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ABSTRACT 


The rapid development o f Malaysia has contributed to the abundance of landfill 

leachate generated day by day. Leachate consists of toxic organic pollutants that can 

contaminate the ground and surface of waters if discharged without complying with the 

requirements Envirorunenta l Act 1974. One of the treatmcn ts that can be used to treal 

leachate is by us ing Mic rob ia l Fuel Cell (MFC). The microbia l fue l cell is a device that 

cons ists of a bro-e lectrochem ica l sys tem that convel1s c he mical e nergy into ~kctrica l 

energy. MFC needs to be sca led -up to implement the systems for large-sca le use. The 

~tudy on the parallel configuration MFC and indi vIdual-doub le chamber MFC v. as 

examined. The Parallel Configuration MFC does not ha ve a signi fi cant effect on the 

perfonnance of treating landfill leachate than the Individual Dual Chamber :VIFC. 

Besides , thi s stud y demonstrated that Parallel Configuration MFC unable to scale- up the 

power dens ity as the Individual Dual-Chamber MFC generated more significant power 

density compared to the Parallel Configuration MFC. Other than tha I. the employme nt of 

leachate as substrates in MFC has proved a signii1 cant enhancement in generating power 

density compared to the reported studies in which natural wastewaters were employed as 

substrates in MFCs. 

Keywords Microb ial Fuel Ce ll. Leachate , Parallel Confi guration , Dual -Chamber. 
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ABSTRAK 


Perkemhangan pe at Malaysia telah menyumbang kcpada banyaknya larutan 

pcmbuangan s3111pah yang dihasi lkan dari hari ke hari . Leachate terdi ri daripada bahan 

pcnccmar orblJnik bcracun yang dapat 111encemari tanah dan pcrmukaan peralran jika 

dibuang tanpa mematu hi kehendak Akta Alam Sckitar 1974. Sa lah sa tu rawatall yang 

boleh digunaka n untuk merawal lanlt lcsap adalah dengan menggunakan sel bahan bakar 

mikrob (MFC). Se l bahan bakar mikroha adalah peranti yang re rdiri daripada sistcm bio­

e lektrokimia ya ng menguba h te na ga ki111ia menj adi te naga elektrik. M FC perl ll 

d itin gkatkan un tuk 111 ene rapkan sistem ulltuk penggu naa n skala besar. Kaj ia n mengcnai 

M f'C konfigu rasi se lari dan MFC ruang individu-dua te la h d ipe riksa. MfC koniigurasi 

selari tidak me111punyai esan yang signifi kan terhadap preslasi 111engolah pelupusan 

sampah di te ll1pat pemhlwngan berband ing dengan Indi vid ual D ua l Chambe r MFC. 

Se lain itu , kaji an ini menunjukkan bahawa MFC ko nfigurasi selari tidak dapat 

meningkatkan k tumpa tan kuasa kerana Jl1dividLial Dual-Ch amber MFC mengbasi lka n 

kepadatan ku asa yang leb ih kctara berbanding M FC konfi gurasi se lari. Selain itu, 

penggunaan lanil an le sen sebagai substrat di MFC tclub mCll1 buktl kan peningkatan yang 

signifikan dalam menghasi lkan kcpadatan kuasa berbanding dengan kajian yang 

dilaporkan di mana air buanga n semula jadi di gunakan sebaga i substrat di MFC. 

Kata kunci : Se l Bahan Bakar M ikrob , Leachale, Konfigurasi Se lari , Dual-Chamber 
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CHAPTER 1 


INTRODUCTION 


1.1 Electricity ou rccs 

Acco rdin g to de Li ra Quaresma et a l. (201 8) , in 1973 , non-renewJble ~ourccs 

accou nted fo r 87. 6 % of the global energy mix , and the percen tage decr ascd to R!i .2% in 

20 14. Even though there IS a sign of deple tion of non-renewa ble sources. the energy 

demand is getting hi gher due to global economic growth and resulting in the elevatlol\ o f" 

the amollnt of greenhouse gas emls ions. 

N umerous countries have been escalating the numbe r ofrenew3hle energy sources 

in thei r energy mix to mini mize the emission of carbon dioxide and meet the requiremen ts 

of international agreements. The introducti on of renewable energy sou rces resu lting in 

the di versIfication of electricity generation sources. E lec tricity gene ration sources are 

wind , solar energy, hydropower, and biomass. 

However, utilizi ng renewable energy as fu el to generate electri city faced some 

challenges due to the effect of the irregular alternation phases , spec ifically for (wind and 

su n) and the merit o rder on electri cit y prices. T hus, the reliabili ty of the electricity by 

using renewable energy sources supply may be reduced. Overloading tariff pa yments on 

the customer mi ght occur due to the inefficient support systems for rc newables energy In 

generatin g electrici ty. On the other side , so lar PY power generation of electricity could 

improve economic acti vity (Marques et a i , 2019). 

1.2 Electricity Sources in Malaysia 

Fossil fuel s dominate the electri cit y sec tor in Ma laysia, and thi s may result in 

increas ing the vo lume o f C02 and other pollutants. Malaysia's demand for electric ity has 

grown tremendo usly for 33 yea rs until now, and the energy conservation policy (Energy 
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Com mission Act 200 I) in Ma laysia has improved along these lines (Shekarchian et aI. , 

201 1). Malaysia has implemented ex tensive energy conservat ion to minimize the rate of 

growth in the consumption of energy. Malaysia has a variety of power plants such as 

biomass. mini -hydro, gas turbine, conventional thenna L and di ese l hydro. A few 

examples of Mala, s ia's power plant can be found in Tahle 1.1. Recently, the country has 

decided to use coa l us th e primar source of energy gas 10 minimi ze fossil -fue l reliance 

(S hekarchian cl a I. , 2011 ). 

Table 1.1 List of Power Plants in MalaYSIa 

Type o f Location Reference 

Power Plant 

Hydropower 

Biomass 

Gas-nred 

Oi l-fired 

Coa l-fued 

(Thennal) 

ilakun Dam, ' arawak 

Bentong Biomass Energy Sdn. Bhd. 

Sepanggar Bay Power Plant , Sabah 

Sandakan Power Corporation Plant , 

Sabah 

Sejingkat Power Corporation Plant, 

Sarawak 

(I ntcm alional Hyd ropower 

Association, 2020) 

(Babcock and Wilcox 

Volnml. 20 15) 

((V[ahpar, 211 16) 

(G lobal Energy 

Observatory, 20 13) 

(Baruya, 20 I0) 

Throughout 20 13, apart from hyd ro , the share of renewab ies in the power mi x was 

onl y 0.2% (Energy Commi ss io n, 20 12). Malays ia also ranks third after Indones ia and 

T hai land as the main carbon dioxide emitte rs in South East ASIa. [n 20 13, there was a 

signifi cant increase in the amount o f C02 emissions where it quadrup led the number of 

emissions in 1990 from 56.6 Mt to 236.5 M t. In compa ri son, 54 .8% of gross C02 

pollution accumulated in 2013 alone in the ene rgy sector (The World Bank Data , 20 19). 

Malaysia has signed the Paris Agreement, where 35% of greenhouse gas emi ssions are 

uncondit ionall y eliminated and 10% of greenhouse gas emissions from advanced 

countri es by 2030 re lat ive to 2005 rates (Haiges et a1. , 2017). 

Malaysia has to reduce the negative environmenta l impact o f ge nerating 

electricity whil e providing adequate electricity to escalate econom ic growth. To do that, 

the most effective, quickest, and most inexpensive method is to decarbon ize the electric 

2 



power sector (Carls on, 2014) . Hydropower is deemed the front-line contender in the 

decarbonization campaign among the numerous rcnewabl e electricity sources available. 

Hydropower is the mos t preferred source of renewable energy in gene rating 

electncit y. lt emits negligible amounts of CO, pollution and can he lp to reduce the 

environmental issue caused mainly by fossil fuel bllming in generating elec tricit y. 

Bes ides, implementing a hydropower syslem may reduce the cost of tariffs since it does 

not depend on volatility in gl obal fossil fuel market prices (Bello ct aI, 2018) . 

1.3 Was te a, Alterna li\'c Ellerg~ 

The US Department of Energy stated that munic ipal so lid waste (MSW) can be 

used as an alternative source of energy and has ,everal advantages Oil th~ produc tion of 

fu el and electncity (USDOE, 2017). For instance, leachate is avallable at affordable prices 

and can al so be collec ted by using the existing waste co ll ection and separation system . 

In tenns of industri al, waste feedstocks from landfill s can be used a~ the fue l in 

generating eleclricity through the process ofbio-electrochemih try where it can reduce the 

cost and slmultaneously prevents or reduce the pollution that might occur with landfill 

Greenhouse gas emissions generated from landfills has been emitted 11 5. 7 Mt C02 in 

200 5 (USEPA , 2017). Waste-deri ve fuels can be used as alternati ve energy sources since 

they can be more economic-environmentally fri endl y compared to foss il fuel. 

Several biochemica l processes and thenmochemical processes are current ly in 

progress to take advantage of these benefits (Lee et aI. , 2016). For example, anaerobic 

diges tion has been used to produce blogas and renewable natural gas from food waste. 

Fennentation procc~ ses pro ducing bioethanol from municipal soltd wa ste al so had been 

explored 

Municipal solid waste can be converted to fuel through the process of redox 

reaction (Chen et aI. , 20 14). Other than that , was te can be converted to bio-oil , where it 

can be further hydro-processed to produce gasoline and diesel (Wang et a!., 201 5). Syngas 

i, :~ e nera t ed through the gas ifi cation process and can be converted into various fueb such 

as Flscher-Tropsch diese l and jet (Lee et a!. , 2014) . 
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1.4 l\licrohial Fuel Cell (M 'C) 

A microbia l fue l ce ll (MFC) is a device that cons ists of a bio -electrochemical 

sy't~m that utilizes the power of ac robic microbe to generate e lectri cit y in wast~\\ater 

(Santoro et a I. , 20 17). rn general , the MFC is a fuel cell that uses ox idation-reduction 

reactions to turn chemica l energy into electricity . 

There are man y differe nt poss ible config urations for MFCs. A commonl y used 

and inexpcnsive model is a dual-chamber MFC designed which usually consists of two 

bottles or cllbe boxes made of pl exiglass connected by a separa tor pipe that is generally 

a cation exchange membrane (CEM) or known as pro ton exchange membrane-like 

Nafion , Ultrex or a p la in sa lt bndge. The PEM is install ed in the middle of lh .. tube 

connecting the chamber. However, the tube ltself is not necessa ry, as long as the two 

chambers are ~epara ted. T he simple H-shape systems MFC is shown below in Figure 1.1. 

V 

,-'-­ -'­

Electrode j 
'--­ '--­

L Chamber ~ 

, --r 
[' Bridge (Membrane) 

Figure I. t Simple H-shape systems MFC (Vi & Harper, 2009) 

I.S Prohlem Statement 

Oil and gas are estimated to decline in 30 more yea rs at current resource level 

growth. Malays ia has to restructure its balance of electric it y generation to address the 

threats mentioned above. The government of Malays ia has dec ided to build a 2.0 GW 
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nuclear power plant as part of the so lution, which is expected to be in service by 2030 

(Ali et aI, 2012). 

After the 2011 nuc lear di saster in Fukushima Daiichi , some countri es were forc ed 

to close their nuc lear pla nt as a securi ty act to their natio n. Th is acc ident ha raised the 

percepti on of MalaYS Ians that nuclear technology has its exiSting ri sks. Therefore, the 

possibility of a nuclear power supply is no longer acceptab le to the communit y. Other 

long-term viable solutions for generatl11g elec tncity in Malays ia need to be explored 

(Ha iges et aI. , 201 ') 

MFC has been considered as one of the effective ways to generate e lectricity 

effi ciently with low cost and environmentally fri end ly. MFC can generate electnci ty and 

treat wastewater ,.ilnult aneously. Therefore, leachate can be used as the ~ubsirate a, the 

amount of leac hate in Ma lays ia has been increas ing due to urban izati on. Landli llicachate 

IS an environmentall y hazardous effluent and is c rea ting a massi\c problem for land fill 

opera tors and the envi ronment . Interest in trea ti ng this effl uent is growing economica ll y 

and environmentall y towa rds sll stainable soluttons (Ga lvez ~t aI. , ~O()9). 

MFCs sca lability is heavily studied to implement the system for a more sJ gnificant 

sea le application (Logan. 20 IG). Previous studi es that related to scaling up MFC have 

shown that larger volumc MFC systems often faced severallimitallons. Nevertheless, the 

max imum current dens iti es produced by MFC between 10 and 25 A ,'1112 are recorded, 

showing an unreasonab le amount of powe r for sma ll electrica l app li ances (Rabaey et aI. , 

2010). 

Electric connecti vity is one of the poss ible arrangements in scaling up the systems. 

The MFC system can be connected in series or Parallel or the combi:lation of Parallel and 

series depending on the desired output of voltage (L IU et aI., 2008). The electrical 

confIguration affects the ionic cross-conduction and resulting in the generation of the tota l 

production of power (Zhuang and Zhou, 2009), 

Based on the prev ious studies , multiple MFCs with the larger electrode surface 

area were connected in se ries fluidicall y impro ved power output and e ffic ienc ies in 

treatment (Ga lvez et aI. , 2009). Sca led-up sediments MFCs we re e lectrica ll y connected 

in Para lle l, and the comparison between sca led-up and single-equi va lent sediments MFC 

has been made. Based on the ou tcome of the study, the power ou tput for both systems is 

similar for five months. After five months, the sediments MFCs that connected in Parallel 
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,rarted to deliver higher power ou tput (Ewing et a I , 20 14). Another stud y showed 

parallel -connected MFCs outperformed M FC connec ted in series during the treatment of 

swine wastewa ter in their , et-up (Zhuang et aI, 2012). 

[n respon s~ to thi prob le m, a study proposed that it is possible to scale up power 

by using smaller-sized individually operated dual-chamber MFC a" the enlargement of 

the size of the reactor decreases the power and current densities significantly (Gajda et 

aI , 2018) . To demonstrate the electron ic sca le-up approach, dual-chamber MFC wa~ 

operated (called a dual- chambe r MFC), and two Independent dual-chamber MFC (called 

scaled-up MFCs) and leachate were used as the sub, rrate . 

J.6 Re ea rch Obj~ct i \'es 

This proj ect aims to treat leachate by using parall el configuration M FC and 

generating electricity s llnultaneously. This research focllsed on three objectives. anti It IS 

as fo llows: 

I. 	 To study Ihe perfonnance of Parallel Configuration MFC ill leachate treatment ; 

2. 	 To investigate the influence of MFC confi gurat ion towards wastewater 

parameters using statistical analysis and 

3. 	 To study the capability of Parallel Contl gurati on MFC with leachate substrat e 111 

generating elec tri c ity. 

1.7 Scope of the Study 

The main focus of thi s research is on treating landfill leachate by using pa ra llel 

configuration Microb ial Fue l Cell (MFC) and generating the electriCity simultaneously. 

The selected parameters such as the initial and final for Biological Oxygen Demand 

(BOD), Chemical Oxygen Demand (COD), Total Su spended Solid (TSS) , pH , Iron (Fe) 

and Manganese (Mn), Tota l Ammo niaca l N itrogen (TA N). The comparison be twee n 

Indi vidual Dual-Chamber MFC and Parallel Configuration MFC was made to determine 

the performance of both configurations in treat ing landfi ll leachate and generating the 

electricity simul taneousl y. 
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