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Abstract

Palm oil mill’s co-products (empty fruit bunch — EFB and palm oil mill effluent — POME) management is a
matter of concern in Indonesia. Co-composting would allow dealing with them along with a restitution of organic
matter to the soil. This project is a part of a Life Cycle Assessment (LCA) study and aims to pinpoint the most
environmentally impacting compartments of the palm oil production chain. This study deals more specifically with
the Life Cycle Inventory of data on the composting process based on experimental data. Data on the recycled
biomass, energy demand and yielded compost properties were recorded over one year. Due to the experimental
conditions, excessive nutrient leaching from the compost were recorded and the compost remained very wet and hot
(thermophilic phase) at the end of the first trial due to the spraying of compost with raw and hot POME. We
identified the following critical parameters to be accounted for to improve the composting process: i) the roofing of
the composting platform, ii) the POME/EFB ratio, iii) the turning frequency, and iv) the process duration to reach
given final moisture. The nutrient content and the applied doses of the final compost depend on all these connected
parameters. The produced data will be used to develop LCA models for CPO production in order to assess the
potential net environmental benefits from POME composting.

Keywords: Palm Qil; LCI; Compost ; EFB ; POME.

1. INTRODUCTION

Over the last decades palm oil has become
unavoidable. It has taken a growing part in the diet of
most countries and became the world’s most
consumed edible oil about more than ten years ago.
But besides feeding the world population, the palm
oil production has been fueling a vivid controversy
over its environmental and social impact. In
Indonesia, world leader in palm oil production, high
losses of biodiversity and significant greenhouse gas
emission are reported because of land clearing and
fires, especially on peatlands (FAO, 2015).

As the debate is focused on the issues of land use
change and biodiversity conservation, the agricultural
practices themselves are often overlooked. Qil palm
plantations, as every crop, will have a different effect
on their local and distant environment depending on
the way they are managed. Therefore, the question is
how to minimize environmental impact in existing
production area. More specifically, what practices
shall be promoted, and according to which criteria.

In this perspective, composting seems to be one
of the most promising practices as it allows for
recycling mill residues in the field as organic
amendments  substituting  synthetic  fertilizers.
However, the composting process itself may also
directly impact the environment. There is a need to
assess potential trade-offs. Life Cycle Assessment
(LCA) is the international reference in terms of
supply chain environmental analysis. It consists in a
systemic and global approach that is highly relevant
to evaluate the potential benefits and trade-offs of
such a waste-management system.

1.1. What is composting?

Composting is a complex biological
transformation process of organic matter carried out
by a succession of microbial communities under
controlled  environmental conditions.  Different
definitions of composting can be found in the
scientific literature, each author stressing a different
aspect of composting such as the decomposer
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involved (Baharuddin et al., 2010), the physico-
chemical conditions in which the degradation occurs,
the control of the process (Francou, 2003), the
emissions of volatiles compounds associated with
composting (Elkader et al., 2007; Oudart, 2013), or
the end product itself (Ceglie and Adbelrahman,
2014). Some other also focus on the quality of
compost (Bernal et al., 1998), its mineralization
kinetics and its capacity to increase soil organic
carbon stock (Thuriés et Pansu, 2002).

Composting process occurs in the solid state and
is strictly aerobic with a thermophilic phase. The
three main transformations occurring during
composting are: 1) degradation of organic matter
through microbial respiration, 2) production of
metabolic water and a loss of water through
biological drying in the thermophilic phase and 3) the
stabilization of organic matter with the production of
humus like substances.

The compost is a hygienized product, non-
phytotoxic and free of pathogens. Composting leads
to a loss of organic matter in the form of volatile
compounds such as CO,, CHy, N,O, NHs, N,, and
H,0. A longer composting process leads to the
production of more stable products with a higher
potential for increasing soil organic carbon.

We can identify four successive phases in
composting. First, the mesophilic phase occurs at the
beginning of composting. The microbial degradation
of the easily degradable organic matter (fatty acids,
soluble sugars) causes an increase in temperature.
Second, the thermophilic phase is characterized by a
temperature above 50-60°C (sometimes up to 75°C),
only thermophilic bacteria are active in the compost
pile. It is the most important phase in terms of
organic matter degradation and gaseous emissions.
Three, the cooling phase is when the temperature of
compost slowly decreases below 40-45°C, a
temperature at which Actinomycetes, fungus and
nitrifying bacterium can develop. Four, the compost
maturation is a phase during which the
transformation of organic matter occurs at a slow
rate, respiration rate is low and temperature close to
ambient temperature. Organic matter becomes more
and more stable and earth-like under the activity of
bacteria, fungus and mesofauna.

1.2. Composting in palm oil plantations

According to the extraction process used in the
palm oil mill, various co-products can be available
for composting in palm oil industrial estates: EFB,
POME, solid decanter cake, mesocarp fibers, boiler
ashes. The two most important by-products in terms
of quantity are POME and EFB. The amount of EFB

produced per ton of processed FFB is quite stable (
about 23t EFB /100t FFB) whereas the quantity and
the composition can vary greatly according to the
technology used for processing FFB, from 25 to
65m3 per 100t of FFB (Schuchardt et al. 2007).
There is not one but several composting processes
existing within palm oil plantations. The composting
process of palm oil by-products has been studied in
various scientific studies published in peer review
journals or conference proceedings. We have chosen
to consider 15 of those publications to provide a
scientific background to this study*.The method we
used is based on this background and the results we
obtained could be compared to those other references.
From the review of those studies we summarized the
various factors that could influence the kinetics of
composting and the final quality of compost:

= The amount of POME and EFB
(POME/EFB ratio)
The frequency of POME spraying
The quality of POME
Recycling of POME leachates
The turning frequency
Using passive or forced aeration of piles
Addition of starter or another microbial
inoculum
Addition of urea to lower C/N ratio
Addition of solid decanter cake
Pre-treatment of EFB (shredding, chopping)
The size and the shapes of the compost piles

The composting processes in those studies
ranged from 28 to 120 days, with a turning frequency
ranging from every 2 days to every 40 days and a
POME/EFB ratio ranging from 0,35 to 6,5. The most
frequent turning intervals were 3 days and 7 days and
most of the studies focused on POME/EFB ratios
between 1 and 3. The final dry weight reduction was
40 to 60% after 120 days (Salétes, 2004). The EFB
have a very high initial C/N ration (50-70), that is not
optimal for composting. Composting process will be
accelerated by adding nitrogen in the form of urea

" (Abu Zahrim et Asis 2010) (Ahmad et al. 2011)
(Baharuddin et al. 2010) (Baharuddin, Kazunori, et al.
2009) (Hock 2009) (Baharuddin, Wakisaka, et al. 2009)
(Mohammad, Alam, et Kabashi 2013) (Goenadi et al. 1998)
(Salétes et al. 2004) (Yahya et al. 2010) (Suhaimi and Ong
2001) (Thambirajah, Zulkali, et Hashim 1995) (Schuchardt
et al. 2000) (Schuchardt, Darnoko, et Guritno 2002).



(Saletes et al. 2004) or solid decanter cake with high
N content (Yahya et al. 2010). In most of the studies
considered, EFB were pretreated (shredded or
chopped). Abuh Assan et. al suggested that shredding
of EFB led to a quicker formation of stable compost.

Those studies confirmed the variability of
compost quality, with important differences in
mineral content. Although the composition of EFB
was quite constant throughout the bibliography, the
POME composition was quite variable due to the fact
that it could undergo several treatments before being
used for composting (bio-digestion, pounds, aerobic
or anaerobic ponds).

Only one study really considered the volume and
weight reduction of EFB during composting to asses

to global losses in nutrients and estimates the nutrient
recovery efficiency. It showed that with an open
composting system almost 50% of the phosphorus,
70% of the potassium, 45% of the magnesium and
between 10% and 20% of the calcium theoretically
applied were lost after 10 weeks of composting.
Those losses were explained by a non-covered
window system, subject to important rains and
without the recycling of leachates from the compost
pile. The study stressed the importance of covering
the windrows to minimize K losses. The study also
suggested that a spraying interval of 3 days was not
optimal for POME absorption from the piles, as it
means that a lot of POME is sprayed on the piles at
once and is not absorbed properly.

Table 1.Composition of EFB (literature review).

. C@® | N@ | P@® | K@ | ca(® | Mg(@©@e
- 0,

Source Pre-treatment | Moisture(%) pH CIN DM) DM) DM) DM) DM) DM)
Baharuddin 2010 Press shredded 29,3 6,9 54,4 43,49 0,8 0,08 2,01 0,26 0,12
Abu Zharim 2010 Non shredded 61 1,15 0,6665 | 2,1165 0,27
Baharuddin 2009 Shredded 24 6,7 58,9 53 0,9 0,6 24 0,6 0,6
Baharuddin 2009 Shredded 25 6,5 56,5
Thambirajah 1995 Shredded 6,5 52 45 0,85

Yahya 2010 Dried 14,28 63,67 | 54,76 0,86 0,0774 1,992 0,0929 0,138
Schuchardt 2002 - 68 7 57,5 48,5 0,86 0,065 2,09 0,28 0,14
Saletés 2004 Shredded 60 40 49,6 1,25 0,11 2,07 0,42 0,2
Average 6,72 | 54,71 49,06 0,95 0,27 2,11 0,33 0,24
Table 2.Composition of various types of POME (literature review).
Water( C/ C N P K Ca Mg S
Source POME H
%) P N_| (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
Schuchardt 2000 Raw - 4,6 - - 270 22 393 145 82 -
Schuchardt 2001 Raw - 43 - - 600 110 1500 300 280 -
Baharuddin 2010 Raw 98 4,33 13 6508 485 181 446 279 217 102
Baharuddin 2011 Ptfgf;('jy 94 741 | 8 | 22393 | 2794 | 746 | 3081 | 1522 842 722
Abu Zharim 2010 Fresh 96 - - - 32 13,76 398,4 1020 360 484
Baharuddin 2009 F;?;:g: (ij 95 75 8 9500 1150 650 1000 250 500 350
N Partially
Saletes 2004 treated - 6,6 - - 450 310 2090 380 545 -
Ahmad 2011 | Parelly | g 74 | 8 | 14050 | 1704 | s52 | 920 | 736 ma | 2116
Wood 1979 Raw - - - - 643 110 1620 315 295 -




Table3.Composition of various palm oil mill composts (literature review).

Source Age Water pH CIN C N P K Ca Mg
(day) (%) (%DM) | (%DM) | (%DM) | (%DM) | (%DM) | (%DM)
Baharuddin 2010 40 51,80 8,12 12 28,81 2,31 1,36 2,84 1,04 0,90
Abu Zharim 2010 30 8,20 20 1,70 0,22 141 0,48
Abu Zharim 2010 150 8,00 23 1,90 0,34 1,66 0,48
Baharuddin 2009 60 61,00 8,10 13 28,00 2,20 1,30 2,80 0,70 1,00
Baharuddin 2009 60 60,00 7,80 13 - -
Thambirajah 1995 60 9,00 14 37,50 2,65 - -
Thambirajah 1995 60 9,00 18 36,00 1,90 - -
Thambirajah 1995 60 9,00 12 27,00 2,20 - -
Yahya 2010 51 53,70 8,50 18 47,40 2,50 0,51 2,40 0,83 0,48
Yahya 2010 51 53,46 8,60 28 48,60 1,70 0,43 2,04 0,67 0,48
Schuchardt 2002 70 16,40 7,50 15 35,10 2,34 0,31 5,53 1,46 0,96
Saletes 2004 70 42,00 14 41,60 2,86 0,34 2,30 1,27 0,63
Saletes 2004 70 42,00 41,50 3,25 0,35 2,01 1,37 0,76
Saletés 2004 70 42,00 42,30 2,96 0,34 2,32 1,28 0,70
Saletes 2004 70 42,00 41,70 313 0,34 2,08 1,34 0,70

1.3. Agronomical quality of compost

A study showed that 10 t.ha™® (70kg/palm/year)
of compost can be used as a substitute for mineral
fertilizers regarding N and P nutrition (Tohiruddin et
al., 2013). Compost would increase yield by 2 t. ha™
compared to inorganic fertilizers used at the same
rate. The maximum vyield and leaf content were
achieved with a combination of compost (20 t. ha™)
and synthetic fertilizer (2 kg of urea and 1 kg of rock
phosphate (RP) per tree).

Regarding the costs, compost-based fertilization
with 10tha™ of compost halved the cost of
fertilization compared to the same nutrient rate with
inorganic. The study found an increase in fertilizer
efficiency of +66%, +37%, +20% for compost
compared to urea, RP, and dolomite, respectively.

Some other trials (Darmosarkoro et Sutarta,
2002) also showed that compost application could
increase soil pH and exchangeable cations and
organic matter on a short term basis. The results are
encouraging but would need to be confirmed by other
studies. A trial showed that 7.5 kg of compost mixed
with usual topsoil in polybags can replace standard
mineral fertilization in nursery. Lower rates of
compost can also be proposed, combined with
reduced mineral fertilizer regime.

Two trials conducted on different types of soils
also demonstrated that compost and empty fruit
bunches (EFB) could be a good substitute to mineral
fertilizer in the nursery and would improve soil
chemical properties (Baron et al, 2018).

The use of compost as a fertilizer in palm oil
plantation lacks further documentation but other

studies documented the effect of organic matter
application in the form of EFB. Caliman (2001)
showed that EFB would quickly release significant
amount of N and K to the crop. Carron (Carron et al.,
2015) showed that EFB application would increase
soil fertility and biological diversity for at least two
years after application. Tao (2016) showed that EFB
application increased soil microbial activity. We
believe that compost could have the same effect as
EFB with lower cost of application (reduced volume
and weight), a higher content in nutrients and a
higher potential for increasing soil organic carbon
(SOQC).

1.4. Composting and LCA

If we set aside the possible GHG (greenhouse
gas) emission caused by land use change and the
cultivation of peat land, the first source of GHG
emission linked to the production of palm oil are the
treatment of palm oil mill effluent (POME) in pounds
and the use of nitrogen fertilizers ((Bessou et al.,
2014) (Reijnders and Huijbregts, 2008). Compared to
processing POME in ponds, composting significantly
reduces the methane emissions, which is the main
contributor to the global warming potential (GWP) of
the oil palm mill (Stichnothe and Schuchardt, 2010) .
The oxidation of organic carbon in aerobic conditions
generates emissions of CO, only, whereas the
anaerobic fermentation of organic matter will
generate emission of methane (CH,), which as a 28-
fold higher global warming potential than carbon
dioxide. Stichnothe and Schuchard found that
composting, instead of treating POME in pounds and
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dumping EFB would reduce GHG emission from 2.3
tons of CO, equivalent to 0.55 tons of CO, equivalent
per ton of crude palm oil (CPO). Further emission
reduction can also be reached if POME is pre-treated
in a continuous anaerobic digester for producing
biogas (methane) before using the bio-digester sludge
for making compost (Wu et al. 2009; Harsono,
Grundmann, et Soebronto 2014; Chin et al. 2013).
From an LCA perspective, the composting
process may also lead to further environmental
benefit due to the avoided emissions from inorganic
fertilizer production. However, the net advantage
needs to be investigated in the light of the
composting process emissions and potentially
enhanced, field emissions. Different studies also
point that compost could present other benefit such as
“temporary storage of carbon, improved soil quality
and protection from soil erosion (R. Singh et al.
2010; R. P. Singh et al. 2011))”. Those potential
benefits are yet to be included to the life cycle
approach, as they lack more site-specific data.

1.5. Research question

Compost palm oil waste seems to be highly
beneficial from an environmental standpoint.
However, there is a lack of site-specific data for a
better integration of the composting as a waste
management method in LCA models. The aim of this
study is to identify the critical parameters for
integrating co-composting of POME and EFB into
life cycle analysis of palm oil production; i.e to
understand to which extent different composting
process and compost quality could affect the result of
the LCA. We do so by presenting a case study of an
oil palm agro-industry.

2. METHODS

2.1. Industrial case study

We collected data from an agro-industrial
production area involving one mill and 4 estates
totals 13,485 ha of productive oil palm (Elaeis
guineensis Jacquemard). The plantation area has
been planted between 2006 and 2014 in Central
Kalimantan. We collected data for the year 2017:

= Overall yield and production

= Energy and water consumption of the mill

= Energy consumption for fertilizer application

= Fertilizers  consumption  (organic  and

inorganic)

= Energy consumption of composting platform

= Quantity and quality of the compost produced

= Quantity and quality of POME produced and
discharged.

All the industrial data was verified and validated
in collaboration with the mill and estates staff. We
also collected information about EFB application and
methane production from POME in other estates of
the same company, to be able to comment other
waste management systems.

2.2. Composting trial

The data on the industrial compost is often
incomplete and only a few parameters are measured.
There are no thorough protocols to follow physical
and chemical parameters during the composting
process. A trial was therefore implemented on the
composting platform of the same company to provide
extensive data sets. The trial comprised thirty piles of
10 tons of EFB that were regularly turned and
sprayed with POME using a Backhus ™ compost
turner, modified for spraying the compost with
POME while turning. The composting process took
place on a non-roofed concrete platform surrounded
by drains to collect leachates.

The trial was designed to test different
composting process existing within the PT. SMART
company, with 3 standards (see Table 4). The trial
was also sub-divided to test the covering of the
compost piles with a semi-permeable tarpaulin
(cover/ non-cover).

Table 4. Trial design

Additionnal Spraying Dose per Final

Urea (2kg/ and spraying POME/
ton EFB) turning (L per EFB
interval ton of ratio
EFB)
1-JLTM Yes & 200 31
2-KUYM No 1 100 4.9
3- KWAR No 2 100 29

3 standards * 2 cover * 5 repetitions= 30 piles

The composting process usually last between 40
and 50 days in industrial conditions but was extended
to 74 days in our study to see if extra maturation of
the compost could be of importance for the LCA
analysis.

2.3. Measurements protocol
= Temperature (2 measurements/day): 9

measurement points (3 at the top, 3 at the middle
and 3 at the base of the heaps).



=  Humidity (2 measurements/day): A composite
sample of compost is taken from each pile. A
handful of compost was collected from 20
sampling points from each pile (for a total of
about 5 to 8 kilos of compost). The samples were
mixed thoroughly and then divided in two. One
half was mixed again and then divided in two,
and the operation was repeated until reaching a
sample of about 700g. The samples we dried in
an oven at 105°C until constant weight is
reached (12 to 24 hours).

=  Weight (1 measure/week): compost heaps are
collected in a 7- 8t capacity truck and
transported to the mill weighing bridge. After
weighing, compost is taken back to the platform
and the heaps are reshaped.

=  Volume (1 measure/week): 9 measurements
points (3 measures of length, 3 of width and 3 of
height).

= Nitrogen content: measured with the Kjeldahl
distillation method

= Phosphorus: determined by acid-base method

= Organic carbon: determined by the gravimetry
method

= pH: determined through potentiometry

2.4. Nutrient recovery rate
The nutrient recovery efficiency (NRE) is
calculated for a given element as follow NRE =

Ei70 x Dw7TD

CI70xDwD +18 X CIE
Where:
Ci60: the concentration of the element in the compost
at day 60 (% of dry matter);
Ci0: the concentration of the element in the EFB at
day 0 (% of dry matter);
Dw 70: the dry weight of the pile at end of the
process (day 70) in kg;
Dw 0: the dry weight of the compost pile at the start
of the process (day 0) in kg;
Ve: the real volume of effluent sprayed onto the
compost over the whole composting process (m3);
CiE: the concentration of the element in the effluent

(Ppm).

3. RESULTS AND DISCUSSION

3.1. Overall description of the system

CPO production

More than 90% of 13,816 ha of the area under
study have been planted between 2006 and 2009, and
the remaining 10% between 2010 and 2014. The
precedent land use was a mix of forest, shrubs and a

mix agricultural land. The plantation is of young age
and planted with high-yielding 100% Tenera hybrids.
In 2017 the production achieved was 272,929 tons of
fresh fruit bunch, with an average yield of 19.8
t/FFB/hal/year. The CPO production was 68,805 tons
with an oil extraction rate of 25.21%.

Waste management

POME and EFB are the main organic waste
generated by the extraction process, as shell and
mesocarp fibers are entirely burnt to feed the mill’s
boiler. The POME/FFB and EFB/FFB ratios were
63% and 21% respectively. The average chemical
composition of raw POME and EFB is presented
hereafter, as well as the chemical properties of the
effluent sent to land application after anaerobic
digestion in pounds.

The composting platform receives all the EFB
from the mill after shredding, which are transported
in big green bins (capacity of about 10 to 13 tons of
shredded EFB). The prime mover (carrying the bin)
comes and goes from the EFB shredder directly to the
composting platform. In the platform there are two
other operating machines: a loader and a mechanical
compost turner (Backhus) which has been modified
to allow spraying.

The composting platform (figure 1) receives raw
palm oil mill effluents (POME) from the mill that are
stored in a temporary open pound (spraying pound,
1,250m*). From there they are pumped directly to
different outlets to which flexible pipes are connected
to the combined turning and spraying machine,
through different outlets presence every 2 rows in the
composting platform. All leachates are collected in
the North East corner of the platform to a small run
off pond (60m®) and then to a buffer pond (4,500m?).
Then the leachates are pumped back to the different
anaerobic effluents’ ponds.

_ Land
Appication

Fig. 1 Framework of the study.



Table 5. Quality of final effluent sent to land application.

BODS5 (mg/L) COD (mg/L) pH Oil and fat Pb (mg/L) Cu (mg/L) Cd (mg/L) Zn (mg/L)
(mg/L)
1748 5985 7,6 352 <0,0017 <0,015 <0,022 0,2125

Table 6. Quality of raw POME.

Total solid (mg/L) BOD (mg/L) COD (mg/L) N (mg/L) P(mg/L) K (mg/L) Mg (mg/L)
Cl95 + 63918 36 485 90 470 1216 232 3017 639
Average 61180 34 337 87 242 1166 224 2912 617
CI95 - 58 443 32189 84 013 1117 217 2807 595

As the composting platform cannot absorb all the
POME from the palm oil mill, some portion of it
(about 20%) is sent directly to the anaerobic ponds,
with an outlet in front of every pond. All pounds are
dug directly into the ground (no concrete
foundations). The total compost production obtained
from the FFB processed in 2017 was about
31,482 tons (from Jan 1%, 2017 to Feb 15", 2018).
This would give us an average compost/EFB and
compost/FFB ratios of 51% and 11.2% respectively.

Energy and water consumption

The overall energy and water consumption of the
plant is presented in Table 7. Electricity used in the
plant comes from a boiler using mesocarp fibers as a
fuel. The energy surplus for composting is the
electricity consumption of the EFB shredder. Diesel
fuel is used to power vehicles, backup generators and
pumps for handling the effluent. The surplus for
composting is only for machines and wvehicles
operating in the composting platform, 83% of which
is consumed by the compost turner.

Table 7. Energy and Water consumption.

Total Total Increase
Total Compost per due to
Mill ing ton of | composti
platform CPO ng
D'es(ei)F“e' 422032 | 105,175 8 25%
Electricity 5,137, 0
(kWH) 206 526, 454 82 10%
Water
CO”S‘;‘mp“O 266,743 | 6,809 4 3%
(m3)

Compost quality

The average quality of the compost coming out
of the composting platform is quite low compared to
existing results found in literature.

Evolution of the quality of industrial compost

% of dry in 2017
matter
4,00

3,50 - —-p

- .- - ..
- - - - -
FEB APR MAI JUN JUL AGS SEP OCT NOV

Fig. 2 Industrial compost quality.

Critical points

The critical point in the study of the system is the
evolution of effluents quality that are treated
successively in the composting platform (aerobic
conditions) and in the effluent pound (anaerobic
conditions). The key unknown is to know how much
of the COD is lost in aerobic conditions and how
much is lost in anaerobic conditions, and how to
consider dilution by rainwater in an open system. We
know that the platform received about 150,000 m® of
rainfall in addition to the 150,000 m* of POME used
for spraying compost. It resulted in the leaching of
130,000 m® of effluent from the composting platform
that had to be evacuated to the anaerobic pound.

However, the quality of those leachates was not
analyzed for COD and BOD. They were sent directly
to the anaerobic pounds for further biological
degradation and dilution by rainwater. Those pounds
also received 16,000m* of grey water from the mill.
With the heavy dilution by water, the final amount of
effluent sent to land application was 350,000 m°.
Given the composition of the raw POME and the
final effluent, a reduction of 86% of the COD
occurred during the two steps of composting and
pound treatment. The critical point is to know which
part to attribute to the composting platform and
which part to the pounds. Further chemical analyses
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on the leachates collected in the buffer pound are
required.

Fertilization practices

The crop’s need in essential nutrient is met by
application of imported mineral fertilizers or recycled
organic waste from the mill. A fully mineral
fertilization covers the majority of the plantation
while compost is applied on about 20% of the
plantations. Land application of POME in flat beds
dug in the interrows of oil palm represent a small
amount of land around the mill.

@ Mineral 100%

B POME 10 land

application

Fig. 3 Fertilization practices proportions.

The crop’s need for each element is determined
each year for each block (15 to 50ha) through the use
of leaf analysis (Caliman, Daniel and Tailliez 1994).
Each block therefore receives a specific dose of each
fertilizer, which is split in two applications.
Compound fertilizers are not used to avoid over-
fertilization. Compost is always applied at a dose of
two times 65kg per palm and per year, equivalent to
17,5t per year per hectare. Compost is sometimes
enough to cover the crop’s need in N and Mg but is
often complemented with mineral fertilizers for K, P
and Br. The table 8 presents the overall average doses
of fertilizer applied, for each type of fertilization.

Table 8. Fertilizers applied doses

Dolomite 0 29

Kieserite 11 145

Borax 7 7

Compost 17595

Effluent (m°) - 0 375

Average dose Mineral and Mineral Land

(kg/ halyear) compost application of
effluent

Urea 12 234 -

DAP 0 200

Rock 11 31 -

Phosphate

Triple Super 189 100

P.

KCI 122 471 -

At the plantation’s scale, compost covers a large
part of the crop’s need, but its nutrient isn’t perfectly
balanced according to the crop’s need and additional
mineral fertilizer is added.

3.2 Composting trials
General kinetic of the composting process

The composting process as it is conducted is
industrial conditions is purely thermophilic. There is
a constant increase in moisture and the temperature is
above 65°C. The degradation of organic matter is the
highest in the first 10 days of composting, which
correspond to the loss of the easily degradable
fraction of EFB while the lingo-cellulosic fraction
remains. However, the biological reaction of
composting is fueled by the frequent spraying of hot
and highly fermentable POME and the compost never
reaches a mesophilic or maturation phase.
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Fig. 6 Dry weight general trend.

The biological degradation of organic matter
results in the loss of dry weight of 50% and 56% after
50 and 72 days respectively. However, the compost
still had a very high-water content and the fresh
weight reduction was only 26% and 34% of the
original EFB weight, after 50 and 72 days
respectively. This weight reduction leads to an
increased nutrient content as shown in Table 9. The
nutrient recovery rates observed are very low on
average and can be explained by the combination of a
high POME/EFB and exposition to rainfall which
washed away more than 50% of the nutrients
contained in compost.
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Fig. 7 Dry weight evolution per standard.

Table 9. Nutrient content at different composting
ages.

Nutrient N (%) | P20s5(%) | K:0(%) | Mg0(%0)
EFB (day 0) 1,0 0,5 39 0,5

Compost 17 08 4,0 09

(day 50)

Compost 2,0 13 53 14

(day 72)

Effect of treatments

The composting process chosen had an effect on
the dry weight reduction and the nutrient recovery
rate. The standard 2 with a higher turning and
spraying frequency had the lower weight reduction at
day 50 and a lower nutrient recovery rate for most
elements. The standard 2-Kwarsindo with no
additional urea and a lower dose of POME per
application appears to be the best for maximizing
nutrient recovery. No effect of the covers on the
nutrient recovery rate or weight reduction was
observed.
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Fig. 8 Nutrient Recovery Effciency for N, P, K and
Mg.

3.3 Discussion: Towards different LCA scenarios

The composting of palm residues is a promising
way to reduce environmental impacts along the
whole palm oil value chain. Mitigation ways include
i) the reduction of GHG emissions by avoiding
POME anaerobic digestion, ii) the reduction of the
impact of residue transport back to the field by
reducing the biomass and concentrating the nutrients,
and iii) the reduction of the impact of synthetic
fertilizers substituted by composted residues.
However, those impact savings may be, at least
partially, compensated by increased emissions due to
i) the building and daily operation of the composting
plant, or ii) the potential increase in volatilization of
nitrogen compounds in the field. A life cycle
approach is needed to investigate potential problem
shifting and inform trade-offs.

The collected data will be implemented within an
LCA model for CPO. Various scenarios will be
compared including POME anaerobic treatment with
and without methane capture and raw POME
composting and field application. For the baseline
scenarios, the experimental data will be used to
characterize the composting process fluxes and the
final compost. The scenario datasets will be
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completed with data from the literature to model
methane emissions from anaerobic treatment as well
as methane capture and flaring. An improved
compost scenario will also be developed as
benchmark based on best practices recorded in the
literature, notably in terms of nutrient recovery.

4. CONCLUSION

This study highlighted different methodological
challenge in integrating composting as a waste
management option in current LCA models for palm
oil. Composting is a biological process that is not
always standardized in plantations, and the way in
which the process is conducted will potentially affect
the result of the LCA. The roofing or absence of
roofing of the composting platform is a critical
parameter that will affect the amount of effluent to be
treated in anaerobic conditions, and therefore
methane emissions of the production system.
Exposition to rainfall will decrease the nutrient
recovery rate and therefore the amount of nutrient
available to replace mineral imports at the plantation
scale. POME/EFB ratio as well as the spraying
frequency of POME will also affect the nutrient
recovery rate, with high doses sprayed at once more
likely to wash away nutrient.

The final moisture of compost is critical in terms
of weight reduction of waste and will impact the cost
and fuel consumption for compost application. The
final nutrient content will determine the dose of
compost necessary to cover the crop’s needs and the
area where compost is applied, respectively 17.5
t/halyear and 20% of the plantation in this study. We
estimate that with optimized composting and nutrient
recovery this dose of compost could be halved, and
the area covered doubled. This study could be
continuing for the LCA modeling to measure the
environment impact of the co-composting.
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