
Executive summary
Biofuels production is a subject of considerable 
controversy. Do biofuels reduce greenhouse 
gas emissions at the expense of higher food 
prices and starving the poor? Do biofuels help 
some nations reduce their reliance on foreign oil 
supplies, or are they merely a means to boost a 
sagging agricultural sector? 

The answers are anything but clear and sug-
gest the need for a much more thorough analysis 
that considers the policy objectives of biofuels 
production in the context of environmental, eco-
nomic and social sustainability. Engineering can 
and should play a significant role in achieving 
such an evaluation. 

From a Canadian perspective, we must par-
ticipate in international efforts to achieve mean-
ingful greenhouse gas emission reductions. At 
the same time, we need to support research and 
development that promotes a benign domestic 
biofuels industry. The federal government must 
ensure that provincial and national policies are 
harmonized, not working at cross-purposes. And, 
above all, we need better technical research 
upon which to ground a national biofuels policy 
that tries to achieve several objectives. 

Introduction
Within the past decade, biofuels production has 
grown from a fringe fuel to a globally traded 
commodity, supported by public policy incen-
tives and national production strategies. This 
rapid development of the global biofuels industry 
and market has been directed by global energy 
economics and policies aimed at the energy, 
environment or agriculture sectors.

Biofuels, which are composed of or pro-
duced from biological raw material, have the 
potential to play a positive role in energy sup-
ply and greenhouse gas emission mitigation 
issues, particularly in the transport sector. To 
fulfill this potential, it is vital that future biofuel 
development and associated policies address 
the broader environmental, economic and social 
sustainability issues. The global impact of these 
concerns is illustrated, for example, by the in-
teractions among different aspects of biofuels 
policies that occurred in the spring of 2008. At 

the time, the rapid rise in worldwide food prices 
was widely blamed on farmers increasing biofu-
els production at the expense of foodstuffs.

This paper summarizes the technical and 
policy issues associated with biofuels for trans-
portation in the global context. The content is 
based on a study completed for Natural Re-
sources Canada by an interdisciplinary team at 
Carleton University (Karman et al., 2008). 

What are biofuels?
Biomass (plant materials and animal waste) can 
be used as an energy source in a wide range of 
applications, from domestic heating to electric 
power generation. However, it is the near total 
dependency of the transport sector on oil–with 
the accompanying issues of security of supply, 
diminishing reserves, increasing costs and the 
associated greenhouse gas (GHG) emissions–
that has been driving the interest in biofuels. 

Ethanol and biodiesel are now the main bio-
fuels, although there are emerging alternatives, 
such as higher alcohols (e.g. butanol), DMF (2,5 
dimethylfuran) and gaseous biofuels (methane, 
hydrogen), that could play increasing roles. Both 
ethanol and biodiesel can be produced from 
different feedstocks with different processes, 
and it is the differences among these diverse 
pathways that give rise to sustainability issues 
that will be discussed below. 

The conversion of plant biomass into liquid 
fuels takes two conceptual pathways, widely 
referred to as first-generation and second-
generation biofuels. First-generation biofuels 
are derived from high-energy, feed/food crops 
that are rich in sugars, starch and/or oils. Ex-
amples include ethanol from sugar cane, corn 
and wheat and biodiesel from canola and soy-
bean oil. Commercial production of these first-
generation biofuels has been in place for more 
than 30 years. Second-generation biofuels are 
derived from non-feed crops, or from lignocel-
lulose waste from feed/food crops, forestry and 
municipal sources. 

A major concern with ethanol production 
from corn is that it directly competes with food 
production and may cause increased food prices. 
Nevertheless, it should be recognized that a 

benefit of developing first-generation ethanol as 
a biofuel is that it can establish the logistics of 
large-scale bioethanol use, thereby enhancing 
our ability to adopt second-generation bioetha-
nol as a fuel. The adoption of second-generation 
bioethanol may partly alleviate concerns over 
biofuels competing with food production since 
it uses non-food plants, or plant parts that are 
not used for feed, in particular lignocellulose 
products and waste materials.

The ingredients needed for biodiesel produc-
tion consist of triglycerides and alcohol, both of 
which can be produced through biological pro-
cesses. Any vegetable oil or animal fat, including 
waste cooking oils, can be used as a trigylceride 
source. The possibility of utilizing such waste oils, 
even in small-scale operations, has captured the 
public’s attention. However, substantial quantities 
of virgin oils from vegetation (or plant) sources are 
also required to produce the quantities of bio-
diesel needed to significantly reduce petroleum-
based liquid fuel consumption. As with ethanol, 
biodiesel can be produced through first- and 
second-generation processes. 

First-generation biodiesels use current ag-
ricultural methods to produce edible plant oils. 
Ideally, second-generation processes would 
use waste residues and/or a diverse mixture 
of non-food plants grown on marginal cropland. 
Second-generation feedstocks, ideally, would 
also require relatively low fertilizer, pesticide 
and maintenance inputs. 

Canola, sunflower, soybean, corn, peanut 
and safflower are well-established crops that 
have been optimized to produce large amounts of 
edible oils. However, concerns over using these 
feed/food crops for biofuel production, and thus 
potentially increasing food prices, have provided 
an incentive to develop non-food, oil-producing 
crops, especially ones that grow well on mar-
ginal croplands and will not directly compete 
with food production. Established crops that 
produce oils that are not commonly consumed 
include cotton seed, rapeseed, linseed, Jatropha 
curcas and castor bean. 

Global production of both bioethanol and 
biodiesel is concentrated in just a few producing 
countries and feedstock/processes. Bioethanol 
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production is dominated by the US (from corn) 
and Brazil (from sugar cane) while the European 
Union (EU) is the main producer of biodiesel 
(mostly from soybean). Bioethanol claims the 
largest share of total biofuels by far. Even with 
substantial increases in production levels since 
2000, the global market share for bioethanol and 
biodiesel is still less than 5 per cent in the overall 
transport fuel supply (Dufey 2006, 2007). 

In Canada, ethanol is produced from both 
corn (Quebec) and wheat (Prairies), while biodie-
sel comes mostly from canola oil, although there 
is production from animal fat and tallow as well. 
Currently, production levels in Canada represent 
only about 1 per cent of the total supply.

Why biofuels?
The primary reasons for the recent popularity of 
biofuels relate to three broad categories: energy 
security, agricultural stability and environmen-
tal benefits. While the weight and importance 
of these policy drivers have shifted over time, 
depending on national context and availability 
of resources, there has been a continual and 
concerted effort to develop and increase do-
mestic biofuel production since the 1970s. The 
recent expansion of the biofuel industry around 
the world has influenced Canada’s recent expan-
sion of biofuels production incentives and the 
requirement that gas sold at the pump contains 
a minimum ethanol content.

Energy security objectives are observed 
primarily in large fuel-importing countries and 
regions such as the US and the EU. Concerns 
over the price and availability of traditional fuel 
imports have led to the desire to diversify supply 
sources while developing domestic substitutes. 
Much of the argument is embedded in concerns 
over national security and, specifically, the re-
strictions and exigencies placed on foreign policy 
to assure sufficient and reliable supplies. The 
security argument has both economic and politi-
cal dimensions, but both effectively require the 
development of domestic biofuels as an alterna-
tive to importing petroleum-based fuels. 

The US and EU also use biofuels policy to 
address problems in their agricultural sector. 
Declining average farm incomes and the fear 
of a loss of agricultural capacity in general 
provide governments with incentives to create 
additional demand for agricultural products. The 
different comparative advantages of national 
agricultural producers are a primary basis for 

biofuel feedstock differentiation: if motivated 
by sectoral concerns in agriculture, governments 
will clearly promote those biofuel technologies 
that rely on feedstock that is either currently or 
potentially produced by their domestic agricul-
tural sector.

Finally, environmental concerns provide 
a key and growing motivation for pursuing 
biofuels. Potential environmental benefits 
can be obtained either in production (since 
biofuel production may produce fewer adverse 
environmental effects compared to some com-
peting fuels) or in consumption (if emissions 
from combustion can be made less damaging 
than alternatives). 

Statements regarding biofuel policies in 
the major producing countries identify several 
motivations underpinning official regulatory 
approaches. Discerning actual motives is dif-
ficult, although in all cases policies that favour 
domestic feedstock producers and refiners seem 
to take precedence over those that simply favour 
biofuel consumption.

Most major biofuel producing and consum-
ing countries have set targets for the biofuels 
sector that identify production or market-share 
targets. These targets are generally set at the 
highest jurisdictional level (federal in Canada 
and the US, and by the European Commission in 
the EU) and supported by specific incentives to 
meet the targets. National governments within 
the EU have some flexibility in how they meet EU 
directives and implement supplementary poli-
cies, while provinces and states in Canada and 
the US may also enact their own programs. The 
incentives used to attain these policy objectives 
include tariff protection for local producers, fa-
vourable tax regimes for production, investment, 
consumption and research and development, 
and subsidies for production and use. In addi-
tion, there are a variety of market-facilitating 
programs such as the mandated use of biofuel-
petro blends, biofuel vehicles in public fleets, 
refueling depots, demonstration projects and 
public education, and the oversight of technical 
and quality standards.

Biofuels and sustainability
Concern over the increased use of biofuels cen-
tres on the question of what impacts biofuel use 
may have in terms of environmental, social and 
economic sustainability. However, it is difficult 
to assess the impact biofuels have on land use, 

water use and biodiversity in relation to the 
expected benefits in GHG emission reductions. 
The interaction between fuel and food produc-
tion and the consequent impact on food prices 
are likewise difficult to assess. 

It is clear that biofuels are first and fore-
most an integral part of a broader bio-energy 
context where the reduction of GHG emissions 
is an important driver. When viewed from this 
perspective alone, biofuels do not compare fa-
vourably with other options for reducing emis-
sions significantly and cost effectively. Previous 
analyses have compared specific technological 
options (e.g. electricity generation options) with 
transportation biofuels options and found the 
former to be more cost effective (Resource Ef-
ficient Agricultural Production Canada, 2008). 
What makes biofuels a significant part of the 
broader bio-energy context–even in the face of 
the sustainability issues identified above and the 
uneven effectiveness for different objectives–is 
that biofuels offer the only realistic, near-term 
renewable option for displacing and supplement-
ing fossil fuels in the transportation sector. 

Accurately quantifying the GHG emission 
reductions from the use of biofuels, relative to 
the alternatives, is of prime importance since the 
reduction of GHG emissions is indeed a strong 
element of biofuels policies and targets. Thus, 
the reduction of GHG emissions appears to be 
the first quantifiable criterion finding its way 
into policies that explicitly address sustainability 
issues. The EU, for example, has set a target 
of 10 per cent of fuel coming from biofuels by 
2020. The proposed EU Directive on Renewable 
Fuels (European Commission, 2008) specifies a 
threshold 35 per cent reduction of GHG emis-
sions relative to the current fossil fuel alterna-
tive for a particular biofuel to be approved.

The task of quantifying GHG emission re-
ductions from the use of biofuels is typically 
undertaken by life-cycle analysis models, for 
example the GHGenius model supported by 
Natural Resources Canada. Life-cycle analyses 
for biofuels have aimed primarily to quantify 
energy use and GHG emissions, as well as 
criteria air contaminant emissions compared 
with the fossil fuel alternatives. The GHG emis-
sion savings estimated for different feedstock/
technology combinations can show significant 
variation, from 80 per cent for sugar-cane etha-
nol in Brazil vs. 10 per cent for corn ethanol in 
the US (Royal Society, 2008). Although most of 



the difference among the feedstock/technology 
combinations is due to the inherent characteris-
tics of the particular pathway, the assumptions 
about land-use change effects, default values 
of emission factors and methodologies for deal-
ing with co-products can have equally strong 
influences on the final results. It is imperative 
that there be transparency in documentation 
when comparisons between different studies are 
undertaken. The transparency and harmonization 
of methodologies to assess the GHG emission 
reduction potential of biofuels as well as their 
environmental sustainability potential is the topic 
of discussion in two task forces of the Global 
Bioenergy Partnership (GBEP 2007, 2008).

Some life-cycle analysis studies are now 
incorporating quantitative indicators for envi-
ronmental impacts beyond the quantification of 
GHG and criteria air contaminant emissions to 
arrive at integrated environmental sustainability 
indicators that include effects on human health, 
ecosystems and non-renewable resources. Sus-
tainability criteria are also appearing in explicit, if 
non-quantitative, ways in regulatory and policy-
oriented documents. For example, a German 
Sustainability Decree specifies that, in addition 
to ensuring a minimum GHG reduction potential 
of 30 per cent to 40 per cent, biomass should be 
produced in a sustainable way (Henke, 2008). 
Sustainable cultivation of agricultural land and 
the requirement to safeguard natural habitats 
are the two key items mentioned to meet the 
latter criterion. 

Meanwhile, the proposed EU directive on 
renewable energy sources (European Commis-
sion, 2008) also addresses biofuel sustainability 
issues in a formal context, addressing land use 
issues in addition to the specified minimum re-
duction in GHG emissions, consistent with the 
German directive. For its part, the UK Renewable 
Transport Fuels Obligation, which came into ef-
fect in April 2008, is a good example of where 
both carbon and sustainability reporting issues 
related to biofuels have received systematic 
attention in a regulatory framework (Dehue, 
2007; Bauen, 2007). It establishes five areas for 
which sustainability principles are elaborated: 
carbon storage, biodiversity conservation, soil 
conservation, sustainable water use, and air 
pollution. To be eligible for the policy’s financial 
support provisions, biofuel producers must meet 
certain criteria and indicators in all areas.

The potential impact on food prices from 
the land-use competition between biofuel and 
food producers is a significant concern. Indeed, 
the relatively sharp rise in food prices during the 
two years prior to the spring of 2008 prompted 
much media attention and debate. A subsequent 
Organisation for Economic Co-operation and 
Development (OECD) report estimated that bio-
fuel support measures would increase average 
wheat, maize and vegetable oil prices by about 5 
per cent, 7 per cent and 19 per cent, respectively, 
over a 10-year period (OECD, 2008). 

Meanwhile, the International Food Policy 
Research Institute estimated that the increased 
biofuel demand during the 2000-2007 period, 
compared with historical rates of growth, ac-
counted for 30 per cent of the increase in 
weighted average grain prices over that time 
span (von Braun, 2008; Rosegrant, 2008). Analy-
ses in these reports of the effects of biofuels on 
future food prices produced estimated increases 
of 18 per cent to 44 per cent for oilseeds and 
26 per cent to 72 per cent for corn by the year 
2020, depending on the scenario. 

A 2008 review by the UK Renewable Fuels 
Agency also recognized that biofuels contribute to 
rising food prices and ultimately caused the British 
government to slow the rate of increase of the 
share of biofuels in fuels for the transport sector 
by more than half, to 0.5 per cent per annum from 
1.25 per cent per annum (Kelly, 2008).

A Royal Society study at the same time of-
fered different perspectives on the issue of fuel 
vs. food and the impact of an expanding biofuels 
industry on food prices (Royal Society, 2008). 
The study noted that agricultural subsidies in 
many western countries and the “dumping” of re-
sulting surpluses on world markets had adversely 
affected the development of agriculture in many 
developing countries. It argued that rising prices 
for food-based commodities, such as cereals and 
vegetable oils, could stimulate investment in 
agriculture and forestry in developing countries 
which, in turn, could help to improve yields and 
production efficiencies. In this way, the rural poor 
of these countries, who are mainly farmers, could 
be major beneficiaries of a new biofuel-inspired 
development dynamic. 

The Royal Society study also conceded that 
the urban poor in developing countries will suf-
fer as a result of increased food prices unless 
economic prosperity rises as a whole and a 

reasonable amount of the value generated by 
biofuels is retained locally. 

Meanwhile, the World Bank policy response 
to the rapid rise in food prices acknowledged 
that increased biofuel production had been a 
contributing factor. But the bank went on to sug-
gest that, in resonance with the Royal Society 
paper, the increase in food prices can create an 
opportunity for the global community to refocus 
on investments in agriculture and to build better 
safety nets to help the poor cope with their en-
demic high levels of risk (World Bank, 2008).

Conclusions and recommendations
It is reasonably clear that the motivation for, 
implementation of (in terms of feedstock/
technology) and impacts of biofuels are very 
much case specific. It is thus futile to attempt an 
overall assessment of the potential of biofuels, 
independent of geography and the nature of the 
particular policy that they are intended to serve. 
The requirements of energy security may well 
clash with the requirements of environmental, 
economic and social sustainability. What might 
be considered a successful agricultural policy 
may not be particularly cost effective from an 
environmental perspective. 

The key is to have clarity in the policy objec-
tives and the means to quantitatively assess 
the performance of measures taken/promoted 
to obtain those objectives. There are significant 
advancements in the scientific and engineering 
realm to quantify the performance of biofuels 
from an environmental sustainability perspec-
tive [(S&T)2 and partners 2008a, 2008b], and 
indeed–although with less certainty–from an 
economic and social sustainability perspec-
tive. There are also international examples of 
the policy realm being quite receptive to the 
analysis offered by these advancements (GBEP 
2007, 2008). 

Although the motivation for biofuels can 
include socio-political imperatives, such as 
energy security and rural development, the 
primary global imperatives at present appear 
to be environmental and relate to the displace-
ment of non-renewable energy sources and the 
associated reduction in GHG emissions. The 
expectation of positive effects on these two 
fronts must be considered simultaneously with 
the potential negative impacts, which are not 
as easily quantifiable.



For the Canadian policy context, several 
conclusions emerge. First, it is important 
that Ottawa participates in continuing dis-
cussions about setting international emis-
sions standards and classifications. The 
objective of such participation should be 
to ensure that current large producers do 
not lock in advantages for themselves and 
for first-generation biofuels. At the same 
time, Canadian negotiators should seek to 
ensure sufficient policy space for the use of 
subsidies to encourage research and devel-
opment and, ultimately, initial production in 
second-generation biofuels relevant to our 
potential feedstocks.

Second, federal-level policies should reflect 
provincial initiatives. Given the complex jurisdic-
tional matters arising from constitutional powers, 
it may be hard to forge a single comprehensive 
and consistent approach to biofuels. The federal 
government should play a co-ordinating role, how-
ever, and encourage harmonization of policies to 
prevent the fragmenting of the Canadian market 
into provincial enclaves that reduce the opportuni-
ties for efficient production scales. 

From an efficiency perspective, it is impor-
tant that the biofuels policy be driven by clear 
and sensible objectives. It is difficult to imag-
ine biofuel policy as the basis for reasonable 
and sustainable rural development objectives. 

Instead, it might be more defensible and ef-
fective to link biofuels policy to energy and 
environmental policy. Such a policy needs a 
clear and thorough understanding of the rela-
tive environmental effects of producing and 
consuming various fuel substitutes, indicating 
a need for better technical research to underpin 
biofuel policy. 

Finally, it must be recognized that there are 
policies that already distort energy markets. The 
goal of biofuels policy should be to level these 
markets in general while acknowledging the po-
tential need for initial research and development 
assistance for any fuels showing environmental 
advantages over existing competitors. 
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