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ABSTRACT

Decarbonising the aviation sector demands innovative strategies, with Sustainable Aviation 
Fuel (SAF) emerging as a promising solution. Although Indonesia has pledged to adopt SAF, 
empirical assessments of its production potential remain scarce. This study addresses the gap 
by estimating SAF output using secondary data on municipal solid waste (MSW), rice residues, 
and palm residues. These inputs are geospatially mapped across Indonesia’s provinces to 
identify spatial distribution and feasibility. Importantly, the estimation method is designed to 
be straightforward and readily replicable, allowing for rapid preliminary SAF assessments in 
other national contexts. Our analysis indicates a national production potential of approximately 
37.06 M m3/yr, with palm residues contributing 76.76%, rice residues 17.68%, and MSW 
5.56%. Sumatra exhibits the greatest potential, attributable to its extensive palm oil 
infrastructure. Critically, Sumatra’s renewable power capacity in the future could substantially 
offset the energy-related emissions from SAF production. These findings underscore the value 
of aligning waste feedstock availability with renewable energy capacity, while recognising 
competing resource demands. This study offers foundational data to guide supply chain and 
techno-economic analyses, as well as supports strategic planning for SAF deployment across 
Indonesia’s regions.

1.	 Introduction

Decarbonising the energy sector requires a transition to 
renewable energy across all areas, including transport [1]. 
In this context, the aviation sector can use Sustainable 
Aviation Fuels (SAF) [2] that can be produced through 
various conversion pathways, using biomass [3] and 
hydrogen [4]. At present, biobased SAF is more econom-
ical than hydrogenbased SAF; however, the challenge in 
producing biobased SAF lies in the availability of feed-
stock [5]. Based on their types, feedstocks can be catego-
rized into lipid-based and carbohydrate-based forms, each 
following a distinct production pathway. These feedstocks 
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may come from dedicated energy crop plantations that 
supply materials for SAF. The advantage of using such 
plantations lies in their ability to guarantee a homogenous 
supply in terms of volume, price, and quality. However, 
establishing new plantations would require additional 
land and higher capital investments. Alternatively, SAF 
production can utilize municipal solid waste (MSW), 
along with agricultural, forestry, and plantation residues. 
The utilizations of these waste streams may cause a min-
imum investment costs and emissions [6]. 

Oil-based fuels remain necessary for the transition to 
net-zero emissions, including in Indonesia [7, 8]. Indeed, 
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analytical methods; Section 4 details the potential for 
SAF production; and Section 5 discusses the analysis 
results in terms of renewable energy supply, competing 
feedstock uses in other sectors, waste quantity trends, 
and policy implications.

2.	Literature Review

According to the International Civil Aviation Organization 
[16], SAF can be produced through 11 conversion pro-
cesses that have been recognized by ASTM International. 
Additionally, 11 other conversion processes are currently 
under evaluation, while various studies are developing 
further methods. Feedstocks for SAF production include 
agricultural waste, plantation waste, and MSW. One type 
of agricultural waste is rice husk and rice straw. These 
residues are best processed using Fischer–Tropsch (FT) 
synthesis to produce SAF [6]. The FT process begins by 
drying the rice residues until their moisture content meets 
the requirement. The dried material is then gasified using 
steam and oxygen to produce syngas (a mixture of H2 and 
CO). Methane and other hydrocarbons present are 
reformed into H2 and CO, which are subsequently used in 
FT synthesis. Finally, the process continues with FT syn-
thesis, followed by distillation and hydrocracking, to 
produce hydrocarbons that meet SAF specifications [17]. 
EFB, fibre, and palm shell represent appreciable portions 
of the fresh fruit bunch weight [18]. Although some of 
these residues are used as boiler fuel, the majority remains 
underutilized, thereby offering significant potential as 
SAF feedstock. MSW contains a significant fraction of 
carbohydrate-rich organic matter, making it suitable for 
gasification-to-FT processes [6]. MSW generally com-
prises a mixture of various waste types, each of which can 
be converted into SAF using different processes. 

Feasibility analyses and supply chain assessments for 
these three feedstocks generally begin with estimating the 
availability of raw materials. Carvalho et al. [17] estimated 
the quantity of rice waste and four other agricultural 
byproducts across municipalities in Brazil. This estimation 
employed data on agricultural land area, crop productivity, 
the waste-to-main product ratio, the environmentally sus-
tainable removal rate of residues, waste availability, and the 

the development of SAF is a key element of Indonesia’s 
net-zero emission agenda. As outlined in two Indonesian 
SAF development roadmap studies [9, 10], crude palm 
oil has been proposed as the main feedstock. Indonesia 
has already initiated production and testing of SAF 
derived from palm oil [11]. However, SAF production 
using palm oil is associated with the highest land emis-
sions when compared to other feedstocks and similar 
production practices in other countries. Other feedstocks 
featured in Indonesia’s SAF roadmap include used cook-
ing oil, palm fatty acid distillate, and agricultural waste. 
Nevertheless, these roadmap studies do not provide a 
detailed mapping or assessment of Indonesia’s overall 
SAF production potential.

Indeed, studies estimating the SAF production volume 
in Indonesia remain limited. Nguyen and Vuong [12] esti-
mated the potential for SAF production in Indonesia, 
Malaysia, the Philippines, Thailand, and Vietnam using 
agricultural residues, food waste, and forestry wastes. In 
addition, they reviewed commitments from Southeast 
Asian airlines regarding SAF usage and projected the 
region’s SAF demand through 2050. Other SAF studies in 
Indonesia have focused on identifying competitive SAF 
pricing [13], assessing the feasibility of cooking oil and 
sugarcane as SAF feedstocks [11], analysing the intercon-
nections among the social, economic, technological, and 
environmental aspects of SAF production systems [14], 
and reviewing relevant policies and incentives [15].

Considering these gaps, our study aims to estimate the 
potential production of SAF from agricultural waste, 
palm oil plantation residues, and MSW across Indonesia. 
Our contributions are threefold. First, our estimations are 
carried out at the provincial level, offering a higher reso-
lution than previous studies. Second, we match the SAF 
production potential in each province with the existing 
renewable energy power infrastructure and planned devel-
opments until 2030, thereby providing initial information 
on the potential emission level of the produced SAF. 
Third, we evaluate the risk to feedstock supply continuity 
by discussing the competing demands for MSW, rice 
straw, and palm plantation residues in other sectors.

The rest of the paper is organized as follows. Section 
2 reviews the relevant literature; Section 3 presents the 
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low heating value of the waste. Similarly, the estimation of 
SAF production potential from palm plantation residues 
involves comparable steps by considering factors such as 
the extent of palm plantation areas, plantation productivity, 
waste availability, and process technologies [18].

The abundance of these three types of waste in Indonesia 
is considerable. As an agrarian country, Indonesia had a 
cropland area exceeding 50 Mha in 2021, making it the 
sixth-largest in the world [19]. One of its primary agricul-
tural products is rice, with a production of 53.97 Mt in 
2023, ranking as the fourth-largest globally [20]. Another 
major crop is palm oil, with Indonesia possessing the 
world’s largest palm plantation area (14.95 Mha in 2022) 
and achieving the highest global production, reaching 46.5 
M m3 in 2024 [21]. Utilising palm oil waste for bioenergy 
could provide an exit strategy for provinces whose econo-
mies have traditionally depended on coal revenues [22]. 
Regarding MSW production, Indonesia ranked as the 
fourth-largest waste-generating country in the world, pro-
ducing 62.7 Mt of waste in 2014 [23]. 

While data on MSW, agricultural waste, and planta-
tion waste are available in various studies and reports, 
studies estimating the potential SAF yield from these 
waste sources were still limited. Therefore, our study 
aims to address this gap by estimating the SAF produc-
tion potentials, analysing the emissions cleanliness of 
SAF based on the energy mix within power generation 
systems in each province, as well as assessing the sus-
tainability of feedstock supply while considering poten-
tial conflicts with other feedstock uses.

3.	Methods and Data

The first step is to estimate SAF production from MSW. 
The average moisture content of MSW in Indonesian 
landfills is 50.74% [24]. Therefore, the total waste 

volume for each province  in 2024, as reported by the 
National Waste Management Information System [25], 
was multiplied by 49.26% to obtain the dry waste 
weight. This dry waste was then multiplied by the con-
version factor for dry waste into SAF. The conversion 
factor in Table 1 is based on Hydrothermal Liquefaction 
(HTL) technology.

SAF fromMSW MSW volume dryMSW ratio
MSW to SAF Factor

i i� � �

The second step is to estimate SAF production from 
agricultural waste. The calculation begins with the rice 
production data for province  in 2024 from the Ministry 
of Agriculture [26]. The volume of rice production is 
multiplied by the straw-to-paddy ratio to estimate the 
amount of rice straw waste, and similarly, it is multiplied 
by the husk-to-paddy ratio to determine the rice husk 
volume. These two waste volumes are then summed, 
and the total is multiplied by the conversion factor for 
paddy residue to SAF factor (see Table 1).

SAF from rice residuesi
	 = Rice productioni

	 × (straw to paddy ratio+husk to paddy ratio)
	 × paddy to SAF ratio

The last step is to estimate SAF production from palm 
oil residues, specifically from palm oil mill effluent 
(POME) and EFB. First, the palm oil production data for 
province  in 2022, obtained from the Central Statistics 
Agency [35], is multiplied by the conversion factors that 
translate palm oil output into POME and EFB waste. 
Next, each palm waste stream is individually multiplied 
by its corresponding conversion factor from waste to 
SAF. Finally, the estimated SAF values from both waste 

Table 1: Assumptions of parameter values.

Parameter Value Source
Dry MSW ratio (%) 49.26 [24]
MSW to SAF factor (L of SAF/ ton of MSW) 109.6 [27]
Straw to paddy ratio (%) 70.0 [28]
Husk to paddy ratio (%) 20.0 [29]
Paddy to SAF factor (L of SAF/ ton of rice husk and straw) 155.8 [30]
Palm to POME ratio (%) 50.0 [31]
Palm to EFB ratio (%) 23.0 [32]
Conversion factor from EFB to SAF (L of SAF/ton of EFB) 400 [33]
Conversion factor from POME to SAF (L of SAF/ton of POME) 1,080 [34]
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types are summed up to determine the total potential 
SAF production.

SAF from palm residuesi
	 = (Palm productioni × palm to POME ratio)
	 × �(conversion factor of POME to SAF) + 

(Palm productioni
	 × �palm to EFB ratio × conversion factor of 

EFB to SAF)
The next step involves creating maps that visualize 

the estimated potential SAF production from the three 
feedstock types. All the data is entered into a Google 
Sheet connected to Looker Studio (https://lookerstudio.
google.com/), which converts the numerical data into 
statistical geo-maps. First, a national-scale map is gener-
ated for all provinces, and then a detailed provincial map 
is created for the areas with the highest potential SAF 
production.

Additionally, we developed a map showing both the 
total power plant capacity and the percentage of new 
renewable energy capacity projected for 2030. The data 
on existing and future power plant capacity was obtained 
from the State-owned Electricity Company [36]. This 
map is designed to analyse the feasibility of SAF pro-
duction in province  from the perspective of the emis-
sions associated with the province’s power generation 
system. Moreover, we obtained the projected emission 
factors for 2030 as follows: Sumatra (0.695 t of CO2/
MWh), Java and Bali (0.788 t of CO2/MWh), Kalimantan 
(0.841 t of CO2/MWh), and other islands (0.572 t of 

CO2/MWh) [36]. These emission factors were then mul-
tiplied by electricity consumption required for SAF 
production, assumed to be 1.76 kWh/L of SAF [37], to 
estimate the emissions associated with producing a m3 
of SAF.

4.	Analysis Results

The total potential SAF production from these three 
types of waste amounts to 37.06 M m3/yr, comprising 
28.45 M m3 from palm plantation residues, 6.55 M m3 

from agricultural residues, and 2.06 M m3 from MSW. 
The following subsections provide a detailed breakdown 
of this SAF potential across each province and district.

4.1.	Potential SAF Production from MSW
In 2024, Indonesia generated approximately 38.17 Mt of 
MSW [25] that could be converted to about 2.06 M m3 

of SAF. The provinces with the highest SAF production 
potential from MSW are East Java (345,230 m3), West 
Java (342,855 m3), and Central Java (319,773 m3), as 
shown in Figure 1. The East Java province has the high-
est MSW generation in 2024 for 6.39 Mt [25]. Figure 2 
illustrates that within East Java, area with the largest 
amount of MSW are Surabaya city (10% of total MSW), 
Malang district (6%), and Sidoarjo district (5%).

Other provinces with high SAF production potential 
include West Java and Central Java, which generated 
MSW for 6.35 Mt and 5.92 Mt, respectively, in 2024 
[25]. In West Java, areas with the highest SAF potential 

Figure 1: Map of SAF potential from MSW in Indonesia.

https://lookerstudio.google.com/
https://lookerstudio.google.com/
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are Bekasi city, Bekasi district, and Bandung city. 
Meanwhile, the leading areas in Central Java are 
Semarang city, Brebes district, and Cilacap district. In 
contrast, the South Papua province records the lowest 
MSW generation (i.e., 17,305 t in 2024), yielding 
approximately 934 m3 of SAF.

4.2.	Potential SAF Production from Rice Residues
With a rice harvest area of approximately 2.27 Mha in 
2024, Indonesia produced 46.74 Mt of rice and gener-
ated 42.07 Mt of rice straw and husk. This waste can be 
converted into roughly 6.55 M m3 of SAF. The distribu-
tion of rice waste and the potential for SAF production 
are shown in Figure 3. East Java is the province with the 
largest volume of rice waste, generating around 7.47 
million tons that can be utilized to produce 1.16 M m3 of 
SAF. Figure 4 displays the distribution of rice waste and 
SAF production potential within the province. The main 
rice-producing districts are in the western region of East 
Java, i.e., Lamongan, Bojonegoro, and Ngawi. In addi-
tion, the region of Jember, together with these three 
districts, contributes about 31% of East Java’s total rice 
output. 

The potential to produce SAF from agricultural waste 
is also significant in Central Java and West Java. In 
2024, Central Java produced 4.68 Mt of rice and gener-
ated 7.32 Mt of rice waste, which can be converted into 
1.14 M m3 of SAF. West Java’s production figures are 

approximately 4.17 Mt of rice and 6.5 Mt of rice waste. 
This waste can be used as feedstock to produce about 
1.01 M m3 of SAF. Other provinces with significant SAF 
production potentials from rice waste include South 
Sulawesi, South Sumatra, Lampung, North Sumatra, 
Banten, and Aceh. Conversely, the provinces with the 
lowest SAF production potential are the Riau Islands 
and Highland Papua.

4.3.	Potential SAF Production from Palm Residues
Indonesia’s primary palm oil plantations are concen-
trated on the islands of Sumatra and Kalimantan, cover-
ing approximately 8.04 Mha and 5.86 Mha, respectively. 
Consequently, these islands have significant potentials 
for SAF production from palm oil residues (see Figure 5). 
Palm plantations in the Sumatra island may produce 
15.79 Mt of waste, consisting of POME and EFB, which 
can be converted into 13.48 M m3 and 2.3 M m3 of SAF, 
respectively. Provinces with significant potentials are 
Riau (5.65 M m3), North Sumatra (3.32 M m3), South 
Sumatra (2.33 M m3), and Jambi (1.53 M m3). 

In Kalimantan, the combined SAF production potential 
reaches 11.44 M m3 from 13.24 Mt of palm waste. The 
three provinces with the greatest potential are Central 
Kalimantan (4.59 M m3), West Kalimantan (3.36 M m3), 
and East Kalimantan (2.36 M m3). In contrast, palm oil 
plantations on other islands are relatively limited: Sulawesi 
has 428.87 kha, Papua has 242.33 kha, and Java has 33.48 

Figure 2: Map of SAF potential from MSW in East Java.
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kha. As a result, the SAF production potential from palm 
residues in these regions is only 638.69 MCM, 534.14 
MCM, and 37.48 MCM, respectively.

5.	Discussions

The SAF production potential estimated in Section 4 
represents the maximum theoretical output, without 

accounting for actual availability due to the use of waste 
in other sectors. Therefore, we conducted a sensitivity 
analysis on waste availability for SAF production and 
examined its impact on the potential to meet domestic 
SAF demand. In addition, SAF production must also 
take into consideration the location of SAF demand, the 
availability of renewable energy, and the challenges 
involved.

Figure 3: Map of SAF potential from rice residue in Indonesia.

Figure 4: Map of SAF potential from rice residue in East Java.
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5.1.	Utilization of Feedstocks for Other Purposes
Figure 6 shows the existing jet fuel demand and its pro-
jection up to 2060 under the low, BaU, and high scenar-
ios [10]. Indonesia’s jet fuel consumption peaked at 5.7 
M m3 in 2018, then declined due to the COVID-19 pan-
demic, reaching 5.0 M m3 in 2019 and 2.0 M m3 in 2021 
[38]. Recovery followed with consumption rising to 3.3 
M m3 in 2022 and 4.3 M m3 in 2023. In 2018, this fuel 
supported 1.1 million flights, dropping to 541,300 by 
2022 [39]. Aircraft movements in 2023 totalled 717,788 
domestic and 98,637 international flights [40]. Java 
remained dominant, accounting for 40% of domestic 
and 52% of international flights. Soekarno-Hatta (Java) 
and Ngurah Rai (Bali) led international traffic, with 42% 
and 32%, respectively [40].

Figure 6 shows that jet fuel demand is projected to 
rise to 6.3 M m3 in 2030 and continue increasing to 15.8 
M m3 in 2060 under the BaU scenario. GOI [10] targets 
a gradual increase in the share of SAF blended into jet 
fuel, from 2.5% in 2030 to 12.5% in 2040 and 50% in 
2060, equivalent to 7.9 M m3 of SAF in 2060. This total 
SAF demand in 2060 could be met by the overall SAF 
production potential from MSW, rice residues, and palm 
waste, amounting to 37.06 M m3 of SAF. However, the 
prospective utilisation of these feedstocks for SAF 
requires rigorous assessment, given their current and 
diverse applications across multiple sectors, such as bio-
mass fuels in power plants [41-44]. Furthermore, demand 
for MSW, agricultural, and plantation residues is 

expected to grow steadily in line with the circular bio-
economy agenda (please see Table 2).

Various alternative applications of the three waste 
streams listed in Table 2 indicate that not all of them can 
be utilised for SAF production. Therefore, a sensitivity 
analysis was conducted to assess the impact of waste 
availability on meeting SAF demand targets. Figure 7 
presents the results of the sensitivity analysis on varia-
tions in the availability of a single feedstock for SAF 
production (ranging from 0% to 100% of total feedstock 
availability), as well as variations in the availability of 
all three feedstocks simultaneously. As a result, SAF 
production potential is strongly influenced by the avail-
ability of palm waste. Using 20% of palm waste for SAF 
production would reduce the potential output to 38.59% 
of the total SAF production, assuming all other waste 
streams could be fully utilised for SAF. However, if only 
20% of all waste streams were available for SAF pro-
duction, the potential output would fall to 7.41 M m3 of 
SAF, making it insufficient to meet domestic SAF 
demand.

5.2.	Electricity Supply for SAF Production Plants
Java’s high demand of jet fuels presents an opportunity 
to scale SAF production, particularly using feedstocks 
such as MSW and rice residues. SAF productions in 
Java will be supported by increasing renewable genera-
tion capacity, reaching 13.5 GW by 2030 [36], with the 
largest shares in West Java (52.1%), Central Java 

Figure 5: Map of SAF potential from palm residue in Indonesia.
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(21.5%), and East Java (19.4%) (see Figure 8). SAF 
produced in West and Central Java can supply airports in 
Java and support exports, while East Java may supply 
Bali’s Ngurah Rai Airport.

Despite these plans, renewable sources account for 
only 22.73% of Java’s total generation capacity, poten-
tially increasing emissions from SAF production. 
Options include constructing dedicated renewable plants 

Table 2: Potential alternative uses of feedstocks in Indonesia.

Type of Waste Sector Application
MSW Energy Refuse-derived fuels & solid recovered fuel as coal substitutes, 

incineration for power generation, green hydrogen
Social/ Environmental Management Community-based waste banks
Construction Aggregate substitution in lightweight ceramics

Rice Residues Energy Bioethanol production from straw, rice husk for biomass power 
generation, bio-oil, biochar

Environment/ Agriculture Biochar for GHG mitigation and soil enhancement
Livestock Dried broken rice as livestock feed
Cosmetics Industry Cosmetic ingredients from cellulose and hydrolysed proteins
Construction Construction materials

Oil Palm 
Residues

Energy Biogas production from POME, bioethanol and xylitol from 
EFB, gasification of trunks/fronds for electricity, catalytic 
biochar from EFB

Food/ Pharmaceutical/ Cosmetics 
Industry

Extraction of bioactive compounds (vitamin E, flavonoids)

Environment Wastewater bioremediation using microalgae
Industrial Industrial fuel from palm kernel shells
Materials/ Construction Composite panels from palm trunks/ fibres
Tourism Decorative elements

Sources: [45-54].
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or purchasing renewable energy certificates. Conversely, 
Sumatra’s greener energy mix is projected to reach 
11.3 GW (or 52.74% renewable) by 2030, led by North 
Sumatra (3.2 GW). SAF from Sumatra could serve 
regional airports and be exported to Malaysia and 
Singapore. Java and Sumatra should thus act as strategic 
hubs for scaling SAF deployment, informing future 
expansion.

Figure 9 illustrates emissions associated with SAF 
production. Sumatra, with the highest SAF potential, has 
an emission factor of 0.695 tCO2/MWh, equating to 
approximately 122 kg of CO2/m

3 of SAF. Emissions in 

Kalimantan and Java–Bali are higher due to greater reli-
ance on coal-fired generation. Sulawesi, Papua, Nusa 
Tenggara, and Maluku show lower emissions, although 
their SAF production potential remains relatively 
limited.

5.3.	Challenges 
The development of SAF from agricultural residues and 
MSW faces a range of technical, economic, environ-
mental, and social challenges. A primary technical bar-
rier is the significant variability in feedstock volume and 
composition. Agricultural and plantation waste is 

Figure 8: Map of renewable energy capacity and its share by 2030 (data source from [36]).
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seasonal (i.e., abundant during harvest periods and 
scarce during off seasons) and exhibits wide heterogene-
ity in both chemical and physical properties. Geographic 
dispersion further exacerbates these challenges. 
Agricultural residues are typically scattered across rural 
regions with limited transport infrastructure, complicat-
ing efficient collection and raising logistics costs. This 
spatial fragmentation, combined with inadequate con-
nectivity, constrains the potential for scaling up SAF 
production. Moreover, only a handful of Indonesian 
cities have integrated waste management systems that 
link waste collection to energy recovery.

Similar challenges exist with MSW. Waste manage-
ment continues to grapple with low source-separation 
rates and insufficient processing infrastructure. 
Consequently, urban waste generally comprises a mixed 
stream of organic and inorganic materials, often contain-
ing high moisture and contaminants such as metals and 
plastics. This variability hampers SAF production, par-
ticularly in pretreatment, conversion, and purification 
stages, by diminishing process efficiency and fuel 
quality.

Conversion technology selection also poses signifi-
cant hurdles. Thermochemical pathways, including 
pyrolysis, gasification, HTL, and advanced catalytic 
upgrading systems. Pyrolysis bio-oil, for instance, is 
oxygen-rich and chemically unstable, requiring 

substantial upgrading to meet aviation fuel standards. 
Gasification hinges on consistent syngas quality, which 
is sensitive to feedstock type and moisture content. HTL 
is well-suited for wet biomass but entails high energy 
requirements and catalyst degradation concerns. 
Biochemical pathways such as fermentation and micro-
bial gas conversion face limitations due to process inhi-
bition, costly enzymes, and microbial inefficiencies. 
Catalyst deactivation, caused by sulphur, chlorine, and 
alkali metals, remains an underappreciated issue, result-
ing in coke formation, catalyst poisoning, and frequent 
maintenance, all of which lower efficiency and increase 
costs.

Substantial capital investment is required to establish 
dependable feedstock supply chains, pretreatment facil-
ities, and conversion plants. The seasonal fluctuations in 
agricultural biomass also intensify economic uncer-
tainty. As a result, SAF remains costlier than conven-
tional jet fuel. For context, the average global price of 
Jet-A1 fuel between 2022 and 2024 ranged from 0.6 to 
1 US$/L [55, 56]. In contrast, SAF derived from rice 
husk is priced at approximately 2.48 US$/L, from MSW 
at 1.50–1.73 US$/L, and from used cooking oil at 0.98–
1.44 US$/L [6].

Environmental and social considerations present fur-
ther obstacles. While SAF derived from waste has the 
potential to mitigate emissions and reduce landfilling, 
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Figure 9: Total SAF potential by island and associated emissions from SAF production.



International Journal of Sustainable Energy Planning and Management Vol. 48 2026	 15

Ika Inayah, Khansa Ghumaydha Dzikra, Muhammad Indra al Irsyad, Roni Kastaman, Irawan, and Anthony Halog

conversion processes may still produce pollutants if 
poorly managed. Life cycle emissions vary significantly 
depending on feedstock and conversion pathway. 
Additional environmental risks (e.g., thermal process 
emissions, residual waste, and water consumption) 
require rigorous monitoring. Social acceptance is another 
major constraint, particularly for waste-to-energy proj-
ects that often encounter public resistance due to per-
ceived health risks and air pollution. These concerns are 
frequently fuelled by limited public awareness and min-
imal community engagement during planning phases. 
Strengthening public trust in SAF initiatives will require 
evidence-based communication strategies and participa-
tory approaches.

5.4.	Policy Implications 
While the production of SAF from waste in Indonesia 
holds significant promise, its advancement demands a 
holistic policy framework supported by strategic recom-
mendations. First, regional disparities in feedstock avail-
ability and infrastructure readiness must be addressed. 
Provinces such as those in Sumatra, characterised by 
abundant palm oil residues and relatively high shares of 
renewable energy, offer promising entry points for SAF 
development. In early-stage implementation, waste-
based feedstock utilisation should be incentivised 
through schemes that recognise associated environmen-
tal benefits.

Robust cross-sector collaboration is imperative. 
Enhanced coordination among key ministries (e.g., 
Ministry of Energy and Mineral Resources, Ministry of 
Transportation, Ministry of Environment, and the 
Ministry of National Development Planning) is essential 
to align sectoral targets, harmonise regulations, and 
reduce administrative bottlenecks. The formation of a 
national task force or an inter-ministerial working group 
on SAF could facilitate these efforts. Engagement with 
private actors is equally vital. Public-private partner-
ships, underpinned by financial instruments such as 
green bonds, tax incentives, or risk-sharing mechanisms, 
can help mitigate investment risks and accelerate project 
roll-out in high-potential regions. Further priorities 
include collaborative research to strengthen SAF poten-
tial assessments, integrating techno-economic viability, 
environmental implications, and logistical constraints.

As competition for waste feedstock intensifies, allo-
cation must be carefully optimised. Cross-sectoral 
demand may result in feedstock scarcity and price vola-
tility, particularly where strategic priorities differ across 

energy, agricultural, and waste management sectors. In 
response, there is an urgent need for comprehensive 
waste utilisation policies that consider spatial-temporal 
variations in feedstock availability, economic valuation, 
emissions reduction potential, and socio-environmental 
impacts. Policy instruments such as waste-use hierar-
chies, environmentally weighted incentive schemes, and 
standardised quality assurance protocols for waste-de-
rived feedstocks can help mitigate conflict and ensure 
equitable resource access. SAF development should also 
consider other wastes, such as waste cooking oils [57].

Evidence-based decision-making should be under-
pinned by comparative assessments, such as life cycle 
analysis, cost-benefit studies, and scenario modelling 
aligned with national targets. Employing airborne Light 
Detection and Ranging surveys can substantially 
improve the accuracy and consistency of feedstock data 
measurements [58]. To support strategic planning and 
robust modelling, it is critical to strengthen national data 
systems, particularly at the municipal level for waste 
inventories and at airport hubs for fuel demand 
forecasting.

6.	Conclusion

Demand for SAF continues to rise as the aviation 
sector intensifies its decarbonisation efforts. The 
Indonesia government expects the SAF demand will 
reach 0.2 M m3 in 2030 and 7.9 M m3 in 2060. SAF can 
be produced from waste and viable waste streams for 
SAF production include MSW, rice residues, and palm 
residues. However, studies estimating SAF production 
potential from waste in Indonesia remain scarce. This 
study aims to address that gap by estimating the SAF 
production potential from MSW, rice residues, and 
palm residues across all provinces. It offers a prelimi-
nary assessment of the country’s capacity for waste-de-
rived SAF.

Our estimates suggest a total SAF production poten-
tial of 37.06 M m3, predominantly sourced from palm 
residues (76.76%), with agricultural residues contribut-
ing 17.68% and MSW 5.56%. Therefore, the availability 
of palm residues is crucial to meeting SAF demand. If 
palm residues are not available, all other waste streams 
would need to be fully utilised for SAF production to 
meet domestic demand. The sensitivity analysis further 
indicates that more than 20% of all three waste streams 
must be used for SAF production if Indonesia is to meet 
its domestic SAF needs by 2060.
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The study has several limitations. Chief among them 
is its full reliance on secondary data. Although rice 
waste and MSW datasets exist at the municipal level, 
their quality and resolution require improvement through 
targeted surveys. Palm residue data were only available 
at the provincial level, highlighting the need for high-
er-resolution inputs, such as municipal or sub-district 
datasets. Future studies should conduct field surveys to 
validate assumptions regarding feedstock availability. 
Additionally, data on jet fuel demand at individual air-
ports could not be obtained. Addressing this gap will 
require collaboration with the Ministry of Transportation, 
the State-owned Oil and Gas Company, and the Ministry 
of Energy and Mineral Resources.

Another limitation lies in the simplicity of the estimation 
model, which was developed in-house using litera-
ture-sourced conversion factors. While this approach offers 
a baseline assessment, it omits more advanced evaluations 
such as supply chain optimisation, techno-economic analy-
sis, and operational feasibility assessments. Accordingly, 
further research should refine the model and identify the 
most promising regions for SAF production. A case study 
of the SAF supply chain in the International Soekarno-
Hatta Airport would help illustrate the analysis, including 
estimates of economic viability.
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