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Some problems are so complex that you have to be highly intelligent and well-informed just to be  
undecided about them. Laurence J. Peter

2.1 BIOENERGY AS A STRATEGIC TECHNOLOGY OPTION

Many elements of modern energy policy can be traced back to the political and institu-
tional response to the 1970's oil crises and the growing awareness of the environmental im-
pacts of the energy sector. One of the key institutional landmarks was the setting up in 1974 
of the international energy agency (IEA) in response to the 1973 oil shock. Although the IEA 
was initially dedicated to responding to physical disruptions in oil supply, its mandate to en-
hance energy security led naturally to an assessment of alternative energy sources. Fuels from 
biomass were identified as one of the options most likely to achieve early commercial success, 
and a technology collaboration programme (IEA bioenergy) was set up in 1978 to support 
countries active in bioenergy research, development, and deployment [1].

In the 1970s and early 1980s, the role of environmental protection in energy policy had a 
relatively low profile, often being seen as a constraint rather than a necessity. This changed 
in 1985 when the IEA governing board—which comprises the energy ministers of member 
countries—adopted general principles that energy production, conversion, transport, and 
consumption should be carried out in an ‘environmentally acceptable manner’. Ministers also 
agreed to actively promote actions in their national energy policies which would, inter alia, 
enhance the development of new environmentally favourable energy technologies. In the late 
1980s, concern about climate change was rising rapidly up the political agenda and the next 
IEA Ministerial policy statement, in 1989, went further still, stressing the need for ‘integrated 
policies which further energy security, environmental protection and economic growth’ [1].
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Another political and institutional landmark was the adoption of the United Nations 
Framework Convention on Climate Change (UNFCCC) at the Rio Earth Summit in 1992. This 
committed countries to stabilise greenhouse gas concentrations ‘at a level that would prevent 
dangerous anthropogenic interference with the climate system’ [2]. It committed signatories to keep 
inventories of their greenhouse gas emissions and defined the GHG accounting frameworks 
they should use to report them. It also committed countries to report regularly on their cli-
mate change policies, many of which directly affected the energy sector.

These developments set the scene for what has become the key challenge for energy pol-
icy in many countries: how to balance the need for energy security, energy equity, and envi-
ronmental sustainability; a problem that has come to be known as the energy trilemma [3]. 
Increasing the proportion of bioenergy in the global energy mix has emerged as one of the 
key technological responses to this challenge. Energy scenarios, such as those developed 
by the International Energy Agency (IEA) and on behalf of the Intergovernmental Panel on 
Climate Change (IPCC), indicate that bioenergy could make a major contribution to a future 
low- carbon energy system, potentially supplying 10%–50% of global primary energy by 2100 
[4–7]. Most Integrated Assessment Model (IAM) results also show that imposing constraints 
on biomass supply would increase the cost of reducing global GHG emissions or necessitate 
reductions in energy consumption [7]. The same models show that limiting warming to 2°C or 
less would be virtually impossible if bioenergy was excluded from the mitigation toolkit [8].

Bioenergy has also come to be given a prominent role in many national energy strategies. 
By 2015, more than 60 countries had adopted policies designed to support bioenergy de-
ployment including all European member states, the United States, Brazil, China, Japan, and 
Russia [9–11]. The impetus for these policies draws on a range of motivations: improving 
energy security, reducing GHG emissions, diversifying agricultural production, and stimu-
lating rural development and job creation. Changing political priorities and improving sci-
entific evidence, however, has demonstrably affected the weightings given to each of these 
motivations in policy reports and statements. Since 1997, when countries adopted the Kyoto 
protocol, the political importance given to sustainable carbon reductions has dramatically 
increased, but at the same time the consensus that increased bioenergy deployment will auto-
matically or simplistically provide carbon reductions has been challenged, and a much more 
complex and contested picture has emerged.

The remainder of this chapter is presented as follow. First, we examine the extent to which 
GHG mitigation provided a rationale for policy makers to introduce bioenergy support 
mechanism and the backlash that followed. Second, we look at three key challenges to which 
policy makers have had to respond as market adoption increased: the shortcomings of carbon 
accounting frameworks, land-use change, and time critical changes in carbon stocks. Finally, 
we examine the governance challenges that are inherent in achieving large-scale carbon re-
ductions through bioenergy deployment.

2.2 THE POLICY DRIVE FOR BIOENERGY

In the European Union, the coordinated promotion of renewable energy goes back to 1997 
when a target (white paper) was adopted to increase the proportion of renewable energy 
from 5.2% of primary energy supply in 1995 to 12% by 2010 [12]. The benefits cited for the 
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introduction of support policies included: security and diversification of energy supply, job 
creation, rural development, social and economic cohesion, and reducing carbon emissions. 
The white paper paved the way for Directives on electricity production from renewable 
sources in 2001 [13] and for the promotion of biofuels in 2003 [14].1 Carbon emission reduc-
tions were simply assumed among other co-benefits of introducing biofuels, as the following 
excerpt from the 2003 Directive illustrates:

In terms of environmental impact, biofuels are very attractive, emitting between 40 and 80% less in the 
way of greenhouse gases than other fossil fuels [… they] will also help to create jobs in rural areas and thus 
preserve the rural fabric by providing agriculture with new outlets.

Neither Directive included criteria for sourcing sustainable biomass, but the biofuel 
Directive did commit the EU commission to monitoring and reporting on the efficacy of bio-
fuels in reducing carbon emissions and on the sustainability2 of crops used for the production 
of biofuels [14].

Although an important milestone in the development of EU bioenergy policy, these 
Directives were relatively weak since targets were only indicative. The EC, however, consid-
ered progress to be ‘sluggish’ and, in 2004, committed to a plan [15] setting out a coordinated 
approach including precise legally binding targets and minimum sustainability standards 
[16]. This plan gave rise to the EU Climate and Energy Package, which was enacted by mem-
ber states in 2009 to ensure that the EU met its climate and energy targets for the year 2020. 
These targets would be binding on member states and included a 20% cut in GHG emis-
sions (from 1990 levels) and a 20% share of renewable energy sources (~244 Mtoe). Member 
states also had to adopt a National Renewable Energy Action Plan (NREAP) setting out 
their contribution to the overall EU target. Analysis of these NREAPs showed that member 
states expected the role of bioenergy in 2020 to be very substantial including: 19.9 Mtoe of 
bioelectricity (19% of target), 86.5 Mtoe bioenergy for heating and cooling (78% of target), 
and 29.2 Mtoe biofuels for transport (98% of target) [17]. One of the key pieces of legislation 
that was intended to drive renewable energy, and bioenergy, deployment was the Renewable 
Energy Directive (RED) [18].

The RED, however, did more than set out targets for member states' future share of renew-
able energy consumption.3 It also set out rules for calculating the GHG impact of biofuels, 
bio liquids, and their fossil fuel comparators and specified a minimum set of sustainability 
criteria that member states would have to adopt. The RED was not comprehensive since it 
excluded from the accounting and reporting framework GHG impacts of solid and gaseous 
biomass fuels used for heating, electricity, and cooling. Nevertheless, the RED enshrined the 

1The electricity directive committed member states to promoting renewable electricity and to reporting 
progress against indicative consumption targets differentiated by country. The biofuels directive committed 
member states to promote biofuels and report consumption volumes against uniform reference targets of 2% 
by 2005 and 5.75% by 2010.
2Sustainability was defined in terms of intensity of cultivation, crop rotation and use of pesticides.
3The RED 2020 targets were differentiated by member state, but included a minimum 10% renewable energy 
for transport across the Union.
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principle that renewable energy—and bioenergy—deployment should not only contribute to 
carbon reduction targets, but that this contribution should be quantified and reported.

These policy developments in the EU illustrate the changing political priorities given to 
GHG mitigation in energy policy in one region, but there are parallels in the way policy 
has evolved in other parts of the world. In the United States, policies supporting biofuel 
deployment were originally strongly driven by the perceived need to diversify energy sup-
plies and support the agricultural sector. These policies were subsequently modified, in the 
light of evidence that GHG savings from some biofuels were lower than expected, to include 
specific quotas for fuels with better overall GHG performance [19]. In Brazil, biofuels have 
been strongly promoted since the Pró-Álcool programme was adopted in 1975. This pro-
gramme aimed to help Brazil achieve energy independence by replacing petroleum imports 
with domestic transport fuel (initially ethanol from sugar cane and later biodiesel from soy 
and electricity from sugarcane harvest residues (bagasse)). It has evolved to become one of 
the largest and most successful bioenergy programmes in the world, but is no longer thought 
of simply as a source of energy security and economic growth. Compulsory instruments and 
voluntary schemes have been introduced to improve environmental sustainability, reduce 
GHG emissions, and limit the expansion of the agricultural frontier towards fragile or valu-
able ecosystems [20].

GHG reductions have arguably never been the main driver for bioenergy policy, but the 
expectation that bioenergy can help deliver on GHG mitigation goals has historically been 
seen as an important co-benefit, and numerous scenarios and modelling exercises suggest 
that this will continue to be the case in the future.

2.3 MARKET UPTAKE AND THE BIOENERGY BACKLASH

As governments around the world put in place policies to promote renewables and bioen-
ergy, the market response was remarkably rapid. Between year 2000 and 2013, bioelectricity 
production more than doubled from ~0.6 to 1.7 EJ. Biofuels for transport increased by more 
than a factor of seven from ~0.45 to 3.19 EJ produced on approximately 71 Mha of land (an 
area roughly twice the size of Germany). Direct heat from biomass including traditional bio-
mass combustion for cooking increased from ~40 to 50 EJ. Overall, in 2013, bioenergy contrib-
uted ~57.7 EJ (10%) to global primary energy supply [21]. At the same time, the International 
Renewable Energy Agency (IRENA) estimated that, in 2015, of the ~8.1 million people work-
ing in the renewable energy sector, around 2.8 million were working in bioenergy. Measured 
simply in terms of the quantity of bioenergy produced, and jobs created, global bioenergy 
policy has been a success (Figs 2.1 and 2.2).

Yet, as efforts to accelerate the deployment of bioenergy gathered pace, the prospect of mo-
bilising the large quantities of biomass required became increasingly controversial. Biomass 
availability tends to be intertwined with activity in other major economic sectors—agriculture, 
forestry, food processing, paper and pulp, building materials, etc. As feedstocks are diverted 
from established markets, some impact on these sectors is almost inevitable [10]. The way in 
which land resources are used may also be changed, and many commentators predicted grow-
ing land and resource conflicts between bioenergy and food supply, water use, and biodiver-
sity conservation. Their fear was that the benefits offered by increased bioenergy production 
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could be rapidly outweighed by the penalties, and that increased deployment could exacer-
bate existing environmental problems. Sources of concern include both direct impacts, such as 
the effect of domestic stoves on urban air quality, and indirect impacts such as land-use change 
mediated through changing market prices [22–25].

Many different types of biomass may be used to produce bioenergy and there has been 
intense public and academic debate about resource availability and the merits and risks of 
dedicating particular resources to energy production both now and in the future [26,27]. 
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FIG. 2.1 Global generation of bioelectricity (GWh). Data from IEA—World energy statistics.
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FIG. 2.2 Global biofuel production (kt). Data from IEA—World energy statistics.
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Since 2000, however, bioenergy deployment has been underpinned by two key resources: 
forest biomass and agricultural land. Forest biomass has been used primarily to produce 
solid fuels (e.g. wood pellets) which can be combusted to produce electricity and heat. 
Agricultural land has been used to grow sugar, starch, and oil crops to produce liquid 
biofuels (and to lesser extent feedstocks for anaerobic digestion). How these resources are 
managed and used directly affects whether carbon emissions are increased or reduced.

Putting to one side the debates around energy security, welfare benefits, and competition 
between bioenergy, food, and other ecosystem services (these issues are critically important, 
but they are not the focus of this book), policy makers have faced three broad challenges to 
whether policies introduced to support bioenergy can genuinely contribute to climate change 
mitigation. The first challenge is that carbon accounting frameworks misrepresent the car-
bon saving benefits of bioenergy, potentially leading policy makers to support policies that 
have unintended and undesirable consequences. The second challenge is that increasing bio-
mass production on agricultural land can directly, or indirectly, lead to increasing carbon 
emissions. The third challenge is that increased use of forest biomass does nothing to reduce 
emissions in the short term, but can only reduce carbon emissions in the distant future. The 
remainder of this chapter introduces each of these challenges and examines the issues this 
poses for policy and governance.

2.4 ACCOUNTING FOR CARBON

When plants photosynthesise, they capture carbon from the atmosphere. As they respire, 
when they are harvested and burnt, or when they die and decompose, this carbon is released 
back into the atmosphere. If biomass that would otherwise have decomposed is used to dis-
place fossil fuels, then carbon emissions to the atmosphere can be avoided.

This is a simplified view of the carbon cycle that ignores a great many interactions between 
plant growth in the biosphere and global climate. For example, growing and decomposing 
biomass can produce long- and short-lived GHG (including carbon dioxide, methane, and 
nitrous oxide); burning biomass can release aerosols (sulphur dioxide, black carbon) that can 
have an overall cooling effect; and land-use changes can affect surface albedo and other phys-
ical properties [28,29]. Nevertheless, for annual crops and energy crops with short rotation 
cycles (assuming no indirect effects—see below), and for wastes and residues, the assumption 
that biomass combustion makes no net contribution to atmospheric carbon emissions is gen-
erally considered reasonable [24].

If, however, harvesting biomass for energy affects the stock of carbon stored in forests 
and soils or alters the fluxes between these carbon pools and the atmosphere, the simple as-
sumption that emissions from biomass combustion are ‘carbon neutral’ could potentially be 
misleading [30–32]. A 2011 statement by the European Environment Agency (EEA) Scientific 
Committee makes this case, arguing that EU Directives4 ‘inaccurately assess the greenhouse gas 
consequences of different forms of bioenergy resulting in an “accounting error”’ with ‘serious ad-
verse consequences on a range of environmental concerns’ [33].

4Renewable energy directive (2009/28/EC), fuel quality directive (2009/30/EC).
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The accusation of an ‘accounting error’ undermines public support and threatens the cred-
ibility of policies designed to incentivise renewable energy and mitigate climate change. To 
understand this accusation, it is necessary to examine how emissions are reported.

National reporting guidelines for GHG inventories were decided under the UNFCCC and 
the 1997 Kyoto Protocol. Signatory countries agreed to report GHG emissions under different 
sectors including: Energy, Industrial Processes, Agriculture, and Land Use Land-Use Change 
and Forestry (LULUCF). These last two sectors were subsequently merged and reported as 
Agriculture Forestry and Other Land Use (AFOLU).5 Biomass used to produce energy was 
classified as a Harvested Wood Product (HWP), resulting from Forest Management activities 
and reported as an emission in the AFOLU sector at the point of harvest. To avoid double 
counting, carbon emissions at the point of combustion were recorded as zero in the Energy 
sector.6

This approach is valid provided the land-use sector is fully reported and captures all car-
bon emissions. Considering the Energy sector in isolation, however, it appears that burn-
ing biomass makes no contribution to GHG emissions. The EU RED, EU emissions trading 
scheme (ETS) and the US Renewable Fuels Standard (US RFS2) adopt the convention that the 
direct emissions from biomass combustion are zero.

The AFOLU sector is one of the largest and most complex reporting sectors. It is also 
politically sensitive because it can be a source or sink of emissions and could affect how 
countries manage their natural resources.7 When the Kyoto protocol was negotiated, polit-
ical compromise resulted in mandatory reporting only being required for three categories 
of activity: deforestation, afforestation, and reforestation. Reporting emissions from Forest 
Management was optional for the first Kyoto commitment period (2008–12), but some coun-
tries, for example Australia, opted not to report [34]. The implications of this compromise 
become clearer with an example. The United Kingdom was one of the countries that elected 
to report Forest Management, and so biomass harvested from United Kingdom forests and 
used for energy would, at least in theory, have appeared in the United Kingdom's national 
inventory as a change in the carbon stock. But if the United Kingdom imported wood pellets 
from a non- reporting country like Australia8 (or a country not signed up to the Kyoto proto-
col), the United Kingdom accounts would show that the emissions from burning the pellets 
were zero, but the change in carbon stock would not be reported.

Attempting to distinguish between anthropogenic and non-anthropogenic emissions from 
land-use is inherently complex, and the accounting rules for the first Kyoto commitment period 
had some significant limitations [35]. For instance, no distinction was made in cases where 

5IPCC 2006 guidelines for national GHG inventories refer to Agriculture Forestry and Other Land Use 
(AFOLU). For brevity, we also refer to AFOLU in the text but readers should be aware that LULUCF is still a 
commonly used term in the literature.
6Direct methane and nitrous oxide emissions from biomass combustion for energy use would, however, be 
reported in the energy sector.
7The AFOLU sector is responsible for just under a quarter (~10–12 GtCO2equiv./year) of anthropogenic 
GHG emissions, mainly from deforestation and agricultural emissions from livestock, soil and nutrient 
management [IPCC AR5].
8Australia chose not to report in the Forest Management sector.
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 carbon stocks might be reduced with a change of management, but where there was technically 
no change in land cover, e.g. between natural forest ecosystems and plantations or between pri-
mary forest and semi-natural forests logged for industrial wood production [34]. There are also 
significant limitations to the level of resolution that is achievable both spatially and temporally, 
as the following excerpt from the EU's 2013 decision on GHG accounting rules notes:

Completing LULUCF accounts on an annual basis would make those accounts inaccurate and unreliable 
due to inter-annual fluctuations in emissions and removals, the frequent need to recalculate certain reported 
data, and the long time required for changed management practices in agriculture and forestry to have an 
effect on the quantity of carbon stored in vegetation and soils [36].

Nevertheless, it needs to be recognised that the accounting frameworks are not set in stone 
and continue to be revised with each round of climate negotiations. The UNFCCC Conference 
of the Parties held in Durban in December 2011, for instance, made accounting for emissions 
from forest management mandatory and also required accounting for conversion of natural 
forests to plantation forests [34]. Many alternatives have also been debated in the academic 
literature [31]. Incomplete implementation of the LULUCF requirements outlined in the 
Kyoto protocol might in some instances lead to the emission benefits from bioenergy being 
overstated [31]. But it is also important to recognise that GHG accounting frameworks repre-
sent a trade-off between efficacy and ease of implementation. Arguably, accepting incomplete 
accounting rules for LULUCF was a political compromise without which international agree-
ment at Kyoto might not have been reached. The challenge policy makers now face is ensur-
ing that bioenergy policies do not inadvertently incentivise reductions in carbon stocks. In 
the case of the EU RED and US RFS2, this is addressed, at least in part, by the introduction of 
supplementary sustainability criteria that seek to exclude the worst performing value chains.

The ‘accounting error’ rhetoric gives the impression that an ideal alternative framework 
exists, and that policy makers have in some way been negligent or myopic. The reality, how-
ever, is a more prosaic story of mixed motivations, compromise, and incremental improve-
ment in the face of a daunting and complex reporting endeavour.

2.5 DIRECT AND INDIRECT LAND-USE CHANGE—THE 
PROBLEM WITH TRANSPORT BIOFUELS

Almost all the biomass used to produce liquid transport fuels (sugar, starch, and vegetable 
oil) is grown on agricultural land. An increase in biofuel consumption could therefore lead to 
cropland expansion in one of two ways:

•	 directly, for example, converting forested or natural grassland areas to energy crops—
known as direct land use change (DLUC); or,

•	 indirectly, when the production of biomass on existing cropland displaces food crop 
production to other areas—known as indirect land use change (ILUC).

The GHG impact of ILUC and DLUC is potentially very significant because conversion 
of forest or grassland to cropland can lead to large releases of GHG to the atmosphere, for 
example, through increasing the rate of soil carbon oxidation or permanent reduction in abo-
veground carbon stocks.
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The potential for increased bioenergy demand to drive land-use change was first discussed 
in the 1990s (see, e.g. [37,38]), but received little attention. At this time, bioenergy policy was 
in its infancy, food prices were low, and large areas of cropland had been taken out of pro-
duction in Europe and the United States to reduce overcapacity. Ten years later, in 2008, when 
two studies [22,39] argued that biofuel policies could result in substantial land-use change, 
the reaction was dramatically different. Policy makers were rapidly faced with a vocal lobby 
that asserted that bioenergy policies were ill conceived, could result in welfare losses, and 
would not contribute to the GHG mitigation goals on which they had been predicated. A 
political response including policy reform was considered essential.

Unlike DLUC which can at least in theory be quantified using surveying and earth obser-
vation techniques, one of the major problems with including ILUC in policy is that it can-
not be observed, or easily quantified [40,41]. For example, farmers in Europe deciding to 
grow wheat for ethanol instead of food will not see any effect on their direct GHG emis-
sions. Impacts on other farmers in the United Kingdom or abroad will be mediated indirectly 
through changing market prices. It is also impossible to attribute cause and effect to a particu-
lar project or policy. For instance, it can never be proven that a certain change in land-use, e.g. 
in Brazil, is the result of the decision to proceed with a wheat-to-ethanol project in Europe. 
The challenge which policy makers have had to confront is how to put in place appropriate 
safeguards to protect against something for which there is only limited scientific evidence 
concerning the scale and severity, and for which there is no way to monitor the effectiveness 
of the policy once introduced [40].

Since 2008, there has been a surge in the number of studies attempting to estimate the 
ILUC impacts of bioenergy and especially biofuel expansion. The most common approach to 
estimating ILUC is using economic equilibrium models. These complex models may include 
the entire global economy or a specific sector, e.g. agriculture,9 and calculate ILUC as the dif-
ference between scenarios with and without bioenergy policies. They also assume that perfect 
markets exist and that an equilibrium is reached when supply equals demand, assumptions 
that are often criticised as oversimplistic [42]. Several alternatives to economic optimisation 
models have been developed relying, primarily, on descriptive methods informed by expert 
opinion [43] or extrapolating statistics on past land-use change to predict future trends.

As additional studies have been undertaken, estimates of ILUC associated with biofuel 
policies in the EU and United States have to some extent converged [44]; however, there re-
mains a conflict between policymakers' demands for exact values and the capacity of current 
models to supply results with the desired level of precision.

After around 7 years of intense debate, EU policy makers amended the RED by adopting 
the ILUC Directive in 2015 [45]. This Directive limited the way member states could meet the 
RED 2020 target of 10% renewables in transport fuels by introducing a cap (7% of target) on 
the contribution of ‘food crop’-based biofuels and requiring minimum contribution (3% of 
target) from alternatives including used cooking oil, electricity, and advanced biofuels. In this 
way, policy makers sought to promote biofuels presenting a ‘low ILUC risk’ and limit those 

9Well-known examples are the GTAP-model developed by Purdue University, the FAPRI-CARD model 
developed by Food and Agricultural Policy Research Institute together with Iowa State University, 
and the MIRAGE-model developed by the European Commission, INRA, the UN and the World Trade 
Organization.
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considered to present a ‘high ILUC risk.’10 The agreement also included the requirement to 
report data on ILUC-related emissions of GHG on both national and European levels. For 
reporting purposes, member states were required to add an ILUC factor to the inventory of 
GHG emissions for each value chain. The agreed factors placed ILUC emissions on the same 
scale as the potential GHG savings and penalised oil crops most severely as they could be as-
sociated with tropical deforestation for palm oil.11 In the United States, the US Environmental 
Protection Agency (EPA) issued rules for incorporating ILUC emissions into the Renewable 
Fuel Standard (RFS) accounting rules in 2010 [47]. Using economic models developed for the 
task, the EPA assigned each type of biofuel to one of the three categories based on the overall 
GHG savings compared to fossil fuels: (i) renewable fuels (20% savings), (ii) advanced biofu-
els (50% savings), (iii) cellulosic biofuels (60% savings). The decision process led by the EPA 
lasted only one year and the final decision, although contested by several stakeholder groups, 
did not attract the level of criticisms experienced by EU policy makers [48]. Thus far, however, 
biofuel policies in China, India, Canada, Mexico, Japan, Australia, and Brazil have not incor-
porated accounting or reporting of indirect land-use change emissions [41].

The debate around indirect land-use change has arguably increased political attention on 
the importance of land as both a source and sink of GHG emissions. The role of land in 
climate mitigation is also the focus of a special report by the Intergovernmental Panel on 
Climate Change (IPCC) expected to be published in 2019. Modelling ILUC may not provide 
straightforward answers to policy makers' questions, but despite the limitations it provides 
an opportunity to identify biofuel (and other agricultural production) pathways that lead to 
the greatest overall GHG emission reductions.

2.6 DYNAMIC CHANGES TO FOREST CARBON STOCKS  
AND THE PROBLEM OF CARBON DEBT

The majority of biomass used to produce heat and power is derived from forests. Unlike 
agricultural crops where growth and harvest typically occur within a single year (or ~3 years 
for coppice systems), forest management cycles are usually measured in decades. The timing 
of forest carbon stock changes and how they relate to management practises has been dis-
cussed in the academic and silviculture literature for at least 20 years, but the issue received 
comparatively little attention from the energy policy community [49]. This changed in 2012 
when a group of nongovernmental organisations including Greenpeace, Friends of the Earth, 
and the RSPB published a report claiming that electricity produced in Europe from wood 
pellets imported from the United States could be ‘dirtier than coal’ [50]. Once again, a politi-
cal and policy response was demanded and the legitimacy of bioenergy policies challenged.

10It should also be noted that ILUC is not exclusively related to biofuel production since all other land using 
sectors may also cause ILUC.
11The EU ILUC factors agreed were 12 g CO2equiv./MJ for cereals and other starch-rich crops, 13 g 
CO2equiv./MJ for sugars and 55 g CO2equiv./MJ for oil crops based on the results of the general equilibrium 
economic model IFPRI-MIRAGE-BioF [46]. This compares to the full lifecycle emissions intensity of fossil 
gasoline and diesel of around 90 g CO2equiv./MJ.
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The core argument outlined in the ‘dirtier that coal’ report was that if you cut down and 
burn a 60-year-old tree, and it takes 60 years for another one to grow, you have increased the 
amount of carbon in the atmosphere in the short term. In other words, burning trees now cre-
ates a ‘carbon debt’ that will take many decades to repay. The assertion is that this limits the 
role that forest biomass can play in helping meet short-term political targets, especially given 
the shortcomings in GHG accounting frameworks.

The term ‘carbon debt’ is not precisely defined, but rather it has become convenient short-
hand to refer to three different, though related, phenomena. The first type of debt is the single 
tree example given above. In this case, the debt only appears because of the scale at which the 
calculation is done. If, instead of a single tree, you consider a population of different age trees 
in a landscape, and each year you only harvest the annual growth increment, no debt arises. 
The second type of debt occurs where you increase the intensity of harvest at landscape level 
and this reduces the total mass of trees across the entire forest; for instance, if you stepped 
up harvesting from every 100 years to every 60 years. In this case, the reduction in the av-
erage mass of the trees would result in a one-off carbon emission, which would need to be 
set against the benefits of energy production. This type of debt is most likely to occur when 
unmanaged forest is brought into management, but it also assumes that nothing is done to 
increase the productivity of the forest, such as increased replanting. The third type of debt is 
where you have a choice between continuing to manage a forest or stopping and allowing it 
to carry on growing and sequestering carbon. If you decide to keep managing the forest, then 
the opportunity cost of your decision is the carbon sequestration foregone. The problem with 
this argument is that, as a forest matures, the rate of carbon sequestration declines and it be-
comes more vulnerable to natural disturbance that would result in some of the carbon being 
released anyhow. In the absence of a real opportunity to stop existing forest management, this 
scenario is essentially hypothetical [51].

The ‘Dirtier than Coal’ report [50] compares a scenario in which forest biomass is har-
vested with one in which it is assumed that no harvesting occurs and the forest matures to 
maximise the carbon content of the landscape. This comparison is arguably an oversimplifi-
cation because it ignores the impact of episodic natural disturbances, which means that the 
theoretical maximum carbon content of the landscape is never attained in practise. Making 
such a comparison also exaggerates the apparent size of any carbon debt that might occur. 
Nevertheless, it is clear that the impact of increased harvesting of bioenergy on long-term 
carbon stocks in a forest is something that should be taken into account in the overall GHG 
balance. This has been assessed for some forestry systems [59–63], but more analysis and 
evidence is required to be confident that forest harvesting is not having a negative impact 
on forest carbon stocks.

When considering ‘foregone sequestration’. It is also essential to consider the appropriate 
counterfactual and the alternative land-use that would prevail if forests were not supplying 
wood for bioenergy. In regions such as the SE United States, this could be an alternative crop 
or residential or leisure developments. The aphorism often quoted by the United States for-
est industry is ‘the forest that pays is the forest that stays’. Following this logic, it could be 
argued that forest growth and continued sequestration is only likely if harvesting continues 
and there is a financial income stream. The choice of counterfactual ultimately reflects societal 
preferences for how land and forests should be used. Whether increasing demand for forest 
products—of which bioenergy is just one—ultimately results in an increase or decrease in the 
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global forest area can be modelled economically in similar way to indirect land-use change, 
but cannot easily be assessed on a project by project basis.

It is also important to recognise that carbon sequestration is only one of the many ecosys-
tem services provided by forestry and forest management. There are many reasons why for-
est management decisions, for example, to increase biodiversity or maximise amenity value, 
may impact forest carbon stocks. Carbon storage is an important function of forestry systems, 
but not the only one.

Carbon debt has only recently entered the public consciousness. It has gained salience 
because of the rapid growth of the wood pellet market and because the timeframes for policy 
and forest management decisions are so dramatically different. It has yet to be seen how this 
heightened concern will affect political support for co-firing projects in the United Kingdom 
and Europe and is currently the subject of ongoing policy analysis and review in Europe and 
the United States.

2.7 MEETING THE GOVERNANCE CHALLENGE

Although many motivations have been cited for supporting bioenergy deployment over 
the last 40  years, the perceived risks of undesirable side effects on ecosystems, food pro-
duction, and human well-being have forced the issue of sustainability high up the political 
agenda. Many countries have responded by introducing changes in their national bioenergy 
policies and programmes. These sustainability initiatives can be grouped into three main 
categories:

 (i) Setting minimum sustainability requirements for bioenergy mandates. Mandates have 
been particularly successful in promoting transport biofuels and work by setting a 
minimum share of liquid biofuels to be blended with traditional fossil-based fuels. 
Compliance can be restricted to producers who will be able to demonstrate that their 
products meet minimum criteria such as a minimum GHG reduction threshold, or 
excluding the use of feedstock from land with high carbon stock or high biodiversity 
value. The US RFS2 and the EU RED both adopt this approach.

 (ii) Providing financial incentives for low impact sources of bioenergy. Incentives schemes 
include grants, direct payments, tax credits, and payments for environmental services. 
Payments can be made conditional on compliance with specific environmental and 
socio-economic good practises. To be effective, a substantial and long-term government 
commitment is often required.

 (iii) Supporting capacity-building initiatives. These include policies and programs intended to 
create an enabling environment for the development of sustainable bioenergy systems. 
Initiatives include training and education, information sharing and dissemination, best 
practise guidelines, and research. Success often depends on effective engagement with 
stakeholders, and again a long-term financial commitment by governments is usually 
required [52].

All three of these approaches are underpinned by voluntary and government-led certifica-
tion and standardisation initiatives. Certification schemes aim to translate broad sustainabil-
ity principles into decision-making criteria that can be evaluated on the basis of detailed and 
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specific indicators. The EU, for example, has championed the use of certification for biofuels 
with 19 voluntary certification schemes recognised for compliance with the sustainability 
requirements set by the RED [53].

Although the concept of certification is not new—familiar examples include fair-trade cof-
fee and the Forestry Stewardship Council (FSC) standard for wood products—the introduc-
tion and design of certification standards for bioenergy as a means to ensure sustainability is 
not straightforward. Identifying appropriate criteria presents a trade-off between efficacy and 
ease of adoption. If criteria are overly detailed and too stringent, compliance may be difficult 
to demonstrate or they may act as a barrier to trade as reporting costs may become excessive. 
Conversely, if criteria are too general, they may become meaningless. There is also a risk of 
leakage if measures are applied to bioenergy production in isolation from the rest of the agri-
cultural and forestry system.

One of the most comprehensive sets of sustainability criteria and indicators has been 
developed by the Global Bioenergy Partnership—summarised in Fig. 2.3. These indicators 
aspire to be value-neutral and do not provide thresholds or limits. Nonetheless, they show 
the breadth of impacts that policy makers might wish to incorporate in bioenergy policy.
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FIG. 2.3 The Global Bioenergy Partnership's (GBEPs) sustainability indicators for bioenergy. Modified from GBEP. 
The global bioenergy partnership sustainability indicators for bioenergy. 1st ed. Rome: Food and Agricultural Organization of 
the United Nations (FAO); 2001.
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Despite considerable progress in modifying bioenergy policies to promote sustainability, 
government and industry initiatives have not been able to address the criticisms towards 
expanding the bioenergy sector or avoid the backlash illustrated earlier in this chapter. Many 
stakeholders, and the public at large, continue to question the capacity of these policies to 
effectively steer bioenergy deployment in a positive direction and still perceive bioenergy as 
too risky. Governance has undoubtedly become more challenging in the past decades as the 
scale, complexity, and diversity [54]12 of the system have increased—driven by international 
trade, the interlinkage of energy, forestry and agricultural markets, the involvement of ever 
more stakeholders, and the emergence of new scientific knowledge [57]. Clear limitations in 
governance capacity have also emerged. Not least the fact that state and social actors still work 
primarily at national–regional scale due to strong political and jurisdictional boundaries.

Governing bioenergy deployment shares many characteristics of a wicked problem, in that 
the problem definition is (at least in part) socially constructed and there is no well-described 
set of potential solutions [58]. For such problems, there is no simple policy prescription and 
governance must instead rely on the collective judgment of stakeholders involved in a pro-
cess that is experiential, interactive, and deliberative.

2.8 CONCLUSIONS

Over the last 40 years, bioenergy has gone from being viewed as a simple substitute for 
fossil fuels to an essential tool in the fight against climate change. In the 1990s, bioenergy was 
generally regarded as an uncontroversial and environmentally benign alternative to more 
polluting forms of energy. It was seen by policy makers and politicians as an attractive and 
low-risk option and one that could help meet a wide range of policy goals. This favourable 
view, however, was largely un-tempered by experience. Outside of a small number of indus-
trial sectors such as pulp and paper, and countries such as Brazil, which had been an early 
adopter of ethanol for transport, there was very limited practical understanding of deploying 
bioenergy technologies at scale.

As we approach 2020, one of the key dates by which countries have committed to reduce 
carbon emissions, this situation has to a large extent reversed. Policy initiatives have success-
fully incentivised international trade in biomass and large-scale production of heat, power, 
and liquid biofuels. Companies and policy makers have accumulated a wealth of knowledge 
from real projects. Accounting frameworks and reporting obligations have been implemented 
and continue to be improved as performance data is collected. Yet as an increasingly complex 
and contested picture of the potential impacts and benefits has emerged, public controversy 
around the sustainability of biomass supply shows no sign of abating. Against this back-

12Scale pertains to the spatial dimension of the system, the size, range and boundaries of its natural and 
socio-technical components. Large-scale systems are believed to be less governable than systems with 
similar properties, but of smaller scale [55]. Diversity points to the nature and degree to which the entities 
that form the system differ. Systems with high diversity require large amounts of data of high resolution and 
are therefore expected to be less governable [56]. Complex systems are characterised by multiple relations 
(and feedback) between system components. More complex systems require more in-depth analysis and 
understanding, and can be expected to be less governable [56].
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ground of mistrust and opposition, it remains to be seen whether the policy community will 
maintain the drive for increased bioenergy production.

The greater the role that bioenergy has in meeting future energy demand, the more import-
ant it is to ensure that sustainability benefits can be achieved. Perhaps the greatest opportu-
nity lies in the continued co-evolution of bioenergy production and governance systems. To 
this end, the way in which issues such as indirect land-use change, carbon accounting, and 
carbon debt are tackled by policy makers will be critical to ensuring the political and social 
legitimacy of continued bioenergy deployment. Conversely, the greatest risk lies in political 
loss of confidence and institutional paralysis. The benefits of adopting bioenergy production 
systems cannot be taken for granted and need to be demonstrated and proven, but as the 
IPCC global climate change mitigation scenarios demonstrate, there are very few alternatives 
to achieving the deep carbon emissions reductions required.

KEY POINTS
•	 Policy	instruments	have	been	a	key	driver	of	the	implementation	of	bioenergy	systems
•	 The	motivations	for	bioenergy	policy	development	are	multifaceted	with	GHG	reduction,	now	

arguably the primary driver; however, other factors are often equally important such as energy 
security, rural development, renewable energy, and economic advancement.

•	 Carbon	accounting	methodologies	and	frameworks	are	a	crucial	mechanism	to	ensure	that	
genuine GHG savings are made. Existing frameworks are imperfect but they continue to be 
extended and improved.

•	 Direct	and	Indirect	land-use	change	is	one	key	area	that	has	proven	difficult	to	resolve,	
leading to a wide variability in estimates and uncertainty in GHG savings from  
bioenergy.

•	 Carbon	debt	is	an	issue	for	forest	biomass	which	demonstrates	the	importance	of	forest	
management decisions in achieving genuine GHG savings.

•	 Regions	such	as	the	EU	now	have	fairly	robust	carbon	accounting	methodologies	which	
endeavor to ensure that only appropriate bioenergy systems are being implemented. 
Sustainability criteria introduced have ensured bioenergy operators have to comply with land 
criteria and achieve minimum GHG savings.

•	 The	greatest	opportunity	lies	in	the	continued	co-evolution	of	bioenergy	production	and	
governance systems.
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Abstract
Bioenergy has come to be given a prominent role in national energy strategies in more than 60 countries 
around the world. The impetus for these policies draws on a range of motivations: improving energy 
security, diversifying agricultural production stimulating rural development, job creation, and reducing 
greenhouse gas (GHG) emissions.

Arguably, GHG reductions were never the main driver for bioenergy policy, yet controversy over the 
extent, timing, and duration of carbon savings threatens to derail policy initiatives to drive up deploy-
ment. This paper analyses current controversies around bioenergy in the context of historic develop-
ments in the United States, Brazil, or European Union. It addresses two key questions: ‘how did we end 
up in this policy mess?’ and, ‘how do we get out of it?’

Policy makers have faced three broad challenges to whether policies introduced to support bioenergy 
can genuinely contribute to GHG mitigation. The first is that carbon accounting frameworks misrepre-
sent the carbon saving benefits of bioenergy, potentially leading policy makers to support policies that 
have unintended and undesirable consequences. The second is that increasing biomass production on 
agricultural land can directly, or indirectly, lead to increasing carbon emissions. The third challenge is 
that increased use of forest biomass does nothing to reduce emissions in the short term, but can only 
reduce carbon emissions in the distant future.

We examine the evidence around each of these challenges and critically evaluate the policy respons-
es. We argue that the greatest risk lies in political loss of confidence and institutional paralysis. Where-
as the greatest opportunity lies in the co-evolution of bioenergy production and governance systems, 
drawing on the collective judgment of stakeholders involved in experiential, interactive, and delibera-
tive  decision-making processes.
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