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ARTICLE INFO ABSTRACT

Article history: Abundant of palm oil waste creates huge potential in producing biogas. Technically,
Received 22 May 2021 biogas can be fed as an input gas into the fuel cell system to get the electricity output.
Received in revised form 23 July 2021 This paper aims to estimate the life cycle costs and environmental impact for the biogas
Q\C/Z?IZ:)TS j;lij:;yzioiigust 2021 feed to the solid oxide fuel cell system in two different models: Individual System and
Centralized System. Then the system boundary-setting starts from palm oil plantation
until the fuel cell system. The result indicates that the individual system is more efficient
due to lower cost and emission compared to the centralized system. Life cycle cost for
the individual and centralized system is RM 2.56 / kWh and RM 7.04 / kWh,
respectively. Then the carbon dioxide emissions are 0.2034 CO5.¢q / kWh and 0.61 CO,.
ea / kWh. Hopefully, the outcome from this paper will be able to assist the decision-

Keywords: maker in planning to model the fuel cell combining with biogas system in the future.
Biogas; Solid Oxide Fuel Cell; Life cycle Apart from that, its objective is to focus on cost-efficient and more sustainable
cost; Life cycle assessment electricity generation.

1. Introduction

Nowadays, the world is moving to renewable energy consumption. This is due to the limitation
and drawbacks of conventional type of energy resources [1]. Figure 1 shows the percentage of
renewable energy consumption per final energy consumption for ASEAN countries. Myanmar is the
leading country in this contact, where up to 85% of energy consumption are from renewable energy.
Unfortunately, the pattern showing a decrease. Malaysia's renewable energy consumption only goes
up to 5.2 % with the increasing trends. This country is enriched with a vast amount of renewable
energy resources such as biomass, solar, small hydro, wind and ocean. These mentioned resources
could be the potential alternative fuels as power generation feedstock. Moreover, Malaysia already
considered renewable energy as the fifth fuel energy resources as stated in the Fifth Fuel Energy
Policy [2]. Sustainable Energy Development Authority Malaysia (SEDA), mention that the
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improvement of renewable energy project will contribute to total fuel mix that projected to increase

[3].
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Fig. 1. The percentage of renewable energy consumption in ASEAN countries

The injection of the fuel cell as one renewable energy is still in the early stage in ASEAN countries.
The application of fuel cell can provide a million advantages compared to conventional energy
resources.

In Malaysia, the government has identified hydrogen fuel cells as crucial research for
development since the Eighth Malaysia Plan (2001-2005). From 1997 to 2013, RM40 millions of R&D
funds have been allocated by the Ministry of Science, Technology and Innovation (MOSTI) for the
research of hydrogen fuel cells. The targets set for hydrogen energy development in Malaysia are as
defined in the Hydrogen Roadmap. In the final phase, hydrogen should be used as fuel for
automobiles (using fuel cell), fuel-cell combined heat and power (CHP) and as energy storage [4]. The
study under the EU-funded DEMOSOFC project, demonstrated the optimum output of 3 modules
with 58 kW each. They designed it into three main units: (i) the biogas cleaning and compression
section, (ii) the three SOFC power modules, and (iii) the heat recovery loop [5]. The article in [6],
briefly discussed the advantages and constraints related to integrating the biogas with the solid oxide
fuel cells. Feeding biogas toward the solid oxide fuel cell was recognized for cost-effectiveness and
technical issues regarding this combination clearly state in this article [7].

Palm oil wastes are potential in producing the biogas. In Malaysia, the utilization of these wastes
as energy fuel can be considered too small compared to country’s plantation and agricultural yield
[8]. Biogas is primarily composed of methane gas and carbon dioxide. It also inclusive of trace
amounts of nitrogen, hydrogen, and carbon monoxide. Raw biogas contains 50%-65% biogas (CHa),
30%-45% carbon dioxide (CO), hydrogen sulphide (H;S) and other impurities. The most potential and
commercialization of palm oil wastes are using POME in producing biogas.

This paper aims to identify the most critical process of life cycle in terms of environmental and
economic toward fuel cell-based electricity generation for two different system design. Figure 2 show
the concept apply in this study.
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Fig. 2. Concept applied in this study

2. Methodology
2.1 Case Study

This study considers electricity production using Solid Oxide Fuel Cell (SOFC) fuelled by biogas
which is implements in Kedah. Kedah is situated in the northern region of Malaysia with a total area
of 9500 km? of coverage. In 2017, Kedah Oil Palm planted area was reported at 87,538.00 ha which
consists of 10% overall land available in Kedah. Five palm oil mills registered under Malaysia Palm Oil
Board (MPOB) [9] will be chosen as a case study in this research. Table 1 list all the Palm Qil Mill in
Kedah registered under MPOB. The highest potential of biogas production is at Setia Kawan Kilang
Kelapa Sawit Sdn Bhd (E). Hence, in optimising the design whilst considering the minimum cost and
its environmental impact, the fuel cell system should be based in this location.

Table 1
Palm oil mills in Kedah registered under MPOB
Company Latitude, Longitude Biogas Production, m3 Label
Arah Kawasan Sdn Bhd 5.308823606859161, 98285.94 A
100.70285936913425
K.K.S Taclico Company Sdn Bhd 5.520067373237114, 88505.04 B
100.55668774299988
Kilang Kelapa Sawit Batu Lintang  5.210964741282499, 88505.04 C
100.61125011137673
KKS Sungai Dingin 5.989421384159305, 125909.36 D
102.11935387868736
Setia Kawan Kilang Kelapa Sawit = 5.438444637970821, 148847.15 E
Sdn Bhd 100.6086530322949
Solid Orient Holdings Sdn Bhd 5.690455562836122, 134662.46 F

100.69784585083194

Fuel cell-based electricity generation as biogas as input gas was model refers to two conditions,
(i) individual and (ii) centralized. In the individual model, each mill (A-F) become the location of fuel
cell electricity generation. For the centralized system, Mill E is chosen in locating the fuel cell due to
the availability factor. While (A-B-C-D-F) mills will transport their biogas to the system storage then
feed into the fuel cell system. The fuel cell system is considered as solid oxide fuel cell that suitable
for feeding input biogas. The Eq. (1) until (4) is applied in determining the fuel cell capacity and the
electricity output [10].

Life cycle assessment (LCA) is used in order to estimate the environmental impact by applying the
Gabi software. All the data for environmental assessment are taken from previous research [10-12].
Figure 3 and Figure 4 were the system boundaries applied in this study.
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2.2 Individual System

Figure 3 shows the individual system for fuel cell-based electricity generation. This system starts
with Plantation — Biogas Production — Pipeline Transportation — Fuel Cell System. The biogas
production estimating 1 m3 of pome will produce 19 to 29 m3 of biogas were referred to the
literatures, that stated in the [10-12].

Pipeline transportation is used to feed the biogas to the fuel cell system [13]. The close google
map with satellite base map is setting to identify the best location for fuel cell system. It is located
based on the nearest and available empty area surrounding each mill [14]. Refer to Figure 3 for the
pipeline length for each parameter. Then, Eq. (1) is used to calculate the pipeline transportation cost
[15]. Where Crp is the pipeline transportation cost (RM), Pp is for the cost of transportation via
pipeline (RM/km), Vy is biogas volume (m3) and d is the distance to the fuel cell system.

CTP=Pvab><d (1)
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Fig. 3. Individual system for fuel cell based electricity generation

2.3 Centralized System

In this system, only one location is chosen for electricity generation. Mill E is set as fuel cell system
location. Biogas production in each mill will transport to the Mill E. In this design, there will be biogas
storage located at Mill E. In order to transport biogas to the selected mill, the truck with 12.4 tons is
selected due to distance of the mill to the centralized fuel cell between 14.2 km to 36.6 km. Equation
2 is used to calculate the cost for transportation via truck of biogas to the fuel cell system. Where
CTT is for truck transportation cost (RM), P is the cost of transportation via truck (RM/km), vy is the
biogas volume (m3) and d is the distance from biogas production to the biogas storage (km).

CTT:PTvaXd (2)
Generally, palm oil mills do not install separate biogas storage tanks. This is due to its high costs

[16]. There are various types of biogas storage. For example, double membrane gas storage has
advantages like lower implementation cost, long life cycle, ease of installation and much safer [12].
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Eqg. (3) is used to calculate the storage cost. Cs is the storage cost (RM) and vy is the biogas volume
(m3).

Cs = —12.918v, + 750004 (3)
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Fig. 4. Centralized system for fuel cell based electricity generation
3. Results and Discussion

This section divided into two-part. The first part will discuss the result from both systems applied,
(i) individual system and (ii) centralized system. Then the critical process for both systems will be
discussed in the next section. Figure 5 shows the comparison result for both, individual and
centralized system. The centralized system contributes about 60% higher in global warming potential
compared to the individual system. Based on system boundary setting in Figure 3 and 4, the
contribution to global warming is 1.5 kg CO2-eq / kWh and 1.86 kg CO2-eq / kWh. However, the study
from [17] with the GHG emission range between 0.2 kg COz-ea/kWh to 0.36 kg CO2-eq/kWh was due
to dissimilar design of system boundary. While the study in [18], contribute about 0.105 kg CO2-q
when reducing the system boundary size that concentrates only at fuel cell system. Based on Figure
5, indicates that the three-process contributing to global warming are the storage process,
transportation process and plantation process. Related to this, it is confirmed that different set of
system boundary will affect the overall result of life cycle assessment.

Figure 6 shows the environmental impact toward the LCA of each process in the system boundary.
Based on Figure 6, this study shows that proper design for the storage and transportation process
are urgently needed in order to reduce the environmental impact. For both individual and centralized
system, the contribution toward global warming is 60% higher with truck transportation compared
with pipeline transportation. Obtained that the relationship between CO,-tq with distance is equal to
4.1 g COz.q / km via truck transportation. The distances of the mills (A-B-C-D-E-F) to the fuel cell
system vary between 14.2 km to 36.6 km. The study found in [6], indicate that the energy balance
can be negative for origin feedstock when the transportation distance is more than 425 km.
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Fig. 5. Comparison results for individual system and centralize system
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Fig. 6. Environmental impact toward LCA of each process setting in system
boundary (Figure 3)

The relationship between the GHG emissions and electricity generation is where x is the
parameter of electricity generation (Figure 7). According to the previous study, the GHGs emissions
are from 200 to 600 kg COz.eq [19].

GHG emissions, y =0.1057x + 1.583 4)
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Fig. 7. Relationship between GHG emissions and electricity generation

Figure 8 shows the percentage contribution of climate change per electricity generation for the
involved process. Biogas storages show a decreasing pattern when increased electricity generation,
99% to 54% of total contribution toward climate change impact. However, the transportation process
shows an increasing pattern when increasing the electricity generation from 13% to 36% of total
COzeq emissions. Each km length emits about 0.000041 COzeq per kWh electricity generated. Based
on the sensitivity analysis, three processes that really contributes toward the GHG emissions are the
storage process, transportation process and plantation process. According to [11], the emissions for
NOx, SO2, HCI, HF, and organic compounds are all below detection limits in the exhaust gas. Carbon
dioxide emissions for fuel cell is about 110 kg/ MWh [13].
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Fig. 8. Percentage Contribution of climate change per electricity generation
Life cycle cost for both individual and centralized system are RM 2.56 / kWh and RM 7.04 / kWh,
respectively. However, the study from Italy found that the life cycle cost for fuel cell is € 0.1532/kWh

[20]. According to [21], about 71% cost reduction is required to enable the fuel cell penetrating the
current market. Figure 9 shows the relationship between the cost and carbon dioxide emissions. The
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individual system has lower both in cost and emissions compared with the centralized system. For
each mill (A-B-C-D-E-F), it increases from 66% and up to 83% for carbon dioxide emission, while for
cost, it increases from 63.6% to 75.9%.
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Fig. 9. Life cycle cost versus carbon dioxide emissions (a) Individual system and (b)
Centralize system

4. Conclusions

This study aims to identify the most critical process of life cycle in terms of environmental and
economic toward fuel cell-based electricity generation. As such, two different system design which
consist of (i) individual and (ii) centralized system design has been used.

For the individual system, each mill will be producing fuel cell-based electricity generation that
contributes 40% less carbon dioxide emissions compared with the centralized system. The most
critical processes are storage and transportation due to high consumption in cost and its
environmental impact. Life cycle cost for both individual and centralized system are RM 2.56 / kWh
and RM 7.04 / kWh, respectively. Then the carbon dioxide emissions are 0.2034 COtq/ kWh and
0.61 CO2-eq/ kWh. Hence, individual system design provides the optimum result in term of economic
and environment impact.

Considering overall work, these comprehensive studies view critical process that can be used in
optimizing opportunities designing the model of fuel cell-based electricity generation which related
to economic and environmental perspectives. Adoption of this model requires a serious business
model and the firm support by the government is needful.
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