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Abstract— Palm Oil Mill Effluent (POME) is one of the major wastes generated by palm oil milling which is a part of palm oil diesel
production chain. POME contain of methane (about 60-70 %), which contribute to Greenhouse Gas (GHG) Emission. Due to
reduction GHG emission is one of indicator bioenergy sustainability, some alternatives have been implementing to reduction it. One
of the alternatives is implementing of methane capture technology which able to capture and/or utilize it for energy source. In this
paper, Life Cycle Assessment (LCA) was employed to identify role of methane capture technology in sustainability of palm oil
biodiesel production. By employed cradle to gate LCA on biggest producer of palm oil biodiesel in Indonesia, GHG emission is 23.00 g
CO2eq per Mega Joule (MJ) biodiesel production with methane capture, and 40.79 g CO2eq per MJ biodiesel without methane
capture. From this result, it was concluded that implementation of methane capture could reduce GHG emission significantly (more
than 70 %).
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continuity of palm oil supply for biodiesel production cand
be mantained, because it have been cultivated in large areas.
In 2010, palm oil plantation area was 8,1 million hectares
with avarage annulay growth was 11,8 %. In 2009, crude
palm oil was aproxiatelly 20,2 million ton with anually
icreasing was 12 %. In 2020, it is predicted that crude palm
oil in Indonesia will be 40 million ton (Kemenperin, 2011).
The production of palm oil is not without problems or
challenges (Panapanaan et al., 2009). Palm oil cultivation
have been blamed as a culprit for deforestation, loss of
biodiversity, endangering wild animals and species, soil, air
and water pollution, chemical contamination (Panapanaan et
al., 2009; Sheil et al., 2009; Lam and Lee, 2011). At the
milling factories, the problems of waste and pollution
particularly of the palm oil mill effluents (POME)
(Panapanaan et al., 2009; Poh and Chong, 2009).
Both deforestation and POME are contributed in
Greenhouse Gas (GHG) emission, which reduction the
emission launched as an indicator of sustainability or biofuel
standard. Deforestation, especially on land clearing activity
contributes highest carbon dioxide (CO2) emission in

I. INTRODUCTION
Biodiesel is one of alternative energy which have been
getting a lot of attention recently (Yee et al., 2009).
Biodiesel has several advantages than conventional diesel in
terms of GHG emission and availability (Yee et al., 2009;
Queiroz et al., 2012), also using of biodiesel contribute on
foreign currency savings for the country and the job
generation in rural areas and industries (Queiroz et al., 2012).
In Indonesia, there are more than 20 plants which are
potential as feedstock for biodiesel production. Recently,
palm oil (Elaeis guineensis) is best choice as biodiesel
feedstock, because palm oil have some advantages such as
palm oil is relatively cheap price if it is compared to other
vegetable oils (Panapanaan et al., 2009; Growth, 2011),
planting cycle of palm oil is about 25 years, including 23
productive years, and the average yearly production per
hectare for well managed plantations is 19.1-20.1 (average
19.6) tons of fresh fruit bunches (Reijnders and Huijbregts,
2008), and rendement of oil from palm oil is 20-29 %
(Manurung, 2001; Reijnders and Huijbregts, 2008). Also,
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B. POME And Methane Capture Technology
Raw POME is a colloidal suspension containing 95–96%
water, 0.6– 0.7% oil and 4–5% total solids including 2–4%
suspended solids (Lam and Lee, 2011). POME will be
generated from sterilizer condensate, sludge separator and
hydrocyclone waste (Poh and Chong, 2009; Lam and Lee,
2011) for each tone (1.13 m3) of crude palm oil processed
(Lam and Lee, 2011).
POME has negative and positive sides. In one side,
POME is a highly polluting wastewater with high chemical
oxygen demand (COD) and biochemical oxygen demand
(BOD) in which can caused severe pollution to the
environment, typically pollution to water resources. On the
other hand, POME was identified as a potential source to
generate renewable bioenergy such as biomethane and
biohydrogen through anaerobic digestion (Lam and Lee,
2011).
Every 1 tone FFB produce 0.7 ton POME (Sairan and
Aman, 2007). POME was mainly consist of biomethane
(CH4) and carbon dioxide (CO2) in 65:35 ratios (Sairan and
Aman, 2007; Lam and Lee, 2011) and approximately 28 m3
of gases were emitted from 1 ton of POME (Lam and Lee,
2011). In reducing GHG emission from POME, methane
capture technology has been implemented in some palm oil
milling plants. Also, capturing of methane from POME is
directed to use this gas as source of renewable energy, due to
highly flammable and combustible characteristic (Sairan and
Aman, 2007).
Since POME contains high level of organic matters and
thus, adoption of anaerobic digestion in the first stage of the
treatment process is a necessity to convert the bulk of the
wastes to biogas (biomethane), either applying open pond or
open digesting tank systems (Lam and Lee, 2011). Methane
which produced by digesting, was captured by covered
lagoon or close tank technologies. Biomethane is utilized for
some purposes such as flaring, steam production, electricity
or Combine Heat and Power (CHP) (EPA, 2011).

biodiesel production chain (Hartono and Irsyad, 2011;
Hidayatno et al., 2011), and POME contribute on
biomethane (CH4) emission (Poh and Chong, 2009). Some
technologies have been implemented to reduce GHG
emission. One of them is methane capture which
implemented to capture and/or utilize it for energy source.
The purpose of this paper is to identify the role of
methane capture on reduction of GHG emission in ensuring
sustainability of palm oil biodiesel production. Life cycle
assessment of palm oil biodiesel production was employed
to predict environmental impact especially GHG emission
from the production. Simple if than analysis was
implemented to compare production with and without
methane capture.
A. Production Palm Oil Biodiesel
Oil palm contributed to Indonesia economic significantly.
Oil palm is an important exported agricultural commodity
from Indonesia. In 2010, exported of CPO and its derivative
product was 15.7 million ton (Growth, 2011; Kemenperin,
2011). In 2008, it was estimated, 6 million labours were
employed in palm oil estates (Goenadi, 2008), and number
of employers who worked in palm oil industries were 1.7 to
2 million peoples (Growth, 2011).
Palm Oil milling industries extract Fresh Fruit Bunch
(FFB) and produce Crude Palm Oil (CPO) and Palm Kernel
Oil (PKO). CPO is produced through process sterilization,
striping, pressing and purification, while process of
depricarping, nut cracking and pressing produce palm kernel
oil (PKO) (Poh and Chong, 2009; SBRC, 2009).
Biodiesel is a diesel replacement fuel that is manufactured
from vegetable oils, recycled cooking greases or oils, or
animal fats (Srivastava and Prasad, 2000; USDE, 2008). The
biodiesel manufacturing process converts oils and fats into
chemicals called long chain mono alkyl esters, or biodiesel.
These chemicals are also referred to as fatty acid methyl
esters or FAME (USDE, 2008). Raw or refined vegetable oil,
or recycled greases can not used directly as biodiesel, caused
mostly by the greater viscosity, or thickness, of the raw oils
compared to that of the diesel fuel for which the engines and
injectors were designed. Transesterification is common
process which implemented to convert raw oil into biodiesel
(Dillon et al., 2008; USDE, 2008). Transesterication, also
called alcoholysis, is the displacement of alcohol from an
ester by another alcohol in a process similar to hydrolysis,
except than alcohol is used instead of water. This process
has been widely used to reduce the viscosity of triglycerides
(Srivastava and Prasad, 2000).
Most of palm oil biodiesel industries in Indonesia use
refine palm oil as raw material, only few industries use Palm
Fatty Acid Distillate (PFAD). Stearin and PFAD are
produced from refinery of CPO. Refinery convert CPO into
better quality of edible oil through degumming, bleaching,
and deodorization (SBRC, 2009). Palm oil biodiesel
production which starts from palm oil cultivation to FAME
production. Fresh Fruit Bunch which produced from palm
oil cultivation is converted to CPO in palm oil milling plant.
The next step, CPO is refined to produce Refined Palm Oil
(RPO) as main product and PAFD as by product from the
processing. Both RPO and PAFD are used as raw materials
in biodiesel production.

II. METHODOLOGY
In identification role of methane capture technology in
palm oil biodiesel production, we were employed Life Cycle
Assessment (LCA) method. LCA is a tool to assess the
potential environmental impacts and resources used
throughout a product’s lifecycle, i.e., from raw material
acquisition, via production and use phases, to waste
management (ISO14044, 2006). LCA methodology consists
of four phases namely goal and scope definition, inventory
analysis, impact assessment and interpretation (Hidayatno et
al., 2011) .
The goal of the analysis was identification methane
capture in palm oil biodiesel production. The scope of
analysis was bounded from palm oil cultivation to biodiesel
production (cradle to gate). The study analyzed only GHG
emission of biodiesel production; other environmental
impacts such as toxification, acidification and
Eutrophication were not assessed.
The life cycle inventory analysis phase (LCI phase) is the
second phase of LCA. It is an inventory of input/output data
with regard to the system being studied. It involves the
collection of the data necessary to meet the goals of the
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for oil palm cultivation was obtained by collecting data in
selected companies. In GHG emission calculation, diesel
fuel consumption was obtained by data collection in selected
company. Diesel consumption per year of this company was
86.6 liters per year per hectare. Also, from same sources of
data, pesticide application takes place at a rate of 0.4 kg per
hectare.
The selected palm oil milling plant processed 277,002.132
ton per year (both from own estates and suppliers) and
produced 58,991.357 ton CPO per year. In producing of the
amount of CPO, palm oil milling plant consumed 95,799
KWH per year of grid electricity, 106,486 litters per year
diesel (for diesel generator and transportation) and 2,934.29
kg per year raw water. Also, the calculation included
emission from transportation EFB to plantation area and
CPO to refinery plant. This plant produced palm kernel (nut)
was 49,114,134.16 ton per year. Total distance travelled of
transportation EFB to plantation was 103,964 kilometres and
consumed 27,871 litters, and total distance of CPO
transportation from Milling to refinery plant was 245,616
kilometers with total consumed of diesel was 68,266,60
liters.
Refinery plant produced 1,616,308.2911 tones Refine
palm Oil (RPO) from 703,687.613 tones CPO in 2011. Total
electricity consumption was 11,621,620 KWH and
consumption of bleaching earth was 11,689,727 tones.
Production of FAME was 542,438.54 tones from
547,593.036 tones RPO. Some inputs per MJ biodiesel were
show as follow.

defined study (ISO14044, 2006). LCI of the study was show
in Figure 1, where input and output of biodiesel production
chain were identified.
Impact assessment of palm oil biodiesel production was
calculated by employing general equation below.
E = A × EF

(1)

Where,
E
A
EF

= emissions
= activity data (e.g., fuel consumed, material
input, throughput, or production output)
= emission factor (usually the weight of the
pollutant or the unit weight, or the volume or
duration of the activity).

TABLE I
SOME INPUTS PER MJ BIODIESEL PRODUCTION

Fig. 1 Life Cycle Inventory of Palm Oil Biodiesel Production

The GHG emission impacts were calculated by using a
Biograce-Excel Biofuel GHG Calculation version 4b
(www.biograce.net). In this spreadsheet all of calculation
should be converted into Mega Joule (MJ) biodiesel.
Emission factors which employed in this calculation were
obtained from RED Annex V.C.5, JEC E-3 Database and
IPCC. Also, the study took place in a biodiesel company
which contributed more than 50 % of total national capacity
of biodiesel plant. The location of the company is in Riau
Province.
Identification role of methane capture in biodiesel
production was conducted a simple IF Analysis. We
conducted GHG Calculation with and
without
implementation of methane capture in biodiesel production.
The role identified by comparison of GHG emission per MJ
biodiesel production with and without methane capture.

No

Input

Unit

Amount

1

Electricity input

[MJ electricity / MJ biodiesel]

1.930

2

Methanol

[kg chemical / MJ biodiesel]

2.996

3

Phosphoric acid

[kg chemical /MJ biodiesel]

0.016

4

Hydrochloric acid

[kg chemical /MJ biodiesel]

0.312

5

Sodium hydroxide

[kg chemical / MJ biodiesel]

0.979

Sources: PT Wilmar Biodiesel Indonesia Report, 2011

B. GHG Calculation With and Without Methane Capture
GHG calculation was conducted by employing a
spreadsheet which developed by Biograce. The calculation
was divided in three groups, i.e.: cultivation of palm oil,
processing and transportation. In calculation with methane
capture, it was assumed that methane capture able to trap
89 % of total methane (EPA, 2011). The result of GHG
emission calculation was show in Table 2.

III. RESULT AND DISCUSSION

TABLE III
CALCULATION OF GHG EMISSION WITH AND WITHOUT METHANE
CAPTURE IN GRAM CO2EQ PER MJ BIODIESEL PRODUCTION

A. Description of Production Data
In 2011, palm oil estate area in Indonesia was 8.430.036
hectares (ha) and production of fresh fruit bunch (FFB)
reached 19.760.011 tons. Among all the provinces in
Indonesia, Riau is the one having the largest amount of land
where oil palm is cultivated. Oil palm plantations in Riau
Province accounted for 2.103.174 hectares in 2011 and
production of FFB was 6.293.542 tons.
In the selected company of oil palm cultivation, three
main equipments require diesel fuel. These are vehicles,
power generators and heavy machinery. Fuel consumption

Activities

Methane Capture
With

Without

7.71

7.71

-

-

Cultivation eec
·

Cultivation of FFBs

·

Storage of FFB

Processing ep

19

·

Extraction of oil

4.69

22.48

·

Refining of vegetable oil

8.38

8.38

·

Esterification

1.36

1.36

[2]

[3]

Transport etd
·

Transport of FFB

0.16

0.16

·

Transport of Oil

-

-

·

Transport of FAME

0.25

0.25

·

Filling station

0.44

0.44

22.99

40.78

[4]

TOTAL GHG Emission

[5]

[6]

Source: Result of calculation, 2012

Based on Table 2, GHG emission calculation of palm oil
biodiesel with methane capture was 22.99 gram CO2eq per
MJ Biodiesel. The result was lower than similar GHG
calculations. The Result from two studies on GHG Emission
from biodiesel production were 28.41 CO2eq per MJ
Biodiesel (EPA, 2011) and 26.11 CO2eq per MJ Biodiesel
(Hartono and Irsyad, 2011). Also, if landuse change was not
included in GHG emission calculation, emission from
processing was biggest contribution in biodiesel production
chain.
GHG emission without methane capture was nearly two
times if compared to emission with methane capture;
therefore implementation methane capture in palm oil
milling plant was very important project to reduce GHG
emission significantly.

[7]

[8]
[9]

[10]

[11]

[12]

[13]

IV. CONCLUSIONS
By employed cradle to gate LCA on biggest producer of
palm oil biodiesel in Indonesia, GHG emission is 23.00 g
CO2eq per Mega Joule (MJ) biodiesel production with
methane capture, and 40.79 g CO2eq per MJ biodiesel
without methane capture. From this result, it was concluded
that implementation of methane capture could reduce GHG
emission significantly (more than 70 %).
The recommendation from result of study was methane
capture should be implementation in all of palm oil milling
oil in reduction of GHG emission from palm oil biodiesel
production. It was need a financial studies in implementation
of methane capture in palm oil milling, also study on
identification of government incentives or supports in this
implementation.

[14]

[15]

[16]

[17]

[18]
[19]
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