Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 81, Issue 1 (2021) 18-25

2
Journal of Advanced Research in Fluid b
” Mechanics and Thermal Sciences s

Journal homepage: www.akademiabaru.com/arfmts.html
ISSN: 2289-7879

Solid Oxide Fuel Cells Fueled with Biogas in Malaysia: A Review of
Potential

Shafini Mohd Shafie®”, Zakirah Othman?, Norsiah Hami!, Salmah Omar?, A Harits Nu'man?

1 School of Technology Management and Logistics, College of Business, Universiti Utara Malaysia 06010 Sintok, Kedah, Malaysia
2 Universitas Islam Bandung, Jalan Tamansari No. 20 Bandung 40116, West Java, Indonesia

ARTICLE INFO ABSTRACT

Article history: The limitations of conventional energy resources have encouraged worldwide research
Received 23 October 2020 on various types of energy in electricity generation. Fuel cell-based electricity
Received in revised form 10 February 2021 generation creates a huge potential in the energy industry. This paper aimed to study

Accepted 15 February 2021

- ! the potential of biogas in Malaysia to be fed into the direct biogas solid oxide fuel cell
Available online 11 March 2021

(DB-SOFC) system. The data obtained from the Malaysian Palm Oil Board (MPOB),
Energy Commission (ST) and Department of Statistics Malaysia were used in this study.
The analysis showed that in 2019, Malaysia had the potential to generate biogas of
about 877.53 million m3/year. The characterizations of the DB-SOFC system with a
capacity of 200 kW from Bloom Energy were applied in this study. The result indicated
that Malaysia’s potential to generate about 2006.9 MW of electricity from biogas solid
oxide fuel cells was approximately 6% of the total electricity capacity in the country.
When compared with the conventional biogas’ combined production of heat and
power (CHP), the DB-SOFC gave 76.95% more performance in electricity generation.

Keywords: Therefore, this study finding provides a positive impact on the biomass industry in
Solid oxide fuel cell; biogas; Malaysia; Malaysia. Extensive research and development (R&D) are needed in order to penetrate
review this fuel cell system into Malaysia’s energy industry landscape.

1. Introduction

Malaysia is highly dependent on non-renewable energy resources, whereby in 2016, 48% of
electricity was generated from coal, 38% electricity was from natural gas, and the rest of electricity
was from hydropower with other forms of renewable energy resources [1]. Malaysia is highly
dependent on fossil fuels in electricity generation. Therefore, the increasing global coal price will
increase the pressure on the power generation industry, consequently affecting the increase in
electricity price in Malaysia [2]. This is because coal is completely imported into Malaysia, in which
63% of coal is imported from Indonesia, 24% is from Australia, 11% is from Russia, and 2% is from
South Africa [2]. Besides, the emission of carbon dioxide is increasing due to the increasing use of
fossil fuels for electricity generation [3]. Furthermore, Malaysia will face the issue of fossil fuel
depletion in the future due to the increasing energy demand.
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Malaysia has very big potential to develop the biogas industry [4]. It is the second largest
manufacturer in the world, which contributes 2.05 million tonnes of the world’s palm oil production
[5]. This is due to Malaysia being a tropical country that receives an average of 250 centimetres of
rainfall per year that is suitable for oil palm plantation [6]. The types of waste produced from palm
oil manufacture processes are such as empty fruit bunches (EFB), palm oil mill effluents (POME), palm
kernel shells (PKS), oil palm leaves (OPL), and oil palm fronds (OPF). According to [7], as Malaysia is
one of the main producers of palm oil biomass sources for bioenergy production, there is a crucial
need to thoroughly certify the sustainability of biogas production from POME. The anaerobic
digestion of POME produces another valuable product that is biogas. Biogas can reduce the
dependence on fossil fuels and replace them because it contains methane and is sufficient to
generate electricity and heat. About 75% of palm oil waste are left to rot in oil palm tree plantations
for nutrient recycling, while the remaining 25% palm oil waste in the forms of EFB and PKS are directly
burned to generate electricity for palm oil mills [8].

Biogas is an alternative renewable energy resource. It is produced from anaerobic digestion
rather than the fossil fuels from geological process [9]. Biogas can reduce dependence and replace
fossil fuels because it contains methane and it sufficients to generate electricity and heat. Biogas can
also be used to fuel the gaseous car to move [10]. Besides, biogas can produce biomethane.
Biomethane is consisting of 98% methane, which is produced by removing water hydrogen sulphide,
nitrogen, oxygen, ammonia, siloxanes and particulates. Biomethane have potential economic
opportunities in certain areas can replace natural gas to produce chemical product [10].

Biogas is a gas that consists mainly of methane, carbon dioxide, and slight amounts of nitrogen
and hydrogen. However, only a small amount of palm oil waste is processed to produce biogas
because it is still not fully developed in Malaysia [11]. The Energy Commission recorded that Malaysia
had less than 1% electricity generated using biogas in 2016. Therefore, biogas is a very potential
energy resource to be utilised by the country. Biogas is a biofuel that produced from the microbial
fermentation of organic waste [7]. It is gas that produced by the organic substrates under the
anaerobic environment, among the complicated organic matter is decomposed by anaerobic
bacteria. The biogas consists approximately of 55 to 70% methane, 30 to 45% carbon dioxide and
other trace gases such as oxygen, carbon monoxide and hydrogen sulphide [12]. When the organic
waste disposed in an environment that absent of oxygen, they will be decomposed and released the
biogas. The process is called anaerobic digestion. Besides, biogas is carbon neutral because the
carbon of the biogas is from the organic waste that fixed from atmosphere carbon dioxide. Therefore,
carbon dioxide will not increase although burning biogas will release carbon dioxide. In addition, the
organic wastes will sustain to grow and available, which means it is highly sustainable.

1.1 Anaerobic Digestion

Anaerobic digestion is one of the thermal processes. Anaerobic digestion is a biological process
that turns biodegradable matters into methane and carbon dioxide by numerous microorganisms in
the environment without oxygen [13]. There are 4 stages in anaerobic digestion, which are hydrolysis,
acidosis, acetogenesis, and methanogenesis [13]. Figure 1 show the Anaerobic process for biogas
production.
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Fig. 1. Anaerobic process for biogas production
1.2 Fuel Cell

Fuel cell is a device that converts hydrogen or gas into electricity through chemical reaction.
Dissimilar with a battery that needs to be charged regularly, fuel cells can continuously produce
electricity as long as the energy resource is provided. Several foreign companies such as Fuel Cell
Energy, a USA fuel cell company, have successfully developed biogas to power fuel cells. Byucksan
Engineering is the first successful case of utilising biogas-fed fuel cells in a used water treatment plant
in Busan to generate electricity in Korea [19]. Typically, there have several types of fuel cell like solid
oxide fuel cell (SOFC), polymer electrolyte membrane fuel cell (PEMFC), carbonate-based electrolyte
fuel cell (MCFC), alkaline fuel cell (AFC), phosphoric acid fuel cell (PAFC), and direct methanol fuel cell
(DCFC). Each of them has different application for example PEMFC most suitable for transportation
application. High flexibility of SOFC make it applicable for variety of gas including biogas [20].

The Malaysian government proposes the initiative to increase the consumption of renewable
energy in energy mix through several programs such as Small Renewable Energy Power Program
(SREP), Biomass-Based Power Generation and Cogeneration in the Palm Oil Industry (BioGen) project,
and research by the Federal Land Development Authority (FELDA) [7]. From the year 2000, Malaysia
has run several energy policies to promote as well as improve the utilisation of renewable energy
resource in the country. Table 1 shows the energy policies in Malaysia.

Table 1

Energy policies in Malaysia

Year Policy

1975 National Petroleum Policy

1979 National Energy Policy

1980 National Depletion Policy

1981 Four-Fuel policy

2001 Five-Fuel policy

2006 National Biofuel Policy

2010 National Renewable Energy Policy and Action Plan

This study estimates biogas data on the actual production and future potential and presents the
potential of electricity generation by using direct biogas solid oxide fuel cells (DB-SOFC).
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2. Methodology

This study starts with calculated the potential of biogas production from palm oil waste especially
the POME. At the same time, identify the available fuel cell that most suitable for operating with
biogas. The process diagram is showed in Figure 2.
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Fig. 2. Process diagram of the study

The data used in this study were obtained from the Malaysian Palm Qil Board (MPOB) [5], Energy
Commission [1], and Department of Statistics Malaysia [21]. In estimating the electricity generation
from fuel cells, Eq. (1) until Eq. (4) from this literature [22] are used in this study. The parameters
applied in this study are listed in Table 2 below.

$B106as = Mpiogas/t (1)
t=E/P (2)
Mgio6as = Q/LHV (3)
Q = BTU/7sorc (4)

Table 2

Parameters applied in this study

Parameter Value Reference

Caloric value of biogas 53000 kcal m3  [23]

Low heating value of biogas  22.19MJ kg™ [24]

Fuel cell efficiency 60% [25]

Heat rate in BTU 6295 [22]
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It is assumed that one tonne of crude palm oil will produce about 2.5 tonnes of POME [26]. In this
study, the ratio of biogas and POME is set at 35 [27]. The plant operating in this study is estimated
the whole year.

3. Results and Discussions

In 2019, Malaysia could produce about 134 MW of plant capacity by using biogas as the main fuel
in boilers. Currently, Malaysia only generates about 45.01 MW of biogas plant capacity [28]. It means
that only 33.5% of biogas from palm oil waste is being utilised in the country’s electricity generation.
This is a huge potential in feeding the unused biogas into the fuel cell system. Figure 3 shows the
production of biogas and plant capacity from 2014 to 2019.
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Fig. 3. The production of biogas and plant capacity

Figure 4 demonstrates Malaysia’s electricity generation capacity and electricity generated by DB-
SOFC. It indicates that the country installed electricity generation capacity from 2014 up to 2018. It
seems that fuel cells could potentially contribute up to 5.5% of the total electricity generation mix in
the country. Fully utilising the available POME for biogas production into the fuel cell system could
achieve the target of fuel cells in electricity generation to produce about 3000 GWh in the year 2035
[29].

The highest installed capacity was 1007.94 MW of electricity in the state of Sabah. Peninsular
Malaysia had the potential to generate 2117.83 MW of electricity. Figure 5 shows the state potential
of installed capacity in biogas fed solid oxide fuel cells.

It shows that the DB-SOFC performance was 76.95% higher as compared to biogas-based
electricity generation in Malaysia. However, blending other biomass resources in producing biogas
could increase the number of plant capacity in certain states. For example, more research needs to
be conducted on blending paddy waste in Kedah to generate biogas. Figure 6 demonstrates the
performance comparison between biogas and DB-SOFC based electricity generation for each state in
Malaysia. Fuel cells provide high efficiency in electricity generation as compared to the conventional
type of biogas in producing electricity.
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Fig. 5. State potential of installed capacity in biogas fed solid oxide fuel cells
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Fig. 6. Performance comparison between biogas and DB-SOFC based
electricity generation for each state in Malaysia
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4. Conclusion

In 2019, Malaysia potentially generated biogas of about 877.53 million m3/year. Therefore,
Malaysia has the potential to generate about 2006.9 MW of electricity from biogas solid oxide fuel
cells, which amounts to approximately 6% of the total electricity capacity in the country. Sabah is the
highest state that potentially applied for DB-SOFC. When compared with the conventional biogas’
combined production of heat and power (CHP), the DB-SOFC gave 76.95% more performance in
electricity generation. More aspects such as technology, economic, and cost are needed to be
considered in future research even though the capability in terms of resources is fulfilled in Malaysia.
The penetration of fuel cells in Malaysia’s electricity generation mix greatly needs strong support
from the government by implementing a new policy towards a sustainable country.
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