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MINISTERIAL FOREWORD

outh Africa’s 2025 G20 Presidency has reaffirmed a simple yet critical truth: that the global shift to low-carbon energy

must be equitable, innovative, and rooted in the realities of developing nations. While renewable electricity provides

an affordable way for us to progressively decarbonise our electricity grids, decarbonising international aviation and
shipping is a more challenging task: sustainable alternative fuels are required. Since South Africa is a member of both the
International Maritime Organisation and the International Civil Aviation Organisation, we are called upon to play our part in
decarbonising these two sectors. While biofuels present a credible, sustainable fuel option for those countries with good
rainfall, the water-stressed nature of much of South Africa and many other countries requires a different approach. Across
our four Energy Transition Working Group (ETWG) meetings - from the launch of our technical discussion in Pretoria to
Durban’s ministerial meeting — we have championed e-fuels as a transformative solution for Africa’s water-stressed regions.
In Cape Town, we underscored the urgency to “harness our abundant solar and wind potential to produce e-fuels, not as
a privilege, but as a cornerstone of energy security and climate resilience.”

In this regard, this outcome — anchored on Just Energy Transition, Access, and Affordability — brings that vision to life.
It presents a strategic roadmap for e-fuels, produced via clean electrolysis and desalination, to progressively replace
petroleum-based fuels in hard-to-abate sectors like maritime shipping and commercial aviation, while overcoming biomass
constraints in arid areas.

The limited supply of biofuels from areas with suitable rainfall and climate may, in this way, be complemented by a supply
of e-fuels from arid countries which are rich in solar and wind. This can create whole new industries but will only succeed
if supported by robust sustainability safeguards, aligned policies, and international finance.

Crucially, we recognise the interlinkages of this outcome with other Priority Two outcomes: just as Outcome Two'’s socio-
economic safeguards protect fossil fuel-dependent communities through local content and job creation, e-fuels can
generate green/sustainable livelihoods in renewable value chains; linking with Outcome Three whose focus on regional
interconnectivity ensures cross-border hydrogen trade; and Outcome One’s energy security pillar underpinning the
desalination and storage infrastructure needed for scale.

We are encouraged that this holistic approach, advocated in our ETWG discussions with calls for “blended finance to turn
ambition into action,” positions e-fuels as a catalyst for millions of jobs and regional cooperation amid Africa’s rising energy
demands. Yet, success hinges on decisive action — investing.

As we ready ourselves to carry this task forward, we take this opportunity to commend the contributions from our partners
— International Energy Agency, Clean Energy Ministerial, GIZ, UNIDO, and CSIR - for this insightful analysis and for clarifying
Side Events. To investors, development banks, and collaborators, | extend an invitation: join us in mobilising resources and
forging partnerships to transform water-stressed challenges into a legacy of sustainable growth. Together, we can lead the
world toward a resilient, prosperous future.

Dr. Kgosientsho Ramokgopa, MP
Minister of Electricity and Energy
Republic of South Africa



ABSTRACT

he decarbonisation of global maritime shipping and commercial aviation will require operator nations to displace

petroleum-based fuels with sustainable alternatives. Sustainable fuels consist of biofuels produced from biomass and

e-fuels produced from hydrogen obtained from the electrolysis of water using clean electricity (such as renewables
or nuclear).

Biofuels can be produced by nations with a suitable climate and rainfall, possessing available land with suitable soils.
For countries in arid, semi-arid, and other water-stressed regions, the production of biofuels at scale is prevented by the
limited availability of biomass. Instead, e-fuels may be produced in these countries, provided they have available land and
good solar and wind potential. The water for electrolysis may be provided at negligible additional cost to e-fuel production
through desalination of seawater or other contaminated water sources. The desalination plant may be oversized to supply
water to nearby communities. For carbon-based e-fuels such as e-kerosene, e-diesel, and e-methanaol, different carbon
sources are available, but they must meet sustainability requirements.

Africa has a narrow but critical window to scale up sustainable fuels to meet this demand as part of a broader just energy
transition and climate mitigation strategy. In areas where feedstocks are available, biofuels can play a near-term role in
expanding energy access, particularly in rural and off-grid areas.

The full potential of sustainable fuels will only be realised if their development is aligned with land and water resource
planning, guided by strong sustainability safeguards, supported by coherent national policies, and backed by regional
cooperation and international climate finance. When developed responsibly, biofuels and e-fuels can contribute significantly
to emissions reductions, enhanced climate resilience, and inclusive energy access across Africa.



EXECUTIVE SUMMARY

he decarbonisation of global maritime shipping and commercial aviation will require operator nations to displace

petroleum-based fuels in these sectors with sustainable fuels. Sustainable fuels consist of biofuels produced from

biomass and e-fuels produced from hydrogen obtained by electrolysing water using clean electricity (such as
renewables or nuclear).

Biofuels can be produced by nations with a suitable climate and rainfall, possessing available land with suitable soils. For
countries in arid, semi-arid, and other water-stressed regions, the production of biofuels at scale is prevented by the limited
availability of biomass. Instead, e-fuels may be produced in these countries, provided they have available land and good
solar and wind potential. The water for electrolysis may be provided at negligible additional cost to e-fuel production by the
desalination of seawater or other contaminated water sources. The desalination plant may even be oversized to provide
water for nearby communities. For carbon-based e-fuels such as e-kerosene, e-diesel, and e-methanol, different carbon
sources are available, but they must meet sustainability requirements.

Africa’s energy demand is projected to rise significantly in the coming decades, driven by rapid population growth,
urbanisation, and industrial development. Without a transition to low-carbon alternatives, this expansion is likely to result
in a substantial increase in greenhouse gas (GHG) emmisions.. At the same time, many African countries remain highly
vulnerable to the impacts of climate change, particularly in sectors such as agriculture, pastoralism, and fisheries. Arid
and semi-arid regions face particular challenges due to resource constraints, but they also hold considerable potential for
renewable energy development. Although biomass availability is often limited, these regions possess strong solar and wind
resources, offering a unique opportunity to produce sustainable fuels. Expanding the use of biofuels and e-fuels in these
areas can support climate mitigation through low-carbon energy supply, while also contributing to adaptation by reducing
reliance on fossil fuel imports and enhancing water and energy security.

Biofuels in Africa are currently deployed at a limited scale, with most projects based on agricultural residues and organic
waste and concentrated in a small number of countries. Their expansion has been constrained by high production costs,
underdeveloped infrastructure, and limited fiscal or regulatory support. Where blending mandates exist, such as in Malawi
and Zimbabwe, implementation has seen moderate progress, but in many countries, targets remain unenforced. Moreover,
biomass resources are unevenly distributed and already heavily allocated to food, feed, fibre, and timber, limiting the scope
for large-scale biofuel production without improvements in yields or more efficient land use. Advanced biofuel technologies,
including lignocellulosic and algal conversion, offer the potential to increase output and reduce land-use pressure, but they
remain commercially immature and require dedicated research and investment.

E-fuels offer a complementary pathway, particularly in regions where biomass is scarce but renewable electricity potential
is high. Fuels such as e-kerosene, e-diesel, e-methanol, and e-ammonia can be produced using solar and wind power
combined with desalinated water, delivering co-benefits such as improved local water access. Although currently more
expensive than biofuels, e-fuels have simpler supply chains and are particularly well suited to hard-to-abate sectors such
as commercial aviation and maritime shipping. Over time, innovation in electrolysis, direct air capture, and power-to-
liquid systems, alongside the development of non-carbon fuels like ammonia, is expected to reduce costs and support
commercial deployment at scale.

A combined strategy is therefore essential. Biofuels can provide near-term solutions in areas where feedstocks are locally
available, particularly for rural and off-grid communities. E-fuels, in turn, offer longer-term opportunities for industrial
decarbonisation and international markets, especially in arid and semi-arid regions with strong renewable energy resources.
With appropriate planning, supportive policy frameworks, and targeted investment, these regions can become important
contributors to Africa’s clean energy transition. Sustainable biofuels and e-fuels each play a vital and complementary role in
the continent’s energy future. With regional coordination, integrated land and water planning, and international support, arid
and semi-arid regions can become central to Africa’s low-carbon fuel supply —meeting growing domestic energy needs
while contributing meaningfully to global climate goals and a more resilient, inclusive, and sustainable energy system.
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1. SUSTAINABLE FUELS

The global imperative to decarbonise is driven by the urgency to mitigate climate change, which is driven by rising GHG
emissions in the atmosphere caused by the unmitigated combustion of fossil fuels. To meet commitments under the
Paris Agreement, fossil fuel combustion must therefore be substantially reduced across all sectors of the global economy,
including electricity, transport, and industry (UNFCCC, 2015).

The most visible progress has been in the electricity sector. In 2024, clean energy sources (renewables and nuclear)
generated more than 40% of global electricity. While global electricity production grew by 4% in 2024, renewables and
nuclear power made up over 80% of this additional energy (IEA, 2025). For transport and industry, direct electrification
using power sourced from clean energy is the most efficient and lowest cost decarbonisation approach, wherever it is
technically feasible. In terrestrial (road) transport, this transition is already underway: global electric car sales grew by 25% in
2024, reaching more than 20% of total car sales, driving an 8% increase in electricity consumption in the sector (IEA, 2025).

In the hard-to-abate sectors' of commercial aviation and maritime shipping, direct electrification is not feasible: in these
cases, petroleum-based liquid fuels must be substituted with sustainable liquid fuels. Two options exist for sustainable
liquid fuels: biofuels and e-fuels. While liquid biofuels are generated from biomass, e-fuels are fuels based on hydrogen
produced by the electrolysis of water.

Liquid biofuels are currently more cost-effective and further developed than e-fuels. For countries with abundant biomass
potential (such as Brazil and India), the expansion of sustainable biofuels is therefore not only in their economic interest but
also in the interest of global decarbonisation. Being agriculture-based, biofuels have the benefit of being able to provide
new employment opportunities in rural areas. Liquid biofuels already play a role in road transport: in 2024, they exceeded
4% of global transport fuel consumption (mostly in Brazil, India, Indonesia, and the United States) (IEA, 2025).

Unfortunately, biofuels alone will not be able meet the demand to decarbonise aviation and shipping. Firstly, the availability
of sustainable feedstock will limit supply from current technologies (IEA, 2024). Secondly, the necessary conditions for
biofuels are available land, good rainfall, and an accommodating climate. These conditions are not universally available,
since several countries in Africa and elsewhere are arid or semi-arid and water-stressed, which precludes the production
of biofuels at scale (as illustrated in Figure 1).

A. BIOMASS POTENTIAL AS DEPICTED BY THE NET PRIMARY PRODUCTIVITY (NPP)

L

1 The hard-to-abate sectors are commercial aviation, maritime shipping, long-haul heavy road transport and industries requiring chemical transformations (iron
and steel, ammonia, cement and chemicals) (ETC, 2018)
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A. BIOMASS POTENTIAL AS DEPICTED BY THE NET PRIMARY PRODUCTIVITY (NPP)
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Figure 1: Potential biomass and biomass available for bioenergy. Net primary productivity (NPP) is the net carbon fixed by vegetation after
autotrophic respiration and provides an estimate of potential biomass availability. However, a significant portion of this biomass is already
used by people and termed the human appropriated Net primary productivity (HANPP).

A. NPP generated using earthengine.google.com/ from MODIS/061/M0OD17A3HGF.

B. Map of already utilised portion of biomass as depicted by the Human Appropriated Net Primary Productivity (HANPP) as a percentage of
Net primary productivity (NPP). Source: (Haberl et al. 2010)

Therefore, to meet the sustainable fuel demand, e-fuels will be necessary to supplement biofuels, both in water-scarce
regions as well as globally. Many water-stressed areas in the global sunbelt also have good wind resources, which together
allow high capacity factors to be achieved for the electrolyser, thereby lowering the levelised cost of the hydrogen required
(Figure 2). In water-stressed countries, the feedstock water for electrolysis may be supplied by the desalination of seawater.

Levelised cost of hydrogen (USD/kg H,)

T i —_'_
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Figure 2: Hydrogen production costs from hybrid solar photovoltaic (PV) and onshore wind systems. (IEA, 2023)

This document will discuss how e-fuels can complement biofuels to meet the anticipated demand for sustainable fuels to
decarbonise maritime shipping and commercial aviation.
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Bioenergy is a type of renewable energy derived from biomass and used for energy services such as heating and cooling,
electricity and transport. Examples of biomass include purposely grown energy crops, forestry residues and waste,
agricultural residues; animal husbandry and agro-processing waste, and domestic organic waste (organic fraction of
municipal solid waste and sewage). Biofuels are the intermediate energy carriers from biomass and are solid, liquid or
gaseous fuels (i.e., biogas, bioethanol, biodiesel and bio-jet). Bioenergy can bring benefits such as reduced GHG and new
opportunities for economic development, as well as a reduction in petroleum dependency (Demirbas, 2009). In addition,
bioenergy developments are based in a rural context, and they offer a new opportunity for improved rural development by
enhancing the agricultural potential, opening new agricultural markets and increasing the productivity of these areas (Von
Maltitz & Stafford, 2011; IEA, 2022).

The biomass feedstock, conversion technology, and other requirements of the biofuels value chain will determine the overall
economic, social, and environmental costs and benefits. Currently, most biofuels are biodiesel, biogas, and bioethanol
produced from crops that can also be used for food or animal feed production (e.g., corn, wheat, sugar cane, sugar beet,
palm oil, rape, soy, etc.). The bioenergy potential from non-food crops is considerable, with leading candidates including
miscanthus grass, short-rotation coppice trees, switchgrass, bana grass, giant reed and certain bamboo that provide
high lignocellulosic biomass yields on marginal land and thereby avoid direct competition with food crops. A challenge
for the utilisation of lignocellulose biomass is the required pre-treatment to produce ethanol and biomethane by biological
processing or to produce synfuels via gasification and hydrocarbon synthesis. Other non-food biomass feedstocks are
oil-rich crops such as the Solaris tobacco variety and certain aquatic algae that can grow on land unsuitable for agriculture
(Demirbas, 2009; IEA, 2021).

Biomass resources are unequally distributed. Biomass productivity depends on a range of factors such as climate, rainfall,
topography, existing soil fertility and health, as well as the productivity gains that can be attained through irrigation and the
addition of fertiliser. In the African context, biomass productivity is strongly influenced by water availability: semi-arid and
arid regions exhibit low net primary productivity, which limits sustainable biofuel potential, whereas coastal and equatorial
regions with higher rainfall offer better prospects. Net primary productivity (NPP) is the net carbon fixed by vegetation
after autotrophic respiration and provides an estimate of potential biomass availability. However, a significant portion of
this biomass is already used by people and termed ‘human-appropriated net primary productivity’ (HANPP). Biomass
underpins multiple established provisioning uses—food and animal feed, timber, fibre and textiles—so a substantial share
of productivity is already utilised, which constrains the biofuels’ potential. Global assessments estimate HANPP at roughly
one quarter of potential NPP, with marked regional variation and strong competition among food, fodder and material uses
(Haberl et al., 2010; Gunning, Heinsch, & Zhao, 2004). Consequently, unless yields rise or demand shifts, only the portion
of NPP is available for energy if one wishes to avoid displacing existing uses of biomass and the associated livelihoods
(Krausmann et al., 2013). Figure 1 shows the geospatial assessment of biomass potential (NPP) and the portion of biomass
potential already utilised (HANPP), providing an indication of the biomass available for bioenergy.

Fortunately, the unequal distribution and locally limited supply of biomass for biofuel production can be supplemented by
e-fuel production. This is especially relevant in areas where there are abundant renewable energy resources but limited
water availability, such as the low-productivity lands of arid and semi-arid regions.

E-fuels, also referred to as Power-to-X (PtX) fuels, are synthetic energy carriers based on hydrogen produced through
the electrolysis of water. This hydrogen may be combined with nitrogen to produce ammonia, or with carbon dioxide to
form carbon-containing e-fuels such as methane, methanol, kerosene, or gasoline (Figure 3). Liquid e-fuels fall into two
categories: drop-in e-fuels and alternative e-fuels.

Drop-in e-fuels are carbon-based fuels that are fully compatible with existing engines and fuelling supply infrastructure.
They are chemically similar to (and can be blended with) their equivalent petroleum-based fuels. Examples of drop-in
e-fuels are e-kerosene, e-diesel, and e-gasoline, and they are produced by Fischer-Tropsch (FT) synthesis.




Alternative e-fuels are non-standard, non-drop-in fuels that require modified or purpose-built engines and investments in
distribution infrastructure to enable their uptake by the transport sector. They achieve the same decarbonisation objectives
as drop-in e-fuels. Examples of alternative e-fuels are e-methanol and e-ammonia.

O,
Electricity
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Figure 3: Schematic illustration of an e-fuels production process. (IEA, 2024)

For e-fuels to qualify as low-emission, the electrolysis must be powered by low-emission electricity, and the secondary
feedstock gas (CO, or nitrogen) must be obtained in a way that leads to low life-cycle GHG emissions (IEA, 2024).

Additional sustainability requirements include renewable assets, land, and water. The renewable assets used to drive
electrolysis should be additional and should not be cannibalised from the renewable supply used to decarbonise electricity
provision.

The use of the land for the renewable power generation to drive the electrolysis should not result in the displacement of
indigenous communities, damage to ecologically sensitive habitats, or decreases in intensive agriculture output.

The use of water as feedstock for electrolysis should not result in decreased water use for communities or the environment.
In water-stressed countries, this water may be supplied by desalination of seawater or contaminated water sources. If
desalination is used, the brine should be disposed of in an ecologically sensitive manner and should not lead to saline
“dead zones” in the ocean.

A later section will discuss the implications of obtaining water from desalination and the sustainability of different carbon
sources.

E-fuels are currently more expensive to produce than fossil fuels or biofuels, but this cost is predicted to decline and by
20830 could be reduced to USD 50/GJ (USD 2 150/t), e-methanol to USD 35/GJ (USD 700/t), and e-ammonia to USD 30/
GJ (USD 5504) (IEA, 2024).

The demand for sustainable fuels will need to increase to meet the global decarbonisation goals and net zero by 2050.
Decarbonisation by electrification is not feasible for hard-to-abate sectors such as long-haul aviation and shipping, which
will require sustainable fuels (biofuels and e-fuels). In the IEA net-zero carbon emissions scenario, low-emission fuels
must rise from less than 1% of global energy supply today to nearly 20% by 2050, with liquid biofuels alone providing
about 14% of transport energy (IEA, 2023; IEA, 2021). Aviation and shipping are particularly dependent, with sustainable
fuels projected to grow from under 1% currently to almost 80% of final energy use in these modes by mid-century. Thus,
while overall liquid fuel demand is expected to decline due to the switch to transport powered by renewable electricity, a
substantial uptake of sustainable fuels in these hard-to-abate sectors is needed to close the gap (IEA, 2024).




Water is a necessary feedstock for electrolysis for hydrogen production. Per kilogram of hydrogen produced, about 9.2 litres of
treated water is required as feedstock, which is converted into hydrogen, requiring 15 litres of surface water before treatment.

The process of electrolysis generates significant waste heat, requiring cooling. Conventionally, this cooling is done using
evaporative cooling, which requires an additional 15 litres of water per kilogram of hydrogen. If the water supply is highly
constrained, the need for additional cooling water may be eliminated by using dry cooling instead of evaporative cooling. Dry
cooling, however, suffers from lower efficiency in hot arid environments. This may be addressed by hybrid cooling systems
that operate as dry cooling during cooler periods, and as wet cooling during hotter periods (ARUP, 2022).

In water-stressed regions, it is not sustainable to use scarce surface water as a feedstock for electrolysis-based fuel production
if doing so exacerbates water scarcity for communities and the environment. This requirement is built into the hydrogen import
strategy of Germany? (arguably the largest hydrogen-importing nation): “Considering the importance of local water supplies,
and with a view to the public acceptance of hydrogen projects, hydrogen production must not lead to local water shortages”
(BMWK, 2024).

Therefore, for water-stressed countries, supplying electrolyser feedwater by the desalination of seawater is a logical choice.
While the cost of water produced by desalination® is high for agriculture and certain communities, desalination does not
significantly increase hydrogen costs. Using desalinated seawater adds to the cost of a kilogramme of hydrogen only by the
order of 1%: USD 0.02-0.05 (IRENA and Bluerisk, 2023), and USD 0.04 (IEA, 2024). This means that as part of the social
licence to operate, hydrogen producers in water-stressed regions could be required to oversize their desalination plants to
contribute to the water security and resilience of the surrounding communities (Roos & Wright, 2021).

Desalination technology is commercial and is available at scale. In February 2020, the global installed desalination capacity
was 97.2 million m®day from 16 876 installed plants (Eke, Yusuf, Giwa, & Sodig, 2020). The largest desalination plant in the
world is the Jebel Ali Desalination Plant in the United Arab Emirates, with a capacity of 2 million m? per day (IEA, 2024).

If the feedwater value of 35 litres per kilogram of hydrogen mentioned earlier is doubled to about 70 litres/kgH, to
accommodate surrounding communities, an electrolyser plant producing 1 Mt of hydrogen per year would imply a
desalination plant producing 70 Mm? of water per year, of 192 000 m3/day capacity. This value compares well with plants
operating in different countries today (Algeria: 14 plants with an average size of 230 000 m%/day, Australia: 8 plants and
220 000 mé3/day; Israel: 5 plants and 340 000 m3/day, Kuwait: 7 plants and 320 000 m?/day, Saudi Arabia: 5 plants and 542
000 m3/day, and UAE: 11 plants and 1 014 000 m®/day) (Wikipedia, 2025).

The sourcing of carbon feedstocks is crucial for the production of sustainable carbon-based e-fuels. The CO, supply must
be sustainable, readily available, and accessible, and cost-effective. Unfortunately, these three requirements are difficult to
meet simultaneously. CO, may be sourced:

e Atacostlower than other carbon sources from biogenic sources such as kraft pulp and paper mills, and fermentation
processes, but these processes are site-specific and not available everywhere.

e At areasonable scale and at a moderate cost, but involving avoidable emissions from industrial operations such as
power plants, cement, and steel manufacturing. The scale and cost will allow the creation of e-fuels while simultaneously
reducing industrial emissions.

e At the largest scale and most sustainably, directly from the atmosphere, using direct air capture (DAC). This is,
unfortunately, by far the most expensive and energy-intensive option, limiting widespread adoption until costs are
reduced.

2 The German Import Strategy for hydrogen and hydrogen derivatives of 2024 states that the German government anticipates a demand for hydrogen and
derivatives of 95-130 TWh (2.8-3.9 Mt of hydrogen), of which 50-70% will be supplied by imports (BMWK, 2024).

3 0.35 - 1.87 $/m3 (seawater), 0.35 - 1.53 $/m3 (brackish water) (Eke, Yusuf, Giwa, & Sodig, 2020)




* Atareasonable scale and cost at ports, from onboard carbon capture on ships. If this CO, is captured, converted to
e-fuel, which is subsequently used on ships, and the resultant CO, is recaptured to restart the cycle, this becomes a
“circular carbon” solution “. This is an option whose sustainability will improve over time.

The above may be summarised in Table 1. Itis evident that there is no “ideal” CO, source that currently meets all requirements.
To be truly sustainable, carbon-containing e-fuels should be made using biogenic and/or atmospheric carbon. As biogenic
carbon is not uniformly distributed (Figure 1), and DAC is currently expensive, the creation of an e-fuel industry must begin
with the carbon that is available. The EU RED Il is cited as a reference in the table: for shipping applications in EU waters,
EU requirements apply under FuelEU, but not under the general International Maritime Organisation (IMO) regulations, as
these are still being negotiated. Ultimately, the market will only take off if a full Life Cycle Assessment determines that the
GHG impact of an e-fuel manufactured from a given source meets the threshold set by the relevant authority (e.g., ICAO,
IMO, or EU in their respective jurisdictions).

Table 1: Comparison of CO, from different sources.

COST AVAILABILITY SUSTAINABILITY
SOURCE
UsD/T CO, RATING RATING RATING
Fermentation processes 20-30 Best Low High
Biogas upgrading to biomethane
Steel plants 40-100 Moderate Low Moderate (unavoidable: RED Ill allows
until 2041)
Power stations 50-100 Moderate High Worst (avoidable: RED Il allows until
2036)
Cement plants 60-100 Moderate Moderate Moderate (unavoidable: RED Il allows
until 2041)
Kraft pulp and paper mills 80 Moderate Low High (biogenic)
DAC 400-670 Worst Best Best (atmospheric)
Circular CO? from onboard ship 50-100 Moderate High Moderately low (at first) to Moderately
capture high (over time)

Bioenergy is part of the bio-economy that generates valuable natural products from biomass. These products - food, feed,
fine chemicals, materials, and energy — can compete for land and other resource inputs, including fertiliser, water, capital,
and labour.

The sustainability of bioenergy, therefore, depends critically on feedstock type, management practices and regional
ecological context. Bioenergy developments should not impact food security, and there is a premise to avoid the use of
food crops for biofuels. However, the distinction is sometimes not clear, as many agricultural crops and residues are used
for animal feed, and underutilised lands are often used for grazing. In addition, the complex tribal land tenure structures in
Africa can present additional challenges to the availability of biomass for biofuels production. There are concerns that biofuel
developments could be inequitable and threaten the livelihoods of many of Africa’s rural poor through the displacement of
indigent people from communal lands — ‘land grabs’, (Gasparatos et al., 2012; Kline, Dale, Lee, & Leiby, 2009; Scharleman
& Laurance, 2008; Skeer, 2016). Biofuel developments will therefore need to be tailored to local needs, priorities, and
development agendas, and contribute to improved natural resource management.

4 This is an option proposed by China in submission number ISWG-GHG 17/3/3 to the International Maritime Organisation in August 2024. The technology for
the capture of CO, from ship exhaust emissions is relatively mature, with pilot applications having been carried out on relevant ships. For a single iteration, the
GHG impact of the captured carbon is shared between the voyage 1 (where the CO, was captured) and the voyage 2 (for the vessel using e-fuel manufactured
from the captured carbon (equivalent to the sustainability of e-fuels made from CO, from industrial point sources). After multiple iterations, the captured CO,
becomes circular: only the “leakage” needs to be supplanted by other carbon sources (i.e., carbon capture does not capture all the CO, from the exhaust, S0
this “lost” CO, needs to be made up). )
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Given a limited amount of land and other natural resources, it will be essential to ensure that there is policy coherence to
guide the use of biomass for bioenergy. The complexity of biomass value chains makes assurances of sustainable biofuels
challenging. The sustainability of biofuels depends on systems and measures to ensure economic viability, ecological
protection, social justice, and good governance (Kline, Dale, Lee, & Leiby, 2009; Royal Society, 2008). An essential aspect
of governance is the procedures, policies, and protocols that facilitate market confidence in sustainable biofuels and help
to prevent and resolve biomass disputes. Policy support with strategies, roadmaps, and targets can re-orient the current
fuel sector toward sustainable fuel production. For example, South Africa has a policy to ensure a just energy transition
so that rapid decarbonisation is aligned with socio-economic benefits, which helps to ensure that the shift to low-carbon
energy systems does not deepen existing inequalities (RSA, 2025). Certification schemes for sustainable fuels translate
sustainability criteria into verifiable standards, reducing the risk of social and ecological harm while also opening access
to new markets. Certification in biomass supply chains remains largely voluntary and commodity-specific, with schemes
varying in scope and governance. They typically address environmental performance, most notably life-cycle GHG, and
compliance with social and labour safeguards. Well-established examples include the Roundtable on Sustainable Palm
QOil (RSPO), the Round Table on Responsible Soy (RTRS), Bonsucro for sugarcane, and the Forest Stewardship Council
(FSC) for timber, the Roundtable on Sustainable Biomaterials (RSB) (RSB, 2025) and the International Sustainability and
Carbon Certification (ISCC, 2022). By embedding transparency, accountability, and agreed-upon sustainability norms,
certification schemes reduce the risk of environmental and social trade-offs, enhance market acceptance, and strengthen
the legitimacy of biofuels in international trade (Scarlat & Dallemand, 2011).

Biofuels are generally not able to compete with fossil fuels on price. However, their economic feasibility is improving, since
fossil fuel prices have shown sustained volatility and price escalation. There are also increasing regulations, policies, and
disincentives that favour the transition from fossil fuels to low-carbon biofuels. This includes, low-carbon country mandates,
carbon pricing and emissions trading schemes that directly penalise the carbon intensity of fossil fuels, narrow the price
gap, and create incentives for investment in lower-carbon alternatives. Brazilian sugarcane ethanol is one of the lowest-
cost examples to date and can already be produced at around US$20/GJ (Figure 4).

The economics of biofuels production is particularly sensitive to the competing fossil fuel price as well as biomass feedstock
prices (IRENA, 2016). In addition, the economic viability of biofuels can be improved through the sale of co-products (e.g.,
glycerine, bagasse, lignin, seedcake, heat, and power). Consequently, the concept of biorefinery facilities has developed,
whereby biomass is used to produce biofuels, bioenergy, and a spectrum of other products.

The biomass supply is a significant cost component of bioenergy, and it may account for 60% to 90% of the overall cost
of a bioenergy production facility. While increasing the scale of the biofuels facility reduces the unit cost of production
(Leboreiro & Hilaly, 2011), the optimum size of a biofuels facility at a given locality is also heavily influenced by the feedstock
transportation costs, which increase with the scale of the biofuels facility (Wright & Brown, 2007).

Figure 4: Biofuel
production cost
compared to diesel
and petrol equivalents.
Assumes an oil price of
either 40-80 US$/bbl
or 100-140 US$/bbl.
(USD/bbl = US$ per
barrel of oil). (IRENA,
2016).
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The net energy efficiency of biofuels (“biomass-to-wheel” or “well-to-wheel” in Life-Cycle Assessment (LCA), I1ISO
14040/14044, 2006) is the useful traction energy delivered relative to the total primary energy invested and is a useful metric
to compare biofuels, since captures the efficiencies of feedstock production, conversion and end-use technologies, thereby
reflecting how effectively primary energy is translated into mobility. As shown in Figure 5, the Biofuels net energy efficiency
varies according to the bioenergy pathway (biomass feedstock, biofuel and the bioenergy service of car transport); with
the greatest net energy efficiency (>15%) achieved using biomass wastes and wood residues for biodiesel, biomethane
and hydrogen transport.

A major driver for the adoption of bioenergy is its potential to reduce GHG emissions. Life-cycle studies consistently
demonstrate that ethanol and biodiesel can deliver significant GHG reductions, although the extent varies widely across
pathways (Figure 6).

First-generation ethanol derived from sugary biomass such as sugarcane or sweet sorghum generally achieves higher
carbon savings than starch-based ethanol, while second-generation lignocellulosic routes promise even greater reductions
but remain commercially immature and insufficiently verified (Royal Society, 2008). Using wastes and residues (e.g., whey
for ethanol or recycled plant oils for biodiesel) delivers the highest net benefits because no additional cultivation emissions
are incurred and avoided disposal impacts can be credited. These pathways, therefore, represent the most favourable
options for GHG mitigation and pollutant reduction, although they are constrained by limited resource availability.
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Figure 5: Life cycle energy efficiency of liquid transport fuels. (Royal Society, 2008)
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Figure 6: Meta-analysis of GHG emission reductions of various biofuels, compared to reference fossil fuels (diesel and petrol) Notes: The
assessments exclude indirect land-use change. Emission savings of more than 100 per cent are possible through the use of co-products.
BiL = biomass-to-liquid; FAME = fatty acid methyl esters; HVO = hydrotreated vegetable oil. Source: results are from numerous LCA studies;
the figure is adapted from (IEA, 2008) and (Royal Society, 2008).

The carbon emission reductions of biofuels vary substantially due to differences in biomass productivity, transport distances,
conversion efficiencies, allocation amongst co-products, and assumptions about effects such as land-use change (LUC)
(Edwards, Mulligan, & Marelli, 2010). Use of biomass for biofuels production can cause direct LUC with the loss of natural
vegetation (i.e., forests, savannas, grasslands), and as well as indirect LUC (iLUC), where biofuels production uses existing
agricultural land and this causes new natural areas to be cleared to maintain agricultural production. LUC and iLUC can
release large carbon stocks, creating a carbon debt that may negate the benefits of biofuel carbon emission reductions
over relevant time horizons (Fargione, Hill, Tilman, Polasky, & Hawthorne, 2008; Searchinger et al., 2008; Gibbs et al.,
2010). As a precautionary measure, biomass for biofuels should not be harvested or produced from lands that have high
biodiversity, and the use of degraded land and productivity gains in existing agriculture should be promoted (Kline, Dale,
Lee, & Leiby, 2009).

The use of biofuels for transport in existing internal combustion engine vehicles typically delivers carbon emission reductions
compared to conventional petrol and diesel systems (IEA, 2008; IEA Bioenergy, 2023). The extent of these emission
reductions depends on the biomass source and biofuels production pathway, as shown in Figure 7.
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Figure 7: Greenhouse gas emissions of biofuels from lignocellulose feedstocks and energy crops, compared to reference fossil fuels (petrol
and diesel). (IEA Bioenergy, 2023; IEA, 2008)

To meet carbon-reduction targets set by regulations and policy, biofuels must achieve specified emission reductions
relative to fossil fuels. The European Union’s Renewable Energy Directive Il (RED Il) requires at least 65% carbon-emission
reductions by 2026, and 70% thereafter, for transport fuels relative to a fossil-fuel baseline of 94 g CO,-eq/MJ (EU, 2018).
Comparable standards and policies apply elsewhere, such as the United States Renewable Fuel Standard, which requires
more than 50% carbon-emission reductions for biofuels and more than 60% for lignocellulosic biofuels (US-EPA, 2010).
Voluntary certification systems such as the RSB (RSB, 2025) and the ISCC (ISCC, 2022) apply similar or stricter criteria,
often requiring > 60% reduction in carbon emissions while also incorporating land, biodiversity, and social safeguards.

In addition to reducing GHG emissions, biofuels generally lower emissions of local air pollutants such as particulate matter
(PM), nitrogen oxides (NO,), and sulphur oxides (SO,), which are linked to human morbidity, mortality, and biodiversity
loss (IRENA, 2016; IEA, 2022). Reported reductions vary across pathways but are consistently favourable compared with
petroleum fuels. For example, ethanol blends typically cut PM emissions by 30-50% and SO, by more than 80%, while
biodiesel can reduce PM by 25-40% and SO, by 90-95% relative to conventional diesel (IEA, 2021; ETC/ACC, 2008). NO,
emissions show more variability; with biodiesel, they may increase tailpipe NO, by up to 10%, while advanced ethanol and
cellulosic pathways often achieve modest reductions of 5-15% (O’Driscoll et al., 2018). Both the global climate benefits
of GHG reductions and the local health and ecological gains from reduced pollutant emissions are therefore essential in
assessing the overall sustainability of biofuels (Figure 8).
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Figure 8: Diagrammatic representation of the performance of biofuels compared to petroleum fuels in terms of global effect (greenhouse gas
emissions) and local emissions (air pollutants). (Stafford, Lotter, von Maltitz, & Brent, 2018)

In summary, biofuels draw on a limited terrestrial carbon budget and compete with established biomass value chains and
raw materials such as land, water, and fertiliser. Expansion of biomass for biofuel production can cause land-use change,
which creates a carbon debt and biodiversity loss (Fargione, Hill, Tilman, Polasky, & Hawthorne, 2008). A sustainable
development strategy optimises the value-add to biomass and prioritises food and higher value-added biomaterials, with
the use of residual biomass and bio-wastes for energy uses that cannot be met through renewable electricity, i.e., the hard-
to-abate sectors of long-distance shipping, aviation, and chemicals (IEA, 2021).




2. GROWING DEMAND FOR SUSTAINABLE FUELS IN

THE AVIATION AND MARITIME SECTORS

While aviation and shipping represent two of the most challenging sectors to decarbonise within the global transportation
landscape, both sectors have recognised the urgent need to pivot towards sustainable alternatives.

The International Civil Aviation Organization (ICAQ), a specialised UN agency with 193 Member States, is responsible for
international air navigation, aviation safety, and the regulation of global air transport. In 2016, ICAO adopted the Carbon
Offsetting and Reduction Scheme for International Aviation (CORSIA), a market-based mechanism requiring airlines to
offset emissions above 2020 levels. CORSIA entered into force in 2021 as a voluntary scheme, becoming mandatory for
most countries from 2027, and is intended as a medium-term measure running until 2035. Domestic aviation is excluded
from its scope.

ICAQ then followed this up by initiating work on a long-term global aspirational goal (LTAG) for aviation decarbonisation,
publishing its technical findings in 2022 (ICAO, 2022). This assessment defined three categories of alternative fuels:
Sustainable Aviation Fuels (SAF), derived from renewable or waste feedstocks and capable of deep life-cycle carbon
reductions; Lower Carbon Aviation Fuels (LCAF), which remain petroleum-based but achieve modest reductions (around
10%) through efficiency gains in refining, flaring reduction, and partial carbon capture; and non-drop-in fuels, which require
new aircraft or engine technologies due to incompatibility with current infrastructure.

The analysis concluded that drop-in fuels —particularly SAF —offer the greatest potential to reduce aviation CO, emissions
by 2050. Within this group, SAF produced using carbon from direct air capture has the highest abatement potential but
remains cost-prohibitive, whereas SAF from waste streams can deliver substantial GHG savings at more competitive costs.
LCAF, while cheaper, provides only limited mitigation and is expected to play a minor role.

Following the results of this work, ICAO adopted net-zero carbon emissions by 2050 as its long-term global aspirational
goal (LTAG). This goal is supported by the ICAO Global Framework for SAF, LCAF, and other Aviation Cleaner Energies,
which includes the intermediate goal of reducing CO, emissions in international aviation by 5% to 8% by 2030 through
the use of SAF, LCAF, and non-drop-in fuels. In the Framework, ICAO and its Member States committed to scaling up the
development and deployment of these three fuel classes.

Unfortunately, although the issue of financing is addressed in the ICAO Global Framework, including the option of “book-
and-claim” schemes, no compliance or enforcement mechanism has yet been established.

The International Maritime Organization (IMO), comprising 176 Member States, is another specialised agency of the United
Nations, responsible for the safety and security of shipping and the prevention of marine and atmospheric pollution by
ships. The International Convention for the Prevention of Pollution from Ships (MARPOL) is an internationally binding IMO
convention to minimise pollution at sea, both of the ocean and the air. Annexe VI of MARPOL, titled Prevention of Air
Pollution from Ships entered into force in 2005.

The IMO has set several decarbonisation targets. In April 2018, a target was set to reduce GHG emissions from international
shipping by at least 50% by 2050. This target was raised to net-zero “by or around” 2050 in July 2023, together with a
target for the uptake of sustainable fuels (termed zero or near-zero emission fuels (ZNZ) of 5-10% by 2030 (IMO, 2023).
This uptake target signals a market demand for maritime e-fuels.

Finally, in April 2025, draft amendments to MARPOL Annexe VI were approved as specific regulations under the mid-term
measures (IMO, 2025). Two specific provisions are of interest here: a Global Fuel Standard (GFS) and a Global Economic
Measure (GEM).




Under the GFS, the allowable GHG fuel intensity (GFIl) of maritime fuels used by ships is progressively lowered®. This is
achieved by specifying two sets of annual GFI thresholds that become increasingly stringent over time: the less stringent
Base Target and the more stringent Direct Compliance Target.

Under the GEM, a system of credits and shortfalls is introduced, as well as a central GFI registry to manage compliance,
and an IMO Net-Zero Fund.

Every year, vessels whose GFl intensity exceeds the allowable GFl for that year must purchase remedial units (RUs) to cover
their compliance deficit. A ship failing its Direct Compliance Target purchases Tier 1 RUs (USD 100/tonne CO,eq), whereas
failing the Base Target requires Tier 2 RUs (USD 380/tonne CO,eq). By contrast, vessels that use the more expensive
sustainable ZNZ with very low GFl are rewarded with financial incentives, thereby creating a financial incentive to choose
cleaner options. Over-complying ships generate Surplus Units (SUs), which are tradable and can be banked or sold to
ships with a deficit (acting as an alternative to RUs).

Now that the draft amendments to MARPOL Annexe VI have been approved, they will be considered for adoption in
October 2025. If adopted at that session, the amendments are expected to enter into force in March 2027, with the date
of implementation being 1 January 2028. This will provide a market for sustainable maritime fuels.

In a similar manner to aviation fuels, for maritime shipping, there are two categories of sustainable fuels: drop-in fuels and
non-drop-in fuels.

Non-drop-in fuels currently being pursued by the maritime shipping industry are e-ammonia and e-methanol, where the
preferred configuration is dual-fuel engines®. For both diesel and methanol use, dedicated engines and fuel systems are
required, requiring either new vessels and engines or significant modifications to existing vessels and engines. As of April
2025, 60 methanol-powered vessels were in operation, with 340 vessels on order (Medium, 2025). As of June 2025, there
are 5 ammonia-powered vessels in operation (supply vessels and tugboats) and 64 vessels on order (of which 29 are
ammonia carriers and 29 are bulk carriers) (AEA, 2025).

The principal maritime drop-in fuel options are biofuels and e-diesels: Vessels in this category represent the existing, legacy
fleet. While it is not clear how many vessels of 5 000 gross tonnage (GT) and above exist worldwide, the 2022 value will lie
between the known values of 68 700 vessels of 500 GT and above and 20 762 vessels of 25 000 GT and above (Equasis,
2022).

5 The GFI of the maritime fuels used must decrease from the average 2008 value of 93.3gC02eq/MJ to net zero in 2050.

6 These are modified diesel engines. The e-fuel is added to the intake air, drawn into the cylinder and compressed. At the top of the compression stroke, a small
quantity of pilot diesel is injected. The diesel ignites, triggering the combustion of the e-fuel.
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3. STATUS AND OUTLOOK OF SUSTAINABLE

FUELS IN AFRICA

The global demand for biofuels has risen from 18 billion litres in the 1980s to 190 billion litres in 2024 and represents 4%
of the transport fuel demand (IEA, 2024a). Africa’s transport fuel demand is 80-90 billion litres of liquid fuels annually.
Africa’s current biofuels production is minimal relative to this transport fuel demand, emphasising the underdevelopment of
biofuels (Stafford, Lotter, von Maltitz, & Brent, 2018; IEA, 2023a; IEA, 2022). Existing biofuels production is a few hundred
million litres per year, with Malawi producing around 10-12 million litres of ethanol annually, Zimbabwe’s Chisumbanje plant
operating at 40 million litres per year, and Ethiopia producing - 33 million litres from two distilleries (Amigun, Musango, &
Stafford, 2011; Emerging Markets Forum, 2020).

Technical assessments show that agricultural residues and municipal solid waste (MSW) across Africa represent a
significant but underutilised resource base for biofuel production. If harnessed sustainably, these streams alone could meet
the entire transport fuel demand of Ghana and supply up to 20% of South Africa’s transport fuel requirements (Atlantic
Council, 2023). Regional studies reinforce this scale of opportunity: in West Africa, abundant crop residues and MSW
could provide more than 400 PJ annually, with Ghana alone generating sufficient residues to meet its current liquid fuel
demand (WWF; IEA Bioenergy, 2023; WWF, 2019). East Africa shows comparable potential, particularly from sugarcane
bagasse, coffee husks, and other agro-industrial wastes, while Southern Africa could mobilise in excess of 500 PJ per year,
dominated by maize stover, wheat straw, and forestry residues. Central and North Africa show more modest contributions
but still add significantly to the continental total. Taken together, Africa’s residues and waste streams exceed 1 EJ annually,
highlighting a feedstock base that, if tapped, could materially offset petroleum fuel imports, strengthen energy security,
and deliver deep emissions savings. Beyond residues, dedicated energy crops offer enormous potential: prime and good-
quality land in sub-Saharan Africa could yield 7 000 PJ/yr of biofuels, rising to 15 500 PJ/yr if moderately suitable land
is included, and this could meet more than half of projected global sustainable aviation fuel demand by 2050 (WWF; IEA
Bioenergy, 2023; WWEF, 2019). This spatial heterogeneity in biomass resources and biofuels production in Africa highlights
the opportunity of regional integration. For example, South Africa has high transport fuel demand but low biomass supply,
whereas neighbouring countries such as Mozambique and Zambia have higher biomass potential but lower fuel demand
(WWEF & lIASA, 2019; Stafford Lotter, von Maltitz, & Brent, 2018).

Africa could also utilise manures and organic waste to sustainably generate nearly 2 EJ of biogas, with the potential to double
to 4 EJ by 2040 if investments and enabling policies are implemented (IEA, 2020; IEA, 2022). The current use of biogas
deployment is limited to household digesters and a few grid-connected projects, such as Kenya’s 2 MW agri-waste plant
and South Africa’s Bronkhorstspruit facility. Most African countries have yet to adopt the policy and financing frameworks
necessary to mobilise this opportunity. However, resource availability suggests that biogas could become a versatile energy
carrier across multiple sectors. In transport, upgrading to biomethane would allow substitution for compressed natural
gas (CNG) in buses, trucks, and light-duty vehicles. While in the power sector, biogas can provide dispatchable electricity
generation, stabilising grids with high shares of variable renewables; in industry, biogas and biomethane can supply low-
and medium-temperature process heat and electricity, while biogas offers a clean alternative to traditional biomass as a
domestic cooking fuel (IEA, 2022).

Despite this potential, biofuels remain underutilised due to weak policy frameworks, inconsistent blending mandates,
limited infrastructure, and low investment. The IEA's Stated Policies Scenario (STEPS) projects negligible growth to 2030,
leaving Africa’s biofuel share far below the global trajectory. In contrast, the Accelerated Case Scenario, assuming full
implementation of announced climate change pledges, foresees Africa’s production rising more than ten-fold by 2030
and biofuels becoming essential for the global carbon reduction in hard-to-abate sectors such as aviation, shipping, and
long-haul trucking (IEA, 2023a). Unlocking this potential in Africa depends on coordinated national and regional policies,
targeted investment in biorefining capacity, and integration of biofuels into broader Just Energy Transition strategies.
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Figure 9: Comparison of predicted future biofuels production in A-the world and B-Africa. Transport biofuel consumption in the world (top)
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The production of hydrogen-based products via electrolytic hydrogen dates to the early 20th century. Several plants
produced ammonia using atmospheric nitrogen and electrolysis hydrogen at capacities above 100 MW electrical (MWe).
Examples in Africa include a plant of 100 MW electrolysis capacity in Zimbabwe and one of 165 MW of electrolysis capacity
in Egypt, decommissioned only in 2015 and 2019, respectively, due to competition from cheaper fossil-based products
(IEA, 2024).

More than 70 projects worldwide, mostly at demonstration scale, currently produce hydrogen-based products from
electrolysis hydrogen, with a total production of less than 20 kt of hydrogen. The end product is primarily ammonia and
methanol for industry (IEA, 2024).

Despite low current deployment levels, a large number of projects have been announced. If all are developed, the annual
level of hydrogen production would approach 14 Mt by 2030, but only 4% of these have reached the final investment
decision. The final product breakdown is 90% ammonia, 5% FT fuels, 4% methanol, and 1% methane (Figure 10) (IEA,

2024).
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Figure 10: Global electrolytic hydrogen production in 2030 for e-fuels, based on announced projects. (IEA, 2024)




Figures 11 and12 show the geographic distribution of projects for e-ammonia and carbon-containing e-fuels, respectively.
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Figure 11: Map of announced projects for e-ammonia production. (IEA, 2024)
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Figure 12: Map of announced projects for carbon-containing e-fuels. (IEA, 2024)




4. SUMMARY AND RECOMMENDATIONS

frica’s energy demand is projected to increase substantially over the coming decades, driven by rapid population

growth, urbanisation, and industrial development. Without a shift to low-carbon alternatives, this expansion will

lead to significant increases in GHG emissions. At the same time, the continent remains highly vulnerable to
climate change, with livelihoods and national economies heavily reliant on climate-sensitive sectors such as agriculture,
pastoralism, and fisheries. As such, the integration of renewable energy and bioenergy into development strategies is
not only a mitigation imperative but a critical adaptation priority. Unlocking this potential, however, requires overcoming
persistent technological, economic, and policy-related barriers.

To date, the deployment of biofuels in Africa has been limited in scale, largely confined to small- and medium-sized projects
using agricultural residues and waste. High production costs, weak infrastructure, and limited fiscal or regulatory support
continue to constrain growth. Where blending mandates exist, such as in Malawi and Zimbabwe, implementation has
achieved moderate success; elsewhere, such as in South Africa and Mozambique, announced targets lack enforcement
mechanisms. Regional coordination remains nascent. However, integration through the Southern African Development
Community (SADC) could help balance feedstock availability, harmonise fuel standards, and reduce transaction costs—
particularly if member states move toward shared infrastructure and policy frameworks.

The climate benefits of biofuels vary significantly depending on feedstock and conversion route. First-generation biofuels
such as sugarcane ethanol and biodiesel can deliver GHG reductions of 20-80% compared to petroleum fuels, but their
expansion raises land-use concerns. Waste- and residue-based fuels offer higher net benefits due to avoided disposal
impacts but are limited by feedstock availability and logistics. Advanced technologies—such as lignocellulosic and algal
biofuels—could reduce pressure on land and improve vyields, yet remain commercially immature and capital-intensive.
Moreover, biomass resources are unevenly distributed across the continent and are often already allocated to food, feed,
fibre, and timber uses, limiting the scope for large-scale biofuel expansion without significant yield gains or demand shifts.
These constraints highlight the importance of integrated land-use planning and the need to complement biofuels with
alternative low-carbon fuel options.

E-fuels offer a critical complement to biofuels, particularly in arid and semi-arid regions where biomass production is
constrained but solar and wind energy potential is abundant. Hybrid systems combining wind and solar PV, coupled with
desalination, can enable the production of e-fuels such as e-kerosene, e-diesel, and e-ammonia, offering the additional co-
benefit of supporting local water supply. While currently more costly than biofuels, e-fuels benefit from simpler supply chains
and are well-suited to hard-to-decarbonise sectors such as aviation and shipping. Technological advances and learning
effects in DAC and PtX processes, as well as the development of non-carbon fuels such as ammonia, are expected to
reduce production costs over time. A dual-track strategy —scaling up sustainable biofuel production where feasible and
investing in e-fuels where renewable electricity is abundant—will be essential to meeting both local energy needs and
emerging global demand for low-carbon fuels.

To realise the potential of both biofuels and e-fuels, Africa must establish robust enabling conditions. This includes embedding
sustainability safeguards to avoid high-carbon and high-biodiversity land use, enforcing clear blending mandates, and
aligning national strategies through regional platforms such as SADC. Climate finance will be essential to close cost gaps
relative to fossil fuels, especially in early-stage markets, while R&D investments should prioritise the commercialisation of
advanced biofuel technologies and the scaling of CO, capture methods. With the right mix of policy, finance, and regional
cooperation, biofuels and e-fuels can support a just energy transition that enhances climate resilience, promotes rural
development, and aligns with Africa’s broader sustainable development goals.

Recommendations to accelerate the deployment of sustainable biofuels and e-fuels in Africa include:

e Embed sustainability safeguards

o] Prioritise biomass feedstocks that are wastes and residues, and promote the use of degraded or marginal
lands for energy crops.

o] Avoid land-use change in natural areas with high biodiversity and carbon stocks to avoid carbon debt and
prevent unintended environmental impacts.

o] Require the adherence to internationally recognised certification schemes, such as the RSB and the ISCC.
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Develop enabling conditions

o]

Implement clear and enforceable blending mandates (e.g., E10, B20) with phased targets and compliance
mechanisms.

Provide targeted fiscal incentives, such as tax credits and VAT exemptions for certified sustainable fuels.

Establish long-term purchase agreements or price guarantees for sustainable fuels to attract private sector
investment.

Prioritise regional coordination and cooperation

o]

)

Harmonise fuel quality standards, sustainability criteria, and regulatory frameworks at the local, regional, and
global levels (i.e, SADC countries, Africa, G20, and globally).

Facilitate cross-border cooperation on infrastructure, feedstock logistics, and R&D investment to reduce
fragmentation and unit costs.

Develop a regional biofuels and e-fuels roadmap, identifying priority corridors and shared investment zones.

Mobilise climate finance and risk-sharing instruments

)

Leverage concessional finance and blended finance tools from institutions such as the Green Climate Fund,
the African Development Bank, and the World Bank.

Create risk-sharing mechanisms such as guarantees, insurance, and credit enhancement to attract private
investment.

Engage with carbon markets, including mandatory and voluntary schemes, to monetise carbon emission
reductions and improve project feasibility.

Accelerate R&D in biofuels and e-fuels

)

Invest in R&D for advanced conversion technologies, including the production of energy crops, the processing
of lignocellulosic biomass and PtX technology.

Promote technology transfer and learning, particularly with rapidly developing countries with experience in
biofuels and e-fuels (e.g., Brazil, India, and Chile).

Implement Integrated Land-Use and Water Planning

o]

Use geospatial mapping tools to identify low-conflict zones for biofuel feedstock production and e-fuel
infrastructure.

Identify the biomass potential and the existing biomass utilisation to avoid biofuels causing the over-exploitation
and competition of resources (land, water, and fertiliser).

Ensure that e-fuel water requirements are met through desalination or reclaimed water sources to avoid
pressure on freshwater systems, especially in water-scarce arid and semi-arid regions.

Long-term planning for a just energy transition

o]

Position sustainable biofuels as transitional fuels in rural and off-grid areas where electrification and the
availability of e-vehicles remain limited.

Support the deployment of biofuels and e-fuels in hard-to-abate sectors (e.g., aviation, shipping, and heavy
industry) and explore export opportunities.

Align the development of biofuels and e-fuels with broader national integrated energy plans that contain
targets for improvements in energy efficiency, increased renewable energy, and sustainable fuels in the energy
supply mix.
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