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A B S T R A C T

Biofuels have been promoted worldwide under the assumption that they can support several strategic policy goals, while
mitigating associated risks. Drawing on published evidence on performance, contributing papers to this Special Section
question assumptions commonly attributed to biofuels: their carbon neutrality, their positive effect on rural livelihoods,
and policymakers’ ability to effectively govern for sustainability. This paper takes these findings as its starting point and
asks, “What next?” for countries wishing to advance biofuels as one option for the necessary divestment from fossil fuels.
Deriving recommendations for national biofuel programs from past performance is no easy task. Context, complexity,
power dynamics and scaling pose significant challenges to achieving policy aims. We are nevertheless able to distill a set
of sine qua nons (indispensables) for sustainable biofuel governance from the evidence and change management
literatures. They are put forward not as recipes for success, but minimum conditions and “best bet” approaches requiring
testing, deliberation, and refinement. Perhaps the most fundamental sine qua non is to pursue options that downscale
global demand – as current levels of global energy consumption, if only in the transport sector, cannot be met by
biomass-derived agrofuels in a way that meets social and environmental sustainability goals.

1. Introduction

Ambitious renewable energy targets are being established by nation
states and international institutions, from the International Panel on
Climate Change to the 2030 Agenda for Sustainable Development.
Biofuels feature prominently in many national energy and climate
mitigation plans, including the EU Renewable Energy Directive (EU-
RED), Nationally Determined Contributions to the Paris Agreement,
and companion national energy policies and plans.1 This continued
faith in biofuels contrasts with their patchy performance to date. While
enthusiasm for first generation biofuels may have diminished, expecta-
tions remain high about the potential of advanced biofuels and the use
of biofuels in hard-to-decarbonise sectors such as aviation.

The aims of this concluding paper are twofold: to re-visit and expand

the findings from the Special Section's contributing papers and recent
policy debates on biofuel performance to date, so as to distill lessons
learnt; and to draw on these lessons and the wider literature on change
management and scalability to explore implications for biofuel govern-
ance. The outcome is an ambitious effort to identify sine qua nons in
biofuel governance for sustainability. Given what we know about the
complexity of social and ecological systems; the importance of values and
context in undermining the promise of one-size-fits-all solutions; the
tendency of national sustainability governance to externalize sustainability
problems through “the market”; and the role of human agency at all levels
in undermining the determinacy of program outcomes, these “indispen-
sables” are not suggested as recipes for success. It is suggested, rather,
that without these essential steps biofuel programs are likely to fail both
in their purported aims (e.g. net GHG benefits, energy security, rural
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development) and in other fundamental dimensions of sustainability (e.g.
minimal harm to local ecosystems, respect for basic human rights).
Furthermore, adherence to these sine qua nons alongside a knowledge-
intensive, inclusive and adaptive approach to change management can
help bring performance more in line with official policy aims while
detecting critical risks before they lead to premature failure or unaccep-
table costs. In theoretical terms, it can help bring sociotechnical imagin-
aries (Jasanoff and Kim, 2009) surrounding biofuels more in line with
what is actually achievable in light of not only their technical feasibility,
but their social acceptability (see, for example, Eaton et al., 2014). It might
be said that the idealized nature of identified sine qua nons are themselves
imaginaries of a more procedural nature. While true, we see value in
establishing a methodological roadmap for more informed and pluralist
policy action, as well as a standard against which national policy processes
and the chosen use of public funding within these processes (e.g.
implementation vs. analysis, piloting and public engagement) may be
evaluated.

The section that follows reviews theoretical perspectives on change
management, profiling the challenges of managing uncertainty in policy
interventions and of taking successful pilot experiences to scale. Section
III summarizes the evidence derived from contributing papers of the
special issue and the wider literature on biofuel sustainability, so as to
distill a set of lessons for policy makers. We then draw on this theory and
evidence in Section IV to distill sine qua nons for biofuel governance.

2. Theories of change: managerial insights for national
biofuel programs

This section reviews the literature on change management and
scaling up for insights into factors that contribute to divergence
between policy and program aims and actual outcomes, and factors
that underlie successful change management.

2.1. The science of scaling

In the context of biofuels, scale is primarily understood as
geographical scale, “the spatial dimensions of a process (…), or a
decision” (Wilbanks, 2007: 279). The sustainability of efforts to upscale
biofuel production and consumption depends on the impacts of several
distinct yet interrelated components of (up)scaling: expansion of
project size; expansion of the total land area devoted to bioenergy
production; and expansion of other input factors in the production
process (e.g., seeds, labor) (Mohr and Raman, 2013; Tilman et al.,
2002; Hunsberger et al., this issue; Buchholz and Volk, 2012; Goetz
et al., this issue; Ekins, 1993). Moreover, due to technological innova-
tions (e.g., internet, transport), the distance between biofuel produc-
tion and consumption has grown: countries that are net consumers of
biofuels increasingly incorporate other countries’ and regions’ lands
and biomass production in their strategies to meet national biofuel
mandates through imports (Wilbanks, 2007). The perspective of spatial
scales underlines the necessity of assessing biofuels production and
consumption in the context of wider socio-economic and ecological
system boundaries in which it takes place – to identify unintended
consequences of local choices on the regional and global level (and vice
versa), and determine corresponding responsibilities and accountabil-
ities (Buchholz and Volk, 2012; Wilbanks, 2007; Goetz et al., this issue;
Dale et al., 2010). Often confounded with this understanding are three
other types of scale that matter for assessing sustainability: the scale of
organizational structures (e.g., smallholder production vs. large-scale
plantations); versatile vs. singular feedstock infrastructure (shaping
flexibility in responding to market fluctuations and sustainability
concerns); and temporal scales (e.g., long-term or short-term planning,
early vs. delayed returns on investment) (Buchholz and Volk, 2012;
Hunsberger et al., this issue; Goetz et al., this issue).

Expanding land demand for biofuels tends to increase pressure to
intensify agricultural production, with known challenges for socio-

economic and ecological sustainability ranging from soil degradation,
unsustainable water use and pollution and reduction in biodiversity, to
displacement and human rights violations. Related land use and land
cover changes - direct and indirect - reduce the climate mitigation
potential of biofuels, while competition with other land uses, such as
food production, can threaten basic human securities (Tilman et al.,
2002; Gallagher, 2008; Borras et al., 2010; Franco et al., 2010;
Mitchell, 2010; Gasparato and Stromberg, 2012). Nonetheless, large-
scale production continues to be seen as cost competitive, profitable
and amenable to state and private sector control. It also enhances the
leverage of private enterprises vis-à-vis state authorities and interna-
tional organizations – for instance, when negotiating tax breaks, or
accessing carbon markets (Buchholz and Volk, 2012). This means that
the widespread preference for geographical upscaling often runs
counter to evidence-based policy making (Sutcliffe and Court, 2005;
Cheng and Timilsina, 2011).

There is vast empirical evidence of the risks associated with large-
scale projects and production programs, such as those derived from the
difficulty of putting large-scale projects into operation (due to high
upfront costs and long payback times) or loss of flexibility for
responding to challenges in a timely manner due to limited oversight
from headquarters (Hawkins and Chen, 2011; Goetz, 2015; Cheng and
Timilsina, 2011). In cases where agricultural programs, including
biofuels programs, aim to expand smallholder production of a parti-
cular crop, producers face price fluctuations or other political economic
hurdles. Moreover, focusing on a single feedstock can have huge
environmental costs (e.g., reduction of biodiversity, use of agrochem-
icals) (Oliveira et al., 2017; Goetz et al., this issue).

Complexity also increases with scale and poses a challenge for
decision-making. New linkages and feedbacks between different scales
and types of scale (spatial, temporal, organizational) are often neither
foreseeable nor known; nor are the ways in which governance measures
at different scales reinforce each other, or work against each other. New
actors and governance levels become implicated in finance, governance
and management, as well as new lands and ecosystems. At different
spatial scales, different forms of information are available, and
different solutions apply (Wilbanks, 2007). To deal with this analytical
challenge, large-scale programs tend to be built based on modelled
futures and scenarios. Yet, these models and the recommendations
emanating from them require a number of assumptions and simplifica-
tions, making it difficult to produce realistic policy prescriptions that
can ensure sustainable production and consumption at different scales
and across contexts. As a result, evidence-based policymaking is rare
(Goetz et al., this issue; Searchinger, this issue). A multi-scale
perspective drawing on contextualized data is therefore crucial for
guaranteeing biofuels’ sustainability (Trent and Chavis, 2009).

2.2. Managing change: trade-offs, uncertainty, learning

Policy proposals tend to be framed as “win-wins”: initiatives that
can deliver multiple benefits to diverse constituencies. This is no less
true for biofuels than other arenas such as biodiversity conservation,
avoided deforestation and agricultural investment (Bergius, 2012;
Goetz et al., this issue; Hirsch et al., 2010). While this framing may
help to leverage funding and bolster political support, it can also fuel a
cycle of optimism and disenchantment as purported panaceas fail to
fulfil their promise (Hirsch et al., 2010; see also Brosius and Russell,
2003; Ostrom, 2007; Redford and Adams, 2009). This approach also
contrasts with growing acknowledgement that value trade-offs are
inherent in multi-objective policy arenas (Keeney and Raiffa 1993),
and that the consequences of any given intervention are experienced,
perceived, and understood in multifaceted ways by differentially
positioned actors (German, 2015; Hirsch et al., 2010; McCarthy, 2010).

A growing literature emphasizes the benefits of recognizing multi-
ple environmental values and making trade-offs explicit in environ-
mental policy and practice. In addition to the obvious conversations
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that a trade-off lens forces about any given policy carrying losses as well
as benefits (Hirsch et al., 2010; McShane et al., 2011), acknowledging
conflicting views and interests may provide a platform for deeper
deliberation and negotiation of competing interests and values
(Brechin et al., 2003). The hard work of reconciling divergent interests
can help to cement political support for interventions, while its absence
can leave plans vulnerable by masking underlying grievances and
exacerbating ideological divisions in society (German et al., 2011;
German et al., 2016; Miller and Erickson, 2006; Walley, 2004). Doing
so may also simply make agreements on how to reconcile diverse
interests on any given plot of land possible (Lee, 1999). Miller and
Erickson (2006) take this reasoning a step further, suggesting that
efforts are needed to bridge not just diverse values, but alternative
epistemologies. To ensure substantive rather than symbolic inputs into
decision-making, the process should be “pluralistic in embracing the
necessity to communicate across difference without erasing difference;
reflexive in its questioning orientation to established traditions; … and
dynamic in its openness to ever-changing constraints upon and
opportunities for democratization” (Dryzek, 2000: 3). Recognition of
epistemic pluralism and intentional deliberation across difference are
for these authors crucial elements of democratic governance.

Another crucial element of change is uncertainty. Plans rarely work
the way they are conceived, and even the best made plans carry an
element of surprise (Colfer, 2005). Interventions having multiple
objectives only magnify this uncertainty (Keeney and Raiffa 1976).
Uncertainty may be due to the complexity of natural and social
systems, for which even simple steps may yield unexpected outcomes
(Lee, 2002). It may also be due to the simplifying assumptions that
underlie interventions and accompanying theories of change (Vogel,
2012). Some suggest such simplification is part and parcel of the policy
process:

“Expert advice is often thought most useful to policy when it is
presented as a single ‘definitive’ interpretation. Even when experts
acknowledge uncertainty, they tend to do so in ways that reduce
unknowns to measurable ‘risk’… A preoccupation with assessing
risk means that policy-makers are denied exposure to dissenting
interpretations and the possibility of downright surprise” (Stirling,
2010: 1029).

Gunderson (1999) identifies a number of common yet inadequate
approaches to dealing with uncertainty in resource management:
assuming it away; seeking spurious certitude (by breaking a problem
into trivial questions and policy actions that are unambiguously
“correct”); or replacing uncertainty of outcomes with certainty of a
process (such as a new policy or regulation, or a technical oversight
committee). What these simplification tendencies mean is that “most
policies are really questions masquerading as answers" (Gunderson,
1999: 1). The road least followed but thought to be most effective is to
confront uncertainties head-on: taking them as a given, and making
feedback and learning central to policy formulation and implementa-
tion.

Adaptive collaborative management (ACM) has emerged as a
leading paradigm for reconciling the value and interest disputes and
pervasive ecological and social uncertainty characterizing resource
management arenas (Armitage et al., 2008). ACM may be defined as
an “approach whereby people who have interests [in a particular policy
or resource management arena] agree to act together to plan, observe,
and learn from the implementation of their plans while recognizing
that plans often fail to achieve their stated objectives” (Colfer, 2005: 4)
– or simply “implementing policies as experiments” (Lee, 2002: 2,
citing Holling 1978; Walters, 1986). It is characterized by conscious
efforts among groups to communicate, collaborate, negotiate and seek
opportunities to learn collectively about the impacts of their actions
(Colfer, 2005: 4).

The core elements of ACM are twofold: it is adaptive in managerial
perspective, and collaborative in governance (Lee, 1999). Adaptive

means that learning, in the form of systematic assessment and feed-
back, is at the core of the process, and iterative adjustments in
management and policy based on this learning are central (Armitage,
2008; Colfer, 2005). It may also mean taking an experimental approach
to policy implementation, where uncertainties are systematically tested
in practice (Lee, 1999). Assessment, which should focus on social and
ecological outcomes as well as the implementation process itself
(Armitage, 2008), is key to determining appropriate institutional
responses to change (Bellamy et al., 2001). Feedback mechanisms
from the local arena to policy makers are also crucial to understanding
the nature of unanticipated consequences, and providing opportunities
to learn from failure (Colfer, 2005). Collaborative means that change
management “is characterized by group decision making that accom-
modates diverse views, shared learning, and the social sources of
adaptability, renewal, and transformation” (Armitage, 2008: 2). Done
well, collaborative approaches to management help advance democracy
by ensuring that those affected by policy choices have a voice in policy-
making, while ensuring that learning informs not just policy but also
individual and collective choice at the local level (Miller and Erickson,
2006; Parson and Clark, 1995). The collaborative element extends to
the learning process as well, by ensuring that relevant actors are
involved in determining “what questions to ask, what outcomes to
encourage, and the choice of indicators used to assess outcomes”
(Armitage, 2008: 6). Together, these core ingredients of ACM shift the
emphasis from command-and-control to flexibility and innovation –
key ingredients of resilience and adaptive capacity (Armitage, 2008;
Gunderson, 1999; Pinkerton, 2007).2

While it may be thought that the adaptive element is best suited to
addressing uncertainty and the collaborative approach best suited to
addressing value trade-offs, each element contributes to each of these
challenges. Learning is information-intensive and requires active
participation from those most likely to be affected by policies (see
Margoluis and Salafsky, 1998). This provides an opportunity for the
learning and assessment process to incorporate the views and interests
of local actors – thus advancing efforts to acknowledge and manage
trade-offs. Collaboration, on the other hand, can help identify failures
and unanticipated consequences early on by bringing novel frames of
reference and scales, and multiple sources and types of knowledge, into
management and decision-making (Armitage, 2008).

While ACM is undoubtedly useful in forging a transition toward a
more sustainable economy, there are reasons to query its political
feasibility. Adaptive management may be an unsettling approach for
those who think of management in terms of command (Lee, 2002), and
for whom transparency is undesirable:

“What is learned from the adaptive process reveals not only the way
the ecosystem responds but also what the managers are doing,
whether it works, and whose interests it serves… There are benefits
from increasing understanding of the social and natural interac-
tions. But … there are risks of disclosure of activities which look
inappropriate in the eyes of one or more stakeholders. …When the
manager is a public official, the balance between benefits and risks
of learning is likely to be measured in political metrics” (Lee, 2002:
7).

If ACM is to move beyond its current influence as an idea to shape
how policy is conceived and implemented, an intentional approach to
resolving conflicts and a transition to organizational cultures that

2 If learning and governance are to be truly democratized in contexts of unequal
knowledge and power, Miller and Erickson (2006) argue that an explicitly political
approach to bridge scales and epistemologies is also needed. They identify several
important ingredients to such an approach: building critical capacity for policy reasoning
among diverse actors; promoting epistemic tolerance and pluralism; enhancing epistemic
dialogue and exchange; and appropriately delegating authority across scales of govern-
ance.
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welcome opportunities to learn from failure will be necessary (Colfer,
2005; Lee, 2002).

3. Distilling evidence on the sustainability of liquid biofuels

This section synthesizes evidence from the literature on the
effectiveness and sustainability of national biofuel programs, drawing
on the papers in the Special Section. While individual papers review
evidence on specific themes, here we aim for a higher-level synthesis of
findings. The evidence suggests that while some policy aspirations
linked to biofuels have proven to be achievable only when narrowly
defined or under particular circumstances (e.g. climate mitigation),
others have remained out of reach.

3.1. The myth of climate neutrality

Evidence suggests that climate neutrality, the primary justification
for biofuels programs in many countries and in prominent consumer
markets, is achievable under a far narrower range of conditions than is
often thought – significantly undermining their promise to deliver
cleaner energy at scale without incurring other unacceptable costs
(MacKay, 2009; Searchinger and Beringer, this issue; Tilman et al.,
2009). Given growing demands on land for meeting other societal
needs, such as food production, the world lacks the room to dedicate
land to bioenergy. Even if certain areas were to be prioritized for
bioenergy production, the carbon costs of dedicating land to bioenergy
are likely to exceed the benefits (Searchinger and Beringer, this issue).
Analyses that provide more optimistic forecasts largely rely on
accounting errors that have, in various ways, counted the benefits of
using land or biomass without counting the costs.

Some of the earliest concerns over these projections of biofuel's
potential to mitigate climate change focused on the failure to account
for carbon debts associated with land use change or to acknowledge
indirect land use changes (Achten et al., 2011; Lapola et al., 2010;
Plevin et al., 2010). Another accounting error, present in Kyoto
Protocol rules and national cap-and-trade laws, is the failure to count
CO2 emitted from tailpipes and smokestacks when bioenergy is being
used, while also failing to count changes in emissions from land use
when biomass for energy is harvested or grown (Searchinger et al.,
2009). Failure to distinguish additional carbon from carbon already
absorbed or withheld from the atmosphere presents another problem
(Searchinger, 2010). The review of estimates from integrated assess-
ment models suggesting large bioenergy potential (Searchinger and
Beringer, this issue) shows that they depend on many contingencies for
carbon benefits, can impose many biodiversity and food costs, and
focus more on idealized than plausible future scenarios.

These errors have led to a host of damaging reports on the actual
impact of renewable energy policies designed to minimize emissions.
One report, for example, finds that first-generation biodiesel imported
by the EU might produce on average 40% more CO2 emissions than
fossil diesel (NABU and Transport and Environment, 2016).
Particularly problematic is the increased use of palm oil as car fuel
and input into electricity plants (Roos, 2010). According to estimates
by NABU and Transport and Environment (2016), the 34% growth in
EU biodiesel since 2010 may be attributed to imported palm oil. One
report estimates that for every ton of Indonesian palm oil produced,
32 t of CO2 are emitted – which does not account for emissions from
transportation and processing (Jefferson, 2013). Added to this concern
are the multiple ecological and social impacts of palm oil production,
such as deforestation, biodiversity and habitat loss, public health costs
from burning drained peatland, and land rights violations (Danielsen
et al., 2008; Goetz et al., this issue; Koh and Wilcove, 2008; Obidzinski
et al., 2012). Yet some policies in Europe count palm oil as renewable
energy to be promoted under their renewable energy mandates (Roos,
2010; Jefferson, 2013).

After accounting for the opportunity costs of land and biomass, the

conditions under which biofuels remain viable for climate mitigation is
far narrower than typically assumed (Searchinger and Beringer, this
issue). These include: 1) producing bioenergy from residues and
wastes, assuming their alternative uses are properly accounted for; 2)
upgrading from less efficient to more efficient bioenergy (Bruun et al.,
2014), which still faces many financial and cultural barriers; and 3)
using bioenergy crops to facilitate land reclamation under certain
circumstances. The authors conclude that, under the present techno-
logical and governance circumstances, policies should not support
bioenergy production from energy crops and other dedicated uses of
land.

3.2. The ability of biofuels to reduce reliance on fossil fuels

One of the expectations for biofuels typically “bundled” with climate
mitigation is the ability to enhance domestic energy security. Biofuel
production and use targets have been reached in particular countries
(especially Brazil, US and Thailand), advancing energy security by
diversifying energy sources, reducing import dependence and saving
foreign exchange (Hunsberger et al., this issue). Yet these gains are
only achieved by ambitious government programs and public invest-
ment (de Oliveira et al., 2017; Schoneveld et al., 2010), and are
concentrated in the transport sector, where their contribution to global
final energy consumption is limited to 0.8%.

The imbalance between their minute contribution to global energy
needs and the magnitude of social and environmental concerns they
have raised points to the difficulty of employing biofuels as a pathway
to energy security. Biophysical constraints make it unfeasible for
biofuels to substitute current fossil fuel consumption levels, even in
the transport sector (Searchinger, this issue). Ongoing controversies
exist among practitioners and researchers about biofuels’ utility for
solving any energy sustainability issues – from scarcity to climate
(Hickey, 2010; MacKay, 2009; Searchinger, 2010; Tilman et al., 2009;
MacKay, 2009). In the words of MacKay, former Chief Scientific
Adviser to the UK Department of Energy and Climate Change from
2009 to 2014, “Even leaving aside biofuels’ main defects – that their
production competes with food, and that the additional inputs required
for farming and processing often cancel out most of the delivered
energy – I think they are scarcely worth talking about” (MacKay, 2009:
44). While one might not endorse MacKay's views, there is clearly a
need to advance public debate and research on how to set priorities
(e.g., climate mitigation vs. agrarian justice, the risk of nuclear waste
for future generations). There is also a need to build awareness and
scientific capacity to evaluate the sustainability of biofuels and calculate
opportunity costs of energy options, while pushing for strategies to
reduce total consumption.

3.3. Biofuels as a pathway to rural development

In addition to reducing CO2 emissions and enhancing energy
security, biofuels are widely touted for their ability to foster rural
development by generating employment, benefiting smallholders and
supporting decentralized energy systems (EU, 2009; MME, 2007;
Republic of South Africa, 2007). Employment benefits vary consider-
ably depending on the feedstock, production stage, level of intensifica-
tion, context and – importantly - the indicators chosen to evaluate it
(Hunsberger et al., this issue). Employment intensity can be high for
crops that are difficult to mechanize, such as cassava, jatropha and oil
palm. It has also been historically high for sugarcane. However,
employment intensities vary considerably within a feedstock due to
differences in scale and intensification. When a key industry grows in
scale and sophistication, it becomes less labor intensive (Binswanger,
1986) – a trend which is evident in the Malaysian oil palm and
Brazilian soy and sugarcane industries (Barlow et al., 2003, cited by
World Bank, 2010; Bickel and Dros, 2003; Dufey, 2008; Ortiz and
Rodrigues, 2006). Data comparing benefits to smallholders working

L. German et al. Energy Policy 108 (2017) 806–817

809



their own farms (growing feedstock or mixed cropping systems) vs.
working as wage laborers suggest greater employment intensities and
returns to the former (Deininger et al., 2011; Li, 2011) or no detectable
difference (Herrmann and Grote, 2015). This significantly discredits
discourses justifying land acquisitions in the name of employment.
While it is often argued that employment can offset the costs of land
loss, strong and consistent evidence reveals employment biases that
favor migrant workers over local residents (Colchester, 2011;
Deininger et al., 2011; German et al., 2011b; Li, 2011; Obidzinski
et al., 2012; Smalley, 2013; Thondhlana, 2015; World Bank, 2010).
Disappointing employment benefits have been a general trend of the
recent land rush (Deininger et al., 2011), and worse for feedstocks
prone to technical or economic failure. It is also clear that employment
does not guarantee livelihood improvements. While factory work tends
to be more permanent, higher paying and more highly valued
(Feintrenie et al., 2010; UNEP, 2008), most of the jobs created are in
the plantation sector where job quality is usually low - often dismally
low. Employees often struggle to leverage livelihood benefits from
employment due to the unskilled, casual and migrant character of
plantation labor; poor employment conditions; competition with other
livelihood streams; and health consequences of employment
(Colchester, 2011; German and Parker, 2015; Hunsberger et al., this
issue; Li, 2011; Macedo, 2005; World Bank, 2010).

Regarding other benefit pathways, smallholder income has been
shown to have improved through the cultivation of “flex crops” in select
cases (e.g. oil palm in Sumatra, Indonesia and sugarcane outgrower
schemes in Africa) (Hunsberger et al, this issue; McKersie and
Hichaambwa, 2011), and isolated successes may also be found in
decentralized energy systems (Hunsberger et al., this issue). However,
barriers to market entry, including insecure land tenure, limited
financial and natural capital and limited economies of scale, tend to
limit their market share (de Andrade and Miccolis, 2011; Ariza-
Montobbio and Lele, 2010; Hunsberger et al., this issue; Montefrio
and Sonnenfeld, 2013). For those examples that can be held up as
models of smallholder inclusion for the biofuel industry, the role of the
state (as regulator and financier, and to a lesser extent capacity builder)
seems paramount in both achieving and maintaining distributional
equity. Even for those cases held up as models of what biofuels can
deliver, success is patchy and its effects are highly uneven (German and
Parker, 2015; McCarthy, 2010).

3.4. The myth of minimum harm

Enshrined in many of the policy documents reviewed by Goetz et al.
(this issue) are assumptions that the risks associated with biofuels (e.g.
deforestation, food insecurity, biodiversity impacts, land rights viola-
tions) do not pertain to the country in question, or can be easily
mitigated. Simple recognition of the presence of certain risks is often
lacking altogether in these documents (e.g., MNRE, 2009; Caroko et al.,
2011). Evidence suggests that risk rationalizations and mitigation
strategies, where applied, were in many cases ineffective and did not
prevent harms (e.g., Borras and Franco, 2012; Baka, 2014; Goetz, this
issue). In the case of food security effects, for instance, evidence
suggests that the diversion of food crops (soy, maize) or land area
towards biofuel production – as promoted under the U.S. Renewable
Fuel Standard (RFS) and the European Union's Renewable Energy
Directive (RED) – was one of the structural factors contributing to the
2007/2008 and 2011/2012 price rise of food commodities, and is
believed to be sustaining high agricultural commodity prices (Gerber
et al., 2008; Goetz, this issue Wise und Cole et al., 2015).

Any assessment of social and ecological performance also needs to
account for the global repercussions of regional or national land use
and consumption choices in the context of trade and investment. This
is important when weighing the costs and benefits of biomass for non-
food, non-feed purposes, which can result in land use change, overuse
of ecosystems and resources, human rights violations, and net export of

ecosystem services (Hartemink et al., 2008; Schnoor, 2006; Léon-
Moreta, 2011). Improved supply chain data shows that 38.2% of EU's
total soy imports comes from Brazilian municipalities where soy
production is associated with deforestation, and a significant share of
soy imported in the EU could be traced to Brazilian municipalities with
forced labor during 2010–2013 (Godar et al., 2016). Such trends are
not restricted to global North-South relations, but also appear among
industrialized nations. Forests cut in the U.S., for example, have been
sold as “waste wood” for energy production in Europe (NRDC, 2015).
Rising demand for biofuels in industrial countries has provided
incentives for those investing in developing countries to produce for
distant markets, thereby externalizing to producer countries not just
economic opportunity but also ecological and social costs.

3.5. Vague and narrowly defined expectations

The metrics used to set policy targets and evaluate their outcomes
are crucial. Hunsberger et al. (this issue) conclude that policy aims are
framed in both vague and narrow terms. The former arguably fosters
divergence between the narratives of benefit and actual outcomes,
between discursive and material realities. This is amply illustrated by
Searchinger (this issue), who identifies multiple forms of “double
counting” underlying assumptions that biofuels can provide a low- or
no-carbon fuel. It is also illustrated by the disconnect between climate
change mitigation and livelihood benefits as the primary discursive
drivers, and energy security and industrial development as the primary
outcomes of biofuel policies (de Oliveira et al. 2017 and Hunsberger
et al., this issue).

Narrowly framed aims, on the other hand, open the door for
positive evaluations of program effectiveness while obscuring other
ways in which programs may undermine those very same aims. This
may be illustrated by the variable ways in which employment and
smallholder outcomes may be evaluated, and the divergent findings
that emerge when adopting different metrics (Deininger et al., 2011;
German and Parker, 2015; Hunsberger et al., this issue; Li, 2011;
McCarthy, 2010; Schoneveld et al., 2011; World Bank, 2010). If we
measure success as the simple fact of jobs being created or small-
holders being engaged as outgrowers, then biofuels may be viewed as a
success. If, however, we consider the ability to leverage livelihood
benefits from these forms of incorporation, the opportunity costs
associated with the reallocation of land and labor, and the social
consequences of incorporation (on health, gender, freedom of choice,
etc.) and the distribution of risk, then success is harder to identify
(McCarthy, 2010; Obidzinski et al., 2012). Based on the review by
Hunsberger et al. (this issue), there is no guarantee that employment
will generate greater returns to land or labor than smallholder
agriculture, and there is extreme unevenness in outcomes across
households within any given industry or investment (see also
Deininger et al., 2011; McCarthy, 2010; Obidzinski et al., 2012;
Schoneveld et al., 2011). Thus, policy documents specifying only “job
creation” make policy effectiveness difficult to evaluate, or so self-
evident as to be meaningless.

3.6. Ineffective governance – both public and private

Turning now to the papers on governance, a growing body of
literature highlights the deficiencies of public governance of biofuels
sustainability (Ekener-Petersen et al., 2014; Fargione et al., 2008;
MacKay, 2009; Plank, 2016; Searchinger et al., 2008). In their review
of literature on the political economy of biofuel policies in the US,
Brazil and the EU, Oliveira et al. (2017) find that biofuel policies are
not developed and implemented according to the desire to achieve
environmentally sustainable or inclusive growth, but according to state
interests in energy security and its intersection with private profit.
These authors find that biofuel production advances furthest when
relevant industry sectors align with each other and state interests in
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energy security take precedence over food security, and stalls when
major corporate sectors are in tension, state concerns over food
security predominate or opportunities for profit are limited.
Accompanying these trends are the privatization of profit by corpora-
tions and the tendency to transfer the costs of industry establishment
to the public. The processes involved were found to render policy
mechanisms aiming to advance social and environmental sustainability
ineffective, while upholding unsustainable and inefficient energy
practices (Gillon, 2016; Oliveira and Schneider, 2016; Vogelpohl,
2014).

As de Man and German (this issue) demonstrate, while market-
based governance through certification has been viewed as a possible
way to overcome deficiencies in public governance, it tends to be a poor
substitute for government regulation in advancing biofuel sustainabil-
ity. This stems from a host of factors, from limited market share to the
tendency for the certified market share to suffer from limited addition-
ality and represent standards of questionable quality (Cashore et al.,
2007; German and Schoneveld, 2012; Goovaerts et al., 2013; Ponte,
2014). Multi-stakeholder roundtables have produced some of the more
robust standards, but their market share is often limited and their
governance not immune to the influence of powerful actors in industry
and government (de Man and German this issue; Partzsch, 2011;
Ponte, 2013; Ruysschaert and Salles, 2014; von Geibler, 2013). A
number of sustainability challenges are also ill-suited to a market-
based approach, particularly those that go beyond risk mitigation to
advancing social aims or those that require actions beyond the level of
the production unit (e.g. cumulative impacts at landscape scale, wider
governance shortcomings, or alignment of sector development trajec-
tories with government policy aims) (Guariguata et al., 2011; Selfa
et al., 2014; von Geibler, 2013). Consequently, certification too often
serves to legitimize company practices while masking negative realities
on the ground (Partzsch, 2011). Thus, while market-based instruments
may have a role to play in reducing the costs of norm generation and
compliance/enforcement, the proliferation of low quality standards
conferring green labels and their voluntary nature (and thus, low
market share) undermine their potential.

Many herald the EU's Renewable Energy Directive as a novel
attempt to hybridize state regulation with market-based certification.
While it appears to align many standards with EU-defined sustain-
ability criteria, the substantive scope of sustainability criteria is
restricted to environmental concerns. As a result, addressing social
sustainability is voluntary, the quality of schemes used to verify
compliance varies widely, and producers tend to opt for the weaker
standards (German and Schoneveld, 2012).

4. Implications for policy and practice: sine qua nons for
sustainable biofuels

In this concluding section, we draw on the evidence presented on
the effectiveness and sustainability of national biofuel programs, the
lessons derived from this evidence and the wider literature to ask,
“What next?” for countries wishing to advance national biofuel
programs. Deriving prescriptions for future action based on evidence
of past performance and theories of change is fraught with uncertainty.
The sine qua nons for sustainable biofuel governance presented below
are therefore advanced not as silver bullets, but as elements which if
advanced with intention and good faith, are likely to enhance the
likelihood of more successful, sustainable biofuel programs across a
range of indicators.

4.1. Taking a step back: what to consider before deciding to promote
biofuels

While many countries jump into biofuels in response to interna-
tional climate commitments or domestic agendas (e.g. energy security),
the patchy performance of biofuels to date across a range of indicators

compels a deeper evaluation before embarking on a national biofuel
program. The papers in this collection demonstrate how myths about
biofuels have outpaced concrete achievements and supporting evidence
– from climate mitigation potential to prospects for livelihood im-
provement or our ability to effectively govern for sustainability.
Furthermore, the unique footprints of different feedstocks, business
models, actor constellations and contexts (land covers, land uses and
livelihoods) and the complexities of change processes themselves mean
that outcomes of any policy intervention are indeterminate. Given the
complexity of these influences, and of the social and ecological systems
in which they are embedded, the very best of policies and planning
efforts will still fail to anticipate the course of events and their
outcomes – including social responses. This points to the need for a
knowledge-intensive, evidence-based and inclusive process. This sec-
tion describes six steps that such a process should involve prior to any
decision to promote or scale up biofuels.

4.1.1. Articulate program aims and expectations
What is it that a national biofuel program hopes to achieve? What

are the primary motivations that must be satisfied if the program is to
be considered a success, and what co-benefits are hoped for? Finally,
how will goal achievement be measured? Inherent trade-offs in biofuel
programs require that policy goals and expectations be disentangled to
independently plan and assess them (Hunsberger et al., this issue).
Policy goals also need to be defined in less ambiguous and more
ambitious terms, to align subsequent evaluations of progress towards
them with realities playing out on the ground.

To robustly articulate aims and metrics that reflect the interests of
society at large, this step should be inclusive and deeply deliberative.
This means involving actors representing the interests of those likely to
be affected by policy decisions (including organizations representing
the interests of local land users). It also requires a well-designed
process in which decisions are reached through deep deliberation over
alternative choices and preferences (Dryzek, 2000; Elster, 1998). This
process should involve several features: a discussion in which all
participants are treated as free and equal citizens, which leads to the
transformation rather than simple aggregation of preferences (Elster,
1998), and which involves persuasion rather than coercion, manipula-
tion or deception (Dryzek, 2000). Given the strategic nature of
discussions at this stage and the likelihood of unequal “deliberative
competence“ among actors, non-governmental organizations staffed
with those knowledgeable about biofuels but accountable to commu-
nity interests may need to be called on to represent local interests.

Since substituting current energy consumption levels with sustain-
able biofuels is impossible even if only applied in the transport sector,
this process must also include deliberation about production and
commercialization practices that affect overall energy demand
(MacKay, 2009). Particularly in highly-industrialized countries and
fast-growing economies, substantial efforts must be made to replace
energy-intensive production and commercialization practices (such as
industrial agriculture) with more sustainable alternatives that reduce
overall consumption.

4.1.2. Assess under what conditions, if any, biofuels can deliver on
identified aims

This is an intensive analytical step which, depending on the aims
articulated in step 1, likely requires expertise from multiple disciplines
and sectors. In addition to asking whether biofuels can deliver on
primary aims, it is important to explore the circumstances under which
broad-based benefits may be achieved (e.g. rural livelihood and/or
energy security gains maximized).

If climate change mitigation is identified as one of the primary
motivations for national biofuel programs, it is fundamentally impor-
tant to get the numbers right at this stage given the prevalence of
accounting errors in producing overly idealistic projections (Chum
et al., 2011; Creutzig et al., 2015; Searchinger, this issue). This means
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accounting for the opportunity costs of using land and biomass for
biofuels. Only if the opportunity cost of land (or biomass or carbon) is
very small and the benefit very high, should biofuel programs be
pursued as a strategy for climate mitigation. Given the restricted
circumstances in which this tends to be true, if climate mitigation is a
mandatory goal for the biofuel program, the program should generally
focus on sources of waste material.

Another key component of this analysis should be explicitly
identifying trade-offs likely to accompany different feedstock and
biofuel production scenarios, so that a focus on primary motivations
for a biofuel program does not blind decision-makers to the costs of
different courses of action. The papers in this issue identify a tendency
for trade-offs rather than “win-wins”: trade-offs between policy aims;
between food, fiber and fuel; between private and public interests; and
between sector competitiveness and energy security on the one hand,
and social and environmental sustainability on the other (Hunsberger
et al., this issue; Oliveira et al., 2017; Searchinger and Beringer, this
issue). To reflect growing demands for food, fiber and urban develop-
ment and the highly uneven effects of specific investment strategies,
these scenarios should include alternative business models and possi-
ble land use-land cover change trajectories for the area in question.
Given the prominent role of agronomics in shaping where biofuel
feedstock may be grown and which business models are feasible, this
analysis should be done for each potential feedstock. It should also
draw on actual performance to date rather than assumptions em-
bedded in models. Further, this analysis should investigate the liveli-
hood benefits and costs of different models of ownership and control of
production, processing and marketing. This research should explore
the feasibility of decentralising ownership and control so as to
maximize the social benefits of biofuel programs.

4.1.3. Assess global repercussions of national policy choices
It is crucial for countries to consider the global repercussions of

biofuel programs aimed at increasing the level of national consump-
tion. Can the feedstock be provided locally, or regionally? If not, where
is the biomass or biofuel to be imported from? What measures are in
place to ensure that it has been produced sustainably? Can the scale of
state-initiated demand for biofuels (e.g., mandates) be satisfied in a
socially and environmentally sustainable manner, considering pro-
jected demand from other countries? Does the global biofuels regime
foster supply chains that moderate the traditional South-North divide,
or does it follow a similar division of labor, impeding socio-economic
change towards greater equality? If no reasonable answers or assur-
ances can be provided for these critical questions, sustainability is
likely to be jeopardised. Moreover, costs of bioenergy production are
likely to be primarily borne by societies and ecosystems of tropical and
non-industrial countries (Buchholz and Volk, 2012) – undermining any
advancement in global social and environmental justice.

4.1.4. Identify the acceptability of the trade-offs associated with
alternative production scenarios

While step 2 is an analytical step carried out by those with relevant
scientific expertise and knowledge of the host country context, identi-
fying the acceptability of trade-offs is a deliberative step focused on the
negotiation of societal values. If biofuels that deliver climate benefits
can only be produced at the expense of food production, for example, is
it socially and politically acceptable to do so? If energy security aims
can be best achieved through large-scale industrial production and
processing, how will these aims be reconciled with social sustainability
concerns?

4.1.5. Evaluate whether biofuels are the best available means of
achieving identified aims

Given the poor performance of biofuels in meeting many prominent
rationales for biofuel programs, many have begun to pose the question,
″Are there more suitable alternatives to meeting these same policy

goals that carry fewer risks and trade-offs?" Answering this question
requires a comparative analysis of the climate and ecological footprints
of different energy options (e.g. biofuel vs. electricity or solar), and the
likely social benefits/risks of different energy options for the country in
question (see, for example, Searchinger and Beringer's discussion of
solar in this issue).

4.1.6. Decide whether to move forward with the proposed biofuel
program

This step is where the decision to move ahead with the proposed
biofuel program, halt the program, or take alternative action (e.g.
alternative energy options) is made. Some of the questions that should
be explored include: Do we need biofuel? Is it a solution to the climate
problem? Is it the best strategy for meeting other aims? Do the
expected trade-offs and risks merit moving forward with the current
vision, or does it require adjustment? Is it necessary to re-consider the
decision to promote biofuels? If alternative means are found to achieve
the same goals, and these alternatives carry fewer trade-offs or risks,
then these alternatives should be considered as a substitute for a
national biofuel program.

If biofuels continue to out-perform other options for achieving
established policy aims following the first set of steps articulated above,
the additional sine qua nons articulated below would come into play in
the course of planning and implementation.

4.2. Adaptive collaborative management of policy planning and
implementation

If a decision is made to initiate a national biofuel program, an
adaptive and collaborative approach is warranted. Being adaptive
means the program is not fixed from its implementation until its
completion; rather it is a knowledge-intensive and iterative process in
which monitoring and feedback from affected groups guide mid-course
corrections based on actual performance (including both planned and
unanticipated impacts). This helps address the uncertainty of inter-
ventions involving complex natural, social and political systems. Being
collaborative means that plans are not formulated, implemented and
monitored by centralised bureaucracies alone, but in an inclusive
fashion – involving those directly affected, in the process of planning,
implementation, monitoring and evaluation.

4.2.1. Carry out an evidence-based, participatory and deliberative
planning process

The next sine qua non for sustainable biofuels is a planning process
that is evidence-based and pluralistic. The evidence to support plan-
ning comes in multiple forms, depending on the stage of planning and
implementation. At this stage, evidence from the analyses carried out
in the analytical and deliberative steps articulated above serves as an
input into planning processes involving directly affected stakeholders.
At later stages, evidence will come from pilot projects that demonstrate
how a plan plays out in reality as it confronts technical and financial
challenges to implementation, interacts with different interest groups,
and interfaces with climatic and ecological realities. In a process
designed to consist of iterative cycles (of planning, implementation,
monitoring, reflection and re-planning), evidence will also emerge from
the experiences of those involved in the process: communities, the
private sector, government and non-governmental agents of change.

Some points of deliberation in this multi-level planning process
should include:

a) What forms of biomass/biofuel? The choices will be narrowed in
prior steps which assess the ability of different feedstocks in
different locations to achieve strategic policy objectives. Yet some
latitude of choice is likely to remain. These choices and their
implications for the trajectory of the sector (e.g. the degree of likely
decentralisation of production and processing, degree of mechan-
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isation and its implications for employment intensity, degree of
monopsony and its implications for smallholders) should be the
subject of deep deliberation with affected communities.

b) What scale of biomass/biofuel demand can be satisfied sustain-
ably? What is realistic? Here, the aforementioned deliberation on
the social acceptability of trade-offs is key. Methodologies to
identify geographies of severity and the social acceptability of
identified trade-offs are urgently needed.

c) What business models? Awareness must be created on the available
options and their implications for business ownership, control over
land and control over production (see Cotula and Leonard, 2010;
German et al., 2016). The most prevalent options for most feed-
stock include: large-scale industrial operations where a company
owns the business and controls land and production; independent
smallholders producing for market, in which smallholders own the
business and control land and production; and production con-
tracts, in which a company owns the business, smallholders retain
land ownership and both parties have rights and stakes over
production (via a contract specifying the quantity and quality of
feedstock to be supplied). Key criteria in selecting business models
and designing agreements should be that they meet the needs of
local stakeholders (communities, farmers) and mitigate risks to
them (e.g. loss of land and livelihoods, indebtedness). Extra
scrutiny should be applied when industrial-scale business models
are considered – given the long-term risks they pose to funda-
mental rights and local livelihoods in most situations (Cotula and
Leonard, 2010).

d) What kind of land use change? Biofuel feedstock production can
induce many types of land use and land cover change, each affecting
the sustainability of biofuels and local livelihoods. Feedstock choice
often has a defining role in shaping the landscapes targeted for
biofuels, given their agronomic requirements. Within targeted
landscapes, governance instruments should have a defining role
in shaping what land cover changes are permitted (for achieving
strategic objectives and mitigating harm), while business models
will have a defining role in shaping what land uses must be given up
to accommodate biofuels. In Mozambique, methodological innova-
tions have been tested to lead smallholders through a process of
articulating where different business models might fit within
existing land uses, making it possible (while creating no guarantee)
that incoming investments will be compatible with existing liveli-
hood activities (German and ORAM-Nampula, 2014).

e) What type of smallholders? Central governments, prioritizing
productivity of market crops over other land use values, often have
a very different vision for smallholder agriculture than smallholders
themselves. The vast literature documenting negative effects of
biofuels on smallholders suggests a need to emphasize the following
within biofuel programs:

• Diverse family farms rather than monoculture production, as a
means to safeguard food security and buffer risks of market
engagement;

• Flex crops with alternative household uses and markets over single
purpose biofuel crops, so as to minimize the risks associated with
single buyers and buffer uncertain demand and market prices for
biofuels;

• Feedstocks that are compatible with the existing farming system in
terms of peak labor demand and other features, so as to minimize
labor competition with activities promoting food security.

4.2.2. Level the playing field for more effective participation of less
powerful actors

Reconciling the interests of nation states with the interests and
values of other actors (most notably, local land users) requires
additional activities to complement those articulated above. The aim
should be to establish whether the interests of key players crucial to

realising the vision (e.g., government, local communities, private
sector) are compatible, and if not, to what extent they can be
reconciled. There are many possible ways to approach this. From a
purely social standpoint, a bottom-up approach might be prioritized in
which local livelihood aspirations are identified, and ways for biofuel
production to best advance these aspirations explored. Yet this
approach may not ensure climate mitigation or other strategic interests
are achieved. A second approach would be to start with the production
scenarios identified as being feasible in meeting the objectives identi-
fied by diverse stakeholders, and explore their articulation with existing
land uses and community aspirations. The second strategy will only
help reconcile national and local interests if there is ample opportunity
for affected land users to understand, contest or shape the options
under consideration.

Efforts are likely also needed to level the playing field of “delib-
erative competence”, “epistemic pluralism” and “voice” to enable all
those directly affected by biofuel projects and programs to play a
meaningful role in shaping decisions. Enhancing deliberative compe-
tence means taking the time to ensure alternative courses of action and
their stakes (e.g., for land use, land tenure, livelihoods) are understood,
while ensuring affected households and individuals can advocate for
choices they view as more beneficial and carrying fewer costs.
Epistemic pluralism requires creating a respectful environment in
which different values and ways of knowing and being in the world
can be articulated and welcomed on their own terms, without having to
reach consensus or erase difference (Dryzek, 2000; Hirsch et al., 2011).
Finally, it means managing very unequal power dynamics, notably
between the government and private sector on one hand and local
communities on the other – but also within local communities as
outside actors seek to stoke divisions or buy favor. This means
facilitating a planning process absent of coercion, manipulation or
deception, but also one in which persuasion only enters the process if
all participants are able to wield it effectively (Dryzek, 2000).

While many tools exist to support such processes (FAO, 2012;
McDougall et al., 2009; Prabhu et al., 1999; Wollenberg et al., 2000),
community development practitioner-advocates and critically-minded
social scientists know all too well how hard these ideas are to put into
practice in relation to programs initiated by centralised bureaucracies
in the modern nation-state. To ensure meaningful participation,
separate fora specifically for smallholder producers and communities
affected by biofuel expansion are likely needed to enable less powerful
or outspoken actors to articulate their concerns. This will help give
them a voice independent from the influence of politically and
economically powerful actors, while providing checks and balances
on program-level decision-making. A formal mechanism for feeding
the results of these deliberations into multi-stakeholder planning fora
will be needed for this strategy to effectively shape program-level
dialogue and decisions. Engaging community advocates knowledgeable
about the risks and constraints faced by local communities in the
planning process can help bring local concerns and interests into multi-
stakeholder planning fora. Effective moderation of such processes is
key.

4.2.3. Ensure the wider governance context supports policy aims
established in the biofuel sector, particularly those related to social
inclusion and social and environmental risks

Outcomes of biofuel policies depend significantly on the wider
governance context, including foreign investment, land tenure, envir-
onmental protection, labor standards, and agriculture and rural devel-
opment. If regulations and/or enforcement in these other areas are
weak, biofuel programs will likely fail no matter how adaptively and
collaboratively they are planned. On the other hand, the processes
highlighted in Sections 4.1 and 4.2 might also be leveraged to
strengthen the broader policy environment.
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4.2.4. Carry out evidence-based reforms of governance instruments
The papers in this collection show clearly that biofuel production

will not be sustainable, responsible or pro-poor through the sponta-
neous actions of actors operating independently without accountability
to other actors or policy aims. The papers by Searchinger and Beringer,
Hunsberger et al. and Goetz et al. (this issue) highlight the divergence
between official policy aims and actual outcomes, while the papers by
Hunsberger et al. (this issue) and Oliveira et al. (2017) highlight the
tendency for the sector to evolve towards more capitalized and
intensive operations favoring benefit capture by large corporations.
Sector governance is urgently needed to ensure environmental sustain-
ability and benefits for the rural poor. Yet clearly current instruments
are falling short of this objective.

In the absence of better accounting methods and governance
instruments that hold producers accountable to the collective goods
(environmental and social) enshrined in public policy, biofuel pro-
grams will continue to fail in delivering social and environmental
sustainability. Moving forward in the absence of concerted efforts to
improve public governance of the sector invites continued failure to
achieve the expectations accompanying biofuel programs. Stronger
public governance is clearly needed in producer countries. In
Indonesia, for example, early government efforts to mandate a mini-
mum percentage of production from smallholders and to work with
industry to ensure quality services for small-scale producers led to
significant levels of smallholder participation in oil palm. While
aligning public policies with market-based instruments may help
overcome some of the constraints of public governance (e.g. reducing
enforcement costs, reconciling sustainability criteria with the profit
imperative), there is no viable substitute for the state guiding the
trajectory of the sector – particularly if pro-poor sector development is
a concern.

4.2.5. Foster innovation in efforts to benefit the poor
Creativity is also needed in exploring how to ensure gains to

smallholders – especially those who are most disadvantaged.
Smallholders who participate in the biofuel sector do not automatically
benefit. Indeed, efforts to increase smallholder biofuel production have
produced very uneven outcomes, with opportunities and benefits often
bypassing the poorest farmers, those in the most remote areas and
those who lack secure land rights (Hunsberger et al., this issue).
Beyond mandating minimum production levels from smallholders,
what initiatives might advance pro-poor outcomes in the industry –
whether by increasing benefits captured at the local level or mitigating
risk? What benefits might be achieved by limiting industrial-scale
operations to processing rather than feedstock production, while
supporting smallholder incorporation into the value chain? By empha-
sising only flex crops? By setting aside areas near any biofuel project to
safeguard traditional livelihoods and food security? By increasing
public finance to the independent smallholder sector?

4.2.6. Foster learning and iterative improvement throughout policy
implementation

Even the best-laid plans will encounter challenges, surprises and
undesirable effects. To minimize the effect of these unintended con-
sequences, two crucial ingredients are needed: pilot evaluation of
programs before scaling up, and making feedback and learning a
central component of scaling up.

4.3. Proof of concept: pilot evaluation

Given what we know about uncertainties, it is important to evaluate
biofuel programs on a small scale before trying to take programs to
scale. Where established biofuel programs or pilot projects exist, every
effort should be made to learn from them what to replicate, adjust or
simply avoid. Where biofuel programs are new, or where innovations in
established programs are envisioned, pilot projects need to be de-

signed, implemented and evaluated before plans are rolled out. These
pilots should include each of the feedstocks, business models and land
use change scenarios envisioned in the planning process, and be
designed to increase the likelihood of environmentally sustainable
and pro-poor outcomes.

A robust evaluation of the sustainability of these pilot innovations is
needed before deciding which feedstock and biofuel production stra-
tegies to pursue (and related land use-land cover changes to welcome)
at scale. Evaluations should focus on: the degree to which program
aims have been met at the local scale; the benefits and risks to directly
affected households (smallholders, employees, anyone losing land to an
incoming investment); and any trade-offs that have become apparent.
This process should be duly deliberative and include diverse perspec-
tives and knowledge forms, including scientific evidence, specified
policy aims, and local experiences with biofuels.

4.4. Scaling up

Should pilot experiences meet expectations in terms of the chosen
goals and indicators, scaling up the proven feedstock and production
scenarios can be considered. As the science of scaling suggests that
fundamental changes in the nature of the production system can be
expected when taking a successful innovation to scale, it cannot be
assumed that the outcomes obtained within pilots will be replicated at
scale. Risks and pitfalls are likely to be many and multi-faceted. This
points to two crucial steps of analysis and interrogation. First, it is
important to critically consider existing scenarios and future plans. At
every stage, the question of whether scaling up is the appropriate policy
choice should be re-assessed in the face of new data, policy alternatives,
opportunity costs, and the sustainability goals that upscaling is
expected to deliver. Second, should the decision to scale up remain
uncontested after this critical reflection, applying lessons from efforts
to upscale elsewhere becomes central to planning and change manage-
ment. Uncertainties should be assumed, and feedback and learning
made central to policy formulation and implementation (Gunderson,
1999). A formal monitoring program is needed to track the perfor-
mance of indicators linked to policy aims, alongside deliberative spaces
designed to capture feedback from stakeholders directly affected by
biofuel programs. The latter will help retain a focus on pluralism and
inclusivity by extending deliberation from planning through to mon-
itoring, as well as capturing unanticipated effects before they lead to
program failure. When problems are identified, whether through
divergence between program aims and performance or from stake-
holder feedback, further deliberation is needed to explore how to adjust
plans and mitigate negative impacts while building on successes valued
locally. An exit strategy should also be contemplated, given the
possibility that particular production scenarios are less promising than
initially assumed, or that establishing new forms of production might
lock in a new status quo and thereby lock out alternatives. Where
experiences meet local expectations but fail to achieve one or more
strategic policy goals, providing ongoing support to the program should
be considered. Where the opposite is true and local livelihoods are
clearly at risk in the process of meeting strategic priorities, changing
the course of action should be considered a must.

5. Conclusions

Biofuels have been promoted worldwide under the assumption that
they can support several strategic yet unresolved policy goals, such as
transitioning towards a more secure and climate-friendly energy
system, while delivering co-benefits to workers and rural communities
and mitigating harm. Drawing on published evidence to date, con-
tributing papers to this special issue question these assumptions. By
distilling the lessons from these companion reviews and consulting the
wider literature on scaling and change management, this paper has
formulated a series of sine qua nons for national biofuel programs with
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the aim of enhancing their social and environmental sustainability. We
conclude that these “indispensables” are the minimum conditions for
achieving more equitable and sustainable biofuels, and national biofuel
programs should not be pursued in their absence. The ‘success’ of any
biofuel program that hopes to deliver on multiple aims will ultimately
require an adaptive, collaborative and knowledge-intensive approach
that treats policy innovation as experimentation, addresses power
imbalances, and uses inclusive processes to set targets, monitor
performance and change course in the face of evidence of environ-
mental and social harms. While these indispensables may seem overly
idealistic in light of current policy processes, we find value in identify-
ing aspirational principles according to which the complexities, trade-
offs and risks of new technologies should be engaged. With large
amounts of public finance supporting the evolution of successful
national biofuel programs (Mabee, 2007; Peters and Thielman,
2008), the limitations in aligning practice with these principles are
less financial than ideological, cultural and political (Eaton et al., 2014;
Oliveira et al., this issue).

Findings also highlight crucial conversations that lie outside the
scope of biofuels sustainability. Current levels of global energy con-
sumption, even only in the transport sector, cannot be met by biomass-
derived agrofuels in a way that meets social aims and environmental
goals. Perhaps the most fundamental sine qua non is therefore to
pursue options that downscale global energy demand.
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