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EXECUTIVE SUMMARY

A. Background

The aviation industry is undergoing a paradigm shift towards sustainability. Aviation currently
contributes around 2.5% of global anthropogenic (human-derived) CO, emissions. Sustainable
aviation fuels (SAF) are among the most promising vehicles to reduce GHG emissions in aviation.
Being derived from sustainable resources, they are a sustainable alternative to fossil jet fuel with
the potential to reduce emissions in aviation by 66 to 94% along the fuel lifecycle.

As a country with a growing aviation sector and high availability of sustainable resources, this
presents an opportunity for the Philippines to explore its potential for SAF production while
achieving its net zero carbon emission target by 2050. In 2023, the demand for aviation fuel in
the Philippines reached approximately 2 million tonnes (nearly 2.5 billion liters), marking a 31.6%
increase from 2022's 1.6 million tonnes (nearly 1.9 billion liters). This surge is attributed to the
country's recovery from mobility restrictions imposed due to COVID-19. However, the 2023
demand already reflects only a 10% decrease from the peak fuel demand of 2.2 million tonnes
(nearly 2.8 billion liters?) observed in 2019.

To explore the potential for SAF production, this feasibility study assesses potential feedstock
volumes and SAF yields in the Philippines and highlights what is required to realize SAF
integration considering local circumstances. Moreover, it provides impulses for potential financing
pathways and fields of action to realize opportunities and counter potential challenges when
setting up a local SAF industry. With this, the scope of the study aligns with the country’s current
thrust towards sustainable development as embedded in national strategic plans such as the
AmBisyon Natin 2040.

B. Key findings
Feedstock evaluation

Following ICAO-CORSIA guidelines, a variety of potential SAF feedstocks can be identified in the
Philippines adding up to a potential annual SAF production volume of approximately 1.4 million
tonnes. Feedstocks suitable for the Fischer-Tropsch (FT) pathway can be considered promising
with a potential SAF yield of about 1.3 million tonnes, while the remaining potential can be
achieved via the Hydroprocessed Esters and Fatty Acids (HEFA) pathway.

' Congressional Policy and Budget Research Department. (2025, May). Excise tax on petroleum products in the Philippines (Facts in Figures No. 42).
House of Representatives. https://cpbrd.congress.gov.ph/wp-content/uploads/2025/05/FF2025-42-EXCISE-TAX-ON-PETROLUEM-PRODUCTS-IN-
THE-PHILIPPINES.pdf

2 Mojica-Sevilla, F. (2023, January 17). Flying green — Sustainable aviation fuel in the Philippines (Report No. RP2023-0006). United States
Department of Agriculture Foreign Agricultural Service. https://apps.fas.usda.gov/inewgainapi/api/Report/DownloadReportByFileName?



After an initial assessment of sustainable and economic viability, the following feedstocks were
considered as most promising according to their SAF yield:

ICAO-CORSIA feedstocks Pathway Feedstock volume?® Potential SAF yleld4

(in million tonnes) (in million tonnes)
Rice straw FT 4.8 0.5
Municipal solid waste (MSW) FT 24 0.3
Rice husk FT 1.8 0.2
Used cooking oil (UCO) HEFA 0.2 0.1
Coconut husk FT 1.1 0.1
Corn stover FT 0.9 0.1
Non-standard coconut HEFA 0.1 0.04
Coconut shell FT 04 0.04
Pig manure® FT 0.2 0.02
Chicken manure® FT 0.2 0.02
Other FT feedstocks’ FT 0.03 0.003
Other HEFA feedstocks?® HEFA 0.01 0.004
Potential SAF yield ~1.4

Based on the assessment of the potential SAF yield, the Philippines is perceived to be a promising
location, especially for FT-SAF. However, it is important to note that, apart from HEFA and lipid
co-processing, other technological pathways, including FT, are still not fully commercially
available and will require further technological developments in the coming years.® Moreover, to
realize the full SAF production potential, a list of actions should be considered for the different
feedstocks accounting for the country specifics and existing infrastructure in the Philippines.

Rice residues (rice straw and risk husk) and corn stover hold a high potential for SAF
production. Despite their potential economic value, these residues are currently often left in fields
as fertilizer or burned, contributing to additional emissions. These practices are driven by the
labor-intensive manual collection process and the lack of financial incentives to use the residues
differently. Consequently, to realize the full potential of these residues, a suitable compensation
mechanism for the feedstock or financial incentives, e.g. for machinery and equipment, could be
beneficial. Moreover, centralized collection and storage facilities could make the transportation
and collection from different individual farmers more efficient.

MSW presents a promising opportunity for SAF production while, at the same time, addressing
waste management issues in times of population growth and urbanization. Although there is
significant feedstock volume available in theory, different actions should be considered:

e Access to landfills for local government units (LGUs): The number of landfills and
their capacities are currently insufficient in the Philippines for the number of LGUs. As a

3 The feedstock volume refers to the available feedstock volume after considering removal of moisture content where applicable, recovery rate (% of
feedstock obtainable at individual farm), collection rate (% of feedstock economically transportable from different farms) and availability rate (% of
feedstock after alternative use)

4 The SAF yield rates of feedstock and yield of SAF fraction distillate per pathway are based on the ICAO SAF Rules of Thumb

5Assuming straightforward conversion from manure into SAF; in reality, manure can be mixed with other feedstocks for producing biogas

5Assuming straightforward conversion from manure into SAF; in reality, manure can be mixed with other feedstocks for producing biogas

7 Other FT feedstocks include empty palm fruit bunch and forestry residues, which have less than 0.005 million tones potential SAF yield

8 Other HEFA feedstocks include palm fatty acid distillate and mixed animal fats, which have less than 0.005 million tones potential SAF yield

9 |EA Bioenergy Task (2024). Progress in Commercialization of Biojet/Sustainable Aviation Fuels (SAF): Technologies and policies.
https://www.ieabioenergy.com/wp-content/uploads/2024/06/IEA-Bioenergy-Task-39-SAF-report.pdf



result, some LGUs have no or only limited access to landfills, leading to improper disposal
practices. Thus, it would be beneficial to establish more centralized collection facilities
and/or expand the capacities of existing landfills, so MSW can be collected in a structured
and efficient way. This can also include an upgrade of the transportation infrastructure,
e.g. access roads around the landfills to connect the LGUs to them.

Sorting personnel at landfills: MSW is a very heterogenous feedstock requiring
dedicated sorting mechanisms to derive the biogenic fraction of the feedstock and to sort
out hazardous materials negatively impacting SAF production machinery and equipment.
Thus, it would need dedicated personnel at the landfill to ensure the sorting of MSW.
Stricter and enforced sorting policies for businesses and upskilling: MSW created
by commercial stakeholders might be easier to collect in big volumes. Therefore, sorting
policies and regulations for businesses can ensure that the waste is appropriately
segregated before it reaches the landfills. Such policies can be complemented by worker
upskilling in waste management, as well as incentives or fines for proper conduction.
Sorting systems for MSW from households and upskilling: MSW sorting at
households is inconsistent across the Philippines. As households contribute a significant
share of MSW, a more consistent sorting practice across private entities could increase
MSW collection and processing efficiency. This can be achieved, for example, by provision
of household sorting systems, education and awareness campaigns, a “no-segregation,
no-collection policy”, or incentives.

Collection and segregation infrastructure: Although the Ecological Solid Waste
Management Act has been enacted in 2001, up to now, there is still an inconsistent
implementation of waste segregation and collection and some LGUs are delayed in
implementing their solid-waste management plans. For an efficient collection of MSW, it
would not only require the training of businesses and households on right sorting, but also
an improved collection infrastructure and consistent separation of the sorted waste when
collected by the LGUs. Here, enforcement of existing policies, technical assistance and
capacity building, or further support of LGUs could be beneficial.

UCO is a potential option for SAF production via the HEFA pathway, while addressing current
waste management issues. The main potential for UCO lies in industrial and commercial sources,
as they provide higher UCO volumes while being more accessible compared to private
households. However, these sources are highly scattered across the country. Thus, to achieve
the full SAF production potential, the following actions should be considered:

Collection systems: It should be considered establishing efficient collection systems and
strategically place production facilities close to urban areas, where higher feedstock
volumes can be expected. Moreover, even more potential can be tapped if local collection
facilities are established, and private households get incentivized to bring their UCO to
these facilities.

Feedstock traceability and quality control: UCO can contain various food particles,
water and contaminants varying by source and leading to large quality variability. To
address these challenges and align with international regulations, a system to track
feedstock origin can be beneficial. Moreover, the establishment of a quality control system
and thorough pre-treatment processes would be needed.



Coconut residues (coconut husk & coconut shell, and non-standard coconuts) present a
potentially valuable feedstock source for SAF, especially given the position of the Philippines as
the second-largest coconut producer globally. To fully realize the potential for coconut-based SAF
in line with CORSIA criteria, establishing a robust feedstock collection and traceability network in
coconut-rich regions is essential to ensuring operational efficiency. Additionally, the
implementation of a sorting mechanism to identify non-standard coconuts can help to efficiently
identify which coconuts can be used for SAF production, while ensuring that coconuts designated
for existing food applications are not diverted to SAF production.

Animal manure, primarily from commercial chicken and pig farms, represents another potentially
viable SAF feedstock due to abundant poultry and livestock productions in the country. While
chicken and pig manure from commercial farms are the most accessible for SAF due to existing
infrastructures that facilitate easy collection and compliance with certifications, a major challenge
is the regulatory concerns associated with its transportation. In certain locations in the Philippines,
transporting manure is prohibited due to the risk of contamination. Therefore, proper coordination
with LGUs can be necessary to obtain special permits for transportation and use. Moreover, it can
be beneficial to establish a decentralized network of biogas plants close to the farms to minimize
transportation of fresh manure.

Financing mechanisms

Existing financial mechanisms and stakeholder interviews indicate that there is growing interest
in funding sustainable projects such as SAF production.

To enhance sustainable financing, the Bangko Sentral ng Pilipinas (BSP) increased the single
borrower limit for green projects by 15% for two years. This policy aims to encourage banks to
actively support decarbonization efforts. Aligned with BSP’s Sustainable Finance Framework,
banks such as Banco de Oro and the Bank of the Philippine Islands have issued sustainability-
linked loans to promote sustainable projects. Additionally, targeted financial instruments such as
green bonds, renewables investment funds, and government subsidies can support securing
capital for SAF industry development.

Location considerations

To establish an efficient SAF production in the Philippines, suitable locations need to be identified.
Such locations should not only be rich in feedstock but also have the necessary transportation,
refinery and airport infrastructure to make the SAF produced economically attractive. Considering
these aspects, the following high-potential regions from each island group could be identified:
Region Il for Luzon, Region VI for Visayas, and Region Xl for Mindanao.

Strategically positioning SAF plants in these regions can reduce transportation costs and
emissions while ensuring a steady supply of feedstocks, which are ideally sourced within a 100-



kilometer radius to address logistical concerns and support the Philippines' goal of cutting CO»
emissions. In the case of Region Ill, the 100-kilometer radius encompasses National Capital
Region (NCR) and Region IV-A. Logistics concerns can be minimized due to the presence of two
major expressways, the North Luzon Expressway and the South Luzon Expressway, which
facilitate efficient transportation of feedstock between these regions and NCR.

Furthermore, the study highlights the benefits of situating SAF plants within Philippine Economic
Zone Authority (PEZA) zones, which offer tax incentives such as income tax holidays. Additionally,
the provision for zero value-added tax (VAT) on the import of capital equipment can also be
beneficial, as potential investors may likely need to import technology and specialized equipment
to scale up SAF production in the Philippines. Nevertheless, it is important to note that if a SAF
plant is established within a manufacturing zone regulated by PEZA, it must comply with the
mandate that a minimum of 70% of its production be exported, allowing only a maximum of 30%
to be sold domestically.

C. Policy implications

International standards and regulations, mainly driven by organizations like ICAO and the
CORSIA framework shape the global landscape of SAF. Domestically, the Philippines have laws
such as the Renewable Energy Act of 2008 and the Biofuels Act of 2006 which effectively provides
for an entry-level foundation for promoting renewable energy sources including SAF. Nonetheless,
SAF-focused regulations would provide stability and clarity of the regulatory framework for SAF,
thereby ensuring that investors, producers, and consumers of SAF may receive appropriate
support and incentives for SAF development in the country.

D. Opportunities and challenges
Identified critical success factors in the development of SAF in the country include:

e Transparency on feedstock availability and supply chain support

e Creation of SAF demand security

o Creation of necessary infrastructure including feedstock collection and blending facilities

e Local research and development on feedstock processing and SAF production-technology
capacity

e Funding and establishment of local financing mechanisms

e Regulatory framework and support policies

o Workforce upskilling

e Alignment with international standards



Opportunities and challenges in the identification and establishment of a domestic SAF industry

in the Philippines are summarized in the table below.

Table 1. Key opportunities and challenges in establishing viable supply chains in the
Philippines

Vision

To identify and establish a domestic SAF industry in the Philippines

Opportunities Challenges
Strong commitment from both o Lack of SAF-specific government policy
public and private sectors to framework and realistic blend target
decarbonization and renewable e Lack of feedstock data for production
energy, such that the government and consumption
incentivizes the private sector to e Lack of infrastructure for SAF production

transition to renewable energy
Existence of potential feedstocks to

be utilized such as manure, corn
stover, and municipal solid waste .
Socio-economic benefits such as
increase in employment (e.g. plant
operations, feedstock-related jobs)
Availability of funding and interest
from banks for sustainability-related

such as lack of consolidation of farmers
production and logistics, and lack of SAF
blending capabilities

Lack of certification capabilities and lack
of local SAF standards

Need to advance technology readiness
level and commercialization of
production pathways, especially for
gasification and FT-synthesis

projects ¢ Need for local government units to keep
Potential to address other up with technical expertise
environmental objectives such as e Lack of historical and current price data

waste disposal and agricultural
byproduct processing (i.e., better air o
and water quality)

Opportunity to be less subject to oil
price fluctuation of jet fuel energy

for several feedstocks
Lack of public awareness on SAF

This paper outlines the action plan operationalized with timeline and expected impact:

Short term — high impact

Create SAF-specific TWGs and put in place relevant chain of custody control

e Track airport-specific data for potential demand (e.g. GHG) and evaluate blend target

e Prepare mass balance handling of SAF

e Propose amendment of laws to provide regulatory framework (i.e. may encourage
provision of government subsidy; consider earmarked revenue)

e Optimize waste collection and agricultural policies for SAF readiness (policies for sorting
MSW, collection of agricultural residues and UCO, transport/hauling of animal waste)

e Conduct detailed assessment of Philippines’ blending capabilities and resulting
implications on local SAF usage vs. export



e Develop and implement Philippine national standards for SAF production in the Philippines
aligned with international standards

Short to medium term — high impact

o Create guidelines for encouraging investment for setting up of SAF blending facilities as
well as operational guidelines after

Medium term - high impact
e Consider implementation of a blend mandate
Short term — medium impact

o Create and publish comprehensive guidelines for SAF investment and production,
outlining available incentives for SAF investors in the Philippines

¢ Identify possible location and set up of collection hubs and aggregation areas for feedstock

e Conduct a study and regulate potential carbon fee

Medium term — medium impact

e Enhance workforce skills and facilitate SAF-related talent transfer
e Determine readiness for book and claim mechanism
e Create a certifying body for SAF production

Short term — low impact

o Upskill and capacitate LGUs to align with national policies
¢ Increase public awareness on SAF especially in the aviation sector



METHODOLOGY

This study aims to provide a comprehensive evaluation of the potential for SAF development in
the Philippines. The methodology comprises a combination of literature reviews, interviews,
electronic data collection, and quantitative and qualitative analyses.

Disclaimer: In the feedstock-related information section, the unit of measurement (UoM) applied
is metric tons, as indicated by the Philippine Statistics Authority (PSA). In the discussions
concerning economic and market-related aspects, the unit tonne' is similarly used to align with
ICAQO and other feasibility studies that use tonne as the UoM for SAF volume. Please note that in
this study metric tons and tonne represent the same UoM which is equivalent to 1,000 kilograms.

Literature review and secondary data collection

The initial phase involves a comprehensive literature review to evaluate the national context of
the Philippines concerning country-specific information such as geography and climate change,
macroeconomic conditions, local aviation sector.

This review extends to understanding the key regulations related to environment, agriculture, and
aviation to understand how these can contribute to SAF development in the Philippines. Recent
participation in international projects, such as collaborations with the ICAO, signify a growing
commitment to sustainable aviation practices. Given the emerging nature of the SAF industry,
secondary data collection is crucial. This involves gathering information on feedstock availability,
conversion processes, and supply chain logistics pertinent to SAF deployment.

Interviews and electronic data collection

To supplement the literature review, data is gathered through interviews and electronic
correspondence. Both in-person and virtual interviews are conducted with key stakeholders,
including government officials, industry experts, and academia, to ensure a nuanced
understanding of the current landscape. These interviews are scheduled strategically to maximize
insights. The full list of the stakeholders this study has interviewed can be found in the Appendix.

Likewise, the official websites and databases of various government agencies such as the
Philippine Statistics Authority (PSA), Philippine Coconut Authority (PCA), Sugar Regulatory
Administration (SRA), and Department of Energy (DOE) among others are accessed to collect
pertinent data. These data collections form a critical foundation for evaluating the economic and
logistical feasibility of SAF production in the Philippine context.



Analytical framework: Qualitative and quantitative data analysis

The study aims to assess the feasibility and impact of socially, environmentally, and economically
sustainable fuels within the Philippine aviation sector. This involves analyzing both qualitative
insights from interviews and quantitative data from publicly available sources and stakeholder
contributions. Critical statistics and information provided by local aviation authorities facilitate
informed estimations of SAF production volumes, cost implications, investment requirements, and
overall production potential.

The study has been developed using the ICAO guidelines for feasibility studies on SAF. By
employing established metrics and guidelines, such as ICAQO's "Rules of Thumb," the study
endeavors to outline the tangible benefits and challenges associated with SAF adoption in the
Philippines, paving the way for actionable strategies in sustainable aviation fuel deployment.

Although the study offers a comprehensive national-level analysis guided by ICAQO's established
metrics, individual SAF projects may possess the capability to enhance yield and operational
efficiency beyond these generalized assumptions. This highlights the importance of developing
customized studies and strategies that cater to specific local circumstances and goals.
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SECTION 1: STATE-SPECIFIC INFORMATION
1.1. GEOGRAPHY AND CLIMATE
1.1.1. Geography of the Philippines

The Philippines, an archipelago in Southeast Asia, comprises 7,641 islands. It is bordered by the
South China Sea to the west, the Pacific Ocean to the east, the Bashi Channel to the north, and
the Celebes Sea to the south. Being located between the Tropic of Cancer and the equator, the
country experiences tropical climate. It is also found within the Pacific Ring of Fire making the
country highly susceptible to geological hazards such as earthquakes and volcanic eruptions.

The nation is divided into three main island groups: Luzon, Visayas, and Mindanao. Luzon is the
largest island and home to both the capital city, Manila, and the most populous city, Quezon City,
both part of the National Capital Region (NCR). The country is further subdivided into 17
administrative regions (see Table 2 and Figure 1).

Table 2. Administrative regions of the Philippines

Island Region code Region name
I llocos Region
Il Cagayan Valley
CAR Cordillera Administrative Region (CAR)
Luzon 1] Central Luzon
NCR NCR
IV-A CALABARZON
IV-B MIMAROPA
V Bicol Region
VI Western Visayas
Visayas VIl Central Visayas
Vi Eastern Visayas
IX Zamboanga Peninsula
X Northern Mindanao
Xl Davao Region
Mindanao XIl SOCCSKSARGEN
Xl CARAGA
Bangsamoro Autonomous Region in Muslim Mindanao
BARMM B AgMM) 9

Source: Philippine Statistics Authority (PSA), National Mapping and Resource Information Authority
(NAMRIA)
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The country's geography and topography are diverse, featuring mountainous terrains, dense
forests, extensive coastlines, and numerous rivers and lakes. With a total land area of about
300,000 square kilometers, the Philippines ranks as the 72nd largest country in the world (Central
Intelligence Agency, 2023). Significant portions of its land are covered by croplands (about 42%
of the country’s land area) and forestlands (about 24% of the country’s land area) (NAMRIA, 2020)
(see Table 3 and Figure 2). Urban areas make up about 3% of the Philippines’ total land area.
The archipelagic nature of the Philippines necessitates a robust transport infrastructure, including
railways, bridges, roads, airports, and seaports, to ensure connectivity and a good standard of

living.

Table 3. Land cover of the Philippines, by type (2020)

Land cover type Area (in ha) Percent land cover (in %)
Annual crop 5,943,801 16.8
Brush/shrubs 5,807,083 16.4
Built-up 1,025,634 29
Closed forest 2,221,016 6.3
Fishpond 228,598 0.6
Grassland 1,960,997 5.5
Inland water 489,357 1.4
Mangrove forest 311,216 0.9
Marshland/swamp 142,097 0.4
Brush/shrubs 5,807,083 16.4
Open forest 4,693,675 13.3
Open/barren 159,367 0.5
Perennial crop 6,573,795 18.6

Source: NAMRIA, 2020
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1.1.2. Climate of the Philippines

The Philippines has a tropical maritime climate, characterized by high temperatures, high humidity,
and abundant rainfall. The climate is strongly monsoonal, leading to distinct wet and dry periods.
The country experiences three main seasons: the hot dry season from March to May, the rainy
season from June to November, and the cool dry season from December to February (DOST-
PAGASA, n.d.). Average annual temperatures across the islands hover around 26.6 degrees
Celsius, though this excludes the cooler climate of Baguio (DOST-PAGASA, n.d.). Relative
humidity varies, with March being the driest month with a humidity of 71% and September the
most humid with 85% (DOST-PAGASA, n.d.).

The country’s climate is also influenced by El Nifilo and La Nifia, which are part of the El Nifo-
Southern Oscillation (ENSO) cycle. According to the National Oceanic and Atmospheric
Administration (NOAA), El Niflo occurs when warm waters build up in the central and eastern
Pacific Ocean near the equator, disrupting the typical ocean-atmosphere pattern. This event
typically happens every three to five years and can lead to reduced rainfall and higher
temperatures in affected regions such as the Philippines. In contrast, La Nifia involves stronger
trade winds and cooler ocean surface temperatures, which often bring increased rainfall and a
higher risk of flooding (NOAA, n.d.)

Temperature

Recent climate data indicates a rising temperature trend across the Philippines, with 2023
recording a mean annual temperature of 27.76°C, making it the second warmest year since 1991.
The most significant temperature anomalies were observed between October and December,
with temperature increases of 3.11°C above the 1991 baseline. The highest recorded air
temperature in 2023 was 37.9°C, observed at the PAGASA Daet Synoptic Station on September
7, 2023, breaking a 56-year record. These extreme temperatures highlight the increasing
frequency of heat events, indicating a long-term warming trend across the country.

Rainfall

The Philippines receives significant annual rainfall, which varies across regions. In 2023, the
country recorded an average annual precipitation of 2,770 millimeters, with notable regional
differences. The highest recorded precipitation occurred in Borongan, Eastern Samar, where total
rainfall reached approximately 5,500 millimeters. This variability underscores the importance of
climate-adaptive strategies for water resource management, agriculture, and disaster
preparedness.

Humidity

The Philippines maintains high relative humidity levels year-round, primarily due to moist trade
winds and substantial rainfall. Humidity levels range from 71% in March, the driest month, to 85%
in September, the most humid month. Persistent high humidity increases the heat index, reducing
thermal comfort and accelerating material deterioration in infrastructure. In agriculture, elevated
humidity can promote fungal diseases and reduce crop yields, especially in irrigated rice systems,
while also increasing post-harvest spoilage risks.



Climate types in the Philippines

The climate of the Philippines is classified into four major climate types, following the Modified
Coronas Classification System, which is based on seasonal rainfall distribution (DOST-PAGASA,
n.d.). These climate types vary depending on location, with differences in timing and intensity of
wet and dry periods (see Table 4).

Table 4. Climate types in the Philippines (2020)

Climate type Description

This climate type has two pronounced seasons—a dry season from
November to April and a wet season from May to October, with the
maximum rainfall occurring from June to September.

Regional coverage:
e Luzon: Region |, CAR, western parts of Region Il, Zambales,

Type | Bataan, Pangasinan, parts of Metro Manila, Cavite, Batangas,
Occidental Mindoro, and Palawan
e Visayas: Region VI, including lloilo, Antique, Guimaras, and parts of
Negros Occidental
¢ Mindanao: Not present
Type Il climate is characterized by no dry season, with very pronounced
maximum rainfall from December to February. There is not a single dry
month, and minimum monthly rainfall occurs from December to February or
from March to May.
Regional coverage:
e Luzon: eastern portions of Region I, Region V, and parts of Quezon
Type ll province in Region IV-A
e Visayas: Region VII, covering Northern Samar, Eastern Samar,
Leyte, Biliran, and Southern Leyte
e Mindanao: Region XIll, including Agusan del Norte, Agusan del Sur,
Surigao del Norte, and Surigao del Sur, as well as Davao Oriental in
Region XI
Type lll climate has no very pronounced maximum rain period, with a dry
season lasting only one to three months, occurring either from December to
February or from March to May. This type resembles Type | but has a
shorter dry season.
Type lll Regional coverage:

e Luzon: Region Ill, parts of Region Il, and Region IV-A southwestern
Quezon Province, as well as portions of Region V

e Visayas: Region VI, covering Cebu, Negros Oriental, Bohol, and
Siquijor




Climate type Description

e Mindanao: Region X, particularly Bukidnon, Misamis Occidental,
and parts of Misamis Oriental, as well as Region Xll, including North
Cotabato

In Type IV climate, rainfall is nearly evenly distributed throughout the year,
with no dry season. This type resembles Type Il since it has no dry season.

Regional coverage:

T " e Luzon: Parts of Region V and eastern parts of northern Luzon
pe
y e Visayas: Region VIII, including portions of Samar and Leyte

e Mindanao: BARMM, covering Maguindanao and Lanao del Sur, as
well as parts of Region XlI, including South Cotabato and Sultan
Kudarat, and some areas in Region XI, such as Davao del Sur and
Davao de Oro

Source: (DOST-PAGASA, n.d.)

The Modified Coronas Classification System has been widely used in the Philippines to categorize
climate zones based on precipitation patterns, which are crucial for agricultural productivity,
infrastructure development, and disaster preparedness. The monsoons and frequent typhoons
from the Pacific Ocean play a significant role in shaping these climate patterns (DOST-PAGASA,
n.d.). Mindanao, the largest landmass in southern Philippines, is less frequently hit by typhoons,
making it highly suitable for agriculture and industrial development (CGIAR Research Program
on Climate Change, 2019).
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1.1.3. Vulnerability to climate change

The Philippines is among the most climate-vulnerable countries globally, facing significant risks
from rising temperatures, intensified extreme weather events, sea-level rise, and shifting rainfall
patterns. These climate-related challenges pose substantial threats to agriculture, infrastructure,
water resources, and biodiversity, directly impacting the country’s potential to develop SAF from
local feedstocks. Without effective adaptation measures, climate-induced disruptions could
adversely affect agricultural production, supply chains, and infrastructure resilience, all crucial for
SAF development and long-term energy security.

The country’s vulnerability is largely due to its geographical location in the Pacific Typhoon Belt
and its extensive coastline, making it highly susceptible to natural disasters such as typhoons,
flooding, and coastal erosion. According to the Norte Dame Global Adaptation Initiative (ND-
GAIN) (2025), the Philippines ranks 115th out of 192 countries, indicating high exposure and
sensitivity to climate risks coupled with low adaptive capacity. This low adaptive capacity presents
challenges in securing investments for infrastructure improvements, expanding climate-resilient
agriculture, and developing a robust SAF supply chain.
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Figure 4. Philippines ND-GAIN index (2025)



Projected climate change in the Philippines

The CMIP6-based climate change projections by PAGASA provide insights into expected climatic
variations in the mid-century (2050) and late-century (2100) periods under different emission
scenarios.

As global temperatures continue to rise due to increasing greenhouse gas emissions, the
Philippines is projected to experience higher temperatures, intensified rainfall variability, stronger
typhoons, and rising sea levels. These climatic shifts will have far-reaching consequences for
economic sectors and communities, necessitating urgent climate adaptation and resilience-
building measures. The following sections outline the projected changes in key climate
parameters for the Philippines based on the latest climate models and discuss their implications
for SAF development.

1.1.4. Rising temperatures and extreme heat

The Philippines has experienced a steady increase in temperature over the past decades, with
the country-averaged annual mean temperature rising by approximately 0.6°C from 1991 to 2020.
Future projections indicate that, under high-emission scenarios, temperatures could increase by
up to 4.4°C by the end of the 21st century (DOST-PAGASA, 2024).

Rising temperatures pose significant challenges to agriculture, particularly in the cultivation of
crops. Elevated temperatures can adversely affect agricultural productivity by influencing fruit
formation and nut development. Similarly, increased peak temperatures have been shown to
detrimentally impact sugarcane productivity, as excessive heat can lead to reduced
photosynthesis, stunted growth, and lower sugar content in the plant. These impacts on crop
yields directly affect the availability of raw materials essential for SAF production.

Rainfall variability projections

Changes in precipitation patterns indicate more erratic rainfall distribution across the Philippines.
Future projections from the CMIP6-based climate change models suggest that by 2050, rainfall
may increase by up to 15% in southern Palawan, CALABARZON, Bicol, Central and Eastern
Visayas, and Caraga. Conversely, Western Visayas, parts of Luzon, Leyte, Cebu, and Mindanao
(including Davao, Sarangani, and General Santos City) may experience a 10-15% decrease in
rainfall.

Monthly rainfall projections indicate that from January to May, most parts of Luzon are expected
to receive less rainfall, increasing drought risks and water shortages. In contrast, from June to
December, southern parts of Luzon, Visayas, and Mindanao are projected to experience 5-15%
more rainfall, with notable reductions in some areas of Visayas and Mindanao in August and
September (DOST-PAGASA, 2024).

Unpredictable rainfall patterns pose serious risks to agriculture, particularly in SAF feedstock
cultivation. Excessive rainfall can lead to flooding, soil erosion, and crop damage. On the other
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hand, prolonged dry periods may reduce water availability for irrigation, further threatening crop
yields and the stability of SAF production.

Sea-level rise and coastal erosion

The sea levels of the Philippines are rising at a rate of approximately 7-10 cm per decade, which
is higher than the global average of 3-4 cm per decade. CMIP6-based climate projections indicate
that by 2100, sea levels around the Philippines could rise between 0.48 to 0.65 meters, depending
on emission scenarios. This rise is expected to impact low-lying coastal cities such as Manila,
Cebu, and Davao, increasing the risk of flooding, permanent land loss, and coastal erosion
(DOST-PAGASA, 2024).

Saltwater intrusion is also projected to intensify, affecting freshwater supplies and soil quality in
coastal agricultural zones. This poses risks to agriculture and biofuel feedstock production, as
increased soil salinity can reduce crop yields and limit land suitable for cultivation.

Additionally, infrastructure along coastal areas, including ports, biofuel processing plants, and
transportation networks, is at risk from rising sea levels and stronger storm surges (DOST-
PAGASA, 2024). These risks could lead to higher maintenance costs, disruptions in supply chains,
and operational challenges for SAF production due to damage to storage and distribution facilities

These projected impacts highlight the significant challenges posed by sea-level rise and coastal
erosion to both agriculture and SAF infrastructure in the Philippines. Future assessments of SAF
production potential will need to consider climate-related risks to ensure long-term feedstock and
infrastructure stability in coastal regions.

Typhoons intensity and frequency

The Philippines experiences an average of 20 tropical cyclones annually, with 5-7 classified as
destructive. CMIP6-based climate models indicate that warmer sea surface temperatures could
intensify typhoons, leading to stronger winds and heavier rainfall. By 2050, projections suggest
that typhoons affecting the country may have higher maximum wind speeds and increased rainfall
volumes, exacerbating storm surges and inland flooding.

Stronger storms present a significant risk to infrastructure, agriculture, and supply chains. More
intense typhoons could increase storm surges, flood farmlands, and damage transportation
networks, affecting agricultural production and logistics (Asian Development Bank and World
Bank, 2021). These disruptions pose challenges to SAF production and distribution, particularly
in areas where feedstock and biofuel processing plants are located

1.1.5. Deforestation in the Philippines

Deforestation in the Philippines is historically a major environmental issue with various
contributing factors. Over the past century, the country's forest cover has dramatically shrunk,
with academic studies estimating a decrease from 70% forest cover from the beginning of the
1900s to 18% by 1999 (ESSC, 1999, as cited in Guiang, Borlagdan, & Pulhin, 2001). Forest cover
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loss is mainly driven by three major factors: 1) expansion of agricultural lands, 2) development of
infrastructure, and 3) tree felling/logging activities (Gabriel, 2023).

Figures and reports from NAMRIA show forest cover growth, with existing forestlands covering
24% of the Philippines’ total land area (refer to Section 1.1.1). However, current estimates and
comparison on forest cover growth and loss in the Philippines are unreliable due to varying
mapping methods and land cover classification system between early 2000s to present.

Based on 2015 and 2020 NAMRIA land cover data'®, slight growth of 2.9% in national forest cover
was observed between 2015 to 2020, from 6.79 million hectares to 6.91 million, primarily
attributed to the National Greening Program (NGP), and protection of forest lands through the
National Integrated Protected Areas System (NIPAS) and its expansion (e-NIPAS). Regional
percentage contribution to forest growth and loss for closed forests and open forests are shown
in Figure 55 and Figure 66, respectively.

Net national closed forest
growth (%) =9,3

1,8
1,0 14 1.2
05 0.7 0.4 05 07 04
- 0,0 . 0,2 . 03 03 01
0,1 0,1
| 1] m CAR NCR IV-A IV-B \" Vi Vil Vil I1X X XI Xl Xl BARMM

Source: NAMRIA, 2020

Figure 5. Contribution to growth/loss of closed forest, by region, in percentages (from
2015 to 2020)

Net closed forest cover growth was estimated at 9.3% (or 189,356 hectares) countrywide. Region
[l contributed the largest closed forest growth at 1.8%, followed by Region IV-B and Region X at
1.4% and 1.2%, respectively. Forest cover losses were observed in Region V and Region IX,
each contributing to a loss of -0.1%.

0 For the purposes of this study, we used 2015 as the baseline year as it is consistent with the classification system used in NAMRIA'’s latest land
cover mapping.

12



0,6

-0,1

-0,2 -0,2

-0,3 Net national open
0,4 forest growth (%) = 0.1
-0,8
I I m CAR NCR IV-A IV-B v i il 0 IX X X Xl Xl BARMM

Source: NAMRIA, 2020

Figure 6. Contribution to growth/loss of open forest, by region, in percentages (from 2015
to 2020)

Net open forest cover growth nationwide was estimated at 0.1% (or 3,998 hectares), with the
highest growth observed in Region Xl at 0.6%. Region Ill showed the largest loss in open forest
cover at -0.8% and may be attributed to reclassification of land to other land cover types and
increase in built-up areas.

1.1.6. Land degradation in the Philippines

The Philippines is naturally susceptible to land degradation due its topography of hilly and
mountainous landscapes. However, land degradation in the country is accelerated by
uncontrolled human activities — particularly upland deforestation which increases the susceptibility
of the topsoil to water erosion. Land degradation in the Philippines manifests through the
following: 1) loss of vegetation due to illegal logging activities, forest tree cutting, slash and burn
agriculture, 2) loss of topsoil in uplands, and 3) loss of fertility due to over-cultivation (Bureau of
Soils and Water Management, n.d.). Based on the assessment of the United Nations Convention
to Combat Desertification (2019), 49% of Philippine soils are already degraded — potentially
affecting 41.5% of the Philippine population by consequences of land degradation such as loss
of agricultural productivity and food insecurity. Land degradation can also adversely impact the
output of SAF production in the Philippines, as agricultural feedstock sources may decrease in
supply due to loss of fertile soils.

1.1.7. Food and water availability in the Philippines

Food and water availability in the Philippines is influenced by several factors, including climate
conditions, agricultural productivity, infrastructure, and socio-economic policies.

The Philippines is primarily an agricultural country, with rice, corn, coconut, sugarcane, bananas,
and pineapples being key crops. Rice remains the staple food, and the country imports rice to
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meet domestic demand. Climate change and extreme weather conditions, such as typhoons and
droughts, frequently impact agricultural productivity, leading to fluctuations in food supply. The
archipelagic nature of the Philippines presents challenges in food distribution, especially to remote
and rural areas. Infrastructure improvements are ongoing to enhance connectivity and reduce
post-harvest losses. Urban areas generally have better access to a variety of foods, but rural
areas may experience shortages, particularly after natural disasters.

Based on a study conducted by the World Food Programme (2022), about 11.0% of the Philippine
population is considered food insecure. Per region, food insecurity levels are highest in the
BARMM, Region VIII, and Region XII with 34.0%, 24.0%, and 21.0% of each region’s population
being food insecure (see Figure 7). Land degradation further contributes to the food insecurity of
households depending on the agricultural sector. The World Food Programme (2022) estimates
that about 24% of the food insecure population of the Philippines are from the agriculture
households — attributed to lack of access and financial capability to purchase food. SAF
production potentially opens another income pathway for agriculture households through
generation of alternative livelihoods and source of income.

34,0%

24,0%
21,0%

0, 0,
17,1% 17,2% . 15,9%
13,7% 13,7% 14,3%
10,6% o
9,6% 9,9% 5
9,0% 8.0% 9,3%
4,3%
2,6%
| 1] m NCR IV-A Vil Xl X BARMM

Source: World Food Programme, 2022
Figure 7. Percentage of population with food insecurity, by region (2022)

Despite being surrounded by water, the Philippines has water stress levels fluctuating between
25% to 28% between 2014 to 2023. The National Water Resources Board (NWRB) recorded a
water stress level of 27.9% in 2023, which under the classification of Water Resources Institute
is considered medium-high water stress (20-40%). Water use distribution accounts in 2023 show
that power (59.8%) and irrigation (29.7%) are major water extracting sectors (see Figure 8).
Water stress in the Philippines is mainly affected by deforestations as vegetation loss results in
lower recharge rates in major watersheds. Additionally, depletion of water fit for consumption is
exacerbated by contamination of freshwater resources from point and non-point pollution sources
and climate change.
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Figure 8. Water use distribution, by sector (2023)

1.2. TRADE AND GOVERNANCE

The Philippines, which operates as a democratic republic with a presidential system, exhibits a
mixed economy characterized by significant contributions from the agriculture, industry, and
services sectors.

As an agricultural nation, the Philippines has established itself as one of the top global producers
of coconut and tropical fruits including mango, pineapple, and banana. Beyond agriculture, the
Philippines benefits from thriving industrial and service sectors. The industrial sector is supported
by manufacturing, particularly in semiconductors, and construction, buoyed by infrastructure
development. Meanwhile, in the services sector, wholesale and retail trade continue to expand
due to the influence of e-commerce (Canto, Renz, & Villanueva, 2024). These industries
contribute substantially to the economy and serve as major employers, as illustrated in Table 7,
underscoring their dual significance in terms of economic contribution and employment generation.

The archipelagic nature of the Philippines presents challenges for its development as a significant
business and economic hub. The country’s road and rail networks are primarily concentrated on
Luzon lIsland, which poses logistical challenges, particularly when it comes to inter-island
transportation.

On Luzon Island, transportation networks are crucial for agriculture, business, and commerce. As
the Philippines' rice granary, Luzon depends on efficient roads and rails to distribute products
island-wide and nationally (Quiambao, 2025). These networks also connect to Metro Manila's
business districts and key airports such as Ninoy Aquino International Airport (NAIA) and Clark
International Airport, supporting domestic and international logistics, and are vital for the island's
economic vitality (BusinessWorld, 2025).

However, the high costs and inefficiencies associated with inter-island transportation pose
significant obstacles to the growth of certain industries, such as SAF production, which relies
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heavily on cost-effective supply chains. The challenges of moving goods and resources between
islands can hinder the expansion of such industries, limiting their potential in contributing to the
country's overall economic growth.

The Philippines is a member of international trade organizations such as the World Trade
Organization (WTO) and the Association of Southeast Asian Nations (ASEAN). Guided by
strategic frameworks such as the Philippine Development Plan and the AmBisyon Natin 2040,
the country aims to transform and modernize its economy. The key goals include expanding the
middle class, reducing poverty, enhancing the value-add of agricultural products, improving
infrastructure, and bolstering productivity and human capital (National Economic Development
Authority, 2023).

With its commitment to CORSIA, the Philippines is poised to adhere to global standards in
environmental sustainability. Starting in 2024, compliance with CORSIA's carbon dioxide
offsetting requirements will not only align with international directives but also support the nation's
strategic goals. By developing a SAF roadmap, the Philippines aims to enhance the value of its
rich agricultural sector, modernize its infrastructure, and elevate its economic standing. This
initiative is guided by a SAF committee composed of diverse stakeholders, ensuring that the
roadmap is comprehensive and aligned with the country's broader development objectives, as
outlined in the Philippine Development Plan and AmBisyon Natin 2040.

Table 5. Key stakeholders in the Philippines for SAF development

Stakeholders Description

The BOl is an attached agency under the Department
Board of Investments (BOI) of Trade and Industry responsible for promoting
investments in the Philippines
The CAB is a government agency that oversees the
economic regulation of the local aviation industry,
managing fare regulations, route permissions, and
maintaining competitive practices
CAAP is responsible for implementing policies on civil
aviation to ensure safe, economical, and efficient air
travel
The DA-PCA is mandated to promote and advance the
coconut and oil palm industry through research,
marketing strategies, and policy implementation to aid
coconut farmers

Civil Aeronautics Board (CAB)

Civil Aviation Authority of the
Philippines

Department of Agriculture —
Philippine Coconut Authority
(DA-PCA)

Department of Agriculture —
Philippine Center for
Postharvest Development and
Mechanization (DA-PHilMech)

DA-PHilMech is the lead government agency dedicated
to advancing the country’s agricultural and fishery
mechanization programs to boost productivity

DA-RID is an agency focused on boosting the
Department of Agriculture — Rice efficiency, sustainability, and competitiveness of the
Industry Development (DA-RID) rice industry through research, technological
advancements, and policy support
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Stakeholders Description

Department of Agriculture — The DA-SRA manages the Philippine sugar sector,
Sugar Regulatory Administration ensuring its growth and development, and supporting
(DA-SRA) the interests of sugarcane farmers and millers

The DOE is a government agency responsible for
planning and implementing policies for the country's
energy sector to ensure sustainable, reliable, and
affordable energy supply

Department of Energy (DOE)

Department of Science and
Technology — Industrial
Development Technology
Institute (DOST-ITDI)
Department of Science and
Technology - Philippine Council
for Industry, Energy, and
Emerging Technology Research
and Development (DOST-
PCIEERD)

DOST-ITDI is the flagship agency of the Department of
Science and Technology, promoting technology,
research, and innovation in the industry

DOST-PCIEERD is a sectoral planning council that
enhances national research and development in
industry, energy, and emerging technologies by setting
policies, funding projects, developing human resources,
and promoting technical cooperation.

The DOF is a government agency responsible for
managing the financial resources of the Philippines,
Department of Finance (DOF) formulating fiscal policies, and overseeing the country's
economic growth through efficient revenue generation
and public expenditure
The DOLE is a government agency that promotes
gainful employment opportunities, ensures fair labor
practices, and protects the welfare of Filipino workers
The DOTr is a government agency that oversees the
development, maintenance, and expansion of the
country’s transportation systems
The NBB is tasked with overseeing the implementation
of biofuels policies to reduce fuel imports, promote
renewable energy, and support rural economic
National Biofuels Board (NBB) development. The NBB, led by the DOE Secretary,
comprises representatives from Department of Trade
and Industry (DTI), DOST, DA, DOF, DOLE as well as
Administrators of the DA-PCA and DA-SRA

Department of Labor and
Employment (DOLE)

Department of Transportation
(DOTT)

1.3. DEMOGRAPHICS
1.3.1. Population

The Philippines is estimated to have a population of approximately 112.9 million people in 2023,
ranking it as the 13th most populous country globally (Domingo K. , 2023). The population growth
is predominantly concentrated in Luzon lIsland. Region IV-A is the most populated, with a
projected 16.9 million residents, followed by the NCR with 14.3 million, and Region Il with 12.9
million. In the Visayas, Regions VII and VI are projected to have populations of 8.2 million and
8.1 million by 2023, respectively (Philippine Statistics Authority, 2021).
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According to the medium scenario projections by the Philippine Statistics Authority, the country's
population is expected to grow to 118.9 million by 2030, 124.0 million by 2035, 128.9 million by
2040, 133.0 million by 2045, and 136.3 million by 2050 (Philippine Statistics Authority, 2024).

Table 6. Population in the Philippines, by region (2023)

Region In million people
Luzon 64.8
NCR 14.3
CAR 1.9
Region | 54
Region Il 3.8
Region I 12.9
Region IV-A 16.9
Region 1V-B 3.3
Region V 6.3
Visayas 21.2
Region VI 8.1
Region VII 8.2
Region VIII 4.9
Mindanao 26.9
Region IX 3.9
Region X 5.1
Region X 5.5
Region XII 5.1
Region XIllI 2.8
BARMM 4.5
Philippines 112.9
Source: PSA

The demographic structure of the Philippines features a bell-shaped age pyramid, reflecting a
relatively youthful population with a median age of 24.5 years (BusinessWorld, 2024). This
demographic trend highlights the critical need for strategic investments in education, job creation,
and infrastructure to fully leverage the potential of the country's young population.
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Figure 9. Population pyramid in the Philippines, in millions (2025, forecasted)

1.3.2. Employment
Table 7. Top five industries with the largest employment in the Philippines (2023)

Industries In million people
Total employment 50.5
Agriculture, forestry, and fisheries 12.3
Wholesale and retail trade 10.2
Construction 5.1
Manufacturing 3.8
Transportation and storage 3.5
Others 15.6
Source: PSA

The agriculture and fisheries industry remains the largest employment provider in the Philippines,
with over 12.3 million people engaged as of December 2023. Employment levels in the sector
have averaged at an annual growth rate of 1.0% since 2018. In 2023, the sector contributed
approximately 8.6% to the added gross value. The sector is characterized by the high number of
self-employed individuals. Major crops include palay, corn, coconuts, pineapples, sugarcane, and
bananas, all of which have strong ties to the food and beverage processing industry.

Wholesale and retail trade is the second-largest industry, employing over 10.2 million people by
2023. This industry, dominated mostly by small retail enterprises, contributed more than 18.6%
to the gross domestic product, with a revenue of PHP 3.9 billion in 2023.

The construction industry, the third-largest job provider, employed nearly 5.1 million people in
2023. This industry has shown steady growth, supported by both domestic and foreign
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investments, and focuses on infrastructure development and real estate projects. It accounted for
over 7.0% of the annual value added.

The manufacturing and transportation industries completed the list, with 3.8 million and 3.5 million
employees, respectively. The transportation sector includes aviation, which is part of the broader
transport, storage, and communication category.

1.4. AGRICULTURE

1.4.1. Agricultural production

Agriculture (incl. crop, livestock, poultry, and fisheries sub-sectors) contributed PHP 1.8 trillion to
the country’s total GVA in 2023 (Philippine Statistics Authority, 2023). Beyond its economic
contribution, agriculture plays a crucial role in employment, serving as the largest job provider in
the Philippines. However, this sector is historically predominantly male-dominated (Palis, 2020),
with 8.0 million men compared to 3.0 million women in 2023. It is characterized by a high number
of self-employed individuals with an average take-home daily pay of PHP 322.2 (Philippine
Statistics Authority, 2023).

Crop production, whose total value reached PHP 1.0 ftrillion in 2023, includes major agricultural
crops such as rice, corn, coconut, and sugarcane. These major agricultural crops contribute
significantly to the national food supply. Moreover, this bolsters the country's status as a leading
exporter of high-value crops such as coconuts, bananas, and mangoes.

Table 8. Area planted/harvested for crops, in million hectares (2023)

(in million ha.)

Total 13.6

Rice 4.8

Coconut 3.6

Corn 2.5

Sugarcane 0.4

Others 2.3
Source: PSA

In addition to crop production, livestock and poultry farming are integral components of the
Philippine agricultural sector, with a total value of PHP 263.4 billion and PHP 262.0 billion,
respectively, in 2023. The livestock industry, which includes cattle, hogs, and goats, provides
meat and dairy products, while poultry farming, focusing on chickens and ducks, supplies eggs
and poultry meat. In 2023, the Philippines produced approximately 2.0 million metric tons of
poultry meat, with 1.9 million metric tons coming from chicken, underscoring its importance as a
protein source for the population (Philippine Statistics Authority, 2023). Livestock production
accounted for 2.1 million metric tons, of which 1.8 million metric tons were from hog raising,
supporting both local consumption and export markets (Philippine Statistics Authority, 2023).
These sectors are crucial for ensuring food security, creating employment opportunities, and
bolstering rural development.
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1.4.2. Government agricultural policy

The government's agricultural policy focuses on the key components of food security, market
access, infrastructure development, sustainable agriculture, land reform and land use policy.

Over the years, various policy instruments have been employed to pursue these objectives. These
instruments include price support measures, credit programs, insurance schemes, preferential
tax policies, and infrastructure development, such as irrigation systems and farm-to-market roads.
Additionally, the government invests in research and development, provides extension services,
and utilizes trade policy tools, including tariffs, tariff quotas, import licenses, export controls, and
trade agreements. The government, through the Department of Agriculture, is also actively
pushing for sustainable practices, such as organic farming, as it puts primacy on addressing food
security and promoting environmentally friendly agricultural practices (DA-AFID, 2022; Paculba,
2025).

In the field of research and development, the Department of Agriculture - Bureau of Agricultural
Research (DA-BAR) spearheads and coordinates national agricultural research and development.
For instance, DA-BAR implemented a research program to enhance the resiliency and
competitiveness of Filipino rice and a research program on corn through the National Corn
Program.

Furthermore, government incentives are established for selected commaodities (such as rice, corn,
sugar, and coconut). These channels, such as subsidy programs and tariffication, function as
mechanisms for government intervention in the market to ensure supply stability and price
stabilization.

Key regulations for potential SAF feedstocks are further explained in the succeeding sections.
1.4.2.1. Government policy on rice
Rice Tariffication Law

This tariff system aims to lower the price of rice and improve farm productivity to benefit both the
end-users and the farmers.

In line with the Rice Tariffication Law, the Rice Competitiveness Enhancement Fund (RCEF), also
known as the Rice Fund, was established in 2019 allowing the allocation and distribution of PHP
10.0 billion annually for the next six years. The amendment in 2024 increased the fund from PHP
10.0 to 30.0 billion and extended the RCEF until 2031 (Department of Agriculture, 2024). These
funds are distributed for rice farm machineries and equipment through PhilMech, as well as for
rice seed development, propagation, and promotion through the Philippine Rice Research
Institute (PhilRice). Moreover, rice credit assistance, and rice extension services are expanded.
Tariff revenues in addition to this PHP 30.0 billion annual appropriations shall also be earmarked
for the rice farmer financial assistance, titling of agricultural rice lands, the expansion of crop
insurance program on rice, and crop diversification program.
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1.4.2.2. Government policy on corn
The government is also committed to increasing the production of corn in the country.

In fact, the Rice and Corn Production Coordinating Council is vested with the power and
responsibility to implement the rice and corn production program of the country under Republic
Act 2084. There are also tariffication adjustments imposed through executive orders. Further,
Senate Bill 2652, which is pending before the Senate at the time of this study, seeks to propel
competitiveness of the corn industry. It provides for the creation of the Corn Competitiveness
Enhancement Fund, which is similar to the RCEF for rice, on top of its annual regular budget.

1.4.2.3. Government policy on coconut

The government has been supportive of the coconut industry by continuously enacting and
amending laws to increase the industry’s productivity. The government has also acknowledged
the utilization of coconuts as a feedstock for biofuel with the membership of Philippine Coconut
Authority (PCA) in the NBB.

The table below provides the laws and issuances related to the coconut industry which collectively
aim to ensure supply and productivity.

Table 9. Coconut-related laws and issuances

Related laws and issuances Description

This law states that it is the policy of the State to promote
the rapid integrated development and growth of the
Presidential Decree No. 1468 coconut and other palm oil industry in all its aspects and to
ensure that the coconut farmers become direct participants
in, and beneficiaries of, such development and growth.
Republic Act No. 8048: An Act This Act aims to regulate the cutting of coconut trees and
Providing For The Regulation Of promote the growth of the coconut industry through a
The Cutting Of Coconut Trees, replanting program, with permits required for cutting and
Its Replenishment, Providing penalties for violations.
Penalties Therefor And For
Other Purposes - Coconut

Preservation Act of 1995

Republic Act No. 10593: An Act The amendments to the Coconut Preservation Act of 1995
Amending Certain Sections of outline regulations for cutting coconut trees, the replanting
Republic Act No. 8048, Entitled program, and enforcement, including the requirement of a
“An Act Providing for the permit, penalties for violations, and the establishment of
Regulation of the Cutting of the PCA as the lead agency responsible for

Coconut Trees, Its implementation.

Replenishment, Providing

Penalties Therefor, And for other

Purposes”

Republic Act No. 11524: An Act The Law aims to improve the competitiveness of Filipino
Creating The Coconut Farmers coconut farmers by increasing their overall productivity and
and Industry Trust Fund, income, alleviating poverty, and achieving the twin
Providing for Its Management objectives of rehabilitating and modernizing the coconut
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Related laws and issuances Description

and Utilization, Reconstituting industry to attain social equity. It mandates the creation of
for the Purpose the Philippine a 50-year CFITF, as provided under a coconut industry
Coconut Authority Board, and development plan that is yet to be formulated by the PCA.
for Other Purposes, otherwise The Law also aims to pave the way for the efficient use of
known as the "Coconut Farmers the multi-billion-peso coconut levy to uplift the livelihood of
and Industry Trust Fund (CFITF) millions of farmers and sustain the development of the
Act". country’s coconut industry.

1.4.2.4. Government policy on sugar

The sugar industry is the second most highly protected sector in the Philippines after rice. The
Sugar Regulatory Administration (SRA) is the government agency mandated to manage sugar
production and supply.

The government has acknowledged the utilization of sugarcane as a feedstock for biofuel with
the membership of SRA in the NBB and the mandate to the Secretary of Labor and Employment
to create a Tripartite Consultative Council (TCC) of Social Amelioration and Welfare Program
(SAWP) for the biofuel industry utilizing sugarcane as feedstock.

The table below provides the laws and issuances related to sugar.

Table 10. Sugar-related laws and issuances

Related laws and ordinances Description

Executive Order No. 18 dated The Ex.ecutive Order established the SRA pursuant to
28 Mav 1986 the policy of the state to pr'omote the growth and
y development of the sugar industry.

This law aims to enhance the competitiveness of the

sugarcane industry in the Philippines through productivity

improvement programs, infrastructure support, research

and development, and financial assistance for farmers,

ultimately increasing their incomes and promoting

Sugarcane Industry sustainable agricultural practices.

Development Act of 2015

(Republic Act No. 10659) Accordingly, SRA is tasked with establishing a supply
chain monitoring system to ensure sugar sufficiency and
safety, including registration of various stakeholders in
the sugar supply chain. SRA is also authorized to classify
imported sugar to ensure it aligns with domestic
production needs.
SRA, as a member of the NBB, is mandated to develop

Biofuels Act of 2006 and implement policies supporting the Philippine Biofuel

(Republic Act No. 9367) Program and to ensure bioethanol feedstock supply and

security of domestic sugar supply.

This Department Order was issued pursuant to Sections

11 (e) and 17 of the Biofuels Act of 2006 and per

authority granted to DOLE. It covers all bioethanol

producers who own or operate bioethanol plant that

utilizes sugarcane as feedstock and all planters, affiliated
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Related laws and ordinances Description

or not, who deliver sugarcane directly or through a
sugarcane supplier, trader, or consolidator for bioethanol
fuel production. It mandates the Secretary of Labor and
Employment to create a TCC of SAWP for the biofuel
industry utilizing sugarcane as feedstock which shall
serve as the advisory body of the DOLE in policymaking,
program implementation, and monitoring of SAWP
implementation. It also provides rules on lien allocation,
amount of lien, adjustment of SAWP lien, penalty on non-
remittance of SAWP lien collection, the authority of the
DOLE as the trustor of the SAWP Funds. It also provides
that the responsibility or the role of the mill under RA
6982 shall be assumed by the bioethanol producer.

1.5. ENERGY

1.5.1. Total energy supply of the Philippines

The total primary energy supply in the Philippines exhibited an overall upward trend between 2018
and 2023. Starting at 59,717 kiloton of oil equivalent (ktoe) in 2018, it decreased to 56,577 ktoe
in 2020, likely due to the impact of the global pandemic. However, a rapid recovery followed, with
supply increasing to 58,781 ktoe in 2021 and reaching 65,338 ktoe in 2023 (Department of Energy,
2023).

65.338
61.558

59.717 59.852 58.781

2018 2019 2020 2021 2022 2023

HImported energy  ®Locally-produced

Figure 10. Total fuel energy supply, in ktoe (2018 to 2023)

Throughout the period, the balance between locally produced and imported energy sources was
a key factor. Local energy showed slight fluctuations: starting at 29,977 ktoe in 2018, peaking at
30,906 ktoe in 2019, and then stabilizing around 30,000 ktoe in the following years. In contrast,
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imported energy initially decreased from 29,739 ktoe in 2018 to 26,902 ktoe in 2020 before
steadily increasing to 35,072 ktoe by 2023. Overall, this indicates that the energy sufficiency level
of the Philippines averaged 49.3% from 2018 to 2023, meaning that the remaining 50.7% was
reliant on imported energy (Department of Energy, 2023).

In 2023, the total energy supply in the Philippines was 65,338 ktoe, with indigenous energy
contributing 30,266 ktoe and imported energy reaching 35,072 ktoe. The total energy
consumption for the same year was 36,914 ktoe, indicating that the Philippines consumed
approximately 56.5% of its total energy supply.

Analyzing the consumption figures, gasoline usage was 5,591 ktoe, constituting about 8.6% of
the total energy supply. Diesel consumption was 6,111 ktoe, making up around 9.4% of the total
supply. In addition, biofuels, though consumed in smaller volumes, made noteworthy contributions.
Biodiesel consumption was 121 ktoe, approximately 0.2% of the total supply. Bioethanol
consumption was 437 ktoe, representing about 0.7% of the total supply (Department of Energy,
2023). This increase in bioethanol consumption is likely due to mandated blending schedules,
which have led to significant importation since local production has not been able to meet demand
(USDA Foreign Agricultural Service, 2023).

1.5.2. Overview of the Philippine energy sector
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Figure 11. Gross power generation for all fuel sources, in GWh, (from 2008 to 2023)
Between 2008 and 2023, the energy sector in the Philippines experienced significant growth, with
power generation increasing from 60,821 GWh in 2008 to 118,004 GWh by 2023 (Department of
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Energy, 2024). During this period, the country maintained a diverse energy mix. However, coal
has increasingly dominated, accounting for 62.5% of the total energy supply in 2023 (Department
of Energy, 2024).

Historically, natural gas was a significant energy source, especially from 2010 to 2011, when it
accounted for nearly one-fourth of the energy supply. However, its share has substantially
declined over the years, peaking at 21,334 GWh in 2018 to 16,668 GWh by 2023 (Department of
Energy, 2024). This decrease is primarily attributed to the depleting reserves of the Malampaya
gas field, a crucial source of natural gas (Department of Energy, 2021). Consequently, there has
been a shift towards other energy sources to compensate for the reduced availability of natural
gas.

Since 2012, renewable energy, which includes hydropower, geothermal, wind, and solar, has
emerged as the second-largest energy contributor. By 2023, it comprised 22.3% (26,278 GWh)
of the energy mix in 2023 (Department of Energy, 2024). Among these sources, geothermal and
hydropower are the leading contributors among renewables, generating 10,730 GWh and 10,287
GWh, respectively, largely due to the country's strategic location along the Pacific Ring of Fire
(Koons, 2024). Since the enactment of the Renewable Energy (RE) Law in 2008, there has been
a concerted effort to expand biomass, solar, and wind energy sources. Nevertheless, the
proportion of renewable energy in the overall energy generation has been declining, indicating
that despite legislative support, challenges in expanding renewable energy continue to persist.

Currently, the Philippines is striving to increase the share of renewable energy, especially
hydropower and solar, to at least 35% of its energy mix by 2030, with an ambitious target of 50%
by 2040 (Philippine News Agency, 2021). To achieve these goals, the government has opened
the renewable energy sector to full foreign ownership, thereby enhancing its competitiveness and
attractiveness as a destination for renewable energy investments in Southeast Asia (Koty, 2023).
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1.5.3. Major Philippine fuel infrastructure
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Figure 12. Map of the major fuel infrastructures in the Philippines

The Philippines has three main fuel infrastructures, all located in Luzon, solidifying its role as the
nation's primary energy hub and supporting energy distribution across Luzon and beyond.

Primarily, fuel is transported through a combination of shipping and local distribution networks.
Tanker ships play a crucial role in moving fuel from the primary storage facilities in Luzon to
regional hubs on major islands such as those in the Visayas and Mindanao (Logistics Cluster,
n.d.). From these regional hubs, smaller barges and tanker trucks ensure the distribution of fuel
to more remote areas, allowing even the smallest islands to access essential energy supplies
(Logistics Cluster, n.d.; Petron, n.d.). This logistical operation is supported by an array of port
facilities specifically designed for handling petroleum products, enabling efficient loading and
unloading of these crucial resources.

The Philippine Coastal Storage & Pipeline Corporation (PCSPC), with a current capacity of 6.0
million barrels, distributes imported products such as gasoil, JET-A1, mogas, ethanol, and others.
In 2023, PCSPC embarked on a project to expand its fuel storage capacity to 6.3 million barrels
at the Subic Bay Freeport by adding two new 180.0k-barrel-capacity fuel storage tanks, with the
first tank expected to be completed by March 2024.
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The Petron Bataan Refinery, also operational, has a current capacity of 180,000 barrels per day
and produces gasoil, diesel, LPG, jet fuel, kerosene, and petrochemicals. It plays a crucial role
by connecting the Petron Refinery to various distribution points, including 32 storage sites
nationwide, supplying over 2,400 gas stations and industrial clients.

Lastly, the Malampaya Gas Pipeline, with a capacity of 262 million standard cubic feet per day, is
operational and provides natural gas derived from the Camago-Malampaya reservoir in Palawan.
In April 2024, Malampaya exceeded its maximum capacity by delivering gas supply to customers
at 290.0 million standard cubic feet per day. This infrastructure is vital for meeting the energy
demands of the Philippines and ensuring a steady supply of fuel and natural gas across the nation.

1.6. AVIATION FUEL SUPPLY CHAIN

1.6.1. Aviation fuel production and logistics infrastructure

All aviation fuel consumed in the Philippines is either imported or produced locally at the Petron
Bataan Refinery. While this local production helps to reduce the country’s reliance on imported
fuel, a significant portion of the country’s aviation fuel, around 1.1 million tonnes or 53.5% of the
total aviation fuel consumption in 2023, is imported. The refinery transports its petroleum product
primarily via tank vessels, pipelines to terminals, and airport installations across the Philippines
(Bataan Refinery, n.d.).

In addition to these logistics, the Philippines benefits from a network of ship, railway, and road
infrastructure that could further facilitate the distribution and production of SAF across the
archipelago.

Ship network

As an archipelagic country, the Philippines depends on ship transportation for its engagement in
global trade. To manage this, the Philippine Ports Authority (PPA) was established in 1974 as the
primary organization responsible for overseeing the country's port system (Moral, 2024). Today,
the PPA (n.d.) administers 26 major seaports - 10 in Mindanao, 9 in Luzon, and 7 in the Visayas
region - along with 115 smaller ones.

Despite the existing port infrastructure, ship transportation faces significant challenges, including
high costs, congestion issues, and a lack of cohesive nationwide planning regarding ports
(Pascual, 2025). This lack of unified planning is primarily due to the involvement of multiple entities
in the regulation of sea transport, as highlighted by Francisco and Lim (2021), where independent
authorities govern decentralized ports: the Department of Transportation is in charge of municipal
and fishing ports, while the Maritime Industry Authority manages roll-on/roll-of terminals. This
fragmentation, in turn, results in subpar service quality and inefficient port operations (Ochave,
2022), which can cause bottlenecks and environmental challenges that compromise the
sustainability goals of SAF.

" 1n 2023, the total aviation fuel consumption in the Philippines reached 2.0 million tonnes (15.7 million barrels). Based on the data provided by the
Department of Energy, around 1.1 million tonnes (8.4 million barrels) of jet fuel were imported in the same year.
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Therefore, it is necessary to examine the country’s existing land transport infrastructure that offers
more viable alternatives for the transportation of feedstock and SAF.

Railway network

The Philippines has currently four operating railways servicing only Luzon, with the Philippine
National Railways (PNR) being the first in the country, initially operating from La Union in the north
to the Bicol provinces in the south (Damian & Mabazza, 2017; Inquirer Research, 2018). However,
all railway infrastructures, including Light Rail Transit (LRT) and Metro Rail Transit (MRT) system
lines, remain focused on passenger transit rather than freight, making it unsuitable for the
transport of industrial materials like feedstocks and SAF.

Table 11. Existing railway network in the Philippines

Railway network Length

(In kilometers)
LRT-1 18.1
LRT-2 13.8
MRT-3 16.9
PNR 113.0
Total 161.8

Source: Department of Transportation
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Figure 13. Map of existing railway network in the Philippines
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Road network

Beyond railways, the Philippines has an extensive road network, primarily concentrated in Luzon.
As of 2023, the total length of national roads — which consist of primary, secondary, and tertiary
roads in the country — measures 35,164.3 kilometers. Of this, 17,270.5 kilometers (49.1%) are
located in Luzon, while 8,100.0 kilometers (23.0%) are in the Visayas, and 9,793.6 (27.9%)
kilometers are in Mindanao (Philippine Statistics Authority, 2023).

The North Luzon Expressway (NLEX) and South Luzon Expressway (SLEX) are two of the most
prominent highways that have significantly reduced travel times and improved connectivity in
Luzon (Asian Development Bank, 2011). Road networks offer flexibility and accessibility to remote
areas where railways are not feasible, which is crucial for reaching diverse locations throughout
the archipelago. Moreover, since most of the road networks in the Philippines are already well-
developed (Navarro & Latigar, 2022), they can be used for transporting feedstock and SAF
without requiring significant spending on infrastructure improvements.

The table below lists existing commercial roads, other than NLEX and SLEX, highlighting their
concentration in the Luzon region.

Table 12. Selected major commercial roads in the Philippines

Commercial Roads . L.e ngth Areas covered
(in kilometers)
Manila-Cavite 14.0 It starts from Roxas Boulevard in Paranaque and
Expressway ends in Kawit, Cavite.
93.8 The longest expressway in the Philippines,

SHEORILE GUEE connecting Subic Bay Freeport Zone, Clark

EXpresswaSCIES) Freeport Zone, and Tarlac City
7.7 Elevated expressway that connects NLEX to the
NLEX Connector Metro Manila Skyway, facilitating faster travel
between northern and southern Metro Manila.
44 .6 Connects CAVITEX in Kawit, Cavite to SLEX in

CEVTLEHLEETTE Bifian, Laguna, easing traffic congestion in the

ST Cavite-Laguna area.
C-5 Southlink 7.7 Qn expressway c:onnec’ging CAVITEX to C-5
Expressway oad in Taguig, improving conn_ect|V|ty between
southern Metro Manila and Cavite
24.8 An expressway that links NLEX to the Port of
NLEX Harbor Link Manila, enhancing cargo movement between
NLEX and Radial Road 10.
Subic Freeport 8.8 An expressway connecting SCTEX to the Subic
E Freeport Zone, facilitating access to Subic Bay
Xpressway Freeport.
49.6 An expressway connecting Metro Manila to the
Metro Manila Skyway southern provinces of Luzon, including Laguna

and Batangas.
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Length

Commercial Roads Areas covered

(in kilometers)

9.3 An expressway that provides access to Ninoy
NAIA Expressway Aquino International Airport from various points in
Metro Manila.
Southern Tagalog 42.0 An expressway that connects SLEX in Santo
Arterial Road (STAR) Tomas, Batangas to Batangas City, facilitating
Tollway travel to Batangas Port.
. 88.9 An expressway that extends from Tarlac City to
Tarlac-Pangasinan- . L
. Rosario, La Union, improves access to northern
La Union Expresway Luzon
Central Luzon Link 30.0 An expressway under construction will connect
E SCTEX in Tarlac City to Cabanatuan City in
xpressway N
Nueva Ecija.

Source: Land Transportation Office, Department of Public Works and Highways
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Figure 14. Map of road network in the Philippines
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1.6.2. Airports in the Philippines

The Philippines possesses a well-structured network of 89 national airports, which are
categorized according to their facilities and services (Francisco & Lim, 2022). Given the country’s
archipelagic geography, a robust airport network is essential for efficiently connecting remote
areas and facilitating movement across islands.

Of these, nine are international airports, serving as major gateways for global connectivity and
playing a vital role in international trade and tourism. Additionally, 20 airports are classified as
Principal Class 1, accommodating domestic flights with aircraft that carry at least 100 passengers.
Another 20 airports fall under Principal Class 2, serving domestic flights with a capacity of 20 to
99 passengers. The remaining 40 are community airports, primarily supporting local or rural areas
and catering to general aviation aircraft purposes (Civil Aviation Authority of the Philippines, n.d.).

In 2024, the Philippines recorded a total passenger movement of 88.7 million. Remarkably, NAIA
alone accounted for 50.4 million passengers, exceeding its intended capacity of 35 million (The
Philippine Star, 2025). Meanwhile Mactan-Cebu International Airport handled 11.3 million, 2.3
million of which are international passengers (Erram, 2025). Together with other international
airports like Davao International Airport (3.5 million), Clark (2.4 million), and lloilo International
Airport (4.7 million), these figures underscore the dominance of international airports in the
country's aviation landscape.

In response to this demand, the Philippine government is advocating for significant investments
in the aviation sector. The San Miguel Corporation consortium plans to upgrade NAIA, increasing
its capacity to 62 million passengers annually, with an investment of PHP 170.6 billion (Mendoza,
2024). Clark International Airport Corp. is investing PHP 45.5 billion in expansion projects,
including an investment of PHP 12.0 billion for a second runway (Rosales, 2024).

Simultaneously, Aboitiz InfraCapital is expanding Bohol-Panglao International Airport’s capacity
to 3.9 million passengers annually, with completion expected by June 2025 (Public-Private
Partnership Center, n.d.). Additionally, the Department of Finance has secured a PHP 13.0 billion
loan for a new airport in Bacong, Negros Oriental, designed to accommodate 2.5 million
passengers annually (Catilogo, 2024).

These developments indicate that the Philippines is positioning itself as a gateway for
international tourists, particularly in the southern region where air travel remains the fastest way
to connect islands. By bridging the gap in air infrastructure, the country is not only enhancing its
tourism potential but also strengthening its role as a regional hub for travel and commerce.
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Figure 15. Map of airports in the Philippines, by classification
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Table 13. Airports in the Philippines, by classification

International Principal Class | Principal Class Il Community
Clark Bacolod-Silay Antique Alabat
Bohol-Panglao Bicol Baguio Allah Valey
Davao Butuan Basco Bagabag
lloilo Caticlan Busuanga Baler
Kalibo Cauayan Calbayog Bantayan
Laoag Cotabato Camiguin Biliran
Mactan-Cebu Dumaguete Catarman Bisig
Manila (Ninoy Dipolog Cuyo Borongan
Aquino) General Santos Jolo Bulan
Puerto Princesa Laguindingan Lallo Cagayan de Sulu
Naga Marinduque Calapan
Ozamis Masbate Casiguran
Pagadian Ormoc Catbalogan
Roxas Romblon Central Mindanao
Sanga-sanga San Vicente Daet
San Jose Sangley Guiuan
Subic Bay Siargao Hilongos
Tuguegarao Surigao Iba
Tacloban Tandag Ipil
Zamboanga Virac Itbayat
Jomalig
Liloy
Lingayen
Lubang
Maasin
Malabang
Mamburao
Mati
Palanan
Pinamalayan
Plaridel
Rosales
San Fernando
Siocon
Siquijor
Sorsogon
Ubay
Vigan
Wao
Wasig

Source: CAAP
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1.6.3. Aviation industry status

The Philippine aviation industry plays a crucial role in the country's economic growth and
connectivity, both domestically and internationally. Key airports like NAIA, Mactan-Cebu, and
Clark serve as major hubs for the nation’s leading airlines: Philippine Airlines (PAL), Cebu Pacific,
and Philippines Air Asia.

PAL, the oldest airline in Asia, serves 25 domestic and 28 international destinations, while
investing in fuel-efficient aircraft (PAL Holdings, Inc., 2021). Cebu Pacific has captured a
significant market share with its low-cost flights and innovative web check-in services, and it
stands out as the only local airline that used SAF for its test flights from Singapore and Narita
(Jose, 2023). Philippines Air Asia continues to expand its network with affordable domestic airfare
deals. Meanwhile, the AirAsia Aviation Group’s Net Zero program has collectively saved over
USD130 million in fuel since 2015, reflecting the group-wide impact of its sustainability across
Malaysia, Thailand, Indonesia, and the Philippines (Abadilla, 2023).

Total passenger traffic, which includes all domestic and international travelers passing through
the country’s airports, reached 88.7 million in 2024 (Civil Aviation Authority of the Philippines,
2024). This represents a 1.24% increase from the 2023 figure of 84.6 million passengers (Civil
Aviation Authority of the Philippines, 2024), indicating that the “revenge travel” phenomenon
among travelers is still gaining momentum. Cargo traffic mirrored this trend with a total volume of
610.5 million kilograms freight transported in 2023 (Civil Aeronautics Board, 2024), driven by the
growing demand for e-commerce in the country. Additionally, international tourist arrivals reached
5.4 million in 2024. Of these visitors, 26.4% of the visitors came from South Korea, followed by
15.9% from the United States of America and 6.5% from Japan (Department of Tourism, 2025).

1.6.4. Current and projected aviation fuel demand
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Figure 16. Aviation fuel consumption in the Philippines, thousand tonnes (2012 to 2023)
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Aviation fuel consumption within the Philippines has shown significant variability over the past
decade. From 2012 and 2019, there was a consistent upward trend in aviation fuel consumption,
starting at 1.5 million tonnes in 2012 and peaking at 2.2 million tonnes in 2019. This growth reflects
the expansion of the aviation sector and increased demand for air travel during this period.

The onset of the COVID-19 pandemic in 2020 caused a dramatic decline in aviation fuel
consumption. The global health crisis led to unprecedented mobility restrictions, severely
impacting air travel. From 2.2 million tonnes in 2019, consumption plummeted to 0.8 million
tonnes, representing a 65.0% decrease, as both domestic and international flights were curtailed.
This significant reduction persisted in 2021, with consumption further decreasing to 0.7 million
tonnes, illustrating the prolonged effects of the pandemic on the aviation industry.

As pandemic-related restrictions eased and vaccination rates increased, 2022 witnessed a
notable recovery in aviation fuel consumption, rebounding to 1.6 million tonnes. The recovery was
sustained to 2.0 million tonnes in 2023, which can be attributed to the easing of travel restrictions,
leading to an increase in flight bookings (The Freeman, 2024).

1.7. SUSTAINABLE AVIATION FUELS WITHIN THE PHILIPPINE POLICY CONTEXT

1.7.1. Introduction

The Philippines continues to adopt innovative and transformative low-carbon emitting technology
in the energy and transport sectors pursuant to its commitment to sustainable development and
climate resilience (National Economic and Development Authority, 2023). The aviation industry is
one of the noted contributors to global carbon emissions, thereby prompting a shift towards more
sustainable practices. Consequently, the Philippines affirms its commitment toward aviation
transport decarbonization. (Department of Energy, 2023) The Philippines has voluntarily
participated in the Pilot Phase (2021-2023) and First Phase (2024-2026) of CORSIA (Civil
Aviation Authority of the Philippines, 2018). All operators in the Philippines are required to monitor
their CO2 emissions for international flights starting 01 January 2019. (PAL Holdings, Inc., n.d.)
Within this context, SAF has been acknowledged by policy stakeholders in the Philippines as a
promising solution to mitigate the environmental impact of air travel because it is an
environmentally sustainable alternative to fossil fuel-based aviation fuel.

Prime Infrastructure Capital launched a waste-to-fuel project in partnership with United States-
based WasteFuel Global with a plan to build a biorefinery in the Philippines to convert municipal
waste into SAF. (IRENA, 2024)

The Philippine airline companies have also embarked on a combination of strategies to achieve
sustainable development goals. This includes the acquisition of a new fleet with optimized fuel-
efficient technology, streamlining operational procedures, as well as looking at carbon offsets. In
line with these strategies, SAF can not only help airline companies in reducing their carbon
footprints, but it will also indirectly provide opportunities for carbon offset mechanism through
SAF-related Carbon Dioxide Removal projects.

38



At this point, however, despite the acknowledgement of SAF from private and public stakeholders,
it is yet to be effectively established and integrated in the country’s aviation sector. Thus, a
comprehensive assessment of the current infrastructure’s capacity to support SAF, along with
potential government subsidies and as part of a broader policy framework, can be beneficial.

1.7.2. International SAF initiatives impacting the Philippines

The Philippines is one of the member states of the International Civil Aviation Organization (ICAQ).
ICAO adopted CORSIA in 2016 to address CO, emissions from international aviation. (IATA, n.d.)
Under CORSIA, all airline operators with annual emissions greater than 10,000 tons of CO- are
required to report their emissions from international flights on an annual basis since 1 January
2019. (IATA, n.d.) The Philippines has voluntarily participated in CORSIA which is currently on its
First Phase until 2026. By 2027, adherence to CORSIA will be mandatory.

The Association of Southeast Asian Nations (ASEAN), of which the Philippines is a member, has
developed the ASEAN Sustainable Aviation Action Plan (ASAAP), which focuses on promoting
sustainable aviation growth within the region. A key component of this plan is the advancement
of SAF and its integration into the aviation sector. The ASAAP aims to:
e Share best practices on aviation decarbonization to support capacity building,
¢ Facilitate information exchange to advance the region’s aviation sustainability and
decarbonization efforts,
e Collaborate among ASEAN Member States, dialogue partners, and experts to develop an
ASEAN Sustainable Aviation Roadmap.

International agencies published reports regarding SAF in Southeast Asia, including:

e International Renewable Energy Agency (IRENA): The "Sustainable Aviation Fuels in
Southeast Asia” report is a valuable resource for understanding the opportunities and
challenges associated with SAF development in the region. (IRENA, 2025)

e Roundtable on Sustainable Biomaterials (RSB): The "Sustainable Aviation Fuel
Production in Southeast Asia," report offers a strategic guide for stakeholders and
policymakers involved in SAF development, emphasizing feedstock sustainability and
compliance with international labor standards. (Roundtable on Sustainable Biomaterials,
2024).

1.7.3. SAF-related regulations and commitments in the Philippines

The table below provides an overview of the key regulations and commitments related to SAF in
the Philippines. It outlines the governing agencies, regulatory frameworks, industry
commitments, and incentives aimed at promoting SAF adoption.

Overall Sustainability Commitment

The Philippines is currently working to reduce aviation emissions through domestic
policies and international collaborations. The Civil Aviation Authority of the
Philippines (CAAP) follows the International Civil Aviation Organization (ICAO) and
its Resolution A37-19, which focuses on cutting aviation sector carbon footprints.
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CAAP collaborates with the Department of Transportation (DOTr), the Department
of Energy (DOE) through the National Biofuels Board, and the Climate Change
Commission (CCC) to ensure that aviation policies support long-term sustainability
and climate goals.

Biofuels Act of 2006 (Republic Act No. 9367)

This law is designed to decrease reliance on imported fuels while prioritizing public
health, environmental protection, and the preservation of natural ecosystems, in line
with the country’s goals for sustainable economic growth and increased livelihood
opportunities. The incentives provided include:

A zero specific tax on local or imported biofuel components per liter.

o VAT exemption on the sale of raw materials used in biofuel production,
including coconut, jatropha, sugarcane, cassava, corn, and sweet sorghum.

¢ Exemption from wastewater charges for water effluents like distillery slops,
when used as liquid fertilizer or for other agricultural purposes.

e Financial assistance favoring Filipino citizens or entities with at least 60%
Filipino ownership involved in biofuel production.

e |ncome tax holidays and reduced minimum taxes and duties.

¢ VAT limitations on imported capital equipment and tax credits for domestic
capital equipment.

e Exemption from contractor's tax, unrestricted use of consigned equipment,
and duty exemptions on spare parts.

Renewable Energy Act of 2008 (Republic Act No. 9513)

Similar to Biofuels Act of 2006, this law aims to boost renewable energy
development by offering similar tax incentives. Using these two as precedents, a
SAF policy framework may be patterned after this to promote adoption.
Incentives include:

e income tax holiday (ITH) for the first seven years of commercial operations;
e corporate tax rate of 10% after ITH;

e Net Operating Loss Carry-Over (NOLCO);

e Special Realty Tax Rates;

e accelerated depreciation;

e zero-rated VAT on the sale of fuel or power-generated;

e tax credit on domestic capital equipment and services;

[ ]

cash incentive of renewable energy developers for missionary
electrification; and

e tax exemption of carbon credits per transaction.

CREATE MORE Act (Republic Act No. 12066)

While the CREATE MORE Act does not explicitly mention SAF, its provisions offer
incentives that can be leveraged by enterprises involved in the production and
utilization of SAF. These enterprises could be Domestic Market Enterprises (DME)
or Registered Export Enterprises (REE). Key incentives include:

income tax holiday (ITH);

Enhanced Deduction Regime (EDR);
depreciation allowance;

special corporate income tax (SCIT)
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e VAT zero-rating sales of goods and services directly attributable to the
registered project or activity of an RBE which also applies to both local
purchases and importations, reducing the cost of inputs for enterprises;

e and VAT exemption on importation of capital equipment, raw materials,
spare parts, or accessories directly and exclusively used in the registered
project or activity is exempt from VAT, provided certain conditions are met.

Philippine Green Jobs Act of 2016 (Republic Act No. 10771)

Green Jobs, as defined under R.A. No. 10771, refer to employment that contributes
to preserving or restoring the quality of the environment through efforts such as
decarbonizing the economy and minimizing or avoiding generation of all forms of
waste and pollution. The Philippine Green Jobs Act aims to advance the promotion
of sustainable economic growth and facilitate the creation of decent employment
opportunities while fostering resilience to the challenges posed by climate change.
This is done by providing incentives in addition to current fiscal and non-fiscal
incentives already granted under existing laws. The incentives provided under the
law are as follows:

e Special deduction from the taxable income equivalent to 50% of the total
expenses for skills training and research development expenses which is
higher than the allowable ordinary and necessary business deductions for
said expenses under the NIRC;

e Tax and duty-free imports of capital equipment actually, directly, and
exclusively used in the promotion of green jobs of the business enterprise.

Ecological Solid Waste Management Act of 2000 (Republic Act No. 9003)

Discussion on R.A. No. 9003 is included as municipal solid waste is among the
potential feedstock for SAF. The primary objective of R.A. No. 9003 is to establish
a comprehensive, systematic, and ecological solid waste management program in
the Philippines. This law sets guidelines and targets for solid waste segregation
and recycling and volume reduction as well as ensures proper segregation,
collection, transport, storage, treatment, and disposal of solid waste.

Further under the law, LGUs are mandated to be primarily responsible for the
implementation and enforcement of the provisions therein. Segregation and
collection of solid waste are conducted at the barangay level while the collection of
non-recyclable materials shall be the responsibility of the municipality or city.
Through this law, LGUs may have a role in ensuring efficient collection of MSW for
feedstock use.

Joint Administrative Order No. 2008-1, Series of 2008: Guidelines Governing
Biofuel and Biofuel Blends Production, Distribution and Sale under Republic
Act No. 9367

This order provides guidelines for the production, distribution, and sale of biofuels
and biofuel blends under the Biofuels Act of 2006, aiming to ensure sustainable
feedstock production and biofuel quality standards.

1.7.4. Pending legislation related to biofuels and their potential connection to SAF

The table below outlines pending legislation, as of the time of this study, related to biofuels and
renewable energy, highlighting their potential connection to SAF. While there are no existing
policies specifically applicable to SAF, it provides a summary of pending legislation on biofuels,
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and renewable energy, government agencies involved and proposed legislative measures in
general which may influence the formulation of policies and regulation of SAF adoption in the
country.

House Bill No. 2608, 19" Congress of the Philippines (Pending Legislation): An
Act Mandating the Use of Ethanol as Alternative Transport Fuel, Establishing
for the Purpose of the National Fuel Ethanol Program, Appropriating Funds
Therefor

This proposed bill seeks to mandate ethanol use in transportation, establish a
national ethanol program, and allocate funding to support its implementation.

Senate Bill No. 380, 19" Congress of the Republic of the Philippines: An Act
Providing a National Energy Policy and Framework for Government-Initiated
Petroleum Exploration and Development Further Amending for the Purpose the
Charter of the Philippine National Oil Company (PNOC), as Amended (Pending
Legislation)

This bill aims to establish a national energy policy and framework for government-led
petroleum exploration and development, which may influence biofuel and SAF
initiatives.

1.7.5. Legal analysis

The regulatory framework primarily focuses on land-based transportation fuels, creating a gap in
policies specific to SAF development, production, and integration. There is also no mandate or
incentives specifically for SAF. There is a lack of clear framework which may hinder large-scale
investment in SAF infrastructure. Thus, the need for a roadmap for SAF implementation is
essential to align industry efforts with national development goals.
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SECTION 2: EVALUATION OF FEEDSTOCKS AND PATHWAYS FOR
SAF PRODUCTION

2.1. CONVERSION PATHWAYS

There are different pathways to produce SAF. This report focuses on currently the most common
bio-based SAFs and the production via Hydroprocessed Esters and Fatty Acids (HEFA), Alcohol-
to-Jet (AtJ), and Fischer-Tropsch (FT) routes. However, these pathways only represent a portion
of options available. Further pathways exist, such as co-processing or the catalytic
hydrothermolysis jet pathway, or are currently under testing and approval like methanol-to-jet or
pyrolysis.

Each of the focused pathways leverages different feedstocks and processes, resulting in varying
GHG emission reduction values, technological readiness levels, as well as economic and
technical challenges. Dedicated technical experts should carefully consider and evaluate the
technical challenges specific to the Philippines when determining the most suitable pathway and
feedstock.

2.1.1. Hydroprocessed esters and fatty acids (HEFA)

The HEFA pathway is currently the most mature SAF production pathway and the only one that
is fully commercialized without substantial technical challenges. It processes vegetable oils,
animal fats, used cooking oil, and residue lipids. Feedstocks are treated with hydrogen to remove
oxygen and break down the compounds into appropriate hydrocarbons, which are then
isomerized to create SAF.

2.1.2. Alcohol-to-Jet (AtJ)

The AtJ process converts a variety of alcohols, like ethanol and iso-butanol, into SAF. The basic
steps involve dehydration, oligomerization, hydrogenation and fractionation. The process can use
alcohols derived from various biomass sources containing starch or sugar, or by the gasification
of biomass and the fermenting of the syngas. The first small-scale commercial AtJ facility was
opened by Lanzajet.

2.1.3. Fischer-Tropsch (FT)

The Gasification and Fischer-Tropsch synthesis converts carbon-rich feedstocks, such as
biomass, into syngas in a first step (Gasification). The syngas is then cleaned to remove tars and
contaminants and converted into liquid drop-in biofuels via the Fischer-Tropsch synthesis by e.g.
using a catalyst to facilitate the conversion at elevated temperatures and pressures. Although
gasification and Fischer-Tropsch synthesis are already well developed and used on a commercial
scale, the integration of the processes to produce SAF is still under technological development.
Especially the cleaning step is considered as challenging as each batch of biomass differs in
quality and composition. First projects, e.g. from Fulcrum Bioenergy in Nevada or from Red Rock
Biofuels, were closed emphasizing the need to advance technological development and
commercialization of this technology to use it at a larger scale.
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Please note that this study exclusively examined conversion pathways approved by ICAO.
Nonetheless, there are other viable conversion processes, such as methanol-to-jet, that could be
applicable to the Philippines.

2.2. SUMMARY OF EVALUATED FEEDSTOCKS

The table below provides an evaluation summary of selected feedstocks for SAF conversion in
the Philippines, in accordance with the current ICAO-CORSIA guidelines.

The evaluation is based on two key factors.

The first factor is sustainability viability, which evaluates each feedstock based on the 13 aspects
of the CORSIA SAF sustainability criteria, mainly grouped into three major themes: GHG
emissions reduction (greenhouse gases, carbon stock, and GHG emissions reduction
permanence); environmental (water, soil, air, conservation, and waste and chemicals), and socio-
economic (land use rights and land use, water use rights, human rights and labour rights, local
and social development, and food security).

In identifying feedstocks with the highest potential for reducing GHG emissions, global default
core life cycle assessment (LCA) emission values and default induced land use change (ILUC)
emission values from ICAO CORSIA Default Life Cycle Emissions Values for CORSIA Eligible
Fuels (6" ed., October 2024 version) were used.

The default core LCA emission values already consider emissions from cradle to grave —
processes such as feedstock cultivation, feedstock harvest, processing of feedstock and
conversion to SAF (including GHG emissions related to the use of hydrogen), transportation'? of
feedstock and SAF, and SAF combustion. As there are currently no specific emission values for
the Philippines under ICAO CORSIA, global default values were used. For environmental and
socio-economic themes, risks and opportunities related to the use of feedstocks for SAF were
identified in consideration of the Philippine context and situation.

The second factor is economic viability, which considers the availability of feedstock volume, its
corresponding potential SAF volume, competing uses, current market prices, technological
readiness, qualitative assessments of the investments needed for integration into SAF production,
and the potential impact on job creation.

The Philippines is estimated to produce about 1.4 million SAF tonnes annually'®, based on the
2023 feedstock figures. Feedstocks from the FT pathway dominate the composition, with rice
having a potential SAF yield of 0.5 million tonnes, followed by MSW at 0.3 million tonnes and rice
husk at 0.2 million tonnes. Coconut husk (0.1 million tonnes), corn stover (0.1 million tonnes),
coconut shell (0.04 million tonnes), non-standard coconut (0.04 million tonnes), and animal
manure (0.04 million tonnes) also emerge as viable options.

12 Actual GHG emissions related to transportation of feedstock and SAF may vary depending on the location of feedstock source, SAF plant, and SAF
users. For the purpose of this study, default emission values approved under ICAO CORSIA were used to compare GHG emissions from feedstocks.
Actual GHG emissions may be calculated at later period by SAF proponents as part of project-specific SAF feasibility studies.

3 The SAF yield could potentially be higher than currently projected, as this analysis is based on the most recent understanding of SAF ICAO rules of
thumb. With new information and technological advancements, these figures may be subject to revision.

44



In contrast, resources such as corn grain, sugarcane, bagasse, molasses, fresh fruit bunch, palm
oil mill effluent, soybean, and sugar beet are already fully utilized for other purposes, leaving no
surplus available for SAF production.

A detailed evaluation of each feedstock, categorized by their main source or family, is presented
in the subsequent sections.

Table 14. Summary: Potential feedstocks for SAF conversion in the Philippines

Conversion Feedstock Sustainable Economic Overall

Feedstock

pathway availability viability viability viability
Rice residues

Rice straw FT Available
Rice husk FT Available
Municipal solid waste

Municipal solid FT Available
waste

Coconut residues

Non-standard HEFA Available
coconut

Coconut shell FT Available
Coconut husk FT Available
Corn residues

Corn grain AtJ Fully utilized
Corn cob FT Fully utilized
Corn stover FT Available
Technical corn HEFA Unavailable
oil

Wastes

Used cooking HEFA Available
oil

Animal manure FT Available
Waste gases FT Unavailable
Wheat starch AtJ Unavailable
slurry

Palm oil fresh fruit bunch and by-products
Fresh fruit HEFA Fully utilized
bunch

Empty fruit FT Available
bunch

Palm fatty acid HEFA Available
distillate

Palm oil mill HEFA Fully utilized
effluent

Fats

Mixed animal HEFA Available
fat

Forestry residues

Branches AtUJ/FT Available
Cutter shavings AtJ/FT Available
Slash AtJ/FT Available
Tree tops AtJ/FT Available

Sugarcane and by-products

45



Conversion Feedstock Sustainable Economic Overall

Feedstock pathway availability viability viability viability

Sugarcane Atd Fully utilized
Bagasse AtJ Fully utilized
Molasses AtJ Fully utilized
Oilseed

oilseed

Rapeseed HEFA Unavailable
oilseed

Jatropha HEFA Unavailable
oilseed

Sugar beet

Sugar beet At Fully utilized |
Oil

Brassica HEFA Unavailable
carinata oil

Carmelina oil HEFA Unavailable
Energy crops

Switchgrass FT Unavailable
Miscanthus FT Unavailable
Poplar FT Unavailable
Processing residues

Crude tall oil HEFA Unavailable
Forestry FT Unavailable
processing

residues

Sewage sludge FT Unavailable
Tall oil pitch HEFA Unavailable

Note: The overall viability is evaluated using a comprehensive index that measures sustainability and economic viability, and the
results are categorized into three levels: low, medium, and high viability.
Legend:

Deemed unsustainable

Low viability

Medium viability

]
High viability |

The Philippines offers vast and diverse resources, encompassing cash crops, medicinal plants,
ornamental plants, among others. However, the scope of this evaluation specifically addresses
feedstocks listed by ICAO CORSIA for SAF. This focused approach means that the list reflects a
specific subset of agricultural and industrial products, rather than the entirety of the country's
possibilities, which might also be used for SAF production in the future.

Based on the sustainability assessment, the following feedstocks were deemed unsustainable:
brassica carinata oil, carmelina oil, jatropha oil, poplar, switchgrass, and wheat starch slurry as
the flora species associated with these products are not suitable for cultivation in the tropical
climate or are highly invasive when introduced. Consequently, these feedstocks have been
removed from further discussion in the subsequent sections.

Furthermore, due to insufficient data availability, the following feedstocks have also been
excluded from the discussion: technical corn oil, crude glycerine, rapeseed oilseed, miscanthus,
pre-commercial thinning, items under the processing residues section, and waste gases.
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These exclusions ensure that the evaluation focuses on feedstocks that meet sustainability
criteria and have adequate data for comprehensive analysis.

2.3. RICE RESIDUES

2.3.1. Feedstock-related information

Rice is a staple crop and a critical component of the agricultural sector in the Philippines, serving
as a primary food source for Filipinos. The tropical climate of the Philippines provides ideal
conditions for rice cultivation, making rice farming a crucial source of livelihood for rural
communities (Lansigan, 2005). Beyond its role in food security, rice and its residues, such as rice
straw and rice husks, offer opportunities for renewable energy solutions, particularly in regions
where agricultural activities are central to local economies (Southeast Asian Regional Center for
Graduate Study and Research in Agriculture, 2023).

In the Philippine rice industry, farmers are at the heart of the value chain, responsible for
cultivating and harvesting rice that is eventually passed on to millers and traders (Mercado,
Lansangan, Baltazar, Lagasca, & Valiente, 2023). Government bodies, such as the Department
of Agriculture, provide financial assistance, infrastructure development, and capacity-building
support to help farmers boost their productivity (Presidential Communications Office, 2024).
Likewise, research institutions like the Philippine Rice Research Institute and International Rice
Research Institute contribute by developing innovative farming techniques and resilient rice
varieties to enhance yield and sustainability (DA Press Office, 2025).

The Philippines is one of the top rice producers in Southeast Asia, producing 19.9 million metric
tons of rice annually on average from 2021 to 2023, and plays a vital role in the national economy
and food supply (Philippine Statistics Authority, 2024). In 2021, production was 19.9 million metric
tons; however, it decreased to 19.8 million metric tons in 2022 pulled down by high fertilizer costs
and damage caused by typhoons (Monzon, 2023). By 2023, it had increased to 20.1 million metric
tons, which the Philippine government attributed to the provision of high-quality seedlings and
fertilizers to local farmers as well as improved weather conditions (Cordero, 2024). Region Il
contributed the highest share at 3.6 million metric tons, followed by Regions Il and VI with 3.0
million metric tons and 2.3 million metric tons, respectively (Philippine Statistics Authority, 2024).

The diverse rice ecosystems in the Philippines, from lowland irrigated systems to upland rainfed
systems, make rice cultivation adaptable to various environmental conditions and capable, in turn,
to produce substantial biomass such as rice straw and rice husk. Compared to other biofuel
potential feedstocks like sugarcane and cassava, rice by-products offer a high volume of
lignocellulosic material, which can be advantageous for certain biofuel conversion processes
(Mujtaba, et al., 2023).
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Table 15. Estimated production volume of rice residues, in million metric tons (2021 to
2023)"

Total 24.0 23.8 24.1
Rice straw 20.0 19.8 20.1
Rice husk 4.0 4.0 4.0

Source: PSA, conversion factors from the International Rice Research Institute (IRRI) and Caparino (2019)

In the Philippines, a team of researchers from the University of the Philippines turned rice straw,
which is often left in fields or burned, to biogas (Palma, 2022). Meanwhile, rice husk, a by-product
of milling, is commonly used for energy generation and can also be processed into biofuels (Rice
Knowledge Bank, n.d.).

Rice straw and rice husk are promising feedstocks for SAF through the FT conversion pathway
due to its abundance and high silica content and calorific value (Nzereogu, Omah, Ezema ,
Iwuoha, & Nwanya, 2023).

However, the utilization of rice residues for SAF faces challenges that must be addressed to
ensure feasibility and success. One primary challenge is the necessity for enhanced collection
and processing infrastructure, which is currently inadequate for efficiently handling these
agricultural residues. Thus, national strategies must be developed to strategically balance the
dual objectives of feed and energy production usage of rice byproducts.

2.3.2. Sustainability aspects

Under CORSIA SAF, there are two rice-related approved feedstocks: 1) rice husks and 2) rice
straw. Both products are residues generated from the harvest of rice. The table in the next page
summarizes the evaluation of rice-related feedstocks using CORSIA criteria. The sustainability
assessment shows that in the local context, use of rice straw and rice husks may have potential
issues to water, soil, air, human and labour rights, as well as food security.

4 The estimated theoretical volume in the table has not yet accounted for the accessibility rates. These factors will be addressed in the economics and
market aspects section of the report for each type of feedstock.
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Table 16. Sustainability evaluation for rice-related feedstocks

CORSIA SAF sustainability aspects Rice straw Rice husk

(residue) (residue)

GHG emissions reduction themes
Greenhouse gases
Carbon stock
GHG emissions reduction permanence
Environmental themes
Water
Soll
Air
Waste and chemicals
Socio-economic themes
Human rights and labour rights
Land use rights and land use
Water use rights
Local and social development

Food security
Legend:
Major sustainability issue — needs to be solved before feedstock can be considered
Potential sustainability issue - need evaluation, monitoring, and/or mitigation measures

Positive impacts or no sustainability issue I

GHG emissions reduction themes

Based on ICAO CORSIA Default Life Cycle Emissions Values for CORSIA Eligible Fuels (2024),
rice straw and rice husks have a default core LCA emissions values of 7.7 gCO,-e/MJ (via
Gasification FT pathway). The LCA emissions value represents GHG emission reductions of
91.4% compared to conventional jet fuel which has a baseline LCA emission value of 89.0 gCO--
e/MJ, with conversion via gasification FT showing the least GHG emission.

Since rice straw and rice husk are residues from rice cultivation, the LCA emission values from
the cultivation process are not included (ICAO, 2024). Hence, there are no impacts associated
with ILUC from these feedstocks.

Environmental themes

As agricultural residues, the sustainability assessment of rice husk and rice straw started from
the harvest, collection, and recovery of the feedstock (ICAO, 2024). Hence, there are no adverse
impacts associated with these feedstocks in terms of conservation and waste and chemicals
which are likely to occur during the cultivation process. Additionally, the recovery of rice residues
offers environmental benefits to air quality and waste management as these residues are diverted
from either landfill disposal or open burning.

However, the recovery of these feedstocks from agricultural soils may have impacts to local soil
quality as rice husks and rice straws are sources of replacement nutrients in cultivated land (SARE,
2020). Rice husks and straws may be used for conservation tillage or as mulch for vegetable
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cultivation, both of which are practiced in the Philippines. Complete removal of residues may
contribute to land degradation issues in Philippine soils. Consultations may be needed with local
farmers and agriculturists to identify the amount of rice husks and rice straws that may be
recovered without affecting the nutrient cycling in rice cultivation areas.

The feedstock-to-fuel conversion process also introduces potential impacts to water and air
through generation of wastewater and air pollutants (ICAO, 2024). Pre-treatment process of
feedstock for FT pathway may generate wastewater with high organic matter content (Andersson,
2017). The FT process also involves gasification which may result in thermal effluents (from
cooling water), and flue gas (from the combustion process). Depending on the chemical
composition of the feedstock, flue gas may contain air pollutants such as sulfur oxides (SOx),
nitrogen oxides (NOx), and other acidic gases (Sunde, Brekke, & Solberg, 2011). Impacts to water
and air may be mitigated with engineering measures such as wastewater treatment facilities and
air pollution control measures.

Socio-economic themes

Like the assessment of environmental themes, rice husk and rice straw have no impact on land
use rights and water use rights as the cultivation process is excluded from the assessment of
agricultural residues. Introduction of SAF using agricultural residues may offer additional income
pathways for local farmers. Additionally, rice straw is also a source of animal feed for livestock
and redistribution to SAF production may affect animal feed supplies. Issues on human and labor
rights are also probable — particularly on unfair labor practices in the Philippines such as non-
provision of just and fair compensation to workers and contractualization.

2.3.3. Economic and market aspects

The Philippines possesses a significant quantity of rice husk and straw. Based on the
approximately 20.1 million tonnes of rice production in 2023, the estimated production volume of
these residues is nearly 20.1 million tonnes for rice straw'® 4.0 million tonnes for rice husk’®.

The theoretical volume of these residues remains constant, as confirmed by PSA, the primary
agency responsible for reporting agricultural production data. PSA states that the production
volumes of palay are expressed as dry standing crops, thereby eliminating the need to account
for moisture content.

Rice straw

Since rice straw has an accessibility rate of 36%'’, with its economically accessible volume
standing at 7.2 million tonnes. Nonetheless, it is highly unlikely that the accessible volume of rice
straw, as well as rice husk, would be available for SAF production due to competing uses.

5 The ratio of palay to rice straw is 1:1

16 The ratio of palay to rice husk is 1:0.20

7 The accessibility rate is derived from a 60% recovery rate of rice straw as reported by the IRRI and the Philippine Rice Research Institute (PhilRice),
and a collection rate of 60%, based on experts' estimates.
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Farmers in the Philippines are encouraged to use rice straw either in fields to enhance soil quality
and nutrient cycling or animal feed (Stakeholder interviews, 2025). Locally, it is estimated that
nearly 12%"8 of the total recoverable volume of rice straw is utilized for animal feed, composting,
and small-scale energy resources (United Nations Economic and Social Commission for Asia and
the Pacific, 2018). Thus, from an estimated theoretical volume of 20.1 million tonnes in 2023, 2.4
million tonnes are utilized. This leaves an available feedstock volume of 4.8 million tonnes for
SAF production.

Rice husk

Meanwhile. rice husk has an assumed accessibility rate of 60%°, the economically accessible
volumes of rice husk decrease further to 2.4 million tonnes.

Rice husk is utilized in small-scale energy generation, including brick production, steam engines,
and heat for rice dryers (Stakeholder interviews, 2025). A study by De Vera (2013) found that rice
husk is utilized at 25% for electricity generation. Based on the estimated economically accessible
volume of rice husk for 2023 and the utilization rate provided by the literature, it is estimated that
0.6 million tonnes of rice husk will be used for powering power plants. Consequently, this leaves
an available feedstock volume of 1.8 million tonnes of rice husk for SAF production.

If the remaining available feedstock volume of these residues were utilized for SAF production, it
could yield approximately 0.7 million tonnes? of SAF, with 0.5 million tonnes derived from rice
straw and 0.2 million tonnes from rice husk.

Challenges and opportunities

As these materials already serve established purposes, diverting them solely to SAF production
could create competition. For instance, in the case of rice husk, it is important to evaluate whether
its current utilization as heat generator optimally leverages its full value compared to its potential
use in SAF production, which may be more advantageous. This assessment is heavily dependent
on the availability, cost-effectiveness, and readiness of infrastructure for alternatives of rice husk
on energy generation, necessitating detailed case studies and pilot programs (Stakeholder
interviews, 2025).

Additionally, the bulkiness of rice residues poses challenges in transportation and storage. While
improved mechanization processes can increase the efficiency of collection, transportation, and
storage, its success is contingent on several factors, including the timing of collection, moisture
content, and particle size (Stakeholder interviews, 2025).

Currently, the absence of a centralized facility for collecting and storing rice husk and straw in the
Philippines further complicates the effective utilization of these agricultural residues. The current
approach is fragmented, leaving individual farmers and rice millers responsible for deciding how
to manage and utilize these materials (Stakeholder interviews, 2025). This decentralized system

8 The net utilization rate for rice straw is 12%, derived from a 20% utilization rate that factors in a 60% collection rate.

9 The accessibility rate is derived from a 100% recovery rate of rice husk as reported by the IRRI, and a collection rate of 60%, based on experts'
estimates.

20 Yield for conversion of rice husk and rice straw to distillate: 14%; SAF fraction distillate by pathway: 75%
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places a significant burden on them, especially since they must figure out storage solutions and
usage applications independently, which may potentially result in wastage or underutilization.

Government stakeholders recognize that using rice husk and rice straw for SAF production could
provide additional revenue streams for farmers and millers (Stakeholder interviews, 2025).
However, to ensure farmers receive adequate financial incentives to participate, it can be
beneficial to implement rice-specific policies that promote the diversion of rice residues to SAF
production (Balingbing, et al., 2020), especially since the current market price for rice husks is
PHP 20,000 per tonne while rice straw is technically PHP 200.0 per tonne (Stakeholder interviews,
2025).

In conclusion, the potential integration of rice straw and rice husk into SAF production presents
promising opportunities for the private sector to make moderate investments. In the Philippines,
rice straw and rice husks are commonly used in biogas production. Efficient methods are
employed to collect rice straw before it is fed into digesters, which utilize gas equipment to
produce cleaner outputs (Perez, 2019). Thus, these documented cases might inspire
modifications that would allow for a more efficient processing of these residues into SAF
production in the future. Likewise, in developing a robust collection and infrastructure system for
these residues, it could lead to job creation, providing additional revenue streams for local
communities.

2.3.4. Summary

With the Philippines having available feedstock volumes of approximately 1.8 million tonnes of
rice husk and 4.8 million tonnes of rice straw in 2023 alone, there is potential to yield around 0.7
million tonnes of combined SAF. This potential, however, is tempered by several constraints such
as the inadequacy of the collection and processing infrastructure, complicating the efficient
handling of these residues.

To realize the potential benefits and ensure a balanced approach that safeguards food security,
strategic interventions, such as enhanced mechanization, centralized collection facilities, and
rice-specific policies, are essential to provide financial incentives and optimize the use of these
rice residues in SAF production.

2.4. MUNICIPAL SOLID WASTE

2.4.1. Feedstock-related information

Municipal solid waste (MSW) in the Philippines, originating from household, commercial, and
institutional sources, presents a multifaceted challenge due to its diverse forms—solid or liquid—
and varying properties, such as organic and inorganic compositions (Senate Economic Planning
Office, 2017). The management of MSW is a persistent and complex issue exacerbated by the
country’s rapid population growth and urbanization (Regmi, 2017). However, MSW offers potential
beyond its conventional perception as waste; it can be transformed into a valuable feedstock for
SAF production.
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Between 2021 and 2023, the Environmental Management Bureau (n.d.) estimated an annual
average of 21.8 million metric tons of solid waste nationwide. Likewise, the 2023 data from the
Environmental Management Bureau (n.d.) indicates that the most densely populated cities, such
as Region IV-A and NCR, are the largest contributors to this waste. Region IV-A produces 9.7
thousand tons of waste per day, accounting for 16.0% of the national total, while NCR produces
9.3 thousand tons of waste per day, representing 15.3% of the national waste. Furthermore,
projections from the Environmental Management Bureau suggest that the total solid waste
generation in the Philippines will rise from 22.1 million tons in 2023 to 22.9 million tons by 2025
(EMB, n.d.).

The Ecological Solid Waste Management Act of 2000 governs the collection and management of
MSW by mandating source segregation, recycling, and composting, alongside the establishment
of materials recovery facilities (MRFs) within LGUs (Atienza, 2011). Despite these regulations,
significant challenges remain, such as limited landfill capacity and environmental concerns
associated with traditional waste disposal methods (Philippine Daily Inquirer, 2023).

The limited number of operational sanitary landfills in the Philippines presents a critical challenge
for over 1,000 LGUs nationwide. Between 2021 and 2023, the number of such landfills increased
by only 51, from 245 to 296, which the Commission on Audit has deemed insufficient to meet the
growing waste management demands (Mantaring, 2024). Among these, only 18 landfills can
handle over 200 metric tons of garbage daily, while 224 manage less than 15 metric tons per day
(Mantaring, 2024). This inadequacy underscores the urgent need for innovative solutions to
bridge the waste management infrastructure gap and enhance the capacity and efficiency of
waste processing in the Philippines.

2.4.2. Sustainability aspects

Under CORSIA SAF, the organic component of MSW is considered a viable residue-based
feedstock. The table in the next page summarizes the sustainability evaluation of municipal solid
waste using CORSIA criteria:
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Table 17. Sustainability evaluation for MSW

CORSIA SAF sustainability aspects Municipal solid waste

(residue)

GHG emissions reduction themes

Greenhouse gases

Carbon stock

GHG emissions reduction permanence
Environmental themes

Water

Soll

Air

Conservation

Waste and chemicals
Socio-economic themes

Human rights and labour rights

Land use rights and land use

Water use rights

Local and social development

Food security
Legend:
Major sustainability issue — needs to be solved before feedstock can be considered
Potential sustainability issue - need evaluation, monitoring, and/or mitigation measures

Positive impacts or no sustainability issue I

GHG emissions reduction themes

MSW consists of non-recyclable organic and inorganic waste fractions, however, only the organic
fraction may be used for SAF production. The use of MSW residues as feedstocks for SAF
production provides a significant opportunity to reduce GHG emissions not only in the aviation
industry, but also in the waste management and sanitation industry. MSW decomposes in landfills,
releasing methane, a type of GHG with a global warming potential (GWP) more than 28 times
that of CO2 (IPCC, 2014). Additionally, incineration of MSW produces CO- and other air pollutants,
further contributing to climate change. By diverting MSW from landfill and incineration to SAF
production, substantial GHG reductions can be achieved while simultaneously reducing reliance
on fossil-based jet fuel (ICAO, 2024).

Under CORSIA sustainability criteria, MSW is classified as a waste-derived feedstock, meaning
it does not contribute to induced land-use change (ILUC) GHG emissions or additional carbon
stock depletion (ICAO, 2024). SAF produced from MSW through gasification FT pathway
achieves a low life cycle emissions factor (LCEF).

Compared to conventional jet fuel, which has a baseline LCA emissions value of 89.0 gCO,e/MJ,
SAF from MSW has lower LCA emission values. GHG emissions reduction potential of MSW-
derived SAF varies based on non-biogenic carbon (NBC) content in the waste stream. At 0%
NBC, MSW-derived SAF has an LCEF of 5.2 gCO.e/MJ, or a GHG emission reduction of 94.2%
(ICAQ, 2024). However, with the current state of MSW management in the Philippines, organic
and non-organic wastes are mixed in the landfills. Without the separation of the organic fraction
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from the rest of the MSW, LCEF of MSW-derived SAF may increase up to 81.3 gCO.e/MJ (at
45% NBC). This is equivalent to only 8% GHG emission reduction compared to convention jet
fuel. Hence, necessary pre-treatment of MSW prior to SAF conversion will be necessary to ensure
GHG emissions from MSW-derived SAF is minimized.

Environmental themes

MSW, which is classified as a waste-derived material, does not contribute to ILUC or carbon stock
depletion, aligning with CORSIA’s sustainability criteria (ICAO, 2024). However, environmental
assessments highlight potential impacts on water and air quality, necessitating effective
management strategies.

In 2023, the country’s solid generation was estimated to be at 22.1 million metric tons EMB, n.d.)
Converting waste into SAF presents a promising solution for waste reduction and cleaner fuel
production. A notable example is the planned biorefinery in Luzon by WasteFuel Philippines,
which aims to process over one million metric tons of MSW annually to produce low-carbon
synthetic crude oil (Cordero, 2021).

Despite these benefits, thermochemical conversion methods such as gasification used in MSW-
to-SAF production are associated with environmental concerns. These processes emit fine
particulate matter (PM25), VOCs, nitrogen oxides (NOx), and other combustion-related pollutants,
which can degrade local air quality. Additionally, wastewater generated during processing may
contain organic residues and trace contaminants, posing risks to water sources if not properly
managed (Ouedraogo, Frazier, & Kumar, 2021)

To address these impacts, there is a need for proper monitoring of air and water quality during
SAF production, along with compliance with national environmental regulations such as the
Philippine Clean Air Act and Clean Water Act. Ongoing environmental oversight is essential to
ensure that MSW-to-SAF projects remain aligned with sustainability goals.

Socio-economic themes

The integration of MSW as a feedstock for SAF production necessitates a comprehensive
evaluation of human rights and labor conditions within the waste management sector. Globally,
waste collection and processing are often associated with precarious working conditions,
particularly in regions where informal waste picking plays a significant role in waste recovery.

In many developing countries, a substantial portion of waste management relies on the informal
sector, where waste pickers operate under unsafe conditions, lack formal employment protection,
and face social stigmatization. Exposure to hazardous materials, heavy metals, and pathogens
increases the risk of occupational health issues, including respiratory diseases and injuries from
handling sharp or toxic waste. Furthermore, child labor and exploitative working arrangements
have been reported in certain regions, raising ethical concerns regarding fair wages, worker safety,
and social security access (ILO, 2023)

In the Philippines, the enforcement of labor standards in waste management operations remains
inconsistent. While large-scale waste management firms may comply with labor laws due to
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formalization of work, informal waste management workers remain vulnerable to unsafe working
conditions, low wages, and economic insecurity due to lack of proper regulations.

To mitigate these concerns, SAF proponents could consider stricter labor protections, improved
occupational health and safety regulations, and inclusive transition plans. This includes upskilling
programs and alternative livelihood opportunities for affected waste pickers to ensure they are
not left behind. Promoting social inclusion and just transition frameworks is essential to align
MSW-to-SAF projects with broader sustainability and equity goals.

2.4.3. Economic and market aspects

Solid waste in the Philippines continues to increase due to rapid urbanization and population
growth. In 2023, the estimated average daily generation of solid waste was 60.6 thousand tonnes,
contributing to a total of approximately 22.1 million tonnes for the year.

Organic materials, such as biodegradable waste, constitute a major portion MSW in the
Philippines, accounting for approximately 52% of the national average (Senate Economic
Planning Office, 2017). This translates to a volume of 11.5 million tonnes out of the estimated
22.1 million tonnes of MSW generated in 2023. The potential processing of the organic
components of MSW for SAF requires drying to reduce moisture content by 55% (Beneroso,
Bermudez, Arenillas, & Menéndez, 2014), effectively lowering the theoretical volume to 6.3 million
tonnes.

The economically accessible volume of MSW is estimated at 2.7 million tonnes, based on an
accessibility rate of 42%?2'. Out of this total, 8% of the organic waste, equating to 0.2 million tonnes,
is utilized by households for animal feed and composting purposes (Ordinario, 2023). This, in turn,
results in an available feedstock volume of 2.4 million tonnes.

The available MSW volume of 2.4 million tonnes could yield a potential SAF output of 0.3 million
tonnes?? annually, representing a significant opportunity to contribute to both waste management
and renewable energy goals in the country.

However, the potential application of MSW for SAF production faces several challenges, primarily
stemming from its heterogeneous nature and complexity (Canovas, et al., 2024). This
necessitates a focus on improving sorting processes, supporting infrastructure and technological
processes.

First, as access to sanitary landfills is limited, with the number of facilities being insufficient to
meet the demands of all LGUs (Mantaring, 2024), the establishment of centralized collection
facilities and expanding landfill capacities are crucial to curb improper disposal practices.

The improvement in infrastructure also necessitates the upgrading of transportation networks,
such as access roads around landfills, to effectively connect LGUs and enhance waste
management. However, while the transportation of MSW within the same island is feasible, inter-

21 The accessibility rate is derived from a nationwide MSW recovery rate of 60%, as reported by the Senate Economic Planning Office, and a collection
rate of 70%, based on experts' estimates.
2 Yield for conversion of MSW to distillate: 16%; SAF fraction distillate by pathway: 75%
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island transportation presents additional challenges due to inadequate infrastructure, lack of ports,
and adverse weather conditions (Stakeholder interviews, 2025). By addressing these
infrastructure concerns, a more streamlined and efficient MSW management system can be
developed.

Second, the heterogeneous nature of MSW requires enhanced sorting practices at both the
collection and disposal stages. At landfills, dedicated sorting personnel are essential to accurately
extract the biogenic fraction and eliminate hazardous materials that might otherwise hinder SAF
production processes.

At the source, implementing stricter sorting policies for businesses, along with upskilling initiatives,
can ensure commercial waste is appropriately segregated before reaching landfills. Incentives or
fines can be effective tools to encourage compliance. For households, MSW sorting practices
remain inconsistent; therefore, establishing uniform procedures through household sorting
systems, educational campaigns, and policies such as "no-segregation, no-collection" can
significantly improve the efficiency of waste collection and processing.

Third, the cost-effectiveness of using MSW for SAF production is a significant consideration, with
MSW prices ranging from PHP 2,800 to PHP 5,600 per tonne, varying between LGUs
(Stakeholder interviews, 2025). This price range can impact the overall economic viability of
converting MSW into SAF, especially once a national standard is established and regulatory
compliance requirements are sorted by LGUs.

Lastly, as previously stated, the commercialization of the Gasification and Fischer-Tropsch
synthesis remains challenging. Especially for MSW, the process is considered more complex
compared to its use for other biomass feedstock. The heterogeneous nature of MSW complicates
feedstock-specific process design, particularly the necessary syngas cleanup, to prevent
downstream catalyst deactivation. This makes these aspects both challenging and critical for the
project's success. Consequently, even with an effective sorting system, additional technological
advancements in the conversion process and local technical expertise will be required to
customize the approach to the specific MSW feedstock and local conditions in the Philippines.

Despite these challenges, the EPR Act of 2022 can help address some of the challenges
associated with using MSW for SAF production. As EPR policies encourage producers to take
responsibility for the end-of-life management of their products, improvement in plastic packaging
may improve waste segregation practices. Consequently, the quality of MSW can improve,
yielding a more consistent and higher proportion of biogenic materials available for SAF
production. This improvement can help mitigate the issue of the heterogeneous nature of MSW,
enabling the waste diverted to landfills to become exclusive for SAF production.

2.4.4. Summary

Leveraging the country's significant solid waste, estimated at 2.4 million tonnes annually in 2023,
presents an opportunity to produce up to 0.3 million tonnes of SAF. This could help address the
dual challenges of waste management and renewable energy demand, particularly in urbanized
regions like the NCR and Region IV-A. However, the heterogeneous nature and high moisture
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content of MSW complicate its conversion to SAF, necessitating enhanced infrastructure and
technological developments for efficient collection, separation, and processing. Logistical hurdles,
such as inadequate inter-island transport infrastructure and the costs of acquiring MSW from
LGUs, impact the economic viability of MSW-derived SAF.

2.5. COCONUT RESIDUES

2.5.1. Feedstock-related information

Between 2021 and 2023, coconut production in the Philippines experienced an average growth
of 0.5%. Production increased from 14.3 million metric tons in 2021 to 14.5 million metric tons in
2022 and 2023 (Philippine Statistics Authority, 2024). On average, coconut production during this
period reached 14.4 million metric tons. This positions the Philippines as the second-largest
coconut producer in Southeast Asia after Indonesia (Philippine Coconut Authority, 2022).

Often called the “tree of life,” coconuts have extensive applications in food, cosmetics, and
industrial sectors, making them highly valuable in the export market (Castillo & Ani, 2019), as
evidenced by its 4.7% contribution to the agricultural GVA in 2023 (Philippine Statistics Authority,
2024). More than 70% of Philippine provinces produce coconuts (DA Press Office, 2023), with
345.1 million bearing plants recorded in 2023 (Philippine Statistics Authority, 2024). Region IV-A
accounted for 483.3 thousand hectares of the nearly 3.7 million hectares dedicated to coconut
cultivation (Philippine Statistics Authority, 2024). Region Xl led in production, yielding 1.9 million
metric tons in 2023, followed by Regions X and IX, each with 1.8 million metric tons (Philippine
Statistics Authority, 2024).

In the Philippines, coconuts play a significant role in biodiesel production, primarily through
coconut methyl ester (Landoy, Demafelis, Magadia, & Matanguihan, 2022), highlighting its
potential, as well as the by-products coconut processing generates, for SAF production.

Table 18. Estimated production volume of coconut residues, in million metric tons (2021
to 2023)%

Total 8.4 8.4 8.5
Coconut husk 59 5.9 6.0
Coconut shell 2.2 2.2 2.2
Non-standard coconut 0.3 0.3 0.3

Source: PSA; conversion factor for non-standard coconut from EASA, husk and shell from Elepafio (2015)

Non-standard coconuts, which do not meet the size or appearance criteria for human
consumption, constitute about 25% of the country's total coconut production (IRENA, 2024). Due
to the lack of established sorting mechanisms, it is probable that these coconuts remain
processed and treated in copra facilities in a manner similarly to standard coconuts, potentially
being utilized for food or industrial applications (Stakeholder interviews, 2025). Additionally,

2 The estimated production volume in the table has not yet accounted for the dry volumes and accessibility rates. These factors will be addressed in
the economics and market aspects section of the report for each type of feedstock.
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coconut husk and shell, classified as agricultural residues, have estimated theoretical volumes of
6.0 million metric tons and 2.2 million metric tons, respectively, in 2023. These shells are
commonly used to produce activated carbon (Siong, Idris, & Atabaki, 2013) and charcoal
production, holding potential for power generation. Meanwhile, husks are utilized as firewood and
in handicraft production (Elepafio A. R., et al., 2015).

Despite the immense potential of coconut by-products and residues, the industry faces significant
challenges that could hinder SAF production. Key issues include an aging population of coconut
trees, pest infestations, inadequate government funding, and vulnerability to typhoons, all leading
to reduced productivity (Halili, 2024). Hence, as the lead government agency tasked with
developing the coconut sector, the PCA should address these challenges, especially considering
that diverting coconut by-products to energy production could lead to competition with their
traditional uses, thereby impacting market dynamics.

2.5.2. Sustainability aspects

Under CORSIA SAF, there are three coconut-related approved feedstocks all of which are
residues (coconut shells, coconut husks, and non-standard coconuts). However, as the
Philippines has yet to have a system to formally classify non-standard coconuts, all coconuts in
the Philippines are to be considered as primary products. Potential sustainability issues
associated with coconut shells and husks are focused on the biomass to fuel conversion process
such as the generation of wastewater and air pollutants. Considered as a primary product,
impacts associated with non-standard coconut also include effects of coconut cultivation or
farming. The table in the next page summarizes the evaluation of coconut-related feedstocks
using CORSIA criteria:
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Table 19. Sustainability evaluation for coconut-related feedstocks

CORSIA SAF sustainability aspects Coconut Coconut Non-standard
shells husks coconuts

(residue) (residue) (residue/
primary)

GHG emissions reduction themes

Greenhouse gases

Carbon stock

GHG emissions reduction permanence
Environmental themes

Water

Soll

Air

Conservation

Waste and chemicals
Socio-economic themes

Human rights and labour rights

Land use rights and land use

Water use rights

Local and social development

Food security
Legend:
Major sustainability issue — needs to be solved before feedstock can be considered
Potential sustainability issue - need evaluation, monitoring, and/or mitigation measures

Positive impacts or no sustainability issue I

GHG emissions reduction themes

Based on ICAO CORSIA Default Life Cycle Emissions Values for CORSIA Eligible Fuels (2024),
coconut shell and husk each have a default core LCA emissions value of 7.7 gCO.e/MJ.
Compared to conventional jet fuel which has an LCEF of 89.0 gCO.e/MJ, coconut shell and husk
each have a GHG emission reduction of 91.3%.

Since the coconut shells and husks are residue feedstocks, the LCA emission values from
coconut cultivation process are not included. Consequently, there are no impacts associated with
ILUC from this feedstock and GHG emissions reduction permanence as these are attributed to
agricultural activities.

For non-standard coconuts, the default core LCA emission value is 26.9 gCO2e/MJ (via HEFA
pathway), which has a GHG emissions reduction of 69.8% as compared to conventional jet fuel.
It is noted, however, that this may further increase if coconut cultivation processes are considered
in the LCEF calculation as non-standard coconuts are not considered agricultural residues in the
Philippines. Consequently, ILUC emissions and GHG emissions reduction permanence are
potential risks associated with the use of non-standard coconut as SAF feedstock due to
environmental impacts related to coconut cultivation.

60



Environmental themes

Coconut shells, husks, and non-standard coconuts have environmental impacts associated with
the fuel production process. FT and HEFA conversion processes may generate of wastewater
from feedstock pre-treatment and air pollutants (in the form flue gas) from the gasification or
decarboxylation processes (Usanova, et al., 2024; Oehmichen, Majer, Miller-Langer, & Thran,
2022; Sunde, Brekke, & Solberg, 2011). Utilization of residues for SAF production also introduces
positive environmental impacts by diverting waste from the landfill.

In the Philippine context, non-standard coconuts are still considered as part of the primary product
due to the lack of quality classification system. As cultivated flora, use of non-standard coconut
for SAF production may have environmental issues such as extraction of water for irrigation,
pollution of soil and introduction of chemicals with the use of pesticides, and deforestation from
potential land use change. These impacts to the environment may be mitigated with sustainable
agricultural practices such as integrated pest management, crop rotation, conservation tillage,
and water management.

Socio-economic themes

Similar to other feedstocks, issues on human and labor rights are probable — particularly with
unfair labor practices in the Philippines such as non-provision of just and fair compensation to
farmers and minimum wage workers, and contractualization. Additionally, there are currently no
additional social safeguards mechanisms (such as the social amelioration welfare program for
sugarcane-related biofuel feedstocks) available for workers in the coconut-related biofuel
feedstock industry which put workers at risk of human and labor rights violations.

Since there is no established mechanism for sorting non-standard coconuts in the country, food
security remains a major social consideration in utilizing this type of coconut as SAF feedstock.
As a portion of non-standard coconuts are still processed for food production, it is necessary to
develop a reliable classification system to effectively manage this process and prevent any
contribution to food insecurity in the Philippines.

As cultivation of coconuts may also result in land use conflicts due to potential unregulated
expansion of coconut farm areas, balancing agricultural development with environmental
conservation and social interests will be essential for effectively integrating these products for
SAF processing.

61



2.5.3. Economic and market aspects

Coconut residues have a cumulative production volume of approximately 8.5 million tonnes in
2023, consisting of 6.0 million tonnes of coconut husks?*, 2.2 million tonnes of coconut shells?®,
and 0.3 million tonnes of non-standard coconut?®.

Coconut husk

The removal of a 35% moisture content from coconut husk (Magtoto, Salcedo, Amongo, &
Capareda, 2019) results in a theoretical volume of 3.9 million tonnes. With an assumed
accessibility rate of 30%?%, this leads to an economically accessible volume of 1.2 million tonnes.

Locally, coconut husk has an estimated net utilization rate of 2.4%2 (Pogosa, et al., 2018) for
handicraft production from the theoretical volume of 3.9 million tonnes, amounting to 0.09 million
tonnes.

This, in turn, results in an available feedstock volume of 1.1 million tonnes for SAF production.
This available volume has a potential SAF yield of 0.1 million tonnes?.

Coconut shell

Meanwhile, coconut shell, with a theoretical volume of 2.0 million tonnes after accounting for the
drying of 10% moisture content (Sarkar & Wang, 2020), has an economically accessible volume
of 0.6 million tonnes based on an accessibility rate of 30%%°.

These coconut shells are currently utilized as raw materials for activated carbon and bio-charcoal,
which are significant export products for the Philippines. (Stakeholder interviews, 2025).
Accounting for the estimated total production of activated carbon and bio-charcoal, estimates
indicate that 0.2 million tonnes are required to produce these two items.

This, in turn, leaves an available feedstock volume of 0.4 million tonnes of coconut shells, which
constitutes 0.04 million tonnes3' of SAF volume from coconut shell.

Non-standard coconut

The theoretical volume for non-standard coconut remains 0.3 million tonnes as HEFA pathway
does not require any drying of the feedstock. However, it has an economically accessible volume
of 0.2 million tonnes based on an accessibility rate of 54%%.

Despite the absence of an established system for properly classifying non-standard coconuts,
these coconuts are presumed to be treated alongside standard coconuts in processing facilities.

24 The ratio of coconut to husk is approximately 1:0.40.

25 The ratio of coconut to shell is approximately 1:0.15.

2 The proportion of non-standard coconuts to standard coconuts is 25%. However, non-standard coconuts are used for HEFA production, meaning
only the oils and fats are relevant as feedstock. From this, a 22% share of coconut meat and a 35% share of fat are derived.

27 The accessibility rate is derived from a 50% recovery rate of coconut husk as firewood, which was reported by Pogosa et. al., (2018), and a
collection rate of 60%, based on experts' estimates.

28 The net utilization rate for coconut husk is 2.4%, derived from a 4% utilization rate that factors in a 60% collection rate.

2 Yield for conversion of coconut husk to distillate: 14%; SAF fraction distillate by pathway: 75%

30 The accessibility rate is derived from a 50% recovery rate of coconut shell as firewood, which was reported by Pogosa et. al., (2018), and a
collection rate of 60%, based on experts' estimates.

31 Yield for conversion of coconut shell to distillate: 14%; SAF fraction distillate by pathway: 75%

32 The accessibility rate is derived from a 90% recovery rate and a 60% collection rate, based on experts' estimates.

62



Based on the latest data published by PSA (2023), an average 50% of coconuts are processed
for non-food applications between 2020 and 2023.

By applying this percentage to non-standard coconuts, it is estimated that only 0.1 million tonnes
could be processed as available feedstock volume for SAF production, resulting in approximately
0.04 million tonnes®® of SAF yield.

Challenges and opportunities

Given the high demand for coconuts resulting in their extensive utilization, the representatives
from PCA (Stakeholder interviews, 2025) aim to support the industry's development by expanding
the area allocated for coconut plantations. A portion of the yield would continue to support existing
food and industrial applications, while another portion would be dedicated to renewable energy
initiatives, such as biofuels and SAF. This allocation serves as an example to illustrate the future
potential of non-standard coconuts and coconut shells for SAF integration.

By possibly dedicating a portion of the new large-scale plantation to non-traditional uses of
coconuts, the Philippines could adopt a more sustainable and efficient approach to SAF
production without disrupting the critical agricultural sectors that support food supply and exports.
This strategic move would not only secure a reliable stream of raw materials for SAF but also
safeguard the essential resources needed for food production and trade, potentially strengthening
the country's economy. However, realizing this vision requires the active participation of LGUs
and private stakeholders (Stakeholder interviews, 2025). The LGUs would be responsible for land
leasing, while private stakeholders would be expected to provide the necessary financial
investment (Stakeholder interviews, 2025).

Furthermore, the establishment of an effective sorting mechanism to identify non-standard
coconuts is crucial for optimizing their use in SAF production. This system ensures that coconuts
intended for food applications remain in their designated supply chains, while also opening up
new employment opportunities. Operational efficiency that supports economic growth could also
be achieved in the establishment of a robust feedstock collection and traceability network in
coconut-rich regions. These initiatives collectively maintain the delicate balance between
agricultural demands and SAF production, thereby contributing to sustainable development in
areas abundant with coconut resources.

Coconuts are increasingly favored for producing biochar products, creating competition with their
potential use in SAF production. The current focus on biochar aims at achieving high-permanence
carbon removal, potentially forming a basis for developing SAF value chains. Future studies
should explore this interplay to optimize utilization of coconuts in both areas.

33 Yield for conversion of non-standard coconut to distillate: 83%; SAF fraction distillate by pathway: 65%
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2.5.4. Summary

Given the country's position as the second-largest coconut producer in Southeast Asia, coconut
residues are viable feedstocks for SAF production via the FT and HEFA processes. Nevertheless,
to fully harness the potential of non-standard coconuts, the development and implementation of
a sorting policy to effectively segregate what can be used for non-food and industrial applications
would be essential to improve the operational efficiency of SAF processing, particularly in
coconut-rich regions.

While there is no major sustainability impacts associated with the utilization of coconut shell and
coconut husk as SAF feedstocks, the potential integration of non-standard coconut may pose
food security issues. Additionally, the industry faces constraints, including an aging population of
coconut trees, pest infestations, inadequate government funding, and vulnerability to typhoons,
all of which collectively reduce the productivity of Filipino coconut farmers.

Finally, the current utilization of coconut shell for activated carbon and bio-charcoal may
complicate their diversion to SAF production as these are two export products of the country. To
address these challenges, representatives from the PCA plan to consider the establishment of
dedicated coconut plantations for renewable energy initiatives and foster strategic collaboration
among LGUs and private stakeholders to help coconut farmers struggling with financing to
improve their productivity.

2.6. CORN RESIDUES

2.6.1. Feedstock-related information

Corn grain is the second most important crop in the Philippines, serving as both a staple food for
many Filipinos and a key ingredient in the livestock feed industry (Department of Agriculture, n.d.).
Beyond these traditional roles, corn also shows potential as a feedstock for SAF due to its starch-
rich composition.

The Department of Agriculture is the lead agency responsible for overseeing the National Corn
Program, which focuses on increasing corn production and improving farmers' livelihoods to
reduce dependency on rice and imports (Leyco, 2023). Other notable stakeholders include the
Philippine Maize Federation Inc. and the Philippine Association of Feed Millers, Inc., with the latter
staunchly advocating for a comprehensive long-term corn development program that considers
the whole corn value chain (Lagare J. , 2023).

Domestic production of corn grain from 2021 to 2023 recorded an average growth of 0.7%, with
production volumes averaging between 8.3 million metric tons and 8.4 million metric tons
(Philippine Statistics Authority, 2024). Most of this 2023 production volume, over 6.4 million metric
tons, is attributed to yellow corn, primarily utilized as a feed grain (Philippine Statistics Authority,
2024). This highlights its essential function in supporting the country's livestock sector, which is
vital for both domestic consumption and export markets.

Regions Il, X, and the BARMM are the primary contributors to this production volume, collectively
accounting for nearly 54% of the total corn yield in 2023 (Philippine Statistics Authority, 2024).
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Specifically, Region Il contributed nearly 2.0 million metric tons (23.8%), Region X produced 1.5
million metric tons (17.9%), and BARMM accounted for nearly 1.1 (13.1%) million metric tons
(Philippine Statistics Authority, 2024)

The high starch content of corn grain, along with the significant fermentable sugars it yields,
makes it suitable for biofuel production (Padhan, et al., 2023; US Department of Energy, n.d.).
The significant volume of corn production in the Philippines, which generates several residues,
can be a viable feedstock for SAF production via the AtJ conversion pathway.

Corn residues such as corn stover, which comprise stalks and cobs, is the primary waste
generated after harvest. In addition to stover, the stalks—tall and fibrous stems of the plant that
hold the corn—are also recovered (Khan, Mishra, Patidar, & Papuu, 2024). In Isabela, a province
in Region IlI, farmers frequently utilize these residues as cattle feed, incorporate them into soil
management practices, or discard them as waste through open burning (Elepafo A. R., et al.,
2015).

Table 20. Estimated production volume of corn residues, in million metric tons (2021 to
2023)%

Total 6.2 6.2 6.4
Corn stover 41 41 4.2
Corn cob 2.1 2.1 2.2

Source: PSA; production volume to waste volume conversion factors from Caparino (2019), conversion of
corn to stover from CLSU

The potential utilization of corn residues, estimated at 2.2 million metric tons for cobs, and 4.2
million metric tons for stover, for SAF production not only enhances the efficiency and
sustainability of the country's green initiatives but also diversifies the potential uses of corn,
particularly its residues, in the energy sector.

2.6.2. Sustainability aspects

Under CORSIA SAF, there are three corn-related feedstocks, including primary crops (corn grain)
and residues (as corn cobs and corn stover). Cobs and stover are wastes from corn cultivation.
As corn grain is a primary product, sustainability issues associated with crop cultivation are within
the scope of the assessment (ICAO, 2024). This includes issues related to carbon stock and GHG
reduction permanence, pollution of water, soil, and air, and aspects concerning land use change
and conservation. For residues, the sustainability assessment starts from the harvest of the
residues. Issues mainly focus on effluents and emissions (from AtJ conversion) and soil health.
The table in the next page summarizes the evaluation of corn-related feedstocks using CORSIA
criteria:

34 The estimated production volume in the table has not yet accounted for the accessibility rates. These factors will be addressed in the economics and
market aspects section of the report for each type of feedstock.
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Table 21. Sustainability evaluation for corn-related feedstocks

CORSIA SAF sustainability aspects Corn grain = Corn cobs Corn stover

(primary) (residue) (residue)

GHG emissions reduction themes

Greenhouse gases

Carbon stock

GHG emissions reduction permanence
Environmental themes

Water

Soll

Air

Conservation

Waste and chemicals
Socio-economic themes

Human rights and labour rights

Land use rights and land use

Water use rights

Local and social development

Food security
Legend:
Major sustainability issue — needs to be solved before feedstock can be considered
Potential sustainability issue - need evaluation, monitoring, and/or mitigation measures

Positive impacts or no sustainability issue I

GHG emissions reduction themes

Based on ICAO CORSIA Default Life Cycle Emissions Values for CORSIA Eligible Fuels (2024),
corn grain has a default core LCA emissions value of either 55.8 gCO.e/MJ (AtJ from isobutanol
pathway) or 65.7 gCO.e/MJ (AtJ from ethanol pathway). Compared to convention jet fuel which
has an LCEF of 89.0 gCO2e/MJ, corn grain has a GHG emissions reduction of 26.2% (AtJ from
ethanol pathway) to 37.3% (AtJ from isobutanol pathway). Corn grain, as a cultivated feedstock,
may result in ILUC emissions in case corn grain is sourced from lands converted from forestlands
and/or other land/aquatic ecosystems with high biogenic carbon stock. Corn grain has an ILUC
emission value of either 29.7 gCO2-e/MJ (AtJ from isobutanol pathway) or 34.9 gCO2-e/MJ (AtJ
from ethanol pathway). With ILUC GHG emissions, corn grain may generate total GHG emissions
of either 85.5 gC0O2e/MJ (At from isobutanol pathway) or 100.6 gCO2e/MJ (At from ethanol
pathway), resulting to both pathways for corn grain to not meet the requirement under CORSIA
SAF Sustainability Criteria of reducing emissions by at least 10% compared to conventional jet
fuel.

There are also potential issues with GHG emissions reduction permanence with use of corn grain
as the corn cultivation areas act as a carbon sink during crop growth, but GHG emissions are
released during crop harvest.

Meanwhile, corn residues have a default core LCA emissions values of 7.7 gCO2-e/MJ (via
Gasification FT pathway). Corn residues offer the better GHG emissions reduction of 81.3 gCO2-
e/MJ (or about 91.4%) if converted to SAF via Gasification FT pathway. Since corn cobs are
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residues from corn cultivation, the LCA emission values from the cultivation process are not
included. Additionally, there are no impacts associated with ILUC from these feedstocks.

Environmental themes

Corn cultivation may result to environmental issues such as extraction of water for irrigation,
pollution of soil and introduction of chemicals with the use of pesticides, and deforestation from
potential land use change (Yang, et al.,, 2024). These impacts to the environment may be
mitigated with sustainable agricultural practices such as integrated pest management, crop
rotation, conservation tillage, and water management. Deforestation related to corn cultivation
may be avoided by prioritizing the use of corn residues.

Utilization of corn residues as SAF feedstock provides environmental benefits to both air quality
and waste management. Agricultural waste is diverted from the landfill which reduces waste
volume. Farmers in the Philippines practice open burning of corn residues as to dispose of corn
residues and prepare the agricultural feed for the next seeding season. Converting these residues
to SAF feedstocks prevents air pollution from open burning. Usage of corn residues may also
have adverse impacts on soil quality and fertility, as some farmers also implement conservation
tilage (SARE, 2020). Residues are left on the land and directly plough into the soil to allow
replenishment of nutrients from the decomposition of the residues.

There are potential environmental issues associated with the conversion of corn residue to SAF
via Gasification FT pathway. The FT pathway also involves gasification which may result to
thermal effluents (from cooling water), and flue gas (from the combustion process). Depending
on the chemical composition of the feedstock, flue gas may contain air pollutants such as sulfur
oxides (SOx), nitrogen oxides (NOx), and other acidic gases (Sunde, Brekke, & Solberg, 2011).

Socio-economic themes

Corn grain is a food crop and its utilization as SAF feedstock may result in conflict with food
security. Latest production data shows that there is currently an undersupply of corn grain in the
Philippines, which results to food security to be a major sustainability issues associated with corn
grain. Crop cultivation in general may result in conversion of land and may result in potential
issues in land use and rights to the use of land, especially when there is encroachment of
ancestral domains.

Crop residues, such as corn cob, may also be utilized for conservation tillage and harvest of
residues may indirectly impact food security due to land degradation.

Issues related to human and labor rights are also present, particularly unfair labor practices such
as the non-provision of fair wages, job contractualization, and weak social protections for
agricultural workers. Moreover, working conditions in corn farming can be harsh, with long hours,
exposure to hazardous chemicals such as pesticides, and lack of occupational safety measures,
increasing the risks of health complications and workplace injuries.
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2.6.3. Economic and market aspects

Corn grain

A noticeable crisis in the corn sector exists in the Philippines due to an imbalance between
production and consumption. In 2022, local production amounted to 8.3 million tonnes, while
imports added nearly 1.0 million tonnes. However, consumption reached 9.3 million tonnes®®,
resulting in full utilization of the feedstock. Therefore, corn grain is not a viable feedstock for SAF
production in the Philippines due to the scarcity in available volume.

Corn cob

Meanwhile, an estimated local production of approximately 2.2 million tonnes® of corn cob was
reported for 2023. While the kernels are consumed as food, corn cobs, though inedible, are also
fully utilized. In milling processes, corn cobs serve as a valuable resource, being used as fuel in
the furnaces of drying facilities and as a component in fertilizers (Stakeholder interviews, 2025).
As a result, corn cobs are not a viable feedstock option as they are already fully utilized in these
said processes.

Corn stover

Corn stover, based on 2023 figures, has a theoretical volume of 4.2 million tonnes®. With an
assumed accessibility rate of 30%%, the economically accessible volume of corn stover is
reduced further to 1.3 million tonnes.

Corn stover is locally used as animal feed and fertilizer (Stakeholder interviews, 2025), though
the exact percentages of these use cases remain unknown. Within Southeast Asia, available
literature indicates that approximately 15% of the recoverable volume corn stover is used as
animal feed (United Nations Economic and Social Commission for Asia and the Pacific, 2018).
Considering a transportation rate of 60%, this results in a net utilization rate of 9%. Using the net
utilization rate as a proxy, it is estimated that corn stover utilization in the Philippines may reach
0.4 million tonnes in 2023.

This, in turn, results in an available feedstock volume of 0.9 million tonnes for SAF production. In
terms of potential volume for SAF production®, corn stover could produce 0.1 million tonnes.

Challenges and opportunities

While current estimates suggest that corn cobs serve a primary role as fuel in drying facilities,
there is potential to expand their use within the agricultural sector. Detailed feedstock analyses
and economic evaluations by government and industry experts could uncover strategies to
enhance corn cob value. These efforts may identify avenues to convert corn cobs into higher-

35 Based on the 2022 Supply Utilizations Account

36 Residue-to-product ratio (RPR) of corn to cob: 27.0%, recovery rate: 95.0%

37 The ratio of corn to stover is 1:1. However, since the corn values reported by the PSA are for dry standing crops, these values need to be reduced by
50%

38 The accessibility rate is derived from a 50% recovery rate of corn stover as fertilizer, which was reported by Elepano et. al., (2015), and a collection
rate of 60%, based on experts' estimates.

3 Yield for conversion of corn stover to distillate: 14%; SAF fraction distillate by pathway: 75%
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value products, boosting the agricultural economy, sustainability, and resource efficiency, while
opening new markets for these types of agricultural byproducts.

In the case of corn stover, insights from a stakeholder interview (2025) reveal that it is typically
left in the field after harvest. This means there is currently no mechanism to collect or aggregate
corn stover, which might limit its accessibility for SAF production. As such, the potential use of
corn stover in SAF production necessitates significant investment, particularly in collection and
storage, to ensure the residue can be utilized in scale. If the government addresses this issue,
corn stover, which does not have regulated prices since it is typically considered waste, could
gain market value and provide farmers with an additional source of income.

Thus, implementing a robust system for data tracking is crucial for both corn cobs and corn stover.
Current assessments have focused largely on qualitative use cases, which limits understanding
of their quantitative potential for SAF processing. With improved data tracking mechanisms,
stakeholders can ensure consistent supply chain management. By addressing these elements
cohesively, stakeholders can create an integrated approach to harnessing corn residues for SAF,
offering economic, environmental, and energy efficiency benefits.

2.6.4. Summary

Economically, despite corn being the second most important crop in terms of total area planted,
the Philippines faces a deficit in corn grain, necessitating imports to meet local demand.
Additionally, this results in corn grain having a major sustainability issue on food security. Thus,
corn grain and corn cobs are not a viable feedstock for SAF.

Corn stover presents a more promising alternative having potential SAF yield of 0.1 million tonnes,
lower default life cycle emissions, and environmental benefits (reduction of agricultural air
pollution and wastes). However, the utilization of these significant volumes of corn stover is
marred by challenges related to collection, processing, and aggregation. Its efficient gathering
requires harvesting techniques that ensure minimal disruption to soil health while maximizing the
material collected. Furthermore, the potential conversion of stover into SAF necessitates
innovative technologies that balance conversion efficiency with energy emissions.

As corn stover is also used for conservation tillage, the use of the residue may result in potential
risk to soil health. However, further consultations with local agriculturists and farmers by SAF
proponents will allow us to determine the consumption balance between conservation tillage and
SAF production.

2.7. USED COOKING OIL

2.7.1. Feedstock-related information

Used cooking oil (UCO) is a common byproduct of household and industrial cooking activities.
Historically, improper disposal of UCO has contributed to environmental pollution and clogged
infrastructure (Boualam, 2023). However, efforts to address these issues have led to the
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establishment of government-accredited UCO collection systems. These collectors transport
UCO from industrial establishments to waste treatment facilities, where it is properly processed.

Despite the establishment of government-accredited UCO collection systems, comprehensive
data on subsequent UCO generation remains scarce and inconsistent. On the one hand, the most
recent data from DENR accounts only for UCO generated by industrial sources in 2022, which
amounted to 72.0 thousand metric tons - a significant increase from 65.5 thousand metric tons in
2021 and 20.1 thousand metric tons in 2020. The low levels of UCO generation underscore the
challenges in tracking and reporting UCO, highlighting the lack of comprehensive and consistent
data, as DENR data focuses solely on industrial and commercial sources.

On the other hand, a dataset from ReportLinker (2024) estimated that the Philippines had a per
capita consumption of 13.6 kilograms of oils in 2023, bringing the national oil consumption figures
to 1.5 billion kilograms or 1.5 million metric tons. In the realm of cooking oil, a separate study
indicates that the consumption of 1 kilogram of cooking oil results in the production of 320 grams
of UCO (Teixeira, Nogueira, & Nunes, 2018). This data reveals that only a fraction of the total oil
consumption results in UCO generation, with the Philippines consuming 491.3 thousand metric
tons of cooking oil in 2023.

In both instances, Region IV-A emerged as the highest contributor, producing 33.5 thousand
metric tons and 26.0 thousand metric tons, respectively. Thus, the potential volume of used
cooking oil generated in the Philippines could be higher than what is currently officially tracked if
government-mandated systems were in place to account for household usage of UCO.

While the figures presented above provide insight into the estimated potential UCO volume
accessible for SAF production, it is imperative to note that data availability remains a significant
challenge, which serves as a barrier to fully assess and realize its full potential.

2.7.2. Sustainability aspects

Under CORSIA SAF, used cooking oils are considered viable sources for SAF production. As a
residue-based feedstock, sustainability considerations relevant to the feedstock focus on its
harvest to processing. The table in the next page summarizes the sustainability evaluation of
these feedstocks using CORSIA criteria:
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Table 22. Sustainability evaluation for used cooking oil

CORSIA SAF sustainability aspects Used cooking oil

(waste)

GHG emissions reduction themes

Greenhouse gases

Carbon stock

GHG emissions reduction permanence
Environmental themes

Water

Soll

Air

Conservation

Waste and chemicals
Socio-economic themes

Human rights and labour rights

Land use rights and land use

Water use rights

Local and social development

Food security
Legend:
Major sustainability issue — needs to be solved before feedstock can be considered
Potential sustainability issue - need evaluation, monitoring, and/or mitigation measures

Positive impacts or no sustainability issue I

GHG emissions reduction themes

The use of UCO as feedstock for SAF presents a significant opportunity to reduce GHG emissions
in the aviation sector. Since these feedstocks are categorized as waste or residue materials, they
do not contribute to additional land use change or deforestation, aligning with CORSIA
sustainability criteria Criterion 2 (Carbon stock) and 3 (GHG Emissions Reduction Permanence)
(ICAQ, 2024).

UCO is an established feedstock for SAF production via the hydro-processed esters and fatty
acids (HEFA) pathway. As UCO is a waste product of food processing, GHG emissions
associated with UCO are from feedstock harvest until SAF utilization. This results in a lower
default core LCA value compared to crop feedstocks. Compared to conventional jet fuel, which
has a default core LCA value of 89.0 gCO.e/MJ, SAF derived from UCO has a default core LCA
value of 13.9 gCO2e/MJ which achieves GHG emissions reduction of 84.4% (ICAO, 2024).

Environmental themes

Improper disposal of UCO can lead to groundwater contamination and oxygen depletion in aquatic
systems due to its high organic load (Kumar, et al., 2025). SAF production using UCO generally
brings environmental benefits particularly through diversion of UCO from entering natural water
systems and reducing industrial wastes.

However, its conversion to SAF via HEFA may also have impacts on water quality and air quality.
The rendering process involves the removal of contaminants from the feedstock which may
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generate industrial wastewater. Additionally, the process requires the consumption of water for
various refining processes including cooling and may result in an increase in water stress in water
scarce areas. Air emissions may be generated also as the HEFA conversion may result in
emissions of volatile organic compounds (VOCs) to the environment if not controlled.

Socio-economic themes

The utilization of UCO as feedstocks for SAF raises concerns related to labor rights, occupational
health risks, and regulatory oversight. Globally, UCO collection often relies on informal labor
markets, where workers face low wages, job insecurity, and unsafe working conditions,
necessitating stronger traceability and certification mechanisms. Strengthening labor protections,
regulatory compliance, and occupational health measures are essential to ensuring ethical and
sustainable SAF supply chains.

2.7.3. Economic and market aspects

In 2023, the Philippines’ potential volume of UCO from household and industrial sources was
estimated at 0.5 million tonnes. With an accessibility rate of 45.5%*°, the economically accessible
volume of UCO in the country is only about 0.2 million tonnes. Provided that there are
mechanisms in place for collecting UCO at the household level, the economically accessible
volume of 0.2 million tonnes can only yield about 0.1 million tonnes *' of SAF.

Currently, the country only exports UCO for biodiesel processing for PHP 69,200 per tonne (DTI,
2024), but recent evidence has shown that industrial establishments refine UCO for their own
consumption (Stakeholder interviews, 2025), underscoring the potential to repurpose this supply
domestically for other uses.

This potential may bring several complications regarding their current use cases and market
prices, as well as the challenges associated with their collection, processing, logistics and
infrastructure. Growing interest in UCO as maritime fuel introduces potential competition in the
demand for the same feedstock. For example, TotalEnergies Marine Fuels delivered UCO-based
biofuel in Singapore in 2024 (Reuters, 2024) in an attempt to reduce greenhouse gas emissions
by 80-90%. This presents an opportunity for the Philippines to leverage its shipping network and
increase demand for UCO, but heightened demand could impact the availability of supply for
biodiesel and local energy production, emphasizing the need to design allocation and pricing
frameworks to balance the new opportunities with the existing market needs and protect local
energy objectives.

Other challenges can be seen in the current collection system in the Philippines, which remains
to be fragmented given that UCO collection sourced from households are overseen by the LGUs
while industrial & commercial establishments are managed by the Hazardous Waste
Management Division (HWMD) of the DENR (Stakeholder interviews, 2025). Republic Act
6969serves as the umbrella regulation for the collection of UCO but is only designed specifically

40 The accessibility rate is derived from a 65% assumption that only food service and industrial processing establishments could be accessed and a
collection rate of 70%, based on experts' estimates.
41 Yield for conversion of UCO to distillate: 83%; SAF fraction distillate by pathway: 65%
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for industry-generated hazardous waste, primarily on the handling and disposal, with limited
emphasis on transportation regulations (Stakeholder interviews, 2025). This can create a certain
level of ambiguity especially in the collection of household-level UCO and may require additional
policy revisions to establish the necessary infrastructure and tools to make such collections
feasible.

Addressing these regulatory and logistical challenges necessitates a multifaceted approach.
Establishing efficient local collection systems and strategically placing production facilities closer
to urban centers which offer higher feedstock volumes, could enhance collection processes in
order to address infrastructure deficits and promote higher collection rates.

Feedstock traceability and quality control is another critical focus area. UCO often contains
various food particles, water and other contaminants, leading to quality variability. As such, a
proper system to track the origin of feedstock and standard quality control measure for thorough
pre-treatment processes to mitigate these quality variations is also needed.

2.7.4. Summary

UCO offers significant potential for SAF conversion through HEFA pathways. with a potential
yield of 0.1 million tonnes of SAF and the ability to achieve over 80% reduction in GHG emissions,
making it a promising feedstock for SAF industry development in the Philippines.

However, while it is promising, there are still economic and logistical challenges to address that
exist in terms of their current market uses, collection, processing, and infrastructure requirements.
UCO is often exported for biodiesel, which contributes to market pricing challenges. Lastly,
efficient collection systems and strategically placed facilities are necessary to maximize the utility
of these feedstocks while mitigating logistical challenges, with focus on regulatory compliance
regarding waste handling and environmental standards.

2.8. ANIMAL MANURE

2.8.1. Feedstock-related information

Chicken and pig raising are popular enterprises in the Philippines, as chicken and pork are primary
sources of meat for Filipinos (Obrador & Pasco, 2024). This trend is reflected in the growing
number of animal heads, particularly in commercial farms, which sustain the increasing demand
for chicken and pork consumption. As of December 31, 2024, the PSA recorded an average
inventory of 111.8 million chickens and 2.4 million pig heads from commercial farms in the country.

The meat industry generates a high quantity of manure, which is often not tracked by the
government. If manure is not properly collected, managed, and stored, there might be
environmental consequences such as nutrient runoff into water bodies, groundwater
contamination, air pollution, odor issues, soil degradation, and the spread of pathogens, which
may affect both humans and animals (Stakeholder interviews, 2025).
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Chicken and pig manure represent a significant waste stream with potential applications in SAF
production. A technical standard issued by the Agricultural Machinery Testing and Evaluation
Center (2001) indicates that a layer chicken excretes 0.075 kilograms of manure daily, while a
broiler chicken excretes 0.025 kilograms of manure, resulting in a daily average manure rate of
about 0.05 kilograms. The assumed daily manure rate of 0.05 kg in this study falls within the range
of an estimate provided by the Department of Energy (n.d.), which is approximately 0.0675
kilograms*? of daily manure.

In contrast, a finishing pig weighing 100 kilograms excretes an average of approximately 4.67
kilograms of manure daily, as noted by the American Society of Agricultural Engineers (2005).
These figures are corroborated by stakeholder interviews (2025).

Based on these figures, the estimated commercial farm production of chicken manure reached
1.8 million metric tons, and pig manure reached 4.1 million metric tons in 2024, representing the
raw and unprocessed manure volume. Before manure can be effectively utilized, the moisture
content must be accounted for, which is typically around 75% for chicken manure and 90% for
pig manure (American Society of Agricultural Engineers, 2005). Thus, after accounting for
moisture, the total theoretical volume of chicken and pig manure available for processing and
utilization is approximately 0.5 million metric tons and 0.4 million metric tons, respectively.

In both instances, Region Ill stands out as the leading contributor, providing 0.1 million metric
tons of dry chicken manure and 0.1 million metric tons of dry pig manure. This can largely be
attributed to its intensive livestock farming industry and the high concentration of commercial
poultry and swine operations, particularly in Bulacan and Pampanga.

2.8.2. Sustainability aspects

Under CORSIA SAF, animal manure is considered a viable source for sustainable aviation fuel
production. As a residue-based feedstock, sustainability considerations relevant to the feedstock
focus on its harvest to processing. The table in the next page summarizes the sustainability
evaluation of animal manure using CORSIA criteria:

42 The daily manure rate provided by the Department of Energy is based on chickens producing manure at a rate of 4.5% of their body weight, which is
estimated to be 1.5 kilograms according to experts’ estimates and stakeholder interviews (2025).
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Table 23. Sustainability evaluation for animal manure

CORSIA SAF sustainability aspects Animal manure

(residue)

GHG emissions reduction themes

Greenhouse gases

Carbon stock

GHG emissions reduction permanence
Environmental themes

Water

Soll

Air

Conservation

Waste and chemicals
Socio-economic themes

Human rights and labour rights

Land use rights and land use

Water use rights

Local and social development

Food security
Legend:
Major sustainability issue — needs to be solved before feedstock can be considered
Potential sustainability issue - need evaluation, monitoring, and/or mitigation measures

Positive impacts or no sustainability issue I

GHG emissions reduction themes

The use of animal manure as feedstock for SAF presents a significant opportunity to reduce GHG
emissions in the aviation sector. Since this feedstock is categorized as residue material, it does
not contribute to additional land use change or deforestation, aligning with CORSIA sustainability
criteria Criterion 2 (Carbon stock) and 3 (GHG Emissions Reduction Permanence) (ICAO, 2024).

Animal manure can be converted to SAF through the Gasification FT pathway. Generally, the
default core LCA value of feedstocks converted via Gasification FT is lower compared to ATJ.
Through Gasification FT, animal manure has a default core LCA value of 7.7 gCO,e/MJ which is
91.3% lower compared to conventional jet fuel.

Environmental themes

Animal manure is a common pollutant which can result in groundwater contamination and
eutrophication of water bodies (USEPA, 2025). SAF production using animal manure generally
brings environmental benefits particularly through diversion of animal manure from entering
natural water systems and the reduction of agricultural wastes. However, the use of manure poses
environmental risks related to its handling and management. Additionally, the conversion of
feedstock to fuel may result in potential environmental impacts on water and air.

In the Philippines, transport of animal manure is heavily controlled as it is a potential source of
veterinary diseases, especially to agricultural livestock. Proponents targeting animal manure as
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potential feedstock should recognize and comply with treatment and transportation regulatory
requirements of the BAI and other relevant local government units.

Conversion of animal manure to SAF can be done through the Gasification FT pathway. Initially,
the gasification process may generate particulate matter in the form of ash and/or slag. The
cleaning and conditioning of raw syngas generated from the gasification of animal manure will
generate air pollutants as part of the offgas, such as acid gases, sulfur, and particulate matter.
Emission control technologies, such as catalytic converters and gas scrubbing, are necessary to
minimize these impacts. Wastewater is also generated in the form of thermal effluents (from the
use of cooling water) and industrial effluents which may pollute receiving water bodies if not
properly treated. Integration of wastewater treatment facilities in SAF production plants will
minimize impacts to water quality.

Socio-economic themes

The utilization of animal manure as feedstock for SAF raises concerns related to labor rights,
occupational health risks, and regulatory oversight. In small-scale farming, the collection and
handling of animal manure often expose workers to occupational hazards such as hydrogen
sulfide, ammonia, and methane, which can cause respiratory distress, eye irritation, and even
fatal poisoning in confined spaces (PennState Extension, n.d.). Moreover, agricultural workers
often face low wages and limited social protection. Many are employed informally, lacking access
to adequate labor protections, health benefits, and social security (International Labour
Organization (ILO), n.d.). Strengthening labor protections, regulatory compliance, and
occupational health measures are essential to ensuring ethical and sustainable SAF supply
chains.

2.8.3. Economic and market aspects

In 2024, the Philippines is estimated to have generated approximately 4.1 million tonnes of pig
manure and 1.8 million tonnes of chicken manure.

Pig manure

The theoretical volume of pig manure is 0.4 million tonnes highlighting substantial opportunities
for converting manure into renewable liquid fuel like SAF. Even with efficient collection systems
in place on commercial farms, it is impractical to collect all the manure produced. Assuming an
accessibility rate of 51%** the economically accessible volume for pig manure is lowered to 0.2
million tonnes.

Aside from challenges associated with its collection, issues concerning the current use cases of
animal manure may hinder its promising integration into SAF.

Pig manure, specifically, is used to a limited extent for producing waste gases used in cooking
(Stakeholder interviews, 2025). However, the exact percentage of pig manure that is utilized for

43 The accessibility rate of 51% for pig manure assumes that 85% of manure from commercial farms can be recovered, and of that, 60% can be
collected, as estimated by experts
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this purpose remains unknown. As such this was not taken into account in the estimated potential
SAF volume of 0.02 million tonnes** that could be produced from pig manurein 2024.

Chicken manure

Starting with an initial volume of 1.8 million tonnes, the theoretical volume of chicken manure
reduces to 0.5 million tonnes once it is dried prior to processing. Similar to the processing
approach for pig manure, chicken manure is assessed for its accessibility rate. Assuming an
accessibility rate of 45%*°, the economically accessible volume of chicken manure is 0.2 million
tonnes.

Currently, chicken manure has no available consumption data, which brings the available
feedstock volume of chicken manure to 0.2 million tonnes, which could derive 0.02 million tonnes*®
of SAF.

Challenges and opportunities

A waste-derived resource like animal manure requires immediate processing to preserve its
freshness and maximize its utility (Stakeholder interviews, 2025). With that, due to the potential
for animal manure to spread diseases such as African swine fever and avian influenza, restrictions
related to its movement may apply depending on the municipality involved (Stakeholder interviews,
2025).

Therefore, a SAF production facility aiming to use animal manure as feedstock should consider
two key factors: First, it should be situated near areas with a significant supply to minimize
transportation costs. Second, there must be proper coordination with LGUs to identify potential
collection areas and ensure compliance with regulatory standards, particularly concerning
environmental and health requirements. This approach will help mitigate the risks of disease
transmission during the transport and processing of manure.

Despite the gasification and FT synthesis, manure might also be more suited for decentral biogas
or biomethane production through anaerobic digestion (Stakeholder interviews, 2025). A thorough
technological evaluation may be necessary to evaluate which technology would be more suitable
in the Philippines and if the biomethane can also be used economically as SAF-feedstock.

2.8.4. Summary

Animal manure offers potential for SAF conversion through the FT pathway. Given its potential
SAF volume — 0.04 million tonnes of SAF from animal manure— and ability to achieve over 80.0%
of GHG emissions reduction (as compared to conventional jet fuel), these make animal manure
both economically and sustainably viable, positioning it as a promising option for SAF production
in the Philippines.

“4Yield for conversion of pig manure to distillate: 14%; SAF fraction distillate by pathway: 75%

45 The accessibility rate of 51% for chicken manure assumes that 86% of manure in dry-litter systems can be recovered, with 60% of that being
collectable according to expert estimates.

46 Yield for conversion of manure to distillate: 14%; SAF fraction distillate by pathway: 75%

77



However, while it is promising, there are still economic and logistical challenges to address that
exist in terms of their current market uses, collection, processing, and infrastructure requirements.
Efficient collection systems and strategically placed facilities are necessary to maximize the utility
of animal manure while mitigating logistical challenges, with focus on regulatory compliance
regarding waste handling and environmental standards.

2.9. PALM OIL FRESH FRUIT BUNCH AND BY-PRODUCTS

2.9.1. Feedstock-related information

Oil palm, widely recognized for its high oil yield, is primarily cultivated in Mindanao. Currently, the
oil palm industry operates 11 mills with a combined rated capacity of 275 metric tons of fresh fruit
bunches per hour (Philippine Coconut Authority, 2024).

Similar to its involvement with coconuts, the PCA, through its Oil Palm & Other Special Concerns
& Project Division, is actively engaged in the development and regulation of the oil palm industry
in the Philippines. In collaboration with the Department of Trade and Industry and the Philippine
Palm Oil Development Council, Inc., a strategic roadmap has been published outlining proposed
strategies to enhance the production, marketing, regulation, and research and development of
the industry from 2024 to 2033 (Philippine Coconut Authority, 2024).

Between 2021 and 2023, the domestic production of fresh fruit bunches averaged 532.3 thousand
metric tons annually, with a growth rate of 1.7%. Production rose from 522.9 thousand metric tons
in 2021 to 533.4 thousand metric tons in 2022 and further increased to 540.6 thousand metric
tons in 2023. In that year, Regions XIl and XIlII contributed 233.5 thousand metric tons and 170.0
thousand metric tons, respectively, to national production (Philippine Statistics Authority, 2024).
Together, the two regions constituted approximately 62% of the total planted area in the
Philippines in the same reference year (Philippine Statistics Authority, 2024).

In addition to fresh fruit bunches, oil palm processing generates several by-products. One such
by-product is empty fruit bunch, which remains after the extraction of palm oil (Indriati, Elyani, &
Dina, 2020). Another by-product is palm fatty acid distillate (PFAD), which arises from refining
palm oil. PFAD is primarily composed of free fatty acids and constitutes approximately 3-5% of
the total palm oil output (Xu, Lee, & Wang, 2020). Lastly, palm oil mill effluent (POME) is a
significantly polluting wastewater produced during the extraction of crude palm oil from fresh fruit
bunches (Imam, Sani, Mujahid, & Adnan, 2024).

Fresh fruit bunches and their three by-products are among the feedstocks approved by the ICAO
CORSIA for SAF production via the HEFA pathway. However, the Philippines currently faces a
challenge, as the entire production of fresh fruit bunches is used for the processing of crude palm
oil and palm kernel oil. Moreover, according to the PCA, domestic production is insufficient to
meet local demand for palm oil products (Philippine Coconut Authority, 2024), complicating efforts
to divert fresh fruit bunches towards SAF production.
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Table 24. Estimated production volume of fresh fruit bunch residues, in thousand metric
tons (2021 to 2023)*’

Total 365.7 377.2 382.2
Empty fruit bunch 100.6 106.8 108.1
Palm fatty acid distillate 3.7 3.7 3.8

Palm oil mill effluent 261.4 266.7 270.3

Source: PSA for volume of fresh fruit bunch, PCA, ICAQO, Feedipedia

2.9.2. Sustainability aspects

Under CORSIA SAF, there are four oil palm-related approved feedstocks. This includes palm FFB,
oil palm by-products (PFAD and POME only), and empty palm fruit bunches. PFAD, POME, and
empty palm fruit bunches by-products and residues generated from palm oil production. Major
sustainability issues are attributed with palm FFB — particularly on soil, conservation, and land
use and rights. For oil palm by-products and residues, environmental impacts are more
associated with the biomass to fuel conversion process such as generation of wastewater and air
pollutants. The table below summarizes the evaluation of oil palm-related feedstocks using
CORSIA criteria:

Table 25. Sustainability evaluation for oil palm-related feedstocks

CORSIA SAF sustainability aspects Palm FFB PFAD POME Empty
(primary) (by- (residue) palm fruit

product) bunches
(waste)

GHG emissions reduction themes

Greenhouse gases

Carbon stock

GHG emissions reduction permanence
Environmental themes

Water

Sall

Air

Conservation

Waste and chemicals
Socio-economic themes

Human rights and labour rights

Land use rights and land use

Water use rights

Local and social development

Food security

Legend:
Major sustainability issue — needs to be solved before feedstock can be considered ]
Potential sustainability issue - need evaluation, monitoring, and/or mitigation measures
Positive impacts or no sustainability issue I

47 The estimated production volume in the table has not yet accounted for the dry volumes and accessibility rates. These factors will be addressed in
the economics and market aspects section of the report for each type of feedstock.
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GHG emissions reduction themes

Based on ICAO CORSIA Default Life Cycle Emissions Values for CORSIA Eligible Fuels (2024),
palm FFB has the highest default core LCA emission value for HEFA conversion pathway
feedstocks at 60.0 gCO.-e/MJ, which represents a 32.6% GHG emission reduction compared to
conventional jet fuel (89.0 gCO.e/MJ). ILUC emission for the same feedstock is 39.1 gCO.e/MJ,
the highest among feedstocks with associated ILUC emissions. Issues on GHG reduction
permanence are also associated with palm FFB due to the harvest of the crop. In total, palm FFB
may generate up to 89.1 gCO2e/MJ of GHG emissions which does not meet GHG emissions
reduction requirements under CORSIA SAF Sustainability Criteria. Issues on GHG reduction
permanence are also associated with palm FFB due to the harvest of the crop.

Meanwhile, for oil palm residues, PFAD has a default core LCA emission value of 20.7 gCO.e/MJ
(via HEFA conversion pathway), showing a 76.7% GHG emission reduction compared to
convention jet fuel. There are currently no default values for POME and empty palm fruit bunches.
Since these feedstocks are residues, the LCA emission values from oil palm cultivation process
are not included (ICAO, 2024). Consequently, there are no impacts associated with ILUC from
this feedstock and GHG emissions reduction permanence as these are attributed to agricultural
activities.

Environmental themes

In general, potential environmental issues associated with the use of oil palm processing residues
are found in the HEFA fuel conversion processes, which may generate wastewater from feedstock
pre-treatment and air pollutants (flue gas) from the decarboxylation processes (Usanova, et al.,
2024; Oehmichen, Majer, Miller-Langer, & Thran, 2022; Sunde, Brekke, & Solberg, 2011).
Utilization of residues for SAF production also introduces positive environmental impacts by
diverting waste from the landfill.

Environmental issues are more evident with the use of palm FFBs as the cultivation process is
included in its assessment. Cultivation of oil palm has associated impacts such as extraction of
water for irrigation, water pollution from agricultural wastewater, pollution of soil with the use of
pesticides, and deforestation from potential land use change (Obidzinski, Andriani, Komarudin, &
Andrianto, 2012). Impacts to soil, conservation, and land use are more pronounced due to the
species being introduced and wide scale oil palm agriculture causes irreversible ecological
damage especially to converted forestlands. With these major sustainability issues, additional
mechanisms may be required for palm FFB to be considered as a viable feedstock. Mechanisms
such as Roundtable for Sustainable Palm Oil (RSPO) certification would allow palm FBB to be
aligned with the SAF CORSIA sustainability criteria. However, none of the major oil palm
plantations in the Philippines has been certified by the RSPO.

Socio-economic themes

As a food crop, palm FBB as SAF feedstock may result to competition with food security, and
similar to other crop feedstocks, crop cultivation in general may result to conversion of land and
may result in potential issues in land use and rights to the use of land, especially when there is
encroachment of ancestral domains. Additionally, oil palm cultivation may cause irreversible
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damages to lands, especially peatlands where oil palm cultivation is most suitable, limiting other
productive usage of these lands. With the current palm FBB supply being completely exhausted
for food production purposes, the use of this specific feedstock is associated with a major
sustainability issue.

Similar to other feedstocks, issues on human and labor rights are probable — particularly with
unfair labor practices in the Philippines such as non-provision of just and fair compensation to
farmers and minimum wage workers, and contractualization.

2.9.3. Economic and market aspects

Fresh fruit bunch and palm oil mill effluent

As the primary ingredient in palm oil processing, the 540.6 thousand tonnes of fresh fruit bunch
produced in 2023 are exhausted by milers for palm oil extraction (Philippine Coconut Authority,
2024), making it economically unviable as a feedstock for SAF production.

Among the three residues, palm oil mill effluent, with a production volume of 270.3 thousand
tonnes* in 2023, also appears economically unviable. Trade data reveals that the Philippines has
a negative trade balance for palm oil mill effluent, indicating that all locally produced effluent is
being used, and significant imports are required to meet demand. Consequently, palm oil mill
effluent is no longer an economically viable option for SAF production.

Empty fruit bunch

In 2023, the Philippines produced 108.1 thousand tonnes of crude palm oil (Philippine Coconut
Authority, 2024). This figure is equivalent to the volume of empty fruit bunch (Indriati, Elyani, &
Dina, 2020). Considering the moisture content of empty fruit bunch at 65% (Chang, 2014; Han &
Kim, 2018), the theoretical volume is reduced to 37.8 thousand tonnes, which is the same as its
economically accessible volume given an accessibility rate of 100%*°. Locally, empty fruit bunch,
which consists of stripped fronds, is utilized for fiberboard production, which offers an innovative
approach to converting waste into environmentally friendly materials (Stakeholder interviews,
2025). As mentioned by the PCA in the Palm QOil Industry Roadmap (2024), nearly 40% of empty
fruit bunch or 15.1 thousand tonnes are returned to farms as fertilizers.

This practice results in an available feedstock volume of 27.7 thousand tonnes, or 0.02 million
tonnes, for SAF integration. This volume has the potential to generate 0.002 million tonnes*
empty fruit bunch-derived SAF.

Palm fatty acid distillate

Accordingly, for the same year, the production volume of palm fatty acid distillate mill reached 4.3
thousand tonnes®'. As feedstocks in the HEFA pathway do not require drying, the theoretical

48 Conversion rate of palm oil to palm oil mill effluent: 250%

4 The 100% accessibility rate for empty fruit bunches assumes that all fresh fruit bunches are transported to the country's 11 palm oil mills, enabling
collection without additional transportation requirements.

50 Yield for conversion of empty fruit bunch to distillate: 14%; SAF fraction distillate by pathway: 75%

51Conversion rate of palm oil to palm fatty acid distillate: 4%
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volume of palm fatty acid distillate remains constant at 4.3 thousand tonnes. Similar to empty fruit
bunches, palm fatty acid distillate has an assumed accessibility rate of 100%, keeping the
economically accessible volume at 4.3 thousand tonnes.

Due to the lack of literature on the utilization of palm fatty acid distillate in the Philippines, this
study assumes that approximately 50% of it is used for biofuels, following practices common in
most Southeast Asian countries.

From an economically accessible volume of 4.3 thousand tonnes, minus the utilization volume of
around 2.1 thousand tonnes, the available feedstock volume is further reduced to 2.2 thousand
tonnes, or 0.002 million tonnes, with a potential SAF yield of 0.001 million tonnes®.

Challenges and opportunities

Recent developments show that an exploration study has been carried out to investigate the
potential use of empty fruit bunch for maritime fuel (SEA-LNG, 2025). This underscores a growing
interest to find other applications for empty fruit bunch beyond aviation fuel. Given the low local
production scale of empty fruit bunch, rendering it for SAF production may be unsuitable.

Further, the transportation of empty fruit bunch, as well as palm fatty acid distillate, from Mindanao
poses logistical challenges. Factors such as high transportation costs and potential delays
resulting from port conditions and regulatory developments (Stakeholder interviews, 2025) make
local SAF production economically impractical given the current production scale.

Given the current logistical reality and regulatory landscape, the Philippines may find greater
incentives in exporting these byproducts for broader biofuel processing markets, rather than
focusing on local SAF integration for now.

2.9.4. Summary

The Philippines fully utilizes the over 500.0 thousand tonnes of fresh fruit bunches produced
annually for crude palm oil processing, making them economically unviable as feedstock for SAF
production. Additionally, major sustainability issues are associated with palm FFBs such as
impacts to soil quality, conservation, and food security.

Meanwhile, empty fruit bunch and palm fatty acid distillate hold promise as alternative SAF
feedstocks, with available volumes of 0.02 million tonnes and 0.002 million tonnes. However, their
low SAF production potential—0.002 million tonnes for empty fruit bunch and 0.001 million tonnes
for palm fatty acid distillate—combined with logistical challenges, may hinder their feasibility for
integration into SAF production.

52 Yield for conversion of palm fatty acid distillate to distillate: 49%; SAF fraction distillate by pathway: 100%
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2.10. ANIMAL FATS

2.10.1. Feedstock-related information

In the Philippines, fats such as tallow, lard, and mixed animal fat hold significant potential for SAF
production through the HEFA pathway. This opportunity becomes increasingly important as
livestock production intensifies to meet the growing demand for meat, a key dietary component
for many Filipinos (Potenciando, 2024). In the context of this study, the role of these fats in SAF
production defines mixed animal fats, as an aggregate of fats derived from pigs and cattle,
primarily due to their higher fat content percentages.

Between 2021 and 2023, domestic production of mixed animal fats®® reached an estimated
annual average of 62.0 thousand metric tons, with a growth rate of 2.4%. Starting at 60.3 thousand
metric tons in 2021, production increased to 61.6 thousand metric tons in 2022 and further to 62.3
thousand metric tons in 2023 (Philippine Statistics Authority, 2024). Among the administrative
regions, Region VIl contributed the highest amount, with 8.2 thousand metric tons, followed by
Region X with 8.1 thousand metric tons and Region IV-A with 8.0 thousand metric tons.

Despite this growth, challenges persist, particularly in tracking and standardizing the data due to
the variable practices in meat processing and the decentralized nature of rendering facilities.
Industry estimates suggest that about 3% to 5% of total mixed animal fat is either disposed of or
sold to food processors, yet precise data tracking remains difficult (Stakeholder interviews, 2025).
This lack of regulation complicates quality control and results in inconsistencies in the volume and
composition of mixed animal fats, hindering the development of a cohesive database.
Nevertheless, their potential integration into SAF production could drive efforts to improve
standardization and data collection, ultimately resolving some of these inconsistencies.

2.10.2. Sustainability aspects

Fats-based feedstocks such as tallow, lard, and mixed animal fats are approved for SAF
production under CORSIA. These are by-products of meat processing and rendering operations,
making them a waste-based resource with lower land-use impact compared to virgin oils.
However, their processing may pose challenges related to water, air, human rights, labor rights
and food security. The table in the next page summarizes the evaluation of mixed animal fats
using CORSIA criteria:

53 Estimated based on the fat content percentages of slaughtered animals that goes into production.
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Table 26. Sustainability evaluation for mixed animal fats

CORSIA SAF sustainability aspects Mixed animal fat

(by-product)

GHG emissions reduction themes

Greenhouse gases

Carbon stock

GHG emissions reduction permanence
Environmental themes

Water

Soll

Air

Conservation

Waste and chemicals
Socio-economic themes

Human rights and labour rights

Land use rights and land use

Water use rights

Local and social development

Food security
Legend:
Major sustainability issue — needs to be solved before feedstock can be considered
Potential sustainability issue - need evaluation, monitoring, and/or mitigation measures

Positive impacts or no sustainability issue I

GHG emissions reduction themes

Use of mixed animal fats as SAF feedstock contributes to GHG emissions reductions in the
aviation industry. As by-products of meat processing and rendering, these feedstocks are
classified as waste-derived resources.

According to ICAO (2024), SAF produced from mixed animal fats via the HEFA pathway has a
default core LCEF of 28.5 gCO.e/MJ, representing a 68.0% GHG emissions reduction compared
to conventional jet fuel which has a baseline LCA emissions value of 89.0 gCO.e/MJ (ICAO, 2024).
As a residue feedstock, there are no ILUC emissions and GHG permanence issues related to
mixed animal fats.

Environmental themes

The sustainability of fat-based SAF depends on effective environmental impact management
throughout the rendering and conversion processes.

Rendering mixed animal fats into SAF feedstock generates wastewater rich in organic compounds,
including nitrogen, phosphorus, and potassium. If left untreated and discharged, this wastewater
can contribute to eutrophication and contamination of receiving water bodies (EnviroZyme, 2023).
Rendering facilities also emit volatile organic compounds (VOCs), including organic sulfides,
disulfides, aldehydes, amines, and organic acids, which contribute to air pollution and odor
issues—particularly in urban areas near residential zones (USEPA, n.d.). To mitigate these
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emissions, rendering facilities implement pollution control technologies, such as waste heat
boilers and multistage wet scrubbers, to reduce VOC concentrations and manage odors.

Pre-treatment of mixed animal fats for SAF conversion, through pre-esterification, also involves
the use of often controlled chemicals such as sulfuric acid (as acid catalyst) and methanol
(Encinar, Nograles-Delgado, & Sanchez, 2021; Toldra-Reig & Mora, 2020). Risks associated with
the use of hazardous chemicals may be mitigated through implementation of best management
practices such as standard handling, labelling, and storage, personnel training, emergency
response systems, and compliance to local regulations.

Socio-economic themes

The production of SAF and biofuel from animal fat-based feedstocks necessitates a critical
examination of labor rights in the meat processing and rendering industries. In the Philippines,
the meat processing industry operates under the Meat Inspection Code (Republic Act No. 9296,
2004), which mandates humane handling and slaughtering practices to ensure food safety and
labor standards. The National Meat Inspection Service (NMIS) oversees slaughterhouse licensing
and regulatory compliance. However, challenges exist in small-scale and informal meat
processing facilities, where enforcement of labor laws remains inconsistent. While documented
cases of labor rights violations in Philippine slaughterhouses are limited, the prevalence of
informal employment in the agriculture sector raises concerns about potential labor rights
violations. Many workers in informal slaughterhouses lack proper wages, benefits, and
occupational safety protections, increasing their vulnerability to exploitation (ILO, 2021).

Food security poses a potential social risk with mixed animal fats utilization for SAF feedstock. In
the Philippines, mixed animal fats are mainly used as an ingredient in food processing (as
extenders). While there is available volume for SAF production, mixed animal fats may impact
food production value chains. Potential impacts to value chains may be further assessed through
detailed feasibility studies and stakeholder consultations.

2.10.3. Economic and market aspects

The country’s robust livestock industry, which is integral to both the agriculture and food sectors,
generates significant quantities of animal fat as a byproduct.

In 2023, the local livestock sector produced a theoretical volume of 63.2 thousand tonnes of mixed
animal fats. Of this total, it is estimated that roughly 30% is accessible. Thus, the economically
accessible volume of mixed animal fats is curtailed to 19.0 thousand tonnes.

In the Philippines, mixed animal fats are predominantly utilized for food processing activities.
Excess fats from slaughtered animals are sold to processors who incorporate them as extenders
in products such as chicharon or pork rinds and dumplings, among others, with prices ranging
from PHP 1,000 to PHP 35,000 per tonne (Stakeholder interviews, 2025).

Beyond this established purpose, approximately 66.7% of mixed animal fats are used as animal
feed and as ingredients in oleochemical and biofuel production in other countries. Applying this
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usage pattern as a proxy in the local setting suggests that the available feedstock volume of mixed
animal fats is reduced to 6.3 thousand tonnes, or 0.006 million tonnes. If the remaining available
volume is to be integrated into SAF, mixed animal fats could yield 0.003 million SAF tonnes.

The limited potential volume of SAF is influenced by trade data indicating that the Philippines has
historically imported significant quantities of mixed animal fats, resulting in a trade imbalance, as
confirmed in a stakeholder interview (2025). Consequently, despite the available volume for SAF
processing, utilizing mixed animal fats for SAF production may face challenges. Addressing these
challenges requires the industry to better optimize the use of mixed animal fats for SAF production
while ensuring consistent quality and supply.

2.10.4. Summary

The Philippines utilizes most of the mixed animal fats produced annually, predominantly in food
processing, leaving an available volume of 0.006 million tonnes for SAF, which could produce
approximately 0.003 million SAF tonnes. With a limited SAF yield and issues concerning quality
control and supply reliability, the prospects for using these fats into the SAF supply chain may be
challenging.

2.11. FORESTRY RESIDUES

2.11.1. Feedstock-related information

As a log-producing country, the Philippines generated 221.9 thousand metric tons® of logs in
2023 (Forest Management Bureau, 2024). Traditionally, log harvesting operations leave behind
residues, primarily comprising branches, cutter shavings, slash, and treetops.

Numerous studies, such as those by Koopmans and Koppejan (1997) & Tavankar & Eynollahi
(2014), along with the study’s estimates from the Philippine Forestry Statistics published by the
Forest Management Bureau, indicate that nearly 20% of total log production consists of forestry
residues.

Consequently, based on the log production figures in 2023, around 44.4 thousand metric tons of
forestry residues were generated, with 25.4 thousand metric tons originating from Region XIII in
Mindanao (Forest Management Bureau, 2024). Region X, with 8.9 thousand metric tons, and
Region IV-A, with 1.4 thousand metric tons, round out the top three producers (Forest
Management Bureau, 2024).

Slash, also known as damaged residuals, comprises the debris left after logging, which may
include small branches and leaves (Mathias, 2023). While often perceived as a fire hazard, slash
can be effectively managed and utilized as mulch or compost, contributing to soil fertility and
forest regeneration efforts (Rousseau, et al., 2022). Meanwhile, treetops and branches, which are

541n 2023, the total log production in the Philippines was 634.0 thousand cubic meters. This volume was multiplied by a density of 350 kilograms per
cubic meter, based on a study by Nurek, Gendek, & Roman (2019). The resulting value is then divided by 1,000 to complete the conversion to metric
tons.
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traditionally perceived as waste, can be repurposed for biomass energy generation (Rebugio,
Dizon, & Espiritu, 2000), which could help the country support its renewable energy targets.
Finally, cutter shavings, which are small pieces of wood, can be repurposed as biochar and wood
pellets, as exhibited by countries like Sweden (Rhén, Ohman, & Wasterlund, 2007). In the
Philippine setting, there are no current known use cases for these residues, except for branch
which appears to be an export product of the country.

The utilization of forestry residues for SAF production in the Philippines holds potential for
enhancing resource efficiency and environmental sustainability, particularly through integration
into the FT pathway. This approach can foster economic development and job creation, as
forestry residues are not yet being used as a feedstock in bio-based production, thus requiring
additional training and manpower for collection and processing.

Moreover, this effort could stimulate rural innovation and promote sustainable forest management.
However, balancing SAF production with traditional uses of residues, such as biomass energy
and soil enhancement, is crucial. A strategic collaboration between policymakers and industry
stakeholders is necessary to ensure sustainable collection and processing practices, thereby
maximizing environmental and economic benefits. By effectively leveraging forestry residues, the
Philippines can advance sustainability goals and strengthen energy independence and economic
resilience.

2.11.2. Sustainability aspects

There are 4 types of forestry residues available in the Philippines: 1) branches, 2) cutter shavings,
3) slash, and 4) treetops. All products are residues generated from forestry activities, particularly
logging/tree-felling. The table in the next page summarizes the evaluation of forest residue
feedstocks using CORSIA criteria:
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Table 27. Sustainability evaluation for forestry residues

CORSIA SAF sustainability aspects Forestry residues
(incl. branches, cutter shavings, slash, and
treetops)

GHG emissions reduction themes
Greenhouse gases
Carbon stock |
GHG emissions reduction permanence
Environmental themes
Water
Soil
Air
Conservation
Waste and chemicals ;
Socio-economic themes
Human rights and labour rights
Land use rights and land use
Water use rights
Local and social development

Food security
Legend:
Major sustainability issue — needs to be solved before feedstock can be considered
Potential sustainability issue - need evaluation, monitoring, and/or mitigation measures

Positive impacts or no sustainability issue ]

GHG emissions reduction themes

Forestry residues, including branches, cutter shavings, slash, and treetops, are classified as
waste-derived feedstocks under CORSIA sustainability criteria.

According to the ICAO (2024), SAF produced from forestry residues via the gasification FT
conversion pathway has a default core LCEF of 8.3 gCO.e/MJ. Compared to conventional jet fuel
which has a baseline LCEF of 89.0 gCO.e/MJ, SAF from forestry residues has a GHG emissions
reduction value of 90.7%. Forestry residues may also be converted to SAF through AtJ pathway,
however, may result in higher GHG emissions as compared to gasification FT pathway. Via
isobutanol conversion, forestry residues have a default LCEF of 23.8 gCO.e/MJ; while via ethanol
conversion pathway, a default LCEF of 40.0 gCO.e/MJ. Compared to conventional jet fuel, AtJ
via isobutanol conversion and ethanol conversion have GHG emission reduction values of 73.3%
and 55.1%, respectively.

Given that forestry residues are classified as wastes, residues, or by-products, they are assigned
an ILUC value of zero. However, studies have cited potential short-term loss of forest carbon
stocks as a result of forest residue harvesting, particularly of treetops and slash (Soimakallio, et
al., 2022; Simard, et al., 2020; Ter-Mikaelian, Colombo, & Chen, 2013). Long-term, use of forest
residue for SAF production contributes more to GHG emissions reduction permanence by
potentially reducing demand and consumption of fossil-based jet fuels.
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Environmental themes

Residue removal influences hydrological cycles, particularly in deforested areas where reduced
canopy cover limits water retention. Increased extraction can lead to higher surface runoff and
sedimentation, affecting water quality and contributing to soil erosion. Organic matter plays a
critical role in moisture retention, and excessive removal can accelerate drying and nutrient
depletion. Soil fertility is affected by repeated biomass extraction, reducing microbial activity and
increasing erosion risks, particularly in sloped terrains. To prevent soil degradation, it is
recommended to retain at least 30% of forestry residues (European Commission, 2023)

The combustion of forestry residues contributes to air pollution, releasing particulate matter
(PM25), black carbon, and volatile organic compounds (VOCs), which degrade air quality and
pose respiratory health risks (EMB - Air Quality Management Section, 2023). The use of forestry
residues in biofuel production can reduce methane and black carbon emissions compared to
direct combustion or natural decomposition. However, emissions management remains critical,
as biofuel processing can generate secondary pollutants such as nitrogen oxides (NOXx) and sulfur
oxides (SOx) (IPCC, 2022). Proper integration of emission control technologies is required to
minimize atmospheric pollutants during conversion processes.

Forestry residues contribute to biodiversity by supporting decomposers, invertebrates, and small
mammals, which play an essential role in nutrient cycling. Excessive removal can disrupt forest
ecosystems, affecting species that depend on decaying organic matter for habitat and sustenance.
Conservation strategies, including site-specific residue retention protocols, are necessary to
mitigate biodiversity loss and maintain ecosystem integrity.

CORSIA sustainability evaluations indicate that while forestry residues support GHG emissions
reductions, they require appropriate monitoring to mitigate environmental trade-offs.

Socio-economic themes

The collection and processing of forestry residues for SAF production raise concerns about labor
rights and workplace safety. Informal forestry work is often characterized by hazardous conditions,
lack of social protection and low wages.

In the Philippines, labor protections exist under the Labor Code (PD No. 442) and the
Occupational Safety and Health Standards (DOLE DO No. 198-18). However, enforcement
remains weak, particularly in remote forest areas, where many forestry residue collectors lack
legal protection. Unsafe working conditions, inconsistent wages, and lack of protective equipment
discourage workforce participation.

CORSIA’s sustainability evaluation identifies labor rights and workplace safety as a potential
sustainability issue, requiring monitoring and mitigation. Strengthening labor law enforcement,
providing safety training, and ensuring fair wages are necessary to address occupational risks in
forestry residue-based SAF supply chains.

Unlike other biofuel feedstocks, forestry residues do not compete with food production or require
additional land use, reducing socio-economic conflicts. Land use rights, water access, local
development, and food security are considered positive socio-economic factors in forestry residue
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utilization. In countries like Finland and Sweden, integrating forestry residues into bioenergy
production has supported local economies sustainably (Di Gruttola & Borello, 2021).

2.11.3. Economic and market aspects

In 2023, the Philippine forestry sector produced an estimated 44.3 thousand tonnes of forestry
residue. After accounting for a 50% moisture content (Kizha, Han, Paulson, & Koirala, 2018), the
theoretical volume is reduced to 22.2 thousand tonnes. With an estimated accessibility rate of
20%°%°, the economically accessible volume of forestry residue is calculated to stand at 4.4
thousand tonnes.

In terms of utilization, estimates from the Food and Agriculture Organization (1999) suggest that
about 10% of forestry residues across Southeast Asia are collected for fuel wood for both
household and biogas consumption. This utilization rate means that around 444 tonnes of forestry
residues in the Philippines are burned for energy use.

Consequently, this leaves an available feedstock volume of 4.0 thousand tonnes or 0.004 million
tonnes. This corresponds to a potential SAF yield of 0.0005 million tonnes®® annually.

In 2024, the Provincial Environment and Natural Resources Office of Agusan del Sur, a province
in the Mindanao region, held a workshop aimed at assessing the potential of forestry residues for
biomass energy production to generate sustainable energy solutions in the local area. Following
this, officials held a groundbreaking ceremony for a PHP150-million biomass gasification power
plant, aimed at converting wood waste into a reliable source of clean energy (Panganiban, 2025).
Together, these events underscore the possibility that integrating forestry residues into biomass
energy production could offer a more cost-effective alternative to SAF production, influenced by
local pricing dynamics currently set at PHP 22,400 per tonne (Department of Trade and Industry,
2024), which could impact their availability and market dynamics. This pricing could affect
availability and market dynamics, requiring ongoing assessment to support a SAF value chain
focused on forestry residues that deliver long-term environmental and economic benefits. This is
especially important considering the significant infrastructure and logistical coordination required
due to the concentration of logging operations in Mindanao.

Given the limited scale of feedstock volumes and SAF yield, efficient collection systems must be
developed to justify the scale of SAF production from forestry residues in the country. Likewise,
the scope may not be confined to Mindanao; evaluating the contributions from other regions could
augment the supply. Environmental considerations, such as maintaining forest health and
ensuring sustainable harvesting practices, must comply with regulatory standards, particularly
concerning environmental guidelines and land use policies. Thus, it is crucial to engage in
comprehensive negotiations to ensure these practices effectively align with environmental
standards and land use policies.

55 The accessibility rate of 20% is due to limited access to forest areas and high firewood retrieval activities based on the Food and Agriculture
Organization and experts’ estimates.
56 Yield for conversion of forestry residues to distillate: 18%; SAF fraction distillate by pathway: 75%
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2.11.4. Summary

Forestry residues, such as branches, cutter shavings, slash, and treetops, present a promising
opportunity to enhance resource efficiency and contribute to SAF goals through the FT pathway.
With an available volume of 0.004 million tonnes of forestry residues produced in 2023, these
materials could potentially yield up to 0.0005 million tonnes of SAF annually. However, the sector
faces challenges, including balancing SAF production with existing uses of residues, such as
biomass energy and soil enhancement, and navigating competition from exports. Finally,
infrastructure investments and logistical coordination are essential to facilitate the collection and
transportation of residues, particularly from Mindanao.

2.12. SUGARCANE AND BY-PRODUCTS

2.12.1. Feedstock-related information

The Philippines grows sugarcane for mainly five purposes: producing centrifugal sugar, ethanol,
chewing, panocha/muscovado, and basi/vinegar (Philippine Statistics Authority, n.d.). As the fifth
most valuable crop in the country (PCAARRD, n.d.), sugarcane contributed an estimated gross
value added (GVA) of PHP 25.7 billion in 2023 (Philippine Statistics Authority, 2024).

From 2021 to 2023, the average sugarcane production in the Philippines was 23.8 million metric
tons. Production was 26.3 million metric tons in 2021, dropped to 23.5 million metric tons in 2022,
and further decreased to 21.7 million metric tons in 2023 (Philippine Statistics Authority, 2024).
This decline was due to the country's vulnerability to weather disturbances, such as typhoons and
the El Nino phenomenon, as well as the permanent cessation of operations of a major sugar
milling plant in Region IV-A (Lagare J. B., 2023). In 2023, sugarcane plantations covered 409.1
thousand hectares of farmland. Region VI produced the highest yield at 13.2 million metric tons,
followed by Regions X and VIII with yields of 3.1 million metric tons and 2.2 million metric tons,
respectively (Philippine Statistics Authority, 2024).

These figures align with the 2022 report from the SRA, which indicates that 18 out of 27 sugarcane
production facilities are in the Visayas region. The SRA, as the agency responsible for regulating
the supply and stabilizing the prices of sugar in the country, collaborates closely with various
stakeholders (Tobias, 2020). These include the Philippine Sugar Millers Association, the
Philippine Association of Sugar Refiners Inc., and the Philippine Sugar Research Institute
Foundation, among others, to ensure growth and development within the industry (Guadalquiver,
2025). Notable industry participants include Roxas Holdings and Universal Robina Corporation.

Sugarcane processing yields two valuable by-products namely molasses, which is derived from
the juice of crushed sugarcane (Ghanem, Badr, Geasa , & Elhelally, 2017), and bagasse, which
is the residual dry material left after crushing (Teixeira, et al., 2015). Locally, molasses serves as
a cost-effective feedstock for bioethanol plants (Gatdula, Demafelis, & Bataller, 2021), while
bagasse is used as boiler fuel for electricity generation (Gomez, 2023).
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However, the availability and versatility of molasses and bagasse as potential feedstock via the
AtJ pathway faces numerous challenges in the local market. These challenges include the
adverse effects of the El Nifio crisis, which reduce sugar output, competition from cheaper
imported sugar, and inefficiencies in cost strategies and farm mechanization processes which
lead to higher prices (Lagare J. , 2024). As such, it is imperative that SAF initiatives do not
adversely impact the availability of sugarcane and its by-products, given their current use cases
in the Philippines.

2.12.2. Sustainability aspects

Under CORSIA SAF, there are three sugarcane-related approved feedstocks which include
sugarcane, molasses, and bagasse. Molasses is a co-product from sugar production while
bagasse is a residue of the extraction processes. As sugarcane and molasses co-products,
sustainability issues associated with sugarcane cultivation are within the scope of the assessment.
This includes issues related to carbon stock and GHG reduction permanence, pollution of water,
soil, and air, and aspects concerning land use change and conservation. For bagasse, the
sustainability assessment starts from the harvest of the residue, hence environmental issues
mainly focus on effluents and emissions (from biomass to fuel conversion). The table below
summarizes the evaluation of sugarcane-related feedstocks using CORSIA criteria:

Table 28. Sustainability evaluation for sugarcane-related feedstocks

CORSIA SAF sustainability aspects Sugarcane Molasses Bagasse

(primary) (co-product) (residue)

GHG emissions reduction themes

Greenhouse gases

Carbon stock

GHG emissions reduction permanence
Environmental themes

Water

Soil

Air

Conservation

Waste and chemicals
Socio-economic themes

Human rights and labour rights

Land use rights and land use

Water use rights

Local and social development

Food security
Legend:
Major sustainability issue — needs to be solved before feedstock can be considered
Potential sustainability issue - need evaluation, monitoring, and/or mitigation measures
Positive impacts or no sustainability issue
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GHG emissions reduction themes

Based on ICAO CORSIA Default Life Cycle Emissions Values for CORSIA Eligible Fuels (2024),
sugarcane has a default core LCA emissions values of either 24.0 gCO,e/MJ (AtJ from isobutanol
pathway) or 24.1 gCO»e/MJ (AtJ from ethanol pathway). Molasses, meanwhile, has a default core
LCA emissions value of 27.0 gCO2-e/MJ (AtJ from isobutanol pathway). For bagasse, the default
core LCA emissions values are 29.3 gCO. /MJ (AtJ from isobutanol pathway), and 24.1 gCO»-
e/MJ (Atd from ethanol pathway). All LCA emissions values, for all sugarcane-related feedstock,
show GHG emissions reduction of 67.1% to 72.9% as compared to conventional jet fuel which
has a baseline LCA emission value of 89.0 gCOze/MJ.

Sugarcane, as a cultivated feedstock, and its co-product (molasses) may result in ILUC emissions
(ICAO, 2024). Sugarcane and molasses have an ILUC emission value of either 9.1 gCO2e/MJ
(Atd from isobutanol pathway) or 8.5 gCO.e/MJ (for sugarcane only, AtJ from ethanol pathway).
With ILUC GHG emissions, sugarcane may generate total GHG emissions of either 33.1
gC02e/MJ (AtJ from isobutanol pathway) or 32.6 gCO2e/MJ (AtJ from ethanol pathway).
Meanwhile, molasses would have a total GHG emission of 36.1 gCO2e/MJ. All potential GHG
emissions from sugarcane and molasses result to GHG emissions reductions (compared to
conventional jet fuel) of between 59.4% to 63.4%, thereby meeting the requirement under
CORSIA SAF Sustainability Criteria of reducing emissions by at least 10% compared to
conventional jet fuel.

Since bagasse is a residue from sugarcane processing, the LCA emission values from the
cultivation process are not included — hence would have generally have the least GHG emissions.
Additionally, there are no impacts associated with ILUC from this feedstock.

There are also potential issues with GHG emissions reduction permanence associated with
sugarcane and molasses as the sugarcane cultivation areas act as a carbon sink during crop
growth, however, GHG emissions are released during crop harvest.

Environmental themes

Similar to corn grain — a cultivated crop feedstock, sugarcane (and its co-product, molasses) are
associated with issues such as extraction of water for irrigation, water pollution from agricultural
wastewater, pollution of soil with the use of pesticides, and deforestation from potential land use
change (Yang, et al., 2024). These impacts to the environment may be mitigated with sustainable
agricultural practices such as integrated pest management, crop rotation, conservation tillage,
and water management. Deforestation related to crop cultivation may be avoided by prioritizing
the use of bagasse.

While crop residues such as rice husks and corn stover are commonly used for conservation
tillage, bagasse is not commonly used for such and more used as biomass energy feedstock.
Hence, there are no impacts associated with soil fertility. Utilization of residues for SAF production
also introduces positive environmental impacts by diverting waste from the landfill.

With fermentation as the dominant chemical process in AtJ conversion, there are no potential
impacts to water and air quality associated with the feedstock to SAF conversion process.
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Socio-economic themes

Similar to other crop feedstocks, crop cultivation in general may result in conversion of land and
may result in potential issues in land use and rights to the use of land, especially when there is
encroachment of ancestral domains.

Sugarcane and molasses are established feedstocks in the Philippines in the biofuel industry. As
such, social safeguards (in the form of a Social Amelioration Welfare Program (SAWP)) have
been instrumented to ensure that human and labor rights of workers involved in the use of
sugarcane, molasses, and bagasse as feedstock for biofuels are protected.

Food security poses a major social risk if sugarcane and molasses are utilized as SAF feedstock.
The current supplies of these two products are already fully utilized for existing food and industrial
applications. SAF production may further stress food production value chains and contribute to
food insecurity in the Philippines.

2.12.3 Economic and market aspects

As a multi-product industry, sugarcane, currently at PHP 61,500 per tonne, generates substantial
quantities of by-products such as bagasse and molasses, which serve as raw materials in various
types of production.

Sugarcane

Sugarcane production®” experienced a decline of about 11.9%, from 26.3 million tonnes in 2021
to 23.5 million tonnes in 2022. Consumption figures for the same year amounted to 23.5 metric
tonnes®®, leaving no available volume for SAF production. As a result, sugarcane is not a viable
option for SAF production in the country.

This sentiment is highlighted in a stakeholder interview (2025) which revealed that the Philippines
currently has an alcohol deficit. This situation is corroborated by an S&P Global article by Pandey
(2024) which noted that 42.0% of ethanol demand is met through imports due to insufficient
domestic production, which covered only 58.0% of the demand, attributed to the gradual increase
in the blend mandate.

Furthermore, even if an excess supply of sugarcane becomes available in the future, there may
be limited flexibility in diverting sugarcane from this critical use to alternative fuel production, given
the higher priority of alcohol production due to its direct economic and social impact.

Likewise, logistical challenges may also present significant hurdles, especially if the SAF
production facility is built outside Region VI, a sugarcane-rich area. This is because sugarcane
processing is a delicate procedure; the sugarcane needs to be processed immediately after
harvest to prevent the juice from spoiling (Yusof, Shian, & Osman, 2000).

Molasses

57 Total production volume of sugarcane included sugarcane for centrifugal sugar, ethanol, muscovado, chewing, and basi/vinegar varieties
58 Consumption is based on the 2022 Supply Utilizations Account provided by PSA
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Molasses, a by-product of sugar extraction, is primarily used to produce alcohol and ethanol
(Rivera, Government urged to allow imports of molasses, 2023). In 2022, the country experienced
a shortage of molasses due to high demand in the alcohol and ethanol industries. Further
exacerbating the supply constraints, the Philippines did not permit the importation of molasses for
bioethanol production (Mojica-Sevilla, 2022; Rivera, 2023). Consequently, the utilization rates of
bioethanol plants were significantly lower than their rated capacities (Sugar Regulatory
Administration, 2022). This, in turn, rules molasses out as a potential feedstock for SAF
production.

Bagasse

Bagasse production, which reached 7.5 million tonnes in 2021, is entirely utilized for heat and fuel
generation in sugar milling plants in the Philippines (Sugar Regulatory Administration, 2021),
which leaves no available use for SAF production. The established uses of these by-products
suggest that diverting them entirely to SAF production could lead to competition for resources. As
such, a study on the cost and benefits of allocating bagasse for SAF, while possibly substituting
other energy sources for electricity generation, may help balance resource use without
compromising current applications. This may present an opportunity for Visayas to leverage its
bagasse production to become a key contributor for SAF industry.

The production of biofuel from sugarcane, particularly with molasses, presents a moderate impact
on job creation, since existing infrastructure for sugarcane processing can be adapted for SAF
production with moderate investment. Since sugarcane facilities already have the necessary
framework for processing raw materials, moderate upgrades are required to align operations with
SAF production standards.

2.12.4. Summary

From a sustainability perspective, all sugarcane-related feedstocks are viable as potential issues
associated with these feedstocks are resolvable with existing mitigating or management
measures. Based on economic analysis, none of the three feedstocks — sugarcane, molasses,
and bagasse — are viable options for SAF production due to the alcohol deficit that the country is
facing. Moreover, molasses and bagasse are fully utilized for bioethanol and heat and fuel
generation productions, respectively.

Nevertheless, several constraints impede the integration of sugarcane into SAF production, such
as logistical challenges due to the concentration of sugarcane production in Visayas, the
necessity for immediate processing post-harvest, and external factors such as the El Nifo crisis
and inefficient farm mechanization processes that reduce sugar output. Additionally, competition
from imported sugar further complicates the market landscape. As such, strategic collaboration,
infrastructure investment, and policy support are essential to balance resource allocation and
optimize the use of sugarcane by-products for SAF production without disrupting existing
industries.
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2.13. SOYBEAN

2.13.1. Feedstock-related information

Soybean, often referred to as the "wonder crop" of the 20th century, is renowned for addressing
hunger and malnutrition due to its high protein content (40-45%) and oil yield (20-25%). It also
holds potential as a feedstock for SAF, highlighting its versatility and economic value. However,
soybean cultivation remains underdeveloped in the Philippines, where the crop is mainly used for
food and feed applications (Department of Agriculture, n.d).

In the Philippines, soybean production is limited and primarily concentrated in Region XIII such
as Surigao del Sur, where it is utilized in small quantities as a vegetable, swine feed, and even
as a coffee substitute (Department of Agriculture, n.d). Soybean production increased from 407.5
metric tons in 2021 to 626.4 metric tons in 2022, before slightly decreasing to 615.7 metric tons
in 2023. On average, the Philippines reached 549.9 metric tons during the reference years
(Philippine Statistics Authority, 2024). Due to limited production, the Philippines heavily depends
on imports, which constituted 99.7% of the soybean supply from 2021 to 2023 (Philippine
Statistics Authority, n.d).

Soybean oil, a secondary product of soybean processing, offers potential as an alternative
feedstock for biodiesel production, which can be helpful for the sustainable aviation fuel market
(Landoy R. B., Demafelis, Magadia, & Matanguihan, 2022). Solvent extraction is usually
employed in an integrated system for producing soybean meal and biodiesel, enhancing oil
recovery, and providing a desirable grade of soybean meal for animal feeds. According to Landoy,
et.al (2022), to meet the feedstock requirements for a commercial-scale biodiesel plant producing
30 million liters per year, 93,000 to 121,000 hectares of soybean plantation, yielding 233,000 to
302,000 metric tons of threshed soybeans annually, are necessary. However, economic
challenges persist with soybean-based biodiesel production due to its high costs. The price of
biodiesel can range from PHP 65.6 to 87.3 per liter, with significant cost variations depending on
the farming methods employed, whether manual or mechanized (Landoy R. B., Demafelis,
Magadia, & Matanguihan, 2022).

2.13.2. Sustainability aspects

Under CORSIA SAF, soybean oilseed is an approved crop feedstock. As a primary product,
sustainability issues associated with the cultivation process are within the scope of the
assessment. This includes issues related to carbon stock and GHG reduction permanence,
pollution of water, soil, and air, and aspects concerning land use change and conservation.
Sustainability issues related to effluents and emissions from HEFA conversion process are also
considered. The table in the next page summarizes the evaluation of soybean oilseed using
CORSIA criteria:
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Table 29. Sustainability evaluation for soybean oilseed

CORSIA SAF sustainability aspects Soybean oilseed

(primary)

GHG emissions reduction themes

Greenhouse gases

Carbon stock

GHG emissions reduction permanence
Environmental themes

Water

Soll

Air

Conservation

Waste and chemicals
Socio-economic themes

Human rights and labour rights

Land use rights and land use

Water use rights

Local and social development

Food security

Legend:
Major sustainability issue — needs to be solved before feedstock can be considered ]
Potential sustainability issue - need evaluation, monitoring, and/or mitigation measures
Positive impacts or no sustainability issue I

GHG emissions reduction themes

Based on ICAO CORSIA Default Life Cycle Emissions Values for CORSIA Eligible Fuels (2024),
soybean oilseed has a default core LCA emissions values of 40.4 gCO2e/MJ (via HEFA
conversion pathway). The LCA emissions value shows a 54.6% GHG emission reduction as
compared to conventional jet fuel which has a baseline LCA emission value of 89.0 gCO2-e/MJ.
As a cultivated feedstock, soybean oil may result to ILUC emissions, with an estimated ILUC
emission of 25.8 gC0O2e/MJ, resulting to a total GHG emission of 66.2 gCO2e/MJ or a GHG
emissions reduction of 25.6% as compared to conventional jet fuel.

Similar to other crop feedstocks previously discussed, GHG emissions reduction permanence is
a potential issue with GHG emissions being released during crop harvest.

Environmental themes

Similar to other crop feedstocks that are cultivated, issues such as extraction of water for irrigation,
water pollution from agricultural wastewater, pollution of soil with the use of pesticides, and
deforestation from potential land use change are also associated with soybean oilseed (Yang, et
al., 2024). These impacts to the environment may be mitigated with sustainable agricultural
practices such as integrated pest management, crop rotation, conservation tillage, and water
management.
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Like other feedstocks that undergo HEFA conversion process, potential environmental impacts
associated with generation of wastewater and effluents during the biomass to fuel conversion
process are also considered for soybean oilseed (Sunde, Brekke, & Solberg, 2011).

Socio-economic themes

As a food crop, usage of soybean oilseed as a SAF feedstock may result in competition with food
security, and similar to other crop feedstocks, crop cultivation in general may result in conversion
of land and may result to potential issues in land use and rights to the use of land, especially
when there is encroachment of ancestral domains. Soybean oilseed is associated with a major
conflict with food security as the supply is already fully exhausted for food and animal feed
production.

Issues on human and labor rights are also probable — particularly on unfair labor practices in the
Philippines such as non-provision of just and fair compensation to farmers and minimum wage
workers, and contractualization.

2.13.3. Economic and market aspects

In the Philippines, soybean oilseed production is limited to the province of Surigao del Sur in
Mindanao, which contributed 455.3 tonnes to the nationwide yield of 626.4 tonnes in 2022
(Philippine Statistics Authority, 2024). With consumption figures reaching 167.7 thousand tonnes
(Philippine Statistics Authority, 2023), soybean oilseed is not considered a viable feedstock for
SAF production, as the country relies heavily on imports from the United States to meet domestic
demand (Lagare J. B., 2023).

Traditionally, soybean is used as a vegetable and as swine feed (Department of Agriculture, 2011).
Therefore, diverting soybean oilseeds for SAF production would mean competing directly with
these established uses, potentially driving up soybean prices.

While the potential for soybean oilseed as a feedstock for SAF production in the Philippines is
currently limited by production constraints and competing uses, strategic interventions and policy
support could enhance its viability.

These measures could include expanding the limited arable land allocated for soybean cultivation,
particularly given that soybean is a nitrogen-fixing crop capable of fixing up to 275 kilograms of
nitrogen gas from the air. This would make soybean an excellent intercrop alongside rice and
corn, as well as investing in research to develop high-yield soybean varieties (Department of
Agriculture, 2011). Overall, this highlights the need for continued efforts to foster innovation in
agronomy and promote efficient land use to pave the way toward strengthened domestic
production capabilities, thereby reducing reliance on foreign imports.
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2.13.4. Summary

Despite the high protein and oil content of soybeans, their cultivation in the Philippines remains
underdeveloped. Local production is concentrated mainly in Surigao del Sur, totaling 455.3 tonnes
in 2022, compared to a consumption of 167.7 thousand tonnes. Consequently, the country relies
heavily on imports, with imported soybeans constituting 99.7% of the total supply.

Since soybeans are primarily used for food and feed applications, diverting them for SAF
production is not economically viable and sustainable, as it could drive up prices and conflict with
their established uses. Additionally, the economic feasibility of soybean-based biodiesel
production is challenged by high costs, with biodiesel prices ranging from PHP 65.6 to 87.3 per
liter.

2.14. SUGAR BEET

2.14.1. Feedstock-related information

Sugar beet remains relatively underdeveloped in the Philippines. The country's sugar beet
cultivation is concentrated mainly within the CAR, specifically in Benguet, which serves as the
lone producer. Sugar beet production expanded from 34.6 metric tons in 2021 to 34.9 metric tons
in 2022 before it contracted to 30.4 metric tons in 2023 (Philippine Statistics Authority, 2024).

Sugar beet is a promising candidate for biofuel production due to its high sugar content, which
typically ranges from 15.0% to 20.0% by weight (FAO Investment Center Decision, 2009). This
concentration makes it an efficient feedstock for SAF production via the AtJ pathway. Additionally,
sugar beet has a relatively short growth cycle, with harvest occurring approximately three months
after planting (FAO Investment Center Decision, 2009), ensuring a consistent supply of feedstock
for SAF production. The processing of sugar beet not only yields sugar for ethanol production but
also produces valuable by-products, such as beet pulp, a fibrous material left after sugar
extraction that serves as nutritious animal feed.

Despite its potential as a bioenergy resource, sugar beet faces several challenges for SAF
production in the Philippines. There are currently no SAF initiatives utilizing sugar beet, which
could be due to limited infrastructure for biomass collection and processing and competition with
its established uses.

2.14.2. Sustainability aspects

Under CORSIA SAF, sugar beet is an approved crop feedstock. As a primary product,
sustainability issues associated with the cultivation process are within the scope of the
assessment. This includes concerns related to carbon stock and GHG reduction permanence, as
well as potential environmental and socio-economic impacts.

Key environmental considerations include pollution of water, soil, and air, as well as land use
changes and conservation measures. Sustainability concerns related to effluents and emissions
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from the AtJ/SIP conversion process are also considered. The table below summarizes the
sustainability evaluation of sugar beet using CORSIA criteria:

Table 30. Sustainability evaluation for sugar beet

CORSIA SAF sustainability aspects Sugar beet
(primary)

GHG emissions reduction themes

Greenhouse gases

Carbon stock

GHG emissions reduction permanence
Environmental themes

Water

Soil

Air

Conservation

Waste and chemicals
Socio-economic themes

Human rights and labour rights

Land use rights and land use

Water use rights

Local and social development

Food security

Legend:
Major sustainability issue — needs to be solved before feedstock can be considered ]
Potential sustainability issue - need evaluation, monitoring, and/or mitigation measures
Positive impacts or no sustainability issue ]

GHG emissions reduction themes

Based on ICAO CORSIA Default Life Cycle Emissions Values for CORSIA Eligible Fuels (2024),
sugar beet has a default core LCA emissions value of 32.4 gCO2e/MJ (via SIP conversion
process). The LCA emissions value represents a 63.6% GHG emission reduction as compared
to conventional jet fuel which has a baseline LCA emission value of 89.0 gCO2e/MJ. As a
cultivated feedstock, sugar beet may result in ILUC emissions, with an estimated ILUC emission
of 11.2 gCO2e/MJ. In total, sugar beet may generate up to 43.6 gCO2/MJ of GHG emissions
which shows a GHG emissions reduction of about 51.0% as compared to conventional jet fuel.
Similar to other crop feedstocks previously discussed, GHG emissions reduction permanence is
a potential issue with GHG emissions being released during crop harvest.

Environmental themes

Similar to other crop feedstocks that are cultivated, issues such as extraction of water for irrigation,
water pollution from agricultural wastewater, pollution of soil with the use of pesticides, and
deforestation from potential land use change are also associated with sugar beet (Yang, et al.,
2024). These impacts to the environment may be mitigated with sustainable agricultural practices
such as integrated pest management, crop rotation, conservation tillage, and water management.
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Socio-economic themes

Sugar beet is also a food crop and usage as SAF feedstock may result in competition with food
security. Currently, sugar beet is already fully utilized for food and SAF production may potentially
further stress food value chains in the Philippines.

Similar to other crop feedstocks, crop cultivation in general may result in conversion of land and
may result in potential issues in land use and rights to the use of land, especially when there is
encroachment of ancestral domains.

Issues on human and labor rights are also probable — particularly on unfair labor practices in the
Philippines such as non-provision of just and fair compensation to farmers and minimum wage
workers, and contractualization. The social amelioration and welfare program available for
workers in the sugarcane and molasses derived biofuels industry do not apply to sugar beet.
Hence, the aforementioned socio-economic risks may potentially result in adverse impacts to
potential manpower for sugar beet derived biofuels.

2.14.3. Economic and market aspects

In 2023, the Philippines produced 30.4 tonnes of sugar beet. However, it is highly unlikely that all
this sugar beet could be used for SAF, as sugar beet is typically sold to consumers for
consumption as a key ingredient in salads.

Sugar beet production in the Philippines is predominantly confined to the Benguet region,
presenting logistical challenges due to the high costs and inefficiencies of transporting the crop
over long distances to processing facilities. This limited geographical scope also raises concerns
about the scalability of sugar beet as a reliable feedstock for large-scale SAF production since its
perishable nature demands careful storage and handling, for which the current infrastructure may
be inadequate, especially in regions distant from Benguet.

Furthermore, a significant obstacle to integrating sugar beet into SAF production is the absence
of existing infrastructure and expertise for its processing into biomass. The Philippines lacks a
developed industry for sugar beet biomass conversion, necessitating considerable investments
in machinery, processing facilities, and research and development to optimize the conversion
process. Achieving this requires substantial financial commitments for building processing plants,
developing specialized equipment, and training personnel.

2.14.4. Summary

The high sugar content and short growth cycle of sugar beet make it an efficient candidate for
SAF production. However, several factors constrain its potential, including the limited scale of
production, which is primarily concentrated in the province of Benguet. Moreover, the absence of
current biofuel initiatives utilizing sugar beet further limits its feasibility as a feedstock. In terms of
sustainability, potential concerns, particularly regarding food security, are generally associated
with environmental impacts from the cultivation of sugar beet.
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2.15. OVERALL ASSESSMENT

The table below summarizes the feedstocks identified as potential sources for conversion into SAF in the Philippines:
Table 31. Comparison table of potential SAF feedstocks in the Philippines

Feedstock Weaknesses Potential

SAF yield

in million tonnes

Available

volume
in million tonnes

Strengths

Notes on viability

Rice residues

Rice straw e Abundant supply, e Competing uses: sail 4.8 0.5 Consultation with
offering significant enhancement which specialists and farmers
biomass resource could deplete soil Feedstock to distillate is needed to assess

¢ Redirecting rice straw nutrients in agricultural conv.: 14% harvestable crop
from being burned may lands SAF fraction distillate by residue while
cut down air pollution « Transportation and pathway: 75% maintaining adequate
and GHG emissions storage challenges due Market price per tonne: volume for
to bulkiness, which PHP 200 conservation tillage.
requires robust logistical
support
Rice husk ¢ High silica content and e Competing uses: 1.8 0.2 Consultation with

calorific value

¢ Consistent production
during rice milling,
ensuring a steady
supply

electricity generation
Lack of centralized
collection which
complicates logistics
and increasing costs
associated with SAF
production

Feedstock to distillate
conv.: 14%

SAF fraction distillate by
pathway: 75%

Market price per tonne:
PHP 20,000

specialists and farmers
is needed to assess
harvestable crop
residue while
maintaining
conservation tillage.

Municipal solid waste

Municipal solid
waste

¢ Abundant supply due to
limited competition

e SAF conversion can
reduce methane
emissions from landfills
and GHG emissions
from open pit burning

Heterogenous
composition requiring
sorting and separation
mechanisms

No commercialized
MSW gasification FT
synthesis plantin
operation, further
technological
developments, syngas
clearning required

24 0.3

Feedstock to distillate
conv.: 16%

SAF fraction distillate by
pathway: 75%

Market price per tonne:
PHP 2,800 to PHP 5,600

Integration requires
enhancing labor
conditions, enforcing
regulations, and
developing efficient
waste sorting,
processing
technologies
Technological
expertise required to
adapt process to local
specifics
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Potential
SAF yield

in million tonnes

Available Notes on viability

volume
in million tonnes

Feedstock Weaknesses

Strengths

Coconut residues
Coconut husk

Coconut shells

¢ Abundant supply

¢ Diversion of burned
coconut husks into SAF
may contribute to
cleaner agricultural
practices by reducing
agricultural wastes, and

e Competing uses: coco
coir, firewood, and
handicraft production

1.1 0.1

Feedstock to distillate
conv.: 14%

SAF fraction distillate by
pathway: 75%

Market price per tonne:

air pollution from PHP 4,800%
burning of coconut
husks
e Abundant supply e Competing uses: 0.4 0.04 Medium viability

activated carbon and
bio-charcoal production

Feedstock to distillate
conv.: 14%

SAF fraction distillate by
pathway: 75%

Market price per tonne:
PHP 4,800

because competition
with export markets
may limit large-scale
SAF integration

Non-standard
coconut

¢ High oil content suitable
for biofuel conversion

e Lack of national
standards to sort out
non-standard coconuts
allows these coconuts to
be treated like standard
coconuts for both food
and industrial use.

0.1 0.04

Feedstock to distillate
conv.: 83%

SAF fraction distillate by
pathway: 65%

Market price per tonne:
PHP 17,000

Potential for SAF
production but
requires sorting to
avoid impacting food
uses and faces
sustainability
challenges due to
cultivation impacts and
potential land use
changes associated
with plantation
expansion

5% Coconut husk and shell have the same price based on the assumption that they are naturally connected and sold together: the husk is the outer fibrous layer surrounding the inner shell.

99



Feedstock

Strengths

Weaknesses

Available

volume
in million tonnes

Potential
SAF yield

in million tonnes

Notes on viability

Corn residues

Corn stover ¢ High potential yield e Competing uses: 0.9 0.1 Consultation with
fertilizer and animal feed specialists and farmers
e Infrastructure and Feedstock to distillate is needed to assess
. conv.: 14%
collection challenges harvestable crop
SAF fraction distillate by residue while
pathway: 75% maintaining adequate
. volume for
Market price per tonne: . .
NA conservation tillage.
Wastes
Used cooking oil ¢ Can be processed under e Competing uses: soap 0.02 0.1 Currently, there is no
HEFA pathway which is production and export mechanism in place to
the well-established product Feedstock to distilate collect UCO at the
conversion process e Logistical challenges conv- 8% household level.
SAF fraction distillate by
pathway: 65%
Market price per tonne:
PHP 69,200
Animal manure ¢ Large volume and high e Competing uses: 0.4 0.04 Transportation of
accessibility from fertilizer and methane manure requires
commercial farms gas for cooking Feedstock to distillate special permits from
SAF conversion can ¢ Data tracking challenges conv.: 14% LGUs, and these
achieve 91.3% GHG « High moisture content SAF fraction distillate by requirements may vary
emissions reduction as and transportation pathway: 75% depending on the
compared to GHG restrictions due to Market price per tonne: specific LGU.
emissions from disease risks make N/A Technological
conventional jet fuel collection and assessment of suitable
processing complicated process, incl.
alternative
biogas/biomethane
production can
increase overall
system efficiency
Palm oil fresh fruit bunch and by-products
Empty fruit bunch ¢ By-product of palm oil e Competing uses: 0.02 0.002 Both feedstocks have

extraction, sustainable

mulching and fiberboard
production

Feedstock to distillate
conv.: 14%

low potential SAF
yields and costly
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Feedstock

Strengths

Weaknesses

Available Potential

volume
in million tonnes

Notes on viability

SAF yield

in million tonnes

in repurposing waste for
SAF

High moisture content,
transportation and
logistics challenges

SAF fraction distillate by
pathway: 75%

Market price per tonne:

transportation from
Mindanao, making
large-scale SAF
integration less

NA ) .
Palm fatty acid e Local production Competing uses: biofuel 0.002 0.001 economically viable.
distillate accessibility is assumed production
at 100%, offering a Transportation and Feedstock to drstiiate
reliable supply for SAF logistics costs o
SAF fraction distillate by
pathway: 100%
Market price per tonne:
PHP 69,000
Fats
Mixed animals fat ¢ Classified as waste- Competing uses: food 0.006 0.003 Limited availability and
derived, hence, has no processing, inconsistent tracking
land use impacts oleochemicals and Feedstock to distillate hinder significant SAF
e As waste-derived biofuel production conv.: 83% production scale
feedstock it enhances Rendering emits SAF fraction distillate by
resource efficiency for pollutants, needing strict pathway: 75%
SAF production management and Market price per tonne:
pollution control PHP 8,200
Forestry residues
Forestry residues ¢ Reduction of GHG Competing uses, 0.004 0.0005 Logistical and

emissions by 90.7% via
FT process as
compared to GHG
emissions from
conventional jet fuel
By-products of logging,
not requiring additional
tree-cutting

particularly for forest
restoration and exports
Concentration of
production in Mindanao
region requires
improved infrastructure
for collection and
transportation

Feedstock to distillate
conv.: 18%

SAF fraction distillate by
pathway: 75%

Market price per tonne:
PHP 22,400

environmental hurdles,
coupled with low SAF
yield, may make large-
scale SAF production
impractical

Legend:
Low viability

Medium viability
High viability
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SECTION 3: IMPLEMENTATION SUPPORT AND FINANCING
3.1. LOCATION CONSIDERATIONS

Selecting an optimal production location is critical to establishing the industry in the Philippines.
The location influences not only the operational efficiency and economic viability of the plant
(Zhuang, n.d.) but also plays a significant role in achieving sustainability goals. Due to the high
costs associated with transporting feedstock or SAF across the island groups of Mindanao, Luzon,
or Visayas, strategically placing a potential production plant in each island group could ensure
that local waste and byproducts can be utilized effectively while minimizing transportation costs
and environmental impact.

The location assessment in this study focuses on broader regional areas instead of specific cities,
as most of the feedstock data is only available on a regional level. These geographic areas will
be assessed based on four key factors: airport passenger ftraffic, feedstock availability,
infrastructure, and land prices.

By considering these elements, the aim is to identify regions that maximize logistical advantages,
minimize environmental impact, and support the seamless integration of SAF into the existing
aviation fuel supply chain.

3.1.1. Airport passenger traffic

Proximity to major airports with high passenger traffic is a crucial consideration when selecting a
location for a SAF plant in the Philippines. The country’s main airports such as NAIA and Mactan-
Cebu International Airport have substantial fuel demand (Francisco & Lim, Philippine Air
Transport Infrastructure: State, Issues, Government Strategies, 2022), making them ideal for SAF
integration. Locating the SAF plant near these hubs can reduce transportation costs and logistical
complexities associated with fuel distribution, while also lessening emissions, aligning with SAF's
sustainability goals.

The assessment of total passenger movements at airports in each region was conducted using a
scale from 1 to 5, where 1 indicates extremely low traffic (less than 150,000 passengers), 2
indicates low traffic (between 150,000 and 1,000,000 passengers), 3 indicates moderate traffic
(between 1,000,000 to 2,000,000 passengers), 4 indicates high traffic (between 2,000,000 and
4,000,000 passengers), and 5 indicates extremely high traffic (more than 4,000 passengers). The
2024 data were sourced from the Civil Aviation Authority of the Philippines, the Manila
International Airport Authority, the Luzon International Premiere Airport Development Corp., and
the Mactan-Cebu International Airport Authority.

3.1.2. Potential SAF volume

To ensure potential SAF volume, it is ideal that the plant is situated within a 100-kilometer radius
of abundant feedstock sources to minimize logistics costs and reduce the environmental impact
associated with long-distance transportation (Stakeholder Interviews, 2025). The Philippines'
diverse agricultural landscape offers various feedstocks. However, disaggregated feedstock can
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complicate collection. Positioning the plant near these sources simplifies collection, ensuring a
steady input for SAF production.

The assessment of potential SAF volume was based on the SAF volume per feedstock per
pathway in each region, using rice straw for FT and UCO for HEFA. The potential SAF yields
were then benchmarked to 0.5% and 1% of the total fuel consumption for 2023, which were 0.01
million tonnes and 0.02 million tonnes, respectively.

A scale from 1 to 5 was used, with 1 indicating scarce volume (both pathways have SAF volumes
less than 0.01 million tonnes), 2 indicating low availability (one pathway has SAF volume less
than 0.01 million tonnes, and the other pathway has SAF volume between 0.01 million tonnes
and 0.02 million tonnes), 3 indicating moderate availability (one pathway has SAF volume greater
than 0.02 million tonnes, and the other pathway has SAF volume less than 0.01 million tonnes),
4 indicating abundant availability (one pathway has SAF volumes between 0.01 million tones and
0.02 million tonnes, and the other pathway has SAF volumes greater than 0.01 million tonnes),
and 5 indicating extremely abundant availability (both pathways have SAF volumes greater than
0.02 million tonnes).

3.1.3. Infrastructure

Robust infrastructure is essential for the successful operation of a SAF plant (Abbas, Shaar, & El
Osta, 2024). This includes access to transportation networks, such as roads and ports, to facilitate
the movement of feedstocks and distribution of the final product. Locations with well-developed
infrastructure can reduce operational costs and enhance the plant's efficiency.

The assessment of access to infrastructure was based on the road density of each region, defined
as the ratio of the total length of the region's road network (in kilometers) to the region's total land
area. A scale from 1 to 3 was employed, where 1 indicated poor infrastructure access (less than
7.8 kilometers), 2 indicated moderate infrastructure access (between 7.8 kilometers and 13.5
kilometers), and 3 indicated excellent infrastructure access (greater than 13.5 kilometers). The
road density of each region, measured in kilometers per 100 square kilometers, was sourced from
a 2021 study conducted by the Philippine Institute for Development Studies.

3.1.4. Land prices

Land prices are a significant consideration in the location assessment for a SAF plant. The cost
of land can impact on the overall capital expenditure and financial feasibility of the project
(Carnegie Mellon University, n.d.).

The assessment of land prices was based on the average industrial zonal land prices per region.
A scale from 1 to 3 was used, where 1 indicated high land costs (greater than PHP 4,177.4 per
square kilometer), 2 indicated moderate land costs (between PHP 1,816.8 and PHP 4,177.4 per
square kilometer), and 3 indicated low land costs (less than PHP 1,816.8 per square kilometer).
The average industrial land prices, in PHP per square kilometer, were sourced from the Bureau
of Internal Revenue.
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3.1.5. Initial assessment

Based on the criteria outlined above, Region Il in Luzon, Region VI in Visayas and Region Xl in
Mindanao have been identified as high potential regions to establish a SAF plant.

Table 32. Location assessment

Passenger Potential Infrastructure Industrial Overall

movement SAF volume access land prices score
Luzon
NCR
CAR
Region |
Region Il
| Region Il
Region IV-A
Region IV-B
Region V
Visayas
| Region VI
Region VII
Region VIII
Mindanao
Region IX
Region X
Region XI
Region XII
Region XIllI

BARMM
Legend:

Low |
I

Medium
High

3.1.6. Other consideration: Economic zone

In addition to the primary considerations for locating a SAF plant, it is advantageous to explore
the benefits of positioning the plant within Philippine Economic Zone Authority (PEZA) zones.
PEZA zones are special economic zones managed by PEZA, a branch of the Department of
Trade and Industry, designed to foster foreign investment and industrial growth (PEZA, n.d.; East
Vantage, 2018). As of April 2023, there are 419 zones, including 78 manufacturing and 24 agro-
industrial zones (PEZA, n.d.). These zones offer significant tax incentives and benefits, which are
particularly valuable given that the fabrication of much of the machinery required for SAF
production will likely be done abroad.

By situating the plant in a PEZA zone, the project can capitalize on tax savings, reducing overall
operational costs and enhancing financial feasibility (InCorp Philippines, n.d.). Additionally, PEZA
aids investors in navigating the regulatory landscape and accessing available incentives (CBOS
Business Solutions Inc., n.d.), further facilitating the establishment and operation of the SAF plant.
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A SAF plant located within an eco-zone may qualify as either a manufacturing economic zone or
an agro-industrial economic zone, contingent upon the use of agricultural feedstock. However, it
is important to note that if a SAF plant is established within a manufacturing zone regulated by
the PEZA, it must comply with the mandate that a minimum of 70% of its production be exported,
thereby allowing only a maximum of 30% to be sold domestically. This strategic positioning not
only supports the economic viability of the SAF plant but also aligns with broader efforts to attract
foreign investment and stimulate industrial growth within the Philippines.

Table 33. Western Visayas relevant PEZA zones

Economic zone Classification Ar(;ahgize
San Carlos Ecozones | and |l Agro-industrial 212.0

Source: Invest Negros Occidental

Region VI (Western Visayas) stands out due to its advantageous attributes. Based on 2023
figures, the region can potentially contribute over 0.1 million tonnes of SAF, which includes rice
straw (0.06 million tonnes), MSW (0.04 million tonnes), and rice husk (0.02 million tonnes), among
others.

Notably, lloilo International Airport handled 4.8 million passengers, making up about 71.6% of the
total 6.7 million annual passenger traffic in 2024. Additionally, the region benefits from several
major thoroughfares, such as the lloilo-Capiz Road, Aklan West Road and Bacolod-Silay Access
Road, which support the movement of goods and services and enhance the logistics network,
particularly access to airports.

From a business perspective, the region is also an investment hub, with high industrial land prices
averaging PHP 3,784.9 per square kilometer. The region has 2 agro-industrial zones — San Carlos
Ecozones | and Il —that are just approximately 200 kilometers away from lloilo International Airport.

Table 34. Central Luzon relevant PEZA zones

Economic zone Classification Area size
(In ha.)
Alviera Industrial Park Manufacturing 64.0
Angeles Industrial Park Manufacturing 32.0
Central Technopark Manufacturing 300.0
Clark Special Economic Zone Manufacturing 29,365.0
(ZDIark TI Special Economic Manufacturing 320
one
Filinvest Innovation Park Manufacturing 120.0
E::ir(nosa Ecozone Industrial Manufacturing 162.0
Luisita Industrial Park Manufacturing 29.4
Pampanga Economic Zone Manufacturing 34.8
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gl;;tlc Processing Center Manufacturing 26.0

Sta. Maria Industrial Park Manufacturing 62.3.

Subic Shipyard Special

Economic Zone

TECO Industrial Park Manufacturing 139.9
Source: PEZA

Manufacturing 76.6

Region Il has a potential SAF volume of nearly 0.2 million tonnes based on 2023 data from three
feedstocks. Specifically, rice straw accounts for 0.1 million tonnes, while both MSW and rice husk
contribute 0.04 million tonnes each.

Additionally, Region lll is home to the Petron Bataan Refinery, which could offer crucial blending
and storage infrastructure for feedstocks. Its proximity to airports and major ports makes it ideal
for efficient SAF distribution. Further, the refinery's skilled workforce could enhance its potential
as a hub for SAF production and logistics.

Region |l has moderate industrial land prices, averaging PHP 3,648.0 per square kilometer,
driven by burgeoning infrastructure and urban development. The region benefits from access to
major expressways such as the NLEX and SLEX, which connect Metro Manila to provinces in
Luzon.

Table 35. Davao region relevant PEZA zones

Economic zone Classification Area size
(In ha.)

ebili e Dielsitis Agro-industrial 9.0

Economic Zone

SIIF Agro-industrial Park — Agro-industrial 85

avao

DADC Economic Zone Agro-industrial 15.0

ANFLO Industrial Estate Manufacturing 52.6

First Oriental Business and Manufacturing 573

Industrial Park
Hijo Special Economic Zone Manufacturing 166.0
Source: PEZA

In Region XI (Davao), a potential 0.08 million tonnes of SAF could be derived based on 2023
figures, with MSW comprising 0.03 million tonnes, rice straw with 0.01 million tonnes, and rice
husk with 0.004 million tonnes, among others.

Similar to other regions, Region Xl offers competitively priced industrial land, at PHP 4,177.4 per
square kilometer. In 2024, the region recorded an annual passenger traffic of 4.3 million, with
Davao International Airport being the largest contributor at 3.5 million.

The region hosts six relevant economic zones: three classified as agro-industrial and the
remaining three as manufacturing. Economic connectivity in Region Xl is bolstered by major roads
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such as the Catitipan Airport Road and Carlos P. Garcia National Highway, which provide access
to Davao International Airport.

3.2. SCENARIO DEVELOPMENT

A strategic framework was developed to assess potential pathways for SAF development in the
Philippines, focusing on two critical considerations: the number of potential SAF plant locations
and feedstock availability. As part of the study, three scenarios were outlined to represent low,
medium, and high-density configurations for SAF development across the country.

The assessment for potential SAF plant locations in the Philippines targets PEZA zones in three
regions: Region Il (Central Visayas) in Luzon, Region VI (Western Visayas) in Visayas, and
Region XI (Davao) in Mindanao. The high scenario envisions a multi-regional configuration with
SAF plants in each selected region, promoting a localized SAF supply, site diversification, and
reduced transportation costs and emissions.

The medium scenario adopts a dual-regional strategy, establishing SAF plants in Region Il and
Region Xl to leverage areas with abundant feedstocks, ensuring stable local supply and mitigating
investment risks. The low scenario focuses on a single-region setup with a SAF plant in Region
Il concentrating on resources in this economically vibrant area with the highest feedstock
availability, to streamline operations and maximize economic impact.

Meanwhile, the viability and scale of SAF production are heavily influenced by the technological
readiness of the production pathway and the availability of feedstocks — specifically rice straw,
MSW, rice husk, coconut husk, corn stover, and coconut shell — with accessibility percentages of
70%, 50%, and 30% for high, medium, and low scenarios, respectively. These percentages are
based on a study that assessed the potential supply yield of corn stover in different scenarios
(Hoey, Clark, Webb, & Lynd, 2024).

The availability of feedstocks is assessed within a 100-kilometer radius for each region to ensure
a focused and efficient supply chain for the FT process: Region Ill encompasses NCR and IV-A;
Region VI includes Region VII; and Region Xl for Davao region.
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Table 36. Scenario development for SAF production in the Philippines

Regional SAF
production locations

High

3 regions
(Regions Ill, VI and XI)

Medium

2 regions
(Regions Il and Xl)

Low

1 region
(Region Ill)

Feedstock resource
availability

3.1 million tonnes
(70% accessibility)

1.6 million tonnes
(50% accessibility)

0.8 million tonnes
(30% accessibility)

Projected SAF output®®

0.3 million tonnes

0.2 million tonnes

0.1 million tonnes

Comparison with 1% of fuel
consumption in the
Philippines®’

>100.0%

of 0.02 million tonnes

>100.0%

of 0.02 million tonnes

>100.0%

of 0.02 million tonnes

Minimum number of
prospective SAF FT
plants

4 plants
(100,000 tonnes annual
production volume)

2 plants
(100,000 tonnes annual
production volume)

1 plant
(100,000 tonnes annual
production volume)

In a low scenario, the Philippines has the potential to establish at least one SAF plant in Region
lll, capitalizing on the abundance of waste feedstocks within a 100-kilometer radius. The plant,
with an annual production volume of 100 thousand tonnes, presents an opportunity to expand
beyond the estimated production of 86,300 tonnes achievable in this low scenario.

Reaching this level of production is an important step towards achieving a 1% SAF blend in the
country’ aviation fuel. However, this goal depends largely on potential investors, who must
consider the substantial capital investment required to adapt SAF production technologies locally.
By carefully managing these financial and logistical aspects, the Philippines has the opportunity
to strengthen its role in the sustainable aviation fuel sector and pave the way for future
advancements.

3.3. FINANCING

The production process for SAF is a new industry that involves specialized technologies and a
value chain that is new to the Philippines. Establishing and advancing this industry will necessitate
substantial investment.

Key activities that require funding include the development of a comprehensive national roadmap
development, assessment of feedstock viability, workforce upskilling, collection and aggregation

80 For the sake of brevity, the projected SAF output for each scenario has been rounded to million tonnes. The exact figures are 342.6 thousand tonnes
for the high scenario, 172.1 thousand tonnes for the medium scenario, and 86.3 thousand tonnes for the low scenario.

51The 1% SAF blend is equal to 0.02 million tonnes, which is based on the aviation fuel consumption within the Philippines for 2023 at 2.0 million
tonnes (2.9 billion liters).
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of fragmented and geographically dispersed feedstock, processing and refining for aviation use,
and efficient logistics and distribution systems.

Sustainable finance and investments frameworks are key as well as the liquidity of the capital
markets.

3.3.1. Overview

SAF production is capital intensive. The average cost of a SAF manufacturing plant ranges from
PHP23.1 billion to PHP124.6 billion depending on the processing technology used and size of the
plant. Based on ICAO reference global data, FT is the most expensive at PHP856.4 thousand per
SAF tonne, while HEFA costs an average of PHP55.6 thousand per SAF tonne.®?

The Philippines has enabling frameworks that promote sustainable investments and financing. In
2022, the Philippines established its Sustainable Finance Framework, detailing plans to issue
Green, Social, and Sustainability Bonds, as well as loans and debt instruments, in global finance
markets. This framework, which was developed by the Department of Finance, revolves around
four core components such as the use of proceeds, process for project evaluation and selection,
management of proceeds, reporting; including a reference to external reviews. (Department of
Finance, n.d.) On the other hand, the Philippines’ central bank or the Bangko Sentral ng Pilipinas
(BSP) also established a Sustainable Finance Framework which requires banks to adopt
sustainability principles in corporate governance, risk management, and investment policies. This
initiative supports green finance efforts that aid climate change mitigation. Banks are also required
to disclose their sustainability strategies, risk exposures, and sustainable finance products in their
annual reports. (Bangko Sentral ng Pilipinas, 2020)

Being a member of the ASEAN, the Philippines adheres to ASAAP, which is a 10-year framework
beginning in 2023 designed to drive sustainable aviation growth within the region. Among its key
pillars is the integration of robust financing strategies to support decarbonization and innovation
in the aviation sector. These investments are viewed as critical for transitioning toward a low-
carbon aviation ecosystem and ensuring long-term sector resilience.

The ASAAP also advocates for a diversified financing strategy that merges public and private
funds—ranging from government allocations and multilateral funding to innovative instruments
like green bonds and blended finance.

Multilateral banks offer programs supporting sustainable and climate change-related projects, and
local banks have sufficient resources to fund such initiatives. Banks generally find sustainable
projects attractive and are willing to finance them if they are financially viable. Having looked at
potential financing sources in the Philippines, the following options are identified:

Public funding

52 Figures are subject to change and could potentially increase based on specific assumptions and data inputs that may vary over time due to
technological advancements, regulatory changes, or shifts in industry practices.
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a. National government — Apply for funding through submission of unsolicited proposals
under R.A No. 12009 or the New Government Procurement Act (NGPA) after SAF-
production projects including research, feedstock supply, logistics, and infrastructure is
made eligible to be funded by annual budgets of General Appropriations Act (GAA).

b. Local government - Encourage Local Government Units (LGUs) to leverage their funds in
alignment with national policy to be used for SAF funding particularly in the collection of
municipal solid and other waste.

c. Government development banks - Access existing financing programs, such as
LandBank’s Renewable Energy Program, or DBP’s Green Financing Program.

d. Multilateral banks — Avail of multilateral climate funds.

Private funding

Private funding opportunities for SAF projects in the Philippines are similar to those available in
other regions worldwide. Potential approaches include:

a. Debt Capital, such as green bonds and sustainability-related loans from commercial
banks;

b. Equity Capital - such as strategic equity or partnership and private equity; and

c. Blended financing - blended financing is another mechanism worth exploring, given the
high investment risk associated with SAF projects. In this approach, public funds can be
combined with private capital to support sustainability projects.

Identifying the appropriate investors and funding sources for each stage of SAF production is
essential. This process should consider various factors, including the project's maturity and phase,
capital requirements, feedstock availability, project viability, and projected cashflow.

3.3.2. Modes of funding

In general, green financing initiatives in the Philippines have seen significant growth, driven by
initiatives from both the public and private sectors to support sustainable development and
address climate change. As the country adapts to SAF, however, there needs to be greater
cooperation and alignment in central and local government policies as well as private sector
participation in relation to green financing.

In this study, the modes of funding are generally grouped into two categories: 1.) public funding;
and 2.) private funding.

1. Public funding
i. National project alignment

The Philippines adheres to the UN’s call for the widest possible international cooperation aimed
at accelerating the reduction of global greenhouse gas emissions and addressing adaptation to
the adverse impacts of climate change. In the Philippine Development Plan (PDP) 2023-2028,
the National Economic and Development Authority (NEDA), the Philippine government’s
independent socioeconomic planning body, mapped out key strategies for advancing
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sustainability-related projects. NEDA recognized the need for a greater synergy among national
and local governments to fulfill the country’s commitment to meet its decarbonization target of
reducing its greenhouse gas emissions by 75% by 2030. Within these strategic priorities, the
operationalization of SAF can play a meaningful role in supporting this sustainability-related goal
of the government.

ii. General Appropriations Act (GAA)

The government can serve as a primary funding source for essential aspects of SAF
operationalization. There are several existing line items in the GAA that can be strategically
tapped to secure necessary funding. These funding sources/appropriations can be directed
towards seven key areas that are critical to SAF implementation and scalability: 1.) Policy making
and regulatory framework; 2.) opportunities for investors; 3.) research and development; 4.)
infrastructure and logistics; 5.) upskilling; 6.) supply; and 7.) demand.

The process of tapping the GAA is governed by procurement laws, rules and regulations. Please
refer to the Appendix for a related discussion.

The potential line items are outlined below under the 2025 General Appropriations Act for seven
key areas of SAF production such as policy and legal framework, research and development,
upskilling, supply and demand, infrastructure and logistics.

Table 37. Potential line items under the 2025 General Appropriations Act for seven key
areas of SAF production
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Potential Source of Funding based on the 2025 GAA

\\ 17
O

Policy and Legal Framework

+ Supervision, development, and implementation of
energy efficiency and conservation program (EECP)
and projects

« Promotion of EECP activities and projects

« Conduct of energy audit services

« Formulation of Policy Recommendations on
Relevant Science and Technology Concerns

DOST: National Research Council of the Philippines
« Policy development for Science and Technology
Advisory Program; Research-based Policy
Development for S&T and Issues of National
Concern

« National Industry, Energy, and Emerging Technology
Sectors R&D Program; Development, Integration,
and Coordination of the National Research System
for Industry, Energy, and Emerging Technology
Sectors.

DENR: Support to Operations
« Planning, Policy Formulation, Management
Information System, and Support to Climate Change

+ Implementation of Clean Air Regulations

« Implementation of Ecological Solid Waste
Management Regulations

« Implementation of Toxic Substances and Hazardous
Waste Management Regulations

« Formulation, Monitoring, and Evaluation of Policies,
Plans, and Programs

« Extension Support, Education, and Training Services

+ Research and Development

« Formulation of Strategic Plans, Programs, and
Policies to Develop Competitive Industries

+ Promotion of Competitiveness through
Administration of Awards, Program, Voluntary
Certification, and Accreditation Programs

DOTr - CAB: Air Transport Development and

Regulatory Programi

« Air Transport Policy Formulation and Implementation
« Air Transport Regulatory Services

+ Research Development and Policy Utilization
Program
» Technical Advisory Extension Program

INEDA PPPC: Public-Private Partnership Management
+ Project Development and Advisory Assistance
+ Public-Private Partnership Policy Formulation and
Advocacy, and Project Monitoring and Evaluation

CC: Climate Change Policy and Advisory Progra

« Coordination Meetings with Stakeholders
+ Policy Development

Potential Source of Funding based on the 2025 GAA \\\‘

[} Upskilling

Infrastructure and logistics

DILG: Agricultural Mechanization and Postharvest
[Research, Development and Extension Program|
« Extension Support, Education, and Training Services

DOLE: Labor and Employment Research Progra
« Cost-benefit Evaluation of Legislation, Research into
Innovative and Indigenous Approaches Promoting
Harmonious and Productive Labor-Management
Relations, and Publication

CC: Climate Change Policy and Advisory Program

« Training Course Development

« Production of Training and Information Materials /
Knowledge Management

« Delivery of Training Workshops

Demand

[DPWH: ROLL IT Progra

+ Construction / Improvement of Access Roads
leading to Trades, Industries, and Economic
Zones (Roads Leveraging Linkages for Industry
and Trade Infrastructure Programs - ROLL IT)

. Supply

DA: Locally-Funded Projects

+ Farm-to-Market Roads

DOE: Renewable Energy Development Programj
« Supervision and regulation of exploration,
development, and utilization of RE resources and
technologies

[DENR: National Mapping and Resource

[DOE: Renewable Energy Development Program

« Supervision and regulation of exploration, development,

and utilization of RE resources and technologies

nformation Authority (NAMRIA)
+ Mapping and Resource Information Program
» Resource Assessment and Mapping
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Potential Source of Funding based on the 2025 GAA \\\‘ .

Opportunities for investors Research and Development

BOI: Investment Promotion Program)| DOST: National Research Council of the DOE: Renewable Energy Development Progra

+ Promotion of Foreign Investments ppines| + Promotion of RE resources
+ Promotion of Local Investments « Policy development for Science and Technology
« Dispensation of Incentives Advisory Program; Research-based Policy
+ Provision of Investment Counselling and Aftercare Development for S&T and Issues of National « Promotion of research, development,
Services Concern demonstration, and utilization of alternative fuels
« Basic research and development management and technologies
program
« Appraisal of Proposed Projects for Official Development UP System: Philippine Energy Research and
Assistance, Local Financing, and for Public-Private IDOST: Philippine Council for Agriculture, Aquatic.
Partnership Implementation « Research Development and Policy Utilization
« Coordination of the Programming of Official Development Program
Assistance in the form of Grants and Concessional Loans « National AANR Sector R&D Program

IDILG: Agricultural Mechanization and Postharvest
IDOST: Technology Application and Promotion Research, Development and Extension Progra

) [Institute] + Research and Development
+ Establishment of Innovation Fund Pursuant to Section 21 Technology Application and Invention Development
of R.A. No. 11293 Including Provision of Secretariat Program
Services to the National Innovation Council « Technology Application Promotion and
Commercialization
« Technology and Invention Development
+ Financial Assistance to Local Government Units Assistance

a. Policy making and regulatory framework

Relevant government agencies and units such as the DOE, DOST and its attached agencies,
DENR and its attached agencies, Department of Interior and Local Government (DILG), DTI,
DOTr, the Philippine Energy Research and Policy Institute, the Private-Public Partnership Center
(PPPC), and the CCC, have designated line items in the GAA specifically allocated for policy
formulation and development of regulations aimed at promoting environmental sustainability.
These funds may be utilized to support the creation of a SAF roadmap, thereby assisting the
National Biofuels Board in fulfilling its mandate to develop a comprehensive legal framework for
the operationalization of SAF.

b. Investment promotion

The GAA also provides for appropriations aimed at promoting investment opportunities in the SAF
production, especially those appropriations under the BOI, the NEDA, as well as the Local
Government Support Funds. This could help encourage investors to venture into SAF production
in the Philippines.

c. Research and development

There are multiple appropriations for research and development across various government
agencies and instrumentalities such as the DOST, DOE, Philippine Energy Research and Policy
Institute, DILG, the Philippine Rice Research Institute, as well as the SRA. Such funds could play
a vital role in ensuring a sustainable and viable supply of feedstock for SAF production and
developing robust environmental safeguards to ensure that SAF production and distribution do
not create adverse environmental impacts.
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The government has also been actively financing research initiatives on renewable energy. The
DOE and DOST-PCIEERD have entered into a cooperation agreement for the implementation of
the Renewable Energy Trust Fund as guided by the Republic Act No. 9513 and the DOST Grants-
In-Aid Program. This agreement aims to enhance the development and greater utilization of
renewable energy and can be undertaken as a study initiative by government state universities
such as the University of the Philippines — Los Banos (UPLB) and Central Luzon State University
(CLSU).

d. Infrastructure and logistics

The GAA designates funds for infrastructure projects within the agricultural sector that directly or
indirectly affect the SAF supply chain. Examples include the DPWH’s Roads Leveraging Linkages
for Industry and Trade (ROLL IT), the SRA’s “Farm-to-Mill” roads, and the DA’s “Farm-to-Market”
roads. These funds can be utilized to address logistical challenges facilitating the efficient
operation of SAF.

e. Upskilling

Under the appropriations for the DOLE, DILG, and the CCC are line items or funds specifically
allocated for training, education, and workshops. These could be tapped for the upskilling of
workers and concerned government agencies and sectors in the SAF industry.

f. Supply

The DOE, DENR’s National Mapping and Resource Information Authority (NAMRIA) have
designated line items allocated for activities that are essential for the mapping, sourcing, and
collection of feedstocks. These resources can be utilized to support the identification of suitable
feedstock sources as well as the most optimal location e.g. near collection centers, treatment
plants, refinery or airport.

g. Demand

Regarding the market demand side of SAF operationalization, the DOE, through its Renewable
Energy Development Program, has a designated line item focused on the exploitation,
development, and utilization of renewable energy resources and technologies. Funds for this
program may be leveraged to foster growth of the utilization of SAF in the market.

iii. Public-Private Partnership (PPP)

The Public-Private Partnership Center (PPPC) defines Public-Private Partnership (PPP) as a
contract between the government and a private entity to finance, design, implement, and operate
infrastructure traditionally provided by the public sector. (Public-Private Partnership Center).
Various contract types exist, including Build-and-Transfer (BT), Build-Lease-and-Transfer (BLT),
Build-Transfer-and-Operate (NTP), and Build-Operate-and Transfer (BOT), with BOT being the
most common.
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Relevant PPP projects for SAF include airports and infrastructure such as blending facilities,
waste management facilities, and climate change mitigation projects. (IRR of Republic Act No.
6957 ).

Projects under the BOT Law can be solicited or unsolicited.

Solicited projects are implemented through public bidding or direct negotiation if only one bidder
qualifies. Unsolicited proposals require compliance with legal procedures, including invitation for
Comparative Proposals or direct negotiation under the IRR conditions. Under Rule 10, Section
10.1 of the IRR of the BOT Law, to warrant the government agency/LGU’s acceptance of an
unsolicited proposal on a negotiation basis, it is necessary to prove that the following conditions
are present:

a. The project involves a new concept or technology as determined by the agency/LGU
and/or is not part of the list of priority projects;

b. No direct government guarantee, direct government subsidy or direct equity is required,;
and

c. The agency/LGU concerned has invited by publication, for three (3) consecutive weeks,
in a newspaper of general circulation, comparative or competitive proposals and no other
proposal is received for a period of sixty (60) working days.

Under Section 10.2 of the IRR of the BOT Law, a concept or technology is considered as new if
it employs “green, smart, emerging, or state-of-the-art technology, or any other similar or related
concepts/technologies.”

The figure below illustrates the procedure for unsolicited proposals.

115



Submission of
Complete
Unsolicited )
Notice of Award Proposal Evaluation and
and Execution of Acceptance of
the Contract Unsolicited

Proposals

Endorsement
Recommend of the

Dati(_)n_ and unsolicited
ecision to proposal to the

Award PROCEDURE Approving
FOR Sody
UNSOLICITED
PROPOSALS Approval of

Unsolicited
Proposals by
the Approving
Body

5

Invitation for 6
Comparative

Proposals and Negotiation
Posting of Bid Approval of
Bond by Original Unsolicited
Proponent Contracts by the
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Figure 17. Procedure for unsolicited proposal under R.A. 6957
iv. Local Government Unit (LGUs) projects and mandates

The Philippine Development Plan aims to balance the roles of local and national governments.
The Mandanas-Garcia ruling (Mandanas V. Ochoa, G.R. No. 199802, 2018) mandates that LGUs
receive an increase or larger share of national taxes, boosting their internal revenue allotments
by about 23%. This increase strengthens LGUs’ financial independence and ability to provide
essential services without relying on national annual budget appropriations.

For SAF development and adoption, this ruling empowers LGUs to allocate more resources
towards sustainability initiatives, including SAF projects. The enhanced financial capacity could
support upskilling, infrastructure development, and waste management systems, crucial for SAF
production. Moreover, with increased autonomy, LGUs can actively participate in PPPs,
facilitating collaborations with private entities to advance SAF-related projects. This aligns with
the goal of optimizing shared responsibilities between local and national governments, enabling
more effective implementation of sustainability objectives in the aviation sector.

v. Financing from Land Bank of the Philippines (LANDBANK)

LANDBANK, through its Renewable Energy Program, has approved loans totaling PHP 20.1
billion to support various renewable energy initiatives since March 2022. Eligible projects include
RE Projects under the Renewable Energy Act of 2008 and biofuel projects. Eligible loan purposes
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include project preparation, working capital and capital expenditures (REAL (Renewable and
Efficient ALternative) Energy Financing Program, n.d.).

vi. Financing from Development Bank of the Philippines (DBP)

DBP offers Green Financing Program (GFP) that provides financing assistance to “strategic
sectors, industries, and local government units adopting environment-friendly processes and
incorporating climate change adaptation and mitigation and disaster risk reduction measure”
(Development Bank of the Philippines, n.d.).

Eligible borrowers include private corporations/enterprises, LGUs, government-owned and
controlled corporations (GOCCs), government agencies (where allowed),
cooperatives/associations, and private financial institutions (PFIs) or Microfinance Institutions
(MFls).

Eligible projects include climate change adaptation and mitigation which specifically includes
GHG emission reduction/avoidance projects under which SAF projects can qualify.

vii. Multilateral climate finance
Green Climate Fund (GCF)

This is an international fund created by the United Nations Framework Convention on Climate
Change (UNFCCC) to support paradigm-shifting low emission (mitigation) and climate resilience
(adaptation) projects and programs in developing countries such as the Philippines.

To access funding from the GCF, an entity must first obtain accreditation. Only after securing
accreditation can the entity submit a concept note, followed by a formal funding proposal for
consideration. Land Bank of the Philippines is the first direct access entity (DAE) accredited by
the GCF in the Philippines while the Department of Finance (DOF) serves as the National
Designated Authority (NDA) to the GCF. NDAs can submit concept notes under the Simplified
Approval Process (SAP) or the Request for Proposals (RFP).

There are two ways that GCF strengthens the capacity of domestic and regional private financial
institutions to catalyze private climate finance: 1.) directly, by co-financing private sector projects
and programs through domestic and regional private financial access entities (AEs) such as
LandBank and DBP; and 2.) indirectly, by supporting public development banks (such as DBP),
which in turn finance the domestic and regional private financial institutions to increase their
climate investment.

Special Climate Change Fund (SCCF) Window B — Strengthening technology transfer,
innovation and private sector engagement

SCCF was established under the UNFCC and is operated by the Global Environment Facility
(GEF) (Global Environment Facility, 2004). SCFF’s Window B supports innovative technologies
and finance, and actions to engage private sector in adaptation. This is open for all developing
countries to access and will also support regional and global initiatives.
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To be eligible, projects or programs are to be country-driven, cost-effective and integrated into
national sustainable development and poverty-reduction strategies; and also consider national
communications or National Adaptation Programmes of Action (NAPAs) and other relevant
studies.

Global Environment Facility (GEF)

The GEF was established at the Rio Earth Summit and serves as the financial mechanism for
major environmental conventions, including the UNFCC.

In the Philippines, the Climate Change Commission (CCC) serves as the GEF focal agency for
climate change while the Department of Environment and Natural Resources (DENR) serves as
the GEF National Operations Focal Point. CCC endorses all climate change projects for GEF to
the DENR.

For SAF projects to qualify, proposals should establish that the project supports the country’s
climate change adaptation (Stakeholder Interviews, 2025).

2. Private Funding
i. Debt Capital
Sustainability-related funds

The Bangko Sentral ng Pilipinas (BSP) introduced the Sustainable Finance Framework under
Circular No. 1085 to integrate environmental, social, and governance (ESG) considerations into
the financial system.

In line with the BSP’s Sustainable Finance Framework, private banks in the Philippines have
taken the lead in green finance by issuing green and sustainability bonds to support and refinance
environmentally friendly assets. They also offer green loans and sustainability-linked loans (SLLs)
subject to the viability of the proposed project, as in the case of regular loan applications.
Nevertheless, sustainability-related projects often align with broader environmental and social
objectives of the banks. To date, the Philippine banks that have issued green bonds are Banco
De Oro (BDO) Unibank, Bank of the Philippine Islands (BPI), Rizal Commercial Banking
Corporation (RCBC), and Security Bank.

This table summarizes the sustainability-related initiatives by commercial banks in the Philippines.

Table 38. Summary: Sustainability-related initiatives by commercial banks in the
Philippines

Sustainability-related initiatives and funds

and wastewater management, offshore renewable energy,
ecosystem management, protection and natural resources
restoration, sustainable fisheries, aquaculture and the like.

m Blue Bond: Issued for projects dealing with sustainable water

BDO Unibank, Inc.
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Sustainability-related initiatives and funds

Green Bond: Issued for projects dealing with renewable energy,
green buildings, clean transportation, resource efficiency and
pollution prevention control, environmentally sustainable
management of living natural resources and land use,
sustainable water and wastewater management, energy
efficiency, and climate change adaptation.

ASEAN Sustainability Bond: Issued for projects dealing with
economic, environmental and social development

BPI’s Sustainable Funding Framework demonstrates the
bank’s commitment to financing projects that contribute to the
BPI United Nations Sustainable Development Goals (SDGs). This
framework guides the issuance of Green, Social, and
Bank of the Philippine  Sustainability Bonds or Loans to fund selected projects,
Islands (BPI) reflecting BPI's dedication to balancing growth aspirations with
environmental and social responsibility.

RCBC RCBC is committed to supporting green energy by using
Sustainable Financing Instruments (SFls) to fund
Rizal Commercial environmentally and socially beneficial projects.
Banking Corporation
(RCBC)

2 SECURITY BANK Security Bank Corporation is collaborating with the International

Finance Corporation (IFC) to scale up its green financing
Security Bank business.

Sources: 2022 BDO Sustainable Finance Framework, 2024 BPI Sustainable Funding Framework,
RCBC, Security Bank

Blue bonds and green bonds serve as financial instruments specifically designed to raise capital
and secure funding for sustainability-related projects and for initiatives that support environmental
conservation. Their primary function is to channel funds directly into projects that align with
sustainability objectives, as opposed to bonds that are structured to provide financing for clients
to support their own projects.

Bank’s key considerations
Some of key factors that banks would consider in funding SAF include:

1. Feedstock supply — learning from the challenges they experienced in funding biofuels
projects in support of the Biofuels Act some years back, banks will look at the viability of
feedstock supply in evaluating a SAF opportunity. Establishing long-term feedstock supply
agreements is crucial to ensuring the project’s viability. Additionally, the proximity of the
plan to feedstock sources is also an important consideration.

2. Offtake agreement — this is highly preferred to support sustainable cash flows from the
project. Further, the offtaker’s net zero target is also an important consideration in ensuring
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a long-term commitment not only to global climate goals but also to the commercial
agreement. (Stakeholder Interviews, 2025)

Technology maturity and proponent’s experience — banks will also look into
technology maturity. Banks will also assess the experience of the project proponents.
Experienced lead bank or lender - it is advisable that a bank, lender or funder who has
previous experience in SAF will lead a consortium given the highly specialized nature of
the technology.

ASEAN Green Bond

There have been renewable projects in the Philippines which were funded by the issuance of
ASEAN Green Bonds, including:

Energy Development Corporation once raised PHP 10.0 billion from the issuance of fixed-
rate ASEAN Green Bonds. Accordingly, it is to fund the company’s geothermal and battery
expansion projects and various resiliency and maintenance capital expenditure projects
(Philstar, 2024).

Security Bank’s investment banking arm, SB Capital Investment Corporation also helped
finance ACEN Corporation’s PHP 10.0 billion ASEAN Green Fixed Rate Bonds for its
renewable energy projects in the Philippines. (Security Bank, 2024)

Single borrower limit

To encourage banks to finance sustainable initiatives, the Bangko Sentral ng Pilipinas (BSP)
increased the single borrower limit (SBL) for green projects by 15%, addressing concentration
risk while encouraging banks to finance sustainable initiatives. This adjustment aligns lending
practices with climate commitments under the Philippine Development Plan. In addition, the
measure is meant to provide an incentive for banks to extend loans for green projects, including
decarbonization efforts and are available for two years. (Green Central Banking, 2024)

Challenges in current sustainability financing structures

Similar to other loan transactions, sustainability-linked loans (SLLs) present challenges
for SAF borrowers. Many of these loans tie interest rate discounts to key performance
indicators (KPIs), such as the annual expansion of SAF refineries, GHG emissions, and
the like.

Expansion may be affected by external constraints (e.g., feedstock shortages, regulatory
bottlenecks). Borrowers may incur additional costs to meet these indicators and have
them verified by external parties, when required. Borrowers often lack flexibility under
current loan structures, especially when their performance metrics do not reflect the
operational reality of the value chain.
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ii. Equity Capital
Strategic equity or partnership

Strategic equity investors, such as corporations in the aviation, energy, or fuel sectors, are often
more inclined to invest in SAF projects.

Joint Venture or Partnership

To reduce operational costs and other associated expenses, entities may consider entering into
formalized contractual arrangements in the form of joint ventures or partnerships. An example of
available and potential arrangements includes forming a joint venture or partnership between two
or more fuel producers to facilitate the production of SAF. An example of this arrangement was
the joint venture between Shell and Cosan, a Brazilian energy company in relation to exporting of
ethanol for utilization in SAF. (Valor International, 2024).

Additionally, fuel producers may also enter joint ventures for the co-processing of SAF. Co-
processing is one of the approved CORSIA pathways for SAF production. Under this pathway,
part of fossil-based fuel is substituted by a biomass-based oil and processed together in existing
conventional fuel refineries. Through this arrangement, fuel producers may leverage their existing
infrastructure while equitably sharing financial responsibilities. This approach significantly
reduces the need for substantial capital expenditure which results in a heightened appetite for
investment.

Private Equity

Private equity (PE) investments are often financed through a combination of equity and debt. The
investment volume is very high, but the investment phase usually involves the later stages,
expansion, or restructuring. Relevant to SAF, PE players may invest in an existing business-like
traditional jet fuel distributor or producer. The proceeds therein may be used to create a new sub-
product like SAF.

On the other hand, venture capital (VC) fund is a form of private equity fund that provides early-
stage capital to promote growth and new technologies/business models. VC helps early-stage
companies in commercializing their products and scaling it up until the technology matures for
late-stage investors. VC may play a role in developing new technologies such as SAF.

iii. Blended Finance

Blended finance involves the strategic integration of public and private sector funds to achieve a
shared impact objective (EMCompass, 2016). It aligns the distinct risk-return preferences of
various stakeholders and often incorporates subsidies or philanthropic funding to attract private
capital, thereby broadening access to financial resources and amplifying project outcomes
(Impact Investing Hub, n.d.).

Public infrastructure and international monetary funding

The Philippines actively collaborates with institutions like Asian Development Bank (ADB) to
access climate-related financing. The ADB has increased its climate-related lending capacity,
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which can support projects such as SAF production and other sustainable aviation initiatives in
the Philippines. In addition, the Philippine government emphasizes the importance of PPPs to
finance sustainable infrastructure projects, including those in the aviation sector.

For instance, ADB manages ASEAN Catalytic Green Finance Facility (ACGF) which is an ASEAN
Infrastructure Fund initiative supporting governments in Southeast Asia to prepare and finance
infrastructure projects that promote environmental sustainability and contribute to climate change
goals. The ACGF is owned by ASEAN governments and ADB and is managed by ADB'’s
Southeast Asia Green Finance Hub.

3.3.3. Key considerations

The following are the factors that investors may consider in financing SAF:

Refineries, logistics companies, and agricultural aggregators can receive financing if they
demonstrate plans to reduce emissions. Agricultural aggregators supplying feedstock
qualify by gradually decreasing carbon intensity, even if not yet fully green. Banks use
transition finance to support SAF value chains, addressing emissions with mechanisms
like CORSIA credits carbonization (DBS, n.d.)

Banks mainly evaluate the viability and sustainability of the feedstock supply in
considering loans for sustainability or renewable energy projects (Stakeholder interviews,
2025)

Investors may consider enrolling in Finvest Hub established by ICAOQ. It is a global platform
which aims to: 1.) connect decarbonization projects of international aviation private
investors; 2.) create pathways for funding decarbonization projects in international
aviation; 3.) prioritize supporting developing states and those that face challenges in
financing international aviation decarbonization projects; and 4.) engage with
governments, financial institutions, and private sector to facilitate access to funding (ICAQO,
2025).
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SECTION 4: ACTION PLAN

The action plan outlines the possible enabling mechanisms that may facilitate the development
and viability of a sustainable aviation fuel industry in the Philippines.

4.1. POLICY REGULATORY FRAMEWORK
Key challenges and identified gaps

Implementing SAF in the Philippines faces significant challenges due to the absence of dedicated
SAF-specific policies and regulatory frameworks. Existing legislation, such as the Biofuels Act,
primarily targets land transportation and does not address SAF. This regulatory gap leads to
uncertainty in production, certification, and integration of SAF into aviation. Without clear
guidelines and incentives specific to SAF, the country risks falling behind in this important
decarbonization strategy, despite having a strong potential in agricultural feedstock and growing
aviation demand.

Investment uncertainty compounds the issue. Limited awareness and accessibility of financial
mechanisms, such as BOI circulars and the CREATE MORE Act, discourage private sector
investment. The lack of transparent cost allocation for carbon and environmental fees raises
fairness concerns and potential financial burdens on passengers, highlighting the need for clear,
equitable policies on cost-sharing and carbon accountability in aviation.

Additionally, the Social Amelioration and Welfare Program within the current biofuel framework
benefits only industries that use sugarcane as feedstock. This exclusion limits the broader socio-
economic opportunities that could arise from a more inclusive SAF policy supporting a wide range
of feedstocks, such as corn stover and other locally abundant biomass.

4.2. CRITICAL SUCCESS FACTORS

This section identifies critical success factors for the implementation of SAF, including feedstock
availability, market structure and logistics, processing and technology capacity, access to funding,
SAF certification, and regulatory framework and support policies.

4.2.1. Nationwide decarbonization roadmap aligned with global commitments

In alignment with the Philippines’ commitments under the Paris Agreement and its Nationally
Determined Contribution, various strategies should be considered to achieve net-zero emissions
by 2050. Developing a nationwide decarbonization roadmap is essential to promoting the use of
Sustainable Aviation Fuel (SAF) as a means to reduce greenhouse gas (GHG) emissions
(Nestle, 2024).
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4.2.2. SAF-specific regulatory framework and policies

A clear and comprehensive regulatory framework establishes consistent standards and
guidelines, ensuring stakeholders adhere to sustainability practices. Such a framework promotes
accountability and facilitates monitoring and evaluation of progress. A well-designed support
policy can encourage the adoption of SAF through subsidies, tax breaks, and funding for research
and development. Effective regulation can promote SAF usage, prioritizing local production to
foster domestic industry growth, new market and trade opportunities, and global expansion.

Technical definition of SAF

As of this writing, SAF is not expressly defined under existing Philippine laws. Establishing a clear
technical and legal definition of SAF, aligned with international standards such as the CORSIA
and American Society for Testing and Materials (ASTM), is essential to develop its regulatory
framework in the Philippines. This definition provides legal clarity, ensuring that fuel producers,
airlines, and regulators operate under a unified framework, and may enable the creation of
specific incentives and regulations. A technical definition establishes guidelines for production,
blending ratios, and sustainability criteria, aligning national policies with international aviation
standards. Consequently, having a SAF definition aligned with international standards will
facilitate swift integration in international trade.

A predictable policy direction through clear regulations offers certainty to the private key private
players. (Stakeholder Interviews, 2025)

Explicit inclusion of SAF and SAF-related regulations in existing laws is recommended. Laws
that may be revisited to include these amendments include:

Table 39. Proposed amendments on existing SAF-related regulations for consideration

Existing law Potential amendment for
consideration

R.A. No. 9513 (Renewable SAF was not expressly Specifically include SAF as a

Energy Act of 2008) included as a kind of type of renewable energy

renewable energy whose
investors and producers can
avail of incentives under the

law.
R.A. No. 9367 (Biofuels Act Section 9, Par 2(e) providing  Specifically include SAF-
of 2006) for the powers and functions  related provisions

of the NBB only pertains to
recommendation of use of
biofuel-blends in air transport.

R.A. No. 9003 (Ecological The law and Rule X of its IRR  Include a more
Solid Waste Management Act provides for a general comprehensive procedure for
of 2000) overview of the collection, collecting,
transport, and handling of transporting/hauling, and
solid waste. handling of animal manure.
R.A. No. 6969 (Toxic The law and DENR Consider including provisions

Substances and Hazardous = Administrative Order 2013-22 on the regulation of
household-generated
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and Nuclear Wastes Control  only regulate industry- hazardous waste to
Act of 1990) generated hazardous waste. mainstream collection

Certification body

Establishing an in-country certification system for SAF production is critical to ensure supply chain
integrity and market credibility. This system would provide tools to demonstrate environmental,
social, and economic sustainability across operations, products, and supply chains (International
Air Transport Association, 2024) . The certification body can also assist SAF producers in meeting
international standards and complying with aviation use regulations. Identifying the responsible
entities, whether they are public, private, or a combination of both, is crucial.

Sustainability certification would ensure sustainable feedstock production, traceability, chain of
custody for sustainable materials, and verified reduction in life cycle emissions compared to
conventional aviation fuel.

Governmental incentives/subsidy

Industry stakeholders, such as airlines and SAF producers, believe that with appropriate
incentives and government support, SAF costs and production processes could improve, leading
to reduced expenses and increased accessibility (Stakeholder Interviews, 2025).

While current infrastructure situation may lean towards importing, there is a tremendous
opportunity to invest in local infrastructure (Stakeholder Interviews, 2025). Developing a refinery
plant could stimulate economic growth and create jobs, thus turning a challenge into a long-term
benefit.

The government can also play a crucial role by investing in logistics and developing technical
expertise in the handling of SAF storage. A dedicated laboratory may also be established to
continuously provide research and development support for SAF delivery.

Blending target for demand security

Implementing a blending target for SAF can enhance demand security, encouraging further
investments in the industry. Before implementing such a target, comprehensive data collection is
essential to develop a realistic framework. Setting up robust systems for tracking and collecting
data on SAF demand, production, and export activities will inform a phased implementation plan.
By basing the framework on accurate demand projections and existing capabilities, the
government can facilitate a smooth transition for stakeholders, boosting investor confidence and
supporting the long-term sustainability and growth of the SAF sector in the Philippines.

4.2.3. Available financing mechanisms and incentives

Access to adequate, targeted funding is essential to jumpstart and scale the SAF industry in the
Philippines, given the high capital requirements for feedstock development, infrastructure, and
production facilities. A blend of public and private investment would be beneficial. Public financing
mechanisms, such as grants, can reduce early-stage investment risk and attract private sector
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participation. International climate finance and development assistance can support feasibility
studies, pilot projects, and capacity-building initiatives (USDA Foreign Agricultural Service, 2023)

Private investments, such as debt or equity capital, could be vital for scaling operations. Long-
term offtake agreements and policy certainty (e.g., SAF blending mandates or tax incentives) can
improve bankability and investor confidence (IATA, 2023).

Aligning SAF incentives with strategic national priorities

Aligning SAF incentives with strategic national priorities is possible, as SAF-related projects are
currently part of the renewable energy projects under the Strategic Investment Priority Plan (SIPP),
envisioned under RA No. 11534 (CREATE Act). The government could specify SAF-related
projects as priority investments to create quality jobs, foster innovation, and promote growth.

4.2 4. Efficient infrastructure system

Inadequate transport and storage infrastructure can hinder feedstock delivery to SAF processing
facilities despite abundant availability. Investments in rural infrastructure and biomass depots are
essential to reduce losses and improve supply chain efficiency (Stakeholder Interviews, 2025).
Encouraging the development of efficient feedstock supply chains is crucial to address logistical
challenges. Establishing collection hubs and distribution areas near feedstock sources, refineries,
and key agricultural regions is vital.

Infrastructure

Infrastructure is vital for feedstock collection, processing and SAF blending and distribution.
Although fuel infrastructure is present particularly in the Luzon area, the Philippines continues to
face challenges due to limited infrastructure in other regions, which may impede local SAF
production and accessibility. The government may need to establish a clear policy framework to
drive investment and innovation infrastructure. Introducing policies to incentivize SAF producers
to build large scale processing plants and refineries could enhance the local manufacturing and
supply of SAF.

Hauling and transport of animal residues and municipal solid waste

Regulating the transportation and storage of animal manure as feedstock is necessary toensure
safety, health, and sanitation compliance. Currently, the Department of Agriculture Administrative
Order No. 02, series of 2008 (Philippines Department of Agriculture, 2008), provides guidelines
for hauling, transport, delivery, and disposal of chicken dung and animal manure.

The hauling and transport of municipal solid waste (MSW) in the Philippines are governed by R.A.
No. 9003 or the Ecological Solid Waste Management Act of 2000 which mandates a
comprehensive approach to waste management. A key provision of this law is segregation at
source requiring separation of wastes prior to collection. The law also outlines procedures for
transporting MSW to Materials Recovery Facilities (MRF) and other designated sites using
environmentally sound methods to minimize health and environmental risks. Local Government
Units play a central role in implementing R.A. No. 9003 by enacting ordinances that localize its
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provisions. To ensure effective implementation, it is encouraged that LGUs not only have
ordinances aligned with R.A. No. 9003 but also demonstrate active enforcement and
implementation through allocation of budget and personnel training, among others.

Identifying potential collection hubs and setting up collection hubs and aggregation areas
for feedstock

Given the Philippines’ archipelagic nature, it is crucial to strategically position collection hubs and
aggregation areas for feedstock near key agricultural regions, such as the Central Luzon (Region
[Il) for Luzon, Western Visayas (Region VI) for Visayas, and Davao (Region Xl) for Mindanao,
taking into consideration the proximity from major airports and oil refineries. Additionally, the
storage capacity and conditions at collection hubs and production sites need careful consideration.

Mass balance handling of SAF

Mass balance is a chain of custody models that provides manufacturers with a structured
approach to monitor materials throughout the value chain, ensuring that inputs are systematically
accounted for and attributed to corresponding outputs through verified record-keeping practices.

A mechanism for mass balance handling is essential for seamless integration into existing
infrastructure, requiring logistics, specialized protocols, and infrastructure upgrades. Blending
facilities will play a crucial role in managing mass balance of SAF as they will ensure that SAF is
properly and seamlessly integrated into the fuel supply chain while maintaining compliance with
tracking and regulatory standards.. In such cases, airports must be adequately prepared and
equipped to manage the mass balance handling of SAF. Collaboration with fuel suppliers,
regulators, and airline companies may be necessary to ensure mass balance reliability and the
required competencies needed. Technical expertise in fuel chemistry and blending is vital to
understand SAF's properties and interactions, while operational skills are required to establish
effective handling and integration protocols. Strengthening infrastructure and logistics, while
adhering to global sustainability standards, contributes to a more sustainable aviation industry.
Strengthening infrastructure and logistics while maintaining compliance with global sustainability
standards will contribute to a more sustainable aviation industry.

Further, handling SAF requires specialized infrastructure and expertise. Refineries may need to
modernize their storage tanks, pipelines, and blending facilities to seamlessly integrate neat and
then blended SAF (Jet A1) into the existing fuel supply chain. Equally important is the upskilling
of personnel across all stages of SAF handling, from refinery operations to airport fuel technicians.
By investing in infrastructure and workforce development, the aviation industry can accelerate
SAF adoption while ensuring regulatory compliance and long-term sustainability.

4.2.5. Reliable and timely feedstock information

The Philippines has an abundant supply of potential feedstocks. To ensure consistent availability,
supply levels may be monitored through cost-effective mechanisms, such as periodic surveys or
collaborative platforms among suppliers. Enhanced inter-agency coordination can streamline
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these efforts, providing stakeholders with timely and accurate information, ensuring feedstock
quality, bolstering investor confidence, and facilitating supply chain planning.

This strategic feedstock management can position the Philippines to export surplus feedstock or
SAF to countries with limited access, such as the US and Europe, expanding its global SAF
supply-chain role.

Comprehensive feedstock assessment and mapping

Establishing a strong SAF foundation involves identifying and quantifying feedstock resources. A
nationwide feedstock mapping initiative could guide investment decisions by determining regional
biomass availability. It would be beneficial for the DOE, DOST, and DA to collaborate with state
universities like UPLB and CLSU. This partnership could leverage expertise and resources to
drive innovation and efficiency in feedstock collection and distribution.

Supporting Agricultural practices

The Philippines is an agricultural country characterized by diverse agricultural zones. The
agricultural sector contributes significantly to the nation’s exports, with key products including
coconuts, bananas, and pineapples. To ensure the success of SAF, critical factors related to
agricultural practices must be emphasized. Government policy and support play a crucial role,
with initiatives focused on sustainability, food security, and land optimization aiding SAF
development.

4.2.6. Upskilled workforce and stakeholders

Enhance workforce skills and facilitate SAF related talent transfer

The establishment of SAF production facilities presents opportunities for job creation in
construction, engineering, agriculture, and logistics. To equip the workforce with essential SAF
production skills, specialized training courses can be introduced. Additionally, facilitating talent
transfer through collaborations with foreign experts can enhance industry knowledge and best
practices. These initiatives will be further discussed in Section 4.3.13 (Action Plan) to provide a
structured approach for workforce development vis-a-vis SAF adoption.

4.2.7. Sustained demand for SAF

Aside from a nation or sector-wide decarbonisation roadmap which would encourage companies
to reduce their emissions and patronize SAF (see 4.2.1), we also outline below potential activities
that could spur SAF demand.

Market Structure of Feedstock Supply

The Philippines' agricultural sector comprises smallholder farmers and decentralized biomass
producers, making feedstock collection challenging (USDA, 2022) To address this supply chain
fragmentation and ensure a consistent feedstock supply, SAF producers might consider vertical
integration strategies. This approach could involve forming direct partnerships or ownership
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arrangements with feedstock suppliers, such as agricultural cooperatives or waste management
companies.

For SAF production facilities aiming to use animal manure and/or MSW as feedstock, they should
consider an area located near to the areas with significant supply to minimize transportation cost.
Coordination with the local government units is also essential as local ordinances may be
applicable and relevant to these two potential feedstocks.

Establishing contracted supply and demand
Offtake agreements and feedstock contract

Offtake agreements and feedstock contracts are critical enablers of SAF feedstock market
development. Long-term offtake agreements preferably take-or-pay arrangements, between
feedstock suppliers and SAF producers or airlines can ensure stable demand, encouraging
suppliers to invest in infrastructure and processes. These agreements could be modeled after
Power Purchase Agreements (PPAs) in the renewable energy sector, establishing clear terms for
feedstock supply and creating a reliable, transparent market environment.

Such agreements could foster collaboration between feedstock suppliers, SAF producers, and
airlines, aligning their interests towards a common goal of sustainability. It could also facilitate the
provision of financing by potential funders as it will give security of cash flows for the
borrower/investee company.

Government facilitated procurement frameworks

The government can support the establishment of anticipated demand through policy instruments
like targets, blending quotas, or guaranteed procurement programs including target SAF blending
requirements for fuel suppliers, as well as the mandated use of these SAF blends by airlines -
whether domestic or foreign - operating within the Philippines, creating a reliable baseline demand.

Public Private Partnerships for feedstock aggregation and demand matching

To reduce transaction costs and address coordination gaps, the government could facilitate
platforms matching feedstock suppliers with SAF producers and end-users. These platforms
would streamline feedstock collection and distribution processes, enhance infrastructure, and
ensure a stable flow for production. Through public-private partnerships, the government can
enhance the infrastructure needed to support the SAF supply chain, ensuring a stable feedstock
flow.

Carbon fee

Carbon fees may be applied by the airline companies on top of the ticket prices, but the
government may need to create a regulatory framework for transparency and propriety as well as
guidelines on the airline’s use of the carbon fee for such as earmarking for decarbonisation related
initiatives.
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4.2.8 Technological advancements of gasification and FT synthesis

When assessing potential SAF volumes, feedstock volumes for the production of SAF via
gasification and FT synthesis were evaluated as promising. However, up to now no commercial
plant exists requiring further technological advancements, especially regarding the integration of
the different process steps and the synfuel cleaning. As the process needs to be adapted to the
specific feedstock and local requirements, technical upskiling and international process
engineering support, might be required to further advance the technology in the Philippines.

4.3 ACTION PLAN

The action plan below discusses how the various resources may be deployed linearly or in parallel
to achieve the said criteria based on a timeline from international commitments.

Table 40. Overview of key opportunities and challenges in establishing viable supply
chains in the Philippines

Vision

To identify and establish a domestic SAF industry in the Philippines

Opportunities

Challenges

Strong commitment from both public .
and private sectors to decarbonization
and renewable energy, such that the
government incentivizes the private
sector to transition to renewable
energy .
Existence of potential feedstocks to

be utilized such as manure, corn

stover, and municipal solid waste

Socio-economic benefits such as .
increase in employment (e.g. plant
operations, feedstock-related jobs) .

Availability of funding and interest
from banks for sustainability-related

projects

Potential to address other .
environmental objectives such as

waste disposal and agricultural .
byproduct processing (i.e., better air

and water quality) .

Opportunity to be less subject to oil
price fluctuation of jet fuel energy

Lack of SAF-specific government policy
framework and aviation decarbonisation
map

Lack of feedstock data for production and
consumption

Lack of infrastructure for SAF production
such as lack of consolidation of farmers
produce and logistics, and lack of SAF
blending capabilities

Lack of certification capabilities and lack of
local SAF standards

Need to advance technological readiness
level and commercialization of production
pathways, especially for gasification and
FT-synthesis

Need for local government units to keep up
with technical expertise

Lack of historical and current price data for
several feedstocks

Lack of public awareness on SAF
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Figure 18. Recommended action plan with timeline and expected impact
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The figure in the previous page provides the recommended action plan structured along two axes:
the timeline (short (1-2 years) and medium-term (3-5 years)) on the x-axis, and the potential
impact (low, mid, high) on the y-axis.

The action plan is operationalized on a short and medium-term basis with various stakeholders
identified and expected tasks that may be accomplished at each milestone.

4.3.1. Create SAF-specific TWGs and implement relevant chain of custody control
Potential impact: High

Timeline: Short

Potential responsible entities: DOE-REMB, DOTr, CAAP, DENR, DOST-PCIEERD, DTI, BOlI,
*SRA, *PCA (*may be included subject to viability of related feedstock)

SAF-related matters are currently integrated in the general mandates of government agencies
(DOE, CAAP, DA, etc.) under the SAF Committee. While the SAF Committee will focus on
coordinating SAF efforts and developing concrete action plans, the TWGs can conduct in-depth
studies on key aspects of the SAF roadmap, such as technical assessments of specific feedstocks,
production pathways, blending processes, and regulatory frameworks. There could be various
TWGs under the SAF Committee especially during the initial phase of SAF operationalization.
TWGs may also outline a relevant chain of custody control to ensure the legitimacy of SAF
production and accurate accounting of emission reductions. After a defined period, the functions
of the TWGs will transition back to the SAF Committee for long-term oversight. The government,
through the SAF Committee may:

1. Identify the agencies relevant to SAF deployment, from the feedstock production to SAF

distribution; determine the roles of each agency;
2. Ensure up-to-date data and monitoring; and
3. Ensure timely dissemination of information to the public.

Moreover, each TWG may handle more specialized roles, such as monitoring feedstock data,
which is crucial for guiding investors and building confidence in the country’s supply of feedstock.
The main TWGs and their respective functions may include:

1. TWG for the Comprehensive Assessment of SAF Feedstocks and Pathways— focusing
on evaluating the quality and viability of various feedstocks for sustainable production
taking into consideration other uses (i.e. a. MSW — cement substitute, alternative fuel for
cement-making, recycling and reuse programs; b. Pig and chicken manure — organic
fertilizer and LPG alternative; c. sugarcane — biofuel production; d. coconut — biodiesel
production;, and e. biochar production), while also assessing and investigating the
technological readiness levels of diverse and alternative SAF pathways, incl. e.g. a risk
evaluation of the gasification FT synthesis in the Philippines, or the evaluation of following
a potential alternative route of co-processing

2. TWG for SAF Data Collection and Transparency - collecting data on the consumption/use
of feedstock in the SAF and non-SAF industries, ensuring that data are up-to-date and
published annually;
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3. TWG for SAF Feedstock Export - monitoring the export market and tracking feedstock
exports for accurate treatment

4. TWG for Barriers to SAF Usage - assessing risks and identifying and addressing barriers
to SAF accessibility and availability, including identifying potential fuel and related
feedstock, and other demand from non-aviation sector (i.e. a. organic fertilizer used in the
agriculture sector; b. biofuel used in automotive and road Transportation sector; c.bio-
LNG used in maritime sector; d. alternative cement and alternative fuel used in
construction sector; e. hydrogen production, and f. biochar production);

5. TWG for Airport-specific SAF data - tracking of airport-specific data for potential SAF
demand;

6. TWG for Upskilling — developing training programs and strategies to workforce skills for
SAF production and implementation;

7. TWG for Local SAF Technology Development — developing strategies to support transfer of
technology suitable and applicable for local SAF production considering factors such as
viable feedstocks supply, logistics, infrastructure and limited local technical expertise;
developing options for know-how transfer and international expert mobility

8. TWG for SAF Blending Processes — conducting investigations and assessments of co-
processing methods and focusing on developing, standardizing, and optimizing blending
capability;

9. TWG for SAF-related Regulatory Frameworks — formulating policies and compliance
mechanism; and

10. Other specific areas of concern for SAF operationalization.

4.3.2. Track airport-specific data for potential demand (e.g. GHG) and evaluate
blend target

Potential impact: High

Timeline: Short

Potential responsible entities: DOE-REMB, CAAP, CAB, NEDA

The government may identify a blend target with phased implementation as a basis for creating
a roadmap for Philippine Aviation Decarbonisation through SAF development. This target will
allow the private sector enough leeway for future compliance. Identification prior to
implementation also allows the government to consult with relevant stakeholders on realistic
scenarios. Specifically, the government may:

1. Track airport-specific data to understand the volume of fuel, including SAF, consumed in
each airport across the country, covering different segments: domestic international, and
cargo flights;

2. Study the economic impact of imposing blend mandates on airlines;

3. ldentify the blend target based on the demand and the economic impact;

4. Consider options for phased implementation monitoring milestones and specific timelines.

As the output for this action point is a roadmap for decarbonisation via SAF, this will pave the way
to the next critical steps such as the imposition of a blend mandate which will be explored in detail
under Section 4.3.9.
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4.3.3. Prepare mass balance handling of SAF
Potential impact: High

Timeline: Short

Potential responsible entities: CAB, CAAP, DOTr, DOE

A robust mass balance handling system may be necessary to ensure effective integration of SAF
in the Philippines. Generally, blending facilities are responsible for mass balance handling of SAF.
Blending facilities are also responsible for the documentation and certification of the volumes of
SAF. Furthermore, in terms of supply chain management, blending facilities may create
contingency plans to handle supply disruptions. To address logistics concerns, the government
may conduct a thorough assessment of existing fuel storage and distribution infrastructure. It is
crucial to certify the quantity of SAF present in the fueling system and, ultimately, to determine
what is certified for emission reduction.

4.3.4. Propose amendment of laws to provide regulatory framework (i.e., may
encourage provision of government subsidy; consider earmarked revenue)
Potential impact: High

Timeline: Short

Potential responsible entities: Congress, BOIl, DOF, DBM, BIR, DA-PhilMech, *SRA, *PCA
(*may be included subject to viability of related feedstock)

Incentives, subsidies and funding
Existing laws could be amended to establish a robust regulatory framework tailored to SAF could
drive growth and innovation in the aviation sector. Amendment to these laws may include, among
others:
o Fostering targeted incentives for SAF pilot testing and adoption among investors to boost
widespread adoption.
¢ Incentivizing financial institutions to encourage financing of SAF related projects;
o Implementing feedstock subsidies for farmers and agricultural businesses to ensure
sustainable supply and address supply chain challenges; and
e Considering introduction of carbon tax into the Philippine tax system and earmarking such
revenue for SAF initiative funding to support SAF facility expansion and production
increase.

Feedstock fraud prevention
A robust mechanism to prevent and eliminate feedstock fraud could be incorporated as a key
provision in the amendments to the law. It will provide a reliable system for:

o Verifying that feedstock used for SAF to ensure that SAF is produced in accordance with
sustainability regulations.

e Utilizing feedstock methods that are compliant with international standards; and

e Ensuring the integrity of the SAF supply chain, protect investments, encourage
stakeholder participation, and maintain confidence in SAF production.
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4.3.5. Optimize waste collection and agricultural policies for SAF readiness
(policies for sorting MSW, collection of agricultural residues and UCO,
transport/hauling of animal waste)

Potential impact: High

Timeline: Short

Potential responsible entities: Congress, DA, DENR, DILG and LGUs, CCC

In general, feedstock collection hubs may also be instituted within the 100-kilometer radius of any
of the three viable locations for SAF plant as discussed in section 3.1 of this paper: Region Il in
Luzon, Region VI in Visayas, and Region Xl in Mindanao.

Sorting of municipal solid waste

Enhancing municipal solid waste management can be more effective with a well-structured sorting
system that separates organic materials from inorganic waste. Currently, MSW remains
unsegregated after collection, despite efforts to sort materials at the source. Since only organic
waste is suitable for SAF production, implementing a mechanism to improve segregation post-
collection could greatly optimize resource use. Encouraging better waste sorting both at the
source and in landfill sites could enhance the efficiency of utilizing MSW as potential feedstock
for SAF.

Efficient collection of agricultural residues

Efficient collection of agricultural residues such as rice husk, straw, coconut husk, coconut shell,
and corn stover is essential for the feasibility of SAF production in the Philippines. Establishing a
strategic collection system begins with mapping and assessing high-residue regions and fostering
partnerships with farmers, millers, and processors who can contribute additional residues.
Developing centralized collection hubs equipped with proper storage facilities, along with
accessible technology and training, will further improve residue quality and manageability.
Revising agricultural policies to establish structured collection routes can ensure effective
transportation, while collaboration between government agencies and various stakeholders
ensures continuous feedback and adaptation of strategies, optimizing the SAF supply chain and
enabling sustainable fuel production.

Encourage participation for used cooking oil collection

Encourage the participation of big chains or implement systematic collection to comply with RA
6969. Additionally, the government can consider revisiting the law and aligning with LGUs to
create a collection mechanism for areas such as individual households to encourage public
participation and realize the potential of UCO, as household UCO is currently not part of DENR’s
mandate.

Revisit regulations on hauling/transport of animal manure

Revisiting agricultural policies related to animal manure could support a more reliable and
sustainable feedstock supply for SAF. Current practices around the collection and hauling of
animal manure are dependent on a municipal basis. As such, there may be a benefit in reviewing
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and improving logistics and collection, taking into account community sanitation and acceptance.
This may involve considering more structured transport routes and better handling practices.

4.3.6. Conduct detailed assessment of Philippines’ blending capabilities and
resulting implications on local SAF usage vs. export

Timeline: Short

Potential impact: High

Potential responsible entities: NBB SAF Committee, SAF-TWG, DOE-REMB, DOST-
PCIEERD, BOI, PEZA, PPPC

Assessing blending capabilities is essential to ensuring that locally produced SAF meets
international aviation standards when combined with Jet A1 fuel. Without adequate domestic
blending infrastructure, neat SAF might need to be exported for blending and then re-imported,
which is an inefficient and costly workaround. Developing in-country blending capacity would not
only streamline integration into the aviation supply chain but also support energy security and
regulatory compliance.

Given the archipelagic nature of the Philippines, location is critical. As such, blending facilities
must be strategically sited near major airports, fuel infrastructure, and key transportation hubs to
minimize logistical challenges. These facilities should also be close to sources of sustainable
feedstocks, such as MSW and agricultural residues, while being responsive to regions with high
passenger demand to ensure a balance between supply and demand.

Finally, as ownership and operational models play a pivotal role in success, public-private
partnerships (PPPs) may be considered, as these can help mobilize investment and technical
expertise, while flexible fee structures must be designed to ensure cost recovery, incentivize
adoption, and promote long-term economic viability.

4.3.7. Develop and implement Philippine national standards for SAF production in
the Philippines aligned with international standards

Potential impact: High

Timeline: Short

Potential responsible entities: DOE-REMB, NBB, NEDA, CAB, CAAP, DOTr, Bureau of
Philippine Standards under DTI

This action requires various stages such as research and benchmarking on international best
practices and standards for SAF infrastructure, such as those from the IATA and ICAOQ, drafting
guidelines, and engaging with stakeholders, including government agencies, industry experts,
and SAF producers.

Definition of SAF
Establishing a clear and official definition of SAF aligned with CORSIA and the American Society
for Testing and Materials (ASTM) and compliant with International Organization for

136



Standardization (ISO) may be established, outlining its sources, compositions, and environmental
benefits. Having an official definition will ensure consistency in regulation, production, and
adoption. This could also strengthen regulatory frameworks, enabling targeted incentives,
investment, and integration into environmental and decarbonization strategies.

Identify a monitoring body

This stage may include assigning the Bureau of Philippine Standards under the Department of
Trade and Industry as the body responsible for monitoring compliance with the Philippine National
Standards for SAF, providing training and resources to BPS personnel, and implementing a
schedule for regular audits and inspections of SAF production to ensure ongoing compliance with
the standards.

4.3.8. Create guidelines for encouraging investment for setting up of SAF blending
facilities as well as operational guidelines after

Potential impact: High

Timeline: Short to Medium

Potential responsible entities: BOI, PEZA, NBB SAF Committee, PPPC, BOI, DOST-PCIEERD

The guidelines could include incentives to promote investment in SAF blending facilities and
encourage operational regulatory compliance at the national, municipal, and provincial levels,
including health, environmental, and labor compliance once established. This is a critical success
factor, as neat SAF produced locally will still require blending, which ensures the quality of the
blended jet fuel produced and utilized and may also be exported should it exceed local demand.

4.3.9. Consider implementation of a blend mandate
Potential impact: High

Timeline: Medium

Potential responsible entities: NBB SAF Committee, SAF TWG

The government may consider implementing a blend mandate that could require all airlines flying
domestically or internationally to comply. This provides a level of certainty for SAF investors
regarding SAF demand in the country. In implementing a blend mandate, the government may
also:

1. ldentify the relevant regulating and monitoring agencies.

2. ldentify penalty or fine for non-compliance or incentives for compliance; and

3. Consider the creation of a fund to address the efficient implementation of the blend
mandate.

For the economic impact, kindly refer to Section 4.3.2.
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4.3.10. Create and publish comprehensive guidelines for SAF investment and
production, outlining available incentives for SAF investors in the Philippines
Potential impact: Medium

Timeline: Short

Potential responsible entities: DOE-REMB, PEZA, BOI, DOST-PCIEERD, NBB SAF
Committee, DOF, BSP, PPPC

Leverage incentives to drive investment in setting up SAF refineries

Streamlining investment processes and enticing potential investors may include outlining the
minimum scale of investments, steps, and procedures for investing in compliance with current
laws. The guidebook would promote alignment with laws like the Special Economic Zone Act of
1995 or the PEZA Law (R.A. No. 7916), The Renewable Energy Act of 2008 (R.A. No. 9513),
CREATE MORE Act (R.A. No. 12066), Philippine Green Jobs Act of 2016 (R.A. No. 10771), and
the Philippine Clean Air Act of 1999 (R.A. No. 8749), among others. This initiative would ensure
greater clarity and accessibility of available incentives for potential investors, fostering the
expansion of SAF production in the Philippines.

Leverage incentives to drive investment in pilot testing of SAF infrastructure and
feedstock

Incentivizing pilot testing for small-scale SAF plants and refineries could accelerate industry
growth by refining feedstock viability and infrastructure requirements. These sites would help
assess feasibility and address challenges, while simultaneously building human capital
capabilities, laying a strong foundation for SAF development.

For the viable locations, please refer to the discussion on 3.1 of this paper.

Benchmark for investment incentives

The government may study investment incentives from neighboring countries to benchmark
potential offerings for SAF investors. These incentives can be strategically structured into distinct
categories, targeting various development phases, production pathways, and feedstock types.

Outlining of available financing mechanisms

Guidelines may also outline available financing options, including banking and financial products,
to help investors easily identify funding sources for SAF-related projects. This ensures informed
decision-making for potential funders.
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4.3.11. Ildentify possible location and set up of collection hubs and aggregation
areas for feedstock

Potential impact: Medium

Timeline: Short

Potential Responsible entities: NBB, DOE-REMB, DENR EMBD, DENR SWM, DA BSWM, DA,
PCA, LGUs, PPPC

Ensure proximity and logistics to feedstock sources

The government may identify collection hubs located near primary feedstock sources such as
agricultural areas, forestry operations, or waste management facilities. This minimizes
transportation costs and reduces the carbon footprint associated with feedstock logistics. This
will also address transport limitations for certain feedstocks, such as manure. This will help
private SAF transformation projects to emerge. The government can anchor this under the
implementing rules and regulations of the Build-Operate-Transfer Law. The law includes solid
waste management-related facilities such as collection equipment, climate change mitigation,
adaptation infrastructure projects, and related facilities as eligible types of priority PPP projects.

4.3.12. Conduct a study and regulate potential carbon fee
Potential impact: Medium

Timeline: Short

Potential responsible entities: CAB, CAAP, DOTr, NBB SAF Committee

Given the higher prices of SAF leading to higher fuel costs, airlines may opt to charge carbon
fees to their customers to offset the cost of SAF-blended aviation fuel and encourage the adoption
of SAF in a viable way for airlines. At the time of this study, carbon fees are not yet imposed and
should there be any proposal to impose such fees, it will still be subject to the approval of CAB.

Study on carbon fee impact

Assessments or studies on how carbon fees could be integrated into the ticket price as well as
the impact on consumers, concerned industries, and the overall economy of the proposed carbon
fee, leading to increases in ticket prices may be conducted.

Regulate rate, fee structure, and the use of proceeds
The government may issue guidelines on how airline companies may substantiate their proposed
rate, fee structure, and use of proceeds.

Fee structure

In terms of fee structure, CAB may issue guidelines on how the proposed fee should be integrated
into the ticket price. The government, through CAB, may consider the following: 1. Flat fee; 2.
Rate-based fee; 3. Distance-based fee; and/or 4. Class-based fee or differentiated fees based on
the class of service (e.g., economy, business, or first class), among others.
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Use of proceeds
The government may mandate use of proceeds from carbon fees to be channeled to related
causes such as:

e Carbon offset projects: Investing in projects that reduce or capture carbon emissions, such
as reforestation or renewable energy certified under ICAO CORSIA standards to ensure
applicability to aviation decarbonisation efforts;

e SAF development: Supporting the development and use of SAF to reduce the carbon
footprint of flights; and

o Research and development.

4.3.13. Enhance workforce skills and facilitate SAF-related talent transfer

Potential impact: Medium

Timeline: Medium

Potential responsible entities: DOLE - Institute for Labor Studies, DTI, BOI, Technical
Education and Skills Development Authority (TESDA), DOST

The establishment of SAF will be a new industry in the Philippines; thus, the general population
is expected to lack the necessary skills required to operate an SAF production facility. Therefore,
it is imperative to consider talent transfer opportunities to upskill the local workforce.

Job creation

The establishment of SAF production facilities can create a variety of jobs, including roles in
construction, engineering, agriculture, and logistics. For instance, constructing and operating a
commercial-scale SAF facility can generate substantial employment opportunities across various
stages and associated industries. However, it is necessary to ensure that the local workforce has
the necessary know-how and skills to participate in this sector.

Expand coverage of the Social Amelioration Welfare Program (SAWP) for other agricultural
feedstock sources

The current SAWP primarily benefits workers in the biofuel industry, utilizing sugarcane and
molasses as feedstock. This program aims to improve the socio-economic well-being of these
workers through income augmentation, social protection, and livelihood opportunities. It could be
beneficial to extend the SAWP to cover various feedstocks to provide inclusive support to a
broader range of agricultural workers.

Initiate training courses

Offering specialized training courses to equip workers with necessary skills like the IATA's
Sustainable Aviation Fuels program can provide comprehensive knowledge on SAF pathways,
production policies, and implementation strategies. These courses can be initiated by the SAF
Committee’s TWG for upskilling, DOLE, and TESDA.
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Facilitation of talent transfer with foreign experts

This could be done by DOLE and TESDA through collaboration with foreign experts to lead
training sessions to enhance the quality of education and provide insights into global best
practices.

4.3.14. Determine readiness for book and claim mechanism

Potential impact: Medium

Timeline: Medium

Potential responsible entities: DOF, CAAP, CAB, BOI

Even though there is no global book and claim system fully operational globally nor recognized
by CORSIA at the time of this study, it can be beneficial to prepare the Philippines for its potential
introduction, e.g., by:

(1) Closely monitoring recent developments and applications of book and claim systems in
other countries or territories (e.g. EU and Singapore), and by private companies and
associations;

(2) Ensuring the measurement and traceability of SAF attributes (i.e. emission reduction)
separately from the physical fuel movement by building the digital tracking and certification
infrastructure;

(3) Creating mechanisms to avoid any double counting, claiming, or fraud; and

(4) Ensuring interoperability with international SAF certificate registries and systems to enable
cross-border tracking and exchange of SAF certificates.

The ability to contribute to an international book and claim system will be a key enabler for
international commercial airlines and other fuel customers who may procure SAF or Scope 1 & 3
SAF certificates from the Philippine market. The government may refer to the RSB Book and
Claim Programme, Science-Based Targets initiative (SBTi) for the aviation sector, and the
Monitoring, Reporting and Verification (MRV) system of CORSIA (RSB). (Science Based Targets,
2021)

4.3.15. Create a certifying body for SAF production
Potential impact: Medium
Timeline: Medium
Potential responsible entities: DOE-REMB, CAAP
Certification of SAF production enhances credibility and trust in SAF products. Additionally,
alignment with CORSIA-validated standards is essential for integrating SAF into the global
aviation market with the Philippines’ CORSIA obligations. The government may:
1. Identify the proper composition of this certifying body;
2. Ensure transparency and up-to-date data;
3. Create a seamless process for certification; and
4. Design a framework for transparent carbon accounting.
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The Philippine government may also initiate a study on the implementation mechanism of other
countries to understand the certification procedure for SAF produce.

4.3.16. Upskill and capacitate LGUs to align with national policies
Potential impact: Low

Timeline: Short

Potential responsible entities: LGUs, DILG, NEDA, DENR, DOST, PCA, SRA, CCC

LGUs are the primary workforce to implement projects aligned with environmental and climate
change policies of the national government throughout the country. Training and SAF awareness
for LGU personnel may be facilitated by conducting training, especially for Municipal Environment
and Natural Resources Officers (MENRO) and City Environment and Natural Resources Officers
(CENRO).

4.3.17. Increase public awareness on SAF especially in the aviation sector
Potential impact: Low

Timeline: Short

Potential responsible entities: DENR, DOST, DepEd (K12 STEM and TechVoc Strand
Curriculum developer), CHED (SUCs Governing Board — Board of Regents for SU; Board of
Trustees for SC), CCC, NBB SAF Committee, SAF TWG

Public participation is necessary for the development of the SAF industry in the country as well
as its integration and use. As SAF will be a new industry in the Philippines, public awareness of
SAF and its benefits may be lacking. Consequently, it is crucial that the public is well-informed
about the use and production of SAF in the aviation industry.

Stakeholders may increase training and awareness about sustainable aviation fuel, sustainable
travel, and its benefits. This could be done by incorporating SAF into existing curricula on
sustainable and renewable energy sources, discussions, and other learning pathways, as well as
formal education frameworks.

Government agencies such as the Department of Education, Commission on Higher Education,
as well as the State University and Colleges’ (SUCs) respective governing boards can be tapped
to include SAF into the Senior High School curriculum, particularly into the Science, Technology,
Engineering, and Mathematics (STEM) and Technical Vocational (TechVoc) strands, as well as
in tertiary education curricula. This could align with the Philippines’ commitment to sustainability
goals, potentially boosting support for SAF initiatives.
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APPENDIX B: ASSUMPTIONS ON PRODUCTION AND CONSUMPTION VOLUMES

MSW
Categor Production Consumption
Unit metric tons metric tons

Remarks The annual production volume of MSW The consumption volume is determined
generated is calculated based on the based on the assumption that 8% of the
projected daily waste generation for each | waste is utilized for composting and as
region in the Philippines. animal feed.
This production volume considers only
the 52% organic content of MSW and
accounts for a moisture content removal
rate of 45%.

Source [Daily waste generation] Environmental Ordinario, C. U. (2023, July 6). Data show

Management Bureau. (n.d.). Solid waste
management data — Projected waste
generation from 2020 to 2025.
Department of Environment and Natural
Resources. Retrieved from
https://emb.gov.ph/solid-waste-
management-data/

[Share of organic content] Senate
Economic Planning Office. (2017,
November). Philippine solid wastes at a
glance (AG-17-01). Senate of the
Philippines. Retrieved from
https://web.senate.gov.ph/publications/SE
PO/AAG_Philippine%20Solid%20Wastes
_Nov2017.pdf

[Moisture content] Beneroso, D.,
Bermudez, J., Arenillas, A., & Menéndez,
J. (2014). Influence of the microwave
absorbent and moisture content on the
microwave pyrolysis of an organic
municipal solid waste. Journal of
Analytical and Applied Pyrolysis, 105,
234-420.
https://doi.org/10.1016/j.jaap.2013.11.009

how households dispose of unwanted
garbage. BusinessMirror. Retrieved from
https://businessmirror.com.ph/2023/07/06
/data-show-how-households-dispose-of-
unwanted-garbage/
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RICE STRAW

Catego | Production Consumption
Unit metric tons metric tons
Remarks The production volume of rice straw is The consumption volume is based on the
based on the assumption of a 1:1 cumulative utilization rate of 20% for rice
conversion rate of palay to straw. straw (10% used as animal feed, 7% as
raw materials in industry, and 3% for
composting) With a 60% collection rate,
this results in a net utilization rate of 12%.
Source [Production volume of palay] Philippine United Nations Economic and Social
Statistics Authority. (2024). Palay and Commission for Asia and the Pacific.
Corn: Volume of Production in Metric (2018). Status of straw management in
Tons by Ecosystem/Croptype, by Quarter, | Asia-Pacific and options for integrated
by Semester, by Region and by Province, | straw management. Retrieved from
1987-2024. Retrieved from OpenSTAT: https://www.un-
https://openstat.psa.gov.ph/ csam.org/sites/default/files/2021-
06/StatusOfStrawMgr.pdf
[Conversion rate] International Rice
Research Institute. (n.d.). Rice straw
management. https://www.irri.org/rice-
straw-management
[Conversion rate] Caparino, O.A. (2018,
February 21). Status of agricultural waste
and utilization in the Philippines (p.14)
Retrieved from United Nations Office for
Sustainable Development.
https://sustainabledevelopment.un.org
/content/unosd/documents/37656.Philippi
nesPower%20Point%20Presentation-2-
21-18.pdf
RICE HUSK
Category | Production Consumption
Unit metric tons metric tons
Remarks The production volume of rice straw is The consumption volume of rice husk is
based on the assumption of a 1:0.20 based on its utilization rate of
conversion rate of palay to husk. approximately 25% for power generation.
Source [Production volume of palay] Philippine De Vera, I. A. (2013, January 24). Rice

Statistics Authority. (2024). Palay and
Corn: Volume of Production in Metric
Tons by Ecosystem/Croptype, by Quarter,
by Semester, by Region and by Province,
1987-2024. Retrieved from OpenSTAT:
https://openstat.psa.gov.ph/

[Conversion rate] International Rice
Research Institute. (n.d.). Rice husk. IRRI
Rice Knowledge Bank.
http://knowledgebank.irri.org/step-by-
step-production/postharvest/rice-by-
products/rice-husk

waste utilization and its carbon dioxide
emission in selected farms in
Pangasinan, Philippines. Journal of the
Japan Institute of Energy, 92(10), 979-
984. Retrieved from
https://www.jstage.jst.go.jp/article/jie/92/1
0/92_979/ pdf
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COCONUT HUSK

Catego | Production Consumption
Unit metric tons metric tons
Remarks The production volume of coconut shell is | The consumption volume is based on the
estimated based on the assumption that it | 4% utilization of coconut husk for
comprises around 40% of the whole handicraft production, which considers a
coconut. 60% collection rate based on the experts’
estimates, resulting in a net utilization rate
of 2.4%
Source [Production volume of coconut] Philippine | Pogosa, J., Asio, V., Bande, M., Bianchi,

Statistics Authority. (2024). Palay and
Other Crops: Volume of Production in
Metric Tons by Ecosystem/Croptype, by
Quarter, by Semester, by Region and by
Province, 1987-2024. Retrieved from
OpenSTAT: https://openstat.psa.gov.ph/

[Conversion rate] Elepariio, A. R.,
Demafelis, R. B., Dorado, M. A., Bataller,
B. G., Badayos, R. B., Pampolina, N.

M., ... Gatdula, K. M. (2015). Potential
Bioenergy Production from Major
Agricultural Residues in the Philippines.
Philippine Journal of Crop Science, 40,
49-61.

[Moisture content] Magtoto, K. V.,
Salcedo, T.-A. C., Amongo, R. C., &
Capareda, S. C. (2019). Characterization
of coconut (cocos nucifera) husk and
shell for gasification: A study on fouling
and slagging tendencies. Philippine
Journal of Agricultural and Biosystems
Engineering, 15(1). Retrieved from
https://biomech.uplb.edu.ph/wp-
content/uploads/2020/11/PJABE-Vol15-
No1-3-2019-Magtoto-et-al.pdf

S., Grengz, J., & Pichelin, F. (2018, May).
Productivity and sustainability of coconut
production and husk utilization in the
Philippines: coconut husk availability and
utilization. International Journal of
Environmental and Rural Development,
9(1), 31-36. Retrieved from

https://www .jstage.jst.go.jp/article/ijerd/9/1
/9_31/_pdf/-char/en
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COCONUT SHELL

Catego | Production Consumption
Unit metric tons metric tons
Remarks The production volume of coconut shell is | The consumption is based on the nearly
estimated based on the assumption that it | 20% utilization of coconut shells for
comprises 15% of the whole coconut, with | activated carbon. Considering a 60%
a removal of 10% moisture content. collection rate, the net utilization is 12%.
Source [Production volume of coconut] Philippine | Seacor, K. C., & Gaylican, J. K. M.

Statistics Authority. (2024). Palay and
Other Crops: Volume of Production in
Metric Tons by Ecosystem/Croptype, by
Quarter, by Semester, by Region and by
Province, 1987-2024. Retrieved from
OpenSTAT: https://openstat.psa.gov.ph/

[Conversion rate] Elepariio, A. R.,
Demafelis, R. B., Dorado, M. A., Bataller,
B. G., Badayos, R. B., Pampolina, N.

M., . .. Gatdula, K. M. (2015). Potential
Bioenergy Production from Major
Agricultural Residues in the Philippines.
Philippine Journal of Crop Science, 40,
49-61.

[Moisture content] Sarkar, J., & Wang, Q.
(2020, April). Different pyrolysis process
conditions of South Asian waste coconut
shell and characterization of gas, bio-
char, and bio-oil. Energies, 13(8), 1970.
doi:10.3390/en13081970

(2021). Proposed market-based
instruments to support the local activated
carbon industry. NTRC Tax Research
Journal, Vol. XXXIII(5). National Tax
Research Center. Reviewed by J. P. R.
Alegria and approved by M. G. Rempillo.
Retrieved from
https://www.ntrc.gov.ph/images/journal/20
21/j20210910b.pdf

NON-STANDARD COCONUT

Category | Production Consumption
Unit metric tons metric tons

Remarks Based on stakeholder interview, it is The 50% consumption volume of non-
estimated that a conservative rate of 25% | standard coconut on non-food
of the total production for coconuts fall applications is based on the Supply
under the non-standard variety. Utilizations account provided for coconut

in 2022,
Source [Production volume of coconuts] Philippine Statistics Authority. (2023).

Philippine Statistics Authority. (2024).
Palay and Other Crops: Volume of
Production in Metric Tons by
Ecosystem/Croptype, by Quarter, by
Semester, by Region and by Province,
1987-2024. Retrieved from OpenSTAT:
https://openstat.psa.gov.ph/

Supply Utilizations Account of Selected
Agriculture and Fishery Commodities
2020 to 2022. Retrieved from
https://psa.gov.ph/system/files/main-
publication/1-%28ons-cleared%29-
Report%20SUA_2020-2022_ONS-
signed.pdf
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CORN STOVER

Catego | Production Consumption
Unit metric tons metric tons
Remarks The production volume of corn stover The consumption volume is based on the
(corn stalk) is based on the 1:1 15% utilization of corn stover as animal
conversion of dry corn to stover, but this feed, which considers a 60% collection
conversion must be reduced by 50% rate based on the experts’ estimates,
because the crop is reported as standing. | resulting in a net utilization rate of 9%
Source [Production volume of corn] Philippine United Nations Economic and Social
Statistics Authority. (2024). Palay and Commission for Asia and the Pacific.
Corn: Volume of Production in Metric (2018). Status of straw management in
Tons by Ecosystem/Croptype, by Quarter, | Asia-Pacific and options for integrated
by Semester, by Region and by Province, | straw management. Retrieved from
1987-2024. Retrieved from OpenSTAT: https://www.un-
https://openstat.psa.gov.ph/ csam.org/sites/default/files/2021-
06/StatusOfStrawMgr.pdf
[Conversion rate] Phiri, R., Rangappa, S.
M., & Siengchin, S. (2024). Agro-waste
for renewable and sustainable green
production: A review. Journal of Cleaner
Production, 434, 139989.
CORN GRAIN
Category Production Consumption
Unit metric tons metric tons
Remarks The total production volume of corn The estimation of regional corn
included white and yellow corn varieties. consumption is based on national corn
consumption figures from the 2022
Supply Utilizations Account, under the
assumption that consumption is
proportional to regional production
shares.
Source Philippine Statistics Authority. (2024). Philippine Statistics Authority. (2023).

Palay and Corn: Volume of Production in
Metric Tons by Ecosystem/Croptype, by
Quarter, by Semester, by Region and by
Province, 1987-2024. Retrieved from

OpenSTAT: https://openstat.psa.gov.ph/

Rice and Corn: Supply Utilizations
Account. Retrieved from OpenSTAT:
https://openstat.psa.gov.ph/
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CORN COB

Catego Production Consumption
Unit metric tons
Remarks The production volume of corn cob was The consumption volume is based on a
estimated based on the residue-to- stakeholder interview that corn cobs are
product ratio (RPR) and recovery rates of | fully utilized as fuel in furnaces in drying
corn to cob: facilities.
a. RPR:27.0%
b. Recovery rate: 95.0%
Source [Production volume of corn] Philippine

Statistics Authority. (2024). Palay and
Corn: Volume of Production in Metric
Tons by Ecosystem/Croptype, by Quarter,
by Semester, by Region and by Province,
1987-2024. Retrieved from OpenSTAT:
https://openstat.psa.gov.ph/

Caparino, O.A. (2018, February 21).
Status of agricultural waste and utilization
in the Philippines (p.14) Retrieved from
United Nations Office for Sustainable
Development.
https://sustainabledevelopment.un.org
/content/unosd/documents/37656.Philippi
nesPower%20Point%20Presentation-2-
21-18.pdf
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USED COOKING OIL

Catego
Unit

Production

metric tons

Consumption
metric tons

Remarks

The production volume of used cooking
oil is based on the 2023 per capita
consumption of waste oils (13.6
kilograms) multiplied to the overall
population in the country.

The resulting figures, multiplied by 32%
based on the assumption that 320 grams
of cooking oil is produced based on 1
kilogram of cooking oil consumed, were
eventually converted to tons.

Source

ReportLinker. (2024). Global Vegetable
Oils Consumption Per Capita, Forecast
2019-2028 by Country. Retrieved from
https://www.reportlinker.com/dataset/107
978442227c209edd02acb0cef263742171
38

[Conversion of cooking oil to UCQO]
Teixeira, M., Nogueira, R., & Nunes, L.
(2018, August). Quantitative assessment
of the valorisation of used cooking oils in
23 countries. Waste Management, 78,
611-620. Retrieved from

https://doi.org/10.1016/j.wasman.2018.06.

039
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ANIMAL MANURE

Catego
Unit

Production

metric tons

Consumption

Remarks

To estimate production volume on pig and
chicken manure, the number of heads of
chicken and pig in commercial farms is
multiplied to the daily manure rate and
365 days:
a. Chicken: 0.000046 tons per head
per day
b. Pig: 0.00460 tons per head per
day

To account for the dry volume, moisture
contents of 75% and 90% for chicken
manure and pig manure, respectively, is
removed.

Source

Philippine Statistics Authority. (2024).
Chicken: Inventory by Type,
Classification, Province, and Quarter,
2010-2025. Retrieved from OpenSTAT:
https://openstat.psa.gov.ph/

Philippine Statistics Authority. (2024).
Swine: Inventory by Type, Classification,
Province, and Quarter, 2010-2025.
Retrieved from OpenSTAT:
https://openstat.psa.gov.ph/

[Chicken manure daily rate and moisture]
Agricultural Machinery Testing and
Evaluation Center. (2001). PNS/PAES
413:2001 — Agricultural structures —
Biogas plant. Department of Agriculture -
Bureau of Agricultural Research.
Retrieved from
https://amtec.uplb.edu.ph/wp-
content/uploads/2020/06/PNS-PAES-413-
2001-Agricultural-Structures-Biogas-
Plant.pdf

[Pig manure daily rate and moisture]
American Society of Agricultural
Engineers. (2005, March). Manure
Production and Characteristics. Retrieved
from
https://www.researchgate.net/profile/Rb-
Brobst/post/How-much-manure-does-1-
pIg-
produce/attachment/5¢c4f2679cfe4a781a5
7aa56a/AS%3A720076667904003%4015
48691064961/download/ASAE_D384.2.p
df
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FRESH FRUIT BUNCH

Catego | Production Consumption
Unit metric tons metric tons
Remarks The production volume is derived from oll Based on the industry roadmap of oil
palm (fresh fruit bunch) data available in palm published by PCA, the entirety of
the Philippine Statistics Authority database. | fresh fruit bunch is processed to
produce crude palm oil and palm kernel
oil.
Source Philippine Statistics Authority. (2024). Palay | Philippine Coconut Authority. (2024).

and Other Crops: Volume of Production in
Metric Tons by Ecosystem/Croptype, by
Quarter, by Semester, by Region and by
Province, 1987-2024. Retrieved from
OpenSTAT: https://openstat.psa.gov.ph/

Philippine Palm Oil Industry Roadmap
2024-2033 (p.18 and p.36). Retrieved
from
https://www.pca.gov.ph/images//OilPal
m/PDF__ Philippine_Palm_Qil_Industry
~Roadmap 2024-2033.pdf

EMPTY FRUIT BUNCH

Catego | Production Consumption
Unit metric tons

Remarks The production volume for empty fruit The consumption assumes that 40% of
bunch is estimated based on the 20% empty fruit bunch is utilized as fertilizer
extraction rate of fresh fruit bunch to empty | in palm oil milling plants.
fruit bunch, with a removal of 65% moisture
content.

Source Philippine Statistics Authority. (2024). Palay | Philippine Coconut Authority. (2024).

and Other Crops: Volume of Production in
Metric Tons by Ecosystem/Croptype, by
Quarter, by Semester, by Region and by
Province, 1987-2024. Retrieved from
OpenSTAT: https://openstat.psa.gov.ph/

[Conversion rate] Indriati, L., Elyani, N., &
Dina, S. F. (2020, December). Empty fruit
bunches, potential fiber source for
Indonesian pulp and paper industry. In /OP
Conference Series: Materials Science and
Engineering (Vol. 980, No. 1, p. 012045).
IOP Publishing.

[Moisture content] Chang, S. (2014). An
overview of empty fruit bunch from oil palm
as feedstock for bio-oil production. Biomass
and Bioenergy, 62, 174-181.
doi:https://doi.org/10.1016/j.biombioe.2014.
01.002

Han, J., & Kim, J. (2018). Process
Simulation and Optimization of 10-MW EFB
Power Plant. In Computer Aided Chemical
Engineering (Vol. 43, pp. 723-729).
Elsevier. doi:https://doi.org/10.1016/B978-
0-444-64235-6.50128-5

Philippine Palm Oil Industry Roadmap
2024-2033 (p.18 and p.36). Retrieved
from
https://www.pca.gov.ph/images//OilPal
m/PDF__ Philippine_Palm_Oil_Industry
_Roadmap_2024-2033.pdf
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PALM OIL MILL EFFLUENT

Catego | Production Consumption
Unit metric tons metric tons
Remarks The production volume for palm oil mill As the Philippines imports more POME
effluent is estimated based on the 50% than it exports, it generally suggests
extraction rate of fresh fruit bunch to palm that the local production is fully utilized
oil mill effluent. or insufficient to meet domestic demand
Source Philippine Statistics Authority. (2024). Palay | Department of Trade and Industry

and Other Crops: Volume of Production in
Metric Tons by Ecosystem/Croptype, by
Quarter, by Semester, by Region and by
Province, 1987-2024. Retrieved from
OpenSTAT: https://openstat.psa.gov.ph/

[Conversion rate] Feedipedia. (n.d.). Palm
oil mill effluent. Feedipedia.
https://www.feedipedia.org/node/15395#:~:t
ext=An%20industrial%200il%20palm%20mi
1,1984%3B%20P%C3%A9rez%2C%20199
7)

PALM FATTY ACID DISTILLATE (PFAD)

Category | Production Consumption
Unit metric tons metric tons

Remarks The production volume for PFAD is The consumption is based on the
estimated based on the 4% extraction rate assumption that nearly 50% of palm
of palm oil to PFAD. fatty acid distillate is used for biofuel

production.
Based on the Oil Palm roadmap, 20% of
fresh fruit bunch is processed into palm oil
Source Philippine Coconut Authority. (2024).

Philippine Palm Oil Industry Roadmap
2024-2033 (p.18 and p.36). Retrieved from
https://www.pca.gov.ph/images//OilPalm/P
DF__Philippine_Palm_Qil_Industry_Roadm
ap_2024-2033.pdf

[Fresh fruit bunch] Philippine Statistics
Authority. (2024). Palay and Other Crops:
Volume of Production in Metric Tons by
Ecosystem/Croptype, by Quarter, by
Semester, by Region and by Province,
1987-2024. Retrieved from OpenSTAT:
https://openstat.psa.gov.ph/

[Conversion rate] International Civil Aviation
Organization. (2023). Feasibility Study on
the Use of Sustainable Aviation Fuels in
Coéte d'lvore. Retrieved

from https://www.icao.int/environmental-
protection/Documents/ACT-
SAF/Feasibility_Studies/Feasibility _Study__
Cote dlvoire.pdf

179


https://www.icao.int/environmental-protection/Documents/ACT-SAF/Feasibility_Studies/Feasibility_Study_Cote_dIvoire.pdf
https://www.icao.int/environmental-protection/Documents/ACT-SAF/Feasibility_Studies/Feasibility_Study_Cote_dIvoire.pdf
https://www.icao.int/environmental-protection/Documents/ACT-SAF/Feasibility_Studies/Feasibility_Study_Cote_dIvoire.pdf
https://www.icao.int/environmental-protection/Documents/ACT-SAF/Feasibility_Studies/Feasibility_Study_Cote_dIvoire.pdf

FORESTRY RESIDUES

Catego | Production Consumption
Unit metric tons metric tons

Remarks The production volume for forestry residues | The consumption volume is based on
fat includes (a) branches, (b) cutter the assumption that 10% of forestry
shavings, (c) slash, and (d) tree tops. To residues across Southeast Asia are
estimate the production volume, the volume | collected for fuel wood.
of log production was multiplied by a
constant conversion rate of 20%
To convert the unit of measurement from
cubic meters to metric tons, the figures
were multiplied by the density factor of 0.35
metric tons per cubic meter (equivalent to
350 kilograms per cubic meter).
A moisture content of 50% is also removed.

Source Forest Management Bureau. (n.d.). Food and Agriculture Organization.

Statistics. Department of Environment and
Natural Resources. Retrieved March 11,
2025, from
https://forestry.denr.gov.ph/fmb_web/about-
fmb/statisticses/

[Conversion of forestry residues] Tavankar,
F., & Eynollahi, Y. (2014). Estimating of
Volume and Weight of Logging Residue
from Selection Cutting Under Different
Ground Slopes in Hyrcanian Forest.
Scholars Academic Journal of Biosciences,
2(3), 172-176.
doi:10.36347/sajb.2014.v02i03.001

[Density of forestry residues] Nurek, T.,
Gendek, A., & Roman, K. (2019). Forest
residues as a renewable source of energy:
Elemental composition and physical
properties. BioResources, 14(1), 6-20.
Retrieved from 10.15376/biores.14.1.6-20

[Moisture content] Kizha, A., Han, H.-S.,
Paulson, J., & Koirala, A. (2018). Strategies
for reducing moisture content in forest
residues at the harvest site. Applied
Engineering in Agriculture, 34(1), 25-33.

(1999). Availability and use of logging
residues. Retrieved from
https://www.fao.org/4/x6966e/X6966E0
1.htm
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FATS

Catego Production Consumption
Unit metric tons metric tons

Remarks The production volume for mixed animals Consumption is based on the
fat includes pig and cattle by multiplying assumption that 66.7% of mixed animal
their aggregated share of non-food use fats are used as animal feed and as
fatty tissue of cattle (4%) and pig (3%) to ingredients in oleochemical and biofuel
the volume of slaughtered animals. production in other countries.

Source Philippine Statistics Authority. (2024). Stakeholder interviews; experts’
Livestock and Poultry: Annual Volume of estimates
Animals Slaughtered/Dressed by Animal
Type and Province, 2013-2024. Retrieved
from OpenSTAT:
https://openstat.psa.gov.ph/
[Share of non-food fatty tissues]
Jayathilakan, K., Sultana, K.,
Radhakrishna, K., & Bawa, A. S. (2012).
Utilization of byproducts and waste
materials from meat, poultry and fish
processing industries: a review. Journal of
food science and technology, 49(3), 278-
293.
SUGARCANE
Catego Production Consumption
Unit metric tons metric tons

Remarks The total production volume of sugarcane The consumption volume is based on
included sugarcane for centrifugal sugar, the Supply Utilizations account provided
ethanol, muscovado, chewing, and for sugarcane in 2022.
basi/vinegar varieties.

Source Philippine Statistics Authority. (2024). Palay | Philippine Statistics Authority. (2023).

and Other Crops: Volume of Production in
Metric Tons by Ecosystem/Croptype, by
Quarter, by Semester, by Region and by
Province, 1987-2024. Retrieved from
OpenSTAT: https://openstat.psa.gov.ph/

Supply Utilizations Account of Selected
Agriculture and Fishery Commodities
2020 to 2022. Retrieved from
https://psa.gov.ph/system/files/main-
publication/1-%28ons-cleared%29-
Report%20SUA_2020-2022_ONS-
signed.pdf
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BAGASSE

Catego | Production Consumption
Unit metric tons metric tons
Per the Sugar Regulatory
Remarks Administration, 100% of bagasse
production is utilized as primary fuel in
sugar factories.
Source Sugar Regulatory Administration. (2023, October 17). Sugarcane bagasse production,
supply, and demand statistics. Freedom of Information
Philippines. https://www.foi.gov.ph/requests/sugarcane-bagasse-production-supply-
and-demand-statistics/
MOLASSES
Catego | Production Consumption
Unit metric tons metric tons
Remarks The total production volume of molasses is | Consumption data is based on the 2022
estimated using a 4.0% conversion rate of feedstock utilizations of bioethanol
raw sugar production to molasses. distilleries in the Philippines
Source Sugar Regulatory Administration. (2023). Annual report 2022. [PDF]

Bonsucro. (n.d.). Conversion ratios for Bonsucro Credit Trading Platform.
Bonsucro. https://credits.bonsucro.com/Ratios_and_References.pdf

SOYBEAN OILSEED

Category | Production Consumption
Unit metric tons metric tons
Remarks The production volume is derived from The estimation of regional soybean
soybean data available in the Philippine oilseed consumption is based on
Statistics Authority database national soybean consumption figures
from the 2022 Supply Utilizations
Account, under the assumption that
consumption is proportional to regional
production shares.
Source Philippine Statistics Authority. (2024). Other | Philippine Statistics Authority. (2023).

Crops: Volume of Production in Metric Tons
by Ecosystem/Croptype, by Quarter, by
Semester, by Region and by Province,
1987-2024. Retrieved from OpenSTAT:
https://openstat.psa.gov.ph/

Vegertables: Supply Utilizations
Account. Retrieved from OpenSTAT:
https://openstat.psa.gov.ph/
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SUGARBEET (BEETS)

Catego | Production Consumption
Unit metric tons metric tons
Remarks The production volume is derived from The consumption is informed by a
sugar beet (beets) data available in the stakeholder interview, which indicated
Philippine Statistics Authority database that sugar beets are fully utilized for
food.

Source Philippine Statistics Authority. (2024). Other
Crops: Volume of Production in Metric Tons
by Ecosystem/Croptype, by Quarter, by
Semester, by Region and by Province,
1987-2024. Retrieved from OpenSTAT:
https://openstat.psa.gov.ph/
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APPENDIX C: SOME OF THE FINANCIAL MECHANISMS EMPLOYED IN OTHER
COUNTRIES

Mechanism Description

Hongkong-based airline, Cathay Pacific, has made a
strategic equity investment in a US-based
sustainable biofuel developer, Fulcrum BioEnergy, Inc
(“Fulcrum”) (Cathay Pacific, 2014) Fulcrum is a pioneer
in the development and commercialization of converting
municipal solid waste into sustainable aviation fuel.

United Airlines invested has also made a landmark
Strategic equity investment equity investment in Fulcrum, marking the largest
alternative fuel investment by a U.S. airline. The
partnership plans to convert municipal waste into
biofuel, with up to five projects near United’s hubs,
potentially producing 180 million gallons annually.
United will also purchase at least 90 million gallons of
SAF annually for 10 years at competitive prices.
(Advanced Biofuels USA, 2015) .
British Airways, in collaboration with its parent company
IAG, has made a strategic investment in a joint venture
with Velocys, a leading sustainable fuels technology
firm, to advance the Altalto project. This innovative
waste-to-SAF facility in the UK aims to produce 21
million gallons of SAF annually. (British Airways, 2021)
(Velocys, 2021).
Norsk e-Fuel, Prime Capital, and RES are collaborating
on "Project Alby" in northern Sweden to produce SAF.
This plant utilizes Power-to-Liquid technology to convert
water into hydrogen, which is combined with captured
Alternative investment CO, to create e-Kerosene, a renewable alternative to
fossil fuels. The funds invested by Prime Capital benefit
from support from the European Union under the
InvestEU Fund. (Prime Capital, 2025) (Norsk e-fuel,
2025)
KLM Royal Dutch Airlines has made strategic
investments in SAF production facilities, such as the
partnership with SkyNRG to develop Europe's first
dedicated plant to produce SAF from waste. KLM also
entered into an offtake agreement for 600,000 tons of
SAF from DG Fuels, to be delivered between 2027 and
Strategic investment/partnership 2036. (Air France-KLM, 2023)_

and offtake agreement _ . _
SkyNRG developed its DSL-01 production plant in
Delfzil, Netherlands with its long-term strategic partner,
Shell Aviation. Shell contributed its technical and
commercial expertise for the development of the plant
with the option to purchase sustainable aviation fuel
produced at the facility. (Skynrg, 2019)..

Strategic investment in a joint
venture
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Loan guarantees

The US Department of Energy launched the Sustainable
Aviation Fuel Grand Challenge. It is a government-wide
effort to reduce the cost, enhance sustainability, and
expand the production and use of SAF.

Accordingly, commercial-scale SAF projects that utilize
innovative technology and avoid, reduce, or sequester
greenhouse gas emissions and meet other program
requirements may be eligible for loan guarantees
under the Loan Programs Office’s (LPO’s) Title 17
Innovative Energy Loan Guarantee Program. Under the
Title 17 Clean Energy Financing Program, projects in
the United States that support clean energy deployment
and energy infrastructure reinvestment can be financed
by LPO.

Government funding/subsidies

Japan’s Ministry of Economy, Trade and Industry (METI)
grants subsidy to support large-scale domestic SAF
production. For FY 2024, Cosmo Oil was selected for its
project developed with Mitsui and utilizing Lanzadet’s
alcohol-to-jet technology.

Meanwhile, the UK Government’'s October 2021 Net
Zero Strategy laid out a commitment to “(b)ecome a
leader in zero-emission  flight, kick-starting
commercialisation of UK sustainable aviation fuels (SAF)
[...] to enable the delivery of 10% SAF by 2030".

Pursuant to such, UK’'s Department of Transport
launched Advanced Fuel Fund (AFF). AFF provides
funding to first-of-a-kind commercial and demonstration-
scale SAF projects in the United Kingdom. (UK
Government, 2024). The Advanced Fuels Fund has
competitively allocated £135 million in grant funding to
support UK advanced fuels projects until 31 March 2025
and aims to competitively allocate an additional £63
million in grant funding to support UK advanced fuel
projects until 31 March 2026.
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APPENDIX D: PROCESS IN GETTING PUBLIC FUNDING AT THE NATIONAL LEVEL

The GAA provides that the use of government funds must be done in strict accordance with
existing government procurement laws, rules, and regulations. Furthermore, the New
Government Procurement Act provides that all procurement should be within the approved budget
of the Procuring Entity and only those considered crucial to the efficient discharge of government
functions shall be included in the Annual Procurement Plan (APP).

The graph below illustrates the procurement process in accordance with the New Government
Procurement Act and other existing regulations on procurement.

Budget Call by the Forwarding of WFP from Budget Office Refine proposed Procurement in accordance
Department of to Bids and Awards Committee APP based on the with Procurement Law through
Budget and Secretariat for consolidation of initial approved GAA Philippine Government
Management list for proposed Annual Procurement Electronic Procurement System

Plan (AAP)

Submission of Work Budget Hearing, Advertise

and Financial Plan passage of the GAA procurement
(WFP) to Budget in the Congress opportunities for
Office projects proposed

in the succeeding
GAA

Procurement standards

Procurement by all branches and instrumentalities of the national government are governed by
the New Government Procurement Act. It created the Philippine Government Electronic
Procurement System (PhilGEPS) which serves as the primary source of information and channel
in the conduct of all procurement activities of the government. Procurement Entities need to
register with PhilGEPS.
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APPENDIX E: ELIGIBLE PROJECTS UNDER THE IMPLEMENTING RULES AND
REGULATIONS OF RA NO. 6957, AS AMENDED

RULE 2
GENERAL PROVISIONS

Sec. 2.1. Authorized Contracting Government Agencies/Units. - The following are authorized to
enter into contractual arrangements under this Act and these IRR.

a. All concerned government agencies, including government-owned or controlled corporations,
authorized by law or by their respective charters to undertake infrastructure and/or development
projects.

b. LGUs authorized by law or by their charters to undertake infrastructure and/or development
projects within their respective jurisdiction.

Sec. 2.2. Eligible Types of Projects. — The construction, rehabilitation, improvement, betterment,
expansion, modernization, operation, financing and maintenance, of the following types of
projects which are normally financed and operated by the public sector which will now be wholly
or partly financed, constructed and operated by the private sector, including other infrastructure
and development projects as may be authorized by the appropriate agencies, may be prosecuted
under the provisions of the Act and these IRR, provided however that such projects have a cost
recovery component which covers at least 50% of the project cost:

a. Highways, including expressway, roads, bridges, interchanges, tunnels, and related facilities;
b. Railways or rail-based projects packaged with commercial development opportunities;
c. Non-rail based mass transit facilities, navigable inland waterways and related facilities;

d. Port infrastructures like piers, wharves, quays, storage, handling, ferry services and related
facilities; e. Airports, air navigations, and related facilities;

f. Power generation, transmission, sub-transmission , distribution, and related facilities;

g. Telecommunications, backbone network, terrestrial and satellite facilities and related service
facilities;

h. Information technology and data base infrastructure;

i. Irrigation and related facilities;

j- Water supply, sewerage, drainage, and related facilities;

k. Education and health infrastructure;

I. Land reclamation, dredging and other related development facilities;

m. Industrial and tourism estates or townships, including related infrastructure facilities and
utilities;
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n. Government buildings, housing projects;

0. Markets, slaughterhouses, and related facilities;

p. Warehouses and post-harvest facilities;

g. Public fishports and fishponds, including storage and processing facilities; and

r. Environmental and solid waste management related facilities such as collection equipment,
composting plants, incinerators, landfill and tidal barriers, among others.

Sec. 2.3. List of Priority Projects. - Concerned Agencies/LGUs are tasked to prepare their
infrastructure/development programs and to identify specific priority projects that may be financed,
constructed, operated and maintained by the private sector through the contractual arrangements
or schemes authorized under these IRR.

The projects require the approval of either the NEDA Board, ICC or Local Development Councils
(LDCs) and respective Sanggunians as specified in Section 2.7. Such requisite approval shall be
applied for and should be secured by the Head of Agency/LGU prior to the call for bids for the
project. For this purpose, the Head of Agency/LGU may submit projects for inclusion in the list,
for approval by the appropriate approving authority, as often as is necessary. Approved projects
shall constitute the List of Priority Projects.
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