, varying in composition from 1:1 to 1:9 

was reported within the range of 1.50 to 0.47 (Kumar et al., 2018). The change in pH is due to the difference 

in the molar ratio of components along with temperature (Fanali et al., 2021). In addition to this, the change 

in viscosity for increasing temperature was also determined. This trend could be due to the altered nature of 

DES by the thermal expansion of the structure (Fanali et al., 2021). 
Even though several studies are carried out using different types of DESs, until now these studies could 

not confirm the best DES type or any optimized process conditions (Xu et al., 2020). However, optimized 

pretreatment conditions are necessary to maximize sugar yield from biomass. Therefore, the pretreatment 

conditions for choline chloride: lactic acid (1:4) were optimized using Box Behnken Design (BBD) of 

Response Surface Methodology (RSM). The optimization study has considered three factors namely, 

biomass loading (1:5 to 1:20, w/w), pretreatment temperature (80  to 130 ℃) and pretreatment time (0.5 to 

5 h) and  sugar concentration (mg/mL) after enzymatic hydrolysis was considered as the response. The model 

could predict the optimal pretreatment condition as biomass loading of 15.30% (w/w), pretreated at 80 ℃ 

for 5 h. Pretreatment at optimal conditions was predicted to provide a sugar yield of 4.140 mg/mL. Also, the 

BBD model could reveal the factors and their interaction effect on pretreatment. The study obtained 

maximum sugar yield at either lower temperature and longer pretreatment time or higher temperature and 

shorter pretreatment time suggesting that pretreatment temperature and time as influential factors in 

pretreatment (Figure 1). Under optimized pretreatment conditions, there were significant changes in the 

biomass composition, which confirms the positive effect of pretreatment (Table 2). The pretreatment with 

DES has contributed to the removal of lignin and enhancing cellulose content after pretreatment. 
Further studies conducted to analyze the inhibitor formation in the pretreatment hydrolysate after 

pretreatment under optimized conditions. However, only acetic acid could be detected in the hydrolysate, 

which could be formed from the acetyl group of the hemicellulose. Fermentation studies were also conducted 
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to evaluate the bioethanol production from the biomass. The pretreated Napier grass could produce 96.3% 

of the theoretical ethanol yield. Overall, this study provides optimized pretreatment conditions for choline 

chloride: lactic acid (1:4) for pretreating Napier grass and demonstrates the potential of Napier grass for 

producing bioethanol. 

 
Figure 37: Effect of pretreatment temperature and time on reducing sugar concentration 

 

Table 2: Biomass composition of Napier Grass 

Biomass 
Biomass Composition (%) 

Glucan Xylan Lignin 

Untreated Napier Grass 22.315 ± 0.07 7.754 ± 0.18 19.309 ± 0.43 

Pretreated Napier Grass 31.635 ± 0.02 12.550 ± 0.28 10.986 ± 2.43 
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Extended Abstract 

 

The acidic saccharification of lignocellulose has been a potentially feasible method to mass produce 

sugars, particularly glucose, from the inedible biomass for the further conversion to alcohols and fine 

chemicals [Wijaya et al., 2014]. Although this process has successfully produced the sugars from 

lignocellulose, the degradation of sugars to furans and other compounds occurred in the presence of 

strong acids significantly reducing the yields of sugars. The furan byproducts can inhibit the 

fermentation of sugars. In addition, the formation of polymeric resins from furans can also occur to 

reduce the carbon yields of process.  

In this study, we propose the in-situ production of diesel precursors from the unwanted byproduct furans 

obtained during the acidic saccharification of lignocellulose. Furfural byproduct prepared by acidic 

dehydration of xylose can be converted to the C15 hydrocarbons as diesel precursors [Kwon et al., 

2019]. For converting furfural to the C15 compounds, the acidic saccharification using an aqueous 

sulfuric acid was performed in the presence of extracting solvent (Figure 1). 2-Methylfuran (2-MF), 

which can be obtained by the selective hydrogenation of furfural [Park et al., 2020], was dissolved in 
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the extracting solvent, cyclopentyl methyl ether (CPME) in this study, for the condensation with furfural 

prepared in the aqueous phase. 

 

 

Figure 38: Production of C15 compounds from furfural during the acidic saccharification of 

lignocellulose 

 

The goal of this study is (i) to suppress the carbonization of furfural and xylose to humins by the in-situ 

transfer of prepared furfural from acid-containing aqueous phase to organic extracting solvent, and (ii) 

to remove the fermentation-inhibiting furans for purifying glucose in the aqueous phase. 

Two-step acidic saccharification was performed using M. giganteus: the decrystallization of cellulose 

fraction was performed followed by the dehydration and condensation. For the first step 

decrystallisation of M. giganteus, the dispersion of M. giganteus in the aqueous sulfuric acid (75 wt% 

in the DI water) was prepared in the closed batch reactor. For the second step reaction using the 

decrystallised mixture, DI water was added to the mixture to reduce the concentration of sulfuric acid 

to 10–30 wt%. NaCl was added to the mixture, and then CPME was added to achieve (CPME)/(aqueous 

solution) = 0.2–2 (v/v). 2-MF (~1 M) was added to the biphasic mixture mixture, and N2 was added to 

reach 4 bar at room temperature. The reaction mixture was heated to 80–120 °C, and for 1 h. After the 

reaction, the reaction mixture was quenched to the cold water for 1 h. The prepared mixture was filtered 

using the glass filter followed by the weighing and the further characterization.   

When the reaction was performed, the production of C15 compounds from the intracondensation of 2-

MF and furfural was observed, which reduced the production of furfural-based carbons reserving the 

lignocelluose-derived sugars.  
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Figure 2: In-situ condensation of furfural during the acidic saccharification 
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Extended Abstract 

The quests for the alternative energy resources with environmentally friendly and renewable sources 

have already been started. Hydrogen is a clean fuel with no CO2 emission and has high-energy yield of 

122 kJ/g, which is 2.75 times higher than hydrocarbon fuel can be potential candidate to reduce our 

dependence on fossil fuels which are serious threat for global warming. China has abundance of 

agricultural residues according to statistics, which is estimated to approximately 5.0×109 tons per year, 

so it is certainly worth studying biomass conversion technology. Through biological route, the low 

efficiency of hydrogen production is the main bottleneck for its realization. The processes of 

biohydrogen production are strongly related with change in electron donor types, redox potential, 

substrate type and microorganism helping to the flow of charges. Thus, electrons and protons play 

crucial role in regulating biohydrogen through internal enzyme reaction. Semiconducting photo 

nanocatalysts have attracted massive research interest since it has been regarded as one of the most 

promising solution to deal with the biomass conversion to energy. It has been shown that altering 

nanomaterials through surface defects engineering (creation of oxygen vacancies) can be possible route 

to enhance the hydrogen production from agricultural residue of corn stover. Surface defects of oxygen 

vacancies in SnO2 nanoparticles were controlled through subsequent annealing in various environments 

such as oxygen (O), air and reducing gas (Ar95%+H25%). In relation to control group, nanoparticles 

annealed in reducing and air environment showed increase in hydrogen production rate and 

accumulated hydrogen production of 25.64% (147mL/h), 23.636% (345mL) and 16.24% (136mL/h), 

11.83% (312mL) respectively. Reducing environment helped to generate more oxygen vacancies 

(confirmed through various characterizations) which enhances charge transfer mechanism, and 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

590 

 

eventually increases the metabolic rate to enhance the hydrogen production. Furthermore, in extrinsic 

defect engineering process, excessive electrons were fed to the fermentative medium through charge 

compensation mechanism by Zn doping in SnO2. Maximum hydrogen yield of 335mL is observed at 

8%Zn doped SnO2 nanocatalysts with concentration of 150 mg/L, almost 47% higher as compare to 

standard sample (228 mL). Zn doping in SnO2 nanocatalysts not only helped to reduce the lag time (24 

h from 48) but also increased the hydrogen production rate (77 mL/h observed for 8%Zn at 24 h). The 

maximum decrease in total amount of byproducts (2.52 g/L from 4.28 g/L) by 8% Zn doping suggests 

increase in bacterial metabolism which leads to decrease in volatile fatty acids (VFAs). Maximum 

change in oxidation reduction potential (-525 mV) is observed at 24 h for 8%Zn. The charge 

compensation through Zn doping provides excessive electrons to the fermentative medium which help 

the bacteria to transfer electron faster during redox reaction which leads to enhance the enzymatic 

process, eventually hydrogen production considerably. Current study highlight the novel route through 

which tailored nanocatalysts can be implied to regulate biohydrogen production. 
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Extended Abstract 

 

Hazardous risk of particulate matter (PM) on public human health evokes the awareness in alleviation 

of indoor air quality (IAQ). Mechanical ventilation system has been employed to maintain the IAQ of 

subway stations, which are especially located undergroud, as a healthy level. However the conventional 

ventialtion system is operated by the fixed schedule of inverter frequency without considering the IAQ 

level; it is reported that 50% of total energy consumption is caused by the exaggerated operation of 

ventilation [J.E. Son, K.H. Lee, 2016]. Hence, trade-off between improving IAQ and saving energy 

should be solved through the innovative operation of ventilation system for sustainable development in 

transportation and building sector. 

Numerous investigations were devoted to developing the smart and efficient operation of ventilation 

system specialized to the subway station. Most of the precious studies aimed to maintain the IAQ while 

minimizing energy consumption. However, they were limited by inaccurate modeling of IAQ dynamics 

and cannot deal with the unexpected events including a disturbances from the outdoor air quality, and 

required an assistances of human expert to perform a superior operation of ventilation system. 

Remarkably, Heo et al., (2019) suggested a novel ventilation control system utilized Deep-Q-Network 

(DQN), which is a kind of on-line reinforcement learning. Herein, DQN is one of the machine learning 

technique which train the agent through interaction of virtual environment. This method can reduce 
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14% of energy consumption while maintaining IAQ and identifying the IAQ dynamics such as rush-

hour and dinural trends without human intervention. However, the DQN agent of a proposed ventilation 

control system should be trained as an on-line manner, which the agent trained by controlling the real 

ventilation system in real subway station directly. It is difficult to be implemented in real world due to 

exploration that is property of on-line reinforcement learning; hence, further innovative and smart 

autonomous ventilation control system should be developed.  

In this manner, an off-line reinforcement learning (OffRL)-based ventilation control system was 

developed for smart IAQ management in subway system while overcoming the limitaitons of previous 

studies. OffRL can be trained as the data-driven approach from the bigdata which is collected by 

experts’ experiences without interacting with the real environment. To maintain IAQ as healthy level 

while saving energy, the proposed OffRL-driven ventilation system was trained to search the optimal 

inverter frequency considering the IAQ dynamics from outdoor air quality(OAQ) variation, train 

schedule, and passangers.  

Figure 1. represented the step-by-step development of proposed OffRL-based ventilation control 

system. First of all, IAQ bigdata in a confined subway station in Seoul, South Korea, was collected 

including OAQ, subway schedule, and number of passengers. Then, advantage weighted actor-

critic(AWAC) algorithm, which is a kind of OffRL [Levine et al., 2018], was candidated to develop 

autonomous ventilation control system for smart IAQ management. To train the AWAC agent, we 

considered that the previous trained DQN agent as an expert which learned the IAQ dynamics and theirs 

interaction with ventilation system. For this, we gathered the experience dataset of ventilation control 

form the DQN agent from the previous study done by [S.K. Heo et al., 2019]; the dataset was utilized 

to train the proposed AWAC-based ventilation control system. The control performance was validated 

by considering scenarios as moderate OAQ levels. 

 

 

Figure. 1 Framework for a proposed autonomous ventilation control system using AWAC algorithm 

of OffRL approach 

 

The control performance of proposed AWAC-based ventilation system was graphically represented in 

Figure 2. As shown in the Figure 2(a), the AWAC agent could be trained better rather than DQN agent 
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of previous study by obtaining higher rewards. Furthermore, Figure 2(b) indicated that the proposed 

AWAC agent could highly reduce the energy consumption by minimizing inverter freqeuncy of 

ventilation system, while maintaining the indoor PM10 concentrations under the control limit(i.e., 150 

μg/m3). Comparing to the DQN agent, the proposed AWAC-based ventilation system can reduce the 

energy consumption by 21% . Hence, this study was verified that the proposed novel AWAC-based 

ventilation control system could be adopted to accomplish the sustainable operations in subway station 

to compromise the trade-off between energy consumption and IAQ without human intervention. 

 

 

Figure. 2 Comparisons of DQN-based expert demo and AWAC-based OffRL agent (a) the average 

reward profiles and (b) the ventilation control performances of indoor PM10 concetration and inverter 

frequency. 
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Extended Abstract 

 

Waterbodies should maintain excellent ecological and chemical conditions to protect the water supply 

and safeguard ecosystems. Monitoring nutrient concentrations is essential to assess the water quality 

and significantly reduce eutrophication (Viviano et al., 2014). However, crucial nutrient variables such 

as total nitrogen (TN) and total phosphorus (TP) concentrations are always difficult to measure online 

due to the high costs, dynamism, uncertainties, and the time lag associated with real-time monitoring. 

Data-driven models based soft sensors can afford a reliable online TP and TN estimation using in-situ 

data of easy-to-measure variables. However, due to the nonlinearity and the autocorrelations of water 

system datasets, conventional methods cannot effectively provide an interpretable and high prediction 

of the TN and TP parameters simultaneously.  

This study aims to develop a new explainable artificial intelligence (XAI)-soft sensing model for 

estimating TN and TP concentrations in rivers based on a deep neural network (DNN) with hybrid 

statistical-AI feature selection (HFS). The deep XAI-based soft sensor (XAI-DNN) model development 

can effectively capture complex dynamic relationships among water quality parameters and provide 

superior prediction and interpretability using the explainable SHapley Additive exPlanations (SHAP). 

The XAI-DNN soft sensor framework contains mainly five steps as illustrated in Figure 39. Firstly, 

data acquisition includes preprocessing, data cleansing, outliers detection, and data interpolation, as 

shown in Figure 40 (a). Data were collected from a real catchment in a river at Yongsan, S. Korea 

mailto:ckyoo@khu.ac.kr


6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

595 

 

containing biological-chemical variables including turbidity (Turb), dissolved oxygen (DO), and pH. 

In the second step (Figure 41 (b)), a multivariate calibration (MC) analysis was conducted to provide 

an explanation and quantification of TN and TP by relating multiple independent variables. Also, 

principal component analysis (PCA) was performed as an exploratory analysis (Viviano et al., 2014). 

In the third step (Figure 42 (c)), a hybrid feature selection technique was utilized to select the important 

features for TN and TP estimation. The fourth step (Figure 43 (d))  included the development of the 

explainable deep neural network (DNN) structure and fine-tuning the associated hyperparameters based 

on a grid search followed by the online prediction of TN and TP applying the test set. Then, X-AI 

analysis was applied by computing the SHAP values considering global and local interpretability to 

provide a clear explanation of the model behavior (Samek et al., 2017). In the fifth step (Figure 44 (e)), 

a comparison analysis was conducted to show outperformance from the XAI-DNN deep of estimating 

the TN/TP. For the evaluation, three matrices were used, including mean absolute error (MAE), root 

mean squared error (RMSE), and coefficient of determination (R2). 

 

Figure 45: Schematic framework of developing an explinable deep AI-soft sensor.  

The results of AI-HFS showed that NO3-N, NH3-N, TOC, PO4-P, DO, and EC were the most 

significant input predictors for the explainable DNN model (Figure 46 (a)).  For the online prediction 

of the TN and TP concentrations, superior performance was achieved by the explainable DNN model-

based soft sensor (MAE=0.0465, 0.0316 mg/L) (Figure 47 (b)). This high performance was interpreted 

using X-AI analysis considering global and local interpretability to show how much each feature has 

increased or decreased the predicted TN/TP. For example, increasing the NH4-N feature value increases 

the SHAP values leading to a higher predicted TN (Figure 48 (c)).   
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Figure 49: Performance of XAI-DNN based soft sensor (a) HFS (b) prediction (c) XAI analysis.  

The developed XAI-DNN based soft sensor can offer a worthy tool to monitor the waterbodies' status 

in an online fasion with a reliable and explainable prediction, avoiding the expensive acquisition and 

uncertainty of measuring TN and TP. This developed XAI-DNN could be useful for the decision-

makers to assess the quality of waterbodies and to control and reduce the eutrophication risk.  
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Extended Abstract 

 

In today’s industrialized and overpopulated world, exposure to particulate matter (PM) in the air 

threatens human health and contributes to morbidity and mortality (Dominski et al. 2021). PM is closely 

related to the development of chronic pulmonary disease (COPD), congestive heart failure (CHF), and 

mortality (Xing et al. 2016). Constant exposure to air pollutants in intensive land use areas may cause 

adverse health effects on the respiratory and cardiovascular systems in the short and long term. Zones 

with high human interaction led to higher levels of air pollution than regions with lower human activity. 

Furthermore, active monitoring and in-depth analysis of outdoor PM dynamics and its sensor network 

are critical for planning strategies that prioritize human well-being and deploy mechanisms for pollution 

prevention. 

 

This study focuses on the long-term registered measurements of  PM10 and PM2.5 and their relationship 

with intensive land use in Pyeongtaek, South Korea. Figure 1 shows a schematic view of the 

methodology used for this study. A total of three installed monitoring stations in the region were 

selected for the statistical analysis. The air quality monitoring data are installed in urban and industrial 

areas. The hourly concentrations (µg/m3) of PM10 and PM2.5 were collected from AirKorea from 2014 

to 2021 and from 2018 to 2021, respectively. Land use (LU) data were collected from the environmental 
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space information service, and the sensor coverage radius considered is 3 Km. The land classes are 

divided into residential, commercial facilities, industrial, public facilities, vegetation, cropland, body of 

water, and barren land areas for 2014 and 2018. Then a spatial-temporal descriptive statistical analysis 

is conducted to understand the behavior of the site in terms of particulate matter and land use. Here, the 

seasonal, monthly, and yearly variations are considered. Moreover, the relationship between PM and 

LU was analyzed. This study determines the relationship between the behavior of the land use 

occupation and the amount of particulate matter in each zone. Finally, considering the urban patterns, 

an RL-based sensor network placement methodology is suggested. 

 

 

Figure. 1 Schematic view of methodology 

The results reveal that PM10 and PM2.5 mean levels in intensive industrial regions in Pyeongtaek differed 

significantly from residential domains, as shown in Figure 2. The median PM levels in the industrial 

zone (PM10=46 µg/m3, PM2.5=20) are considerably higher than in the residential (PM10=39 µg/m3, 

PM2.5=20) (Dunn’s test: Z=(-26,36,-4.12), p=(0.00,0.00) considering the changes in the land use during 

this time and its use. PM concentrations have decreased except for 2021, which suffered an increment. 

However, despite the decreasing global trend, the levels remain above the recommended levels. PM 

levels reach the highest levels between winter and spring. 

 

Because understanding the behavior of air pollution patterns aids in understanding global and local 

policy actions aimed at reducing air pollution, the early detection of hazardous pollutant levels and 

effective monitoring in urban areas give a broad perspective to policymakers on the better identification 

of air pollution control strategies. Besides, spatial and detailed analysis of pollutant concentrations 

opens a new paradigm to identify national, regional, and local air quality status to develop specific 

policies based on industrial and population growth. Due to these findings, a novel RL-based 

methodology for sensor network placement will be proposed as future work considering urban 

morphology. 
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Fig. 2 Spatial temporal distributions ofparticulate matter (PM) considering urban and industrial 

spaces for three air quality monitoring stations of Pyeongtaek. 
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Extended Abstract 

 

 Keeping global warming below 1.5 degrees Celsius by the middle of the century would necessitate 

multi-faceted efforts to reduce carbon emissions in the energy sector for net-zero emission. Meeting the 

Paris Agreement would require a combination of CO2 capture and widespread adoption of renewable 

energy in the industrial sector, resulting in neutral or further net-negative emissions. Using appropriate 

renewable energy sources to attain carbon neutrality has long been a mature topic that brings a zero 

CO2 emission. Given the efforts and investments in green energy systems and technological 

advancement, the viability of present technologies is still questioned. Besides, CO2 capture, utilization, 

and storage (CCUS) is a sustainable solution to some of the world's most challenging problems, 

including global warming, climate change, and reaching net negative CO2 emissions. CO2 capture 

modules in the industry have been thoroughly investigated. However, high energy demand and process 

costs have hindered the implementation on the commercialization scale. While different methods for 

CO2 capture have been developed, maximizing energy recovery and reducing implementation costs 

remains a significant difficulty. To reduce operational cost and fill the energy demand and supply gap 

during CO2 capture, it is imperative to address its high energy requirement through novel energy 

optimization. 

 Process integration (PI) is a viable technique widely used to overcome the high energy demand and 

increase system efficiency. Hence, efficient integration of multi-carrier and multi-product networks also 

helps sustainable growth and justifies green system funding as a consequence of analyzing new era 

products and assessing their benefits and drawbacks in cross markets. Furthermore, PI is a mature 

approach to engineering system design and sustainable management that has effectively addressed a 
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wide range of sustainability challenges in various industries. PI has been highlighted by retrofitting 

existing facilities with new technology to reduce energy demands and costs. Harkin et al. (2009) 

investigated the integration of the CCS module with a coal power plant and demonstrated that the energy 

penalty could be reduced from 39% to 24% by employing the process integration associated with lower 

energy consumption. Novotny et al.(2017) studied the energy and cost benefits of integrating waste heat 

recovery systems with CCS power plants. Based on the results, the economic impact was positive in 

different CCS plants, including pre-combustion and post-combustion. Aside from all of the benefits of 

PI, this approach focuses just on energy recovery. However, circular integration (CI) considers the 

circular economy, industrial ecology, and process integration. Ifaei et al. (2022), proposed a utility-free 

circular integration approach for optimal multigeneration from biowaste streams and showed the 

proposed system could increase the system efficiency while minimizing the environmental impact. 

While the large-scale integration of CCS with industries has been extensively investigated, a small-

scale net negative profitable multigeneration system integrating with CCS is scarce, with literature 

highlighting technological and economic challenges. 

A multigeneration system can generate different products and add value to overcome economic 

challenges, depending on the application and demands. The energy-intensive crypto products (CPs) and 

Hydrogen are growing in the market, which have the inherent potential to increase the system's 

profitability and sustainability. Although liquidity is a big benefit for CPs, the prices are subject to 

variations. In addition, the literature focuses on the feasibility of using the wealth generated through the 

products trading, neglecting the sustainable development goals. Furtheremore, the market for H2 as a 

bridge to the future energy is still infant level and limited. According to the literature, these two highly 

valuable products can assure the system's profitability; however, a multigeneration system including 

CPs and H2 has received little attention while considering their carbon impact.  

 Taking into account the aforementioned research gaps, this study proposes a novel system of the 

systems by integrating biogas-based green multi-product technologies, a capturing module for reducing 

CO2 emissions, crypto products (CPs) and H2 to secure the system's profitability. The configuration of 

the proposed system is schematically shown in Figure 50, in which the biogas, water, energy, and 

closed-cycle streams are shown in gray, blue, red, and black, respectively. Furthermore, a 

comprehensive evaluation of the techno-economic performance regarding CO2 capture cost and net 

profit of life cycle was performed for the proposed system to obtain the system performance and 

feasibility. Finaly, a novel multi-objective optimization model is developed for maximizing profitability 

and waste recovery to obtain the optimal design of the net negative carbon emission process considering 

the water-exergy-carbon-cost nexus. 
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Figure 50: Schematic representation of the modeled multi-carrier and multi-product network 

Our findings indicated that the proposed integrated system could provide sustainable electricity, water, 

hydrogen, and value-added cryptocurrencies while improving energy usage and waste recovery. The 

results showed that the CI approach reduced the energy penalty in the integrated system by employing 

heat recovery in the carbon capture module, and the system was capable of producing products with 

negative CO2 emissions, resulting in a high level of sustainability. Furthermore, the results 

demonstrated that revenue from CPs and H2 could ensure the system's profitability while accounting 

for CCS costs.  
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Extended Abstract 

 

Energy droughts is a critical issue which confronted by most of the countries in this modern era with 

the drastically growth of population. An urge on identifying alternatives apart from current dominant 

energy source especially fossil fuel is essential to address the climate change. Yet, unforeseen 

circumstances (i.e., sudden withdrawal of certain party from initial plan) might occur with the 

participation of multiple parties that will lead to unstable energy supply. This study has proposed an 

explicit insights on a preliminary approach targeting nationwide planning scheme for sustainable 

renewable generation with the aid of game theory. The strategic actions involved by the decision makers 

is assessed to ensure an optimal tradeoff considering economics and environmental aspects. A total of 

14 provinces in South Korea is used as a case study to demonstrate the peer-to-peer (P2P) energy trading 

scheme between multiple regions. Due to the feasible weather condition across different season, a great 

mixture of the solar and wind energy will be considered. Upon the deployment of hybrid renewable 

energy system (HRES) from each region considered, the hydrogen is generated by utilizing excessive 

electricity via proton-exchange membrane electrolyzer. Apart from that, an incorporation of the 

microalgae based biorefinery is considered with the great potential of deployment. A study by Rhee et 

al., (2020) has reported a viable approach on a local deployment of microalgae biorefinery in Incheon 
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which integrated with energy-recovery system from livestock manure. The capacity of both the 

renewable energy configuration aforementioned in the study is in accordance with the study reported 

by Lim et al., (2020) which is shown in Figure 1. 

 

 

Figure 1: Renewable energy configuration deployment of 14 different provinces in South Korea 

considering solar, wind, and microalgae based biorefinery (Lim et al., 2020). 

 

In prior of deployment, a comprehensive geospatial analysis on all the locations are performed with the 

aid of geographic information system (GIS) to identify the potential location for installing the relative 

infrastructure. A multi-period optimization approach formulating in mixed-integer linear programming 

(MILP) is developed based on the framework proposed in an one-year timeframe. Such optimization 

problem is targeted to minimizing the total annual cost required for overall regions to ensure a 

competitive cost of energy including the renewable electricity, hydrogen, and microalgae-based biofuel 

generated. The model will be further evaluated in the perspective of game theory with the involvement 
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of multiple agents considered in the study. Agents (players) that considered in this framework are supply 

agent, market agent, demand agent, and utilities agent. As a demonstration, the supply agents are the 

regions considered for the deployment of HRES to generate renewable electricity; the demand agent 

represent the energy required as of each regions. Wherein the market agent is considered as the 

centralized distribution that collect the renewable electricity generated from each region and distribute 

accordingly. In the circumstance that are unfavorable (i.e., low renewable electricity generation and 

high spikes of demand), the utilities agent which supply electricity from main grid will takes place to 

ensure the optimal deployment policy. 
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Extended Abstract 

 

Polycaprolactone (PCL) is one of the environmentally friendly polymers that has gained attention in 

recent times due to its vast application in the field of drug delivery system and tissue engineering. It has 

lots of salient features like low cost, biodegradability, being compatible with many polymers, can be 

fabricated to a lots of shapes and structures and most importantly high thermal stability lead to easy 

melting process (Dhanasekaran et al. 2022). PCL in recent times are sythesized using enzymatic 

catalysts and this method is called as “enzymatic polymerization”. A variety of bacterial, fungal 

enzymes have proven to produce PCL of high molecular weight and among these Candida Antarctica 

lipase B (CALB) has been the most successful and popular enzyme (Pakalapati et al., 2019). In 

enzymatic polymerization, operating conditions like reaction temperature, reaction time, type of 

solvent, mixing speed, enzyme-solvent ratio have had significant impact on the PCL molecular weight 

(Kumar et al., 2000). There is a need for a modeling technique which can help in understanding the 

relationship between these operating conditions and polymer molecular weight. Also, these models can 

predict the polymer molecular weight which can help in reducing the operating cost of research by 

carrying out fewer trials.  

 

Artificial neural network is one such modeling technique which has gained popularity in recent times 

and the field of polymers is no exception. Recent research include modeling to determine the effect of 
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reaction temperature and reaction time on PCL molecular weight using FANN and ANFIS models using 

CALB enzyme via enzymatic polymerization (You et al. 2020). In this study an Artificial Neural 

Network (ANN) model was developed using the data from enzymatic polymerization process with 

weight average molecular weight (Mw), number average molecular weight (Mn) and the Polydispersity 

index (PDI) are the experimental results optimised by manipulating the inputs reaction time (s), reaction 

temperature (oC), mixing speed (RPM) and enzyme-solvent ratio (Volume) (Pakalapati et al., 2019).  

 

An ANN model consists of a network of neurons which works as a function that replicates the 

processing of a biological neuron in the human brain. The neurons are connected with weight 

coefficients to form a neural network. An ANN works by passing message through and along neurons 

in different layers. A typical ANN usually consists of three layers, namely, the input, hidden and output 

layers. The network developed in this paper consists of one input layer with 4 inputs, one hidden layer 

(1 to 20 hidden neurons) and an output layer with three outputs. The number of hidden neurons that 

gave best results in terms of performance criterion was chosen. The entire architecture of the neural 

network was made through MatlabTM (R2017a). A transfer function in a neural network is a 

differentiable function that is applied to the input of each neuron to produce its output. One transfer 

function each for hidden layer and output layer is used in the network architecture. Four transfer 

functions were tested in this study namely Log-sigmoidal (Logsig), Tan-sigmoidal (Tansig), Radial 

basis (Radbas) and linear transfer function (Purelin). The procedure used to alter the weights and biases 

in the hidden neurons to fit the data trend in the training process in an ANN is called a training algorithm. 

Four training algorithms were tested namely, Levenberg-Markquardt (LM), Bayesian Regularization 

(BR), Resilient Backpropagation (RP) and Scaled Conjugate Gradient (SCG). For each training 

algorithm the hidden neurons are optimized based on the performance criterions. Out of the total amount 

of data, 40 % of it is used to train the network, 40 % is used for training and the last 20 % is used to 

validate the network. So that It can accurately predict the output of any input parameter. 

 

Results and Discussion: 

 

After analysing the results from all the possibilities, it was found that Tan-Sigmoidal transfer function 

in the hidden and output layer gives the best performance. While, Levenberg-Marquardt (LM) training 

algorithm used for the training of the network at 7 hidden neurons gave the best results. With Mean 

Squared Error (MSE), Mean absolute error (MAE), mean absolute percentage error (MAPE) and R-

squared values of Mn being 331971.6015, 322.058, 0.142486, 0.95 respectively, for Mw being 774719.7, 

492.6551, 0.15965, 0.95 respectively and PDI being 0.001395, 0.017323, 0.01234, 0.98 respectively. It 
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can be clearly seen that the prediction accuracy of the network is much stronger with PDI than it is with 

Mn or Mw.  

 

Figure 1: Figure showing the plot for MAPE of Mw for all training algorithms. 

 

Conclusion: 

Artificial Neural Network (ANN) model was developed using the data from enzymatic polymerization 

process with reaction time, reaction temperature, mixing speed and enzyme-solvent ratio as inputs and 

weight average molecular weight (Mw), number average molecular weight (Mn) and the Polydispersity 

index (PDI) as outputs. The best training algorithm determined for this ANN is Levenberg-Marquardt 

algorithm. 
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Extended Abstract 

 

Transformation of food waste into a value-added product such as compost through biological means is 

an effective and environmentally friendly organic waste management. [Cerda et al., 2018]. Compost 

produced from food waste is rich in humic substances and organic components (e.g., carbohydrates, 

proteins, lipids, and organic acid), making it suitable to produce organic fertilizer and cultivate 

microorganisms [Zeng et al., 2018; Zhou et al., 2016]. Microalgae is a promising biomass feedstock 

that has high growth rates, less competition with terrestrial crops, and wide distribution. It also has the 

potential to produce multiple valuable products and a wide range of functional ingredients that spark 

interest in various industries. A large quantity of freshwater and high-cost nutrients are essential to the 

commercialization and scaling up of microalgae production for biomolecules extraction. Wastewater 

has been used to cultivate microalgae given its benefit in purifying the wastewater, but the uncertainties 

of wastewater content affect the growth of microalgae. Food waste is an alternative nutrient medium 

for the cultivation of microalgae that is rich in ammonium and phosphate concentration. These 

pollutants can be significantly reduced while simultaneously growing the microalgae [Cerda et al., 

2018]. Integration of food waste compost medium and inorganic medium could potentially substitute 

the major nutrients such as nitrate and phosphate that are crucial in microalgae cultivation, leading to a 

more sustainable approach to microalgae cultivation. 

 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

610 

 

The goal of this study was to see if food waste compost could be used as a nutrient source for Chlorella 

vulgaris FSP-E culture. Using different ratios of food waste compost mixture, the algal biomass 

accumulation and the viability of substituting inorganic fertilizers with organic fertilizers for microalgae 

culture were investigated. The biochemical components of microalgae, such as lipid, protein, and 

carbohydrate contents, were isolated from the microalgae biomass to assess biomass productivity. The 

results obtained showed that substitution of 25% of compost mixture yielded higher biomass 

concentration (11.1%) and better lipid (10.1%) and protein (2.0%) content as compared to the 

microalgae cultivated in a fully inorganic medium. These findings showed that mixing an inorganic 

medium with an organic food waste compost medium can effectively lower microalgae cultivation costs 

while also increasing biochemical content in the grown microalgae. 

 

Table 1. Food waste compost (FWC) composition. 

Medium BG11 (%) Compost solution (%) 

100C 100 0 

85C 85 15 

75C 75 25 

65C 65 35 

50C 50 50 

25C 25 75 

100F 0 100 

75F 25 (H2O) 75 

 

 

Figure 1: Growth curve of Chlorella vulgaris cultivated in BG11 and various food waste compost 

medium combinations. 
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Figure 2: Lipid, protein and carbohydrate content in Chlorella vulgaris cultivated in BG11 and 

various food waste compost medium combinations. 
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Extended Abstract 

 

The unceasing growth of the human population every year has indicated that the supply growth of food 

production is crucial to minimise the proportion of global hunger. It was claimed that protein, which is 

one of the macronutrients, will be having shortages in the near future which requires an alternative 

protein source to cope with the growing human population. Microalgae is well-known as a viable source 

of biological components such as carbohydrates, lipids, pigments, vitamins, and polyphenols, especially 

proteins [Chia, 2018]. In fact, the protein quality in microalgae is claimed to be identical to those 

traditional protein sources like milk, meat and egg. Hence, the use of microalgae as the main protein 

source contributed to several benefits such as rapid growth rate, high productivity and required low 

cultivation effort [Chew, 2018]. Three phase partitioning (TPP) as a green alternative to conventional 

extraction technique is advantageous in several aspects, including the ease of operation, scalable, low 

energy consumption, high efficiency, along with the non-toxic and cheap solvent [Qiu et al., 2019]. In 

most studies, the TPP system uses tert-butanol and salt to form a three-layers mixture, in which the 

lipids will be found at the upper layer, whereas protein precipitate will be obtained at the middle phase 

and bottom layer is the aqueous layer [Chia et al., 2019]. On the other hand, the mass transfer of targeted 

biomolecules is intensified with the utilisation of sonication technique. Ultrasound-assisted extraction 

utilised high-intensity ultrasonic waves which transmit the liquid molecules and resulting in the 

formation of microbubbles around the cells. Thus, the cell wall is shattered when shockwaves are 

released due the bursting of the bubbles [Khoo et al., 2020]. Ultrasound-assisted TPP (UATPP) was 
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used in the present study to extract proteins from Chlorella vulgaris and the feasibility of the enhanced 

technique was investigated. In the proposed technology, several operating parameters were studied and 

optimised comprehensively including the types and concentration of salt, slurry to tert-butanol ratio, 

ultrasonic frequency and power, irradiation time, duty cycle and microalgae biomass loading. Table 17 

summarises the studied operating parameters and their optimised values after the investigation. The 

results showed that high separation efficiency and yield were achieved using the UATPP technique with 

the optimal conditions as follow:  ammonium sulphate with concentration 50% and tert-butanol as 

UATPP medium, ratio of slurry to tert-butanol 1:2, sonication power 100%, irradiation time 10 minutes, 

ultrasonic frequency 35 kHz, ultrasonic duty cycle 80%, as well as microalgae biomass loading 0.75 

wt%. Under the optimised conditions, the separation efficiency was found to be 74.59 ± 0.45%  with a 

protein recovery yield of 56.57 ± 3.70%. Figure 51 shows the FESEM images of microalgae cells before 

and after sonication treatment. It was observed that the microalgae surfaces after sonication treatment 

were smooth with round-shape cells that are clumped on the surface. The structure of the microalgae 

cell was more severely altered, and became flat and more shrunken which indicated that UATPP can 

deal more disruptive damage to the microalgae cell. In consequence, UATPP was declared to be very 

effective in disrupting the microalgae cells and leads to the enhancement of protein extraction. 

 

 

Figure 51: FESEM images of microalgae cells (A) before sonication treatment; (B) after 

ultrasound with water as medium; (C) after ultrasound with UATPP medium 

 

Table 17: Summary of operating parameters investigated and the respective optimal condition 

Parameter Variables Optimal condition 

Types of salt  Na2SO4 

MgSO4 

(NH4)2SO4 

(NH4)2SO4 
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K2HPO4 

Salt concentration  20% to 60% 50% 

Slurry to tert-butanol ratio  1:0.5 to 1:2.5 1:2 

Ultrasonic power  20% to 100% 100% 

Irradiation time at 35 kHz 2.5 minutes to 12.5 minutes 10 minutes 

Irradiation time at 130 kHz 2.5 minutes to 12.5 minutes NIL 

Duty cycle  20% to 100% 80% 

Microalgae biomass loading  0.25 wt% to 1.25 wt% 0.75 wt% 
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Extended Abstract 

Microalgae biomasses are emerged as a novel, sustainable, and clean energy source for the synthesis of third-

generation biofuels [1]. According to the US Energy Information Administration [2], nonrenewable energy 

resources such as petroleum are expected to reach maximum output in 2019, followed by a downward trend, 

particularly for crude oil supply. Gielsen et al., (2019), reported that the energy consumption has risen 

dramatically, with global energy demand expected to rise by more than 85% by 2040 [3]. Hence, alternate 

energy sources were constantly studied based on the existing climate, as the rising global population, 

industrialization and increasing need for transportation occurred. Biodiesel was recognized as one of the 

most promising alternative fuels. Biodiesel was described as mono-alkyl esters produced from vegetable 

oils, animal fats, or waste cooking oil that have a long chain of fatty acids [4]. As compared to conventional 

petroleum-based diesel, biodiesels are characterized as biodegradability with higher Cetane number, higher 

flash point, and lower exhaust pollutants [5]. However, the production of biodiesel from crops has a major 

controversy due to the food vs fuel competition.  

To address these issues, microalgae-based biomass is proposed as a possible feedstock for the generation of 

sustainable and renewable biodiesel. Omar et al., (2021) discovered that microalgae with high biomass 

productivity and lipid content, are favorable for biodiesel generation [6]. From an environmental standpoint, 

microalgae growth combined with CO2 fixation and wastewater biotreatment could develop the cultivation 

system into a viable green energy generator without competing food crops for arable land and water [7]. 

Based on areal productivity, microalgae species such as Botryococcus, Chlamydomonas, and Chlorella could 

generate 15-300 times more oil for biodiesel generation than conventional crops [8]. Microalgae also have 

short harvesting cycle (ranging from 1- 10 days depending on the culture condition), allowing continuous 

harvests with higher biomass yield as compared to traditional crops that are harvested once or twice a year 

[9]. Hence, microalgae cultivation is recognized as a modern biotechnologist advancement and it is projected 

that by 2036, the global market for microalgae-based biomass would have the capacity to produce 5000 tons 

of dry biomass per year with a revenue of USD 1250 million [10]. 

For large scale microalgae cultivation process, photo-bioreactor is the most preferred system as it saves land 

area and allow the culture to grow in a closed environment with less exposure to external contamination 

[11]. Nevertheless, the capital and operational costs for photo-bioreactors are significantly high due to the 

fabrication of high-volume tank and control system for nutrient medium, carbon supply, and light source 

[12]. Hence, growing microalgae in a semi-continuous culture mode is the most cost-effective cultivation 
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system compared to batch mode for large biomass output within a short period of time. The semi - batch 

culture mode is preferred as it prevents the downtime at the end of the culture, and also minimizes the 

limitation in terms light penetration during stationary phase. However, excessive addition of fresh culture 

medium may result in a rise in medium osmotic pressure, which may damage the photosynthetic mechanism 

of microalgae [13]. Thus, in this study Chlorella vulgaris cultivation was cultivated in semi-batch mode with 

nutrient recycling and the fresh medium supply ratio was optimized.  

Moreover, industrial revolution 4.0 can break down traditional barriers and allow for sustainable growing 

conditions with quick testing on biomass growth. In previous years, photo-bioreactors are widely 

investigated on its design structure, in terms of sustainable and economical aspects [4]. The emerging of 

technology onto photo-bioreactors has developed a constant maximum biomass yield by monitoring 

microalgae growth with an array of interconnected sensors, adjusting conditions as needed, and identifying 

ideal growth parameters through machine learning [14]. However, implementation of artificial intelligence 

able to overcome the tough challenge, by identifying the best time to harvest the algae before it degraded. 

The current UV- Vis’s methods are too tedious, costly and time consuming which prevents stake holders in 

venturing into large scale algae growth. Hence, this study also includes the application of custom vision 

service in monitoring the algae growth via image classifiers. 
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Abstract 

 

Every year over 60 000 deaths are caused by weather-related natural disasters as a consequence of 

global warming. The rise of the global temperature on 0.85°C in the last 130 years is attributed to the 

excess of greenhouse gases (GHG) produced by human activities. Among these gases, 41 billion tons 

of carbon dioxide (CO2) are generated yearly with 91% of global contribution only from the fossil fuel 

and cement industry (Friedlingstein et al. 2020). If this increasingly annual production of CO2 is not 

reduced, humanity is in jeopardy. To keep the rise of global temperatures within acceptable limits, the 

industries would need to cut emissions to zero, which is unfeasible. However, removing half of the 

current emissions from the atmosphere to store or convert them to value-added products would be a 

reasonable option.   

 

Hydrogenation of CO2 has been one of the major approaches to chemically convert CO2 into oxygenated 

compounds like methanol, formic acid, and dimethyl ether. The hydrogenation of CO2 to methanol has 

been the center of great number of research due to the low number of hydrogens needed and growing 

demand of methanol as fuel and energy storage. A major challenge to convert CO2 is the requirement 

of a catalyst that is stable, highly active,  selective, and able to function at low temperatures and 

pressures.  

 

The commercial path for the production of methanol employs a syngas feed catalyzed by Cu/ZnO/Al2O3 

at 493-573 K and a pressure of 5-10 MPa (Olah, Goeppert, and Prakash 2018). When the syngas feed 
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is replaced by CO2 (reactions 1 and 2), the water produced as a by-product, act as inhibitor when it 

binds to the active metal site, reducing the surface area and the catalytic activity. Further, the hydrophilic 

property of the Al2O3 favor the production of ZnAl2O4 disrupting the synergistic effect of Cu/ZnO, 

which is reported as responsible for the conversion. Thus, the repulsion of the water away from the 

catalytic sites turns out to be an essential issue to improve the catalytic activity and the system 

efficiency.  

 

CO2 + 3H2 ⇄ CH3OH + H2O                 -49.5 kJmol-1                                                                               (1) 

CO2 + H2 ⇄CO + H2                               +41.2 kJmol-1                                                                            (2) 

 

Carbon materials as carbon nanotubes, activated carbon, and reduced graphene oxide (Deerattrakul et 

al. 2016) have been studied as supports as a result of their high surface area and high thermal stability. 

Another alternative to overcome the deactivation of the catalyst is using polyhedral oligomeric 

silsesquioxane (POSS) as hydrophobic support. POSS has received a lot of attention in research for its 

well-defined organic/inorganic hybrid constituents and its unique rigid cage-like molecular structure 

connected by Si-O-Si bonds. (Sangtrirutnugul et al. 2017) POSS are characterized by high thermal 

stability (>350°C) and fully tunable solubility. The irregularity of molecular shapes for some POSS 

molecules inhibits crystallization by preventing good packing. Hydrophobic groups attached to the cage 

could potentially prevent catalyst deactivation by water effect. 

 

In this research, we investigated the Cu/ZnO impregnation onto the hydrophobic nPhenyl-POSS 

(n=8,12) via incipient wetness impregnation for the hydrogenation of CO2 to methanol. We report the 

activities of the catalysts at different metal loadings (10, 20, and 30%) on O-POSS and D-POSS. The 

catalysts were characterized using SEM, TEM, EDX, BET, FT-IR, TGA, XRD, and XPS. The catalytic 

acitivity was tested in batch reactors in the CO2 hydrogenation to methanol at 2 MPa in a temperature 

range 200-270°C. The products of the hydrogenation were analyzed using GC-TCD/FID. 

 

Results and Discussion 

Figure 1-A shows the the XRD pattern of Cu/ZnO-modified D-POSS. At a low loading of metals on 

the support, the diffraction peaks are practically not visible as a result of a high dispersion of the metals 

oxide on the surface of the D-POSS. When the ratio of metals:support was increased, the metals oxide 

peaks corresponding to CuO and ZnO were clearly visible in agreement with the high resolution XPS 

for O1s, where there is a broadeinging of the total peak as a result of CuO and ZnO. There is change in 

the shape of the peak at 2 = 7.41° which started broading as the load of metals increases. This could 



6th International Conference and 

Postgraduate Colloquium for 

Environmental Research 2022 (POCER 

2022) 9 - 11 June 2022  

 Langkawi, Kedah, Malaysia 

 

620 

 

be as a result of metals covering the surface of the silsesquioxane cages causing pores blockings in 

agreement with the BET results suggesting that the surface area of the catalysts decreased with 

increasing metal loading on the surface of the support. The size distribution from BET corresponds to 

mesoporous catalyts with a range between 2-5 nm. The catalytic activity of the modified catalysts was 

explored using mini batch reactors. Figure 1-B shows that the methanol yield increases as the metal 

loading increases on the support probing a succesful nanoimbobilization of the metals on the surface of 

3D hydrophobic cages. 
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Figure 52: A) XRD of Cu/ZnO-modified D-POSS. B) The catalytic activity of CuZnX-D-POSSY 

in the CO2 hydrogenation to methanol at 220°C, 2MPa, and 18 hr. 
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Extended Abstract 

 

In order to realize the efficient resource utilization of straw and sludge, this study used sludge and corn 

straw as raw materials to prepare sludge-corn straw mixed biochar at different carbonization 

temperatures, raw material ratios, holding times and heating rates. As an additive for anaerobic 

fermentation, the effect of sludge-corn straw mixed biochar on the anaerobic fermentation performance 

of corn straw was investigated, and the correlation between the physicochemical properties of biochar 

and anaerobic fermentation performance was established. The results showed that when the preparation 

conditions of biochar were as follows: carbonization temperature of 600℃, raw material ratio of 1, 

holding time of 90 min, and heating rate of 20℃/min, the cumulative methane production of corn stalk 

by anaerobic fermentation exhibited the highest value of 269.23 mL/g VS, which was 47.1% higher 

than the blank control group. The specific surface area and pore structure of biochar only affect methane 

production in a certain range. This study provides a theoretical basis for further research on the 
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mechanism relationship between the properties of biochar materials and methane production by 

anaerobic fermentation. 
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Extended Abstract 

 

Biochars have attracted widespread attention as a low-cost adsorbent for antibiotic removal. High 

surface area and hierarchical porous biochars (HHBCs), originating from five types of feedstocks, were 

prepared via simple carbonization and alkaline activation route and tested for chloramphenicol removal 

from the water environment. All biochars showed a maximum adsorption capacity of over 300 mg/g at 

room temperature, with a large specific surface area of 1687-2003 m2g−1. Adsorption isotherms and 

kinetics adhered well to Langmuir and pseudo-first-order models. The structure-performance 

correlation was analyzed to explore the effects of adsorbents' physical properties, morphology, and 

functional groups on adsorption performance. The pseudo-first-order kinetic constant, representing the 

adsorption rate, was strongly correlated with the external surface area and mesoporous pore volume. 

The maximum monolayer adsorption capacity, calculated by the Langmuir model, was strongly 

correlated with the microporous surface area and pore volume. A higher proportion of graphite and 

stronger hydrophilicity decreased the adsorption capacity. The primary adsorption mechanism appears 

to be physical adsorption through micropore filling, along with π-π electron donor-acceptor, 

electrostatic and hydrophobic interactions. Thus, a key factor influencing adsorption performance is the 

ratio of the microporous and mesoporous pore volume of adsorbents. To simultaneously enhance the 

adsorption rate and capacity, it is crucial to regulate the ratio of microporous and mesoporous pores of 

mailto:zhoujun@njtech.edu.cn
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biochars. Establishing this relationship could have important implications for regulating the adsorbent 

structure and improving adsorption behaviour. 
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Extended Abstract 

 

Recently, renewable energy has received a lot of attention as a promising means to address global 

energy needs and provide multiple environmental benefits due to the environmental problems caused 

by fossil fuels and the rise of energy security concerns. Biogas from anaerobic digestion represents a 

renewable and sustainable energy technology, in which methane can be used as alterative to fossil fuel. 

At present, crop straw and livestock and poultry manure are the main raw materials for biogas 

production in China. The aim of this work was to enhance methane production of mixed anaerobic 

digestion of cow dung and corn straw by adding biochar and biogas slurry reflux. Biochar was made of 

biogas residue as raw material, and biogas slurry was added instead of water in anaerobic digestion 

system. The biochar prepared from biogas residue is made according to the method in the previous work 

and characterized by X-ray photoelectron spectroscopy, fourier transform infrared spectroscopy and 

Scanning electron microscope. Biogas slurry was taken from 300 m3 anaerobic biogas digester of 

Nanjing Tech University and added to the experimental group instead of water to realize biogas slurry 

reflux. In addition to the monitoring of daily biogas production and methane production in different 

experimental groups, the properties of digestive juices in different experimental stages were determined, 

such as pH, COD, ammonia nitrogen, VFAs, microbial diversity and microbial community analysis. 
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The characterization of biochar materials not only reveals that it can provide attachment for the 

growth of microorganisms, but also has abundant surface functional groups. Cyclic voltammetry 

showed that DIET mediated by surface oxygen-containing functional groups increased the yield of 

methane. Overall, pH in the experimental group decreased at first and then increased, which is 

consistent with the phenomenon observed in other studies. The total biogas production (14153 mL) of 

the experimental group with biochar and biogas slurry reflux was 36.98% higher than that of the blank 

group (10332 mL), and the total methane production (6149 mL) was 34.30% higher than that of the 

blank group (4575 mL). While the degradation rate of COD in the experimental group with biochar and 

biogas slurry reflux reached 46.75%. Affected by the original composition of biogas slurry, the system 

showed a high initial ammonia nitrogen value. However, the addition of biochar could promote its 

adsorption, which not only eliminates the inhibitory effect of high ammonia nitrogen on methanogenic 

bacteria, but also ensures high methane production under biogas slurry reflux. Alpha diversity showed 

that compared with the blank group, both the addition of biochar and biogas slurry reflux increased the 

Ace and Chao index. Microbial community analysis revealed that Methanobacterium and 

Methanobrevibacter were the dominant methanogens, while Methanomassiliicoccus appeared only at 

the late period of each system.  

This work not only provides a promising method for the efficient operation of mixed anaerobic 

digestion, but also provides a new idea for the treatment of biogas residue and biogas slurry. 
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Extended Abstract 

 

Remediation of contaminated soil is a long-term challenge faced by human beings. The in-situ 

remediation was carried out using zero valent iron (Fe0) with the rotation pattern of soybean-rape the 

near a smelter influenced by atmospheric subsidence. The results showed that the total contents of Cd 

and Zn in rhizosphere soils with Fe0 treatment were lower than that in the control. The biomass of 

soybean and rape increased by 55.4 ~ 64.9% and 6.2 ~ 42.8%, respectively with the addition of Fe0. 

And Fe0 decreased the availability of Cd and Zn and the accumulation of Cd and Zn in plant roots. The 

Cd and Zn contents of the iron-rich substances separated from soil were much high, reaching 155.8 

mg/kg and 29525 mg/kg, respectively and the total Cd and Zn in the remaining soil decreased by 28.5% 

and 44.6%, respectively. XRD and XPS analysis of the separated substance implied that the new 

production of iron oxides (γ-FeOOH and γ-Fe2O). The existence of CdO and CdS were obversed and 

the main forms of Zn were ZnS, ZnO and ZnCO3 through the immobilization of iron oxides. This work 

suggested the feasibility of Fe0 in the contaminated soil. Using retrievable materials from soil to remove 

permanently pollutants should be considered in the future remediation practice. 
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Figure 53: The graphical abstract of the experiment 
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Extended Abstract 

 

The livestock manure, dominant component of agricultural waste, is abundant in nutrients, 

estimating to attain 0.23 billion tons of nitrogen equivalents in 2030 all over the world. If treated 

improperly, it would not only waste resources, but also result in environmental pollution. Recently, 

aerobic composting is widely accepted as an eco-practical way to recycle organic waste, which could 

convert degradable organic substances into high-value fertilizers through a series of chemical-

biological reactions. Meanwhile, the application of organic fertilizer into farmlands is beneficial for 

improving soil structure and accelerating plant growth. However, some disadvantages occur in the 

traditional composting, which restrict the development of composting technology, including long 

period, greenhouse gases emission, nitrogen loss and low humification. These aforementioned issues 

not only affect adversely quality of end products and reduce its agricultural value, but also damage to 

ecological environment, and thereby restricting the development of composting technology. Recently, 

among of all methods, adding exogenous mineral additive has caused more attention due to its easy 

operability, high availability and special characteristics including huge specific surface area, porosity 

and strong absorb capacity. And it has been confirmed that Zeolite, Bentonite, Medical stone, Clay, 

Diatomite, Black tourmaline, Biochar and others play a positive effect on GHGs reduction, nitrogen 

conservation and humification increasement by buffering pH variation, increasing oxygen diffusion, 

immobilizing more nitrogen and improving microbial succession. While considering the engineering 

practicability, effective composting process and economic benefits, it is supposed to search more 

minerals amendment in the future. Besides, metagenomics and metabonomics are used to investigate 

the mechanisms and pathways of how mineral additive affect composting process deeply.  
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Extended Abstract 

Microbial fuel cells (MFCs) have gained tremendous attention as a novel platform for 

simulataneous wastewater treatment and electricity generation through microbial anaerobic metabolic 

ability [1]. Although some impressive progress in terms of the efficiency of MFCs has obtained in recent 

years, the relatively low voltage output and power density compare with other technologies limit their 

industrial application. Here, Fe-CN catalyst was prepared by one-pot pyrolysis of FeCl3 and urea at 

550°C (Fe-CN0: pure FeCl3, Fe-CN1: 0.5 g FeCl3 and 3 g urea) were further adhered onto the surface 

of carbon paper with Nafion solution for the fabrication of composite MFCs anodes (MFC0: carbon 

paper anode, MFC1: modified anode with Fe-CN0, MFC2: modified anode with Fe-CN1).  

Performance of MFCs 

All MFCs had a similar trend of voltage output in all run processes, which implied the matured 

formation of eletroactive biofilms on anodes. MFC0 had a long lag time of about 100 h before obvious 

voltage production, while MFC1 and MFC2 had faster voltage output at the beginning of inoculation 

(especially in MFC2), indicating that the modified electrode increased the oxidation of carbon source 

and the production of electrons. Moreover, MFC1 and MFC2 achieved the higher maximum voltage 

output of 792.76 mV and 711.89 mV than that of MFC1 (616.39 mV), which demonstrated a better 

biocompatibility of the modified anodes for bacterial attachment [2].  

Electrochemical activity of electroactive biofilms 
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CV experiment results showed that modified anodes changed the exotracellular electron transfer 

pathway of eletroactive biofilm, since there were two pairs of redox peaks in MFC1 and MFC2, while 

only one pair of redox peaks in MFC0. In addition, higher catalytic current was achieved in MFC1 (0.58 

mA) and MFC2 (0.97 mA) than that of MFC0 (0.45 mA) at the scan rate of 10 mV/s. When the scan 

rate was increased from 10 mV/s to 200 mV/s, the peak current also increased simultaneously. The peak 

current of all MFCs exhibited a good line relation with the scan rates, which suggested that the 

electrochemical reactions in all anodes were the typical surface-controlled processes [3]. The EIS 

experiment showed that the Rct in MFC1 (29.59 ) and MFC2 (26.54 ) were greatly lower than that 

of in MFC0 (36.24 ), suggesting that the modified anode decreased the Rct and thus increased 

extracellular electron transfer [4].  

Microbial communities in different anodes 

The high-throughput squencing results showed that Geobacter was the domaint exoelectrogens in 

all MFCs. Moreover, higher proportion of Geobacter appeared in MFC2, which demonstrated Fe-CN 

catalyst modified anode could enrich exoelectrogens for higher voltage output than carbon paper anode. 

In addition, the concentration of sodium acetate was detected in the end of expriment. The results 

showed that sodium acetate was almost consumed in MFC0, while there was many surplus in MFC1 

and MFC2. This result indicated that other functional microorganism competed with Geobacter for 

carbon source in MFC0, which resulted in lower voltage output. 

This work provied a facile approch for the development of bioanode with high voltage output in 

MFCs that is promising for practical applications. 

 

 

 

Figure 1: XPS diagram C1s (a), N1s (b), and Fe 2p (c) of Fe-CN catalyst 
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Figure. 2: CV at 10 mV/s of all MFCs (a). Scan rate-dependent CV of MFC0 (b), MFC1 (c), and 

MFC2 (d). Plots of current peak versus scan rate achieved from the CV curves (e).  
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Extended Abstract 

 

Ever increasing organic waste production is threatening our environmental sustainability and 

simultaneously wasting organic resources and nutrients. Anaerobic fermentation is widely accepted as 

one of the promising technologies for organic waste conversion, through which both waste disposal and 

resources recovery can be achieved. Caproic acid is an important platform chemical, the value of which 

is much higher than short chain volatile fatty acids. During anaerobic fermentation, it is generally 

believed that microbial synthesis of caproic acid is a chain elongation process of carboxylic acid (i.e., 

reverse β oxidation reaction.), in which ethanol and lactate are common electron donors. The oxidation 

of electron donor provides energy, reduction equivalent and acetyl-CoA for the reverse β oxidation 

reaction (a cyclic process), during which acetate(C2) is elongated to butyrate(C4) and then to 

caproate(C6). Microbes play a crucial role in anaerobic caproic acid production, pure bacteria with 

ability of caproic acid production was screened in this work and their performance was compared with 

mixed culture. The main factors, such as pH, temperature, electron donor and acceptor, hydrogen partial 

pressure, and competition between microorganisms were summarized. Facing with the immature 

caproic acid separation technology, muti-methods were compared from the prospect of application and 

proposed that electrodialysis technology might be the mainstream technology of caproic acid 

separation. Targeting on a large scale caproic acid production through anaerobic fermentation, it is also 

necessary to strengthen the research on the synergy and competition between microorganisms in the 

process of anaerobic fermentation, and to establish a complete set of caproic acid separation technology. 

This will be expected to contribute to the goal of global carbon peaking and carbon neutrality. 
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Extended Abstract 

 

This study intends to investigate the effects of different initial solid content and water adding frequency 

on high solid anaerobic digestion of pig manure. With equal amount of water addition, the four 

treatments were set with varied adding frequencies, i.e. once but at different time in treatments TI and 

T2, twice in T3 while it was three times in treatment T4. Results show that the whole methanogenic 

process ran smoothly with the biogas production rate maintaining at 191.1 L CH4/Kg·VSadded. The pH 

was in a range of 6.8-7.5, which basically fell in the ideal methanogenic range and the effluent COD 

was maintained at a low level of 1500-1700 mg/L. Although the gas production rate of T1 is 217.4 

LCH4/Kg·VSadded, the initial solid content and water addition frequency of one time led to higher 

potential ammonia nitrogen inhibition. The cumulative release of free ammonia was 188.79 mg/L in 

T1, and the fraction of free ammonia in ammonia balance is the largest. The lowest gas production rate 

of T4 is 172.2 LCH4/KgVSadded, and the cumulative release of free ammonia is 173.6 mg/L, which was 

lower than T1 but higher than T2 and T3, indicating that the high frequency of water addition is not 

conducive to gas production and alleviating the inhibition of ammonia nitrogen. The gas production 

rate and the accumulation of free ammonia of T2 and T3 is similar, which were ~186.75 

LCH4/KgVSadded and ~155.45 mg / L, respectively. It is inferred that the tendency of ammonia nitrogen 

inhibition in high solid anaerobic digestion of pig manure can be reduced through low-frequency 

dilution. 
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Extended Abstract 

Semi-artificial photosynthesis, bundling specific biocatalysts with highly efficient photosensitizers, 

revolutionizes existing photosynthetic systems for solar-to-chemical (S2C) conversion.In this work, we 

refined the design for the two key elements involved: 1) a model anoxygenic phototroph 

Rhodopseudomonas palustris was selected due to its diverse metabolic pathways and light-driven ATP 

genaration. Simple means of genetic engineering made it possible to achieve one-step sustainable CO2 

biomethanation relying on a remodeled [MoFe]-nitrogenase (N2ase*) under irradiation. 2) CdS 

nanoparticles (CdS NPs) with excellent biocompatibility and visible light absorption property were 

precipitated on the surface of cell membrane in the facile self-assembling form. As experted, the photo-

driven CH4 yield in R. palustris (N2ase*)-CdS biohybrid system biohybrid system reached 155 

nmol/mL, which was 13.4 folds of the pure bacteria. Higher electrical conductivity and generated 

photocurrent in response to irradiation were observed when bacteria was intimately coupled with 

biogenic CdS NPs. The transcriptome profiles reavealed that gene expression related to electron transfer 

chain (ETC), nitrogenase, nanofilaments and redox stress defendence was activated. Thus, the greatly 

enhanced CO2 biomethanation process in biohybrid system was attributed to the remarkable increase of 

intracellular reducing power and the stronger rigidity of the cells with the assistance of photoexcited 

electrons from CdS NPs.Our discovery encourages a novel insight and promising strategy for the 

improvemnet of the current CO2-CH4 biomanufacturing system. 
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Extended Abstract 

 

Global energy shortages and the issues they will pose in the future, as well as a current climate calamity 

wreaking havoc around the world and a massive amount of food waste filling our landfills, are all factors 

to consider. As a result, putting the ideas of circular bioeconomy and bioconversion of food waste into 

practise appears to be not only a good idea but also one that is urgently needed. However, the existing 

relevant research did not place a strong emphasis on technological advancement and circular 

bioeconomy in the context of bioconversion of food waste, even though this is an important topic. This 

article assesses how food waste generated in large quantities can be converted into valuable bioproducts 
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through bioconversion processes such as solventogenesis, anaerobic fermentation, and oleaginous 

metabolism, which are gaining popularity due to their sustainable and efficient procedure as well as 

their resource recycling. It also discusses biorefinery approaches that are connected with the economy 

to construct a circular bioeconomy, as well as the problems that must be overcome while exploring 

various techno-economic, environmental, and life cycle scenarios. By looking at the technological, 

economic, and environmental effects, it is clear that biorefinery of food waste can be a profitable 

business if certain paths are kept. It has also been found that bioconversion methods for making useful 

bioproducts have a much smaller effect on the environment than traditional methods. Integrating the 

bioconversion processes makes the process even more efficient and helps recover resources in a 

sustainable way. To create a circular bioeconomy, a biorefinery strategy with an integrated approach 

needs to be adapted. 
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Abstract 

Huge quantities of apple orchard waste generated which regarded as a promising alternative 

energy source for biofuel and biomaterial production. Biorefinery emerged as a sustainable approach 

and recognized promising transformation platforms for products, to achieve circular bioeconomy which 

focuses on the biomass efficient and sustainable valorization, promotes resource regeneration and 

restorative. The emerged biowaste biorefinery has proved as sustainable approach for integrated 

bioproducts further applied in industrial, commercial, agricultural and energy sectors. Based on carbon 

neutral sustainable development, this review comprehensive explained the apple orchard waste as 

renewable resource generation and resource utilization technologies from the perspective of energy, 

nutrient and material recovery in the concept of biorefinery. Integrate biorefinery concepts into apple 

orchard waste management is promise for conversion into value-added materials and contribute as 

driving force to cope with resource scarcity, climate changes and huge material demand in circular 

bioeconomy. 

Keywords: Apple orchard waste; Biorefinery; Bioeconomy; Sustainability; Perspectives 
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Extended Abstract 

 

The main issues that are often faced by membrane filtration technology and restrict its application are 

membrane fouling and also the trade-off effect between membrane permeability and rejection 

selectivity. Tremendous of researches and efforts have been done in order to improved the membrane 

properties without sacrificing the membrane selectivity. This research mainly focus on nanofiltration. 

Conventionally, thin film composite (TFC) membrane is fabricated by interfacial polymerization (IP) 

to form a polyamide (PA) layer on top of a porous support membrane. In order to overcome the main 

drawbacks mentioned, the incorporation of nanomaterials into diamine monomer aqueous solution is 

often employed. This has proven improved the membrane filtration and antifouling performance by 

enhancing the membrane properties. GO that has great hydrophilicity due to its abundant of oxygen 

functional groups is decorated with dendrimer poly(2-(dimethylamino)) ethyl methacrylate 

(PDMAEMA) which is rich in amine groups. These amine groups on the dendrimer branch could aid 

in the IP process. GO-PDMAEMA is dispersed into amine aqueous solution with different loading 
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concentration (0-0.020 wt%) during the IP process. In this research, the performance of six different 

sets of thin film nanocomposite membranes with different GO and GO-PDMAEMA loadings, which 

are TFC (0 wt%), TFNG-1 (GO-0.010 wt%), TFNG-P1 (GO-PDMAEMA-0.005 wt%), TFNG-P2 (GO-

PDMAEMA-0.010 wt%), TFNG-P3 (GO-PDMAEMA-0.015 wt%) and TFNG-P4 (GO-PDMAEMA-

0.020 wt%), have been tested and analyzed. The filtration experiments were performed using a cross-

flow filtration system. The membrane permeability increased upon the loading of GO and GO-

PDMAEMA into the amine aqueuous layer. This is because of the hydrophilicity nature of both GO 

and GO-PDMAEMA. As the loading of GO-PDMAEMA increase from 0-0.010 wt%, the membrane 

permeability increased, the highest at 9.75 LMH. The membrane permeability decreased slightly when 

the GO-PDMAEMA loading increased from 0.015 – 0.020 wt%. Nevertheless, the membrane 

permeability for all TFN membranes fabricated is found higher than unmodified TFC membrane. This 

could be attributed to the incorporation of GO and GO-PDMAEMA. Besides the hydrophiliciy, for GO 

decorated PDMAEMA, PDMAEMA could increase the interlayer spacing in between GO in which also 

aid in water molecules diffusion through GO layer. Thus, the improvement of water flux and 

permeability could be observed for all TFN membranes. For salt rejection, especially the divalent salt 

rejection, Na2SO4, for all the TFN membrane fabricated, the percentage of rejection are more than 95% 

with TFNG-P2 shows the highest rejection percentage, 98.2%, where as for TFC, the rejection 

percentage is the lowest, 93%. In order to evaluate the anti-fouling performance of TFN membranes 

fabricated, fouling test was carried out for 3 cycles, 5 hours for each cycle. Palm oil mill effluent (POME) 

which could cause severe environmental problems and pollution is utilized as foulant in this experiment. 

In each cycle, the test is begun with pure water filtration then followed by 5 hours of POME filtration. 

Upon completing 1 cycle, the membrane is washed. The flux recovery rate (FRR) for both TFNG-1 and 

TFNG-P2 membrane showed improvement as compared to TFC after completing 3 cycles of fouling 

test. This is due to the hydrophilic nanomaterials, GO and GO-PDMAEMA that able to form a 

protective layer and reduce the interaction between the membrane surface and foulants. This in a way 

minimize the deposition of foulants on membrane surface and hence improved the antifouling properties 

of the modified thin film nanocomposite membrane. In conclusion, the incorporation of GO-

PDMAEMA into PA layer has proven to enhance membrane permeability and antifouling properties 

without sacrificing the membrane selectivity ability. 
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Figure 1: Salt Rejection and Water Permeability of TFC, TFNG and TFNG-P membranes 

 

 

Table 1: FRR after 3 cycles of fouling 

Membrane FRR (%) 

TFC 79.3 

TFNG-1 84 

TFNG-P2 86.5 
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Extended Abstract 

 

Oil and chemical spills kill a myriad of marine animals, destroy aquatic habitats, and pollute the food 

chains. Carbon aerogels from natural polymers like cellulose have enormous potential for oil and 

solvent removal due to their porous structure, hydrophobic surface, and eco-friendliness. For the first 

time, carbon aerogels from pineapple leaf-derived  microfibrillated cellulose (MFC) were effectively 

and economically fabricated for dealing with oil and organic solvent pollution. MFC was first 

synthesized by using mild acidic hydrolysis and high-speed homogenization on the pineapple leaf pulp. 

Polyamide amine-epichlorohydrin (PAE) was then utilized to crosslink the MFC chains to produce 

cellulose-based aerogels that were further pyrolyzed to create carbon aerogels. The effects of inner gas 

flow rate and heating speed on characteristics of carbon aerogels were comprehensively studied. The 

developed aerogels were extremely lightweight (28.0-29.5 mg/cm3) and hydrophobic. Those aerogels 

exhibited excellent absorption capacity of 22.4-24.2 and 22.1-28.5 g/g for 5w30 oil and toluene, 

respectively. It was found that the nitrogen flow rate had an insignificant impact on the aerogel structure 

and removal efficiency, whereas the slow heating rate made the aerogels denser, thus leading to their 
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lower absorption capacity. Based on the results, our carbon aerogels are a promising candidate for 

environmental protection because of their ability to manage effectively oil and organic solvent-

contaminated water. 

 

Figure 1: Density and porosity (a), contact angle and absorption capacity (b), and SEM images 

(c) of MFC carbon aerogel as a function of nitrogen flow rate. 

 

Figure 2: Density and porosity (a), contact angle and absorption capacity (b), and SEM images 

(c) of MFC carbon aerogel as a function of heating rate. 
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Extended Abstract 

Al extract recovered from Al sludge in water treatment plant was utilized as an alternative Al source to 

impregnate biomass for biochar product. Korean pine residue biochar impregnated with the Al extract 

was used as a phosphate adsorbent and its adsorption performance was compared with reagent Al-

impregnated Korean pine residue biochars. Phosphate adsorption kinetics and capacity of Al extract-

impregnated biochar was close to that of the best reagent Al-impregnated biochar. The optimal pH for 

phosphate adsorption by Al extract-impregnated Korean pine residue biochar was around 6. The co-

existence of HCO3
- had a great influence on phosphate adsorption by Al extract-impregnated Korean 

pine residue biochar. The optimal dose of Al extract impregnated Korean pine residue biochar for 

phosphate removal was 5 g/L. P adsorbed Al extract-impregnated Korean pine residue biochar showed 

a high phosphate desorption (nearly 65%) and low Al release (about 15%) under citric acid condition. 
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Figure 1: Phosphate adsorption kinetics of Korean pine residue biochars 

Figure 2: Phosphate desorption of  Al extract-impregnated Korean pine residue biochar in 

distilled water and citric acid 

Figure 3: Al release of  Al extract-impregnated Korean pine residue biochar in distilled water 

and citric acid 
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Extended Abstract 

 

Recetly carbon neutrality is considered as one of energy policy basis in ther world since anthropogenic 

activities such as production, transportation, agriculture, and deforestation have inevitably generated 

huge greenhouse gases which contribute to climate change(Wet et al. 2020). As a result, various novel 

processes and technologies are being designed and tested in energy fields in order to minimize the 

emission of greenhouse gases and the change of global climate. Though oxy-fuel combustion regarded 

as promising and economical carbon capture technologies have been developed and commercially 

tested, high energy penalties from air separation unit (ASU) and carbon dioxide processing unit (CPU) 

still remain as biggest hurdle which must be solved. Therefore, supercritical carbon dioxide cycle (sCO2 

cycle) may become a practical solution because sCO2 cycle can increase power generation efficiency 

due to higher density, the reduction of work necessary for compression, and low expansion ratio. In this 

study, waste oxy-fuel combustion composed of ASU, circulating fluidized bed boiler, gas recirculatin 
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unit, sCO2 cycle, CPU and related auxillary equipments was designed and simulated with ASPEN PLUS 

shown in Figure 1(Ling et al. 2021).   

 

 

Figure 1: Waste Oxy-fuel Combustion with indirect sCO2 cycle 

 

For the evaluation of this novel process, wastes generated in Korea as a raw material is used to 

invesitgate the effect of operation values such as excess oxygen ratio, flue gas recirculation ratio, wet 

or dry recirculation, and oxygen concentration on overall conversion efficiency, CO2 concentration and 

gas concentrations. The 200ton/day oxy-fuel combustor was assumed to be a RGibbs reactor and was 

operated at 850°C. The operating conditions of the sCO2 cycle were applied at 760°C and 300bar. In 

addition, the recirculation ratios were between 0.60 and 0.80, and the oxygen concentration discharged 

from the ASU was set to 95 vol%. Since this novel process eliminates the neccessity of flue gas 

separation for CO2 capture, environmental facilities can be reduced, less compression work is consumed 

through recompression in the sCO2 cycle, and NOx and SOx can be simultaneously removed at high 

temperatures. Although the components of biomass are highly volatile, it was found that net efficiency 

was close to 35%. In addition, higher efficiency resulted from sCO2 cycle can compensate high power 

consumption generated from the ASU and CPU.   
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ABSTRACT 

Longitudinal studies are considered a pressing need that investigates the stability of the swine gut 

microbiota in Jeju-Black Swine. In this study, we examined the bacterial composition of the healthy 

swine fed with the feed additive containing Rhodobacter sphaeroides, and a normal diet was applied as 

a control.  The R. sphaeroides was continuously supplemented every day for 2 weeks and were 

alternated by the additional dairy diet without feed additive every day for 2 next weeks. The fecal 

samples were harvested after every 2 weeks to assess variation of microbiome diversity. High 

throughput sequencing of 16S rRNA genes was proceeded to address the significant changes in the 

microbiota community before and after treatment. The obtained results revealed that Firmicutes, 

Bacteroidetes, Spirochaetes, and Proteobacteria were observed as the four most predominant phyla at 

initial, 2 weeks, and 4 weeks time points of collected fecal samples. The α-diversity comparison showed 

there was no significant difference in the total number of species in each group at initial, 2 weeks, and 

4 weeks. However, the β-diversity analysis statistically identified the strong varieties. Genus Coenonia 

was unique present at an initial time while family Sphingobacteriaceae was only identified as a 

biomarker at 2 weeks of R. sphaeroides-fed group. Interestingly, the family Sphingobacteriaceae has 

been reported in improving egg production, egg quality, and eliminate fecal ammonia of laying hens as 

a probiotic role. R. sphaeroides-supplemented swine enhanced the lipid metabolism and biosynthesis 

of siderophore group nonribosomal peptides after 2 weeks of treatment and improved 21 significant 

metabolisms after 4 weeks. Furthermore, thirty-five crucial connectors and one module hub were 

achieved at 2 weeks after feeding with R. sphaeroides. This knowledge on Jeju-Black Swine study has 

been not discovered yet. Therefore, a longitudinal study is a necessary approach to address the gap 

information on microbiome challenges under the effects of the feed additive containing R. sphaeroides. 
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Extended Abstract 

 

Utilizing high surface area adsorbents such as MOFs is an appealing choice for the evacuation of heavy 

metals from wastewater. However, the stability and selectivity of MOFs for wastewater treatment are 

still a questionable challenge as the structure MOF may collapse upon exposure to the water [Li et al., 

2019, Rivera et al., 2016, Wang et al., 2015]. Recent research has shown that the hybridization of MOF 

with another component might give new materials that have similar characteristics with both the host 

MOF and material added. This combination could enhance the host MOF properties and may lead to a 

new type of designer hybrid material in various applications. These hybrid MOF has shown promising 

results in various application [Aijaz et al., 2014, Huang et al., 2017]. The consolidation of IL interior 

MOF has been demonstrated could enhance the performance of pristine MOF in terms of stability and 

reusability depending on its application [Kavak et al., 2019], however, the studies of the interaction 

between MOF framework and IL at molecular level still scarce. The fundamental interactions between 

the MOFs and ILs moiety (cation and anion molecules), especially the types of interaction play an 

important role in determining the stability, compatibility, and selectivity of this hybrid material. In this 

research, molecular docking calculation was carried out to identify the binding energy (ΔGbind) and 

binding affinity between UIO66 with TFSI-imidazole (EMIM, PMIM, BMIM) and TFSI-pyridinium 

ILs (BPYDM, EMPYDM, PMPYDM, BMPYDM). The binding energies were calculated using 

AutoDock software to find specific binding sites of IL toward MOF. The initial 3D structures were 

prepared using the default parameter in Autodock software. The IL was docked consecutively into the 

MOF cavity inside the gridbox (x, y, z) dimension to identify binding sites of MOF. From the results, 

both TFSI-imidazole and TFSI-pyridinium IL exhibited good interaction with MOF with binding 
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energy of -4.12 to -8.60 kcal mol-1 (Table 2). In the case of TFSI-imidazole, the addition of alkyl chain 

decrease the binding energy, meanwhile inconsistent ΔGbind value was observed in TFSI-pyridinium 

system when alkyl chain was added to pyridinium cation. In terms of binding affinity, the 

PMPYDM/TFSI has shown superior performance toward UIO66 with ΔGbind of -8.60 kcal mol-1. From 

docking structures, both anion and cation preferred to bind at the corner of the MOF pore which is in 

accordance with the previous study. Abbreviations—1-ethyl-3-methylimidazolium [EMIM], 1- propyl-

3-methylimidazolium [PMIM], 1-butyl-3-methylimidazolium [BMIM], 1-butylpyridinium [Bpydm], 1-

ethyl-4-methylpyridinium [EMPYDM], 1-propyl-4-methylpyridinium [PMPYDM], 1-butyl-4- 

methylpyridinium [BMPYDM], bis((trifluoro)sulfonyl)imide [TFSI], 

 

 

Table 18: Binding energies of TFSI-imidazole and TFSI-pyridinium for UIO66  

MOF ILs Binding Energies (kcal mol-1) 

UIO66 

EMIM/TFSI -4.25 

PMIM/TFSI -4.18 

BMIM/TFSI -4.18 

  

BPYDM/TFSI -4.23 

EMPYDM/TFSI -4.12 

PMPYDM/TFSI -8.60 

BMPYDM/TFSI -4.19 

 

 

 

 

  

 

Figure 54: The molecular docking structure of PMPYDM/TFSI-UIO66 (i) PMPYDM cation, (ii) 

TFSI anion 

(ii) 

(i) 
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Extended Abstract 

Abstract 

The overwhelming situation of complex energy demand, environmental pollution and risk to 

sustainability have led to the advent of microalgae. Microalgae may be grown in varying environments 

(i.e., pH, nutrients, temperature), non-arable land with less water footprint. Moreover, by capturing light 

through photosynthesis, microalgae produce larger quantities of oxygen, rich biomass and helps to 

mitigate CO2. Standing out in the list of most investigated microalgal species, there are the green 

microalga designated as Chlorella vulgaris. Chlorella vulgaris (size=2-10 μm) is a spherical, single-

celled, green, eukaryotic, and freshwater microalgae containing chloroplasts, cell wall and mitochondria 

and is known for its potential in biomass production, biofuel production and wastewater treatment. The 

strain of chlorella vulgaris is obtained from National institute of Environmental studies, Japan (NIES-

1269). Chlorella vulgaris NIES-1269, that is extensively being used as microalgae-based wastewater 

treatment processes. This study aims to couple cultivation freshwater species of microalgae  with the 

RWW at bench scale There is no study reported till date using freshwater species of microalgae to 

evaluate their potential in the removal of pollutants, nutrients, and FOG in RWW and this study provides 

the opportunity for experimental application at UTM Residensi.  While chlorella vulgaris was 

cultivated using AF6 under the optimized conditions of aeration (Air=2-3 L/min/CO2=2%) and 

illumination of 24:0 (light: dark) with a 80-110 μmol photons m−2 s−1 irradiance  (artificial fluorescence 

mailto:norhayati@utm.my
mailto:PauLoke.Show@nottingham.edu.my
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light) the growth of chlorella vulgaris is high. The paper will provide the details of growth, biomass 

concentration, productivity, pollutant removal and nutrient uptake potential of chlorella vulgaris. The 

study involves 2 conditions chlorella vulgaris grown with raw RWW and grown with RWW+AF6, with 

the control being the Chlorella vulgaris grown with AF6. The results shown below signifies that 

chlorella vulgaris has immense potential in the treatment of RWW. 

Pollutants Removal Nutrients uptake 

COD BOD FOG TSS TDS Co AN K TP TN 

94±4% 96±3% 92±5% 97±2% 80±5% 75±5% 95±4% 86±4% 98±2% 88±6% 

 

1.Introduction 

The physical and chemical treatment technologies usually employed for the treatment of RWW are 

difficult to install at the site, uneconomic, inefficient and are not environmentally friendly (Chen et al., 

2002, Dubeski et al., 2001) (Sastrawidana and Sukarta, 2018) Therefore, this study shall provide an 

alternate/potential solution for overcoming the issues associated with FOG generated alongside the 

RWW from the eateries situated at UTM Residensi. Hence, the usage microalgae may be a possible 

milestone in the treatment of RWW as it has been already used efficiently for the treatment of textile 

mill wastewater, petroleum wastewater, palm oil mill effluent (Hodaifa et al., 2017, Takáčová et al., 

2015). Nutrient supply is a constraint on microalgae production and sustainability at the same time 

microalgae cultivation can be water-intensive. These limitations will be overcome by the current study. 

 

 

 

2.Materials and Methods 

The wastewater sample (Restaurant wastewater) is collected periodically from the UTM Residensi 

complex periodically. The source of the collection is the central Gravity Grease Interceptor.Chlorella 

vulgaris is grown using AF6 medium in different conditions subjected for the treatment of RWW.The 

cultivation is carried out in 500ml vessel flasks. The optical density (OD) at 750 nm and dry cell weight 

concentration were used to assess microalgal growth. A UV–Vis spectrophotometer (UV-1900, 

Shimadzu, Japan) was used to measure the OD750nm of a 1 mL microalgae culture every alternate day. 

Biological Oxygen Demand (BOD), chemical oxygen demand (COD), potassium, ammoniacal nitrogen 

(NH3–N), total nitrogen (TN), and total phosphorus (TP) concentrations were all evaluated in 

wastewater. The Standard Method for the Examination of Water and Wastewater (APHA, 2012) was 

used for all analyses. 
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3.Results and Discussion 

The biomass productivity in terms of dry cell weight shows that the maximum biomass is obtained 

when chlorella vulgaris is grown with AF6+RWW that is about 580 mg/l as compared to 540 mg/l 

when it is grown with RWW. The values of removal are shown in the table above. The growth of 

chlorella vulgaris (control) is shown with the pre and post treatment samples of RWW(Figure 1). 

 

 

 

 

 

 

 

 

 

 

Figure 1: Growth conditions of chlorella vulgaris and RWW (Pre and Post Treatment) 

 

 

Conclusion 

The consequences related to the management and discharge of RWW containing FOG are severe and 

require utmost attention, sustainable management, and efficient treatment. The bioremediation of 

restaurant wastewater using microalgae will provide a novel study in the evaluation of the potential of 
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chlorella vulgaris in the treatment of pollutants and uptake of nutrients. The study will contribute 

significantly to circular bioeconomy as it will reduce the cost of nutrients and requirement of water for 

the bioremediation. The study will also contribute to 3 SDGs:clean water and sanitation, sustainable 

cities and communities and climate action.  
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Abstract 

Supported Ni catalysts widely used in ethanol steam reforming (ESR); however, it was seriously 

suffered by rapid deactivation due to coke deposition and high methane formation. In this study, the 

effects of Re addition on the catalyst activity and stability for hydrogen production from ESR is 
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evaluated. Small amount of rhenium (Re) promoted on Ni/Al2O3 catalysts is prepared by wetness 

impregnation method and characterized by various techniques such as N2 physisorption (BET method), 

and XRD. The characterization results show both Re and Ni particle are highly dispersed on the catalysts 

surface without any sign of aggregation. The experimental results indicate that 3%Re-Ni/Al2O3 catalyst 

provides considerably high reforming activity and excellent resistance towards carbon deposition in 

comparison with Ni/Al2O3. Promoting a small proportion of Re (3 wt.%) on Ni/Al2O3 causes a 

significant influence by greatly reduced CO formation from ca. 20% to less than 10% throughout the 

reaction time. High stability of the catalyst is observed as the reaction can perform over 60 h time-on-

stream without any deactivation. 

 

Keywords: Ethanol Steam reforming; Hydrogen; Re-Ni catalyst; Anti-coke formation 

 

1. Introduction 

Nowadays, much effort has been devoted for developing clean and highly active energy, which is 

motivated largely by a demand for solving energy crisis and environmental problems (Ahmad and 

Zhang, 2020). Hydrogen energy is of interest because hydrogen is the most common element in nature. 

Hydrogen has high calorific value (1.4×105 kJ/kg) compare with other fossil fuels, chemical fuels and 

biological fuels (Dömök & Baán et al., 2008). Hydrogen is an ideal energy carrier for the sustainable 

energy development as when it burns cleanly without emitting any environmental pollutants (Mazloomi 

and Gomes, 2012). At present, the production of hydrogen from liquid organic compounds has been 

proven to be an effective and successful synthetic strategy (Abdalla & Hossain et al. 2018). Among the 

candidates for hydrogen production, ethanol offers some advantages such as being easily produced by 

fermentation of biomass, low toxicity, and ease for transportation (Contreras & Salmones et al., 2014). 

It is also known that the application of ethanol for the production and the use of H2 as an energy is CO2 

neutral and does not result in any net emission of NOx, SOx, and others toxic compound (Fatsikostas, 

Kondarides et al. 2002). Therefore, ethanol steam reforming (ESR) is of interest for hydrogen 

production. 

 

CH3CH2OH(g) + 3H2O(g) → 6H2 + 2CO2   ΔHo
298 K = 174.2 kJ/mol    (1) 

 

Ethanol conversion by steam reforming consists of several reaction steps that require catalytic 

formulations: (i) ethanol dehydrogenation, (ii) C-C bonds breaking of surface intermediates to produce 

CO and CH4 and (iii) water reforming from C1 products to hydrogen. The type of active phase and 

support has a significant impact on the reaction pathway and the product distribution. The yield of H2 
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and the stability of the catalyst also depend on the control of these products. Therefore, the well-

designed of the catalyst is a crucial for the future development of hydrogen production technology. 

Among the numerous active phases, noble metal group (Rh, Pd, Pt, and Ru) exhibits an outstanding 

result by showing high activity and selectivity of hydrogen in the ESR (Palma, Castaldo et al. 2014). 

Nevertheless, the high cost of noble metal catalysts made it far from commercial use. Therefore, the 

most researched catalysts for hydrogen production via the ESR route which are much cheaper and 

widely available are Ni- and Co-based materials (de la Peña O’Shea, Nafria et al. 2008). The Ni-based 

catalyst was very well known for its high activity for C-C bond cleavage and high performance in H2 

production (Mathure, Ganguly et al. 2007). Comas et al. (2004) studied the ESR on Ni/γ-Al2O3 catalyst 

at temperatures between 573 and 773 K. The result showed that selectivity of 91% was found, however, 

large amount of carbon monoxide was also produced from the reaction. Nickel also seriously suffered 

from rapid deactivation due to coke formation and also the sintering of Ni particles (Sehested 2006). 

There was evidenced that the addition of Re could enhance the catalytic activity, selectivity, and long-

term stability in various reactions by raising the metal dispersion, which results in preventing 

agglomeration of particles and also facilitate water dissociation leading to improving the water gas shift 

activity (Pongsiriyakul, Kiatkittipong et al. 2021). In the present work, Re was promoted to the Ni/Al2O3 

catalyst to perform the hydrogen production from ESR to investigate the effects of Re addition on the 

catalyst properties along with the evaluation of catalytic performance, activity, and stability. 

 

2. Experimental 

2.1. Catalyst preparation 

The Re-Ni/Al2O3 catalysts used in this experiment were prepared through wetness impregnation 

method. Prior the preparation, commercially γ-alumina support was preheated in water bath at 80 oC 

then impregnated with the aqueous solution containing a theoretical amounts of nickel (II) nitrate 

hexahydrate (Ni(NO3)2,6H2O) and ammonium perrhenate (NH4ReO4). After evaporate the remaining 

water, the catalysts were dried overnight at 105 oC and then calcined at 600 oC in the presence of air to 

achieve 1, 3 and 5% Re-Ni/Al2O3 catalysts. 

2.2. Catalyst characterization 

The catalysts were characterized by various techniques such as N2 physisorption (BET method), XRD, 

SEM-EDX, and H2-TPR.  

2.3. Catalyst evaluation 

Steam reforming experiments were performed at ambient pressure in a fixed-bed quartz reactor (6 mm 

i.d., 500 mm length) placed in a temperature-controlled oven. Prior to the reaction, 100 mg of each 

catalyst was reduced with a mixed stream of 20% H2 in N2 (70 ml/min) at 500 oC for 150 min. After 

purging the reactor with N2 flow (55 ml/min) for 60 min, the temperature was then ramp to the reaction 
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temperature. A liquid mixture of ethanol/water (1.5 ml/h, 1:3 molar ratio) was introduced into the 

system by a syringe pump (NE-300 Just Infusion™). Inlet line was heated at 140 oC to vaporize the 

liquid mixture with N2 flow as carrier gas (55 ml/min). The condensable products were trapped with 

ice-salt cold trap, the dry gasses (non-condensable gas products) were then analyzed using an on-line 

gas chromatography (SRI-8610 C, USA) equipped with two columns (Molecular Sieve 5A and Silica 

Gel) and a thermal conductivity detector (TCD). 

 

3. Results and discussion 

3.1. Physicochemical Characterization 

Table 1 demonstrates physical properties of support and Re-Ni/Al2O3 catalysts. All catalysts 

exhibites type-IV isotherms of a mesoporous structure. A significant drop of surface area (SBET) from 

164.25 m2/g to 125.91 m2/g is observed upon loading Ni to the alumina support. The surface area is 

further slightly decreased after Re was introduced to the catalysts. This result might cause from partial 

blocking of the mesoporous structure by the added up metal species. 

 

Table 1: BET surface area, average particle size, mean pore diameter and crystalline size of the 

catalysts. 

Catalysts 
BET Surface area 

(m2/g) 

Average pore 

diameter 

(nm) 

Crystalline size 

(nm) 

Reducibility 

(%) 

Al2O3 164.25 5.98 - - 

10Ni/Al2O3 125.91 6.32 8.26 71.87 

1Re-10Ni/Al2O3 128.14 6.06 6.09 92.77 

3Re-10Ni/Al2O3 119.70 6.55 6.29 95.87 

5Re-10Ni/Al2O3 115.38 6.38 6.50 95.43 

 

 

 

The XRD patterns of the samples are reported in Figure 1. The XRD spectra shows the diffraction 

peaks at 2θ = 37.4°, 46.07°, and 66.9°, corresponding to (311), (400), and (440) crystal planes of γ-

Al2O3 with low crystallinity (JCPDS 29-0063), respectively (Andraos, Abbas-Ghaleb et al. 2019). The 

diffraction peaks located at 37.4° and 43.5° originated from NiO (111) and NiO (200) crystal planes 

(JCPDS 44-1159) (Profeti, Dias et al. 2009). However, by introducing Re to the system, the positions 

of the characteristic diffraction peaks are remained unchanged and rhenium oxide does not observe in 
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any rhenium doped samples. This result might be a high dispersion of rhenium species over the surface 

of alumina or rhenium phase id amorphous. Similar results have been reported in the Re-based catalysts 

over Al2O3 support, where no rhenium oxides was observed (Baranowska, Okal et al. 2014). Scherrer 

equation was further applied to estimate the crystalline size as shown in Table 1. The results reveal that 

bare Ni on alumina shows the crystalline size of 8.26 nm and by doping Re the crystalline size slightly 

decreases to 6.09 nm then slightly increases along with the Re amount loaded into the catalysts for up 

to 6.50 nm at 5% Re.  

 

 

Figure 1: XRD diffraction patterns of (a) 5% Re-Ni/Al2O3, (b) 3% Re-Ni/Al2O3, (c) 1% Re-

Ni/Al2O3, and (d) 10% Ni/Al2O3 

 

 

3.2. Catalytic activity and stability 

The catalytic activity of different amounts of Re loading (0, 1, 3, and 5 wt.% Re) on Ni/Al2O3 catalyst 

was evaluated at ambient pressure with the temperature of 650 oC. The complete conversion is found 

for all catalyst loading. Figure 2 shows product distribution of 10%Ni/Al2O3 in ESR at 650 oC. H2, CO, 

CO2, and CH4 are the major product during the entire reaction process. The H2 concentration is 

maintained at ca. 63% with a high amount of CH4 and CO. It is suggested that carbon-containing 

compounds are formed by additional reactions during the steam reforming of ethanol, which could be 

attributed to CH4 reforming (CH4 + 2H2O → CO2 + 4H2) (Zanchet, Santos et al. 2015). Interestingly 

results is found upon performing ESR with the Re-containing catalysts. Figure 3 illustrates the product 

distribution of 3%Re-Ni/Al2O3 in ESR at 650 oC. Although the major products formed are similar to 

the bare Ni catalyst, the CO concentration was considerably suppressed to less than 9%. This could be 

attributed to the higher reactivity of the water-gas shift reaction (CO + H2O → H2 + CO2) enhanced by 

the facilitative water dissociation of Re species (Kunkes, Simonetti et al. 2008). Moreover, a more 
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consistent flow of H2 with a concentration of up to 75% is detected for over 60 h on steam without any 

sight of deactivation, indicating long-term stability of the catalyst. 

 

 

Figure 2: Product distribution of 10%Ni/Al2O3 in ethanol steam reforming reaction at 650 oC 

 

 

 

Figure 3: Product distribution of 3%Re-Ni/Al2O3 in ethanol steam reforming reaction at 650 oC 

for 60 hr. 

 

4. Conclusions 

In this study, the bimetallic Re-Ni/Al2O3 catalysts were prepared by the wetness impregnation 

method to investigate the influence of Re addition on the catalytic performances of Ni/Al2O3 for ethanol 
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steam reforming reaction. The catalysts were characterized by numerous techniques including BET and 

XRD. The characterization results could confirm that Re-Ni/Al2O3 catalysts were successfully 

synthesized with a high dispersion of active metals over the catalyst surface. The presence of Re in 

bimetallic Re-Ni/Al2O3 catalyst caused the beneficial effect by significantly promoting the ESR 

reactivity from the suppression of CO formation during the reaction thus, increases the selectivity 

towards CO2 and H2. It is suggested that, during reaction, the NiO particles on the Al2O3 support are 

stabilized and the sintering process is effectively suppressed by the incorporation of Re. Moreover, the 

additional of a small amount of Re could facilitate the water dissociation resulting in higher WGS 

reactivity as well as promoting long-term stability with up to 60 h without any deactivation observed. 

It could be concluded that, with sufficient NiO sites, the collaborative effect of Ni–Re, and brilliant 

stability contribute to the excellent catalytic performance of Ni–Re/Al2O3 catalysts for the steam 

reforming of ethanol. 
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Abstract 

Pollutant of emerging concerned such as 4-chloro-2-methylphenoxyacetic acid (MCPA) is carcinogenic, 

recalcitrant and persistent herbicide in the environment. Efficient removal, optimization and the binding 

interaction by metal-organic framework (MOF), response surface methodology (RSM) and molecular 

docking simulation are presented. The MOF was characterized using Fourier transformed infrared 

spectroscopy (FTIR) before and after adsorption. The FTIR show that the MOF maintained a stable 

crystalline after adsorption. The MIL-101(Cr) show high adsorption capacity and efficiency of 233.576 

mg/g and 97.05% within 25 minutes of equilibration time at optimized conditions due to the porous 

nature of the MOF. The RSM provided minimum number of significant experimental runs using 3D 

graphical representations. The binding orientation and affinity of the MCPA and MOF show that the 

molecule is better adsorbed within the internal pore of the MOF.  The findings show that the MIL-

101(Cr) form a stable complex and good selectivity with the MCPA molecule and the experimental 

design can be used for efficient wastewater treatment process. 

 

Keywords: Pollution Control; Optimization; Modelling; Adsorption; Metal-organic framework 

Response surface methodology.  

 

1. Fourier transformed infrared spectroscopy (FTIR) 

Figure 1 describe the FTIR spectra for MIL-101(Cr) before and after adsorption of MCPA 

mailto:khairulazhar.jumbri@utp.edu.my
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Figure 1: FTIR Spectra of MIL-101(Cr) before and after adsorption 

 

 

The broad peaks at 3433/3367 cm-1 (Figure 1) is attributed to the stretching vibrations of OH group 

due to the presence of residual water molecules in the MOFs  (Gao et al., 2018). The existence of 

intense peaks at 1621 cm-1 and 1581 cm-1 denotes the C=O and C-O stretching of the terephthalic 

acid in the MOFs  (Liu et al., 2013).  

 

2. 3D interactive surface plot 

 

The MCPA adsorption by MIL-101(Cr) is described by the 3D graph showing the simultanous 

interaction of all parameters at a time. The curvatures of the plot (Figure 2(a)) depict the presence of 

multivariate interaction during the adsorption process. The optimized condition for the efficient 

adsorption capacity were gotten at contact time ~ 25 minutes, initial concentration 50 mg/L, 

adsorbent dosage 20 mg, pH 4 and temperature 40°C. The contour lines that show points of identical 

responses in two dimensional planes are presented in Figure 2(b) 
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Figure 2: (a) 3D interactive plot  (b) contour lines showing optimum adsorption capacity 
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Extended Abstract 

 

We report here the results of structural, electrical and magnetic properties in the Pr0.67Ba0.33MnO3 

(PBMO) perovskite manganite which was prepared by solid state method. Structural, morphology and 

chemical composition were examined by x-ray diffraction, rietveld structure refinement, scanning 

electron microscopy and EDX analyses. The compound exhibit a single phase with orthorhombic 

perovskite structure with Pnma space group without any impurities. In addition, fourier transform 

infrared spectroscopy (FTIR) reveals that the Mn-O bonds appear at 600 cm-1. Electrical resistivity  

measurements showed a transition from metallic behavior to insulating behavior with two peaks of 

metal-insulator at 𝑇𝑝1=193 K and 𝑇𝑝2=158 K as the temperature was increased. In addition, magnetic 

susceptibility versus temperature measurements showed ferromagnetic (FM) to paramagnetic (PM) 

transition with Curie temperature, 𝑇𝐶=212 K.  
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Abstract 

 

The structural, electronic and optical properties of  Sr2NiTeO6 and Sr2ZnTeO6 double perovskites have 

been studied using combined experimental and first principle approaches. X-ray diffraction patterns 

showed that both samples were crystallized in monoclinic symmetry with I2/m space group. Rietvield 

refinement analysis revealed that the unit cell volume were higher in Zn-substitution structure. The 

morphological scanning electron microscopy reported that the grain sizes decreased as Zn was present 

in the structure. The UV-vis diffuse reflectance spectroscopy conducted for both samples found that the 

optical band gap energy, Eg, for Sr2NiTeO6 and Sr2ZnTeO6 were 3.71 and 4.14 eV, respectively, where 

the range of Eg is classified as wide band gap semiconductor. For first principles calculation, the 

Hubbard U parameter for the treatment of highly strong Coulomb repulsion among electrons in 3d/4f 

orbitals was included in LDA+U functional. The U values were set at 8 eV at Ni 3d orbital only. The 

calculated crystal volume structures for Sr2NiTeO6 and Sr2ZnTeO6 samples were 247.813 and 247.841 

Å3, respectively, which consistent with the XRD data, the calculated crystal volume higher for Zn 

substitution. Besides, the calculated electronic band structure reported that the electronic Eg were 1.723 

and 0.757 eV for Sr2NiTeO6 and Sr2ZnTeO6, respectively. The electronic properties were further 

investigated by density of states of Sr2NiTeO6 and Sr2ZnTeO6 double perovskite compound and showed 
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that there was a significant effect on hybridization of Ni 3d and O 2p states at the conduction and 

valence band, respectively. 
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Abstract 

 

A series of LiM1-xZnxPO4 (M= Fe, Mn) compounds with x= 0, 0.1 and 0.2 for lithium-ion batteries have 

been synthesized by solid state reaction and their structures have been characterized using XRD, NPD 

and magnetic susceptibility measurement. All samples are single phase and indexed to an orthorhombic 

structure with Pnma space group. The unit cell volume decreased with increasing substitution of Zn2+ 

ranging between 291.391 Å3 to 293.136 Å3 for LiFe1-xZnxPO4 and 300.727 Å3 to 304.503 Å3 for LiMn1-

xZnxPO4. The magnetic susceptibility measurements show that the 1/χm-χo decreases corresponding to 

the influence of non-magnetic Zn2+ doped in M-site. All samples exhibit AFM ordering below the TN 

which decreased at higher Zn2+ doping. The magnetic structures of LiFe1-xZnxPO4 and LiMn1-xZnxPO4 

compounds were characterized using propagation vector k= (0 0 0) indexed with Pnma’ and Pn’m’a’ 

space groups, similar to magnetic structures of undoped samples. 
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Figure 55: Structure of olivine type LiFePO4 viewed along the b-axis. The FeO6 octahedra are 

show in yellow colour , PO4 tetrahedra in blue colour, Li atoms in green  and O atoms in red. 
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Extended Abstract 

 

In this paper, Sr2–xCaxNiWO6 (x=0, 0.02, 0.04, 0.06) were synthesized using a solid state reaction method 

and the crystal structure, optical and dielectric properties of the compounds were studied using X-ray 

diffraction (XRD), UV-vis diffuse reflectance spectroscopy (UV-vis) and electrochemical impedance 

spectroscopy (EIS) respectively. The Rietveld refinement of XRD confirmed that the compounds 

crystallized in a tetragonal structure with a space group I4/m. The UV-Vis analysis revealed that the 

band gap energy of the compounds decreased from 3.17 to 3.13 eV as the amount of doping increased 

from x=0 to x=0.06. The dielectric characterization showed that the dielectric constant (ε’) and dielectric 

loss (tan δ) for all compounds possessed a similar trend where it was higher in low frequency area (~1 

Hz) and dropped instantaneously with the enhancement of frequency up to 1 MHz until it reached 

constant values. The increase in ε’ values from ~550 to ~845 from x=0 to x=0.06 could be attributed to 

the decrease in crystallite size of the compounds. In addition, compound with x=0.06 exhibited the 

lowest dielectric loss at low frequency region approximately at 6.  
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Extended Abstract 

 

Pure and Ag-doped NdMnO3 were synthesized using the conventional solid-state reaction route to 

investigate the structural and electrical properties of both samples. The crystal structural, 

morphological, and optical properties of both samples were determined using X-ray diffraction (XRD), 

Fourier Transform Infrared spectroscopy (FTIR), and four-point probe. The Rietveld refinement 

showed that the compounds crystallized in orthorhombic structure, with the decrease in volume from 

233.50 (x = 0) to 231.03 (x = 0.3) with the increase of lattice parameter b from 5.56 to 5.69, respectively. 

FTIR spectra showed that absorption bands were located within the range of 580 - 600 cm−1, which 

corresponded to the Mn–O stretching vibration. The resistivity curve shows a decrease when Ag was 

doped into the sample. Under external magnetic field of 0.8 T, the value of resistivity of undoped sample 

decrease, while the value of resistivity of doped sample remains unchanged. The insulator region of the 

resistivity curves was fitted well using variable range hopping (VRH) and small polaron hopping (SPH) 

models. The hopping distance, Rh and energy hopping, Eh at 150 K were decrease due to the distortion 

of the MnO6. Other than that, the values of activation energy, Ea decrease as Ag was doped, and when 

external magnetic were applied, indicating that the delocalization of charge carrier was increased for 

this system. 
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