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A new pressure point has been added to Europe’s existing climate mitigation imperative to 
decarbonize: an energy security driver to ensure that those cuts start with fossil fuel imports 
from Russia. For a time, natural gas, including in transport, was thought to be a bridge fuel on 
the road to greater dependence on biofuels to address climate change (IPCC 2021) and meet 
the ambition of the Paris Agreement (UNFCCC 2015). But the need for swift action on energy 
diversification following the Russian invasion of Ukraine (Birol 2022) has further spotlighted 
the need to limit global reliance on natural gas even in the near term.1 

Economic sanctions adopted to counter Russia’s war and constraints in Russian gas supplies 
to Europe are leading to price increases in energy, commodities, and services (World Bank 
2022). These developments bear the risk of leading to major economic consequences, already 
pointing toward a reduction in global and European economic growth and potentially resulting 
in stagflation. The continued European and global dependency on Russia’s oil and gas exports 
is also leading to increased wealth transfers toward Russia as a result of the overcompensation 
of reduced volumes with increased prices (Zachmann et al. 2002; Wolff 2022).

The transport sector accounts for 60 percent of global oil demand and it is largely dependent 
(more than 90 percent) on fossil oil for its energy needs (IEA 2021a, 2022b). The increased 
use of fuel alternatives to oil products in transport is therefore among the priority options 
being considered to reduce global oil demand and respond to the challenges posed by the 
Russian crisis (Goulding Carroll 2022).

But how quickly could such a ramp-up in biofuels happen? Delays will be inevitable with any 
fuel option that requires the deployment of new distribution infrastructure and the replacement 
of vehicle power trains because of the construction and stock turnover times involved.
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This commentary addresses the key question of whether sustainable drop-in biofuel 
production has meaningful potential to support a rapid phaseout of fossil energy sources. A 
recent analysis by the author and peers, developed for the European Parliament, addressed 
this question with a focus on Europe (Cazzola et al. 2022). This analysis highlights key 
considerations developed in it, expanding its scope to draw lessons that are applicable at a 
global scale. A key indication emerging from this analysis is that there is limited scope to rely 
on a quick ramp-up of biofuel production to handle the energy-related challenges posed by 
the Russian war in Ukraine while at the same time meeting environmental sustainability goals 
and avoiding exacerbated pressures on food prices.

Current Biofuel Demand and Policies Driving It

Global biofuel demand almost recovered to pre-Covid-19 levels in 2021 (IEA 2022d), reaching 
roughly 180 billion liters (OECD and FAO 2021). Nearly all the demand is currently in road 
transport and consists of ethanol, biodiesel (consisting of fatty acid methyl esters [FAME]), 
and renewable diesel (consisting of hydrotreated vegetable oils [HVO] and hydroprocessed 
esters and fatty acids [HEFA]).

To date, increased production of ethanol, biodiesel, and renewable diesel has been primarily 
driven by policy action, consisting mainly of mandates and rebates. The earliest program, 
Proalcohol, was undertaken in the 1970s in Brazil and succeeded in demonstrating the 
technical feasibility of large-scale production of ethanol as a transport fuel in high-level 
blends and in dedicated ethanol vehicles (IEA 2004). A second wave of policy actions was 
accelerated between about 2003 and 2007. These included the European Directive on the 
promotion of biofuels or other renewable fuels for transport (European Commission 2003) 
and the renewable fuel standard (RFS) in the United States, first enacted in 2005 (DOE, n.d.). 
A third wave of policies followed and continues to this day. It includes the expansion of the 
RFS, which took place in 2007; the European Renewable Energy Directive in 2009 (European 
Commission 2009) and its recasting in 2018 (European Commission 2018); California’s Low 
Carbon Fuel Standard (CARB n.d.), combining regulatory requirements and market-based 
mechanisms, first approved in 2009 and followed by a number of other states; a similar policy 
framework in British Columbia implemented in 2013 (British Columbia, n.d.); and Brazil’s 
RenovaBio in 2017, also using the same approach (Ministerio de Minas e Energia, n.d.).

Policies developed before 2007 were mainly focused on increasing biofuel supply and 
demand. Subsequent measures, especially in Europe and the United States, paid growing 
attention to the impacts of biofuels on food and feed prices and the environment, including 
direct and indirect land use changes and biodiversity loss. The results of these actions led 
to a significant slowdown in the growth rate of biofuel production from 2010, when the total 
of all biofuels produced globally reached 120 billion liters. The slowdown was particularly 
evident for ethanol in the United States and biodiesel in Europe—the largest contributors to 
biofuel supply globally until then—in addition to sugarcane ethanol in Brazil. Production kept 
increasing, however, in other global regions (OECD and FAO 2021).2

Currently, the main feedstocks used for ethanol production still consist of food and feed 
crops, including cereals (most of the production in the United States and Europe) and 
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sugarcane (the vast majority of the production in Brazil). Most biodiesel and renewable diesel 
are derived from virgin vegetable oils (rapeseed, palm oil, soy), supplementing production 
from waste oils, largely consisting of used cooking oil and other waste oils and fats (T&E 2021; 
USDA 2021; IEA 2022d; Malins and Sandford 2022; Neste 2022).

Plans and Expectations for Future Biofuel Production

Plans for additional production of biofuels are mainly focused on renewable diesel (HVO/
HEFA), with increased investments taking place mainly in North America, Europe, and Asia 
(T&E 2021; IEA 2022d; Malins and Sandford 2022).

The focus on HVO/HEFA is likely the result of a number of factors:

 ● Increased policy ambition for energy diversification and the decarbonization  
of sectors for which there is less scope for electrification (including aviation  
and maritime).

 ● Alignment between the HVO/HEFA fuel properties and the growing relevance  
of drop-in fuels (especially in aviation).

 ● Adequate sustainability of waste oil feedstocks compatible with the  
HVO/HEFA processes.

 ● Cost competitiveness of these pathways with respect to other pathways,  
enabling drop-in blending with fuels in the diesel/middle distillate pool.

 ● Higher technological maturity and the possibility of integrating production  
facilities into refineries and chemical plants.

Challenges to Sustainability

Despite increases in processing capacity for HVO/HEFA in new plants being built, it is unclear 
the extent to which sustainable feedstocks will be available to process, especially in the 
context of accelerated development of processing facilities (Cazzola et al. 2022; Malins and 
Sandford 2022).

Waste oils (in particular used cooking oil) are the most prevalent near-term option, as pointed 
out by the IEA in its 10-point plan to cut oil use (IEA 2022a). However, such oils have limited 
availability3 and carry the risk of inducing indirect demand for virgin oils, with increased 
pressure to use land for their production. This limits their ability to align with sustainability 
requirements because of the impacts on emissions and biodiversity from land use change, and 
it increases the pressure on food and feed prices (Malins 2017; Cazzola et al. 2022).

Effects on land use change and biodiversity loss have been flagged for a wide range of 
biofuels. These include the oil-based feedstocks needed for HVO/HEFA and FAME pathways: 
palm, soybean, and rapeseed, grown in various geographies. They also include the cereal 
crops grown for biofuel production in the United States and Europe (Lark et al. 2022; 
Searchinger et al. 2022). The worst effects on key measures of local biodiversity, such as 
species richness and total abundance, have been identified in Asia and Central and South 
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America, but impacts are also significant in Europe, Oceania, and North America, especially 
for crop-based conventional biofuel production pathways (Tudge et al. 2021).

Historical developments indicate that price impacts and other effects of biofuel production 
are difficult to manage, on both a local and global scale, as they induce a complex set of 
market dynamics such as increases in food prices, cropland expansion inducing deforestation, 
increases in fertilizer use, and water quality degradation (Lark et al. 2022; Searchinger et al. 
2022). These impacts are limiting the scope for an expansion of sustainable biofuel production.

Risks are inherently higher with a “quick ramp-up” of biofuel production. All rapid changes at 
scale have a higher likelihood of leading to market disruptions and unintended consequences 
such as higher costs and/or reduced greenhouse gas benefits from direct or indirect land use 
change. This is due to lower scope and less time to anticipate these challenges and plan for 
the mitigation of their impacts (Cazzola et al. 2022). Fossil fuel price changes induced by the 
Russian war in Ukraine will have global repercussions for biofuel prices as well, given biofuels’ 
use of fertilizers obtained from fossil fuels (e.g., nitrogen fertilizers) as an input for production.4

Hopes that a quick and massive expansion could happen for other types of advanced 
biofuels, which have better sustainability properties than conventional ones, are also thin. 
The production capacity of advanced biofuels, such as those obtained from lignocellulosic 
feedstocks through biochemical or thermochemical conversions (which are chemical 
processes requiring high temperatures or bioprocessing to yield biofuels as outputs), is 
still a small fraction of the global total, and their technology readiness is lower than that of 
traditional options that currently contribute to most biofuel production (Van Dyk et al. 2019).5

Additional Challenges Linked to the Russian War in Ukraine

Near-term challenges of blending biofuels into oil product pools without harming food 
markets were clearly flagged in a recent communication by the European Commission 
(2022). This document warned that the Russian war in Ukraine dramatically changed market 
expectations for price developments in all commodities, including food products.

Serious concerns about global food security were confirmed by the recent effort to reach an 
agreement on the resumption of Ukrainian grain exports via the Black Sea (United Nations 
2022). Judging by mixed reactions immediately following the agreement (Wax and Lee 2022), 
pressure on food security will likely remain. This adds relevance to sustainability challenges of 
using food and feed crops as feedstock for biofuel. Some European member states already 
passed legislation freezing or lowering 2022–2023 low-carbon blending mandates for their 
transport fuels (Claeys 2022).

Prospects for Swift and Sizable Use of Biofuels in Transport

Near Term

The opportunity to rely on a quick ramp-up of biofuel production to handle the energy-related 
challenges posed by the Russian war in Ukraine while at the same time meeting sustainability 
goals and avoiding exacerbated pressures on food prices is likely limited because of the 
current heavy reliance on food and feed crops for biofuel production. Increased reliance on 
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nonfood crops, such as lignocellulosic (wood-based) matter from dedicated crops, could 
be an option but would not be exempt from the risks of inducing inflationary pressures on 
food prices as well as sustainability issues. Both food and nonfood crops are linked with land 
use change, and the risk to sustainability goals with land use change is unlikely to decline as 
long as there is competing demand for these crops from multiple economic sectors.6 Rapid 
shifts from one crop family to another are also not feasible, since the vast majority of existing 
biofuel production plants process specific feedstocks.

The most relevant case where there is the possibility of a growing near-term contribution could 
be biogas because there are many fewer competing uses for the waste products needed for 
biogas than for those suitable for HVO/HEFA production. Making biogas is also far less likely 
to lead to competition for land with food and feed. However, its impact in terms of energy 
diversification in transport is small. Marginal demand of gas in transport, long lead times to 
increase its use, and low potential for significant investments because of a limited scope to 
scale up biogas supply for transport applications all play a role.

Long Term

Increases in biofuel production have a role to play in climate mitigation beyond this critical 
near-term phase. In transport, biofuels will be especially relevant in hard-to-abate sectors like 
aviation and maritime transport. Biofuels are best suited for these transport modes, where 
low-carbon fuels can effectively complement energy efficiency improvements to ensure that 
their decarbonization is cost effective. Other options—based on direct electrification and low-
carbon electricity—are better suited and more competitive for road and rail transport.7

Ensuring that sustainable and advanced biofuels play an effective role in climate mitigation 
requires a combination of factors contributing to a progressive rather than a sudden process. 
These factors include an increased shift toward cellulosic (non-food-based) feedstocks (ICL 
2021), selective identification of options that do not result in removal of carbon from the 
soil, the exclusion of options whose combustion would release large quantities of carbon 
(impossible to replace within a reasonable timescale), continued updates of regulations to 
account for feedstocks and agricultural practices that lead to land use change risks (O’Malley 
2021), and technological progress in thermochemical and biochemical conversions (Van Dyk 
et al. 2019; DOE 2022). Additional opportunities may also come from improved agricultural 
and smart farming practices (such as the use of robots, drones, and digital technologies to 
optimize fertilizer and pesticide use, as well as human labor), which increase the potential for 
food and feed–based crops to be part of a future biofuel production mix in a way that aligns 
with sustainability requirements (DOE 2022).

The integration of low-carbon hydrogen in biofuel production, in processes referred to as 
power and biomass-to-liquids, is also likely to be crucial to enabling a more sustainable use of 
biogenic carbon for transport fuels. Such processes, although currently relatively expensive, 
can maximize fuel yields from biogenic carbon sources while delivering significant life cycle 
emissions reductions (Hannula 2016a, 2016b; Koponen and Hannula 2017).8 Nevertheless, 
the choice to accelerate development of hydrogen and its derivatives needs to be weighed 
against the high energy efficiency of the direct use of renewable electricity. The reason is 
that adding renewable electricity production to the electricity generation mix and reducing 
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electricity demand through energy efficiency are among the most effective ways to displace 
natural gas if marginal generation is reliant on it (i.e., if natural gas is used to produce 
electricity at times of the day, week, and year when electricity demand is highest). This is a 
likely circumstance with high prices of natural gas.

Fuels of nonbiological (but also nonfossil) origin, including hydrogen and its derivatives,9 can 
contribute—once renewable electricity is widespread—to reducing reliance on fossil energy. 
Increased supply may materialize not only via local production but also through global trade 
since costs to produce these fuels vary significantly on the basis of the availability of solar 
and/or wind electricity and other forms of low-carbon energy.10

Because higher energy efficiency losses result in higher requirements for the installation of 
renewable electricity capacity at production sites, choosing renewable fuels of nonbiological 
origin to reduce fossil energy demand may also be subject to resource efficiency drawbacks, 
leading to higher material extraction and other supply chain constraints. All choices will 
therefore need to maintain a strong focus on technologies offering the best end-use 
efficiency, prioritizing the possibility of opting for direct electrification where technically and 
economically feasible.
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Notes

1. The direct use of methane in transport is not effective in reducing emissions to the levels 
needed to meet the ambition of the Paris Agreement, requiring a shift to electrification 
and low-carbon fuels. While the Paris-compliant International Energy Agency net-zero 
scenario shows a fairly significant balancing role for fossil methane in other sectors, 
also seeing potential for replacement with biomethane (IEA 2021b), new insights on the 
capacity to reduce greenhouse gas emissions from natural gas have led to recent calls 
to replace the “bridge” narrative for fossil methane with unambiguous decarbonization 
criteria (Kemfert et al. 2022). This adds to the prices for natural gas, which are much 
higher than anticipated, casting doubts on natural gas’s prospects in the energy transition 
(IEA 2022c).

2. Most of the post-2010 increase in biofuel production was from biodiesel in Indonesia 
(largely from palm oil), in the United States, and in Brazil. This was complemented by 
parallel increases in ethanol production in Brazil (from sugarcane) and other regions, 
mainly in Asia (OECD and FAO 2021). The post-2010 growth of biofuel production 
continued to have significant impacts on land use change and biodiversity loss (Tudge et 
al. 2021; Searchinger et al. 2022), as discussed below.

3. Waste oils have been estimated to be capable of covering up to 10 percent of the aviation 
fuel demand of 2019 (ICAO 2018; World Economic Forum 2020). Aviation currently 
accounts for roughly 12 percent of all final energy use and direct GHG emissions in 
transport (IEA 2022).

4. Biofuel prices are also affected by demand and supply dynamics. Historical trend analysis 
shows that biofuel prices have been following, at least to some extent, fossil fuel price 
trends (IEA 2013).

5. Because interest is, for now, still limited to technoeconomic assessments and not mirrored 
by sizable volumes produced, the scope for a quick ramp-up is also limited to pathways 
integrating low-carbon hydrogen in biofuel production processes, making these processes 
more carbon efficient.

6. For example, vegetable oil (a feedstock for biodiesel and renewable diesel) is subject to 
competing demand in the food and beverages sector, and wood (a feedstock for biofuels 
from lignocellulosic pathways) is subject to competing demand in the construction and 
space-heating sectors.

7. See IPCC (2022) for all transport modes; ITF (2020), IEA (2021b) and World Bank (2021) 
for shipping; ITF (2021b) and MPP (2022) for aviation; IEA (2021b) and ITF (2021a) for 
road transport; and IEA (2019, 2021b) and Popovich et al. (2021) for rail transport.

8. Other feedstocks, like microalgae as biomass feedstocks for advanced biofuels, have 
been facing major challenges from both technical and economic barriers (NREL 1998, 
2012). Today, algal biomass is directed primarily toward high-value products for food 



12 |    ENERGYPOLICY.COLUMBIA.EDU | SEPTEMBER 2022

BIOFUELS FOR TRANSPORT: FEASIBILITY OF A RAMP-UP TO LESSEN DEPENDENCE ON RUSSIAN OIL EN ROUTE TO A DECARBONIZED FUTURE

supplements. Its development for the bioenergy sector is still subject to uncertainties, so 
even analyses commissioned by the fuel industry do not attempt to make projections on 
its possible contribution to biofuel production (ICL 2021). For these reasons, it has not 
been considered here.

9. Hydrogen could be used directly, but because of major handling and storage challenges, 
it has a greater chance of being used as feedstock for the production of derivatives in 
processes powered by renewable electricity. These include ammonia (if hydrogen is 
combined with nitrogen), hydrocarbons (if it is combined with carbon from waste streams, 
recycled carbon fuels, or air capture), and alcohols (also requiring oxygen as a feedstock).

10. These include, in particular, heat, which is recoverable via heat pumps that produce fuels.
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