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Abstract. New energy and renewable widely available in Indonesia. One
of them is the biomass that can be used with gasification technology.
Biomass is an organic matter to which derived from biological materials.
This research was used integration gasification system with a gas engine,
which works more properly with CO, and Hz. The advantage of this
biomass power plant compared the environmental impact on other types of
plants such as coal-fired power plants, diesel power plants, etc. Therefore
the potential of environmental impacts was generated, it is necessary to
calculate quantitatively through the life cycle assessment methods. This
research aimed to calculate impact assessment on electricity production
from a Biomass Power Plant system through a life cycle assessment with
boundary cradle to grave in Indonesia. The study revealed that greenhouse
gas (GHG) emission of electricity production from an empty fruit bunch
palm oil mill was 0.15 kg CO2-eq kWh-. The gas engine was the highest
GHG emission contributor during its life cycle. Empty fruit bunch as a
source of biomass for electricity production was considered as climate-
friendly power plant system due to its potential in reducing GHG emission
from palm oil production and released lower GHG emission.
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1 Introduction

Indonesia has a huge number of renewable energy sources, like biomass. Installed capacity
power plants Indonesia now 53 585 MW, where the potential energy biomass is the largest
of renewable sources of energy that owned by Indonesia [1]. Biomass is organic matter to
which derived from biological materials. Biomass is a potential energy resource and there
are several pathways, such as physical, thermal, chemical and biological, to generate
energy. Unlike fossil fuel, biomass as renewable fuel has an advantage in maintaining a
closed carbon cycle with no net increase in atmospheric CO; levels [2]. Biomass takes
Carbon out of the atmosphere while it is growing and returns it as it is burned. The increase
of CO; emission from fossil fuels has a dominant influence on the atmospheric CO;
concentration that eventually results in rising global temperature and sea level [3].
Moreover, its negligible sulfur and nitrogen are the main advantages of using biomass for
preventing acid rain [4].

There is the potential number of biomass produced from palm oil industry. The biomass
from palm oil industry can be clasified into oil palm fronds (OPF), oil palm trunks (OPT),
empty fruit bunch (EFB), palm kernel shells, mesocarp fibre and palm oil mill effluent
(POME) [5]. The oil palm EFB is one of the high carbon content biomass, which is
currently used as a combustion boiler fuel with very low efficiency. It contains cellulose,
hemicellulose, and lignin, which have high carbon and hydrogen contents, comparable
with hard wood [3]. In 2030, it was estimated that there would be a production of
54 x 10° t of empty fruit bunch. However, this empty fruit bunch is rarely to be utilized and
usually turns into a waste product or as a source of fertilizer. In order to reduce the waste
capacity from an empty fruit bunch and to obtain the potential energy, this biomass from an
empty fruit bunch should be utilized for electricity production through a biomass power
plant system. Qil palm is also said as an emitter in all stages of its life, but the use of oil
palm biomass can reduce the emissions produced. According to Shuit et al. combustion of
oil palm biomass does not contribute to net amount of carbon in the atmosphere as carbon
is assimilated during plant growth [6].

The utilization of an empty fruit bunch through a biomass power plant system can be
conducted by using biomass gasification. Gasification is a thermo-chemical conversion of
biomass into a valuable gaseous product [7]. The gasification of biomass allows the
production of a biosynthesis gas or ‘bio-syngas”, consisting primarily of CO, CO,, Hy,
CH4, Nj, LHV and tar component [8]. It also produces solids (such as char, ash) and
condensable products like tars and [9]. The process of gasification consisting of four stage
of the process on the basis the difference range temperature conditions, which is drying
(T > 150 °C), pyrolysis (150 °C < T < 700 °C), oxidation (700 °C < T <1 500 °C), and the
reduction (800 °C < T < 1 000 °C). The results of pyrolysis in the form of charcoal
subjected to the process of combustion and a reduction process that generates a gas H, and
CO [7]. Proper gasification biomass can deliver energy for generating electricity as a source
of renewable energy. One of the advantages of this biomass power plant is that it has a
smaller environmental impact compared to other types of plants, such as coal-fired power
plants, diesel power plants, and others. Therefore to ensure how much potential
environmental impacts are generated, it is necessary to calculate quantitatively through the
life cycle assessment method. This research aims to calculate impact assessment on
electricity production from a biomass power plant system through a life cycle assessment
with system through a life cycle assessment with system boundary cradle to grave in
Indonesia.
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2 Materials and methods
2.1. Research boundaries and assumptions

This research is limited to these conditions:

i.  This study is branded with a “cradle to grave” life cycle assessment, which is from
material acquisition namely land preparation until electricity production through
biomass power plant system to consumer (user) and the end-of-life.

ii. The data used for analysis within the range of seed preparation to harvesting is
secondary data from numerous sources, which presents the typical in Aceh Province
Indonesian oil palm plantation activity.

iii. The electricity production from empty fruit bunch from palm oil involve some
processing activities namely a) land preparation, b) seedling, c) planting,
d) fertilizing, e) protection, f) harvesting, g) palm oil mills h) biomass tank,
i) reactor, j) cyclone, K) wet scrubber, I) filter 1, m) blower, n) filter 2, 0) gas engine,
p) user and the end of life (Figure 1 shows flow chart analysis of empty fruit bunch
biomass processing from palm oil cultivation as source for electricity production).

iv. Impact analysis is carried out to analyze greenhouse gas (GHG) emission based on
life cycle assessment (LCA) method.

v. Most of all, data used in the life cycle inventory (LCI) is based on Aceh Province in
Indonesia’s condition.

vi. The functional unit (FU) of this study is 1kWh.

vii. LCI analysis was performed based on data collected from oil palm plantation in
Aceh Province, Indonesia.

viii. Transportation from seedling to plantation area and from plantation to palm oil mills
was also considered.

ix. The distance of electricity production (biomass power plant system) to end-user
assumed 2 km distribution away.

P eTrp—
" . el § '
TOu _ Kwentices o poox ol Vo N——
wewn s s ure
-
" ' "
-t meliont ~eccnry 2 7 TR ... O -
. et ' & Padc et L} .
] ,..‘, ...... ‘"“ r ! ; 28 narvem - et
[ T
e, o
X - [
¥ | o torced [T T '
bar - < roME e
; ‘ : . ’
- .t 4 - ¥ l‘ - ~o | i il
} ! 4 - 4
- — st 1 = ”
o » leaas v - | n
] — e A S| - ~
e v : ¥ oy
CRADLE TO GRAVE " | e
- - ™ - dow |
for Power Plant Biom ass v .
) il -t
| v -
- - Blo oo
' '
ad ot ut s - .
}
2 e o
- LR T " las
P—— o Lt
13 na .
a - -
+
ot of Wf

Fig. 1. The illustration of boundary condition for this study
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2.2. Processing empty fruit bunch into gasifier

Gasification of the oil palm EFB was carried out using reactor. The oil palm EFB feedstock
was weighted and introduced into the reactor by inserting dried empty fruit bunch into the
biomass tank. The amount of biomass inserted into the operation of generators for 8 h. The
water in full content has been prepared. Gasifier panel turned on, all turned water pump,
ensure that water can circulate. Then the gas generators are ready, valve with a new source
of gas to which the vote, and pressed the button to open the generator will be able to
operate on the use of gas fuel gasifier. The detail gasification system is presented in
Figure 2.
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Fig. 2. The scheme of gasification system

Description: 1) Charging biomass tank, 2) Biomass tank, 3) Reactor, 4) Cyclone, 5) Wet
scrubber, 6) Water tank, 7) Filter, 8) Blower, 9) Engine gas Genset with Cap.50 kW, 10)
Air inlet nozzle (valve 1), 11) valve 2, 12) Valve 3, 13) Exhaust gas, 14) Valve 4.

The design type downdraft gasification for this study is a type of fixed-bed gasification
with the direction of airflow from bottom to top. The advantages of this type of downdraft
are not overly sensitive to tar and can easily adapt to the amount of biomass feed. Gases of
combustion of this type of downdraft gasification work bypassed on the oxidation of
combustion by means of flow pulled down so that the gas produced will be cleaner because
the tar and oil will be burned.

2.3. Source data and problem formulation

Data used for analysis is collected in four methods, i.e.:

i. Survey to obtain related data of the object being studied, relevant sources, used
parameter and others associated in the research.

ii. Literature study.

iii. Consultation and interview from a related authorized person including government
agencies, private sector and academician.

iv. The direct measurement carried out in the laboratory and field.

v. The collecting data of primary data from PT.PN 1 Lhoksukon-East Aceh, and private
company national in Aceh Province, i.e.. PT.SPS 1 and 2 in Nagan Raya,
PT. Soxfindo in Nagan Raya, PT. Kurnia Tanah Subur in Meulaboh, PT.PKS in
Biureun, and oil palm plantation from people, i.e., Nagan Raya Districts, West Aceh
Districts, East Aceh Districts, Biureun Districts, and Lhokseumawe Districts.
Secondary data which obtained from national and international journal, student field
practice report on oil palm, undergraduate thesis, graduate thesis, relevant research
report, and also publication released from national private plantation companies.

https://doi.org/10.1051/e3sconf/202018800018
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3 Results

3.1. Life cycle inventory, material, and energy consumption

Starting from the quantity and source of empty fruit bunch which was collected from palm
oil mill, the palm oil plantation material and energy to produce empty fruit bunch need to
be investigated. Then, material and energy consumption during electricity production in the
biomass power plant system also needs to be investigated afterward. The first step in the
development of palm oil plantation is land preparation. Land preparation activities are
usually conducted by the utilization of primary or secondary forest. Before planting,
seedling activities were conducted during 12 mo which seed as the seedling source. Total of
136 trees ha™ has been planted. In the development phase, various fertilizer compounds
such as N, P, K, Mg, B, and organic fertilizer as well as various plant pests has been applied
in a very intensive way.

Palm oil trees start to produce after 30 mo, with the number of production was 8 t seed
ha’. Crude Palm Qil (CPO) was produced in the palm oil mill as well as this stage also
produces an empty fruit bunch which then was utilized as a source of biomass for electricity
production. Fruit empty bunch inserted into the gasification system. Gasification of the oil
palm EFB was carried out using a reactor and supported by a gas engine to produce bio-
synthesis gas. Electricity was used for wet tar scrubber and blower process stage. Glass
wool and zeolite were used for the filtering process. Lead-acid battery, lubricant oil, coolant
radiator, and filter were used for gas engine applications. Detail description of sixteen sub-
processes involved in LCI for electricity production is shown in Table 1. Material and
energy used for 1 kwh from biomass power plants are shown in Table 2.

Table 1. The detail description of life cycle on electricity production from fruit empty
bunch biomass from palm oil mill with boundary cradle to grave

Input activities

Component

Oil palm

(1) Land
preparation

Early land uses

Primer & secondary forest

Soil fertility

Fertile

Tree, diameter > 60 cm

26 trees ha*to 100 trees ha?!

Tree, diameter > 30 cm

Approx. 2 500 trees ha™*

Coarse grass

10 to 30 groups m=2

Soil tillage Effective soil depth 50 cm to 150 cm
Plant above the soil surface Nuts
(2) Seedling Seedling time 12 mo
Seedling source Seed
(3) Planting Plants width space ImMx9mx9m
Number of plants 136 ha!

Number of hole

50 m x40 m x40 cm

(4) Fertilizing

Fertilizer compound

N, P, K, Mg, B, organic fertilizer

Intensity

Very intensive

(5) Protection

Plant pest

Many Kinds of pest presents

(6) Harvesting Start to produce 30 mo
Production on stable 8tseed hat
productivity
Edible/non-edible Edible
(7) Palm oil mills Production of crude oil By milling
Value of FFA <2
Ratio of FFB to crude oil 21 %

Produced biomass

Empty Fruit Bunch

(Continued on next page)
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Table 1. Continued

Input activities Component Qil palm
(8) Biomass Tank - -
. . 900 mm (OD) x 1 000 mm
(9) Reactor Dimension (height )
. . 580 mm (OD) x 1 766 mm
(10) Cyclone Dimension (height )
. . 5 tubes x 300 mm (OD) x 1 750
(11) Wet Scrubber Dimension mm (long) x 1300 mm (height)
. . . 700 mm (long) x 700 mm
(12) Filter 1 Dimension (wide) x 700 mm (height)
(13) Blower Power 1HP
. - . 700 mm (long) x 700 mm
(14) Filter 2 Dimension (wide) x 700 mm (height)
(15) Gas Engine Capacity 50 KW
(16) User Distribution using cable 2km

Table 2. Mass and energy flow for 1 kWh electricity of empty fruit bunch biomass from

palm oil mill.
Process Mass and Energy Unit Quantity

(1) Land clearing | Herbicide kg 2.90E-05
Diesel for toppling & clearing | 1.61E-05

(2)Seedling Fungicide kg 1.85E-05
Insecticide kg 1.27E-06
Meister of Fertilizer kg 1.93E-06
Chemical fertilizer/Urea 0.2 % | 2.68E-05
Organic fertilizer kg 8.12E-05
TSP/SP36 kg 2.55E-06
Muriate of Potash (K) kg 2.20E-08
Dolomite kg 4.39E-08
N-P-K-Mg (mixing) kg 1.48E-05
Electricity for water pump kWh 6.38E-04
Pesticide kg 4.37E-06

Transportation Diesel fuel for truck 5 t | 1.17E-04

(3) Planting TSP/SP36 kg 2.30E-04
Organic fertilizer kg 3.87E-06
Rock Phosphate (RP) kg 2.91E-05
KCI -

(4) Fertilization Urea kg 4.41E-03

For 5 yr TSP/SP36 kg 1.78E-03
Rock Phosphate (RP) kg 3.67E-03
Sulphate Ammonia (ZA) kg 1.09E-03
Muriate of Potash (K) kg 4.82E-03
Kieserite (MgSOa) kg 2.84E-03
HGF-B (HGF-Borate) kg 1.83E-04
CuSO, kg 8.72E-05
ZnS04 kg 3.78E-05
LSD kg 1.31E-03
Organic fertilizer kg -

(Continued on next page)
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Table 2. Continued

Process Mass and Energy Unit Quantity
(5)Protection Insecticide kg 6.35E-05
For 5 yr Pesticide kg 7.53E-05
Diesel for sprayer & |
fogging 1.32E-05
(6) Harvesting Diesel fuel for truck |
10t 1.20E-04
(7) Palm oil mill Electricity from grid kWh 1.05E-03
Steam consumption kg 1.43E-03
Water consumption m3 2.11E-05
PAC kg 6.37E-07
Flocculants kg 2.20E-09
NaOH kg 5.49E-07
H2SO04/HCI kg 5.49E-07
Tannin concéntrate kg 2.42E-07
Poly Perse BWT kg
302 2.42E-07
Alkali BWT 402 kg 2.20E-07
Fiber/Shell kg 6.86E-04
Transportation Diesel fossil fuel | 1.13E-04
(8) Biomass Tank | Empty Fruit Bunch kg 1.60E-00
(9) Reactor - - -
(10) Cyclone - - -
(11) Wet tar Electricity for water kWh 9.50E-03
Scrubber pump m? 7.13E-02
Water consumption
(12) Filter 1 Zeolite kg 3.30E-04
(13) Blower Electricity kWh 1.19E-02
(14) Filter 2 Glass wool kg 9.90E-06
(15) Gas Engine Lead acid battery Unit 1.08E-05
Lubricant oil | 1.32E-04
Radiator coolant | 1.39E-03
Filter Unit 2.20E-05
(16) User Cable connector km 2.00E-00

3.2. Life Cycle Impact Assessment

The result of this study was the Life Cycle Impact Assessment of electricity production
through biomass power plant system. This study consist of cradle to grave system
boundary, which calculated the environmental impact of the raw material acquisition to the
user and the end of life. Total GHG emission was 0.152 kg CO,-eq kWh. This study result
showed that the gas engine was the significant number of GHG emission followed by
fertilizing, blower, and wet tar scrubber. Biomass Tank, Reactor and Cyclone was the
lowest GHG emission as this stage has zero-emission in the process. The LCIA result of
GHG emission impact category as presented in Figure 3.
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Fig. 3. LCIA result of GHG emission of Biomass Power Plant

The total of GHG emission is lower than fossil fuel, coal, and natural gas, but higher
than nuclear, hydropower, and geothermal as reported by Siregar et al. [12]. Compared to
diesel fuel, GHG emission has a potential reduction of up to 49 % and if we compared to
coal, the GHG emission has potential reduction of up to 45.1 %. The utilization of empty
fruit bunch from palm oil for electricity production can reduce the environmental impact of
palm oil production due to waste utilization and the number of GHG emission-reducing
from palm oil production reach up to 25 %.

The biomass power plant system has many advantages compared to other power plant
systems. For empty fruit bunch biomass itself, it has lower GHG emission compared to
other biomass power generation and even it has much lower GHG emission compared to
average GHG emission of the various power plant system. Biomass power plant from
empty fruit bunch has higher GHG Emission compared to various renewable energy such as
nuclear energy, wind energy, ocean energy, hydropower, geothermal energy, concentrated
solar power, photovoltaics, biopower, hydropower (Indonesia), and geothermal energy
(Indonesia), however, it has much lower of GHG emission compared to powerplant from
coal, oil, natural gas, diesel mix gas, and steam mix gas. The result of GHG emission from
a various power plants in Indonesia also showed that biomass power plant from an empty
fruit bunch has lower GHG emission compared to the powerplant system which has only
gate to gate system boundary as presented in Figure 4.
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Fig. 4. The GHG emission of a various power plant system in Indonesia [12].

Biomass from an empty bunch also has benefits in reducing the GHG emission from
palm oil production due to the utilization of waste biomass from palm oil production. Palm
oil production has a significant environmental impact related to GHG emission released
from the CPO production. The number of GHG emission released reach up to 1 869.39 kg
COz-eq t* CPO [12]. This number was much higher if the emission is charged only to the
CPO production. Even though this should be allocated to the various co-product which
have potentially been utilized during the palm oil life cycle. Studies reported that from palm
oil production it has various co-product during its life cycle. The research reported that
processing 1 t of fresh fruit bunch (FFB) produces around 25 % or 254.7 kg of empty fruit
bunch as well as 240.4 L of POME [13]. 1 m® of POME treated using the ponding system
for anaerobic digestion produces 28 m? of biogas, which is comprised of 65 % methane and
30 % CO.[14]. 1t was assumed that 28 % of POME can be utilized as biogas. This research
also showed that 25 % of the empty fruit bunch can be utilized as electricity production.
During the electricity production from biomass, it also produces 5 % husk charcoal that also
can be allocated as a co-product for land application. Figure 1 shown that palm oil has
many derivative products, such as palm oil, biomass, biogas, palm kernel oil and etc. So far
the impact calculation has always been charged to palm oil itself. Whereas, if all palm oil
derivative products are included in the calculation, the environmental impact caused by
palm oil processing will be smaller. The biomass utilization from palm oil plantation for
electricity is needed to be investigated further. It is related to the gasification system and
tools which is less easy maintaining.
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4 Conclusion

The electricity production from empty fruit bunch biomass has been considered as climate-
friendly power plant system due to its GHG emission released lower than other powerplant
systems. Biomass power plant through the gasification system as conducted in this research
produced GHG emission 0.152 kg CO.-eq kWh. Gas engine stage was the highest GHG
emission contributor during the life cycle which has produced 0.087 kg CO,-eq kWh!
while biomass tank, cyclone, and reactor have zero-emission. Palm oil plantation has
various co-product to be utilized and potentially reducing GHG emissions from palm oil
production. From this research, the utilization of fruit empty bunch biomass can reduce the
GHG emission of palm oil by up to 25 %.

This research was supported by DGHE, Ministry of Research, Technology, and Higher Education,
under PPTI-Program Pengembangan Teknologi Industri [Industrial Technology Development
Program] Scheme with number SK No. 5/E/KPT/2019.
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