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1 INTRODUCTION 

The production of 1 tonne crude palm oil requires 5 t of fresh fruit bunches (FFB) and its processing in palm oil 

mills generates on average 1,150 kg empty fruit bunches (EFB) as residue and 3,250 kg palm oil mill effluent 

(POME), a high polluted waste water with a COD of about 50,000 mg/L. On the one hand both have high contents 

of nutrient and organic matter and are suitable as fertilizer and soil conditioner for crop production (Table 1), on the 

other hand they pollute the environment by green house gases. The other residues from the oil palm fruit are 

mesocarp fibres and shells, which are used to generate heat and power for the oil mill processing. Fresh EFB can be 

used as mulch in order to recycle nutrients and organic matter. Even a growing number of oil mills use EFB as 

mulch in plantation there are still several oil mills which just dump the EFB. That causes high emission of the 

greenhouse gases such as methane (CH4) and laughing gas (N2O) and lead to significant nutrient loss. POME can be 

used for land application after reduction of the COD. The total process of palm oil production is given in figure 1. 

 Land application of POME needs high investment and maintenance cost if it is done in a sustainable way. 

Sustainability is given when the application rate is limited by the nutrient demand of the oil palm (including losses 

by surface run-off, leaching and evaporation). A widespread system in palm oil mills for POME is still the treatment 

in open ponds with land application or discharge of the outlet. But the high methane emissions from pond systems, 

more than 8 m³/t fresh fruit bunches (FFB) or 40 m³/t crude palm oil, are a serious pollution of the atmosphere. 

Discharge of POME to surface water is not only a pollution of the environment but also a high monetary loss as 

nutrients are wasted (Schuchardt et al. 2006). Covering the ponds to collect the biogas, as it is done in some palm oil 

mills in the last years, seems to be only a short term solution, because the well known problem of ponds 

maintenance (de-sludging) cannot be solved for a longer period of time. The only practical way to capture the biogas 

is a digester system with gas holder. A biogas system with a fixed bed fermenter is a very effective and flexible one 

for the high polluted waste water and changing conditions in palm oil mills (Wulfert et al. 2002). The biogas 

production in a fermenter system is lower compared to anaerobic ponds because of different retention times. Wulfert 

et al (2002) found for POME a CH4 yield of 0.251 kg/kg COD-degraded. 
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FIGURE 1 Palm oil production system including waste treatment and power generation 
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 In a new process (EcoEFB™) EFB and POME is used together in a co-composting process with total 

evaporation (biological drying) of the water. The process is evaluated economically and by a life cycle assessment. 

 

TABLE 1 Content of nutrients and heavy metals in EFB, POME, and compost (Schuchardt et al. 2002, 

Schuchardt et al. 2008, own analyses) 

  EFB POME Compost 

Mass kg/t FFB 0,23 0,65 - 

Dry matter kg/t 350 41 500 

Organ. DM kg/t DM 937 - 562 

pH - 5.5 -5.7 4 – 4.5 7.7 

bulk density t/m³ 0.35 1 0.5 

CODtot kg/m³ - 50 - 

Carbon  kg/t DM 432 370 351 

C/N ratio - 54 20 15 

Nitrogen kg/t DM 8.0 18.3 26.3 

Phosphorus kg/t DM 0.97 4.39 4.56 

Potassium kg/t DM 24.0 55.4 79.6 

Calcium kg/t DM 1.80 10.73 10.1 

Magnesium kg/t DM 1.80 15.12 12.8 

Plumbum g/t DM 1.80 7,1 7,8 

Cadmium g/t DM <0.3 <0.3 <0.3 

Chrom g/t DM 49.9 54,0 29,7 

Copper g/t DM 14.0 30.6 38 

Nickel g/t DM 30.5 1.34 10 

Mercury g/t DM <0.5 <0.5 <0.5 

Zinc g/t DM 37.9 80,2 154 

 

2 MATERIALS AND METHODS 

The economical data based on market prices for machines, concrete, energy, labour, nutrients, and others in 

Indonesia in 2008. A detailed life cycle model has been used to calculate the environmental impacts of POME and 

EFB treatment. The options under investigation are:  

(1) Dumping EFB and storing POME in ponds,  

(2) Returning EFB to the plantation and POME as before,  

(3) Using EFB and POME for co-composting and returning the produced compost to the plantation,  

(4) Generating biogas from POME and thereafter as in (3).  

The CML 2001 method included in the GABI 4.3 software package has been used for the impact 

calculations (PE Europe 2003). 

 

3 RESULTS AND DISCUSSION 

3.1 The process and its economy 

During the co-composting process in open windrows on a concrete floor the total waste water, fresh or after 

anaerobic fermentation, is added to the chopped EFB step by step in a range of 2 to 4 m³/t EFB, the average ratio 

between both of them in palm oil mills (Figure 2). The windrows are turned regularly by a turning machine. As a 

result of the high air pores volume and the high biological activity the rotting temperature grows up to >70°C and 

the waste water is evaporated within 3 to 4 weeks. So the process can be called "biological drying". The evaporation 

rate is about 70 L/(t EFB*d) during the first 4 to 5 weeks. All the nutrients of the EFB and the POME are combined 

in one product, compost or mulch. After that time a mulch material is ready for using in plantation area, after a total 

rotting time of about 8 to 10 weeks mature compost is produced.  

 The process is profitable with a payback time of less than 2 years; it is also accepted and realized for 

clean development mechanism (CDM) (Schuchardt et al. 2008). The investment costs for the composting plant are 
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in the range of 750,000 EUR (only mulch) to 1.16 Mio. EUR (for compost) for an average size palm oil mil 

(capacity 30 t FFB/h; 153,000 t FFB/year). The investment costs for the biogas plant (fixed bed digester are about 

424,000 EUR. In about 40 palm oil mills in Indonesia and Malaysia the co-composting process is realized in 

practice (or in planning or under construction). 
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FIGURE 2 Co-composting process for EFB and POME (Indonesian patent P-00200400378; ID 0019277)  

 

3.2 The life cycle assessment of the process 

The main contributor to the GWP is methane from POME and EFB dumping. The GWP of palm oil mill waste 

treatment can be reduced from 245 kg CO2eq per t FFB to up to 6 kg CO2eq per t FFB due to reduced methane 

emissions and nutrient recycling (Table 2, Fig. 3). Co-composting of POME and EFB leads to considerable nutrients 

recovery, additionally to GWP reduction. Thus the composting process reduces not only environmental burdens; it 

leads to net environmental benefit regarding most environmental impact categories, e.g. acidification potential, 

eutrophication potential, ozone layer depletion potential, etc. due to the avoided emissions from inorganic fertilizer 

production. The recovery of nutrients in EFB can be achieved by solely returning it to the plantation but only the 

combined treatment of EFB and POME allows nutrient recovery from POME while methane emissions from pond 

systems are avoided simultaneously. The fermentation of POME to produce biogas reduces environmental burdens 

when operating under best practice conditions (Fig. 4). However, fugitive biogas emissions of more than 1.2% 

reverse that beneficial effect. 

 

4 CONCLUSIONS 

Co-composting of EFB and POME is a profitable solution to avoid methane emissions that are usually generated in 

anaerobic waste water ponds and EFB dumping-sites, additionally pollution of surface and groundwater is reduced.  

Simultaneously nutrients from EFB and POME are recovered and that decreases the mineral fertilizer demand on 

plantations. Using EFB for energy production, as it is discussed and realized by some palm oil mills prohibits 

environmental beneficial POME utilisation. Best waste management practise reduces emissions at palm oil mills and 

consequently the carbon footprint of palm oil products.  

 

TABLE 2 Environmental impacts per tonne FFB according to the CML method (PE Europe 2003) 

Environmental impact Unit Option 1 Option 2 Option 3 Option 4 

Abiotic Resource Depletion Potential  kg Sb-Equiv. 1,2E-03 -2,9E-02 -4,8E-02 -1,4E-01 

Acidification Potential  kg SO2-Equiv 1,3E-03 -1,1E-02 -2,1E-02 -2,8E-02 

Eutrophication Potential  kg Phosphate-Eq. 1,4E+00 1,1E+00 -1,6E-03 -2,0E-03 

Freshwater Aquatic Ecotoxicity Potential  kg DCB-Equiv. 4,6E-04 -4,3E-03 -8,8E-03 -1,4E-02 

Global Warming Potential (100 years)  kg CO2-Equiv. 2,5E+02 1,2E+02 7,4E+00 6,2E+00 

Human Toxicity Potential  kg DCB-Equiv. 9,3E-03 -7,6E-02 -1,6E-01 -2,1E-01 

Ozone Layer Depletion Potential kg R11-Equiv. 3,6E-10 -1,5E-07 -2,5E-07 -3,7E-07 

Photochem. Ozone Creation Potential  kg Ethene-Equiv. 5,9E-02 3,0E-02 1,4E-03 1,2E-04 

Terrestric Ecotoxicity Potential kg DCB-Equiv. 1,3E-04 -1,5E-03 -3,2E-03 -6,4E-03 

 

 Compared to the worst case practice (POME in ponds, EFB dumping; option 1) the CO2eq. reduction of 

the co-composting process is 1.2 t/t crude palm oil. For option 2 it is still 0.6 t CO2eq./t crude palm oil. The 

worldwide reduction potential is 51 Mio. t CO2eq. and 25 Mio. t CO2eq. resp. (world crude palm oil production 

2009: 43 Mio. tonnes). 
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 A life cycle based comparison of conventional and advanced treatment systems for EFB and POME can 

support decision makers regarding waste treatment options and provide information on technology risks involved. 

The results may be used as basic calculation data for CDM (Clean Development Mechanism) for palm oil mills. 

LCA is shown to be a powerful tool to estimate and compare environmental impacts of different options. 

Unfortunately it is rarely used in the palm oil industry in order to improve or optimise palm oil production systems.  
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FIGURE 3 Global warming potential of EFB and POME treatment and utilisation  
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FIGURE 4 Global warming potential of composting and composting with previous biogas generation 
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