BADAN RISET
DAN INOVASI NASIONAL *-

BIOFUEL
DEVELOPMENT
FROM BIOMASS
STOCK

TATA SUTARDI, PH.D.

Director of

:} BRIN D?,‘é?} The 7th RD20 conference (Tsukuba, Japan)

Research Center for Energy Conversion Technology
National Research and Innovation Agency
Republic of Indonesia

i i
PRAL A WA \‘““

‘\\\\\\\\\\M \\




THE ROLE OF BIOFUEL IN THE ACHIEVEMENT
OF NATIONAL ENERGY TARGET

ELECTRICITY

Energy Policy Geothermal (PLTP) : 7.2GW
69.2 MTOE  Hydro (PLTA :17.9 GW
(PP No.79/2014) 1 4526w ~ Micro hydro (PLTMH): 3.0 GW
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Fruit and Vegetable Scraps

Food Waste
Cereals and Grains

Microalgal Biomass

Biomass
Sources
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‘— Organic Waste

~ Perennial Crops

m cfops —-— Annual Crops

Change . Woody Crops
Source: Chowdhury et al., 2025

e Potential biomass sources include wood waste, food )
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BIOMASS TO BIOFUEL

* Biofuels from biomass have significant potential to meet
sustainable energy needs and help mitigate climate

waste, microalgae, animal waste, agroforestry residues,
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technological and cost barriers remain high.
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- LI BIOMASS POTENTIAL IN INDONESIA

Indonesian biomass residue processes Utilization of oil palm biomass in Indonesia

Oil Palm Plantation Palm Qil Milling

Boiler feedstock

Biofuel

Mulching Mulching

Ruminant pellet Fertilizer/composting
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Residue production availability and energy potential
* Indonesia possesses significant potential for green energy development by
utilizing agricultural and forestry biomass residues.
Average amount of residue Average of energy potential
e o s Gt st » Agricultural residues amount to approximately 155.3 million tons annually,

offering an energy potential exceeding 300 PJ per year, with rice straw and

Y R AN Y " 3,91% 247% " 5,61%
| ‘\‘V A\\ir s palm oil waste being the primary contributors.

, * Forestry residues from wood waste total around 7.9 million tons per year,

rd corresponding to an energy potential of 59 PJ annually.

Average amount of residue Average of energy potential

= Sugarcane Palm oil = Coconut = Coffee Cocoa
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BIOMASS TO BIOETHANOL
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Downstream

processing

Biomass Bioethanol

Acid hydrolysis
Pretreatment Tiomndlitin Wastes for storage

further
treatment

The cellulose (40-50 wt%) and hemicellulose (20-30 wt%)

content of biomass can be utilized to produce ethanol.

The global potential for bioethanol production from waste is
quite large (e.g., rice straw: 205 billion L/year).

Challenges:

e Variation in biomass composition, high moisture content, and
processing costs.

* Costs of biomass pretreatment and logistics.




Potential Agricultural Residue

for Bioethanol

Rice straw and paunch manure (livestock

120 04 56 waste) are biomass with potential as raw
100 - 84.48 ' . .
80 - materials for bioethanol.
< 60 54.78 49 69 as
;g | 1552 17.1 2-12 - 1385 23 1675 .
o | . e sm B == Primary data was collected through
2z & 2 e g2 B E & E| L ¢ interviews and surveys with 64 farmers in
i < 2 8 2 <3 & - = & o m
sl g | & | = |53 ?D : = E Karanganyar.
s | B | 2 &= £ 2 E
< 52| - The majority of farmers remain unaware of
> | the potential of these two waste streams as
Straw for sale Use of straw after harvest |Treatment of straw returned | Farmers knowledge of processing
to the field straw asarene\_;vable energy material renewable energy sources.
(multiple answer)

Farmers' perceptions of bioethanol are low
due to the difficult production process,
expensive equipment, small market, and
perceived high product prices.

—+—Bioethanol
(mean= 2,35/
Low perception)

—=—Biochar
(Mean= 2,44/
Low perception)

——QOrganic Fertilizer
(Mean= 2,85/
High perception)

——Biogas
(Mean= 2,44/
Low perception)

n=64




Technoeconomic feasibility of OPEFBs as e
bioethanol feedstock
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 Three OPEFB-based biorefinery scenarios were proposed, all of
which were concluded to be economically feasible.

- Feedstock forAD
- Otherlignin-based biomaterials
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Fermentation Time (Hour)

—8— HCI1 Concentration 1 M =—0=—HCI Concentration 2 M —@— HCI Concentration 3 M

Source: Ahmad et al., 2023

Oil palm empty fruit bunches (OPEFBs) from oil palm are a
promising lignocellulosic biomass source for second-generation
bioethanol production, contributing to the development of
renewable energy and the effective management of plantation
waste.

The delignification and bleaching process significantly reduced the
lignin (16.8%—>11.2%) and hemicellulose (25.2%—>14%) content,
while increasing the cellulose content (36.4%-—>59.8%).

Chemical hydrolysis was conducted using different concentrations
of HCI (1 M, 2 M, and 3 M) at 100°C for 3 hours.

Fermentation was performed with Saccharomyces cerevisiae for
24 to 120 hours, with bioethanol content measured.

The optimal bioethanol yield of 6% v/v was obtained after 96
hours of fermentation with Saccharomyces cerevisiae.

Hydrolysis of oil palm empty fruit bunches using 2 M HCI for 3
hours was the best condition for producing high fermentable
sugars.



Bioethanol development timeline of Indonesia

OO OO0

Realization of Bioethanol Utilization

7,488
@
=
=
S
812.3
]
2023 2024

B Pertamax Green 95 H Bioetanol

Source: Lahadalia et al., 2025

Bioethanol
producers in
Indonesia

Bioethanol Location Capacity FGE capacity Feedstock
producers (kL/year) (kL/year)
Molindo Raya Malang, East 80,000 10,000 Molasses
Industrial Java
PASA Jatiroto Lumajang, East 2025 - Molasses
PTPN XI Java
Ethanol Ceria Jombang, East 13,200 - Molasses
Abadi Java
Energi Agro Mojokerto, 30,000 30,000 Molasses
Nusantara East Java
Indo Acidatama Solo, Central 58,825 - Molasses
Java
Madu Baru Yogyakarta 7500 3000 Molasses
PSA Palimanan Cirebon, West 3000 - Molasses
Java
Indonesia Lampung 62,000 20,000 Cassava,
Ethanol corn
Industry
Molasindo Medan, North 3600 - Molasses
Sumatera
Basis Indah Bone, South 3000 - Molasses
Sulawesi
Medco Ethanol Lampung 50,000 - Molasses
Semarang Semarang, 2000 - Molasses
Herbal Central Java
Indoplant
Indo Lampung Lampung 50,000 - Molasses
Distillery
Total 365,150 63,000

Source: Wirawan et al., 2025
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Integrated Bioetanol Sorgum
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Palm oil waste for biodiesel feedstock
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Natural habitat of .’ ) ¥ HionLrm R '- braunii sp. platensis
micro algal species i, g s
e Open Type e Air Flotation ¢ Oven v
— Freshwater/ o Closed Type e Thermal rollers SFA, % m MUFA, % % PUFA, %
= " Lipid Extraction ‘
ransesterification . 2 950 -
Y 178.26 187.69
on
¢ Direct Transestenﬁca-tlon . g 8 200 -
¢ Two-stage Transesterification =5
- T 150 115.68
o §
‘ Dry micro algae biomass s 13333
¢ Mechanical Extraction § .:0 100 - 13333
¢ Chemical Extraction 6 -t oo I:
3 501 3332
Engine calibration and Testing - \ 13322
Performance ~ 0 4= " . -
SR Botryococcus  Nannochloropsis — Arthrospira Mixed-culture
Combustion braunii sp. platensis
Algae Biodiesel - Characteristics
iycerine { Emission Source: Pradana et al., 2017

‘m Characteristics

Source: Jacob et al., 2021




Towards Biodiesel B50 — Indonesia as the leading country of biodiesel users

Kl It is necessary to increase the production capacity of the National Biodiesel factory.

Production capacity

. : s i . L. 20XX : 20,1 million kL
24 business entity 15,6 millionkL . phding Adequacy and Sustainability Study ~ 80% installed capacity

81,5% of installed capacity . CPO Availabilitv Stud all
(19,15 million kL) y y (25 million kL)

ﬁ__

Production capacity

 There is a need to add new factories, especially

» in Eastern Indonesia.
ILI q ° ° ° ° ° ®
E—1 el 2026 : existing production capacity ~ 17,3 million kL
] orge (including expansion and addition of new factories with a
@ CPO needs: 14,2 million kL production capacity of 1.72 million kL)

E Delivery point: 92
Ship Certification (PSA) and Upgrading of . Sufficient and efficient
. Transportation Mode Limitations Facllities andiIniEeetiE i transportation modes are
« Ship Facility Limitations (Flow Rate Pump) available
 Infrastructure Limitations at TBBM - Sufficient ship facilities
(Storage Tanks, Piping, and Blending Facilities) « TBBM infrastructure supports

B50 implementation
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Biomass to bioavtur

SAF production route from biomass feedstocks * Lignin has great potential as a
u feedstock for SAF through a

combination of depolymerization,
alkylation, and HDO.

HDO

n  Metal cqtaﬁf&;aimtailiccatalysﬁ,’ _R’O :
; i

Bifunctional catalyst

€

* A two-stage strategy using phenolic
bio-oil holds greater promise for

T ] 08— -

s Depolymerization 'daﬁ©-‘0.'7 X \Ur ¥ w Hu\_’ HDO R SAF -
P—— uO:mn _— “ﬁ;im" m HO_C;,\_’ : m e e e the Industry.
Source: Xianging et al (2025) * Innovation in efficient non-precious
Preparation of aviation fuel precusors from waste kraft lignin catalysts is key to scaling up.
. GC-FID/MS
GCxGC-MS
MALDI-TOF-MS
FT-ICR-MS Monomers

GPC

Waste

stream Dimers

» W »

Quantitative **C NMR
HSQC NMR
HMBC NMR

Elemental analysis
TGA

Trimers

SA-Cu/CuMgAIO,
Supercritical methanol

Oligomers

Waste Kraft :
Hydroprocessing

lignin

Source: Xianging et al (2025)




Microalgae biomass for SAF feedstock

Fischer-Tropsch
synthesis process

. 4

Hydroprocessing
process

Source: Lim et al (2021)
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Green Diesel

Microalgae-based SAF holds great promise for
the aviation sector due to its high lipid
production potential, non-competitive nature
with food, and ability to reduce GHG emissions
by >90%.

Three SAF production pathways from microalgae
are HEFA, FT, and AtJ.

Microalgae SAF specifications:

Heat value ~44 MJ/kg (higher than Jet-A, 42.8
MJ/kg)

Freezing point: —30°C (additives required to meet
ASTM standards of -40°C)

High flash point (68°C) - safe handling.

Low viscosity according to specifications

Low sulfur content (0.27%) - low SOx emissions,
but reduced lubricity.




SAF roadmap published by Coordinating Ministry for
Maritime & Investment Affairs (2024)

100% 63% 60% 50% 47%

Target Target Target Target Target
Pencampuran Pencampuran Pencampuran Pencampuran Pencampuran
SAF 2050 SAF 2060 SAF 2060 SAF 2050 SAF 2043

= BB &a 1 =

Pertaminacurrently has facilities to produce Bio-Jet Fuel & Bio-Dieselat Cilacap Refinery. The implementation of

biofuel production continues to be developed and improved to meet existing demand while still considering its
economic aspects

- : PERTAMINA
Co-Processing vraiid Renewable : SASTANAALE AN PR A
Refined Bleached tock L W P
Bio-based feedstocks are | Deﬂdo”ieef;ngi}ml Feedstoc L EJh’M 7 WY
rocessed by mixin i N SAF o/
?hem with coynvemiogal » Unit TDHT B'O"J% Fue'g KBPZD'd 20 * Oct 2021, flight test using CN 235
g feedstocks in existing Treated B\ 201 n ap. » Oct 2023, flight test and first

process

347 Mn Liters commercial flight with Garuda

Kerosene Feedstock 97.6% Indonesia

............................................................................................................................................................................................................................................

Up to 3% 7N
e Co-Processing uco Renewable PERTAMINA PRI imeuriies (Mesal) Removal PK 200HOM)
Used Cooking Ol Feedstock SUSTAIMABLE AVIATION FUEL S L0 |mpurities (N, 5) Removal (PK 200HNS-1)
Bio-based feedstocks BN

200N Deaxygenation (PK 200NHDO)
(Waste Based) processed (PK 200IDS) | Isomerization (PK 2001DS)
by mixing them with Bio-Jet Fuel SAF (l.mBﬁed} (PK 200HNS 1) Impurities (N,, 5) Removal (PK 200HNS-1)

y —
’ ne w&;n
Conventional Unit TDHT Cap. 9 KBPD
in existing process Kerosene Feedstock 347 Mn Liters Field Test, planned in May 2025

conventional feedstocks Treated

e Alternatives

Rgﬁne Greer = Green o Cresni
Bio-based feedstocks i Ty Refinery [ 8 Refinery (1 sl _ ..
st - Target Onstream Plaju Target Onstream Dumai Target Onstream Balikpapan = Target Onstream
processed 100%as the Phase -2 S et O+ g% 4+
main feedstock (e.g. UCO, 2028 2030* 2031° 2034
POME)

Mid-Term Development b Future Development (Next)

Previously, SAF production in Indonesia utilizes the HEFA process with PKO as

the primary feedstock. POME and UCO are expected to replace PKO due to
their greater availability.

Realistic scenario for UCO and PFAD as the main
feedstocks

(Juta kiloliter) 2050-onwards

2040-2050 Alcohol-to-Jet, Fischer-Tops, dan Power-to-Liquid,

menggunakan energi terbarukan dan teknologi

2027-2040 HEFA, Alcohol-to-jet, dan Fischer-Tops, penangkapan karbon

menggunakan bahan baku limbah karbon dan

Bahan baku HEFA generasi kedua, limbah biologis LI
menggunakan PFAD dan UCO sebagai bahan

baku

Skenario realistis untuk SAF berbahan baku PFAD &
= UCO hanya akan memenuhi permintaan domestik
SAF hingga tahun 2045

2027 2032 2037 2042 2047 2052 2057
[ Permintaan SAF ID == Skenario best case potensi bahan baku SAF HEFA yang memenuhi standar EU, US, dan CORSIA

Permintaan SAF ASEAN Skenario realistis potensi bahan baku SAF HEFA yang memenuhi standar EU, US, dan CORSIA

Source: Coordinating Ministry for Maritime & Investment Affairs (2024)

* The supply of HEFA feedstock for SAF production in

Indonesia is projected to be adequate for meeting domestic
SAF needs only until 2040.

* It is necessary to develop alternative production pathways
such as AtJ, FT, and PtL.

* Biomass represents a promising feedstock option in the
future.

|

24% 10% 20% 25%

f !
Palmoil UCO  Source: UGM, 2023 Biomass
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BIOFUEL (SAF) DEVELOPMENT TO ACHIEVE NZE

Bioavtur Implementation:
Opportunity & Challenges

SAF Production through Catalytic Hydrotreatment
Process

Abundant potential resources of /. Raw material competition demand
raw material R 4 between SAF and other industry

Renewable fuel towards NZE ' )i.‘_
High demand &)

Research required

Production of SAF Raw Materials from Biomass by
Pyrolysis Process

Alternative raw Alternative raw

Catalyst : . : Fuel analysis - e Techno-
high yi:ld & material for material for 2 " Engine Sustainibillity || o06n0my Biomass Processing Technology into Alcohol and SAF
selectivity HEFA OGN Alcoh:?l to improvement performance Analysis analysis Alcohol to Jet Fuel Production through Process and
waste oil Jetfuel: Biomass Catalyst Development
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Energy Biomass
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CO-DEVELOPMENT : Biomass - BOILER development with

EFB as biomass Fuel

B RETIMENET OF COAL POWER PLANT R e S e
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PLN Nusantara Power (PNP) tengah melakukan studi untuk bisa mengganti
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Carbon Black Production

Implementing Down-Draft Fixed Bed Gasification to Enhance
Sustainable Fuel Supply in Carbon Black Production

Integrated pyrolysis, gasification and carbon black process
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