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ABSTRACT

This paper critically examines the sociotechnical imaginaries of second-generation bioenergy
technology in the global debate, exemplified by the deliberations of international
organizations specializing in food and agriculture, energy security, and climate change. The
analysis is guided by two objectives: first, to identify and illuminate visions of future
advanced biofuels by implementing the concept of sociotechnical imaginaries; second, to
scrutinize these imaginaries using a critical and diagnostic utopian method to determine
whether the projected visions entail the promise of radical change and hope for
socioeconomic transition to a “green” future, or instead manifest an ideological stranglehold
striving to perpetuate the status quo. The article demonstrates that sociotechnical imaginaries
of advanced biofuel technology superficially project the illusion of utopian potential. On
closer examination, however, visions of future second-generation biofuels are limited by the
necessity of cost-effectiveness that underpins market competitiveness. They manifest utopian
impotence to imagine future beyond the ideological closure of the currently dominant

socioeconomic system.
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1. Introduction
The last three decades have seen intense scholarly, expert, and policy debate on the potentials
of and obstacles to bioenergy production in global efforts to transition to a low-carbon

economy. These often contentious deliberations have resonated in a much wider discussion of



reimagining and reconfiguring the current global socioeconomic configuration into a more
socially equitable and sustainable world (Bradshaw, 2013; Smith, 2010).

This discussion has focused largely on first-generation — i.e., traditional or conventional —
bioenergy in the form of ethanol and biodiesel processed from edible crops. First-generation,
conventional biofuels processed primarily from sugar, starch, and oilseed crops represent a
production pattern existing since the late nineteenth century (Worldwatch Institute, 2007).
With the rapid rise of the automotive industry in the early twentieth century, biomass-derived
energy briefly rose to prominence, being labelled the “fuel of the future”, but the discovery of
large reserves of abundant and cheap oil eventually marginalized the role of biofuels (Bernton
et al., 2010). International interest in energy production from biomass was later revived twice:
during the 1970s oil crisis and in the recent boom starting at the end of the twentieth century.
In both instances, the resurgence of first-generation biofuels as an important alternative source
of energy was triggered primarily by a sharp rise in oil prices (Bernton et al., 2010). However,
apart from energy security concerns, two more major factors contributed to the latest biofuel
rush, namely, agricultural stagnation and climate change. Simultaneously, the rapid increase
of interest in first-generation bioenergy, particularly in developed countries, has prompted
intense debates on how the growing production of biomass for fuel could affect world food
security and land use (Kuchler and Linnér, 2012; Popp et al., 2012; Runge and Senauer,
2007), environmental protection (Pimentel, 2012; Smith, 2010), and trade relationships
between the global North and South (Kuchler, 2010; Matondi et al., 2011).

In the shadow of this controversial and polarized debate on conventional bioenergy
production, second-generation technology has attracted increasing attention in expert and
policy-decision circles, as it is considered a more efficient and less problematic alternative
solution to the global problems of energy insecurity, agricultural stagnation, and climate

change. Second-generation, advanced biofuels can be produced from cellulosic feedstocks —



wood, tall grasses, forestry and crop residues, and other organic wastes — using two currently
available processes: enzymatic conversion and gasification (Worldwatch Institute, 2007).

However, advanced bioenergy is still immature and claimed to be “waiting around the
corner” for the industry to kick start it, making it commercially available on a large scale.
Following the World Energy Outlook 2011 of the International Energy Agency (IEA, 2011c),
the latest final draft report of the Intergovernmental Panel on Climate Change (IPCC, 2014)
notes that “advanced biofuels are in development, but may need another decade or more to
achieve widespread commercial use” (p. 21). As such, second-generation biomass energy
depends on future innovation and technological progress.

As Alf Hornborg (2014a) points out, though “a successful technical experiment does not
provide sufficient evidence that a new technological system is ‘feasible’ or ‘within reach’”,
nevertheless, “such conclusions are very frequently drawn in both academic and public
debates” (p. 12). Based on examination of the global discussion epitomized in reports and
other expert documents issued by three major international organizations (IOs) in the 1990-
2013 period, the overall objective of this paper is to chart and scrutinize sociotechnical
imaginaries of second-generation biofuels by questioning whether the envisaged promise of
change for a better “green” future through technological development is a symptom of the
utopian impulse to provide a radical alternative, or instead manifests the ideological
stranglehold that strives to perpetuate the dominant socioeconomic structure, and is therefore
devoid of utopian potential.

More specifically, the analysis has two aims. First, by drawing on the concept of
“sociotechnical imaginaries” introduced by Jasanoff and Kim (2009, 2013), I seek to identify
and illuminate visions of future second-generation bioenergy in the global debate. The first

objective is guided by questions regarding how advanced biofuel technology is imagined, the



prescribed futures associated with the examined visions, and the premises on which these
futures are based in reports and other expert documents issued by selected 1Os.

Second, I scrutinize the utopian potential of these advanced biofuel imaginaries by
employing the concept of “utopia” as a reflexive, critical, and diagnostic method as postulated
by Fredric Jameson (1994, 2004, 2005, 2010) and Ruth Levitas (2000, 2003, 2007, 2011,
2013). The second objective is to identify differences and retrieve signals of otherness by
determining how “green” and innovative the proposed future visions of advanced bioenergy
technology are and how radical a transition they indeed promise (Jameson, 1994; Levitas,
2011). More specifically, I concentrate on three aspects of deliberations pursued by selected
I0s: the premises on which the new and innovative character of second-generation biofuels is
based and construed; the boundaries — beyond which the organizations do not go in their
conceptualizations — drawn in these future imaginaries; the purpose of envisioning advanced
bioenergy technologies as new and innovative and whether the purportedly better and greener
impulse that could bring radical change is only illusory.

The analysis centres on the global biofuel debate in the 1990-2013 period as exemplified
by three distinct but interrelated major IOs: the United Nations Food and Agriculture
Organization (FAO), International Energy Agency (IEA), and Intergovernmental Panel on
Climate Change (IPCC). Serving both developed and developing countries, the primary role
of FAO is to lead international efforts to achieve global food security. This specialized body
of the United Nations serves as a neutral platform for negotiating and debating agricultural
policies and arguments. Set up in response to the 1970s oil crisis, IEA represents the
collective response of a group of high-income countries to energy challenges and aspirations
for energy security. The agency focuses on coordinating the implementation of energy
cooperation between members through promoting energy efficiency and diversification. [IPCC

is an intergovernmental scientific body that leads in assessing knowledge of and information



on climate change. Open to all member states of the United Nations, the Panel plays a
prominent role in supplying decision makers with expertise on the environmental and
socioeconomic impacts of climate change. These three key global agencies were selected
because the issues of food and agriculture, energy security, and climate change are integral to
the bioenergy discourse. This is reflected in how each selected institution discusses biomass-
derived energy, referring not only to its own area of expertise, but expanding the debate
beyond its own scope into the spheres of the other two 10s, overlapping their agendas.

The article is structured as follows. In Section 2, I present two distinct analytical
perspectives, namely, those of sociotechnical imaginaries and of utopia. In Section 3, I
explain how the empirical data were collected and processed. In Section 4, I discuss the
analytical findings in three sub-sections: the first examines how advanced bioenergy
imaginaries are sharply differentiated from their predecessors, the second examines how the
shift from first- to second-generation biofuels is envisioned, and the third scrutinizes the
limited nature of the future sociotechnical imaginaries provided by the organizations. Finally,

I present the conclusions in Section 5.

2. Theoretical perspective

Introduced and developed by Jasanoff and Kim (2009, 2013), “sociotechnical imaginaries” is
a hybrid term that straddles meaning-making and sense-making processes, linking them by
means of socioeconomic structures and technological choices. In their cross-national study of
nuclear energy policy in the United States and South Korea, these scholars define the concept
as “collectively imagined forms of social life and of social order” reflected in “the design and
development of innovative technological projects, goals and strategies” (Jasanoff and Kim,
2009: 120). In other words, sociotechnical imaginaries are powerful visions that serve as both

the ends of policy-making and as tools for legitimizing specific technological paths and/or



shaping social responses to innovation (Jasanoff and Kim, 2013). Furthermore, Jasanoff and
Kim (2009) argue that “imaginaries are at once descriptive of attainable futures and
prescriptive of the futures that ought to be attained” (p. 120). As such, the concept serves as
an interpretative envelope that helps us address how the imaginary of advanced bioenergy
technology, together with prescribed futures regarding its shape and role in society, is
construed in the deliberations of selected IOs.

Apart from cross-national studies of nuclear power conducted by Jasanoff and Kim (2009,
2013), in recent years, the concept of sociotechnical imaginaries has been applied in research
into biofuels. For example, Levidow and Papaioannou (2012) explore current state
imaginaries contained in policies promoting bioenergy innovation in the United Kingdom.
These scholars identify three major visions through which biomass-derived fuels are
promoted in the country: localization of energy production, diversification of agricultural
practices, and substitution of oil (Levidow and Papaioannou, 2012). Eaton et al. (2013) study
the development of local energy production from wood biomass in Michigan, the United
States, claiming that their paper “contributes to theories of imaginaries by showing how key
framings of the past also frame future possibilities” (p. 26).

My take on Jasanoff and Kim‘s (2009, 2013) analytical framework requires two
modifications. First, the scholars assume that “sociotechnical imaginaries can be identified,
illuminated and critiqued through cross national comparison” (Jasanoff and Kim, 2009: 121).
However, 1 argue that not only national policies but, particularly in our increasingly
globalized world, international policy-making and policy-envisioning can also serve as useful
sites for examining visionary practices. In this paper, my focus on the formation of
sociotechnical imaginaries therefore shifts from the national to global levels. More
specifically, I highlight 10s, which not only reflect the desires, goals, and priorities of their

state-members but also provide expert- and science-based imaginaries that can influence both



political leaders and societies at the national level (Barnett and Finnemore, 2004; Jasanoff,
2012). In this sense, global agencies exercise their influence and power in the form of
epistemic authority “based on having special knowledge and moral expertise” (Ziirn et al.,
2012: 86).

Exemplifying this argument, FAO provides policy assistance and information, particularly
to developing countries, about improving food production and access. Among many
documents issued by the organization, the major flagship publications are yearly scientific and
statistical reports entitled The State of Food and Agriculture and The State of Food Insecurity
in the World. By providing expertise in the form of assessments, analyses, and statistics, IEA
is at the centre of global dialogue on energy production and resources. Its special annual
report World Energy Outlook is considered the world‘s most authoritative analysis of global
energy markets, trends in energy demand and supply, and projections of future energy
security in relation to economic development and environmental protection. IPCC is known
mostly for its assessments of scientific, technical, and socioeconomic information necessary
for understanding, mitigating, and adapting to climate change. The Panel‘s reports play a
pivotal epistemic role in intergovernmental negotiations held under the United Nations
Framework Convention on Climate Change. IPCC‘s internationally recognized scientific
authority on climate change was particularly strengthened in 2007 when it shared the Nobel
Peace Prize with Al Gore.

It is important to note that, despite modifying the analytical approach by shifting its focus
from the national to the international level, the theoretical perspective remains a comparative
exercise that, with its greater heuristic power, allows the tracing of potential similarities
and/or differences in the global bioenergy debate. Transposing Jasanoff and Kim’s (2009,
2013) approach to the international arena while assessing the second-generation biofuel

imaginary provided by only one IO would result in a much weaker argument. Second, in



developing their concept of sociotechnical imaginaries, Jasanoff and Kim (2009, 2013)
particularly emphasize the capacity and importance of imagination as a “cultural resource”
facilitating novel forms of social life by projecting “visions of what is good, desirable, and
worth attaining for a political community” (Jasanoff and Kim, 2009: 122—-123). These visions
of future possibilities are, according to Jasanoff and Kim (2009), so embedded in the social
organization and various techno-scientific practices, that “they inform and shape trajectories
of research and innovation” (p. 122). Such an understanding, however, raises critical
questions as to whose visions of future possibilities these are, for whom they are good and
desirable (only for a particular political community?), and why certain policy-makers would
find them worth realizing. Moreover, following Alf Hornborg (2014b), it is also legitimate to
ask for whom the envisioned technology will be accessible, and at the expense of whose
resources and work (p. 91).

This connotes two central and interrelated aspects of contemporary debates on how to
reimagine, reconfigure, and transform the socioeconomic structure. On one hand, what is
good, desirable, and worth attaining could constitute an ideology for policy-makers in efforts
to uphold the status quo, simultaneously obscuring “the real condition of society” (Hedrén,
2014: 58). As such, an ideology would constitute what Jameson (1983) calls a “strategy of
containment” that “allows what can be thought to seem internally coherent in its own terms,
while repressing the unthinkable ... which lies beyond its boundaries” (pp. 37-38). On the
other hand, the imaginary of what is good, desirable, and worth attaining could be understood
as utopian thinking “based on interest in transforming a given condition” rather than
maintaining it (Hedrén, 2014: 58). Utopia, in this sense, expresses the desire for a better way
of living, beyond or outside dominant socioeconomic structures (Bloch, 2000; Bradley and

Hedrén, 2014; Harvey, 2000; Levitas, 2007).



For Jameson (1994, 2004, 2005, 2010) and Levitas (2000, 2003, 2007, 2011), the concept
of utopia serves as an analytical category that denotes hope for a radically different and better
society (Bradley and Hedrén, 2014). By definition, utopia is always somewhere else — a “no-
place” — though it is trapped within the imaginative potentials and resources available in the
contemporary socioeconomic system. As Jameson (2005) points out, “even a no-place must
be put together out of already existing representations” (p. 24). As such, the function of utopia
“lies not in helping us to imagine a better future but rather in demonstrating our utter
incapacity to imagine such a future ... so as to reveal the ideological closure of the system in
which we are somehow trapped and confined” (Jameson, 2005: 46).

From this perspective, Levitas proposes that utopia is best understood as “a method of
considering the future, not the stipulation of a goal [emphasis added]” (Levitas, 2007: 303). In
other words, utopia does not offer a blueprint or set of criteria for how to attain a radically
“green” transformation. Rather, it is a holistic, reflexive method that “provides a critical tool
for exposing the limitations of current policy discourses about economic growth and
ecological sustainability” in order to facilitate thinking about possible alternative futures
(Levitas, 2013: xi). Similarly, Jameson (2010) points out that in analysing future imaginaries,
it is not what can be envisaged or imagined but rather what is unimaginable and inconceivable
that should be emphasized. In his view, such an approach would strive to locate radical
differences and retrieve signals of otherness. As Jameson (1994) argues, “the ideals of
Utopian living involve the imagination in a contradictory project” and not just another
repetition of the present (p. 56).

By applying a critical and diagnostic utopian method, I concentrate on three aspects of
sociotechnical imaginaries that underpin the debate on second-generation biofuels. First, I
focus on the visions the I0s put forward to cast advanced bioenergy as new and innovative. In

this way, I strive to locate components of radical differences and retrieve signals of otherness.



Second, I define the limits beyond which the I0s do not go in their future imaginaries. Third,
by determining the boundaries of their conceptualizations, I expose the purpose of envisioning
advanced technologies for producing energy from biomass as innovative and whether the

purportedly new, better, and greener impulse that could bring radical change is only illusory.

3. Data collecting and processing

The empirical data spanning the twenty-four years from 1990 to 2013 were collected and their
content extracted in two steps. First, the primary documents, i.e., reports, analyses,
assessments, and other papers, were obtained from the online FAO (www.fao.org), IEA

(www.iea.org), IEA Bioenergy (www.ieabioenergy.com), and IPCC (www.ipcc.ch) databases

% ¢

using the following search terms: “agrofuel”, “agroenergy”, “biofuel”, “bioenergy”, “biomass
energy”, “biomass fuel”, “biodiesel”, “biogas”, “energy crop”, and “ethanol”. Bearing in mind
that first- and second-generation bioenergy technologies include various biomass-derived
production patterns and are discussed by the selected 10s in various contexts and conceptual
arrangements, the primary selection of empirical data was not restricted to any specific type of
biofuel; instead, the scope of the search was broadly defined to provide a rich base of
documents for the next processing step.

However, since the main focus of this article is not bioenergy in general but two
generational modes of biofuel production technologies, particularly the advanced type, the
preselected data were submitted to secondary scanning and analysis to narrow the range of
documents and extract fragments of texts that specifically discuss first- and second-generation
biomass-derived energy. The secondary selection was based on the following search terms:

bh 13 bh 13

“advanced”, “algae”, “cellulose”, “conventional”, “Ist generation”, “2nd generation”, “first
2% ¢

generation”, “next generation”, and “second generation”. The texts selected in the second step

were subjected to comparative analysis, which revealed characteristic patterns in how the
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three 10s construct, discuss, imagine, envision, and promote the second-generation bioenergy
concept. Based on these observations, the empirical data were organized into specific points

of reference that serve as the basis for the analytical section.

4. Analysis

The analytical section begins by examining how advanced biofuels are differentiated from
conventional ones in IO deliberations. In doing so, the analysis exposes how the objective of
shifting from first- to second-generation biofuels is envisioned and justified in the imaginaries
expressed by the selected institutions. Finally, the analysis scrutinizes whether the
technological innovation involved in pursuing this potential transition displays traces of

utopian impulse or instead constitutes ideological closure.

4.1. Identity through difference

In discussions pursued by the three selected IOs, the envisioned identity of second-generation
bioenergy is based primarily on juxtaposing it as a better alternative in sharp contrast to first-
generation biofuels depicted in negative terms. This differentiation, which imagines cellulose-
based technology in a positive light vis-a-vis harmful and inefficient conventional biomass-
derived energy production, designates the second-generation type as superior to its
predecessor in two striking ways.

The first way to construct this difference-based imaginary identity is to emphasize the
greater ability of second-generation biofuels to substantially lower greenhouse gas (GHG)
emissions. Numerous documents issued by the IOs anticipate that, unlike conventional
biofuels, cellulose-based energy could have much greater potential to dramatically reduce
lifecycle GHG emissions (Cohen et al., 2008; FAO, 2008c,d,e,g, 2009a,b; FAO/GBEP, 2007;

IEA, 2001, 2002, 2003a,b, 2004a,b,c, 2008a,b,c, 2010; IEA Bioenergy, 2006, 2009; IPCC,
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2007a,b,c,d, 2012; Mabee and Saddler, 2006). For example, according to the FAO Committee
on Commodity Problems, reporting from its sixty-seventh session, “compared to current
generation biofuels, cellulosic ethanol is far more advantageous from a GHG point of view,
because it is nearly carbon neutral” (FAO, 2009b: 8). In a paper on bioenergy development,
FAO estimates that “second-generation biofuels, including cellulosic bioethanol, are expected
to produce significant GHG savings — possibly up to 80 percent” (FAO/GBEP, 2007: 38).
Similarly, IEA envisages that second-generation biofuels are expected to be superior to
conventional technology in this regard (IEA, 2008b: 33). The agency notes that “the largest
difference between the 1% and 2" generation fuels is likely to be the GHG emission
performance” (IEA Bioenergy, 2006: 58), particularly when the net GHG reduction achieved
using advanced bioenergy technologies “can be even greater than 100%” (IEA, 2004a: 61).
IPCC recognizes that cellulose-based biofuels may provide larger GHG emission reductions
than can conventional biomass fuels (IPCC, 2007a: 343). The Panel promotes advanced
production patterns as a “key mitigation technology and practice projected to be
commercialized before 2030 (IPCC, 2007b: 60; 2007¢: 10; 2007d: 17).

The second way to depict the imaginary of advanced bioenergy as different from and better
than conventional options results in an even stronger contrast, because it is based on the
controversy surrounding the alleged role of the first-generation production path in negatively
influencing global agricultural commodity prices and food security. The comparative
argumentation supporting advanced bioenergy refers to two aspects of the food-versus-fuel
conflict.

On one hand, the IOs explicitly maintain that, compared with conventional biofuels
derived from food and feed crops, the cellulosic option could allow the production of
advanced bioenergy from a significantly wider variety of feedstocks, providing a much more

efficient processing pattern (FAO, 2007, 2008e; FAO/GBEP, 2007; FAO/IIED, 2008; IEA,
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2004a, 2006; IEA Bioenergy, 2006). Accordingly, the widespread and more productive use of
non-food/feed biomass would significantly increase the potential of second-generation
biofuels without the need to reduce the production of food and feed crops. Advanced
bioenergy could arguably help alleviate food-versus-fuel competition and improve food
security in general (FAO, 2007, 2008a,b,c,g; FAO/GBEP, 2007; Flammini, 2008; IEA, 2004a,
2006, 2008b, 2010; IEA Bioenergy, 2009). To exemplify, according to the FAO report from
its 2008 high-level conference on world food security, “the commercialization of second-
generation biofuels that do not utilize food crops or compete for resources could reduce the
pressure on commodity markets” (FAO, 2008a: 4) and “the higher technological conversion
efficiency of second-generation technologies could contribute to reducing feedstock
requirements” (FAQO, 2008a: 3). Another FAO analysis asserts that second-generation biofuel
technologies “are expected to circumvent the food—fuel debate” (Flammini, 2008: 8).
Similarly, IEA assumes that “moving from conventional grain and sugar crops to cellulosic
biomass for the production of biofuels opens the door to a much greater variety of potential
feedstock sources” (IEA, 2004a: 133) In assessing liquid biofuels from biomass, the Agency
contends that “with most 2™ generation biofuels the ability to process lingocellulosic
feedstocks is a primary advantage of this 2" generation pathway. These feedstocks are
abundant, geographically diverse, generally lower cost than starch or sugar feedstocks, and
significant quantities are produced today that are currently wasted” (IEA Bioenergy, 2006: 6).

On the other hand, second-generation biofuels are envisaged as biomass energy processed
from feedstocks that could be grown on marginal, abandoned, degraded, or other low-quality
land. Several documents from the organizations argue that advanced bioenergy feedstocks
require minimal or no acreage in addition to that already used to grow food or feed and,
unlike first-generation biofuels, could alleviate land competition with other agricultural

outputs (FAO, 2007, 2008a,b,g; FAO/GBEP, 2007; IEA, 2004a, 2006, 2008b, 2010; IEA

13



Bioenergy, 2008; IPCC, 2007a). For example, FAO states that “with the second-generation
technologies, a significant share of the additional biomass needed is assumed to come from
regenerated and marginal land not currently used for arable crops and pasture, as well as
agricultural and forestry residues and organic waste” (FAO, 2008a: 3). In its World Energy
Outlook 2006, IEA contends that various types of cellulosic feedstocks “could be grown on
poorer quality soils than those currently used to grow crops for conventional ethanol
production, requiring less fertilizer and water” (IEA, 2006: 409). According to the Agency,
“second-generation biofuels offer the prospect, with feedstocks produced on idle or marginal
lands, to avoid the need to bring significant amounts of new land into agricultural production”
(IEA, 2008b: 31). In the same report, the organization concludes that while “less good” first-
generation biofuels are strongly criticized with regard to their “competition for food crop
feedstock, pushing up food commodity prices ... a lot of hope has been placed on 2"-
generation biofuels. Where these rely on crops and forest residues, or high-yielding, non-food
energy crops grown specifically for feedstocks, they are considered to be produced more
sustainably, with better land use opportunities, including potential production on marginal
lands” (IEA Bioenergy, 2008: 99). As IPCC puts it in the Fourth Assessment Report, “the
conversion of ligno-cellulosic sources into biofuels is the most attractive biomass option ...
Cellulosic crops are attractive because they have much higher yields per hectare than sugar
and starch crops, they may be grown in the areas unsuitable for grains and other food/feed
crops and thus do not compete with food” (IPCC, 2007a: 342).

As can be observed, this conceptual juxtaposition of conventional versus advanced
bioenergy produces specific effects in the form of a strong contrast differentiating the two
production patterns and particularly facilitating the role of second-generation biofuels. This
casts the currently predominant technology in a negative light, attempting to eliminate first-

generation biofuels as a future option. Instead, the future is populated by the imaginary of a
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novel and presumably more efficient energy technology that, unlike its predecessor, might
meet the requirements of radical socioeconomic transition. So far, the second-generation
bioenergy imaginary carries the promise of greater potential to dramatically reduce GHG
emissions, a wider variety of exploitable feedstocks, as well as more efficient land use and
thus no conflict with food or feed production patterns. Do these positive attributes signal a

utopian impulse for radical change?

4.2. lllusory change
The imaginary efforts to sharply contrast and differentiate advanced biofuel technology from
its predecessor suggest that the political intention is to shift from the inefficient and
controversial first-generation to a much more effective and simultaneously less-contested
second-generation bioenergy option, as soon as it is available for policy-makers to implement.
Despite clear indications that specific innovative ways of processing biomass could provide a
better way to reduce GHG emissions while not competing over agricultural land and food
crop cultivation, the desire to shift to a new production pattern is expressed very briefly
(FAO, 2008f; IEA, 2006, 2007, 2008b). Instead, closer examination indicates that the new
technology “waiting around the corner” is perceived not so much as progress towards an
alternative system that could radically change production patterns, in particular, alleviating
the negative impacts of the previous technology, but as an upgrade and replication of the
previous regime aimed at perpetuating both options and thus facilitating the biofuel industry
in general (FAO, 2008d,e,f,g, 2009b; FAO/GBEP, 2007; IEA, 2006, 2008a,b, 2010; IEA
Bioenergy, 2005, 2006, 2009; IPCC, 2007a, 2012; Walter et al., 2007).

While FAO characterizes cellulosic biofuel as a “forerunner”, alluding to the emergence of
a new technology (FAO/GBEP, 2007: 14), it states that “research and development on

second-generation technologies, in particular, could significantly enhance the future role of
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biofuels” (FAO, 2008g: 9). This suggests that technological developments play a
supplementary rather than substitutionary role in the case of biofuels. Moreover, according to
the FAO report, The State of Food and Agriculture 2008, “technological innovation —
including the development of second-generation biofuels based on cellulosic feedstocks —
may expand the potential and the range of countries where biofuels could make a significant
contribution to energy security. However, it is not clear when second-generation technologies
may become commercially viable. When they do, first- and second-generation fuels are likely
to continue to coexist” (FAO, 2008g: 88). The assumption about the coexistence of both
technological paths was also promoted in 2009 by the FAO Committee on Commodity
Problems at its sixty-seventh session: “from an analytical and projections perspective,
international organizations should consider both first- and second-generation biofuels in their
assessments of energy futures” (FAO, 2009b: 8).

The inevitability that advanced biofuel technologies would not replace conventional
biofuel production and the push for both patterns to coexist is also reflected in documents
issued by IEA. According to the Agency, “it is expected that, at least in the near to medium-
term, the biofuel industry will grow only at a steady rate and encompass both 1%- and 2"-
generation technologies that meet agreed environmental, sustainability and economic policy
goals” (IEA, 2008b: 7). Furthermore, the Agency also suggests that “the transition to an
integrated 1°- and 2"-generation biofuel landscape is therefore most likely to encompass the
next one to two decades, as the infrastructure and experiences gained from deploying and
using 1¥-generation biofuels is transferred to support and guide 2nd-generation biofuel
development” (IEA, 2008b: 7). Another report, prepared by IEA Bioenergy, bluntly states that
“while the development of the 2nd generation biofuel technology is important, these processes

are not likely to replace the 1st generation biofuels for many years, if ever”, so “the use of 2™
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generation biofuels needs to be viewed as a means to augment and not to replace the use of 1%
generation biofuels” (IEA Bioenergy, 2006: v—vi).

Like FAO and IEA, in its 2007 Fourth Assessment Report, IPCC concludes that “the
global potential for biofuels will depend on the success of technologies to utilize cellulose
biomass” (IPCC, 2007a: 326). The Panel also envisages that the use of both current and
advanced biomass-derived fuels would offer additional CO, reduction potential (IPCC, 2007a:
326). Moreover, in its Special Report on Renewable Energy Source and Climate Change
Mitigation, IPCC (2012) projects that “in the near to medium term, the biofuel industry,
encompassing first- and second-generation technologies ... will grow at a steady rate” (p.
285).

The desire to base advanced bioenergy technology on conventional biofuel production
patterns, and even to continue supporting both options in the future to strengthen the biofuel
market in general, lacks utopian drive and is an obvious example of the inability to escape the
trap of contemporary socioeconomic conditions. Instead, it expresses the ideological strategy
of containment that, in Jameson‘s words, allows only for the imaginary internally coherent
with the currently dominant socioeconomic system, while excluding the unthinkable

(Jameson, 1983).

4.3. The cost imperative

What, then, is the role of sociotechnical imaginaries of second-generation biofuels, which are
directed towards developing more sophisticated and beneficial technology if, in fact, the
actual desire is to keep both options — a flawed and inefficient predecessor together with its
successor characterized as better functioning, much more efficient, and less problematic — in
coexistence? Looking more closely at the institutional debate, the attractiveness of second-

generation bioenergy lies not just in its presumable superiority at reducing GHG emissions or
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its potential to alleviate land and food security concerns, but more specifically in the low cost
of its feedstocks. As indicated in the first part of the analysis, this is because developing
technologies to accommodate a wider range of cellulose-based resources provides abundant
access to cheap biomass and types of land for cultivation globally. However, the crucial
problem with advanced bioenergy is that the technological processes necessary to convert its
cheap biomass feedstocks into energy are still costly, making it impossible for second-
generation biofuels to successfully compete on the market against other fuels (Cohen et al.,
2008; FAO, 2008b; FAO/GBEP, 2007; FAO/IIED, 2008; IEA, 2004a, 2006, 2010, 2011a,b;
IEA Bioenergy, 2006, 2009; IPCC, 2012; Mabee and Saddler, 2006).

IEA observes that “if cellulose-ethanol processes can meet cost targets, a far higher
percentage of petroleum transport fuels could cost-effectively be replaced with biofuels.
Ultimately, advanced biomass-to-liquids processes might provide the most efficient (and
therefore least land-intensive) approach to producing biofuels, but costs will need to come
down substantially for this to occur” (IEA, 2004a: 23). The Agency further maintains that
advanced biofuels “could become very attractive options for future transport fuel, given their
high conversion efficiencies and very low well-to-wheels greenhouse gas emissions” but only
“if costs can be reduced to acceptable levels” (IEA, 2004a: 83). Hence, IEA Bioenergy
concludes that, paradoxically, “the ability to process less costly inputs does come at a cost
[emphasis added], and all of the 2"%-generation systems have much higher capital costs than
the 1%-generation biofuels” (IEA Bioenergy, 2006: 34). FAO points out that “the feedstocks
of second-generation biofuels are low-cost — but the manufacturing processes require
sophisticated technologies, largely still under development” (FAO, 2008b: 7).

The key role of innovation and technological development in sociotechnical imaginaries of
second-generation biofuels is not to design radically alternative or novel conversion and

production processes, but specifically to reduce the cost barrier and prepare advanced
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bioenergy technologies for expected commercialization. In other words, any “new
conversion technologies that could make necessary production processes more efficient and
less problematic would epitomize the promise of future price reductions. It is a type of
innovation that aims strictly to advance the optimization of particular technologies in order to
reduce their price in the first place (FAO, 2008e,g; FAO/GBEP, 2007; IEA, 2001, 2003a,b,
2004a, 2006, 2008a,b,c, 2010, 2011a,b; IEA Bioenergy, 2004; IPCC, 2001, 2007a, 2012;
OECD/IEA, 2007).

To exemplify, in its report on liquid biofuels from biomass, IEA maintains that “part of the
higher cost is fundamentally inherent in the more extensive process required for the 2"-
generation fuels, but part of the high cost is a function of the state of development of the new
technologies and the lack of learning experience with the new fuels” (IEA Bioenergy, 2006:
35). According to the Agency, “successful implementation of the advanced technologies is
expected to lead to significant reductions in the cost of producing ethanol” (IEA Bioenergy,
2004: 9). When discussing future energy developments in its World Energy Outlook 2006,
IEA envisages that “in neither scenario are second-generation biofuels, such as lingocellulosic
ethanol or biomass gasification, assumed to penetrate the market. This is because important
breakthroughs in developing these technologies will be necessary before they can be deployed
commercially on a large scale. It is nonetheless possible that such breakthroughs could occur
in the near future, which could pave the way for faster development of biofuels markets”
(IEA, 2006: 395).

According to FAO‘s 2008 report on forests and energy, “in the medium-term, it is expected
that technology will become available for an economically competitive production of liquid
biofuels from cellulosic material” (FAO, 2008e: 2). In line with IEA reasoning, FAO affirms
that “reduced competition with food production, an increase in energy efficiency and

improved overall energy balance” could be attained only “if technological developments
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make it more efficient and at least as economical to produce liquid biofuels from cellulosic
material rather than from food crops” (FAO, 2008e: 32-33). In the same report, FAO
concludes that “technologies may soon be available to convert cellulose to liquid biofuels on a
large-scale at economically attractive prices” (p. 45). Finally, discussing current agronomic
and conversion technologies in The State of Food and Agriculture 2008, FAO assumes that
“technological innovation in biofuel processing could also lower costs dramatically,
potentially bringing second-generation biofuels derived from cellulosic feedstocks into
commercial production, thereby reducing competition with agricultural crops and the pressure
on commodity prices” (FAO, 2008g: 6).

Similarly, as IPCC expresses in its Third Assessment Report, “improvements in biofuel
conversion routes, such as the enzymatic hydrolysis of ligno-cellulosic material to ethanol,
may help narrow the cost disadvantage versus fossil fuels” (IPCC, 2001: 173). The Panel also
observes that “the penetration of second-generation biofuels depends on the speed of
technological development and the market penetration of gasification technology for synfuels
and hydrolysis technology for the production of ethanol from woody biomass” (IPCC, 2007a:
629).

As can be observed, the sociotechnical imaginaries of second-generation biofuels
expressed by the I0s are necessarily aligned and conflated with the requirement of cost-
effectiveness in order to be competitive on the energy market. In line with Hornborg (2014b),
it can be concluded that the imaginary of advanced bioenergy technology serves as “a

crystallization or mediator of extant market relationships” (p. 93).

5. Conclusions
At first glance, the sociotechnical imaginaries of second-generation biofuels provided by

selected international organizations promise a better, greener future. In sharp contrast to its
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conventional predecessor, advanced bioenergy technology is envisaged as radically reducing
GHG emissions, being more efficient and productive, and not competing with other
agricultural outputs. Closer examination, however, reveals that something more is at stake
than just this delusive utopian impulse. The development and implementation of the
technologically advanced production of biomass-derived energy do not manifest innovation
and progress in the interest of radical change, but rather the complete opposite. This is
because the desire for systemic closure that requires taking the cost-effective path and
implementing only illusory alterations within established socioeconomic limits represses any
manifestations of the new and innovative that could exert influence beyond their boundaries.
Consequently, the imaginaries of potential technological progress and advances “waiting
around the corner” of second-generation bioenergy signify an ideological stranglehold, as
they reflect the necessity of enhancing and commercializing it at the lowest cost possible. This
powerful strategy aims to project the illusion of radical change while concealing that the
envisioned technological developments strive to maintain the status quo rather than altering it
to achieve a better and greener future. In this sense, the sociotechnical imaginaries of
advanced biofuels provided through the epistemic authority of international organizations are
devoid of utopian potential. Sweet dreams are made of cellulose but they have their high
price.

Although the analysis exposes a particular trend in how three major 10s provide their
expert- and science-based imaginaries of second-generation bioenergy, the findings of this
paper offer a glimpse into a pattern of actual decision-making, namely, that in contemporary
industrial capitalist societies, the main ambition of policy-makers is to maintain and stabilize
the dominant system — which is currently being challenged, particularly by the future
escalation of energy insecurity, agricultural stagnation, and climate change — rather than

striving for radically alternative arrangements. However, reducing the negative side effects of
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the established economy is not the same as developing a new socioeconomic system based on
radically alternative principles. As such, there is a need for more research into the possibilities
and limitations of the dominant economic structure, and for critical evaluation of the
fundamental changes necessary in order to address the environmental and societal challenges
we face today. Shedding light on a multitude of experimental movements, micro-practices,
and concepts — including various strategies of de-growth (Buch-Hansen, 2014; Sekulova et
al., 2013) or various manifestations of peer-to-peer and solidarity economies (Bauhardt, 2014;
Bradley and Hedrén, 2014) — is a way to reveal important utopian impulses, not only for

experts and researchers but particularly for policy-makers.
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