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RESUME

The five advantages of oil palm biomass as raw material for downstream industries are: it is a joint
product of palm oil, it is available throughout the year and concentrated in relatively large quantities,
it is low cost, it is zero or low carbon, and it does not cause a food-fuel trade-off in its utilization.
Technological innovations in processing and downstream products of oil palm biomass are relatively
available, among them the Palm Oil Research Grant (Grant Riset Sawit/GRS) program managed by
BPDP(KS), which facilitates research on innovations in the utilization of oil palm biomass.
Downstreaming of oil palm biomass can increase value added by up to 8-9 times and has the
potential to become a business with significant economic value while at the same time supporting a
circular and sustainable economy.

INTRODUCTION

Indonesia is not only a country that has the largest oil palm plantations in the world, but also the
world’s largest producer of palm oil and the world’s largest producer of oil palm biomass. Oil palm
plantations produce biomass in the form of empty fruit bunches (EFB), oil palm fibers and shells, oil
palm trunks, and oil palm fronds.

0il palm plantations can also be regarded as “energy and carbon plantations” that connect the
sun, the earth’s atmosphere, and humans (PASPI, 2023). Through the photosynthesis process in oil
palm plants, energy emitted from the sun and carbon dioxide from the earth’s atmosphere are
absorbed and stored in the form of palm oil and biomass that can be useful to meet human needs.

Each hectare of oil palm plantation can produce biomass of around 16 tons of dry matter per
year (Foo-Yuen Ng, et al., 2011). With the area of Indonesia’s oil palm plantations in 2025 being
around 16.8 million hectares, the biomass production from Indonesia’s oil palm plantations can reach
261.7 million tons of dry matter biomass per year. In terms of quantity, oil palm biomass production
is about three times larger than the production of palm oil (CPO) as the main product of oil palm
plantations.

From this oil palm biomass, various high-value-added products can be produced. Through the
application of thermochemical, biological, chemical, physical conversion technologies, and/or their
combinations, oil palm biomass can be processed into various high-value-added products such as
bioenergy, biomaterials, biochemicals, biofertilizers, biocoal, biopellets, biochar, bioplastics, etc.,
which are more environmentally friendly (Naik et al., 2010; Thomas et al., 2021; Nabila et al., 2023;
Singh et al., 2025).

This paper will discuss the advantages of oil palm biomass from both economic and ecological
perspectives, followed by a discussion on various innovations in the utilization of oil palm biomass
that have the potential to produce various products for human life.
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RELATIVE ADVANTAGES OF OIL PALM BIOMASS

0il palm plants are endowed with photosynthetic abilities that allow for the harvesting of solar
energy and the absorption of carbon dioxide from the earth’s atmosphere and then storing it in the
form of chemical energy in palm oil and biomass. The amount of oil palm biomass produced depends
on various factors, including the age of the oil palm plants.

In general, referring to the study by Foo-Yuen Ng (2011) regarding biomass production from oil
palm plantations, it includes biomass from empty fruit bunches about 1.4 tons dry
matter/hectare/year, biomass from oil palm fibers and shells about 2.4 tons dry
matter/hectare/year, biomass from oil palm fronds/leaves about 9.3 tons dry matter/hectare/year,
and biomass from oil palm trunks about 2.9 tons dry matter/hectare/year. Thus, the total production
of oil palm biomass is around 16 tons of dry matter/hectare/year. With Indonesia’s oil palm
plantation area in 2025 covering 16.8 million hectares, it will produce around 261.7 million tons of
dry matter biomass per year (Figure 1).
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Figure 1. Biomass Production (in Dry Matter) from Indonesia’s Oil Palm Plantations

Oil palm biomass has several relative advantages. First, economically, oil palm biomass is
produced as a joint product with the main product of oil palm plantations, namely palm oil
(CPO/CPKO). In general, when palm oil production increases, biomass production also increases.
Even during the Immature Period, when palm oil production is not yet available, biomass is still
produced, although in smaller quantities.

Second, oil palm biomass production is available year-round in relatively large and concentrated
quantities. The production process of oil palm plantations, which have a long lifespan (25-30 years),
ensures that oil palm biomass production is available throughout the year. As long as the sun is still
shining, the photosynthesis process in oil palm plants will continue, and biomass production will
keep occurring at all times. This is different from other vegetable oil crops that are seasonal, such as
soybeans, rapeseed, and sunflowers. In addition, oil palm biomass production is also relatively
concentrated CPO Mill, which is generally located in the middle of the plantation, so the cost of
collecting biomass is relatively cheaper.

Third, the production cost of biomass is relatively low. As a by-product/joint product of palm oil
and oil palm plantations, the production cost of oil palm biomass is relatively low because it becomes
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a joint cost or has already been accounted for in the production cost of palm oil. Therefore, the cost
calculated as the production cost of oil palm biomass is only the collecting cost.

Fourth, ecologically, oil palm biomass is a carbon sink, where the carbon absorbed through the
photosynthesis process is greater than the carbon emissions from the biomass respiration process
(PASPI, 2023; PASPI Monitor, 2023b; 2024). The carbon balance based on the carbon footprint, for
example through Life Cycle Analysis (LCA), considers biomass carbon emissions to be zero because
they have already been accounted for in calculating the LCA carbon of palm oil. In other words, net
oil palm biomass is a carbon sink/carbon sequestration.

Fifth, the utilization of oil palm biomass into various downstream products such as second-
generation bioenergy will not create a food-fuel trade-off (PASPI Monitor, 2021), unlike the use of
palm oil as raw material for first-generation bioenergy (PASPI Monitor, 20232; 2025). The European
Union, through its Renewable Energy Directives (RED) and the United States, through its Renewable
Fuels Standard (RFS), recommend the use of second-generation biofuels such as biomass as the most
sustainable energy source in the world (Naik et al, 2010).

INNOVATIONS IN OIL PALM BIOMASS UTILIZATION

Oil palm biomass has long been used in oil palm plantations, though still in simple forms, for
example, the use of empty fruit bunches for soil fertility or shells as boiler fuel in CPO Mills and as
road hardening material in oil palm plantations. With the development of science and technology,
various high-value products have been produced from oil palm biomass (Naik et al., 2010; Thomas
et al, 2021; Hau et al, 2022; Hariz et al, 2023; Nabila et al, 2023; Singh et al, 2025), such as
bioenergy (bioethanol, biocoal, briquettes, biogas from POME), biofertilizers (organic fertilizer, soil
amendments), biomaterials (biocomposites, activated carbon, bioplastics, craft products and
wooden furniture, biochar), animal feed, and various biochemical products.

As the world’s largest producer of oil palm biomass, Indonesia is also expected to have an
ecosystem to support biomass downstreaming domestically. One form of such ecosystem support is
through the Palm Oil Research Grant (Grant Riset Sawit/GRS) program managed by the Palm Oil Fund
Management Agency (Badan Pengelola Dana Perkebunan-BPDP or Badan Pengelola Dana Perkebunan
Kelapa Sawit-BPDPKS, formerly). This GRS program has intensively developed research on
technology/innovation of downstream products based on oil palm biomass over the past 10 years
(Table 1).

Table 1. Innovations in Downstream Products Based on Oil Palm Biomass Resulting from Grant
Riset Sawit (GRS) by BPDP(KS)

No. Type of Biomass Product Innovation Researcher
A. | Empty Fruit Bunches 1. Glucose (sugar) Septiningrum et al. (2021,
(EFB) 2024)
2. Mycelium leather (alternative to Aditiawati et al. (2023, 2024)

animal leather) for fashion products

3. Polymer (biocomposite) for ceiling Ahmad et al (2024)
panels

4. Cellulose-based hydrogel used for Susi etal (2024)
wrapping (wet and dry) and
absorbent pads

5. Wood Plastic Composite (WPC) for Nugraha et al. (2024)
construction materials

6. Paper bag (polybag) for oil palm Dina et al. (2024)
seedling nurseries

7. Carbon black that can be used as tire | Kismanto (2023, 2024)
reinforcement, pigment, UV
stabilizer, insulator, ink, coating,
hose, and conveyor belt soap.
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No. Type of Biomass

Product Innovation

Researcher

8. Viscose rayon and twisted yarn for
fashion products (bags, shoes, and
hats)

Nikmatin et al. (2022)

9. Aerogel-based material for oil-
absorbing food packaging

Masruchin et al. (2022)

10. Electrode materials (activated
carbon, graphene, and carbon
nanotube) for supercapacitors
applicable to LED lamps and
dynamo drives

Prakoso et al (2015, 2019,
2021)

11. Bioplastics

Isroietal (2018,2019)

12. Bulletproof jackets and automotive
products (car and motorcycle
bumpers)

Nikmatin et al. (2018, 2019)

13. Green xylitol applied in food,
pharmaceutical, and chemical
industries.

Setiadi et al. (2015, 2019)

14. Bio-BTX (aromatic compounds
benzene, toluene, and xylene)

Rasrendra et al. (2016, 2018;
2019)

15. Furfural

Gozan et al (2018; 2019)

16. Oyster mushroom growing media,
extraction of ligninolytic enzymes,
food-grade CMC raw material, and
organic fertilizer

Panji et al. (2016, 2018; 2019)

17. Bio-Crude 0il (BCO)

Bindar et al. (2015, 2018; 2019)

18. Cellulose Nano Crystals (CNC)
applied as a support for Pt/Rh/Ce
catalysts for catalytic converters

Budhi et al. (2016)

19. Nano Crystalline Cellulose (NCC)
applicable as reinforcing material,
filler, and carrier in various medical
and pharmaceutical products,
packaging, wood and paper

composites, and even food products.

Setyaningsih et al. (2016)

20. Methanol and Dimethyl Ether

Susanto et al. (2015)

21. Bioplastics (food product
packaging)

Sitompul et al. (2015)

B. | Oil Palm Shells

1. PalmCrete® (concrete)

Astutiningsih et al. (2022;
2023)

2. Electrode materials (activated
carbon, graphene, and carbon
nanotube) for supercapacitors
applicable to LED lamps and
dynamo drives

Prakoso et al. (2015, 2019,
2021)

3. Carbon Nanofiber (CNF) usable as
electrode material for
supercapacitors and air filters

Sriyanti et al. (2020)

C. | Oil Palm Fronds

Bio-Crude 0il (BCO)

Bindar et al (2015, 2018; 2019)

Bio-0il

Raksodewanto et al. (2015)

Methanol and Dimethyl Ether

Susanto et al. (2015)

D. | 0Oil Palm Trunks

Laminated wood and palm sap

Erwinsyah (2019)

NP Wi =

Sugar-rich starch flour and fuel
(biomass flour) for combustion
systems.

Tjahjono (2019)

@PASPI2025




Advantages and Innovations in the Utilization of Oil Palm Biomass: Turning “Waste” into “Gold” 23

No. Type of Biomass Product Innovation Researcher
3. Methanol and Dimethyl Ether Susanto et al. (2015)
4. Biopellets Wistara et al. (2015)

Source: BPDP(KS) (2015, 2016, 2018, 2019, 2020, 2021, 2022, 2023, 2024)

To harness the research results on oil palm biomass utilization, the Ministry of Industry (2025)
has developed downstream pioneering efforts such as:
(1) prototypes of new materials from oil palm fiber as alternative raw materials for oil palm nursery
paper bags, artificial leather, footwear/sneakers, and even helmets and bulletproof vests;
(2) processing Empty Fruit Bunches (EFB) into precursors/raw materials for the production of
cellulosic bioethanol, biopolymers, bioplastics, and high-value-added organic acid raw materials;
and (3) development of biofuels from cellulosic material and biofiber from biomass (shells, empty
fruit bunches, and so on).

| USD 260 - 800/Ton |

USD 120 - 260/Ton | V. Derivatives
- DME
USD 40 - 120/Ton Bio-Chemist - Capacitors

- Bioplastic - Bio-catalyst

USD5-40/Ton | Energy & Feed Mill - Biopolimer - Ehanol G-2
- Black Pellet - Glucose - Furfural
- Empty fruit bunch - Animal Feed - Xylitol
- Shell - Activated Carbon - Car’s body
- Calyx - Fibre Car Seats
- Midribs
VA : 1(basic) VA:2.30 VA :4.75 VA:8.83

Figure 2.  Increase in Value Added in Oil Palm Biomass Downstreaming (Source: Ministry of Industry,
2025)

Technological innovations in the downstreaming of oil palm biomass are intended to increase
the value added of oil palm biomass (Figure 2). Processing oil palm biomass into energy and feed mill
products such as block pellets, activated carbon, or car seat fiber can increase the value added of oil
palm biomass by about 2.3 times. If oil palm biomass is further processed into biochemical products
such as bioplastics, biopolymers, glucose, and xylito], it can increase the value added of biomass by
up to 4.75 times. The value added of oil palm biomass will increase by 8-9 times if it is processed into
further downstream products such as furfural, biocatalysts, capacitors, and others.

CONCLUSION

Indonesia is not only the country with the largest oil palm plantations in the world, but also the
largest producer of palm oil and the largest producer of oil palm biomass in the world. Oil palm
plantations produce biomass in the form of empty fruit bunches (EFB), oil palm fibers and shells, oil
palm trunks, and oil palm fronds. Referring to the study by Foo-Yuen Ng (2011), with the area of
Indonesia’s oil palm plantations in 2025 reaching 16.8 million hectares, oil palm biomass will
produce around 261.7 million tons of dry matter biomass per year. This large biomass potential must
be utilized through downstreaming to increase economic value while at the same time supporting a
more environmentally friendly circular economy.

The five advantages of oil palm biomass as raw material for downstream industries are: it is a
joint product of palm oil, it is available throughout the year and concentrated in relatively large
quantities, it is low cost, it is zero or low carbon, and it does not cause a food-fuel trade-off in its
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utilization. Technological innovations in the processing and downstream products of oil palm
biomass are relatively available, one of which is produced by the Grant Riset Sawit (GRS) program
managed by BPDP(KS), which has intensively developed research on technology/innovation for
downstream products based on oil palm biomass. Downstreaming of oil palm biomass can increase
value added by up to 8-9 times and has the potential to become a business with significant economic
value while supporting a circular and sustainable economy.
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