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Wood Waste
O%A BRIN

Food Waste

Fruit and Vegetable Scraps

Cereals and Grains

Microalgal Biomass

BIOMASS TO BIOFUEL —

Sources R\

\k ~— Forest Residues
_Agm-Fonct Residues g

\ “— Crop Residues

* Biofuels from biomass have significant potential to meet |\ —— e

- Organic Waste

sustainable energy needs and help mitigate climate —
Energy Crops ~— Annual Crops

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

* Potential biomass sources include wood waste, food —

waste, microalgae, animal waste, agroforestry residues,
. . . ,/, ; e /‘, éioethanol (from corn, sugarcaner)\]
municipal solid waste, and energy crops. / e

i)

| -
,‘ ‘.. Biobutanol (from sugar fermentation of

* Second- and third-generation biofuels are more S— ;’

; _ Cellulosic ethanol (e.g., Clariant's |
! i /~ | sunliquid)
AR -

sustainable than first-generation biofuels, but Pt g

S \ o butanouronTug:ocelmlosicbiomassJ
technological and cost barriers remain high. == -

- = D
\:f ; ¢ \
|| ~ 3rd Generation ),—(- - = Biohydrogen |
%

N lms )
\"~{Biomethane |

\ F hY
~4 Electro-biofuels

< P { Photobiological solar fuels ;l

M4th Generation =( . ————
3 4 \‘+ Biofuels from genetically modified
‘microor ganisms




Indonesian biomass residue processes

BIOMASS POTENTIAL IN INDONESIA

Utilization of oil palm biomass in Indonesia

Palm Oil Milling

QOil Palm Plantation

Boiler feedstock

Biofuel

Pulp Emp h(EFB) Zﬂ::;:mposﬁng
% g No Air -!-EHI}’TH Enlvm Exce!ss Air No I-Ai.r 02"‘5‘53";"‘(:3'3]3'3( No IAil' | | "< Boiler feedstock
; % g: Anaerobic i Di:ect - Carbomislutinn and | I Thermal O-“ Fil —
52 55 Digestion Fermentation R——— || Torefacti Gasification ‘ | Pyrolisis | Liquefacti Extraction Densification B(loor;gs)'s t‘i"i’;‘:‘:;m“
e ST 1 ********************************************************************** L L LT ——————— === L Paim Kemel Shell (PKS) | PKS powder
L [ | | | | —
E 'g E Biogas Bioethanol ‘ Biochar ‘ ‘ E:Emf::: Pyrolisis ‘ Pellet Briquette : Mu;:fl::, _—_—_—
5 g : I Medium density fiberboard i S Biofuel
o : | l 2 Palwk—(OPT) ol Fiber-reinforced composite
: g I - esoca‘:" “i ;’ Y
E g E Methane Gas Compost Heat l Syngas Bio-oil ;ii‘il:nef:: ‘ ‘ Bio-o0il . = 7o B
o e e e Source: Nabila et al., 2023
2,729% ] 0'49%/ 108%
‘“'| \\\ e 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 e Somen | romi Sk e Agricultural residues amount to approximately 155.3 million tons annually,
s, T o offering an energy potential exceeding 300 PJ per year, with rice straw and

82,16%

2|'47°’“ = 561%
14,05%

W‘\‘I

—’

Average amount of residue

Average of energy potential

» Coconut = Coffee Cocoa

(b)

= Sugarcane Palm oil

palm oil waste being the primary contributors.

* Forestry residues from wood waste total around 7.9 million tons per year,
corresponding to an energy potential of 59 PJ annually.
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BIOMASS TO
BIOETHANOL
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Lignin
(15-20%)
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Hemi-cellulose

(25-35%)

o) HO o Cellulose
HO o o (40-50%)
OH

Cotton Stalk Coffee Husk

Agricultural Residues
Lignocellulosic
Biomass

Soybean hull Rice Husk Bagasse Corn Stover

Source: Jayakumar et al., 2023

N A Agricultural
PR : <
ey residues biomass

iy

Acid hydrolysis
Jfermentation

Biomass
Pretreatment

Downstream
processing

Bioethanol

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
© 28 12 36.46
;g | 1552 17.1 - - 1385 B 1675 _
o | s - m H == Primary data was collected through
Pz | & g2 B3l 2 E | 2| £ 2]k interviews and surveys with 64 farmers in
i < g 8 2 = 8 2 - = 2 o A
s | g | 5| £ |32 3 : - : Karanganyar.
= 3 5|l s=| £ 2 S5
2 = == = 2 S
8 g8 | - 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 as a renewable energy material renewable energy sources
(multiple answer) .

Farmers' perceptions of bioethanol are low
due to the difficult production process,

——Bioethanol

(mean= 2,35/ e o

Low perception) expensive equipment, small market, and
—=—Biochar . . -

(Mean= 2,44/ perceived high product prices.

Low perception)

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

——Biogas
(Mean= 2,44/
Low perception)

n=64




Xylanase

enzyme
z!y hemicellulose

== Hydrolysate

— « Cellulose
¢ Lignin

Xylose from

Fermentation
B A D A N RISET

o =rin Technoeconomic feasibility of OPEFBs as
- bioethanol feedstock

NOVASI NASIONAL

Scenario 1

g Kalimantan Utara OM: P Oil »
Kahr;\;v;l;:ﬁurat 7 POMs rEn. Frach Bo . Solid I
s 290 ton FF8 s ' i

e g— S e e MONO-PRODUCTION | residues |

1238 ton FF8/hour | e s (Bioethanol or xylitol as Céllilaca
71 POMs main product) | eNZYMe  Giycose from |

NI B : 4535 ton FFB/hour Kalimantan Timur | cellulose

Sumatera Utara ¥ 276 POMS - 2 Papua ‘
12330 ton FF8/hour 3805 ton FF8/hour - I I

111 POMSs i _ 9 POMs — Hydrolysate/==> Glucose = Fermentation - Bioethanol
4451 ton FFB/hour X J$"& 535 ton FFB/hour o
G S A 2 « Glucan
# R0
¢ A « Xylan
Sumatera Barat : AN\ s f o, 1 . Li‘énin
16 POMs - - Iln.-;:' e . i e > P od i | Papua Barat
795 ton FFB/hour S, e AL 'e’- £ ‘ 4 POMs £ Solid
. L i " ~ _ l 110 ton FFB/hour * HemicelluloSe :
hourbl \ sl ‘ : §% : N AR | Pre-treatment: - Cellulose residues I
45 POMs - R : = * ‘ :‘ 4 5 " 2 ~. & T = 3 e - . ¢ PhySiCaI .Lignin e — S S S S S S S S S S S S SS— S—— — W— — —
2157 ton FFB/hour B . ‘ : T ot N Bl ' 4 i O rBs * Chemical —
2 v ¥ \ i e E— — —— —— —— —— — —— —— — — S— — S— — — — — S—

* Physico-chemical
o * Biological
21 POMs

915 ton FFB/hour

o : i Fermentation .
66 POMs b
3205 ton FF8/hour Sulawesi Barat Y -
8 POMs — . % gl Scenario 2
- — Y kil

385ton FFB/hour |

Xylose from

hemicellulose
== | Hydrolysate
Xylanase

enzyme

i Cellulase

| enzyme

Jawa Barat
2 POMs
50 ton FF8/hour

60 FFB/hour Glucose from

cellulose
3 -—v Glucose —p Fermentation
Cellulose
¢ Lignin Lignin

Solid Valorised as:
residues / - Solidfuels

The national energy policy targets the use of biomass for
renewable energy, but the implementation of lignocellulosic - rquetes
biomass-based bioethanol remains limited. | ~ e

The potential availability of OPEFBs in Indonesia is 45.86 e R sy ey s e e ey e e ey, e e, e
million tons/year, equivalent to 828 MW/year.

Glucose from

cellulose Gl : 5
— ucose Eermentation
Cellulase Hydrolysate = Fermentation

enzyme

_’ﬁ' Xylanase

I enzyme

Domestic bioethanol demand is projected to increase from
0.22 billion liters (2019) to 10.38 billion liters (2025), while
xylitol demand reached 2.2 thousand tons/year (2020).

Scenario 3

Xylose from Fermentation

! xylan
Solid
e

* Xylan o
* Lignin Lignin

Solid Valorised as:
residues / - Solidfuels

Briquettes
- Feedstock forAD
- Otherlignin-based biomaterials

Three OPEFB-based biorefinery scenarios were proposed, all of
which were concluded to be economically feasible.
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48 72 96
Fermentation Time (Hour)

—8— HCI1 Concentration 1 M =—O=—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
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. . . . . Bioethanol Location Capacity FGE capacity Feedstock
Realization of Bioethanol Utilization producers (djyea)  (L/yean
Molindo Raya Malang, East 80,000 10,000 Molasses
Industrial Java
7.488 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
- Q Indo Acidatama Solo, Central 58,825 - Molasses
= Bioethanol
— Java
(<} A Madu Baru Yogyakarta 7500 3000 Molasses
g p rOd ucers in PSA Palimanan Cirebon, West 3000 - Molasses
— H Java
§ I n d onesla Indonesia Lampung 62,000 20,000 Cassava,
Ethanol corn
Industry
Molasindo Medan, North 3600 - Molasses
812 ) 3 Sumatera
80 357 Basis Indah Bone, South 3000 - Molasses
_ I Sulawesi
Medco Ethanol Lampung 50,000 - Molasses
2023 2024 Semarang Semarang, 2000 - Molasses
Herbal Central Java
. Indoplant
B Pertamax Green 95 M Bioetanol Indo Lampung Larnpung 50,000 B Molasses
Distillery
Source: Lahadalia et al., 2025 Total 365,150 63,000

Source: Wirawan et al., 2025
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Palm oil waste for biodiesel feedstock

'
OH o LI
“O\/l\/OH insitu carbonication and 3
¥ : sulfonation _ e <00
30 min, 180 °C Eé O RS
H2804 BYEN (E)
CGed K30, & =

[ sulfonation of catalyst ]

|

[ o SCG-10) catalyst m
;& + CH:OH — A\ + H,0
"yt ‘ ® -SOH
-COOH
PFAD FAME

100

50 - | | | | | | | | I 1 I | I
1 2 3 ~ 5 6 7

Number of runs
Source: Sangar et al., 2019
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I I - - 60% -
Microalgae biomass for biodiesel feedstock . o
= 45% 1 .
N |
- 30% -
§ 15% -
E) B g
=8 0% 3888 ] ]
(): i 4 Botryococcus Nannochloropsis — Arthrospira Mixed-culture
Natural habitat of J LA : z:’::r‘l‘;:‘g'::on — = ' braunii sp. platensis
micro algal species ¢ OpenType o Air Flotation Py

— Freshwater/

w SFA,% ®MUFA,% #PUFA,%

e Closed Type e Thermal rollers
Lipid Extraction

Transesterification =
) .
& 250 178.26 187.69
¢ Direct Transesteriﬁca.tion . p g § 200 -
e Two-stage Transesterification / = b 115.68
> — .
‘ Dry micro algae biomass £ +33 1
e Mechanical Extraction § .:j) 100 - : ,:
¢ Chemical Extraction 5 4 3
Algae Biodiesel % 50 - 13331
Engine calibration and Testing - 313331
Performance ~ 0 . : -
SNy Botryococcus  Nannochloropsis ~ Arthrospira Mixed-culture
Combustion braunii sp. platensis

Characteristics

Emission Source: Pradana et al., 2017

Algas Biodiess! I \

Glycerine

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

. . - ] ) .. 20XX : 20,1 million kL
24 bu5|?ess entity 15,6 millionkL ., £y nding Adequacy and Sustainability Study ~ 80% installed capacity
81,5% of Installed capacity . CPO Availability Study 25 million KL
(19,15 million kL) (25 million kL)

Production capacity

 There is a need to add new factories, especially
] in Eastern Indonesia.

ILI 1 ® ® () () ° ()
sl 2026 : existing production capacity ~ 17,3 million kL

: er1e (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

Facilities and Infrastructure

- Sufficient and efficient

« Transportation Mode Limitations 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
feedstock for SAF through a

combination of depolymerization,
alkylation, and HDO.

---------------------------

* A two-stage strategy using phenolic

Depolymerization _..0-.6-'0“ ?:(‘fyﬁ Ho\—lo HDO cg:> b I O-.O I I h O I d S g re a te r p ro m I S e fo r
Biomass Lignin M‘;im" Alkylation 'C? ,\=,>_°H Catalysts t h e I n d u St ry.

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

GPC

Monomers

— e

Waste

Dimers

stream

ical methanol

> %5

SA-Cu/CuMgAIO,

-
5 Quantitative *C NMR Trimers
o . HSQC NMR
5 HMBC NMR
Nee it Elemental analysis Oligomers
TGA

Waste Kraft ,
Hydroprocessing

lignin

Source: Xianging et al (2025)




Microalgae biomass for SAF feedstock

Hydroprocessing
process

Source: Lim et al (2021)

A .
Fischer-Tropsch
synthesis process
> ’ -— -
v v
Fischer-
Gasification T:'op sch
synthesis

-

CO, CO2, H20

0

on Distillation

Light
gas

Biojet fuel
Naphthas

f
/
l/ 3
,/
' oe—ocli®
«

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)

2.5% 5%

-
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
= Ml & 1) =
Biofuel Production 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
Implementation

economic aspects

s PERTALINA
Co-Processing Reﬂne e ed Renewable CLd SUSTATNABLE AVATION RLEC
Bio-based feedstocks are DeOClorlzed F’alm eedstock ‘

s Kemel Oi EEE 3
processed by mixing B LR e n Gl . Oct 2021, flight test using CN 235

) them with conventional . Unit TDHT Cap. 9 KBPD » Oct 2023, flight test and first
feedstocks in existing Treated BTV E GG 347 : ial flight with Garud
process Mn Liters commercial flight wi aruda

Kerosene Feedstock 97.6% Indonesia

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

Upto 3% N\
€@ Co-Processing Renewable PERTAAMINA PRSI 11t et Removal (P 200HOM)
Used Cooklng Ol eedstock SLSTAINARLE AVIATION FUEL DS ETEE impurities (N, 5) Removal (PK 200HNS-1)
- Bio-based feedstocks nEN Deoxygenation (PK 200NHDO)
(Waste Based) processed ‘ (PK 200IDS) | Isomerization (PK 2001DS)
m T Bio-Jet Fuel SAF (UCO Based) (PK 200HNS 1] impurities (N;. S) Removal (PK 200HNS-1)

Unit TDHT CIpSIBRD
347 Mn Liters Field Test, planned in May 2025

by mixing them with g
conventional feedstocks Treated Conventional

in existing process Kerosene Feedstock

€© Alternatives

Reﬁne &z
Bio-based feedstocks o~ B Refinery Reﬁnery m Reﬁ"ew )
Sl Lty Target Onstream Plaju Target Onstream Dumai Target Onstream Balikpapan Target Onstream
processed 100%as the Phase - 2 * * *
main feedstock (e.g. UCO, 2028 2030 2031 2034

POME)

Mid-Term Development } 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

(uta 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.

* [t 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




Contact:

Email :tataO12@brin.go.id
Mobile : +6287887544236




