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Abstract 

This thesis develops the notion of the bioenergy transition as the long-
term transformation of biomass from a local resource into a global 
commodity. An historical assessment is combined with interdisciplinary 
analysis that focuses especially on liquid biofuels and highlights the envi-
ronmentally innovative case of bioethanol. The bioenergy transition is 
investigated from several different perspectives: technical-economic, 
socio-economic, socio-technical and political-economic. Linkages across 
different levels from household to global are analysed in relation to the 
effectiveness of bioenergy policies. In addition to studies at household 
and national levels, a North-South perspective is taken by including two 
major regions: the European Union (EU) and the Southern African De-
velopment Community (SADC). The relation of EU biofuels policy to 
international climate and trade regimes is assessed to show how regional-
global linkages affect policy design and implementation. 

Household bioenergy markets in developing countries are poorly articu-
lated and difficult to link to other sectors; a detailed choice model in 
Ethiopia showed that product-specific factors should be evaluated to in-
form design of programmes and policies. Municipal and sub-national 
markets for bioenergy have been successfully linked to national policies 
to coordinate supply and demand in Brazil and Sweden. Regional market 
development for biofuels has great potential in southern Africa but re-
gional-national linkages currently remain unexploited. National level ef-
forts remain quite important in terms of energy security and environ-
mental innovation, as evidenced in Brazil, Malawi and Sweden. Biofuels 
sustainability criteria in the EU Renewable Energy Directive (EU-RED) 
were evaluated in relation to the international climate and trade regimes 
and were found to shift some costs onto developing countries. One of 
the mechanisms for assuring biofuels sustainability is bilateral agree-
ments, which remain untested but potentially effective.  

Cross-level linkages were often unexploited in the cases studied; national 
approaches cannot easily capture complementarities across sectors and 
scales in biophysical and economic terms. Linking biofuels markets 
across different levels from household to global through regional devel-
opment policies and specialised governance mechanisms could help to 
steer the bioenergy transition towards sustainability. 

Keywords:  energy transition, modern bioenergy, traditional biomass, cross-level 
linkages, institutional design, regional development, alternative fuels 
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Sammanfattning 

Denna avhandling utvecklar begreppet bioenergiomställning som den 
långsiktiga transformationen av biomassa från en lokal resurs till en 
global handelsvara. En historisk bedömning är kombinerad med en 
tvärvetenskaplig analys som fokuserar speciellt på flytande biobränslen 
och belyser det miljöinnovativa fallet av bioetanol. Bioenergiomställning 
undersöks ur flera olika perspektiv: teknisk-ekonomiskt, socio-
ekonomiskt, socio-tekniskt och politisk-ekonomiskt. Kopplingar mellan 
olika nivåer, från hushåll till globala, analyseras i förhållande till 
effektiviteten i bioenergipolitiken. Förutom hushållstudier och nationella 
studier, tas ett nord-syd-perspektiv genom att inkludera två regioner: 
Europeiska unionen (EU) och Södra Afrikas utvecklingsområde 
(SADC). EU biobränslepolicys relation till internationella klimat- och 
handelsordningar bedöms för att visa hur regional-globala kopplingar 
påverkar politikens utformning och genomförande.  

Hushållens bioenergimarknader i utvecklingsländer är otydliga och svåra 
att länka till andra sektorer; en detaljerad valmodell i Etiopien visade att 
produktspecifika faktorer bör utvärderas för att stödja utformningen av 
program och politik. Kommunala och sub-nationella marknader för 
bioenergi har framgångsrikt kopplats till nationella strategier för att 
samordna utbudet och efterfrågan i Brasilien och Sverige. Regional 
marknadsutveckling för biobränsle har stor potential i södra Afrika men 
regional-nationella kopplingar är för närvarande outnyttjade. Nationella 
insatsnivåer förblir relativt viktiga när det gäller energisäkerhet och 
miljöinnovation, vilket bevisats i Brasilien, Malawi och Sverige. 
Biobränslens hållbarhetskriterier i EU:s direktiv om förnybar energi (EU-
RED) utvärderades i förhållande till den internationella klimat och 
handelsregimen och det visade sig att vissa kostnader försköts till u-
länderna. En av mekanismerna för certifiering av hållbarheten av 
biobränsle är bilaterala avtal, som är ett oprövat men lovande instrument. 

Tvär-nivå kopplingar är oftast outnyttjade i de fall som studerats; 
nationella politiken inte kan fånga komplementaritet mellan sektorer och 
skalor i biofysiska och ekonomiska termer. Genom att länka 
biodrivmedelsmarknader på olika nivåer från lokalt till globalt genom 
mer specialiserade styrningsmekanismer kan detta bidra till att styra 
bioenergiomställningen mot hållbarhet. 

Keywords:  energiomställning, modern bioenergi, traditionell biomassa, cross-nivå 
kopplingar, institutionell design, regional utveckling, alternativa bränslen 
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1 Introduction, Objectives 
and Structure 

In recent years, bioenergy has become a major focus within the context 
of energy and climate policies around the world (IPCC, 2011; Rose et al, 
2013). Three main driving forces have placed bioenergy and especially 
biofuels high on the agenda of developed and developing countries alike: 
(1) energy security, in an era of rising fossil fuel prices and resource con-
flicts; (2) rural and agricultural development, in an era when rapid mass 
migration to cities has exacerbated socioeconomic strife and strained 
socio-ecological capacity; and (3) mitigating the impacts of climate 
change, particularly through reducing GHG emissions (Tilman et al, 
2009; Sorda, 2010). Bioenergy offers a local resource that provides em-
ployment in rural areas while also improving sustainability compared to 
non-renewable energy sources. At the same time, bioenergy entails much 
more significant requirements for land, water and nutrients compared to 
other energy sources and is also more labour-intensive than most other 
energy sources. Socio-economic and environmental impacts differ widely 
across the various types of biomass, the manner in which they are con-
verted to energy and the way that they are used (Gasparatos and Strom-
berg, 2012). Detailed analysis of site-specific data is required to deter-
mine these impacts, including energy and GHG balances, which form a 
key element in the assessment of their sustainability compared to other 
sources. The rapidly growing trade in bioenergy—and especially in liquid 
biofuels—has thus resulted in socio-economic and environmental im-
pacts in the producing countries not necessarily being well-reflected in 
the markets of the consuming countries (Endres, 2012; Johnson et al, 
2012). Energy and climate policies and institutions must therefore be 
adapted to the fact that bioenergy impacts cross all scales from local to 
global in ways that are increasingly complex and difficult to manage. 

1 . 1  M o t i v a t i o n  

The majority of biomass used for energy today differs little from the way 
that biomass has been used by humans for thousands of years for cook-
ing, lighting and heating (thus referred to as “traditional” uses of biomass 
for energy). The shift from agricultural to industrial societies that has 
been underway for several hundred years has been facilitated by the ac-
companying shift away from biomass to more concentrated forms of en-
ergy (Grübler, 2004; Smil, 2005). The return to biomass as a modern and 
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efficient source of energy therefore represents an historical reversal in 
terms of the exploitation of biomass resources even as the technologies 
employed are changing radically. Shifts in the sources and patterns of 
biomass used for energy have been facilitated by significant improve-
ments in the efficiency of conversion and end-use of biomass for energy 
while at the same time the value of the delivered energy is enhanced by 
the accompanying higher quality energy services (ESMAP, 2005; Mattick 
et al, 2010). Indeed, the increasing competitiveness of bioenergy with 
fossil energy is not only a matter of lower relative cost but also the fact 
that improvements in the quality (and controllability) of energy services 
provided by biomass conversion have been approaching the equivalent 
services offered by other energy sources and conversion systems (Faaij, 
2006). Coupling such improvements with improved local or domestic 
availability of biomass creates further advantages over imported fossil 
fuels in economic, environmental and political terms (Leach and John-
son, 1999; Chum et al, 2011). 

The diversity in biomass resource endowments, level of industrialisation 
and access to modern energy sources around the world means that dif-
ferent countries and societies are undertaking (or have undertaken) the 
shift to modern bioenergy use at quite different stages in their economic 
development (Johnson and Silveira, 2012). A number of developing 
countries are undergoing a shift from biomass to fossil fuels that is simi-
lar to the shift that developed countries underwent in previous centuries. 
At the same time, they also have the opportunity to make an earlier 
shift—relative to the path taken by their developed country counter-
parts—to more sustainable energy options, including modern bioenergy, 
due to the reduced costs and wider availability of renewable energy sys-
tems (Silveira and Johnson, 2014). Historical energy transformations are 
relevant for current efforts to guide the overall shift to sustainable energy 
and materials, and to apply the lessons from the energy transitions ex-
perienced in developed countries to the developing countries (Smil, 
2010). The unique role of bioenergy as a link between past and future 
paths in a comparative development context thereby becomes prominent 
(Johnson and Silveira, 2012). Understanding the dynamics behind these 
transformations and their relation to enabling policies could help to ex-
pedite the transition to modern bioenergy in developing countries. 

An understanding of the temporal relation between past and future bio-
energy use must be complemented by an understanding of the spatial re-
lation between bioenergy across different scales or levels and across dif-
ferent economic and political institutions associated with those levels, 
ranging from local to national to global. As with all natural resources, 
biomass “becomes”—i.e., is transformed into—tradable commodities 
through the social and political context, rather than having inherent or 
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deterministic economic value (Bromley, 1985). The site-specific nature of 
bioenergy defines both its sustainability and the economics of resource 
scarcity that affects its local short-term utilisation (Hall, 1991; Johnson, 
2007). Rapid population growth in developing countries contributes to 
scarcity of biomass and can further exacerbate poverty and environ-
mental degradation (Johnson and Jumbe, 2013). A more efficient use of 
biomass resources requires coordination at national and regional levels. 
Regional economic organisations that coordinate their energy and cli-
mate policies can transcend the constraints imposed at the national level 
by taking advantage of differing resource endowments and material re-
quirements and promoting regional transport and trading infrastructures 
(Johnson and Matsika, 2006; Johnson, 2011). At the global level, the 
much higher level of biomass productivity in tropical regions allows de-
veloping countries to exploit their comparative advantage and export 
biomass and/or bioenergy to temperate regions (Mathews, 2007). As the 
markets move from local to global, addressing the tripartite challenge of 
social, economic and environmental sustainability becomes increasingly 
complex: the land-intensive nature of bioenergy in particular can lead to 
undesirable impacts that policymakers and interest groups have been try-
ing to address (Dauvergne and Neville, 2009; Witcover et al, 2012). 

Energy policies and programmes tend to treat traditional biomass and 
modern bioenergy as separate issues. The policy context is thus charac-
terised by a “two-track” system in which traditional biomass use follows 
one track and modern bioenergy follows a rather different track. The 
former is characterised by efforts to develop more efficient stoves, ex-
plore fuel-switching options and move households and industries to-
wards a different structure of energy use (Pachauri and Jiang, 2008; 
Mainali et al, 2012). The latter is characterised by improved conversion 
systems and end-use platforms and fuel substitution predicated partly on 
GHG savings. The two-track approach is taken in developing country 
policies as well as in international cooperation programmes. Perhaps the 
most ambitious and longest-running programme was ProBEC, carried 
out in southern Africa during 1998-2010 with detailed studies, pilot tests 
and capacity-building aimed at the goal of improving household energy 
options and introducing more efficient stoves (ProBEC, 2010). The 
Global Alliance for Clean Cookstoves is a major multi-donor initiative 
launched in September 2012 with the goal to foster the adoption of clean 
cookstoves and fuels in 100 million households by 2020 (GACC, 2012). 
Although both programmes can be characterised as ambitious and com-
prehensive, their focus lies in the traditional biomass sector and linkages 
to other bioenergy sectors are generally not addressed. The missing link 
in some respects is thus a better understanding of the strategic value of 
modern bioenergy in terms of how a reduction in traditional biomass use 
can free up biomass for more productive uses (IPCC, 2014). 
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This two-track pathway raises a number of concerns from the perspec-
tive of improved management of biomass resource use as well as from a 
social equity view as to the lack of efforts on addressing the shortcom-
ings of the traditional biomass sector. Traditional biomass programmes 
are generally aimed at the world’s poorest people and can require a dif-
fuse and complex set of interventions; together with their low economic 
impact at national or regional levels, the result is rather low political 
weight or attention. The improved design of such interventions requires 
more detailed knowledge of how household energy markets operate and 
what factors drive the decisions on the use of traditional biomass vs. 
other energy options (Takama et al, 2012). At the same time, a better un-
derstanding of long-term transformations in the use of biomass could fa-
cilitate consideration of useful linkages between modern and traditional 
biomass options, between bioenergy and other uses of biomass, and be-
tween bioenergy and other sectors or services. A long-term perspective 
might illuminate other pathways, innovation management systems, or 
niche technologies that are otherwise not apparent (Geels and Schot, 
2007). From the perspective of economic development and low carbon 
transitions, a better understanding of how and why shifts in bioenergy do 
or do not occur can lead to a rather different role for bioenergy in Least 
Developed Countries compared to the limited role it had in the eco-
nomic development of OECD countries (Johnson and Silveira, 2012). 

1 . 2  R e s e a r c h  O b j e c t i v e s  a n d  Q u e s t i o n s  

In this thesis, I develop and apply the concept of the bioenergy transition, 
which is defined as “the transformation of biomass from a local energy 
resource into a multi-purpose global commodity (Johnson, 2007).” The 
concept is used in considering policies, institutions and governance 
mechanisms operating at different levels ranging from household to 
global, which can be seen as steering the transition towards long-term sus-
tainability, albeit with varying levels of success. This conceptualisation 
fits well with the definition of governance as “the totality of mechanisms 
and instruments available to collectively steer social systems” (Lafferty, 
2004). This process of steering is reflected in the basic political-economic 
driving forces that have made bioenergy a major policy issue in recent 
years. Indeed, the speed with which bioenergy entered the en-
ergy/climate policy debate during only the past 5-10 years is revealing in 
terms of the importance of the transition and the attempts to accelerate 
that transition (Johnson and Silveira, 2014). The driving forces for an 
expansion of bioenergy and biofuels face a number of constraints that 
complicate the transition, arising from a myriad of socio-economic and 
environmental impacts. The response to these constraints leads to new 
and innovative technologies or applications, which involve a wide range of 
actors within different networks (Geels, 2012). The bioenergy transition 
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can therefore also be analysed as a socio-technical transition in which the 
various actors pursue different technological pathways based on the 
background and interests of their group or network (Geels, 2002; van 
den Bergh and Bruinsma, 2008). The social/political context of energy 
has undoubtedly risen in prominence in recent decades and is arguably 
more significant for bioenergy compared to other energy classes or 
sources: bioenergy is more labour-intensive than most other classes of 
energy and bioenergy systems cross more sectors and types of actors. 
Furthermore, due to the land-intensive nature of bioenergy systems, they 
can directly affect far more people across all social classes, in comparison 
with other energy sources (Johnson and Rosillo-Calle, 2007; Dauvergne 
and Neville, 2010; Johnson et al, 2012).  

 

Figure 1: levels for political, economic and social institutions 

The transformation of bioenergy from a local to a global resource re-
quires actors to engage with new and different networks and institutions, 
ranging from energy end-users at household level to global regimes re-
lated to energy, environment and trade (Figure 1). New linkages arise 
across these different levels that in turn impact the direction and pace of 
change in bioenergy markets. This thesis is especially concerned with 
such cross-level linkages, which arise as public and private actors and net-
works try to impact markets and resources that not only lie outside of 
their jurisdictions or physical territories, but may operate at a completely 
different economic, political and/or organisational level (Cash et al, 
2006; Young, 2006). These linkages create new dynamics to which social, 
political and economic institutions must then be adapted. Such linkages 
normally go through different phases over time: a phase of emergence in 
which technology platforms, resources and issues are presented and dis-
seminated, a phase of exploitation, in which actors and networks mobilise 

•International Regimes (Climate, Trade), 
multinational companies Global 

•Political-Economic bodies: (EU, SADC) Regional 

•Legislation, policies, institutions National 

•Metropolitan areas, economic 
development zones Sub-national 

•Local governments;  
bioenergy companies Local/municipal 

•Energy end-users Households/communities 
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to take advantage of the linkages; and convergence (or lack thereof), in 
which some resolution is achieved as to the options or pathways avail-
able. The cross-level or cross-scale linkages complicate the bioenergy 
transition by challenging or uprooting the traditional organisational 
structures associated with political, social and economic governance 
(Lima and Gupta, 2013). How these linkages are managed in turn affects 
the nature and pace of change in bioenergy systems and markets. Conse-
quently, technical and economic factors are not easily separable from so-
cial and political dimensions. The basic research question in this thesis 
can thus be summarised as follows:  

How does the bioenergy transition at different levels re-
late to energy, environment and development policy goals 
aiming at long-term sustainability and how can linkages 
across these levels be exploited in relation to such goals?  

This broad question is further subdivided into four sub-questions that 
have been explored in detail in the case studies or assessments contained 
in the constituent publications of the thesis: 

(1) What factors drive the bioenergy transition at household level 
and how do these factors relate to the choices of decision agents 
and to the local and national context? 

(2) How can programmes and policies at national level drive the 
bioenergy transition and how do they interact with analogous 
policies at local, sub-national and regional levels across different 
development levels and pathways? 

(3) How and in what context can regional approaches better exploit 
the bioenergy transition compared to national level approaches 
with respect to energy, environment and development goals? 

(4) What is the relation between regional approaches and global re-
gimes with respect to energy, environment and development 
goals aimed at steering the bioenergy transition? 

These research questions move successively up the scale from the 
household level to the global level, analysing in each case the key driving 
forces in the shift towards modern bioenergy and focusing especially on 
linkages across levels that hasten or constrain the bioenergy transition. 
This research structure thus facilitates an inquiry as to how the bioenergy 
transition is affected by such cross-level linkages, which have become 
more apparent in recent years as the transition has accelerated in some 
areas in response to energy, environment and development drivers. By 
looking across levels, the economic-social-political processes through 
which biomass is transformed into a global energy commodity are inves-
tigated within a broader framework that highlights tradeoffs between en-
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vironment and development objectives (Johnson, 2007). From a techni-
cal or economic viewpoint, the transition might be viewed as inevitable 
and relatively quick whereas the historical social and political contexts 
reveal complexities in the direction, nature and pace of the transition. 
The next section (1.3) provides introductory thematic background to 
elaborate on the purpose and focus of the research, while section 1.4 
summarises the approach. The scope of the thesis is described in section 
1.5 and the overall structure is given in section 1.6. 

1 . 3  F r o m  t r a d i t i o n a l  t o  m o d e r n  b i o e n e r g y  

Of special concern in this thesis is the global shift away from traditional 
uses of biomass—for cooking, heating and lighting—in combination 
with the shift towards modern bioenergy. The distinction between the two 
is not simply a matter of technical efficiency: it is more an issue of im-
proved energy services obtained and new applications (Bazilian et al, 
2010; Chum et al, 2011; Smeets et al, 2012). Traditional uses of biomass 
only provide heat or light that is difficult to regulate, whereas modern 
bioenergy offers high-quality energy services across different carriers 
(solid, liquid, gas, electricity) and can be better matched to end-user 
needs (Leach and Johnson, 1999; Faaij, 2006; Macqueen and Korhaliller, 
2011). Nevertheless, the improvements in efficiency ultimately become 
quite significant when the entire supply chain is considered, since the 
same amount of raw materials can be used to obtain much more useful 
energy, thus reducing environmental and economic costs (ESMAP, 
2005). Some fuels and applications, such as charcoal stoves and small-
scale biogas, can be seen as intermediate between traditional and modern 
in that the quality of energy services is improved although the efficiency 
or flexibility might be lower (Barnes and Floor, 1996; Foell et al, 2011).   

The shift from traditional to modern bioenergy is generally not direct, 
especially since traditional biomass is used primarily in the household 
sector. The shift occurs instead mainly through various indirect routes 
alongside economic development processes as production shifts away 
from the informal sector and also moves outside the household itself. 
With modern bioenergy applications, the role of energy as a driver for 
sustainable development also takes on greater significance (Kartha and 
Sagar, 2000; Johansson, 2002). In this context, modern bioenergy is seen 
as supporting improvements in both agricultural and industrial produc-
tivity and thereby creating alternative pathways for economic develop-
ment (ESMAP, 2005; Mulugetta and Urban, 2010). Furthermore, coun-
tries and regions vary tremendously in their land and resource endow-
ments as well as in their capacity—and willingness—to productively 
convert and use biomass for energy; consequently there is considerable 
variation in the feasibility and effectiveness of the shift towards modern 
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bioenergy regardless of the level of dependence on traditional biomass 
(WBGU, 2009). At the same time, there are some cases where a direct 
shift is feasible and effective, such as towards the use of ethanol and bio-
gas (Goldemberg et al, 2004; Utria, 2004; Johnson and Takama, 2012).  

Understanding how the shift from traditional to modern bioenergy re-
lates to the overall sustainability transition thus requires a dynamic per-
spective across different scales concerning the processes of change and 
how key actors and networks affect these processes. Designing appropri-
ate programmes and policies to support the transition calls for greater at-
tention to the analysis of interactions between techno-economic, socio-
economic and socio-political processes over time (Owen et al, 2012; 
Johnson and Silveira, 2014). The changing patterns of biomass use are 
also coincident with—and facilitated by—the physical and economic 
transformation of bioenergy from a local resource to a global commodity 
(Johnson, 2007; ISO, 2011). As these new patterns emerge for different 
biomass or bioenergy products and markets, the levels and scales associ-
ated with biomass use become more closely connected and the scope 
changes considerably. In order to probe further the linkages across dif-
ferent scales of biomass use and the associated levels of governance, an in-
terdisciplinary approach is needed, so as to capture social and political in-
fluences alongside technical and economic parameters.  

1 . 4  A p p r o a c h  

Historical transitions in energy use—and the associated systems and 
technologies—have been closely connected to the major structural 
changes from agrarian to industrial societies (Cook, 1971; Smil, 2010). 
Connecting the lessons from such historical transitions to the implica-
tions for the future global transition to sustainable energy requires an in-
tegrative and interdisciplinary perspective (Goldemberg et al, 1988). 
Technological, political, economic and socio-cultural elements become 
increasingly difficult to separate, as the new systems become embedded 
in socio-economic and political processes (Rip and Kemp, 1998). Such 
interconnectedness is particularly evident in the case of bioenergy due to 
the cross-scale and cross-sector linkages that arise as bioenergy moves 
away from the predominantly local uses that have characterised it for 
thousands of years (Johnson and Silveira, 2012). At the same time, the 
historical record also shows that radically new or innovative technologies 
and applications can quickly dominate shifts in energy use when the un-
derlying socio-economic and political conditions support their adoption 
(van den Bergh and Oosterhuis, 2008). 
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1 . 4 . 1  C o n c e p t u a l  F r a m e w o r k s  

The use of biomass for energy competes with other classes and systems 
of energy; in order to place the bioenergy transition in perspective, it is 
necessary to relate this transition to the more general conceptual frame-
works concerning the nature, direction and pace of major shifts in the 
structure of energy use over time. Such major shifts have been referred 
to as Energy Transitions so as to emphasise that they are long-term 
processes of change that have significant social, economic and political 
implications (Meadowcroft, 2009; Smil, 2010). The most common 
frameworks were reviewed and scrutinised as to their relevance for de-
scribing and explaining the bioenergy transition, including the following: 

(1) The Energy Ladder 
(2) Industrialisation and Technological Change 
(3) Long-term Energy/Economic Structural Changes 
(4) Evolutionary and/or Ecological Perspectives 
(5) Energy Services Approach 
(6) Multi-Level Perspective 

Each of these frameworks aims to explain energy transitions over time, 
with the last of these (Multi-Level Perspective) aiming to address tech-
nology and sustainability transitions generally rather than only energy 
transitions. By drawing on these conceptual frameworks to varying de-
grees, the bioenergy transition is thereby placed in the context of the 
overall transition to sustainable energy (Johnson, 2007; Johnson and 
Silveira, 2012). 

1 . 4 . 2  D i m e n s i o n s  o f  A n a l y s i s   

The overall conceptual framework for the bioenergy transition is divided 
across different dimensions to facilitate the detailed case studies at dif-
ferent levels ranging from household to global. Together these dimen-
sions facilitate the integrative and interdisciplinary approach adopted in 
the thesis. The overall approach taken in this thesis thus includes four 
different analytical dimensions: 

1. Socio-economic or behavioural, in relation to the adoption of 
biomass-based fuels and technologies; 

2. Socio-technical, focusing on actors and networks in relation to 
the introduction of new technologies and management systems; 

3. Technical-economic, particularly in the relation between the 
costs of supply and the structure of demand; and 

4. Political-economic, especially the structure and effectiveness of 
policies and institutions governing bioenergy use. 
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These different dimensions are applied alongside qualitative and quanti-
tative analysis of energy use at different levels, ranging from household 
to global. In this manner, a special focus is placed on the linkages across 
levels that liberate and constrain the expansion and/or development of 
bioenergy systems and markets, and thereby investigate the implications 
of these linkages for the design of policies and institutions that can 
“steer” the bioenergy transition towards improved sustainability. In each 
case study or assessment, one of these four perspectives has served as 
the primary dimension of analysis, while the others serve as secondary 
dimensions or provide key insights or references, thus facilitating an in-
terdisciplinary synthesis (see Table 1). 

Table 1: Analytical approach/dimensions applied in the publications  

Paper: 

Analytical approach 

I II III IV V VI VII 

Socio-economic + + +++ + + + + 

Socio-technical + + + + +++ + +++ 

Technical-economic +++ + + +++ + + ++ 

Political-economic ++ +++ + + + +++ + 

 +++ Primary; ++ Secondary; + Insights/References 

1 . 4 . 3  T o o l s  a n d  M e t h o d s  

Using this analytical approach, quantitative methods (biomass en-
ergy/economic analysis, econometric modelling, and historical data gath-
ering) were used for the techno-economic and socio-economic analyses 
in Papers I, III and IV. The methods used in Papers I and IV are derived 
from standard techno-economic principles concerning the costs of bio-
mass supply and the structure of demand (Johnson and Matsika, 2006; 
Rosillo-Calle and Woods, 2012; Johnson and Silveira, 2012). In Paper 
III, a new methodology based on discrete choice analysis was developed 
for studying household energy choice (Mcfadden, 1973; Takama et al, 
2012), which enabled detailed economic comparisons but at the same 
time could be complemented by background assessments that contrib-
uted to the overall thesis results. Largely qualitative methods were used 
in papers II, V, VI and VII. Of special interest for these papers were 
methods related to socio-technical analysis and political economy (Geels, 
2002; NBER, 2007; Geels and Schot, 2007). More details on the tools 
and methods are given in the Methodological Framework development 
detailed in Chapters 3 and 4 and also in the case studies where they were 
applied in Chapters 5, 6, 7 and 8.  
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1 . 5  S c o p e  o f  t h e  T h e s i s  

The research questions are investigated through a set of complementary 
case studies or assessments at levels ranging from household to global. 
The site-specific nature of bioenergy results in bioenergy systems span-
ning many different economies of scale (Hall, 1991; Faaij, 2006). Fur-
thermore, the wide scope of applications and the wide-ranging impacts 
on land use requires analysis at particular locations, within selected agro-
ecological areas and/or with a focus on particular biomass resources. In 
order to investigate the role of policies and institutions, biofuels assess-
ments naturally require analysis at national, regional and global levels; the 
choices in this thesis were thus based specifically on the aim to investi-
gate linkages at two or more levels. In defining the scope of the thesis, it 
is thus necessary to clarify which biomass resources shall be considered, 
what geographical areas are chosen and emphasised, and why particular 
historical frames have been viewed as relevant. Each of these aspects is 
addressed below. 

1 . 5 . 1  B i o m a s s  R e s o u r c e s  

Unlike other renewable energy sources, energy from biomass can cross 
all energy carriers—solid, liquid, gaseous, mechanical, heat, electricity 
and even hydrogen. As such, it can be distinguished especially from en-
ergy systems that operate along one carrier, such as the production of 
electricity from wind or hydropower, which are somewhat more amena-
ble to traditional types of academic inquiry and research along economic, 
technical, social or political lines. With biomass, one is confronted not 
only with the classic issues of scale and impact, but also with many more 
preceding and/or interrelated choices as to resources, carriers and appli-
cations (ESMAP, 2005; Faaij, 2006). Furthermore, biomass provides not 
only energy but also food and fibre as well as feedstock for various bio-
chemical or bio-based products (Johnson and Virgin, 2010). In some 
cases, the same technological platform or system results in conversion to 
multiple carriers and/or multiple products, which has contributed to the 
concept of the modern biorefinery, which is envisioned as a technological 
complex or system in which raw materials are used in a variety of cascad-
ing and/or jointly-designed processes that extract the maximum value in 
energy-economic terms (Kamm and Kamm, 2006). Therefore the many 
bio-physical linkages that can arise in the use of biomass for energy fur-
ther complicate the analysis and distinguish it fundamentally from other 
energy sources: biomass is the only class of energy resources that is also 
intimately connected to the production of renewable materials. Long-term 
sustainability will require a bio-based economy that includes the substitu-
tion of minerals and metals (e.g. iron, copper) as well as the substitution 
of renewable for non-renewable energy sources (van Dam et al, 2005).  
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The importance of developing the overall bio-economy is acknowledged, 
but this thesis maintains a somewhat narrower focus by emphasising par-
ticular pathways and biomass options that offer both an historical record 
and a development-oriented perspective. Consequently, although there is 
some discussion and analysis for solid and gaseous bioenergy in this the-
sis (and even non-energy uses of biomass), there is a special focus on 
liquid biofuels and especially bioethanol, mainly for transport (hence-
forth referred to simply as biofuels). The case of bioethanol that uses sug-
arcane as its feedstock is particularly highlighted, as it is widely available 
in developing countries and because it is seen as the most cost-effective 
commercially available biofuel/feedstock (Johnson and Matsika, 2006; 
Goldemberg, 2007). The case of bioethanol facilitates analysis along a 
fairly long historical record with the objective of connecting this histori-
cal record with contemporary policy questions aimed at broader en-
ergy/environment issues. The emphasis on biofuels and especially bio-
ethanol is reflected in the constituent publications in the thesis: two pa-
pers focus only on bioethanol, three papers focus on liquid biofuels, and 
the other two papers have a broader bioenergy focus. The thesis thereby 
also illustrates how biofuels systems and markets are connected with the 
long-term dynamic context of the bioenergy transition: the connections 
occur through commonalities in technology platforms, implementing 
policies and legislation, socio-political networks and co-products, the lat-
ter being a classic feature of biomass and bioenergy markets (Wang et al, 
2011). Thus, the concepts developed could also be applied to biomass 
and bioenergy more generally and not only to biofuels or bioethanol. In 
other words, the bioenergy transition here is investigated primarily 
through case studies drawn from particular policy contexts for bioetha-
nol and biofuels. 

As a feedstock found predominantly in developing countries, the case of 
bioethanol from sugarcane provides a valuable lens on the North-South 
issues that have coloured the biofuels policy debates in recent years 
(Mathews, 2007). Energy demand remains concentrated in the North 
(developed countries) while the most efficient resources in biophysical 
terms are concentrated in the South (developing countries). Even this 
equation is itself rapidly changing with the rise of India and China, 
whose surging demand has resulted in new pathways for South-South re-
lations in the form of technology transfer, international trade and land 
investment (Mathews, 2007; Dauvergne and Neville, 2009). In many 
ways, biofuels are the “hook” that is helping to pull the broader ques-
tions of the bio-based economy and the bioenergy transition into the 
forefront of policy debates. Bioethanol from sugarcane—along with its 
associated products, markets and services—offers a valuable test case, as 
it provides a benchmark against which other biofuels, bioenergy systems 
and bio-based technologies are being judged and compared (Furtado, 
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2011; Johnson and Batidzirai, 2012). The focus on bioethanol is supple-
mented as appropriate through comparisons with other bioenergy 
sources and uses as well as non-energy products or services, all of which 
may be competing or complementary depending on the location and na-
ture of the markets involved. 

1 . 5 . 2  G e o g r a p h i c a l  S c o p e   

The geographical scope of this thesis is by necessity global, as it is the 
overall physical-economic shift in bioenergy use and the relative experi-
ences across countries and regions that are of interest here, rather than 
the changes occurring in a particular country or region. However, certain 
countries and (economic) regions are of special concern and are high-
lighted in the analysis; the examples at different levels from household to 
global illustrate the tangible effects of cross-level linkages since the concern 
is more with concrete policies and institutions rather than theoretical as-
pects. Two world regions are in special focus: the European Union (EU) 
and the Southern African Development Community (SADC). Together 
these two regions illustrate the North-South relation that has recently 
engendered much controversy in the formulation of biofuels policies, 
with the EU as a major importing region and SADC as a potentially sig-
nificant exporting region. Other nations and regions are considered by 
way of comparison, particularly Brazil as the world’s most important bio-
fuels producer, along with the overall global developments in bioenergy 
use and trade. Among EU countries, Sweden has assumed a leadership 
role with respect to both research and implementation (or deployment), 
and was also the first to place emphasis on multiple sectors (heat, elec-
tricity, transport, household) and thereby developing both solid and liq-
uid bioenergy markets and even a market for biogas. In Africa, the case 
of Malawi stands out as the only country that has continuously used bio-
fuels in the transport sector over several decades (Watson, 1990; CARD, 
2012). The three countries together provide the opportunity to look 
across different levels of economic development in relation to the nature 
and timing of bioenergy transitions (Johnson and Silveira, 2014).  

1 . 5 . 3  H i s t o r i c a l / T e m p o r a l  S c o p e  

Contemporary policy analysis on energy and environmental issues tends 
to focus on recent developments in order to evaluate future technology 
options and impacts. The extrapolation of historical trends in energy use 
has long been used as the basis of forecasting in order to design energy 
policies and programmes. Such forecasts are often accepted as the most 
likely future pathways from which to choose, even though the forecasts 
have almost always turned out to be highly inaccurate (Smil, 2000). Even 
though energy analysts might well understand the limitations of the 
models, the politician and layman do not, and are tempted to treat the 
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forecasts as being much more reliable than they are. More importantly, 
the process of developing increasingly mathematically complex scenarios 
or forecasts distracts from the more important tasks of careful delibera-
tion on unexpected and disruptive events and more detailed evaluation 
of “no-regrets” policy options, which require normative assessments and 
deeper contextual analysis (Smil, 2005). In order to apply the lessons of 
past energy transitions to future ones, the historical record in technology 
deployment must be carefully considered (Fouquet, 2010; Smil, 2010). 
Bioenergy has a unique historical role among all energy sources and at 
the same time, basic physical resource principles suggest that it will have 
a critical role in the future (Liska and Heier, 2011).  

In this thesis, reference is made to the historical role of bioenergy across 
different timeframes of industrialization and development. In the case 
studies where historical assessments are included, there is an emphasis 
on the period since the oil crisis of 1973, which is arguably a crucial pe-
riod for the case of liquid biofuels in transport that forms a focus in this 
thesis. The oil crisis has also been found to be a major breaking point in 
the observed role of energy productivity in developed countries, meas-
ured empirically as useful work (Warr et al, 2010). Coupled with this ob-
servable economic effect are the more general societal effects of the oil 
crisis in terms of marking a paradigm shift in the understanding of long-
term dependence on non-renewable resources (Odum and Odum, 1976; 
Yergin, 1991). The concept of the energy theory of value that originated 
in the early part of the twentieth century re-emerged after the oil crises 
and changed the way that non-renewable vs. renewable resources were 
viewed and evaluated (Scott, 1933; Odum, 1973; Costanza, 1980). 

Scientific methods themselves also affect which systems undergo scru-
tiny and which systems are able to attract support in the process of ex-
perimentation and diffusion. The social science perspective on techno-
logical change that has emerged especially over the past two decades can 
itself be viewed as a paradigm shift (Nill and Kemp, 2009). Transforming 
energy systems and development pathways to account for the impacts of 
climate change also represents a paradigm shift and affects the design of 
institutions aimed at deploying and disseminating technology (Skea et al, 
2013). Ideological shifts have historically played a major role in accep-
tance of new technological systems and thus the ideologies adopted in 
supporting key technologies—and how they are communicated—are  
also relevant in understanding why and how some energy pathways are 
chosen (Geels, 2002). The historical perspective is also important in ana-
lysing energy transitions due to the fact that there is considerable path de-
pendence for energy systems and markets since increasing returns to scale 
gives a tremendous advantage to the first technological systems estab-
lished (Arthur, 1989). All of these factors point to a conclusion that the 
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bioenergy transition should not be seen as having inevitable and deter-
ministic endpoints but is a complex process in which technology and 
economics are embedded within a social and political context that affects 
the options and pathways chosen (Rip and Kemp, 1998). 

1 . 6  P u b l i c a t i o n s  a n d  t h e s i s  o r g a n i s a t i o n  

As shown in Figure 2, each of the papers included in the thesis extends 
across at least two of the six different levels for policy/technology analy-
sis (recall Figure 1) and is rooted primarily in one of the four institutional 
perspectives or dimensions (recall Table 1). Each paper considers link-
ages across these levels and how they affect the design of policies and in-
stitutions aimed at improving the sustainability of bioenergy use and/or 
the shift towards biofuels and modern bioenergy. Taken together, the 
papers illustrate key elements in the transformation from biomass as a 
local energy resource to a global commodity. 

 

Figure 2: Relation of paper topics to different levels and primary analyti-
cal dimensions 

The thesis is organised in five components (Introduction; Thematic 
Background; Methodological Framework; Results and Discussion; and 
Conclusions) and nine chapters (Figure 3). Chapter 2 (based in part on 
Paper IV) details the distinction between traditional and modern bio-
energy and provides a brief overview of biomass resources, conversion 
and utilisation and the land use implications of bioenergy use. Chapter 3 
(also based in part on Paper IV) reviews key theoretical constructs for 
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explaining energy shifts over time and space and how they relate to the 
bioenergy transition. Chapter 4 explains the four key dimensions or ana-
lytical perspectives that were used (technical-economic, socio-economic, 
political-economic, socio-technical) and develops the notion of cross-
scale or cross-level linkages in biofuels and bioenergy markets. 

 

Figure 3: Thesis components, chapters, and relation to publications 

 

Chapters 5 through 8 summarise the research results and provide discus-
sion on the case studies or assessments. Each of the Results chapters ad-
dresses one of the four research questions (given in section 1.2) and in-
corporates one or two of the publications, as summarised below: 

1. Chapter 5 (Paper III): The bioenergy transition at household 
level was investigated through a socio-economic model applied 
in Ethiopia on stove/fuel choice, characterising key factors and 
showing how decisions are linked to local and national context. 

2. Chapter 6 (Papers V and VII): The bioenergy transition in a 
national context was analysed using a socio-technical lens in 

Introduction, Objectives and Structure (Chapter 1) 

•Chapter 2: Biomass energy - the Old and the New (based in part on 
Paper IV) 

 Thematic Background 

•Chapter 3: Energy Transitions (based in part on Paper IV) 

•Chapter 4: Analytical Dimensions 

Methodological Framework 

•Chapter 5: Household-level bioenergy transitions: a case study in 
Ethiopia (based on Paper III) 

•Chapter 6: National Programmes in Brazil, Malawi and Sweden (based 
on Papers V and VII) 

•Chapter 7: From National to Regional Markets: the case of bioethanol in 
southern Africa (based on Paper I) 

•Chapter 8:  Regional Markets and Global Regimes: biofuels in the EU 
Renewable Energy Directive (based on Papers II and VI) 

Results and Discussion 

Conclusions (Chapter 9) 
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Brazil, Malawi and Sweden, illustrating sub-national and regional 
linkages across different development levels and pathways.  

3. Chapter 7 (Paper I): A detailed assessment on sugarcane bio-
ethanol in SADC region considered the advantages of a regional 
rather than national approach to the bioenergy transition, with 
respect to energy, environment and development goals. 

4. Chapter 8 (Papers II and VI): EU biofuel policies were evalu-
ated with respect to climate, trade and development objectives, 
examining the relation between regional and global regimes 
(climate, trade) that have co-evolved around the use of biofuels. 

Chapter 9 (Conclusions) synthesises key elements in the process of 
“steering” the bioenergy transition towards sustainability, relating this 
process to the management of cross-level linkages and the challenges 
thereby posed for social, political and economic systems. 

1 . 7  R e s e a r c h  C o n t r i b u t i o n s  

The primary research contribution lies in the conceptual development of 
the bioenergy transition as a long-term transformative process and in the 
accompanying interdisciplinary policy analysis that integrates spatial and 
temporal perspectives on the bioenergy transition across different socio-
political levels. Within this overarching contribution, some specific con-
tributions can also be noted in the spirit of “depth with breadth” that 
characterises energy analysis (Lutzenheiser, 1994; Ghanadan and 
Koomey, 2005) as well as interdisciplinary research in general: 

 A data set was developed, using several different sources, on histori-
cal bioenergy use across long time periods (50-100 years or more), 
which can be used to inform cross-country comparisons and correla-
tions with other indicators (Chapter 2 and 3, Paper IV). 

 A new methodology for analysing household stove/fuel choice was 
designed and applied in Ethiopia, emphasising product-specific fac-
tors that could help to design programmes aimed at accelerating the 
bioenergy transition at household level (Chapter 5, Paper III); 

 A novel socio-technical framework was designed through an histori-
cal comparison crossing three economic development levels (devel-
oping, emerging, developed) in the three countries studied (Malawi, 
Brazil, Sweden), revealing commonalties and differences that can in-
form biofuels policy development elsewhere (Chapter 6, Paper V). 

 The design of specific strategies at regional level in developing coun-
tries is often hampered by the emphasis on national policies and by a 
lack of data; a regional assessment on the energy potential for sugar-
cane/bioethanol in southern Africa was built up by bringing together 
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disparate estimates and assumptions into a more consistent frame-
work (Chapter 7, Paper I). 

 Whereas policy analyses are often conducted for policies that have ac-
tually been implemented or are under implementation, this thesis has 
the novel addition of a detailed institutional analysis on the non-
implementation of bilateral agreements for EU biofuels sustainability, 
thus revealing energy transition pathways and cross-level linkages that 
are foregone or unexplored when the aims of legislation are not ful-
filled (Chapter 8, Paper VI). 

The case studies and assessments are brought into one common frame-
work by focusing on the exploitation of linkages across levels from 
household to global. The bioenergy transition can then be seen as consti-
tuting a complex and inter-connected process of social, economic and 
political change. Policies and institutions associated with biomass and 
bioenergy markets that may have been conceived independently are 
thereby shown as being interconnected and as being part of the bio-
energy transition. The bioenergy transition is thus posited as a unifying 
perspective that cuts across socio-political levels and techno-economic 
options by focusing on the broader societal implications of the long-term 
shift of biomass from local resource to global commodity. 
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2 Biomass Energy: the Old 
and the New 

Energy derived from biomass (bioenergy) is both an old and a new class 
of energy resources. Biomass is still used in its traditional forms—for 
cooking, heating and lighting—by more than one-third of the world’s 
population. At the same time, bioenergy is a new energy source, due to 
the diversity of options and energy carriers and the rapid emergence of 
new applications and technology platforms (Faaij, 2006; Chum et al, 
2011). The global upscaling of bioenergy that is now underway has also 
led to greater recognition of the considerable resources and inputs that 
are required for feedstock production, particularly land, water and nutri-
ents. At the same time, such expansion in biomass for energy has to be 
reconciled with land and water competition due to increasing demand 
for food, feed and fibre (Johnson and Virgin, 2010).  Energy, climate and 
development policies will need to recognise the linkages across different 
uses of biomass so as to exploit synergies and avoid conflicts. Even as 
modern bioenergy expands into new applications and markets in the 
coming decades, the local importance of traditional biomass uses in de-
veloping countries will continue for quite some time and must be incor-
porated into energy/climate policies and institutions. In this chapter, a 
brief overview is provided on biomass as an energy source, including the 
distinction between traditional and modern uses of biomass for energy. 
Greater detail on definitions and historical context is found in Paper IV 
(Johnson and Silveira, 2012). 

2 . 1  T r a d i t i o n a l  b i o m a s s  u s e  

Biomass in the form of firewood, agricultural residues and animal dung 
has been used for millennia as a source of energy for cooking, heating 
and lighting (Cook, 1971; Mattick, 2010). The majority of households in 
the developing world continue to rely on such traditional forms of bio-
mass for cooking: the estimated number of persons and the share of 
population dependent on biomass for cooking in key countries and 
world regions are given in Table 2. The share is highest in sub-Saharan 
Africa, where 81% of the population continues to rely on traditional 
sources, mainly in the form of fuelwood. Traditional biomass use is also 
found in small and medium-sized enterprises in developing countries. 



Doctoral  Thesis  /  F ranc i s  X.  J ohnson  

20 
 

Since traditional biomass is often gathered for free and used by the 
world’s poorest, it receives less attention in major assessments, statistical 
databases and in terms of money spent on research or analysis. Uncer-
tainties arise due to the difficulty of establishing surveys for biomass, the 
local nature of biomass use and the variety of sources. Even where sur-
veys exist, there is considerable variation in reported prices and quanti-
ties since measurement methodologies differ across and within countries. 
Biomass statistics and monitoring have historically received only limited 
attention from energy departments in many developing countries, where 
it has been thought of as a poor man’s fuel that should be phased out 
(Hall, 1991). Energy/development planners and policy makers tend to 
view biomass as the “Cinderella” of fuels, i.e. dirty and inefficient, in 
spite of its prevalence and versatility in local terms (Openshaw, 2010). In 
the policy context, bioenergy is under-represented; few developing coun-
tries have a cohesive strategy for the energy source that comprises 80% 
or more of their primary energy (Macqueen and Korhaliller, 2011). 

Table 2: Estimated persons dependent on biomass for cooking/heating  

 Number of people 
(millions) 

Share of total 
population (%) 

Sub-Saharan Africa 696 81 

North Africa/Middle East 12 4 

India 772 66 

China 387 29 

Other Developing Asia 655 64 

Latin America 65 14 

Total 2588 38 

Source: IEA, 2013 

The use of lower quality biomass such as agricultural residues and animal 
dung is often correlated with local scarcity of fuelwood and associated 
with those populations that have little or no access to—or  cannot afford 
to purchase—modern fuels and conversion devices (Leach, 1992). Re-
gions of high population density and associated low availability of wood 
per capita, mainly in Asia, are today the greatest users of agricultural 
residues and animal dung as energy sources: such sources comprise more 
than 25% of household energy supply in some rural areas in South and 
Southeast Asia (Fernandes et al, 2007). 

Increasing population and fuelwood use has historically raised concerns 
for forest degradation and destruction. The deforestation in developing 
countries observed in the 1970s was attributed to household consump-
tion for woodfuel and charcoal and came to be known as the “fuelwood 
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crisis” in the literature (Bhagavan, 1984). However, subsequent research 
showed that the deforestation was mainly attributable to companies and 
industries that were clearing land for agricultural uses and timber (WEC, 
1999). The notion that communities would quickly descend into a 
“Tragedy of the Commons” (Hardin, 1968) in their use of forest re-
sources was a gross simplification that ignored the role of informal insti-
tutions. Local communities often showed a marked ability to implement 
informal customs in preserving land and forest for future uses (Leach 
and Mearns, 1988). Thus, there was no widespread scarcity or crisis in 
terms of rural dwellers’ use of fuelwood. However, agricultural clearing 
for industrial uses along with rapid urbanisation during the past few dec-
ades have changed the picture considerably. Rural dwellers now produce 
significant amounts of charcoal to supply urban areas. The low efficiency 
of traditional charcoal production has increased pressure on forest re-
sources and led to unsustainable harvesting. The more densely populated 
developing countries with few indigenous energy resources are facing 
biomass scarcity and deforestation or degradation, requiring new strate-
gies to improve energy access and reduce climate impacts (Johnson and 
Rosillo-Calle, 2007; Johnson and Jumbe, 2013).  

2 . 2  C h a r c o a l  M a r k e t s  

Fuelwood was the sole use of biomass for energy from the discovery of 
fire several hundred thousand years ago until several thousand years ago 
when techniques for making charcoal were developed (Harris, 1999). 
Charcoal was used for smelting copper and was later used at iron and 
steel works for several centuries even after the discovery of coal, due to 
the high sulphur content and impurities in coal. After the development 
of a method for producing coke from coal, the use of charcoal in the 
iron and steel industry decreased fairly rapidly (Fouquet, 2008). Never-
theless, it is still used widely today in the iron and steel industry in Brazil 
(Silveira, 2012). In regions of low population density where wood can be 
harvested sustainably, substitution of charcoal for coal in steel-making 
continues to offer a low cost climate mitigation option (FAO, 2010).  

Until fairly recently, the use of charcoal for household cooking was 
modest, but it has become quite popular in recent decades with the sig-
nificant migration to urban areas, especially in eastern and southern Af-
rica. Charcoal has an energy density that is nearly double that of fuel-
wood and roughly comparable to the energy density of high quality hard 
coal (FAO, 2004). Consequently, charcoal has emerged in Africa as a 
significant regionally and internationally-traded commodity, with fairly 
low price variations regardless of the distance transported (Hibajene and 
Ellegård, 1994; Johnson and Rosillo-Calle, 2007). As shown in Table 3, 
the use of charcoal in Africa is high and its importance has been increas-
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ing, accounting for 60% of all charcoal used in the world. The actual fig-
ures for Africa are likely much higher, since production (but not sale or 
use) is illegal in many countries (Christian and Sander, 2009; Zulu, 2010). 

Table 3: Charcoal production in different regions (million tonnes) 

Year Africa Americas Asia Other World 

2000 20.4 9.67 6.58 0.34 37.0 

2005 24.5 13.2 8.01 0.53 46.2 

2010 28.9 10.4 8.40 0.57 48.2 

2012 30.6 11.5 8.56 0.55 51.3 

Source: FAO, 2013 

Due to the losses in conversion, the equivalent amount of fuelwood re-
quired can be 4-5 times the amount of charcoal and thus the equivalent 
cost of the energy service (heat for cooking) will be higher (Smeets et al, 
2012). The higher cost is often deemed acceptable due to the higher 
quality and energy density of the fuel, and the convenience in trade and 
transport. Due to its higher quality and its status as a tradable commod-
ity, charcoal is sometimes viewed as a “bridge” fuel between fuelwood 
and modern fuels (e.g. kerosene or LPG) with households switching as 
their income increases. It also imparts a certain flavour to food that is 
valued in many regions of the world and socio-cultural contexts, which 
further complicates the efforts of energy planners focused on environ-
mental or socio-economic concerns. Socio-economic research that ex-
plicitly includes taste and other cultural preferences is therefore impor-
tant in understanding household energy choices (Akpalu et al, 2011). 

2 . 3  M o d e r n  B i o e n e r g y  a n d  B i o f u e l s  

Modern bioenergy is normally distinguished from traditional biomass use 
on the basis of higher efficiency in conversion and a higher quality of de-
livered energy services (ESMAP, 2005; Silveira, 2005). The traditional 
use of solid biomass as fuel delivers only difficult-to-control heat; mod-
ern bioenergy technology is more versatile and controllable. Modern bio-
energy is more sustainable in the long term compared to traditional uses 
due to savings in land, water and other resources as a result of higher ef-
ficiency in biomass production and greater precision in meeting demand 
for energy services for different end-users and particular applications 
(Leach and Johnson, 1999; Chum et al, 2011). Modern bioenergy has 
some key economic and technical advantages over other renewables:  

 Biomass is stored energy. It can be drawn on at any time, unlike 
daily or seasonally intermittent solar, wind, wave and small hy-
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dro sources, whose contributions are all constrained by the high 
costs of energy storage (Worldwatch Institute, 2007). 

 Biomass is unique in that it can be transformed across all energy 
carriers – electricity, gas, liquid fuel, heat and even hydrogen. 
Biomass systems can even produce energy in several different 
carriers at the same facility or implementation platform, improv-
ing economics and reducing environmental impact. 

Modern bioenergy also has valuable rural and/or economic development 
dimensions that have contributed to its recent popularity, including: 

 Provision of rural employment and income to those who grow 
or harvest biomass; bioenergy is more labour-intensive than 
other energy resources, even when harvesting is mechanised 
(Wolde-Ghiorgis, 2002; Openshaw, 2010); 

 Improvement of profitability in agriculture, food-processing and 
forest sectors: biomass wastes that may have substantial disposal 
costs can instead be converted to energy (FAO/UNEP, 2011); 

 Restoration: growing trees or grasses on degraded land can re-
verse damage to soils and enhance carbon sequestration capacity 
while providing a local energy resource (Wicke, 2011). 

Biomass resources can be divided into two broad categories: 

(1) Residues: these include wastes or leftover material from woody, 
herbaceous, or animal sources. 

(2) Dedicated feedstocks: biomass sources from woody or agricul-
tural cultivation systems in which the raw materials are aimed 
primarily at bioenergy or biofuels production.  

Modern bioenergy systems rely significantly on both categories of raw 
materials, while traditional biomass is normally gathered from residues or 
from common forest areas rather than dedicated feedstocks. Charcoal is 
an exception and is sometimes viewed as a bridge fuel between tradi-
tional and modern bioenergy (recall section 2.2). From an ecological per-
spective, residues are often preferred to dedicated feedstocks as they will 
generally not require additional land, water or inputs such as fertilisers. 
The disadvantage is that residues or wastes cannot be optimised for 
biomass yield or fibre production, while at the same time their lower 
density can incur somewhat higher costs for gathering and transport; for 
such reasons, those crops that have readily available residues at the site 
of production (e.g. sugarcane, palm oil) have additional advantages. Resi-
dues can be further divided into direct and indirect, while biomass 
sources can also be distinguished based on the type of plant or animal 
sources, as shown in Table 4. Rather than land and water use per se, en-
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vironmental concerns for residues are focused on observing limitations 
to residue removal based on maintenance of soil health (FAO, 2003). 

Table 4: simple classification of different biomass sources 

Biomass 
type/ 

source 

Woody  

biomass 

Herbaceous bi-
omass 

Biomass from 
fruits or seeds 

Others (includ-
ing mixtures) 

Dedicated  

feedstocks  

or extrac-
tion 

 Extraction from 
native forests 

 Forest plantations 

 Cereals (e.g. 
maize, wheat) 

 Energy 
grasses (e.g. 
sugarcane, 
miscanthus) 

 Oilseed crops 
(e.g. jatropha, 
sunflower) 

 Oil fruits (e.g. 
oil palm) 

 

Residues  

(Direct)  

 Logging by-
products 

 Thinning by-
products 

 Straw 

 Bagasse 

 husks 

 shells and 
husks 

 fruit bunches 

 Animal dung 

 Landscape 
management 
by-products 

Residues  

(Indirect) 

 Sawmill wastes 

 Black liquor (from 
pulp/paper pro-
duction) 

 Fibre crop 
processing 
wastes 

 Recycled fibre 
products 

 Food process-
ing by-
products 

 Waste oils 

 Bio-sludge 

 Slaughter-
house by-
products 

 Municipal solid 
waste (MSW) 

Source: adapted from: FAO, 2004 

Conversion routes for bioenergy include biological, thermo-chemical and 
chemical; heat and power applications are valued from resource effi-
ciency perspective due to high efficiency (UNEP, 2009). Woody and ag-
ricultural sources can be processed through biological and thermal 
routes, while oilcrops, microalgae and certain types of wastes (e.g. used 
cooking oils, animal fats) are more likely to be processed through me-
chanical (pressing) and chemical routes. It is also important to note that 
there are many by-products and/or co-products (not shown here) such 
as fertilisers and animal feeds, which can improve profitability where 
markets are available. There are also technological platforms aimed at 
creating biological building blocks (carbon-rich chains) for various bio-
based materials (van Dam et al, 2005). The transition from traditional to 
modern bioenergy is thus quite different from energy transitions of the 
past, in which one fuel or application was often replaced with another. 
The transition involves many pathways that complement—and compete 
with—each other in different ways that vary spatially and temporally. 

2 . 4  B e n d i n g  t h e  C u r v e :  h i s t o r i c a l  t r e n d s  

The process of industrialisation during the last two hundred years was 
dominated by—and facilitated by—a shift away from the use of woody 
biomass. At the turn of the 18th century, nearly all energy used globally 
originated from woody biomass or from other traditional sources, in-
cluding windmills, waterwheels and animal power (Gales et al, 2007). 
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The use of coal was relatively small outside of the United Kingdom while 
petroleum and natural gas had not yet emerged as viable sources of en-
ergy. Some one hundred years later, the share of biomass had been cut in 
half and fossil fuels, mainly coal, dominated the global energy supply 
(Smil, 2010). Further transitions occurred in ensuing decades with the 
advance of technologies to extract oil and gas. Hydropower grew steadily 
while nuclear energy advanced quickly in the 1970s and 1980s, only to 
stagnate in the 1990s as a result of high capital costs, public resistance in 
a number of countries and concerns over the fate of radioactive wastes.  

 

Figure 4: Shares of different fuels in the global energy mix over time 

Sources: calculated from Putnam, 1953; Grübler, 2004; IEA, 2013; Smil, 2010 

 

Figure 5: per capita consumption of bioenergy by country grouping  

Sources: calculated from Putnam, 1953; Grübler, 2004; IEA, 2013 
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By the end of the 20th century, biomass represented about 10% of global 
energy use (Figure 4). The global per capita consumption of biomass for 
energy decreased steadily as the use of fossil fuels spread during the past 
century. Per capita biomass consumption in the developed countries had 
decreased rapidly, whereas in many developing countries it changed little 
until the rapid growth of the post-WWII era (Figure 5).  

The pace of the transition away from traditional biomass has differed 
considerably around the world. The saturation period of a technology or 
fuel is sometimes measured as the period during which it goes from 10% 

to 90% share: the number of years can then be interpreted as the t for 
saturation; the estimated biomass saturation for selected countries and 
regions is given in Table 5. The UK, as the first nation to make the tran-
sition, naturally required a much longer period. The USA made the fast-
est transition of any country, and has also had a greater energy and mate-
rial intensity throughout its transition period (Marcotullio and Schulz, 
2007). Among the world leaders in modern bioenergy is Sweden, and 
thus it is interesting to observe that its share of bioenergy use is now 
roughly equal to the developing country (non-OECD) average.  

Table 5: Biomass saturation periods in selected countries/regions 

Country or region 

Estimated year in which biomass 
had the given share of total primary 

energy use 

Years 
elapsed 

Share of 
biomass 
in 2010 

90% 50% 10% t 

United Kingdom 1460 1650 1760 300 3% 

USA 1850 1884 1915 65 4% 

Italy 1865 1904 1960 95 2% 

Sweden 1880 1920 1955 75 23% 

Europe 1780 1850 1920 140 6% 

Brazil 1925 1984 ???? ?? 28% 

World 1855 1920 2000 145 10% 

Non-OECD countries 1930 1965 ???? ??? 23% 

Sources: calculated by the author based on Warde, 2007; Grübler, 2004; Malanima, 
2006; IEA, 2013; Kander, 2002; EPE, 2014 

The case of Brazil is quite different in that it has thus far followed nei-
ther the developed country paradigm nor the developing country para-
digm; significant investments were made in modern bioenergy and espe-
cially biofuels at a much earlier stage of economic development and thus 
the bioenergy transition is well underway. These investments contributed 
in a more fundamental way to Brazil’s development pathway by lessening 
the dependence on non-renewable sources and by introducing innova-
tions that impacted agriculture, industry, resource management and the 
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broader Brazilian economy (Furtado et al, 2011; Silveira, 2012). The Bra-
zilian experience raises an important general issue in terms of the entry 
point for bioenergy and the implications for low-carbon pathways: those 
countries that invest in modern bioenergy at an earlier development 
stage create rather different dynamics for economic growth and devel-
opment (Johnson and Silveira, 2014).  

As suggested in Figure 6, the entry point for developed countries (A) was 
after traditional biomass had been phased out, whereas emerging (B) 
countries and developing (C) countries invest in modern bioenergy at an 
earlier stage (Silveira and Johnson, 2012). Sweden and Brazil are among 
the most significant examples for types A and B, respectively (recall Ta-
ble 5) while Malawi is an example of a type C country. Developing coun-
tries can effectively use modern bioenergy as an engine for development, 
creating useful synergies that avoid the two-track approach to traditional 
and modern bioenergy (recall section 1.1). Earlier deployment for mod-
ern bioenergy is consistent with the notion of low carbon development 
pathways, although each developing country needs to carefully consider 
its own unique resources and capacities (Mulugetta and Urban, 2010). 
There are nevertheless bioenergy segments in Brazil with remnants of 
the traditional sector, in particular the use of charcoal in the iron and 
steel industries (Silveira and Johnson, 2014) and thus Brazil still has some 
of the characteristics of the two-track approach (see also section 6.6). 

 

Figure 6: Evolution of biomass use with increasing industrialisation. 

NOTE: Country A is a developed country that started to expand modern bioenergy after 
phasing out biomass; Country B is an emerging economy that phased in modern bio-
energy at an earlier period in its development; Country C is a Least Developed Country 
(LDC) that invests in modern bioenergy at an even earlier stage in its development. 

 

 

Country C 
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NOTE: time axis is relative to each country’s progression in use of biomass, i.e. t = 0 when biomass 
consumption is saturated (i.e. 95%). Dashed lines indicate start of investment in modern bioenergy 
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2 . 5  F e e d s t o c k s  f o r  B i o f u e l s  

In light of the focus in this thesis on liquid biofuels, it is useful to briefly 
review the raw materials or feedstocks used for biofuels. Technical 
and/or economic assessments require consideration of biomass resource 
productivity, generally in terms of energy yield per unit land area, which 
will differ according to climate and soils as well as in relation to inputs 
such as water and fertilisers. However, there are many other characteris-
tics to consider in addition to yield. Table 6 summarises some key cli-
matic and water requirements for selected biofuels feedstocks/crops, 
along with some aspects related to food production. Largely qualitative 
descriptions are given as there can be significant variation across species 
and varieties; the performance of particular crops is highly location and 
climate-specific and can also vary with the management approach (Ami-
gun and Musango, 2011). The vast field of conventional breeding for en-
ergy and agricultural crops is premised on efforts to enhance the charac-
teristics for particular applications, locations and/or climatic conditions 
(El Bassam, 2010). Some of these characteristics also form the basis for 
advanced biofuels research. The energy balances and GHG reductions 
listed are also only meant to be approximate and relative. 

The choice of crop must be matched to local conditions in both physical 
and socio-economic terms. In some cases, it is possible to exploit syner-
gies in food and fuel production (Rosillo-Calle and Johnson, 2010). 
Tropical biomass crops are much more productive but can also be more 
sensitive to changes in climatic conditions. The high-yielding tropical 
crops include sugarcane, sweet sorghum and palm oil; these crops con-
sequently have higher energy balances and GHG emission reductions. 
The lignocellulosic crops (for second generation biofuels) offer higher 
yields, energy balances and GHG reductions but will require higher lev-
els of initial capital investment and are not yet fully mature commercially 
(Somerville et al, 2010). In areas of low population density, low-yielding 
crops such as soya may be of interest if there are synergies with food 
production and/or if they are being produced primarily for other pur-
poses (e.g. animal feed). Staple food crops such as maize, wheat and cas-
sava will generally not be preferred due to their potential impacts on 
food security, but again it depends on the combination of physical and 
socio-economic factors, which could in some cases make them advanta-
geous at the local and regional level (BEFS, 2010). Annual crops are gen-
erally inferior to perennials due to energy and emissions associated with 
tillage and annual planting (Fazio and Monti, 2011). Perennial crops have 
additional advantages with respect to agricultural practices and landscape 
integrity (deHaan et al, 2010). Lignocellulosic crops have high yields and 
do not compete with food but also may not have synergies with food 
production as do some agricultural energy crops (Heaton et al, 2008).  
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Table 6: Physical characteristics of selected biofuel feedstocks/crops 

 Type 
Latitude 
Range 

Frost  

tolerance 

Drought tol-
erance 

Rainfall 
Require-

ment
 

Approximate 
biofuel yield 

(litres/ha) 

GHG reduction 
(excludes land 
use change) 

direct competi-
tion with food 

production 

potential syner-
gies with food 

production 

Sugar crops          

Sugarcane Perennial 37°N – 31°S poor poor high 4000-8000 70-90% minimal some 

Sweet Sorghum Annual adapted widely poor-moderate excellent low 3000-6000 50-80%  minimal  yes 

Starch crops          

Cassava Perennial 30°N – 30°S poor good moderate 2000-3000 20-50% yes yes 

Maize grain Annual adapted widely poor poor-moderate moderate 3000-5000 30-60% yes yes 

Wheat Annual adapted widely good moderate moderate 1000-2000 0-60% seasonal yes 

Oil crops          

Jatropha Perennial tropical moderate excellent moderate 2000-3000 40-60% no some 

Oil palm Perennial 10°N – 10°S none poor-moderate  very high 3000-7000 35-70% yes some 

Soya bean Annual adapted widely poor-moderate poor-moderate moderate 400-1000 25-50% yes yes 

Rapeseed Annual temperate moderate-good moderate moderate 1000-2000 30-70% yes yes 

Lignocellulosic           

Maize cellulosic Annual adapted widely poor poor-moderate moderate 5000-8000 80-110% minimal yes 

Eucalyptus  Perennial adapted widely moderate good moderate 6000-18000 90-110% no no 

Switchgrass Perennial adapted widely good good moderate 4000-10000 80-100% no no 

Poplar Perennial temperate excellent moderate moderate 4000-8000 70-90% no no 

Miscanthus Perennial adapted widely excellent good moderate 5000-15000 90-110% no no 

Source: adapted by the author from: Heaton et al, 2008; El Bassam, 2010; deVries, 2010; BEFS, 2010; Hoefnagels et al, 2010; Chum et al, 2011. 
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2 . 6  L a n d / r e s o u r c e  u s e  f o r  b i o e n e r g y  a n d  
b i o f u e l s  

As mentioned in section 2.5, the use of dedicated feedstocks as the raw 
material for bioenergy or biofuels raises environmental concerns due to 
the resource intensity of bioenergy—especially land, water and nutri-
ents—compared to other energy sources (Emberson et al, 2012). With 
bioenergy, there is a direct dependence on intensive land use, whereas 
other energy sources have less intensive or consumptive land use, but 
might occupy landscapes or lead to fragmentation of flora and fauna 
(Fthenakis and Kim, 2009; McDonald et al, 2009). However, the time-
frame and reversibility of effects is also relevant: lands affected by bio-
energy use could be restored, whereas coal or nuclear power can have 
toxic effects lasting decades or centuries. If the rare but serious effects of 
nuclear accidents are included, the land footprint of nuclear power in-
creases several times over (Andrews, 2011). In addition to land use, bio-
energy is also water-intensive in that water is consumed (unlike hydro-
power); however there is great variation in water use depending on scale 
and application (Yeh et al, 2011). Nutrient use also varies considerably 
and is in fact extremely high for algae crops, which are being promoted 
due to their minimal needs for land (Miller, 2009; Brennan and Owende, 
2010). The GHG benefits of bioenergy can be weighed against water, 
nutrient and other impacts, depending on the region of application, since 
some parts of the world are already experiencing water scarcity, eutro-
phication and soil degradation (McBride et al, 2011; Gheewal et al, 2011). 
Another complication in comparing land use for different energy sources 
is that bioenergy systems have co-products with energy implications, 
through substitution for animal feed, fertilisers, chemicals and other fos-
sil-intensive products (Khatiwada and Silveira, 2011; Wang et al, 2011).  

Land use change is a fundamental feature in the shift from traditional to 
modern bioenergy: traditional biomass use is more land-intensive than 
modern bioenergy in relation to the useful (or final) energy that is ex-
tracted. With traditional biomass, more than 75% of the energy input is 
lost during the lifecycle from resource extraction to end-use (REN21, 
2014). The GHG emissions associated with land use change arise mainly 
from slash and burn agriculture and land clearing for small-scale agricul-
ture (EC, 2011; IPCC, 2011). The shift away from subsistence agriculture 
and fuelwood will reduce considerably both GHG emissions and the land 
required for a given yield of biomass (Palm et al, 2004). As biomass be-
comes a multi-purpose global commodity, improved efficiencies arise 
through multiple products and integrated landscapes for producing food 
and fuel (Bogdanski, 2012). Alternatives are thereby generated to both 
the low efficiency of traditional biomass and agricultural systems and the 
high inputs and land disruption associated with monocultures. As popu-
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lation growth and rising incomes place pressure on land resources, im-
proved resource management within a more fluid and diversified land-
scape can facilitate more sustainable land use transitions as evidenced in 
some developing countries (Lambin and Meyfroidt, 2011). 

In addition to the effects of direct land use change (DLUC), there are also 
indirect effects when biofuel crops are substituted on land previously 
used for food production—leading to so-called indirect land use change 
(ILUC), which is difficult to quantify (Berndes et al, 2013). Whereas di-
rect land use change is in principle observable and measurable, the indi-
rect effects are highly uncertain and require economic modelling based 
on various assumptions on agricultural yields, use of co-products and 
other factors (Finkbeiner, 2014). In general, bioethanol—and especially 
sugarcane bioethanol made in Brazil and elsewhere—has  lower DLUC 
and ILUC impacts than biodiesel from vegetable oils, due to climatic dif-
ferences, higher yields and availability of co-products (Hoefnagels et al, 
2010; Berndes et al, 2013). The significant divergence has proven prob-
lematic in the EU where demand for diesel cars has been driven up due 
to the technical efficiency of diesel engines in combination with the fact 
that more powerful diesel engines receive better emissions ratings (John-
son et al, 2012).  

In terms of the cross-level linkages in focus in this thesis, it is important 
to note that most physical-economic models that estimate ILUC are at 
national level and ignore sub-national land substitution effects that tend 
to greatly reduce the amount of land impacted; such effects are especially 
pronounced in large countries that are major biofuels producers such as 
Brazil (ICONE, 2010). Other uncertainties in estimating ILUC arise 
from the lack of accounting for indirect effects from use of fossil fuels 
and the difficulty of incorporating other land use policies associated with 
the agriculture and forestry sectors (Johnson et al, 2012; Wicke et al, 
2012). There are also fundamental differences in LCA conventions in 
different parts of the world and/or with different methods; these differ-
ences affect the energy and GHG balances and thus the same input data 
can lead to different results for land use change, depending on the pa-
rameters and system definitions chosen (Khatiwada et al, 2012). Finally, a 
consideration of cross-level linkages leads to comparison of alternative 
institutions and policies that can address the indirect effects of biofuels: 
Chapter 8 in this thesis investigates alternative institutions and policies in 
the establishment of the EU biofuel market. 

2 . 7  C o m m o d i t i s a t i o n  

The expansion in modern bioenergy in the past decade or so has natu-
rally been accompanied by an expansion in international trade, as bio-
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mass and bioenergy products undergo the shift from being primarily lo-
cal resources to global commodities. Commoditisation is the process 
through which the characteristics of biomass or bioenergy goods or re-
sources are defined in a more consistent and uniform way that facilitates 
international trade by reducing uncertainty over quality on the part of 
buyers and clarifying the attributes that can be exploited by sellers (Pacini 
et al, 2013; Deutmeyer et al, 2014). In the case of bioenergy, the hetero-
geneity of different biomass sources means that effort must be placed on 
specifying technical characteristics that are desirable for different applica-
tions, such as energy density, water content, non-combustible fraction, 
embedded nutrients and various other properties (UNIDO, 2005; Het-
tenhaus, 2006). In recent years, relatively new energy commodities such 
as wood pellets have gained significant market share precisely because 
their uniformity, lower bulkiness and greater energy density make them 
easier and cheaper to trade (Junginger et al, 2011). Yet another aspect of 
commoditisation relates to sustainability certification, which creates 
niche markets that can eventually move to the mainstream as buyer pref-
erences shift and secondary markets (i.e. for carbon) gain influence (Scar-
lat and Dallemand, 2011; ISCC, 2011; RSB, 2011). Liquid biofuels now 
face more stringent sustainability standards in the EU and the U.S. and 
as the context differs considerably in various world regions the market is 
fragmented (Lamers et al, 2011). The International Standards Organisa-
tion has technical standards for bioenergy and is now developing sus-
tainability standards (ISO, 2011). 

The drive towards commoditisation has affected both traditional and 
modern biomass sources in a similar way. The analogy between wood 
pellets and charcoal offers perhaps the best example of convergence 
over time towards higher levels of commoditisation in both traditional 
and modern bioenergy markets. The preference for charcoal over fuel-
wood has been growing steadily in various African regions, just as the 
preference for wood pellets (compared to wood chips, wastes and other 
alternatives) has been growing in Europe (FAO, 2010). Even though 
they are in somewhat different sectors or applications (household cook-
ing vs. heating or heat/power) there is a preference for higher-valued 
and higher-quality bioenergy products. What is even more remarkable 
about charcoal in Africa is that its popularity has been increasing steadily 
even where charcoal production has been illegalised due to concerns 
over deforestation (Christian and Sander, 2009). The environmental im-
pacts of the two shifts are quite different, however: a shift from fuel-
wood to charcoal implies much greater resource losses than a shift from 
one processed source to another (e.g. wood chips to pellets). Accelerat-
ing the commodisation process through export markets in developing 
countries could aim to locate biomass processing facilities near ports, 
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while raw materials might be shipped from inland destinations, but only 
if land transport costs can be reduced (Hamelinck et al, 2005).  

Creating an international market for a relatively new commodity takes 
some time and poses special challenges for underdeveloped regions with 
poor infrastructure (Junginger et al, 2011). In general, several phases can 
be identified in modern bioenergy market development (Johnson, 2007): 

1. Local use of forest and agricultural residues; 

2. Proper waste treatment, residue processing, and energy efficiency; 

3. Infrastructure development; 

4. National market development via supportive policies, incentives; 

5. Regional market, medium-to-large scale systems, transport logistics; 

6. Increasing scale, followed by decreasing costs; 

7. Global commodity market 

The phases follow a logical progression although of course there is varia-
tion due to the diversity of physical and economic conditions around the 
world. Some developed countries in North America and Europe—as 
well as some emerging economies like Brazil—have well-functioning 
modern bioenergy markets that evolved through phases similar to these 
during the past few decades. The difficulty with an idealised linear ap-
proach such as this one is that in reality supply and demand have to be 
carefully coordinated, and smaller developing countries do not have suf-
ficient internal demand while at the same time they cannot reach the re-
quired economies of scale to bring down costs. As a result, the emer-
gence of modern bioenergy markets in developing countries—if it occurs 
at all—depends on other factors, such as high transport costs and strong 
national policies related to energy security (Hamelinck et al, 2005; John-
son and Matsika, 2006). Export markets could instead be pursued as a 
strategy for achieving scale and thus as a precursor to domestic markets. 
Thus the logic of developing national and regional markets first may not 
be feasible for some Least Developed Countries. 

The commoditisation process, along with land use impacts (section 2.6) 
illustrates an important ideological shift affecting the contemporary pol-
icy debates over bioenergy. The high population growth of recent dec-
ades coupled with dwindling resources means that many countries and 
some multinational corporations are seeking to secure land for raw mate-
rials, with Africa viewed as a major untapped source (Cotula et al, 2009; 
Sandström and English, 2014). Essentially, the concern that raw materi-
als will become harder to obtain or more costly in combination with 
globalisation and population growth has made land itself into a major 
global commodity. To the extent that land is used inefficiently in many 
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areas, there are obvious gains from an economic perspective, while at the 
same time, ethical concerns over North-South trade in biomass and raw 
materials have become more acute due to agricultural and biofuels ex-
pansion (Dauvergne and Neville, 2010). Similar issues can be observed 
with agricultural and forest products, but the direct competition with 
food places biofuels in a different category in ideological terms (Rosillo-
Calle and Johnson, 2010). Also, whereas the business-as-usual scenario 
of biomass resource use has its own serious problems, the political visi-
bility of biofuels has made them a target for critique, especially due to 
the policy mandates in the EU: in other words, the mandates provide a 
visible target for NGOs and other stakeholders unlike the generally in-
visible workings of the unregulated market (Pilgrim and Harvey, 2010). 

2 . 8  L o n g - t e r m  B i o e n e r g y  P o t e n t i a l  

The increased emphasis on bioenergy in national and international en-
ergy and climate policies has led to detailed assessments on its biophysi-
cal and techno-economic potential. The estimation of bioenergy poten-
tial is complex, requiring detailed analysis of soils and climatic conditions 
for the many potential sources of biomass that can be harnessed for en-
ergy production: assumptions need to be clarified and harmonised in or-
der to be useful to policymakers (Batidzirai et al, 2012). Estimates be-
come more uncertain when moving beyond the biophysical potential to 
consider aspects such as food security, ecological integrity, access to 
transport and distribution infrastructure and availability of labour and 
inputs. Macroeconomic and political stability are sometimes considered 
as well, since the expansion of modern bioenergy—even more so than 
most energy systems—requires an adequate enabling environment of 
supporting policies and institutions (WGBU, 2009). 

A number of recent studies have estimated the future global potential for 
bioenergy; estimates from several studies that use the same year (2050) 
are summarised in Table 7. The results vary widely, from little or no po-
tential to estimates that are more than the expected level of global pri-
mary energy consumption in 2050. The more optimistic studies are based 
on the possibility to induce drastic reductions in the land use intensity of 
agriculture and livestock-raising, through greater efficiency and improved 
management techniques (Smeets et al, 2007). Other studies have focused 
on the use of abandoned agricultural lands (Hoogwijk et al, 2005) and 
lands that are degraded due to salinization, toxification or other bio-
physical stressors (Wicke et al, 2010). Increasing recognition of the eco-
logical stress created by expanded bioenergy production has led to as-
sessments that more explicitly incorporate constraints based on the net 
primary productivity of biomass (Haberl et al, 2009). Van Vuuren (2009) 
included demand-side considerations in the markets for food and fibre. 
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Beringer et al (2011) used lower estimates of yield improvements in agri-
culture and incorporated some of the effects of climate change and in-
creasing competition for water resources. These studies result in consid-
erably lower bioenergy potentials, although still generally amounting to a 
fairly significant potential in relation to global energy demand. Some 
studies explicitly apply socio-economic and environmental safeguards 
rather than estimating technical or deployable potential, thereby empha-
sising protection of biodiversity and forests (Kraxner et al, 2013). 

Table 7: Various estimates of bioenergy potential in 2050 

Source 

Potential  
of  

Residues 
and Wastes 

Potential 
from  

dedicated  
bioenergy 
systems 

Share of 
IEA (2012) 
forecast  

total 

Key land use  
assumptions 

Hoogwijk et 
al (2005) 

 311-657 EJ 31-66% 
Use of abandoned agri-

cultural lands 

Smeets et al 
(2007) 

50-100 EJ 215-1272 EJ 27-137% 
Significant improvements 
in yields and reductions in 

pasturelands 

WBGU 
(2009) 

50 EJ 34-120 EJ 8-17% 
Competition with land for 

food and feed; water 
scarcity; weak institutions 

Haberl et al 
(2009) 

119-135 EJ 160-270 EJ 28-41% Ecological constraints 

Van Vuuren 
(2009) 

80 EJ 65-300 EJ 15-38% Competition for land 

Beringer et 
al (2011) 

100 EJ 26-174 EJ 13-27% 
Modest yield improve-

ments; impacts of climate 
change and water scarcity 

Chum et al 
(2011) 
IPCC 

SRREN 

50-100 EJ 50-400 EJ 10-50% 

Learning curves in agri-
cultural technology; de-
ployment constraints; 

competition for biomass 

 
The study conducted by the German Advisory Council on Global 
Change (WBGU, 2009) was detailed and comprehensive in the sense that 
it placed bioenergy within the overall context of future land use issues. 
The study envisions bioenergy as a “bridging technology” that supports 
the transition to renewable energy sources—especially wind, solar and 
hydro—that require less land and which can thus avoid conflicts with the 
growing demand for food, feed and fibre. The estimated potential for 
dedicated bioenergy production in 2050 ranged from 34 EJ to 120 EJ. 
Based on previous analyses, the bioenergy potential from wastes and 
residues was estimated at 50 EJ, of which approximately half was 
thought to be economically realisable. Consequently, a bioenergy poten-
tial of about 102 EJ is approximately representative of the WBGU analy-
ses, which amounts to about 10% of the expected global energy demand 
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in 2050 (IEA, 2013). The role of biomass to substitute for (non-energy) 
products made from mineral fuels and resources is expected to receive 
increasing priority over the use of biomass for energy, since bio-based 
materials offer the only long-term sustainable option as the availability of 
non-renewable resources (petroleum, iron, etc.) declines. Consequently, 
in such scenarios, bioenergy’s share of global energy consumption would 
gradually decline in the coming decades after a brief initial increase. 

2 . 9  W h a t  i s  w r o n g  w i t h  t h i s  p i c t u r e ?  

The irony behind the conclusion of a 10% maximum for bioenergy po-
tential in the WBGU study—which was conducted by an eminent team 
of scientists using advanced scientific methods—is that bioenergy al-
ready accounts for more than 10% of global energy consumption! Cur-
rent consumption is of course composed primarily of traditional biomass 
in developing countries, and the WGBU recommends “the complete 
phase-out by 2030 of forms of traditional biomass use that are harmful 
to health (WGBU, 2009, p. 216).” The use of traditional biomass shall 
thus be phased out over a two-decade period while “modern” bioenergy 
will increase somewhat but then would also be phased out during a pe-
riod of a few decades. The IPCC special report on renewable energy en-
visioned a more significant role for bioenergy, perhaps 2-3 times as high 
as the WGBU report but did not consider in detail the structure of tradi-
tional biomass use (Chum et al, 2011). More recently, the IPCC chapter 
on Agriculture, Forestry and Land use has noted the important strategic 
value of the shift away from traditional biomass as it would free up bio-
mass for more productive uses (IPCC, 2014). 

Several questions are raised by the gap between current bioenergy use 
and scientific assessment on future exploitation of biomass for energy in 
relation to long-term sustainability. In particular, this thesis is concerned 
especially with the institutional changes that lay behind societal trans-
formations in bioenergy use, such as those implied by the policy recom-
mendations in the WGBU study. Should modern bioenergy play only a 
short-term role as a “bridging technology” or is there a tendency to un-
derestimate the role of biomass and bioenergy when evaluating it from a 
land use perspective? Is there any common ground between the tradi-
tional uses of biomass for cooking and heating and the modern uses of 
biomass for bioenergy? What type of institutions—and what type of in-
teractions between institutions—can support a transition towards sus-
tainable bioenergy paths? 

Rather than investigating bioenergy potential and/or the land use per-
spective, this thesis is concerned instead with the evolution of bioenergy 
markets and policies in relation to the contemporary institutional context 
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as an “embedded” element of the energy-climate-development policy 
nexus. Consequently, assessments of the feasibility and desirability of 
bioenergy exploitation cannot be easily explained by recourse to bio-
physical constraints, technical change and socio-economic demands: the 
inherent uncertainties in such estimates along with the combination of 
increasing population, material demands and physical constraints also re-
quires explicit recognition of the increasingly complex linkages across 
sectors and scales. Furthermore, unlike other energy sources, bioenergy 
is closely linked to fundamental natural resource management issues in 
the agricultural and forestry sectors, including the management of land, 
water, nutrients and many other inputs and ecological systems. Conse-
quently, the focus here lies with identifying synergies, linkages and con-
straints across these multiple issues and sectors rather than being con-
cerned with the physical or technical bioenergy potential per se. The link-
ages across levels (local, national, regional, global) are especially high-
lighted in this thesis since political, social, and economic institutions gen-
erally operate within such levels and become strained when actors and 
markets cross these levels. The next chapter therefore turns to concep-
tual theories as to how bioenergy use evolves over time and how these 
changes relate to the overall energy transitions that are occurring as a re-
sult of physical, socio-economic and political forces or drivers. 
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3 Energy Transitions  

Energy transitions can be understood as long-term processes involving a 
variety of symbiotic relationships between conversion technologies, fuels 
and applications (Smil, 2010; Wilson and Grübler, 2011). The story of 
industrialisation itself is dominated by the search for higher quality 
sources of energy and the means to exploit them. The per capita energy 
demands of industrial society are about 20 times those of hunter-
gatherer societies and about 10 times today’s typical developing country 
inhabitant (Fischer-Kowalski and Haberl, 2007). Today’s high energy 
consumption is effectively a subsidy from future generations that will 
have far fewer non-renewable resources at their disposal. Incorporation 
of intergenerational equity would imply that current generations might 
need to preserve some of those resources by substituting their own la-
bour (Howarth and Norgaard, 1990). 

A major transition away from fossil fuels to renewable energy sources is 
envisioned as an integral element of future paths towards sustainability 
and a less carbon intensive global economy (Raskin et al, 2002). Many 
other shifts will be required as well, including significant increases in en-
ergy efficiency, higher recycling of non-renewable materials, safeguarding 
of biodiversity and integrated planning for land and water resources 
(Boland and Baumann, 2009). Even without the pressures of a changing 
climate, renewable resources are needed to replace the non-renewable re-
sources and materials that dominate today. As the stored form of solar 
energy, biomass has a unique role in the overall sustainability transition, 
in that it can substitute for non-renewable materials as well as non-
renewable energy (van Dam et al, 2005; Johnson, 2007). Similarly, when 
viewed from the perspective of the overall biomass resource base, long-
term sustainability will require more efficient use of all biomass re-
sources, regardless of their final end-uses for food, feed, fuel or fibre and 
regardless of whether they are considered traditional or modern (John-
son and Virgin, 2010).  

In this chapter, I review various conceptual models concerned with long-
term energy transitions and consider how well they capture key charac-
teristics associated with the bioenergy transition. This review is preceded 
by an exposition on the historical development of ideologies and scien-
tific methods underlying energy analysis, so as to consider how social, 
economic and political institutions relate to investigations of energy use 
over time, giving rise to different theories concerning “energy transi-
tions.” Energy analysis as an interdisciplinary field of study provided a 
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static framework whereas theories of energy transition provide the com-
plementary dynamic framework. This chapter draws especially on Paper 
IV concerning the conceptual bases for energy transitions (Johnson and 
Silveira, 2012). 

3 . 1  H i s t o r i c a l  a n d  i d e o l o g i c a l  c o n t e x t   

Energy is the lifeblood of the modern economy: the supply of reliable 
and inexpensive energy is a critical element of industrial infrastructure 
and facilitates the mobility of goods and services without which signifi-
cant economic growth and development would be impossible (Grübler, 
2004; Warr et al, 2010; Wilson and Grübler, 2011). During the past cen-
tury, fossil fuels and especially oil became closely intertwined with eco-
nomic growth and development, but also with military objectives and 
geopolitics (Sampson, 1975; Yergin, 1991). Until the oil crises of the 
1970s, there was relatively little recognition of the political vulnerabilities, 
let alone the environmental costs, associated with the acceleration of 
non-renewable energy exploitation.  

In addition to the economic incentives and the political energy security 
concerns that accompanied the oil crises, those crises also contributed to 
a paradigm shift in scientific analysis that influenced the pathways of in-
vestigation and thereby affected the technologies that were prioritised. 
Paradigm shifts introduce disruptive and fundamentally different direc-
tions of inquiry to previously linear or accumulative programmes of re-
search (Kuhn, 1962). New research and technical development pro-
grammes on biofuels and bioenergy were initiated in the 1970s and those 
that already existed were accelerated. This paradigm shift was supported 
by scientific assessments on the risks involved in depleting non-
renewable resources in the name of continuous economic growth (Geor-
gescu-Rogen, 1971; Odum, 1973). The new paradigm also resonated 
with the changing social consciousness about the environmental costs of 
energy choices. Energy issues and pathways became more strongly con-
nected to political and social causes and organisations, rather than being 
left to technocrats and government-industry collaboration or collusion. 
A variety of new methods were developed that incorporate a wider range 
of stakeholders directly into planning decisions, particularly through the 
use of multi-criteria methods, which make the energy and environment 
tradeoffs more transparent and help to show the points of divergence 
and convergence rather than emphasising optimal solutions (Hobbs and 
Meier, 2000). The serious implications of climate change have revealed 
the significance of a paradigm shift that is aimed at supporting design 
and fulfilment of low carbon pathways (Skea et al, 2013).  
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Scientific inquiry on technological change has evolved over the past few 
decades to better accommodate the social sciences: technological innova-
tion is evaluated within a broader societal context rather than only from 
a technocratic or economic perspective, which can be seen in and of it-
self as a significant paradigm shift (Nill and Kemp, 2009). The debate 
over energy transitions must also incorporate ethical lines of reasoning in 
relation to the roles and responsibilities of different actors and organisa-
tions (Perelman, 1980; Landeweerd et al, 2009). Given the significant 
economic and political stakes, institutional analysis requires that the so-
cial, economic and political motivations of actors must come under scru-
tiny: some actors can affect outcomes at low cost and no risk to them-
selves while others must expend considerable political or financial capital 
to defend their ex-post positions from ex-ante destabilisation (North, 
1990). The shift to renewable energy not only raises the observed costs 
to consumers but also changes institutions that protect status quo 
(mainly fossil fuel) investments. Some countries have absorbed into the 
public domain at national level the risks of sustainable energy invest-
ment, by engaging ambitiously in stimulating technological innovation 
and accelerating the transition to renewable energy, with the German En-
ergiwiende as the most conspicuous example (Röttgen, 2013). Emerging 
economies such as Thailand have engaged in a similar shift, focusing on 
biomass and biofuels (Wonglimpiyarat, 2010). The scope and applicabil-
ity of the overall sustainability paradigm shift in the case of biofuels pro-
duction and trade has itself become a salient feature of the contemporary 
policy struggles that are addressed in this thesis (Johnson, 2011; West-
berg and Johnson, 2014). 

3 . 2  E n e r g y  A n a l y s i s  

The “energy theory of value” was conceived of early in the twentieth 
century as an alternative to the price system, offering a more stabilising 
means of organising society and tying it to biophysical principles and 
limitations (Veblen, 1921; Scott, 1933). The Technocracy movement in 
the U.S.A. and Canada in the 1930s received considerable attention due 
to the economic depression and had even proposed a system of energy 
vouchers that would replace monetary systems (Berndt, 1983). Similar 
ideas were proposed on the other side of the Atlantic by the Nobel 
prize-winning chemist Frederick Soddy, who felt that the economic sys-
tem was undermined by the idea that wealth creation could go on indefi-
nitely even as more and more exhaustible resources were being used; he 
felt that the monetary and financial systems needed to be linked to—and 
constrained by—the principles of physics and the laws of thermodynam-
ics (Soddy, 1933). These approaches eventually lost favour or were dis-
credited, but the energy theory of value later re-emerged and helped to 
encourage the detailed study of energy systems and energy flows, and 



Exploi t ing  c ross - l ev e l  l inkages  t o  st ee r  th e  b i oenergy  transi t ion  

41 
 

also led to the creation of the field of ecological economics. The empha-
sis on more detailed energy accounting also facilitated greater recognition 
of the close coupling between physical and economic systems that was 
not well-reflected in economic theories (Odum and Odum, 1976).  

By focusing attention across different political and commercial interests, 
the oil crises helped to develop this new interdisciplinary field of energy 
analysis, which was predicated on the notion that energy flows repre-
sented an important and neglected unit of analysis. The development of 
the new field of ecological economics was closely linked to energy analy-
sis, in recognition of the tight coupling between physical and economic 
systems raised by societal energy problems (Costanza, 1980). Energy 
analysis later branched into sub-fields such as lifecycle analysis (LCA) 
and into broader fields of policy sciences that included socio-political 
and institutional analyses. Scholars had already been investigating energy 
flows in relation to their environmental and ecological impacts and also 
the relation to economic processes, which tended to ignore the signifi-
cance of energy flows by treating energy as just another input into pro-
duction (Odum, 1973). The fact that the neoclassical paradigm of eco-
nomic growth involved irreversible processes that converted low entropy 
non-renewable resources into high entropy wastes highlighted the ur-
gency of developing the renewable energy economy (Georgescu-Rogen, 
1971). These perspectives also underscored the need for more detailed 
studies on energy and materials use and recycling in the economy, con-
tributing to the development of the fields of industrial ecology and eco-
logical economics (Ayres and Kneese, 1969). The recognition of system-
wide effects illustrated the importance of looking beyond the simple 
technical efficiency of the first law of thermodynamics (Ayres, 1998). 

Net energy analysis, a precursor of lifecycle analysis, was essentially 
based on the recognition that there were considerable expenditures of 
energy in order to transform it into forms deemed useful for human use 
and to transport it to where such demand was found. It was also recog-
nised that a key system for human survival—namely, the agricultural sys-
tem—required considerable amounts of energy that were often not fully 
attributed to it because of the lack of appropriate energy accounting sys-
tems (Steinhart and Steinhart, 1974). More generally, energy analysis was 
becoming recognised as a broad field of study that could better guide 
public policy through a careful consideration of the often significant 
socio-economic and environmental impacts that were previously ne-
glected (Gilliland, 1975). At the same time, the inequitable distribution of 
non-renewable resources and the social division that was created by their 
exploitation underscored the fact that the study of the political economy 
of energy was entering a rather different era (Georgescu-Roegen, 1971). 
These views also led to a re-examination of the role of energy efficiency 
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and conservation in economic development processes and the relation 
between the industrialised “North” and the developing “South,” opening 
up new areas of cooperation as well as conflict (Steinhart, 1978).  

Energy analysis as a field was largely a static assessment in that it was an 
accounting tool with which to investigate different energy systems and 
processes at given points in time. In order to investigate energy issues in 
a dynamic fashion, some conceptual or theoretical basis must be incor-
porated so as to identify significant drivers and constraints. Energy mod-
elling and forecasting emerged to capture expected technical and eco-
nomic relationships over the short to medium-term (Hoffman and 
Wood, 1976) and more recently models have emphasised climate im-
pacts (Barker and Scrieciu, 2010). But the models do not easily capture 
long-term changes or incorporate social and political aspects. A number 
of broader conceptual frameworks associated with “energy transitions” 
have thus emerged to address long-term shifts in a societal or global con-
text; some of these are reviewed below, focusing on those with potential 
relevance for analysing historical shifts in the use of biomass for energy. 
At the same time, none of the conceptual frameworks are specific to 
bioenergy and thus a lens on the general significance of shifts in bio-
energy use can be maintained. 

3 . 3  T h e  E n e r g y  L a d d e r  

The concept of the energy ladder is based on the principle that as house-
holds (and small industries to some extent) in developing countries in-
crease their income or wealth, they switch from traditional biomass to 
modern fuels and electricity, thus climbing the “energy ladder” (Leach, 
1992; Barnes and Floor, 1996). The successive rungs of the ladder result 
in a higher quality of energy services (Figure 7). Low quality fuels with 
low energy density, such as crop residues or dung occupy the lowest 
rungs, while commercial fuels occupy the higher rungs of the ladder 
(Smeets et al, 2012). Sometimes there is a tendency in assessments to fo-
cus on the higher energy efficiency of modern fuels and stoves, but it is 
important from an economic and policy perspective to emphasise the 
improvement in energy service: traditional biomass provides only heat 
that is difficult to adjust whereas modern fuels allow the consumer to 
control and match energy consumption to their needs for cooking and 
other end-uses (Leach and Johnson, 1999; Smeets et al, 2012).  The 
higher rungs of the ladder imply greater efficiency and lower cost relative 
to the energy services delivered (i.e. even though the cost of the energy 
itself is higher) depending on the end-use (sections 3.7 and 2.3). The 
switch to efficient stoves and modern fuels has positive health impacts 
by reducing smoke and pollutants, which especially affect women and 
children (Ezzati and Kammen, 2002; Smith and Mehta, 2003).  
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Figure 7: Energy Ladder theory for household energy shifts 

Nevertheless, the switch is generally incomplete, since poor and middle-
income households often use multiple fuels or retain the option to use 
multiple fuels, due to the wide availability of biomass, cultural factors 
and economic flexibility. Evidence of such behaviour has given rise to a 
“fuel-stacking” model as being more representative of household energy 
transitions compared to the energy ladder model (Masera et al, 2000). 
Most households in many African countries have multiple stoves that 
run on different fuels (Takama et al, 2011). There is also empirical evi-
dence that changes in the relative prices of fuels can trigger fairly signifi-
cant shifts back down the energy ladder (Leach, 1992; Takama et al, 
2012). The removal of subsidies on kerosene or LPG, for example, re-
sults in households reverting back to biomass, given its wide availability 
and lower price. In order to shift backwards, households would need to 
have multiple stoves, and thus the fuel-stacking model is more relevant, 
at least for the poor and middle-income households for whom energy 
represents a significant portion of their monthly costs. Subsidies should 
be targeted at the poorest households where they are most needed in en-
couraging fuel and technology shift (Mainali et al, 2012). 

It is also important to note that the energy ladder or energy stacking 
models are designed around household energy consumption and transi-
tions. Use of biomass in other sectors—manufacturing, commer-
cial/services, transport, heat and power—is generally not addressed. The 
driving forces outside the household sector will tend to be more strongly 
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influenced by prices as well as by availability and reliability of conversion 
options. In such respects, the shifts in energy use will follow more 
closely overall patterns of industrial and infrastructure development, and 
may be more closely aligned with models of technological change (sec-
tion 3.4). Nevertheless, the wide availability and flexibility of biomass 
supply contribute to its continuing popularity in small-scale and even 
some large-scale industries. A large-scale example is the use of charcoal 
in the iron and steel industries of Brazil (Rosillo-Calle, 2000; FAO, 
2010). The historical analogy in terms of fuel quality is interesting in the 
case of steel-making: due to its purity and lower sulphur content, fuel-
wood was used globally in the steel industry up until the invention of 
coking coal in the 1700s, which then facilitated the further diffusion of 
coal and coal-based technologies (Fouquet, 2010). Biomass has long 
been a significant energy source for small industries in developing coun-
tries such as brick-making, textiles and glass-blowing (Hall, 1991). 

3 . 4  I n d u s t r i a l i s a t i o n  a n d  t e c h n o l o g i c a l  
c h a n g e  

Energy transitions in the industrial era have been of four main types: (1) 
the transition par excellence in energy consumption from penury to 
abundance; (2) structural/spatial change in energy consumption to sec-
ondary carriers (electricity), urban areas and use of long-distance trans-
port infrastructures; (3) improvement in the quality of energy services; 
and (4) increasing efficiency and/or productivity of energy use (Grübler, 
2004; Wilson and Grübler 2011). The first and second energy transitions 
are intimately connected to the shift away from traditional uses of bio-
mass to fossil and nuclear fuels; the power densities (power per unit land 
area) of modern fuels are several orders of magnitude above that of tra-
ditional biomass, facilitating the acceleration in energy use and the rapid 
migration to cities (Wilson, 2012). The third and fourth energy transi-
tions are critical to the goals of improving energy security and mitigating 
climate change, as energy sources are decarbonised but are also better 
matched to end-user needs so as to increase economic productivity. 

This view on energy transitions emphasises the historical role of techno-
logical change during the process of industrialisation, especially in the 
shift from wood to coal and the shift from coal to oil (Grübler, 2004). 
The shifts in energy use follow the S-shaped curve of technological dif-
fusion over time, i.e., new conversion technologies such as the steam en-
gine and the automobile, are a key driving factor in the exploitation of 
new energy resources and their broad incorporation into the economy. A 
learning curve is associated with energy conversion systems and their 
supporting infrastructure, resulting in declining production costs that 
push the technology into a dominant position. There is generally a period 
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of experimentation lasting several decades as the optimal unit sizes and 
appropriate applications develop (Wilson and Grübler, 2011; Wilson, 
2012). Technological clusters also serve an important role as they facili-
tate the “lock-in” of dominant technologies and their associated energy 
sources. The period from 1800 to 2000 saw an intense period of techno-
logical change and accompanying shifts in energy use as one industrialis-
ing country after another followed a pattern similar to that of England, 
which can be seen as the “first mover” in the two-or three-stage transi-
tion to fossil fuels (coal, followed by oil and natural gas). The increasing 
returns from energy technologies lead to path dependencies, which are 
difficult to reverse even as more efficient systems appear (Arthur, 1989). 

The technological change perspective does not describe as well the 
changes in bioenergy use beyond the initial shift away from traditional 
biomass: the analysis in that stream of literature focuses especially on 
fossil fuel energy systems/conversion and to some extent nuclear and 
hydropower (Wilson and Grübler, 2011). The role of modern bioenergy 
does not fit as well in the technological change model of energy transi-
tions for a number of reasons. First, bioenergy crosses all energy carriers 
(gas, liquid, solids, electricity, heat, mechanical), even within the same 
technology platform, whereas most of the energy systems analysed oper-
ate along a single carrier (Johnson and Silveira, 2014). Second, the eco-
nomics of bioenergy are heavily weighted towards the supply of feed-
stocks, with the implications that economies of scale vary widely and are 
less dependent on the type of technological learning curve that character-
ises the development of medium and large-scale fossil and nuclear sys-
tems. Third, bioenergy systems are spatially constrained not only in rela-
tion to the feedstocks but also in related to associated non-energy uses of 
biomass for food or feed; therefore the diffusion of bioenergy technolo-
gies is dependent on other markets in a way that is rather different from 
fossil or nuclear sources. On the other hand, technological clusters are 
quite important for the evolution of bioenergy systems, perhaps even 
more so than for fossil fuels, since the biomass feedstock supply chain 
involves many allied industries and their associated infrastructures.  

3 . 5  L o n g - t e r m  e n e r g y / e c o n o m i c  
s t r u c t u r a l  c h a n g e s  

Economic historians have evaluated the role of energy in economic 
growth and examined the historical record of energy transitions in post-
industrial countries or regions, focusing mainly on the transition from 
traditional energy sources to modern sources (Gales et al, 2007; Ma-
lanima, 2006). The case of the UK has special prominence as the first 
country to make the transition (Fouquet and Pearson, 1998; Warde, 
2007). Traditional sources are defined as including not only fuelwood but 
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also human and animal power, wind (including sailing ships) and water 
power (water wheels). These studies have challenged the assumption that 
the energy-development relationship is characterised by a U-curve over 
time in which energy intensity (energy use per unit of GDP) increases 
during industrialisation and then later falls in the post-industrial era on 
the basis of energy efficiency. The inclusion of all traditional energy 
sources has shown that energy intensity declined in the four countries 
studied, which were Italy, the Netherlands, Spain and Sweden, and that 
only a small proportion of the change appears to be associated with the 
shift to a service-oriented economy (Gales et al, 2007).  

In this perspective, biomass accounting can be more inclusive than typi-
cal energy analysis and is more consistent with the energy/economic his-
tory approach, since it can include other inputs such as the energy value 
of food for human labour and fodder for animal labour. The inclusion of 
different uses of biomass creates some long-term continuity in analysing 
competing demand for biomass for food, fuel and other uses (Johnson 
and Virgin, 2010). Extending such analyses into the modern era allows 
the inclusion of the energy content of animal feed, which now represents 
a significant share of the land use and energy impacts associated with ag-
riculture. In this respect, the analyses are also somewhat compatible with 
exergy assessments conducted over some period of time (Ayres and 
Warr, 2003; see section 3.6). 

3 . 6  E v o l u t i o n a r y  a n d / o r  e c o l o g i c a l  
p e r s p e c t i v e s  

A number of other approaches to energy transitions look at some com-
bination of physical and economic indicators to ascertain some of the 
broad patterns of structural change over time in relation to key indicators 
for the economy (e.g. GDP) or the environment (e.g. CO2 emissions) or 
measures of innovation (e.g. the number of patents). The socio-
metabolic approach tends to look at physical indicators on a global level, 
particularly aggregated measures of material and/or energy consumption; 
the drivers behind transitions are related to the exhaustion of techno-
logical/resource opportunities and the opening up of new opportunities 
(Fischer-Kowalski, 2011). The analysis of exergy, which is a measure of 
useful energy or available work, serves to illustrate how energy efficiency 
improvements can drive economic growth and development (Ayres and 
Warr, 2003). Such indicators offer an improvement over historical eco-
nomic analyses that only address primary energy; exergy analysis ac-
counts for the irreversibility of energy use and reflects changes in the 
quality of delivered energy. A four-country analysis of exergy and useful 
work for the period 1900-2000 showed that the productivity of useful 
work exhibited a marked trend break around the time of the first oil cri-
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sis, after which productivity (GDP per unit of useful work) improved 
steadily (Warr et al, 2010). Such analyses reinforce the notion that the oil 
crises marked a major paradigm shift in relation to energy transitions 
while also suggesting the relation to of social and political factors (recall 
discussion in section 3.1 on the oil crises and paradigm shifts). 

The analysis of energy and material balances that underlies ecological as-
sessments of energy use fits reasonably well in the case of bioenergy, as it 
includes long-term trends in the use of biomass. Like the long-term eco-
nomic perspective, it addresses non-energy uses of biomass alongside 
energy uses. However, qualitative differences naturally arise when com-
paring energy and non-energy uses: an example is found in the case of 
animal feeds; in the modern era, animal feeds allow increased meat con-
sumption, compared to their historical use for animal-mechanical power. 
In fact, one of the fastest growing biofuels in recent years has been bio-
diesel from soya, whose expansion has been spurred primarily from its 
common use as animal feed to meet growing export demand (Panichelli 
et al, 2009; van Dam et al, 2009). Such developments raise considerable 
environmental concerns since the energy performance of soya as a bio-
fuel is among the worst in terms of yield per unit area (recall Table 6). 
Analysis including such impacts would have to be based on energy and 
material services rather than overall consumption. It would also require 
some value judgements about the “preference” of consumers in wealth-
ier societies for more meat; given that rising meat consumption has ex-
ceeded healthy levels in some countries and/or socio-economic strata, 
the additional inputs are not really contributing to productivity, regard-
less of how they impact measurable GDP. Another shortcoming in the 
case of the socio-metabolic perspective arises from its national-global 
approach, which can mask enormous regional and sub-national differ-
ences that can be crucial in understanding changes in bioenergy markets. 

3 . 7  E n e r g y  s e r v i c e s  a p p r o a c h  

Yet another perspective on energy transitions concerns the level of en-
ergy services, such as heating, cooking, light, or power. Energy services 
can be measured according to each end-use in terms of how much useful 
energy is delivered to the end-user. Consumer preferences could be bet-
ter incorporated with such a perspective since the demand is for energy 
services rather than the fuels themselves. Behavioural changes will un-
doubtedly play a key role in any future transition to a low carbon econ-
omy and therefore more detailed analysis at the level of energy services 
will be needed to guide future policies (Haas et al, 2008). A long-term as-
sessment in the UK for the period from 1500-2000 reveals that im-
proved energy services were an important factor in the energy shifts that 
occurred, using the cases of heat, power, lighting and transport (Fouquet, 
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2008). In other cases, the same service was provided at a lower price and 
in some cases a different energy service was provided. In the switch to 
electricity across many services, the emergence of a highly specialised 
secondary source of energy became attractive to the entire market (i.e. 
many end-uses) as the price came down (Fouquet, 2010). The energy 
service approach is broadly similar to the evolutionary approach, with 
the latter using a more specific set of indicators. It is also related to con-
temporary policy perspectives on using energy access to support entre-
preneurial activity in developing countries (Bazilian et al, 2010). 

An energy service approach is also useful in the household energy con-
text: it adds the human dimension to the focus on energy conversion and 
energy carrier that dominates the energy ladder and energy stacking 
models, respectively (Kowsari and Zerriffi, 2011). The energy service ap-
proach is also consistent with long-term assessments of bioenergy use 
when the biomass data can be measured in relation to particular energy 
services. However, historical estimates of bioenergy consumption are 
more uncertain, and thus it may be difficult to develop accurate longer 
time series except for a few countries (U.S., U.K. and some other Euro-
pean countries). Since a great deal of biomass use is informal, estimates 
depend on the accuracy of surveys in individual countries, which do not 
necessarily place high priority on a non-commercial sector. The United 
Nations statistical databases are thus highly uncertain for traditional 
biomass and for the use of wastes and residues (Johnson and Silveira, 
2012). Traditional biomass has high economic value in a developing 
country context, representing a major source of income and livelihoods 
(Openshaw, 2010). The physical and economic importance of biomass 
use for energy thus tends to be understated in modelling and analysis. 

3 . 8  M u l t i - l e v e l  p e r s p e c t i v e  

A multi-level approach to evaluating sustainability transitions has been 
developed through consideration of interactions between social groups 
in design and diffusion of new technologies or technological manage-
ment approaches. Niches develop for particular technologies and can be 
supported during their formative phases, while incumbent and dominant 
social groups determine the linkages that contribute to wider diffusion of 
technologies (Geels and Schot, 2007). The role of organisational struc-
tures and behaviour affect innovation and are characterised by social-
technological co-evolution (van den Bergh et al, 2008). In some cases, 
the incumbent technologies are diffused widely and suboptimal tech-
nologies reach dominance, sometimes referred to as a “lock-in” effect. 
The internal combustion engine itself is sometimes cited as an example 
of a suboptimal technology that has become locked in, when viewed 
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with respect to the higher efficiency of other power trains (van den 
Bergh and Oosterhuis, 2008). 

A transition in this context is viewed as a “society-wide system innova-
tion with a focus on basic or fundamental activities, such as energy pro-
vision, transport or agriculture” (Rotmans et al, 2001). The reference to 
system innovation rather than technical innovation aims to capture the 
co-dependence of technical development with socio-economic struc-
tures, and in particularly to include the roles of different stakeholders. 
Historical transitions have tended to be spontaneous or autonomous and 
sometimes vast in their scope and impact, such as the industrial revolu-
tion, whereas more recently we have experienced more policy-driven or 
goal-oriented transitions that have been quite significant, such as the 
Green Revolution (van den Bergh and Bruinsma, 2008). 

The multi-level perspective (MLP) on energy transitions fits fairly well in 
the case of bioenergy, due to the multi-scale nature of biomass resources 
and the spatial constraints that result in some applications requiring lo-
cally sourced feedstocks while others can take advantage of regional or 
international trade in biomass and bioenergy products. Organisational 
structures are undoubtedly quite important in the case of bioenergy sys-
tems due to the many actors involved in bioenergy feedstock develop-
ment and conversion. However, there are few quantitative indicators that 
are relevant to this approach and thus long-term assessments (over dec-
ades or centuries) must often rely on case studies and broader institu-
tional analysis, from which crisp conclusions can be difficult to draw. It 
should also be noted that the multi-level perspective is broader in that it 
applies to many types of transitions and not only energy transitions. 

3 . 9  O v e r v i e w  o f  F r a m e w o r k s  

The different frameworks are summarised briefly in Table 8, showing the 
relation to different characteristics associated with the bioenergy transi-
tion. Also shown in the last column is an indication of where constituent 
papers in the thesis rely to some extent on one of the transition frame-
works. The frameworks can be compared in terms of how they address 
elements that are important in analysing the bioenergy transition. Several 
of these frameworks focus primarily on technical and economic factors, 
whereas the MLP is the only framework in which social and political as-
pects are important. Relations across levels or scales are addressed in the 
MLP and in the Technological Change framework, while biomass is only 
a primary or organising component in the Energy Ladder. 

The case assessments apply these frameworks to varying degrees, with 
the Energy Ladder especially relevant in Chapter 5 (Paper III) and the 
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MLP being important for the applications in Chapter 6 (Papers V and 
VII). The evolutionary perspective is reflected in considering the nature 
of long-term shifts in biomass use (Chapters 2 and 3, Paper IV). The ex-
perimentation in scale that is a key part of the Technological Change lit-
erature informs the assumptions on upscaling that are used in Chapter 7 
(Paper I). The Energy Services framework is especially relevant for dis-
cussions on specific bioenergy end-uses and applications in the case 
studies, including Chapter 5 (Paper III) and Chapter 7 (Paper I). Long-
term structural changes associated with trade, climate and development 
drivers inform the policy analysis on biofuels in Chapter 8 (Papers II and 
VI). These different frameworks provide the theory of change that un-
derlies the different case study assessments. In order to adopt different 
complementary lenses on the bioenergy transition, four different analyti-
cal dimensions are applied in the case studies (recall Figure 2) as de-
scribed next in Chapter 4.  

Table 8: Relevance of different conceptual frameworks for Energy 
Transitions for key characteristics of the bioenergy transition 

 

Long 
time 
per-

spective 

Tech-
nology 

and 
Eco-

nomics 

Socio-
political 
dimen-
sions 

Role of 
biomass 
and bio-
energy 

Multiple 
sectors 

Relation 
across 
levels  

or 
scales 

Papers in 
thesis in-
formed by 

the 
framework 

The Energy 
Ladder 

++ ++ + +++ 0 0 III 

Industrialisa-
tion and 
technologi-
cal change 

+++ +++ 0 + ++ +++ I 

Long-term 
en-
ergy/econom
ic structural 
changes 

+++ +++ 0 ++ ++ + II, VI 

Evolutionary 
and/or eco-
logical per-
spectives 

++ +++ 0 ++ ++ + IV 

Energy ser-
vices ap-
proach 

+++ +++ 0 + ++ 0 I, III 

Multi-level 
perspective 
(MLP) 

++ ++ +++ + ++ +++ V, VII 

KEY +++ = Primary; ++ = Secondary; + = Minor; 0 = non-present 
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4 Analytical  dimensions 

As the geographical reach of bioenergy markets expands from local to 
national to global, policies and institutions are needed to steer these mar-
kets in directions that meet societal expectations for economic, social 
and environmental sustainability. The corresponding policy domains be-
come increasingly linked. The ability to isolate and contain impacts at a 
given level is thereby complicated. Conflicts such as the classic food vs. 
fuel debate arise as global demand for biofuels feedstocks increases 
(Johnson and Virgin, 2010). The land use change associated with bio-
energy expansion also raises concerns about pressures on ecosystems 
and forests (Berndes et al, 2013). Various strategies can be pursued to 
minimise land use impacts, including the choice of less land-intensive 
feedstocks and measures that improve land productivity (Witcover et al, 
2012). Addressing the land use impacts due to biofuels expansion can be 
pursued through various institutional mechanisms; in the EU biofuels 
regime there has thus far been a preference for third party certification 
systems although other options such as bilateral agreements are also 
available (Johnson et al, 2012; Westberg and Johnson, 2014).  

In addition to food security and deforestation, other social and environ-
mental concerns arise. Bioenergy in the past has often been regulated by 
local institutions, such as those associated with the many different uses 
of fuelwood and forest resources in developing countries (Leach and 
Mearns, 1988). As local resources turn into global commodities, there is 
a risk that high-level institutions are imposed without incorporating key 
elements from existing well-functioning local institutions, sometimes re-
sulting in both social and ecological crises (Berkes, 2002). In order to use 
resources sustainably, it is necessary to account for institutional linkages 
across different scales or levels – in technical, political, economic and so-
cial terms. Managing these linkages requires coordination across the dif-
ferent institutions that govern exchange, in relation to biomass sources 
and bioenergy systems. A social-ecological approach to institutional link-
ages has led to the notion of co-management in which knowledge part-
nerships across levels are established through networks and social learn-
ing (Berkes, 2009). In this thesis, knowledge networks and co-
management are also relevant, but are considered in relation to techno-
logical and institutional innovation arising from shifting socio-political 
and economic priorities as expressed in the energy and climate policy 
domains. The social-ecological approach has a different focus, emphasis-
ing stewardship of ecosystems and building resilience in the face of 
complexity and unexpected environmental changes (Berkes et al, 2003). 
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This chapter presents some key elements within the four dimensions 
used to structure the analysis of cross-level linkages undertaken in this 
thesis: technical-economic, socio-economic, political-economic and 
socio-technical. The first section of this chapter provides some explana-
tion of how scales and levels can be used in analysing transition proc-
esses, and this is followed by sections for the four dimensions of analysis 
that have been applied in the constituent case studies (recall section 1.4.2 
and Figure 2). The final two sections of this chapter show how these di-
mensions are incorporated into the overall methodological framework. 

4 . 1   S c a l e s  a n d  l e v e l s  i n  t r a n s i t i o n  
p r o c e s s e s  

The socio-ecological literature offers a valuable distinction between 
scales and levels, with “scale” defined as the dimension used to study 
particular phenomena, (e.g. spatial, temporal, jurisdictional, institutional) 
and “levels” as the units of analysis located a different positions on a 
given scale (Gibson et al, 2000; Cash et al, 2006). Spatial scales might 
range from small patches of land to landscapes to global regions; tempo-
ral scales (and processes) can be fast or slow and might range from daily 
to seasonal to annual; jurisdictional scales might start with the village or 
city and continue to national, regional and global levels; institutional 
scales might range from local customs to laws and constitutions and up 
to international treaties or regimes (Cash et al, 2006; Young, 2006). At 
the same time, other disciplines attach different meanings and signifi-
cance to the use of “scale,” particularly in the case of economics, where 
it relates to the cost structure for supplying particular goods or services 
(see section 4.2). In the case of biomass and bioenergy in this thesis, 
there is some emphasis on jurisdictional and institutional scales, as the 
focus is on different levels in the use of biomass ranging from local to 
global (recall Figure 1). 

Therefore, cross-level linkages consider conflicts and synergies between two 
or more levels, such as the relation between national biofuels policies 
and the international climate regime. At the same time, spatial and tem-
poral scales are important for shifts in biomass use. The spatial extent of 
biomass availability is a highly constraining factor in economic terms and 
also has social and political implications, especially where biomass is 
scarce or costly or where there are competing uses (e.g. food, fuel, fibre). 
The temporal dimension of bioenergy transitions has already been dis-
cussed in Chapter 3, where it was clear that some processes in bioenergy 
market development, such as infrastructure or agricultural specialisation, 
take much more time compared to the shorter time frame of private sec-
tor investments or political processes. Consequently, there are also cross-
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scale linkages such as when spatial or jurisdictional changes occur along 
different timeframes; this distinction is developed further in section 4.7. 

A consideration of cross-scale or cross-level linkages can be applied to 
the policies and institutions that impact bioenergy and biofuels markets 
or exchange. Institutions are “the rules of the game” and include formal 
instruments such as legislation and regulations as well as informal institu-
tions related to business practices or social norms (North, 1990). Institu-
tions liberate and constrain actors involved in economic, political and 
social exchange, incurring transaction costs that may require the design 
and/or application of alternative governance mechanisms (Williamson, 
1985). Institutional analysis complements technical-economic assess-
ments that focus on the workings of the price system, since exchange in 
the real world often incurs considerable transaction costs that render the 
neoclassical economic assumptions much less useful (North, 1990). In 
short, institutions matter—they provide alternative means of coordina-
tion to the price system (market exchange) and the actors involved in 
those institutions in turn affect the allocation of resources (Coase, 1937; 
Coase, 1988). The social and political context thereby becomes endoge-
nous rather than exogenous, since institutions cannot be neatly separated 
for attribution to social, political or economic actors as can the workings 
of the price system. 

The notion of a purposive transition towards sustainability in which public 
actors have a significant role calls for stimulating innovation in the intro-
duction of new systems and technologies (van den Bergh and Bruinsma, 
2008). Institutional design aimed at sustainable energy investments (i.e. 
energy efficiency and renewable energy) can then effectively be analysed 
as a coordination problem between public and private actors (Johnson 
and Bowie, 1994). Public policies based on such institutions can thereby 
bring together technical, social, political, and economic factors into a 
common framework. Even more so than other energy sources, institu-
tional analysis provides important insights for bioenergy systems and 
markets due to the pervasiveness of transaction costs in biomass supply 
chains (Altman et al, 2007). The often antagonistic bioenergy policy dis-
cussions of recent years in the EU and globally are due in no small 
measure to the linkages across different socio-political and different 
scales of impacts, which complicate economic and political governance 
and would thus benefit from an institutional perspective (Purkus et al, 
2012). A certain antagonism or tension exists also at national levels in 
major bioenergy producing countries such as Brazil because some actors 
will ultimately be favoured over others, based on the development path 
that is supported (Compeán and Polenske, 2011).  
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4 . 2  T e c h n i c a l - e c o n o m i c  d i m e n s i o n s  

Technological advances in energy systems over time can be characterised 
in relation to their returns to scale in economic terms. The tremendous 
increases in energy production from fossil, hydro and nuclear sources 
during the past century were made possible by the significant economies of 
scale that characterise these systems. As new energy technologies are inte-
grated into social and economic systems, a process of experimentation 
ensues in order to ascertain the appropriate scale in conversion and use, 
which often takes many decades (Grübler, 2004). Economies of scale 
emerge as the energy resources are integrated with the conversion plat-
forms as well as with the infrastructure required for transport and distri-
bution. The convergence to economies of scale over time followed fairly 
similar patterns for power generation from fossil and nuclear technolo-
gies, although in the case of nuclear there was a more significant “over-
shoot” in that the scale increased somewhat rapidly only to fall shortly 
thereafter (Wilson and Grübler, 2011). 

The situation is quite different with bioenergy, as there is no such con-
vergence in scale; indeed, there is no such thing as a “unit production 
cost” for bioenergy as there is for most other energy sources due to the 
site-specific nature of bioenergy systems (Hall, 1991; Faaij, 2006; Wilson, 
2012). Feedstock costs are a high proportion of total costs, so that the 
economics can shift significantly with location and application. Bio-
energy is therefore characterised by many different scale economies, de-
pending on the energy carrier, the sources and locations of feedstocks 
and the application. Once a crop or feedstock is specified, and in relation 
to a geographic area, scale economies develop, but these scale economies 
can shift as conversion and use allows for multiple feedstocks and prod-
ucts. The process of discovering appropriate scale is therefore a more 
multi-faceted and divergent process compared to the convergence that 
has characterised traditional large-scale energy systems (coal, nuclear, hy-
dro). In the case of biofuels, the introduction of second generation con-
version technologies will shift somewhat the cost structure since the 
capital costs are a much greater share of total costs compared to first 
generation biofuels (Carriquiry et al, 2011). One therefore might expect a 
faster shift towards efficient scale (Johnson et al, 2012). Nevertheless, the 
diversity of feedstocks and the location-specific nature of biomass supply 
ensure much greater heterogeneity compared to other energy sources 
(Johnson, 2007). 

Economies of scope are obtained when it is cheaper to produce multiple 
products, i.e. the unit cost of production for each product decreases 
when they are produced together at the same facility or in facilities that 
are co-located or connected. Bioenergy systems are frequently character-
ised by economies of scope, especially in the case of agro-fuels where 
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there may be several different resource streams (e.g. sugars, fibres, or-
ganic wastes), each of which can often give rise to multiple products or 
services (Kamm and Kamm, 2006). The physical processes themselves 
are also generally linked and therefore the socio-economic drivers (la-
bour, prices, etc.) and the political/legal institutions that guide their 
commercialisation (patents, regulations, etc.) also must be linked. The ex-
istence of significant economies of scope adds further to the heterogene-
ity of bioenergy systems and means that the process of determining ap-
propriate scale is never complete, since changes in the number and char-
acter of co-products will also affect the primary product. Furthermore, 
the primary product in given applications and locations will differ ac-
cording to market value and may not necessarily be the biofuel itself. 

Comparative advantage refers to the difference in competitiveness across 
nations (or regions) which thereby facilitates gains from trade, due to a 
relative abundance (or equivalently, lower price) of some factors of pro-
duction, in this case especially labour and biomass resource endowments. 
The mutual benefits of exploiting comparative advantage are the main 
reason that many types of processing and manufacturing have shifted to 
developing countries during the past few decades. At the same time, 
these shifts do not occur in a social or political vacuum; the existence of 
enabling or supporting institutions determines how and when countries 
and regions can exploit their comparative advantage (North, 1990). The 
expansion in biofuels production and trade in the past decade and the 
accompanying debates has often had a North-South character due pri-
marily to the expected comparative advantages of cheap land and labour 
in developing countries, particularly in sub-Saharan Africa (Mathews, 
2007; Batidzirai and Johnson, 2012). Differences in the scale and struc-
ture of energy demand and industrial infrastructure, which are especially 
pronounced in sub-Saharan Africa, significantly affect the opportunities 
for North-South trade (Johnson and Rosillo-Calle, 2007). These differ-
ences, in combination with the lack of strong regional energy policy insti-
tutions in Africa, have complicated the efforts to exploit the gains from 
trade, a topic that is explored in more detail under the case study of Pa-
per I, Chapter 7 (Johnson and Matsika, 2006). The significant differences 
in how bioenergy is used (i.e. traditional vs. modern) also call for greater 
attention to socio-economic factors, as discussed further below. 

4 . 3  S o c i o - e c o n o m i c  d i m e n s i o n s  

The local use of biomass to provide energy services for cooking and 
heating, while providing significant benefits to the users, generally re-
mains out of the public sphere at national and regional levels. The pro-
duction (or gathering), use and trade of biomass for energy is conducted 
through informal markets and is to some extent “invisible” to the com-
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mercial economy of the country or region. Conversely, as biomass and 
bioenergy are traded regionally and internationally—and as distribution 
and transportation infrastructure emerges—such transactions become 
“visible” to policymakers, the business community and a variety of inter-
est groups. The shift from fuelwood to charcoal that has accompanied 
urbanisation, especially in African cities, is perhaps the most prominent 
example in that it has led to a variety of efforts to control its use in order 
to reduce the environmental externalities imposed on rural areas in the 
form of deforestation and forest degradation (Johnson and Rosillo-Calle, 
2007; Zulu, 2010; Zulu and Richardson, 2013). The change from infor-
mal to formal economies for biomass not only monetises the biomass 
but also transforms socio-political institutions operating in the formal 
and informal economies. Actors are constrained by social conventions in 
informal economies, which are directed at preserving the overall value of 
biomass resources across multiple uses and users (Leach and Mearns, 
1988). These social conventions can be disrupted by global markets in 
which the economic benefits of resource extraction outweigh and out-
compete local valuation, leading to resource conflicts (Neville, 2012). 

A socio-economic perspective requires some theoretical view on how ac-
tors conduct themselves within these institutional constraints, regardless 
of whether they are operating under predominantly formal or informal 
institutions. The behavioural assumption is that of “bounded rational-
ity,” in which economic agents do not optimise but rely on incomplete 
information, limited cognitive ability and finite time in which to make 
decisions (Simon, 1955). The assumption of bounded rationality pro-
vides some basis for considering the demand side of the equation, in 
terms of why it is difficult for markets to converge on the more efficient 
option. However, these assumptions are not sufficient to address the 
supply-side of the equation. Given that coordination with supply (feed-
stock) is the most crucial issue for the overall efficiency of bioenergy sys-
tems or markets, unlike most other energy markets, further behavioural 
assumptions are needed to complete the picture. In particular, agents are 
given to opportunism, in that economic self-interest can lead to decep-
tive behaviour that is based on somewhat short-sighted expectations 
(Williamson, 1985). The opportunistic behaviour can manifest itself in 
various ways, but its significance lies in how contractual relations are 
structured: in the case of biomass/bioenergy, coordination between sup-
ply and demand for feedstock can be organised so as to reduce risks, 
such as those associated with low quality and improper applications, and 
the transaction costs thereby imposed. Agents or actors consider these 
transaction costs and due to strong path dependencies (recall section 
3.4), the ultimate efficiency and effectiveness of bioenergy systems re-
quires greater attention to the implications of opportunistic behaviour. 
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Modern bioenergy markets have been evolving to overcome transaction 
costs in supply chains, although the appropriate contractual mechanisms 
may be unavailable in developing countries (Altman et al, 2007). Estab-
lishing modern bioenergy in developing countries is thus complicated by 
weaker institutions that impede end-user experimentation. A key issue 
for transforming the household use of biomass in developing countries 
is therefore market articulation. Household bioenergy use is generally de-
fined by local technologies, local supply of (free) biomass and local insti-
tutions. Since end-user markets are not well-articulated, the design of the 
end-use devices (cookstoves) in some areas literally does not change 
from year-to-year (Atteridge et al, 2013). Introducing innovation into 
such markets would benefit from a user-centred approach in which the 
socio-cultural context is included (Lambe and Atteridge, 2012). Estima-
tion of household willingness to pay for alternative household energy op-
tions can be accomplished through stated preference surveys in combi-
nation with econometric methods, particularly logit and probit models 
(Jumbe and Angelsen, 2011; Takama et al, 2012). Econometric analyses 
can include socio-cultural factors related to taste, food quality or customs 
(Akpalu et al, 2011). In developing countries, the value attached by 
households to improved health and environmental performance has 
been shown in some detailed studies as being very low, and thus stove 
programmes could benefit from attention to other attributes (Mobarak et 
al, 2012). A combination of qualitative and quantitative approaches can 
function as complementary perspectives to support the design of pro-
grammes and policies aimed at the shifting from traditional to modern 
bioenergy (Johnson and Takama, 2012). The shift to modern bioenergy 
offers a wide portfolio of resources and technology management systems 
(recall section 2.3), all of which require new actors and interest groups in 
order to find innovative pathways (section 3.8); consequently a socio-
technical perspective becomes useful in this context. 

4 . 4  S o c i o - t e c h n i c a l  d i m e n s i o n s  

A socio-technical regime or system is a relatively stable configuration of 
institutions, technologies, rules, practices and networks of cooperation 
that determine the evolution and use of technology (Rip and Kemp, 
1998). A given socio-technical regime, such as that for biofuels or bio-
energy systems, includes production, diffusion and use of technology 
(Geels, 2002). In this perspective, the technological systems are embed-
ded in the social context and thus not easily separated from social and 
cultural factors that may operate alongside the economic and political 
factors that tend to be viewed as the driving factors in the uptake of new 
technologies and/or new ways of managing and implementing technolo-
gies. The irreversibility of technological change means that the resulting 
technological systems become structural factors themselves; they become 
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harder to change as their complexity is reduced through social experi-
mentation and market expansion and they move closer to the main-
stream of the society (Rip and Kemp, 1998). The technological systems 
eventually become part of the broader socio-technical landscape, i.e. they 
become part of the vocabulary of key actors who can more easily com-
municate with others about the technologies and can then pursue further 
adoption or take other actions. In this way, they are further embedded 
into social, political, and economic systems. The socio-technical con-
struction thus also reveals the connection to the previous discussion on 
articulating demand (section 4.3) since the complexity of the new techno-
logical systems has to be broken down in order to be easily understood 
by potential users and/or further developed by potential suppliers. 

Under a socio-technical perspective on sustainability transitions, rather 
than leaving innovation as a task for private entrepreneurs and/or 
through research funding, more active approaches are proposed. A 
prominent approach has been Strategic niche management (SNM), 
which involves: “the creation, development and controlled phase-out of 
protected spaces for the development and use of promising technologies 
by means of experimentation,” (Kemp et al, 1998). SNM attempts to in-
tegrate the interests and perspectives of the many stakeholders involved; 
in the case of biofuels, this might include fuel distributors, traders, tech-
nical consultants, farmers, unions, transit agencies, automobile manufac-
turers and regional authorities (Johnson and Silveira, 2014). The niche 
facilitates a broader platform for interaction compared to the technol-
ogy-push approach to stimulating innovation.  

In the case of bioenergy and biofuels, the situation is more complex than 
with other renewables, since the supply of raw materials (feedstocks) 
must be addressed in addition to—and simultaneously with—the rele-
vant end-use technologies and distribution/transport systems. Three 
elements have been emphasised in SNM: shaping expectations, network 
building and learning processes. Expectations are important for con-
sumer acceptance of biofuels, since reliability and performance are key 
concerns for car owners. Expectations are also important in feedstock 
supply, especially in developing countries where production of biofuels 
in rural areas offers a new livelihood, but requires a critical mass of 
growers (van Eijck and Romijn, 2008). Network building is complicated 
by the fact that some of the required actors have strong vested interests 
in the dominant (fossil) system and therefore it is necessary to include 
newer actors to help overcome inertia of existing systems (van der Laak 
et al, 2007). Expectations relate also to the hype-disappointment cycles 
that affect pathways of technological development as new options are 
promoted before they have been fully understood or tested (Gartner, 
1985; Geels, 2012). It is also important to note—especially in the case of 
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large biofuels markets such as Brazil and the U.S.—that it is not a par-
ticular set of factors that are crucial for the innovation process but rather 
the interactions between niche, regime and landscape (Carolan, 2010). 
Socio-technical determinants of the bioenergy transition are explored for 
the case of bioethanol in Brazil, Malawi and Sweden in Papers V and VII 
and synthesised in Chapter 6 (Johnson and Silveira, 2014; Silveira and 
Johnson, 2014). 

4 . 5  P o l i t i c a l - e c o n o m i c  d i m e n s i o n s  

The irreversibility of technological systems together with the significant 
influence of a number of key public and private actors means that politi-
cal and economic institutions become strongly intertwined in shaping the 
course of energy transitions. Energy problems in developing countries 
do not lend themselves to technical and economic solutions alone: lack 
of energy access has serious implications for health and environment 
that entrench energy poverty in developing countries and thus call for 
coordinated public policy efforts (Sovacool, 2012). In the case of biofu-
els, formal institutions in the form of legislation have come to play a 
critical role in transforming markets. At the same time those actors with 
an economic interest in the new markets move quickly into forming alli-
ances and associations that affect both the letter and the interpretation of 
legislation. An analysis of political economy requires abandoning the di-
vision between public and private actors and recognising how institu-
tional linkages between these actors affect the nature and pace of institu-
tional changes. Economic policy for governments—regardless of level—
can therefore not be based on the notion of social planners maximising 
utility for representative members of the society (NBER, 2007). From a 
political-economic perspective, the emerging biofuels regime is better 
analysed through consideration of the dynamic interplay between public 
and private actors, rather than analysing separately or sequentially the ac-
tions of political actors who set the rules and private actors who exploit 
them for profit. A socio-technical perspective (see section 4.4) is com-
plementary but also consistent with the political-economic analysis, in 
that it explicitly considers interaction between public and private ac-
tors—in relation to technological platforms—and thereby connects also 
to market developments over time. It is also necessary to consider the 
role of the informal institutions that tend to rule biofuels markets and 
biomass resources in the developing countries, and the rather different 
governance structures that emerge as a result (Agbemabiese et al, 2012). 

Many national governments, as well as some pan-national and sub-
national organisations, have introduced new legislation and guidelines re-
lated to biofuels in the past 5 or 10 years (Sorda, 2010). Such legislation 
seeks to manage the opportunities and risks associated with the biofuels 
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market expansion and/or to guide that expansion towards the goals of 
energy security, climate mitigation and rural/agricultural development. 
Legislation and any accompanying regulations have tended to fall under 
four categories: biofuels mandates, sustainability provisions, financing 
and implementation or infrastructure provisions. Biofuels or renewable 
energy mandates specify particular levels of use or blending at national or 
regional level (Sorda et al, 2010). Sustainability provisions address envi-
ronmental and/or socio-economic impacts (Scarlat and Dallemand, 
2011). Financing provisions provide a means to accelerate uptake of bio-
fuels through economic incentives. Implementation and infrastructure 
provisions are generally aimed at facilitating the distribution, transporta-
tion, trade and/or storage of biofuels.  

Although legislation is not always well-implemented in some countries, 
the high level of ambition in biofuels targets and mandates has contrib-
uted to the considerable elevation of biofuels policies in international fo-
rums. The changing patterns of global trade and the shift of demand to 
emerging countries, particularly China and India, have also transformed 
the political economy of biofuels and created new South-South dynamics 
as well as the more traditional North-South dynamic (Dauvergne and 
Neville, 2012). Due to the commercial maturity of first generation biofu-
els based largely on food crops, the debate on food vs. fuel re-emerged 
and entered these dynamics as well (Rosillo-Calle and Johnson, 2010) 
and contributed to a further polarisation that has led to a contentious 
political environment that crosses national boundaries (Neville, 2012). As 
land for food and fuel becomes a more valuable commodity and demand 
surges in emerging economies, both national governments and multina-
tional corporations have attempted to lease or purchase large tracts of 
land from which to export (Cotula et al, 2009). A lack of appropriate 
governance systems for land and resources can then lead to exploitation 
of precisely those groups that the biofuels expansion is purported to 
help—the rural poor (Dauvergne and Neville, 2010).  Cross-level institu-
tional linkages, or lack thereof, consequently take on a more prominent 
role in relation to ethical and social sustainability goals. The political-
economic dimensions of the bioenergy transition are explored in detail 
for EU biofuels policy, as given in Thesis Papers II and VI (Johnson, 
2011; Westberg and Johnson, 2014) and incorporated in Chapter 8. 

4 . 6  G o v e r n a n c e  a n d  C o m p a r a t i v e  
I n s t i t u t i o n s  

Analyses on governance can be applied in social, economic and/or po-
litical contexts, particularly when seen in relation to institutions support-
ing social, economic or political exchange (North, 1990). Economic gov-
ernance functions through price systems established for different mar-
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kets but also through various types of contracting, franchising, corporate 
rules and regulations and other modes of organisation (Williamson, 
1985). In political terms, local, national and regional governments each 
have their own special governance requirements. Social organisations, 
such as families, villages, or civil society groups, have their own govern-
ance structures as well. Since this thesis takes an interdisciplinary per-
spective, governance is viewed broadly in terms of policies, mechanisms, 
and instruments that steer social, political and economic systems 
(Lafferty, 2004). Both the efficiency and effectiveness of governance sys-
tems are of interest. Effectiveness is about the extent to which such sys-
tems achieve their stated goals, whereas efficiency is about improving the 
means of achieving those goals, i.e. the time and resources expended.  

Political scientists analysing governance have a tendency to identify an 
important role for the state, particular in areas related to natural re-
sources and energy, whereas economists will tend to identify markets as 
providing more effective systems of governance. In reality, there is a 
continuum of institutions for governance that have social, political and 
economic dimensions, ranging from hierarchical systems implemented 
through government or corporate bureaucracies to the spot markets for 
commodities that are common today (Williamson, 1985). In viewing 
governance across such a continuum and by incorporating the historical 
context, political, social and economic governance are no longer easy to 
separate. Rather than choosing a perspective of market failure or gov-
ernment failure, a comparative institutional approach is taken in which 
the efficacy of institutional alternatives are viewed along similar parame-
ters (Coase, 1988; Purkus et al, 2012).  

The comparative institutional approach addresses especially those cases 
where transaction costs (assumed to be zero in neoclassical economics) 
are quite significant, so that changes in the prevailing institutional ar-
rangements (e.g. legislation or other rules) must be made endogenously, 
i.e. within the economic system (Dahlman, 1979; Williamson, 1985). The 
existence of transaction costs presents non-technical barriers to bio-
energy market development since investments depend on compatibility 
with existing infrastructure and are characterised by path dependence 
(Altman and Johnson, 2008; Johnson and Silveira, 2014). A comparative 
institutional approach is generally assumed in this thesis, consistent with 
an interdisciplinary perspective. Sustainability comparisons are made 
with respect to existing institutions rather than with the ideal solutions in 
economic, political or social terms. The business-as-usual case becomes 
the frame of reference with respect to the overall shift from traditional to 
modern bioenergy. Consequently, there is no inherent assumption on the 
preference of market-oriented policies (e.g. taxation) compared to gov-
ernment regulation or legislation (e.g. biofuels mandates); the role of 
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bioenergy is viewed more broadly and concretely in relation to observed 
patterns of social, political and economic preferences (Purkus et al, 2012; 
Williamson, 1985). Energy system or market governance can be then be 
assessed at different levels and also in relation to other sectors and mar-
kets (Bazilian et al, 2014; Johnson and Silveira, 2014). 

4 . 7  C r o s s - l e v e l  l i n k a g e s  

Linkages across different biofuels markets and policies arise on the basis 
of commonalities and differences in their structure. The multi-scale na-
ture of biomass resources and their accompanying governance structures 
means that improved understanding of cross-scale and cross-level link-
ages can support policy analysis and institutional design (Schut et al, 
2013). In general the concern here is with bilateral linkages, i.e. between 
two levels: regional-global, national-regional, local-national, and so forth. 
One can certainly identify cases where linkages arise across three or more 
levels simultaneously (e.g. local-national-global) but in these complex re-
lationships there will nevertheless tend to be some dominant axis of in-
teraction that best illustrates the cross-level dynamics affecting biofuels 
systems or markets. Nor can the options be completely segregated in 
spatial or physical terms across these phases, since the raw materials and 
final products are flexible in application (i.e. can be used for industry, 
transport, heating, etc.). Greater emphasis is required on the processes of 
change rather than focusing on changes in the use of products, thus consid-
ering the institutional dynamics that drive technical shifts rather than look-
ing primarily at the temporal dynamics of technical shifts. A further implica-
tion is that greater attention is given to spatial characteristics of transi-
tions (Raven et al, 2012; Truffer and Coenen, 2012). 

Table 9: correspondence between different phases of development and 
different perspectives or modes of assessment 

Mode/Phase Emergence Exploitation 
Convergence/ 

Divergence 
Typical length 

of cycle 

Techno-
economic  

Experimentation Diffusion Saturation long 

Socio-
economic 

Articulation Adoption Satiation short-medium 

Political-
Economic 

Constituency 
formation 

Political debate 
and alliances 

Formalisation and 
Implementation 

short 

Socio-
technical 

Knowledge 
generation and 
dissemination 

Social learning, 
Network formation 

New interest 
groups and trade 

organisations 
medium-long 

Source: developed by the author 

In order to analyse these linkages in an interdisciplinary fashion, it is nec-
essary to create a common representation for phases or shifts along the 
different dimensions: techno-economic, socio-economic, political-
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economic and socio-technical. It requires neutral concepts that can cap-
ture the nature of the transformations over time. Three phases are identi-
fied: emergence, exploitation and convergence or divergence. Emergence describes a 
period of discovery where there is considerable uncertainty about the 
linkages across institutional levels. Exploitation occurs as actors begin to 
use these linkages to further economic, political or social goals. Conver-
gence may occur where common approaches are adopted and markets de-
velop more smoothly, or there may be divergence, during which time poli-
cies are unclear and markets are stagnant or fragmented in size or scope. 
This simple framework can then be related to the four dimensions used 
to analyse the bioenergy transition, as shown in Table 9. 

Technological development requires long periods of experimentation to 
determine appropriate scale and user needs, and a period of diffusion (or 
market penetration) is followed by saturation (recall section 3.4). One 
example of biofuels saturation is the “blend wall” in the U.S., which is 
associated with the limit of 10% ethanol that has been applied due to 
regulatory decisions and automobile manufacturer warrantees (Spack-
man, 2012). The example of the blend wall also illustrates how techno-
economic saturation is a function of institutions, since changes in the 
prevailing institutions, in this case U.S. legislation and its implementa-
tion, can change the point of saturation (de Gorter et al, 2013). At the 
same time, the price sensitivity of consumers in combination with the 
path dependence of transport fuel markets means that demand for alter-
native fuels such as bioethanol can reverse rather quickly (Pacini and 
Silveira, 2011). Socio-economic factors must therefore be incorporated 
into policy design in both traditional and modern bioenergy markets. 
Socio-economic factors determine the extent of market articulation (Ta-
kama et al, 2012), which reduces transaction costs and purchase costs so 
as to facilitate adoption, eventually allowing buyers to become satiated 
(able to purchase as much as desired at the new price and income levels). 
Socio-economic cycles tend to be correlated with consumer agency and 
thus can be linked to generational changes in preferences (Perez, 2004). 

Political-economic cycles operate along a shorter timeframe, based on 
identifying constituencies, forming alliances and reaching some formal 
result such as legislation or regulation (e.g. fuel mandates). The socio-
technical cycle has a longer timeframe, recognising that actors are moti-
vated by social goals as well as economic and political goals; they form 
networks and benefit from social learning as a part of the technological 
development process (Geels, 2002; van der Laak et al, 2007). These vari-
ous cycles may be mis-aligned with each other, thereby creating frictions 
in technology and market development. Of particular interest for the 
bioenergy transition is the gap between long-term shifts in technology 
and resource platforms and short-term changes that occur through price 
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adjustments or socio-political priorities. An example of an innovation 
that effectively narrows this gap is the flex-fuel car, since it aligns techni-
cal implementation with shifts in socio-economic preferences (Gee and 
McMeekin, 2011). Forward-looking legislation can also narrow the gap, 
such as the flexibility afforded in the EU Renewable Energy Directive 
(EU-RED) in sustainability certification (EC, 2009; Johnson, 2011); 
however, full implementation is required to achieve the stated goals 
(Westberg and Johnson, 2014). 

These various perspectives are employed as complementary lenses in 
evaluating cross-level linkages in the bioenergy transition. Each of the 
cases or assessments in Chapters 5, 6, 7 and 8 highlight particular types 
of linkages and considers the relation between institutional changes and 
the policies (or lack thereof) that followed. These phases do not always 
have neatly defined beginning and endpoints for a given technological 
option or fuel, given that technological platforms change over time and 
may lead to changes in institutions. Consequently, timeframes are not 
fixed and the cases are analysed within their own particular context in 
temporal and spatial terms. 
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5 Household-Level 
Bioenergy Transitions:  a 
case study in Ethiopia  

Although biomass is often the main energy source in developing coun-
tries, many lack a biomass resource strategy (FAO/UNEP, 2011). Na-
tional energy policies in developing countries tend to focus on securing 
petroleum supplies (for oil importers) and expanding electricity access. 
International and national programmes have followed different tracks for 
many years, consistent with the ideological approach of a “two-track 
pathway,” for traditional and modern bioenergy or for households vs. 
other sectors (recall section 1.1). Even in recent years as many countries 
and regions have been developing new modern bioenergy applications, 
African policymakers have not placed much emphasis on modernising 
the bioenergy sector, since biomass is still viewed as dirty and inefficient 
and associated with poverty (Openshaw, 2010; Macqueen and Kor-
haliller, 2011; Owen et al, 2013).  

The emergence of liquid biofuels might help change this dynamic in sev-
eral ways in terms of governance levels and market routes. First, national 
policies on biofuels could help to create a leadership role for “pioneer 
countries” that had built up domestic markets (Johnson and Silveira, 
2014). Second, opportunities for regional cooperation on biofuels have 
emerged, since low demand in individual countries and lack of infrastruc-
ture reveals the advantages of regional markets (UNF, 2008; Lerner et al 
2010; ECOWAS, 2012). Third, it offered a potentially direct route into 
international markets as the demand for biofuels was stimulated through 
mandates in developed countries and new avenues of cooperation were 
opened (Mathews, 2007; Sorda et al, 2010). Fourth, new options 
emerged in the household sector through the use of ethanol and other 
biofuels, which created an opening for experimentation with fuel-
switching (Utria, 2004; Johnson and Takama, 2012). This last develop-
ment is explored in this chapter in a detailed case study in Ethiopia while 
the first three are considered in Chapters 6, 7 and 8. In addition to inves-
tigating consumer agency at household level, this chapter also considers 
linkages to local, national and global levels. This chapter is based on 
Thesis Paper III (Takama et al, 2012) but also draws on supplementary 
material in order to place the detailed model of household energy into 
the broader context of bioenergy transition. 
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5 . 1  H o u s e h o l d  e n e r g y  a n d  b i o m a s s  u s e  

Traditional biomass—in the form of fuelwood, dung and charcoal—is 
the main source of household energy in most developing countries, es-
pecially in sub-Saharan Africa where dependence in rural areas ap-
proaches 100% (Smeets et al, 2012; IEA, 2013). The widespread use of 
charcoal in urban areas is based on production in rural areas, which, al-
though it offers a valuable alternative income source in the near-term, 
also contributes to degradation of ecosystem services and thus may un-
dermine livelihoods in the longer term (Zulu and Richardson, 2013). 
Health impacts are also significant: burning of biomass is the main 
source of indoor air pollution in developing countries, which is estimated 
to lead to two million annual premature deaths (Smith and Mehta 2003). 
Gender inequality, women’s drudgery and a loss in labour productivity 
are also closely linked to the use of traditional biomass (Oparaocha and 
Dutta, 2011; Sovacool, 2012). The average burden of fuelwood gathering 
for African women is on the order of 20 kilograms per woman per day 
(Sagar, 2005). In addition to these serious health and welfare implica-
tions, traditional biomass use also has significant environmental impacts, 
particularly through land use change, deforestation and greenhouse gas 
emissions (Odihi 2003; Grieshop et al 2011). Biomass burning is a source 
of short-lived climate pollutants, particularly in the form of black carbon 
or soot (Bond and Sun, 2005; UNEP and WMO, 2011). Improved 
stoves and fuel-switching could significantly reduce these impacts (Jetter 
et al, 2012). The health and environmental co-benefits from stove and 
fuel switching represent a significant opportunity for improvements in 
economic welfare and overall sustainability in the traditional biomass 
sector (Anenberg et al, 2013). 

Despite the numerous apparent benefits, the transition to modern fuels 
has been slower than expected. Indeed, the number of households rely-
ing on traditional biomass in sub-Saharan Africa is expected to increase 
in absolute terms in the coming years although the share is likely to de-
cline (IEA, 2013). The choice of fuels and stoves at household level can 
be viewed as the “front lines” in the struggle to shift away from tradi-
tional biomass, since traditional biomass outside the household sector is 
quite small by comparison in global terms. Modern energy services in the 
household sector offer socio-economic and environmental benefits re-
gardless of whether they are renewable or non-renewable, although a 
shift to modern bioenergy offers additional benefits in terms of using lo-
cal resources more wisely (Johnson, 2007). A shift to modern bioenergy 
(e.g. bioethanol, biogas) at household level effectively encompasses a tri-
ple win: improved energy services, a decrease in environmental impacts 
and significant health improvements (Bazilian et al, 2010; Sovacool, 
2012). Furthermore, from an equity perspective, the benefits accrued in 
social and economic terms are greater than the benefits achieved from 
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modern bioenergy in developed countries (Cecelski and Unit, 2000). 
Therefore the shift from traditional to modern bioenergy at household 
level has particular significance with respect to the overall bioenergy 
transition (Smeets et al, 2012; Johnson and Takama, 2012). 

5 . 2  A  H o u s e h o l d  E n e r g y  E c o n o m i c  m o d e l  
i n  E t h i o p i a  

As in all sub-Saharan African countries except for South Africa, tradi-
tional biomass provides the overwhelming majority of household energy 
sources in Ethiopia, although there are significant differences between 
rural and urban areas. In both urban and rural areas, the primary source 
is fuelwood, but in urban areas there is considerable use of kerosene and 
charcoal, especially in Addis Ababa. Table 10 shows the shares of pri-
mary cooking fuel in Ethiopia in 1996 and 2011 in urban and rural areas. 
Kerosene was widely used in the past in urban areas but its use decreased 
with the price increases during the past decade or so. Consequently, the 
overall shift in urban areas seems to have been down the energy ladder 
rather than up (recall section 3.3). In rural areas there has been a shift 
towards fuelwood, although the specifics of this shift are not well known 
as there is considerable variation. The number of stoves that can be con-
sidered as improved cook stoves (ICS) is thought to be very small, gen-
erally less than 1% of both wood and charcoal stoves (Azemeraw, 2013).  

Table 10: Primary cooking fuel shares for Ethiopian households  

 Urban Rural 

 1996 2011 1996 2011 

Wood 61,7% 63,3% 75,5% 90,9% 

Charcoal 4,3% 17,5% 0,1% 0,2% 

Electricity 2,7% 6,2% 0,0% 0,0% 

Kerosene  18,9% 4,9% 0,0% 0,0% 

LPG 1,0% 1,1% 0,2% 0,2% 

Biogas 0,0% 0,0% 0,0% 0,0% 

Dung, Sawdust, Crop Residues 11,4% 3,4% 24,2% 8,6% 

None/other 0,0% 3,6% 0,0% 0,1% 

Number of Households (millions) 1.583 3.437 8.856 12.708 

Sources: CSA, 1999; CSA, 2012; Mengistu, 2013 

As in many African countries, the many programmes aimed at the tradi-
tional biomass sector have not significantly affected the shift away from 
traditional biomass and inefficient stoves in Ethiopia. The programmes 
have tended to emphasise technical design issues, with much less atten-
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tion to the preferences of households in terms of particular attributes 
they would like to see in a new cookstove. Many different factors have 
been investigated in terms of their influence on fuel and stove choices: a 
detailed review identified some 50 distinct factors in the peer-reviewed 
scientific literature (Tsephel, 2008). However, the research has tended to 
focus on income and demographic factors such as education that are 
rather difficult to change in the near term (Takama et al, 2012). Much 
less attention has been paid to product-specific factors, such as safety or 
smoke, which can be changed quickly by offering new stoves and fuels 
on the market. Consequently, the demand for improved stoves and for 
fuel-switching is poorly articulated, with significant consequences for 
health and environment (Smith and Mehta, 2003). From the perspective 
of economic choice, the lack of research on product-specific factors is 
tantamount to ignoring the agency of households in developing countries, 
i.e. their role as decision-makers (Takama et al, 2011). Research in 
Ethiopia has suggested a range of underlying factors (Kebede et al., 
2002) and has illustrated the significant environmental impacts associated 
with fuelwood dependence (Zenebe, 2009). There are also significant in-
fluences on poverty and well-being, as it has been found that poor 
households spend a much larger share of disposable income on energy 
(16%) compared to 4% for wealthy households (Kassa, 2009). 

In order to understand better the significance of product-specific factors 
in fuel and stove choice, a new modelling approach was developed and 
applied in Ethiopia (Takama et al, 2011). A choice experiment was de-
signed for three main alternatives (kerosene, ethanol, fuelwood) and ap-
plied to a sample of households, and this choice experiment generated a 
data set that was used to configure a discrete choice econometric model, 
based on the multinomial logit framework (McFadden, 1973). The dis-
crete choice approach allows consumer utility to be expressed according 
to the valuation of distinct attributes, as opposed to standard theories of 
consumer approach that considered consumer valuation along a contin-
uum and without concern for multiple characteristics. Consumer Utility 
U is expressed as the sum of the unobserved (non-stochastic) utility V 

and the error term ε, i.e. U = V + ε: The model permits estimation of 
the probability of choosing one of the three fuel/stove alternatives, i.e. 
wood, kerosene or ethanol. The logistic form of the fitted model for 
choosing a given fuel/stove has the same structure for each of the three 
fuel/stove alternatives; for the Ethanol stove, the model is:  
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P (Ethanol) is the probability of choosing an ethanol stove in a given 
situation. The particular form of the model chosen was based on testing 
the different combinations and comparing the results to the underlying 
theoretical basis for the choice sets and the inherent limitations in the 
data set due to the nature and size of the sample (Takama et al, 2012). 

Four key attributes were considered in the model: stove price or pur-
chase cost, usage costs (i.e. monthly fuel costs), safety, and smoke. 
Pseudo-categorical variables were used to allow a few levels each for 
safety and smoke, in order to capture the basic range of respondents’ 
perceptions, based also on pilot testing and focus groups held before the 
household survey was conducted. Safety variables were also differenti-
ated on a contextual basis with households during the survey, since there 
are both burn risks and explosion risks, with the latter not being relevant 
for fuelwood. The labels and levels associated with the choice experi-
ment itself are given in Table 11.  

Table 11: Allocation of levels and labels for the four attributes 

 Ethanol Kerosene Wood 

Stove price (ETB) {500, 250, 100} {150, 70, 30} {120, 50, 20} 

Usage cost (ETB) {60, 120, 160, 320} {50, 100, 150, 300} {40, 80, 140, 250} 

Indoor smoke 
{No smoke, Very lit-

tle smoke} 

{Very little smoke, 

Moderately smoky} 

{Very little smoke, 

Highly smoky} 

Safety risk 
{Little unsafe, 

Highly safe} 

{Highly unsafe, Little 

unsafe} 

{Moderately unsafe, 

Highly safe} 

NOTE: ETB=Ethiopian Birr; the exchange rate at the time was 9.5 ETB/USD 

There were certain methodological difficulties associated with household 
perceptions due to past experience and household situations. For exam-
ple, there was a perception that ethanol was unsafe due to a marketed 
blend of kerosene and ethanol that had some explosive risk when han-
dled improperly (Kenaw, 2006). Yet a 100% ethanol stove has no chance 
of explosion and in fact ethanol has a very high safety level compared to 
kerosene (Kassa, 2009). Such effects can be understood at the concep-
tual or theoretical level due to the fundamental economic problems cre-
ated by opportunism in poorly articulated markets (recall section 4.3). 
These effects also show how household-level decisions are linked to the 
local or community context, since there was insufficient regulation of the 
market for stoves in this case. 
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5 . 3  M o d e l  r e s u l t s  

Due to the fact that significant differences have been observed with re-
spect to income or wealth, a segmented model with three wealth classes 
was used—low, medium and high—so as to endogenously capture ef-
fects or interactions with wealth of the household; other model forms, 
tested with other key demographic variables were all inferior in statistical 
terms to the wealth-segmented model (Takama et al, 2012). The model 
parameters were estimated using BIOGEME software (Bierlaire, 2003). 

The model results provide estimates of households’ willingness to pay 
for changes in the given attributes, based on the 15 distinct parameters 
used in the wealth-segmented model (Takama et al, 2012). The results 
were not significant at 10% level for two of the parameters in the case of 
the high wealth group; consequently the willingness to pay could not be 
estimated for that group (Hensher et al, 2005). In this framework, the 
willingness to pay can be interpreted as the Marginal Rate of Substitution 
(MRS), which is the rate at which one unit of an attribute is substituted 
for another, while maintaining the same level of consumer utility. By 
normalising the MRS to stove price (given in ETB), the parameters can 
thus be considered as Marginal Willingness to Pay (MWTP), which is the 
value in terms of one stove price unit that a respondent would pay to re-
ceive one more or one less unit of another attribute specified in the 
model. The results of the MWTP calculations are given in Table 12 for 
low and middle wealth groups, for which the underlying model parame-
ter estimates were statistically significant (Takama et al, 2012). 

Table 12: Marginal Willingness to Pay (MWTP) relative to the stove 
price in Ethiopian Birr (ETB) 

Income class Stove 
price  

Usage 
cost  

Safety for 
explosion 

Safety for 
burning 

Indoor air 
smoke  

Low-wealth 1 0.83 -65.93 -47.26 -36.00 

Middle-wealth   1 1.24 -137.20 -140.33 88.80 

Source: Takama et al, 2012 

The unit and scale differs for safety and smoke and thus a comparison of 
the relative strength of attributes based on coefficient value can only be 
directly assessed for the stove price and usage cost attributes. The esti-
mated MWTP value for the usage cost attribute is lower for the low-
wealth group at 0.83 ETB, which is followed by 1.24 ETB for the mid-
dle-wealth group. For a 1 ETB reduction in stove price, the low and 
middle-wealth groups are willing to pay 1.244 ETB and 0.832 ETB re-
spectively. This result is not surprising, since low-wealth households 
have less upfront cash to pay for the stove and thus they value reduc-
tions more. The trade-off between stove price and usage cost is essen-
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tially the primary economic trade-off in the fuel/stove switching issue, 
since they represent the tangible economic costs. As shown in the table, 
the middle-wealth households are willing to pay more for safety im-
provements and for decrease in indoor smoke. The result for the low-
wealth group actually implies that they prefer more smoke: they are will-
ing to pay 36 ETB for an increase in smoke! However, focus group dis-
cussion suggested that it was simply the effect of low-wealth households 
having so little cash that they simply cannot afford the luxury of decreas-
ing smoke whereas they view safety as a more pressing concern (Takama 
et al, 2012; Johnson and Takama, 2012). 

The model results were unsurprising in certain ways, such as that low 
wealth households were much more sensitive to stove price than middle 
and high-wealth households. The low-wealth group seemed to use a high 
discount rate, which could be ascertained by the fact that they were more 
willing to pay for reductions in usage cost than they were for reductions 
in stove price. High and middle-wealth groups were willing to pay much 
more than the low wealth group for reductions in indoor smoke and in-
crease in safety. The low wealth group was willing to pay more for a re-
duction in explosion risk compared to burn risk, which is logical given 
the fact that low-wealth groups are much more familiar with burn risks 
as these are associated with solid biomass use, whereas explosion risks 
present an unknown hazard (Takama et al, 2012). The results of the 
model were generally consistent with the energy ladder theory in which 
consumers or households tend to choose more advanced stoves and fu-
els as their income or wealth increases (recall section 3.3). However, the 
choice experiment did not consider the use of multiple stoves, which is 
currently fairly common in the sample studied and thus the fuel stacking 
model could be equally plausible (Masera et al, 2000). One lesson sug-
gested for policy-making and programme development is that subsidies 
must be well-targeted in order to be effective as well as to avoid equity 
concerns: since the poor households were not willing to pay more for 
fuel or for the stove, subsidies will tend to benefit the middle class. 
However, the fact that even low-wealth households were willing to pay 
for improved safety suggests that there is some latent (or unarticulated) 
demand for fuel and stove switching where safety can be proven. 

5 . 4  L o c a l  a n d  N a t i o n a l  c o n t e x t  

Overall, the economic analysis revealed significant differences with re-
spect to wealth class, but there were also differences in the perception of 
safety and smoke. The cost-sensitivity of households to both stove price 
and usage cost was stronger than previous studies have seemed to sug-
gest; only high-income households were relatively unconcerned about 
higher costs coupled to safety and/or smoke improvements (Takama et 
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al, 2012). The focus groups and qualitative analyses in the study sug-
gested that there was a strong social context when it comes to percep-
tions of new household energy options, i.e. the choices made by 
neighbours, relatives or persons in the social contact network has a con-
siderable impact on household decisions. The problem of market articu-
lation is therefore not only a problem of understanding the agency of 
households, but also of socio-cultural dimensions. The central function 
of cooking in the daily lives of households creates certain impediments 
to new technologies that might disturb the social equilibrium (Lambe 
and Atteridge, 2012; Atteridge et al 2013). Therefore, institutions at local 
level (where they exist) such as those that could regulate the marketing of 
new stoves, take on added significance for the shift to modern fuels. In 
this particular case in Addis Ababa, there was a significant social effect 
due to the previous experience with K-50 (50/50 blend of kerosene and 
ethanol) that was deemed as having an explosion risk (Kassa, 2009). The 
local media’s condemnation of the fuel could not be reversed, offering 
an example of the “social construction” of technology (Kenaw, 2006). 
The technical experimentation period and end-user training that the en-
gineers deemed as required was mis-matched with the social and political 
context for its application (recall section 4.7 on cross-level linkages). 

Even if households or stove users are positive towards a new stove and 
fuel, there are contextual factors beyond the product attributes them-
selves that affect the penetration of new energy sources in the household 
sector. In particular, the improved (ethanol) stove in question was quite 
hypothetical and lacked social context; had it been a tangible option that 
was available in stores and known in the community, the results may 
have been different (Takama et al, 2012). Nor is it the case that lower-
priced fuels (such as through tax reductions) would necessarily advance 
the new options. An important factor is often the availability of fuels, 
which in turn affects the perceived value of the stove designed for those 
fuels. Availability of fuels at the household level in developing countries 
is always a fundamental issue since fuelwood is available in rural and 
peri-urban areas at no direct cost (only the opportunity costs of gather-
ing it). In an urban area, availability depends also on alternative uses and 
how they are prioritised. The new fuel analysed in this model—
ethanol—had been introduced as a cooking fuel, based on a new stove 
design, in 2003 in Ethiopia (Stokes and Ebbeson, 2005; Lambe, 2006). 
However, due to the fact that Ethiopia has been promoting ethanol for 
the transport sector, the availability of ethanol in the household sector 
has been constrained, which in some cases has weakened the credibility 
of the option and created a barrier to new ethanol stoves (Kassa, 2009). 
In fact, experience from the Gaia project in Ethiopia showed that the 
government prioritises the transport sector for energy security reasons, 
and this perception seems to present a further barrier to the develop-
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ment of a household bioethanol market since consumers want a fuel 
whose availability is assured (Rogers et al, 2013). Household energy pol-
icy in Ethiopia has also historically been characterised by a strong focus 
on urban and peri-urban households and thus the rural market is unex-
plored (Wolde-Ghiorgis, 2002). A lack of coordination across sectors, or 
more significantly, across governance levels from national to local, effec-
tively complicates the introduction of modern bioenergy at household 
level. It is possible that such constraints could be loosened if the Ethio-
pian government follows through on its ambitious expansion plans for 
renewable energy and sugar/ethanol, which could increase production of 
ethanol ten-fold over the next 15-20 years (FDRE, 2011; Hiben, 2013). 

5 . 5  G l o b a l  c o n t e x t  

In recent years, there has been increasing attention at global level to the 
opportunities for a shift in household energy use, focusing especially on 
biomass as a locally available resource. In addition to the longstanding 
rationale based on health impacts and energy poverty, climate benefits 
have been added to the rationale for household energy projects and in-
terventions (Grieshop et al, 2011; Rehman et al, 2011). Although the 
case study in this chapter has focused on switching to bioethanol, a simi-
lar approach could be taken for other options, such as high-efficiency 
stoves that use pre-processed biomass in the form of wood pellets. 
Measurements of black carbon have shown the climate benefits from us-
ing advanced stoves (Kar et al, 2012). The emissions savings associated 
with land use change must also be considered, and the term “non-
renewable biomass” has emerged during the past decade as a way of 
characterising that fraction of the extraction of biomass that exceeds the 
sustainable yield; the ability to estimate this fraction can then be used to 
support carbon finance (Jürgens et al, 2006; Johnson et al, 2010; Simon 
et al, 2012). Various emissions accounting methodologies for biomass 
use in cookstoves have been developed under the United Nations 
Framework on Climate Change and through international organisations 
such as the Gold Standard (Gold Standard, 2013; Lee et al, 2013). 

Although the household energy sector has been an object of study for 
several decades and a focus of many donor programmes and non-profit 
projects, it is generally only in recent years that the issue has become 
truly global in character, with many for-profit companies and transna-
tional non-profit organisations entering the market (Cleanstar, 2014; En-
virofit, 2014; GACC, 2012; SEDF, 2012). The climate benefits of switch-
ing away from traditional biomass have thus facilitated better articulation 
of the market for clean stoves and/or more efficient and/or innovative 
technologies in the household sector. In this respect, the household sec-
tor is now better linked to national and global markets to the extent that 
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carbon is valued in national policies and in multilateral and voluntary ini-
tiatives. These linkages to global markets can only be exploited to the ex-
tent that carbon is valued and to the extent that the emissions accounting 
methodologies are sufficiently transparent. Local impacts in terms of 
health and air pollution have been more difficult to internalise and it is 
often the case that households do not seem to consider these impacts in 
their choice of stoves (Mobarak et al, 2012). The case study in this chap-
ter, on the other hand, has shown that safety seems to be valued by 
households even at lower income levels. Such combinations of local and 
global valuation in the household market suggest that there remain cross-
level linkages that can be exploited in furthering the transition to modern 
bioenergy. 
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6 National  Programmes in 
Brazil ,  Malawi and 
Sweden 

The establishment of viable alternative fuels markets and bioenergy sys-
tems has tended to be heavily dependent on coherent and coordinated 
national programmes and policies. Brazil, Malawi and Sweden pose in-
teresting cases as they cross three economic development levels (emerg-
ing, developing, and developed) and they all initiated significant biofuels 
programmes in the aftermath of the oil crises of the 1970s. They devel-
oped active programmes of research and development at the same time 
that they were working on policy formulation and experimenting in dif-
ferent aspects of programme implementation (Johnson and Silveira, 
2014; Silveira and Johnson, 2014). All three countries emphasised energy 
security goals in the earliest phases. Owing to infrastructure, climatic fac-
tors and natural resource endowments, the implementation paths they 
have pursued have been quite different.  

The countries also differ considerably in terms of physical geography as 
well as in political and economic terms. Brazil is a vast country with an 
enormous rain forest as well as large areas of pasture and grasslands; Ma-
lawi is a small tropical country with high population density; Sweden is a 
small country in a cold climate with a land mass dominated by a highly 
managed forest system. Brazil has become a political leader among the 
world’s emerging economies and a world power with a tremendous natu-
ral resource base, while Sweden is a small open economy with a leading 
role in international environmental policy and international diplomacy. 
Malawi is constrained in economic terms due to being landlocked and 
having low levels of technical infrastructure (UNCTAD, 2011). Malawi 
and Brazil both went through a transition to democratic rule after they 
initiated the biofuels programmes, whereas Sweden has had a fairly high 
level of political continuity during this period (Johnson and Silveira, 
2014).  

Due to the vast differences in size and geography, a comparison along 
socio-technical dimensions is more appropriate than evaluating supply 
side or physical resources, focusing especially on an analysis of the actors 
and networks involved in each country in establishing or implementing 
the new technologies and management systems that enabled them to es-
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tablish biofuels markets. A brief case study on woodfuels in Brazil and 
Sweden is also given here as a way of complementing and extending the 
socio-technical analysis for alternative fuels development. An historical 
review is provided in the first section below to establish the economic 
and political landscape for biofuels in the early years as programmes 
were being developed. The material in this chapter is taken largely from 
the case studies undertaken in Thesis Papers V and VII (Johnson and 
Silveira, 2014; Silveira and Johnson, 2014). 

6 . 1  H i s t o r i c a l  p o l i c y  c o n t e x t  f o r  b i o f u e l s  

Before the first oil crisis in 1973, oil prices were approximately one-fifth 
of what they are today in real terms (see Figure 8) and oil represented 
more than half of all commercial energy consumption (IEA, 2012). At 
that time, biofuels were mainly a curiosity or a relic of the period before 
the era of cheap oil of the 1950s and 1960s. The vulnerability of the 
global economy to a cut-off in oil supplies became acutely apparent dur-
ing the oil crises of 1973-74 and 1979-80. Consequently, energy security 
became a primary policy goal among OECD countries as well as other 
oil-importing countries, and also became synonymous with securing oil 
supplies or in some cases, alternatives to oil supplies (Deese, 1979). The 
prolonged push for biofuels in the transport sector began during this pe-
riod, although only a few countries pursued biofuels programme con-
tinuously and consistently during the ensuing forty years.  
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Figure 8: Historical crude oil prices (2012$ per barrel) 

 Sources: BP, 2013; IEA, 2012 

Among OECD countries, Sweden and the U.S. were in many respects 
the only countries that were active both in research and in poli-



Exploi t ing  c ross - l ev e l  l inkages  t o  st ee r  th e  b i oenergy  transi t ion  

77 
 

cies/implementation. For many years, Sweden was in fact unique among 
European countries in pushing forward with ethanol, even though other 
European countries faced some of the same concerns over energy secu-
rity and environmental impacts (Johnson and Silveira, 2014). Among 
emerging economies, Brazil would of course eventually become famous 
for its highly successful bioethanol programme, which is also in many re-
spects the single largest renewable energy programme that any country 
has pursued in recent decades. 

In order to introduce biofuels into the transport sector, many countries 
initiated biofuels programmes in the 1970s, mainly alcohol fuels at that 
time due to the commercial maturity of ethanol production techniques, 
which had been common since the beginning of the century (Gowen, 
1989; Kovarik, 1998). Because oil dependence was—and still is—viewed 
as an energy security risk, biofuels gained high prominence at national 
policy-making levels. Only a few countries—with Brazil, Malawi and 
Sweden prominent among them—pursued consistent policies over sev-
eral decades and maintained a commitment to alternative fuels even after 
the oil price collapse of 1986 (Johnson and Silveira, 2014). The use of 
sugarcane ethanol in Brazil and Malawi (and imported in Sweden) is also 
noteworthy in having a lower and more robust GHG emissions profile 
compared to corn ethanol in the U.S. or rapeseed biodiesel in Germany 
(Hoefnagels et al, 2010). The efforts to develop bioethanol as a transport 
fuel had to contend with the massive infrastructure established for oil 
and consequently a number of countries set about to gradually establish 
supply and demand in a coordinated manner. Understanding how this 
shift was undertaken in these three “pioneer” countries offers a com-
parative institutional lens across different resource endowments and lev-
els of economic development. Each case is briefly summarised in this 
chapter; the detailed treatment is found in Johnson and Silveira (2014). 
Although woody biomass is not in major focus in this thesis, certain par-
allel developments going on in Brazil and Sweden related to woody bio-
mass are also relevant in understanding the overall development in these 
countries and therefore these cases are mentioned as well; a more de-
tailed treatment is found in Silveira and Johnson (2014). 

6 . 2  B r a z i l i a n  b i o e t h a n o l  p r o g r a m m e   

The Brazilian bioethanol programme evolved over the past few decades 
into a world-class agro-industry for sugar, ethanol, electricity and other 
co-products. The Brazilian market now offers the most economically 
competitive and environmentally friendly biofuels in the world and has 
also contributed to the global market advances through technology 
transfer, institutional development and policy cooperation. It is neither 
feasible nor necessary here to recount the details of Brazil’s ProAlcool 
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programme and subsequent market development, which are well-
documented elsewhere (Moreira and Goldemberg, 1999; Goldemberg, 
2007). The key elements are recounted here, with emphasis on linkages 
created across the different sectors (agriculture, energy, transport), dif-
ferent types of actors (government, private, civil society) and levels (lo-
cal, national, regional). 

In the early 1970s, volatility in sugar prices was hampering Brazil’s agri-
cultural development. At the same time, the first oil crisis in 1973 con-
strained growth and created trade deficits. The ProAlcool programme 
was therefore initiated in November 1975, with the objectives of reduc-
ing oil imports, promoting agro-industrial development and strengthen-
ing the sugar sector (GoB, 1975). The focus on sugarcane rather than in-
cluding multiple crops facilitated the clustering of innovation around São 
Paulo, which ultimately left Northeast Brazil behind in technical terms 
(Compeán and Polenske, 2011). The shift in the locus of development 
led to spatial dependencies in the sugar-ethanol innovation system: the 
network of actors became more and more concentrated around São 
Paulo (Furtado et al, 2011). This type of clustering in technological inno-
vation has become a common feature in many industries, such as Infor-
mation and Communications Technology (ICT) in Silicon Valley in Cali-
fornia, USA. Close collaboration with the state-owned oil company, 
Petrobras, facilitated rapid development of the transport and distribution 
infrastructure. Pipelines were alternately used for oil and ethanol to sup-
ply São Paulo, requiring innovative methods to avoid corrosion and un-
desired mixing (Demetrius, 1990). The automobile manufacturers signed 
an agreement in 1979 with the government to produce ethanol-only ve-
hicles, which were also prioritised for government fleets. The coordi-
nated approach taken in Brazil can be contrasted with the regulated ap-
proach in the USA around the same time (Gee and McMeekin, 2011). 
The market penetration in Brazil quickly surpassed the USA, whose fuel 
ethanol market did not develop in earnest until two decades later. 

The collapse in oil prices in 1986 posed considerable challenges in Brazil 
just as in the other countries that had developed biofuel programmes. 
The Brazilian agro-industrial complex responded to the challenge: during 
the period from 1987-1990, the average ethanol production cost declined 
at more than double the rate of the previous ten years (Moreira and 
Goldemberg, 1999). The socio-technical context changed considerably as 
a result of the era of low oil prices in the 1990s: the private sector in 
Brazil took on leadership roles in many different aspects of the sugar-
ethanol agro-industry, including agricultural research as well as the more 
traditional roles in industrial production and distribution. The major role 
played by the private sector in agriculture was unusual for a developing 
country and provided the competitive edge that made Brazil a world 
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leader in sugar and ethanol markets (Furtado et al, 2011). Government 
continued to play its role in terms of prices, infrastructure and regula-
tions. Price deregulation was initiated in the 1990s to wean ethanol and 
sugar producers off guaranteed prices.  

The falling sales of ethanol-only vehicle due to low oil prices presented a 
major challenge to the future of ethanol markets in Brazil. There was no 
way to expand the market as the blend could not be extended much be-
yond 25%. The market was in some sense “waiting” for innovation at 
this stage, which came with the launch of flex-fuel technology during 
2003-2004. The Flex Fuel Vehicle (FFV) was a game-changing solution 
and can be seen as yet another phase in the problem-innovation se-
quence (Gee and McMeekin, 2011). The long experience with ethanol in 
Brazil and the maturity of its supply and end-use infrastructure facilitated 
rapid consumer uptake of the new flex-fuel vehicles (FFVs), which now 
account for over 90% of new car sales in Brazil. The popularity of FFVs 
resulted in the consumption of ethanol exceeding gasoline in Brazil as of 
2009. The FFVs in Brazil can be seen as one in a series of several inno-
vations that enabled the market for bioethanol to break through into an-
other phase of expansion or maturation. By flexibly managing or coordi-
nating supply and demand, the Brazilian approach to bioethanol markets 
could promote efficiency by complementing the market shifts rather 
than trying to work against them. Brazilian consumers benefit from the 
flexibility since they can respond to changing prices over time to reduce 
their fuels costs (Bastian-Pinto et al, 2010). 

6 . 3  M a l a w i  b i o e t h a n o l  p r o g r a m m e  

Amidst the oil crises of the 1970s, as Brazil initiated its ambitious biofu-
els programme, several other countries developed similar goals and pro-
grammes (Gowen, 1989). The only two countries in the world that fol-
lowed closely the Brazilian example were in southern Africa: Zimbabwe 
and Malawi. Perhaps such developments are not surprising in light of the 
heavy oil import dependence of southern Africa and the high costs of 
transport in these two landlocked countries (UNCTAD, 2011). Yet it is 
no small undertaking for such extremely poor countries to put together 
the technical, institutional and financial means to undertake a major shift 
in their energy systems. After 10 years of ethanol blending in Zimbabwe 
(with ethanol produced at Triangle, Ltd.), a severe drought followed by 
difficulties in negotiations between the government and the private sec-
tor owner of the ethanol distillery resulted in a discontinuation of etha-
nol for blending (Scurlock et al, 1991; Rosenchein and Hall, 1991). Al-
ternative markets were soon found through potable and industrial alco-
hol exports. This left Malawi as the only African—indeed, the only de-
veloping country—that had consistently followed the Brazilian example 
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in using fuel ethanol. How this was accomplished—and how it has 
played out during the recent resurgence of interest in biofuels—offers 
valuable lessons for other developing regions within the context of the 
bioenergy transition.  

The high oil prices of the 1970s were especially serious for a landlocked 
oil-importing country such as Malawi, since they affect the prices of all 
imported goods and the costs of getting domestic products to export 
markets. The authoritarian government in Malawi gave high priority to 
energy security concerns and consequently the ethanol programme pro-
moted by the national government was quickly translated into tangible 
results. The country’s first ethanol plant opened in 1982 and was oper-
ated by ETHCO Ltd. (Ethanol company of Malawi), with annual pro-
duction of fuel-grade ethanol ranging from 10-20 million litres (Chanje, 
1999). The ETHCO plant uses sugarcane molasses from the neighbour-
ing Dwangwa sugar factory as feedstock. Since irrigation water is avail-
able from Lake Malawi, production was not susceptible to climate-
induced interruptions such as that which affected Triangle Ltd. in 
neighbouring Zimbabwe (ESMAP, 2005).  

The government’s choice of Dwangwa for the distillery differed from the 
recommendation of the sugar industry at the time, which had proposed a 
location near the Sucoma sugar factory, which was located several hun-
dred kilometres to the south (Watson, 1990). The sugar industry’s rec-
ommendation for Sucoma would have facilitated unified ownership of 
the sugar factory and ethanol distillery, whereas ETHCO is owned sepa-
rately from Dwangwa. The resulting need for ETHCO to negotiate mo-
lasses prices and terms of supply resulted in transaction costs that cre-
ated uncertainties and complicated the achievement of full production 
levels and marketing and distribution channels (Chanje, 1999). Eventu-
ally, ETHCO had to secure additional sugarcane molasses supply (as 
much as 40%) from Sucoma. The use of diesel trucks to transport mo-
lasses from Sucoma reduced the otherwise positive environmental and 
economic benefits of ethanol substitution for gasoline (ESMAP, 2005). 
A new distillery was finally opened near the Sucoma factory in 2004, 
achieving cost savings by avoiding molasses shipment. All of these fac-
tors have contributed to higher costs for ethanol in Malawi in compari-
son to neighbouring Zimbabwe, especially considering the excellent 
conditions for sugarcane in Malawi (Johnson and Matsika, 2006). The 
lack of internal domestic competition has also been exploited by the pri-
vate actors involved in the production and distribution of ethanol, who 
can charge prices that would be uncompetitive elsewhere in the world. 

The economic rationale for blending ethanol weakened with the oil price 
collapse of 1986, but the ethanol programme received continued political 
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support (Watson, 1990). With Malawi’s shift from a one-party to a multi-
party political system in 1994, competitive economic factors began to 
play a greater role. Alternative markets for ethanol where price premiums 
could be obtained—namely, for export in industrial and potable forms—
were increasingly exploited by ETHCO, with the result that fuel blending 
shares decreased (Chanje, 1999). Unlike Brazil, the Malawi programme 
had no mandatory blend and it was political pressure that had insured 
that fuel ethanol was used, at least to some degree (Johnson and Silveira, 
2014). However, even after democratisation, the status of the pro-
gramme with the government was maintained and they could exert pres-
sure on the private sector: with the low oil prices of the late 1990s, 
ETHCO aimed to discontinue the blending programme, but was pres-
sured by the government to maintain the commitment for energy secu-
rity reasons (CARD, 2012). The introduction of unleaded fuel in Malawi 
later gave ethanol a boost that eventually led to a mandatory minimum 
blend of 10% (GoM, 2004). The institutional process itself of formalising 
the ethanol blending programme in turn reinforced the renewed com-
mitment that had developed within the governmental bureaucracy (John-
son and Silveira, 2014). 

There are plans to expand ethanol production so as to increase the 
blending rate, encourage the importation of flex-fuel vehicles and facili-
tate ethanol exports (CARD, 2012). The prospects for export markets 
have been aided by the strong technological advantage gained in ethanol 
production and marketing, which has been aided by strong international 
and private investment cooperation in modernising and upgrading the 
ethanol distilleries and distribution systems (Johnson and Silveira, 2014). 
The success of the ethanol programme in creating a viable market and 
gathering a wide array of stakeholders has also contributed to the overall 
development of biofuels policies and institutions in Malawi, which ad-
dress jatropha and other biofuels crops as well as sugarcane. A Stake-
holders workshop was held in November 2008 resulting in a Biofuels 
Advisory Council and a non-profit organisation, the Biofuels Association 
of Malawi (Wambua, 2011). Technical standards have been developed 
through the Malawi Bureau of Standards, which is funded through fuel 
levies on energy products (MERA, 2009).  

Given that personal automobile ownership is still very low in Malawi, al-
ternative domestic markets for ethanol are potentially valuable from both 
public and private perspectives. There is a large market of potential con-
sumers while at the same time it would encourage a shift from traditional 
to modern bioenergy to address energy access and concerns about de-
forestation (Johnson and Takama, 2012; Johnson and Jumbe, 2013). 
Consequently, the use of ethanol for cooking has been explored in Ma-
lawi and tests have been conducted on several stove designs, with good 
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technical performance results (Robinson, 2006). However, there is some 
resistance on a social and cultural basis to cook without wood or char-
coal; insufficient articulation of demand suggests a useful role for surveys 
and econometric studies to identify key socio-economic determinants 
(Takama et al, 2012). The household market for modern bioenergy op-
tions such as ethanol consequently remains unexploited in Malawi and 
elsewhere in sub-Saharan Africa. Due partly to a lack of innovation in 
public programmes, private actors have recently entered this market in 
several countries, including Malawi’s neighbour, Mozambique (SEDF, 
2012). 

Almost four decades after it was first conceived, the Malawi fuel ethanol 
programme has matured into a functioning market, albeit one that is spa-
tially-limited due to the particular geographical and infrastructure condi-
tions in land-locked Malawi along with the low level of economic devel-
opment of the country and its African neighbours (Batidzirai and John-
son, 2012). The comparative advantage of being a low-cost sugar pro-
ducer, together with technical experimentation and strong political will, 
resulted in rapid convergence in how and under what conditions ethanol 
would be used in Malawi. The economic conditions associated with 
lower oil prices in the 1990s clearly contributed to a stagnation in the 
programme but not a reversal. The political actors involved in Malawi 
were found to be stronger than their counterparts in other southern Af-
rican countries, while the economic actors were able to connect well with 
international markets and donors: new interests groups and trade organi-
sations were formed and have facilitated the development of other bio-
fuels options such as jatropha (Gasparatos et al, 2013; Johnson and 
Silveira, 2014). There is nevertheless significant unexploited biofuels and 
bioenergy potential in Malawi, considering the severity of its biomass 
scarcity and land degradation. Connecting their markets to the southern 
African region would improve their position domestically while also al-
lowing complementarities in logistics and better scale economics, a topic 
that is explored through a regional assessment provided in Chapter 7. 

6 . 4  A l t e r n a t i v e  t r a n s p o r t  f u e l s  i n  S w e d e n  

Ethanol as a fuel has a long history in Sweden going back more than a 
hundred years to 1909 when the first plant went into operation, using 
sulphite by-products from the pulp and paper sector as feedstock (Pers-
son, 2007). The ups and downs in its popularity have always been af-
fected by cross-sector interactions and by socio-political factors in addi-
tion to the basic techno-economic trends in relation to global markets 
(Eklöf et al, 2012). However, major investment in Sweden in alternative 
fuels (i.e. as a strategic objective), began in earnest after the first oil crisis 
in 1973, at which time Sweden depended on imported oil in almost all 
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sectors. In fact, only about 20% of oil was used in the transport sector 
whereas today it is the opposite, with more than 80% of oil being used 
for transport (SEA, 2011). Due to the availability of plentiful woody 
biomass, the Swedish alternative fuels programme initially emphasised 
methanol (wood alcohol), based on the recommendations of a working 
group that created Svensk Metanolutveckling AB (SMAB), owned in part 
by Volvo and the government. Support for methanol later waned due to 
the lack of economically viable domestic production along with the oil 
price collapse of 1986. Shortly thereafter, ethanol became the leading op-
tion in Sweden, which was promoted for health reasons, i.e. to reduce air 
pollution in cities. There has long been an assumption in Swedish en-
ergy/transport policy that lignocellulosic conversion was necessary for 
the long-term viability of an ethanol fuel market. Consequently, for many 
years there were significant imports of ethanol in Sweden so as to build a 
market from the demand side, which could later be taken over by do-
mestically produced lignocellulosic ethanol (NILE, 2010).  

Demand for ethanol was to be stimulated initially through fleet vehicles 
along with the availability of E85 (mixture with 85% ethanol). Starting in 
the 1980s, a research, development and testing program was initiated 
under which bus engines were re-designed to run on ethanol by 
SCANIA. By 1996 there were 300 ethanol buses operating in Sweden, 
covering about 6% of the total fleet. By 2010, there were over 600 etha-
nol buses in Sweden, including 400 in Stockholm (Miljöförvaltningen, 
2010). There are also a number of trucks running on ethanol in modified 
engines. These large-scale demonstrations with fleet vehicles served to 
promote and spread experience with the new fuel among customers, dis-
tributors and other actors across a number of regions and municipalities. 

The light duty or private vehicle market was addressed through various 
pilot initiatives to promote the new fuel, and the private sector played a 
valuable role in such efforts. Cooperation between the oil distributor 
OKQ8 and the Swedish Ethanol Fuel Foundation (SSEU) addressed the 
issue in the early 1990s. A number of filling stations were established as 
demonstration sites and flex-fuel vehicles (FFVs) were imported from 
the USA for pilot testing. In 1996, OKQ8 and SSEU joined an environ-
mental train tour around Sweden, which was organised by the Natural 
Step Foundation, offering a challenge to local authorities and companies: 
OKQ8 would put up an ethanol filling station if they would purchase at 
least ten FFVs (Sandén and Jonasson, 2005). Municipal procurement 
programmes in the ensuing years together with tax incentives resulted in 
purchases of several thousand FFVs by 2004-2005. The most active 
among municipal players is Stockholm city, which launched its Clean 
Vehicles Program in 1994; by 2009, 40% of newly registered vehicles met 
the environmental standards and more than half of these were ethanol 
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FFVs (Miljöförvaltningen, 2010). The value of flexibility in fuel choice 
has been estimated as being in the range from 7500 to 37,800 SEK in 
Sweden, which can be compared with the subsidy of 10,000 SEK that 
was offered for environmental cars: in other words, consumers appear to 
obtain good value from FFVs and would likely gain financially an 
amount even greater than the subsidy (Krüger and Haglund, 2013). 

Later phases in Sweden’s alternative fuels programme embraced multiple 
options to avoid closing off pathways needing time to mature (Sandén 
and Jonasson, 2005). Biogas and hybrid/electric vehicles were intro-
duced through pilot schemes in the late 1980s. A key driving factor was 
increasing interest from municipalities in alternative fuels as a way to re-
duce air pollution and improve waste disposal. Biogas offered a quadru-
ple win that made it politically popular: waste disposal, reduction of local 
air pollutants, replacing non-renewable imported fuels and GHG reduc-
tion. The development of multiple pathways benefited from regional di-
versity in combination with the active role of municipalities and national 
investment. The Local Investment Programme established in 1998 pro-
vided 250 million SEK to municipalities for clean energy and transport 
projects (Rehnlund et al, 2004). Overall, there were unusually strong 
linkages to local and municipal actors in building the alternative fuels 
programme, and these linkages anchored the shifts in a way that matched 
regional needs and was not possible at national level. 

Once Sweden joined the EU, its programmes for bioethanol and alterna-
tive fuels more generally ran into some difficulties since financial incen-
tives and support had to be harmonised with EU policies (Johnson and 
Silveira, 2014). As EU renewable energy policies began to emerge, Swe-
den’s early efforts began to pay off: it was one of just two countries to 
meet the Biofuels Directive target of 2% in 2005 (EC, 2011). Sweden 
was also involved in many EU-funded alternative transport programmes; 
it was well-poised to play a leading role since so many Swedish actors 
had acquired experience not only in RD&D side, but also with imple-
mentation and policy aspects—which were relatively unexplored in other 
EU member states. When biofuels returned to global agendas with a 
vengeance in 2007-2008, Sweden was well-poised to integrate its pro-
gramme with the EU agenda and take a leadership role, in spite of its 
modest size among EU Member States. Sweden gained headlines in 2006 
when its “Commission on oil dependency” (Kommissionen mot olje-
beroendet) stated the goal of being oil-independent by 2020, although 
the goal was not fully clarified (Chen and Johnson, 2008). Sweden has al-
ready met the 2020 EU-RED requirement of 10% renewable energy in 
transport, although this is due to double-counting provisions in the EU-
RED for biofuels made from wastes (EC, 2009). The Swedish emphasis 
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on variety creation in alternative fuels has nevertheless drawn out its 
transition somewhat. 

The past few years have witnessed some shifts with respect to Swedish 
goals in the transport sector and also with respect to ethanol use, which 
until recently had the highest share and profile. The requirements for en-
vironmental premiums (purchase subsidies of 10.000 SEK) were abol-
ished in favour of vehicle tax rebates and an emphasis on GHG emis-
sions; new “super green car” premiums of 40.000 SEK will be offered 
for purchase of vehicles emitting less than 50 grams CO2/km (Regering-
skansliet, 2011; Naturvårdsverket, 2013). The popularity of diesel cars 
has also led to greater market penetration for biodiesel in Sweden and 
there is a lower barrier for biodiesel compared to bioethanol since HVO 
(Hydrogenated vegetable oil) is blended at higher levels than bioethanol 
under the Swedish regulations and tax levels (Transportstyrelsen, 2012). 
Other factors have contributed to a declining role for flex-fuel cars and 
bioethanol: the elimination of the environmental car premiums in 2009, 
the regional efforts in western Sweden for biogas in the transport sector 
and the increasing dependence on imported biofuels (Johnson and 
Silveira, 2014; Sanches-Pereira and Gómez, 2014). Furthermore, Swedish 
car-owners have been found to be price-sensitive, which contributed to 
some decline due to falling gasoline prices after the price spike of 2007-
2008 (Pacini and Silveira, 2011). All of these factors have contributed to 
the current market as of 2012-2013 in which biodiesel now captures 44% 
of the alternative fuels market and bioethanol just 28%, a reversal of the 
situation from just a few years previous (SEA, 2013). The future penetra-
tion of bioethanol in Sweden depends on a more coordinated policy re-
sponse that addresses demand and supply-side perspectives with respect 
to the goal of having a transportation fleet independent of fossil fuels by 
2030 (Sanches-Pereira and Gómez, 2014). 

6 . 5  C o m p a r i s o n  o f  P r o g r a m m e s  

Each of the three countries had a pioneering role in the development of 
alternative transport fuels in their respective regions, focusing especially 
on fuel ethanol, although the Swedish approach was more pluralistic and 
aimed to be neutral with respect to technology platforms and fuels. All 
three countries emphasised energy security in the early policy rationale, 
but this gave way later on to rural development and climate objectives, 
particularly in the case of Sweden. The actors involved were clearly more 
centralised at national government level in the early phase in the case of 
Malawi, which is not surprising for an LDC. However, over time, other 
actors entered the picture in Malawi, just as was the case in Brazil and 
Sweden, thus showing that the lifecycle of energy transitions has certain 
similarities even across quite different levels of economic development 
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(Johnson and Silveira, 2014). Regional and international networks devel-
oped, especially in the case of Sweden and Malawi, as smaller countries 
with important regional relationships.  

Table 13: Comparison of key dynamics in alternative fuel development 
in Brazil, Malawi and Sweden 

Key dy-
namics 

Brazil Malawi Sweden 

Niche De-
velopment 

Ethanol-only vehicles 
occupied  niche sup-
ported through gov-
ernment procurement; 
private sector leader-
ship led to introduction 
of FFVs. 

Market too small for 
ethanol-only vehicles; 
technical production 
niches were comple-
mentary and improved 
competitiveness. 

Energy security con-
cerns initially priori-
tised fleet vehicles; 
ethanol-vehicle niche 
difficult due to domi-
nant infrastructure; 
FFVs created viable 
niche. 

Variety 
Creation 
and Com-
patibility 

Authoritarian regime 
facilitates infrastruc-
ture compatibility and 
fast development; de-
mocratisation in-
creases pressures for 
social compatibility of 
biofuels. 

Authoritarian regime 
facilitates focus on 
ethanol; compactness 
and low demand ease 
infrastructure changes 
in the transition. 

Multiple options avoids 
lock-in but slows down 
overall transition; sub-
national differences; 
technology neutrality 
benefits dominant re-
gime (“clean” diesel 
vehicles). 

Social/ 
Organisa-
tional 
Network 
Evolution 

Negotiation with auto 
companies promoted 
co-existence; social 
learning as private 
sector took over from 
government and Brazil 
emerged as world 
market leader.  

Spatial factors (land-
locked area) created 
landscape pressures 
on auto and oil indus-
try actors and en-
gaged private sector 
(economic + energy 
security). 

Local governments 
and alliances created 
landscape pressures 
on auto and oil com-
panies; new markets 
energised agricultural 
sector; EU leadership 
role evident. 

Cross-
scale and 
cross-
level ef-
fects 

São Paulo locus cre-
ated spatial dichot-
omy; sugar/ethanol 
created deregulatory 
pressures; investment 
in co-products facili-
tated by market leader 
status. 

Regional African ef-
forts draw on Malawi 
experiences; techno-
logical innovation for 
co-products due to 
spatial linkages; pri-
vate sector develops 
non-fuel ethanol mar-
kets, placing pressure 
on fuel ethanol. 

Local energy/transport 
regime pressed na-
tional government and 
EU; new agricultural 
products lead to mar-
ket synergies; EU die-
sel car market nega-
tively affected ethanol 
after Sweden joined 
EU. 

Timing 
and Dura-
tion 

Landscape factors 
(low oil prices) chal-
lenged early success; 
timing during period of 
economic growth facili-
tated successful path 
creation; dual regime 
stable, contingent on 
sugar and oil prices. 

After democratisation, 
strong government 
role needed to main-
tain blending due to 
private sector alterna-
tive niche markets; 
early development 
simplified by low infra-
structure; small market 
prevents competition. 

Early niche experi-
ments led to role as 
market leader; mature 
market and public 
transit complicated 
path creation; Swedish 
politically plural land-
scape slowed transi-
tion; EU market shifts 
to diesel and electric.  

Source: adapted from: Johnson and Silveira, 2014 
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The relation between policies and markets at different levels over time 
revealed certain linkages within each of the countries. Sweden was espe-
cially pronounced in making use of spatial and sub-national differences 
in resources and transport infrastructure to drive the transition. The de-
velopments in all three cases were affected by socio-technical dynamics, 
particularly through the creation of niches, cross-level or cross-scale ef-
fects and through new networks and constellations of actors (Johnson 
and Silveira, 2014). A summary comparison of these dynamics is shown 
in Table 13. 

All three countries demonstrated innovative deployment of niches for 
fuel-vehicle systems, including flexible-fuel vehicles (FFVs), while also 
establishing actor networks to integrate sector objectives and thereby lay 
the foundation for a sustainable transport transition regardless of the 
eventual role of specific fuels and technology platforms (Johnson and 
Silveira, 2014). Authoritarian regimes in Brazil and Malawi helped to 
kick-start the ethanol programmes but heavy-handed approaches were 
not necessarily critical in sustaining the programmes. On the contrary, in 
Brazil the private sector played a key role in taking over leadership of the 
programme after the difficult period of low oil prices in the late 1980s; 
the private sector’s significant role even on the agricultural side was un-
usual for a developing country and demonstrated the innovative and 
business-oriented drive that characterised the development in Brazil 
(Furtado et al, 2011). In Sweden, the private sector involvement came 
from a different angle, on the basis of health and environmental im-
provements, i.e. improving the sustainability of the transport sector. Ma-
lawi was also influenced by private sector development: private owner-
ship of the ethanol company has contributed to the higher level of inno-
vation compared to other sectors in Malawi (Watson, 1990; CARD, 
2012). The sub-national linkages in Brazil and Sweden were significant in 
developing the market, while in Malawi, there are potential linkages be-
tween national market development with the bioenergy transition in the 
household sector, which are yet to be exploited (CARD, 2012; Johnson 
and Jumbe, 2013). The outlook for flex-fuel vehicles and bioethanol has 
dimmed somewhat in Sweden as its key proponents are not as strong 
now, but these shifts also due in part to the popularity of diesel vehicles. 
Nevertheless, Sweden remains committed to achieving a fossil-
independent transport sector by 2013 and the bioethanol segment was 
part of that process. Overall, the socio-technical dimensions of the tran-
sition to alternative fuels were illustrated the new hubs for expertise and 
networking in all three countries that placed greater pressure on the 
dominant fossil-based regime.  
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6 . 6  I n d u s t r i a l  W o o d f u e l s  i n  B r a z i l  a n d  
S w e d e n  

Although this thesis emphasises liquid biofuels, a brief comparison for 
the use of woodfuels in Brazil and Sweden complements the biofuels 
analyses. In particular, the nature and pace of the shift to modern bio-
energy in each case can be investigated in terms of key actors and net-
works in relation to the policy landscape. The use of charcoal in the Bra-
zilian iron and steel industry can be compared with the use of woody 
biomass in the heat and power sector in Sweden (Silveira and Johnson, 
2014; Jacobsson, 2008). The progression and development over time can 
thus be compared from a socio-technical perspective (Table 14). 

The use of charcoal in the iron and steel industry of Brazil evolved over 
many decades as a competitive use of domestic resources to facilitate in-
dustrial expansion (Rosillo-Calle, 2000). It offered a way to avoid major 
capital expenditures as well as costly and unreliable imports of coking 
coal. Decentralised distribution and production also fit well with trans-
port infrastructure and the use of local energy resources. However, the 
environmental costs of the industry became more visible and there was 
some switching to imported coal, which, depending on the local sourcing 
of biomass, could increase emissions overall. Planted forests were also a 
mechanism to address sustainability in the sector, whereas highly effi-
cient charcoal kilns have not yet found widespread use (Bailis et al, 
2013). Key factors for slow modernisation in the sector include weak 
linkages to energy and climate policies and the lack of active interest 
groups that can lobby for investment (Silveira and Johnson, 2014). 

The Swedish heat and power sector has come to rely on woodfuels along 
with wastes as the major source of heat generation and has become a 
model for renewable heat markets in the EU. The development was in-
centivised at the higher level policy landscape since energy and CO2 
taxes were instituted in Sweden starting in the 1980s and applied differ-
entially to heat vs. power production, the latter receiving a lower rate due 
to competitive reasons. A key element in the Swedish heat markets was 
the linkage between municipal and national levels and the linkage be-
tween the energy and forest sectors (Silveira and Johnson, 2014). Mu-
nicipal district heating companies had environmental and economic mo-
tivations in switching to woodfuels; they could ally themselves with small 
forest owners looking to expand the market for their timber. One 
pushback thus far on the use of woodfuels for heat has been the pulp 
and paper industry, which fears competition for raw materials, which is 
also true for Brazilian charcoal (Rosillo-Calle, 2000). The key missing link 
in the Brazilian case has essentially been the lack of a major interest 
group that crosses sectors and links to the higher level policy landscape. 
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Table 14: Comparison of industrial woodfuels developments in Brazil and Sweden 

 
Starting 

point/existing 
platforms 

Triggers for 
change 

Technologies, in-
frastructure, in-
vestment needs 

Interest groups Opposition groups Characteristic of the policies 

    Immediately  

motivated 

Joined Earlier More recently Earlier More recently 

BRAZIL 

 

Charcoal 
for Iron 

and Steel 
Sector 

Iron-steel pro-
duction;  char-
coal production 
organized in 
decentralized 
manner, largely 
relying on natu-
ral eco-systems 
and gradually 
also planted 
forests  

Increasing 
demand for 
charcoal in 
metallurgical 
processes; in-
creasing envi-
ronment 
awareness 

Traditional charcoal 
production processes 
require little capital; 
some improved kilns 
for large scale were 
introduced but, in 
general, new tech-
nologies  did not find 
the way to the market 

Iron-steel produc-
ers: needed char-
coal as input for 
process and en-
ergy  
Charcoal produc-
ers and dealers: 
small business, lo-
cally based and 
not highly capital-
ized; Forest com-
panies: eucalyptus 

plantations 

None.  

Some iron 
steel industries 
have today 
some charcoal 
production to 
cover part of 
their large 
needs; others 
have shifted 
completely to 
imported coal 

None. The 
strengthening 
of the envi-
ronmental 
agenda came 
in the 1990s.  

Coal importers (en-
vironmental laws 
became more strin-
gent and there was 
fuel substitution) 
Environmental 
community realizes  
impacts of charcoal 
making on cerrado 
landscapes; Pulp 
and paper industry 
fears competition 

for forest resources 

No policies fo-
cused on charcoal 
production; weak 
environmental 
control; no con-
nection between 
policies to in-
crease forest plan-
tation and energy 
policies 

Forest policy sorted 
under environmental 
policy, not energy or 
industry; Environ-
mental policy becom-
ing more strategic 
with Brazil’s high pro-
file in international 
climate debate; In-
creasing interest for 
greening of charcoal 
production 

SWEDEN 
 

Solid  
biomass 

for  
heating 

Large forest 
coverage; for-
estry activity 
largely focused 
on wood ex-
port; large 
scale opera-
tions offered 
opportunity for 
synergies; 
Wood fuel 

Efforts to re-
duce energy 
dependency; 
opportunity to 
increase total 
economy of 
production  
Need to find 
alternative fu-
els for heating 
and reduce oil 
and coal im-
port depend-
ence  

Investments in infra-
structure for district 
heating; logistics for 
gathering and distri-
bution; wood proc-
essing technologies 
available and con-
tinuously improved 

Municipalities: es-
tablished  district 
heating companies  
Forest owners and 
pulp and paper in-
dustry: opportunity 
to improve total ef-
ficiency; Local 
groups: opportu-
nity to generate 
jobs and income 

Equipment 
producers; en-
gineering com-
panies; district 
heating com-
panies 

None, heating 
markets were 
still small. 
Though district 
heating ex-
pansion re-
duced electric-
ity demand for 
heating, elec-
tricity demand 
was increasing 
fast anyway 

Pulp and paper in-
dustry: fears re-
source competition 
and increase in 
biomass prices 
Environmental 
NGOs concerned 
over impacts of rap-
idly expanding bio-
energy markets in 
the EU. 

National energy 
policies focused 
on biomass-based 
heating markets; 
CO2 and energy 
taxes created in-
centives to substi-
tute for imported 
oil and coal; joint 
public and private 
interests in devel-
opment of heating 
markets 

Swedish policies 
aligned with EU; co-
generation expanding 
fast with green certifi-
cate schemes; heat-
ing markets under-
going structural 
changes; more focus 
on efficiency; penetra-
tion of gas may affect 
biomass use 

Source: Silveira and Johnson, 2014 (Thesis Paper VII). 
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7 From National to 
Regional Markets:  the 
case of  bioethanol in 
southern Africa 

The importance of national programmes in developing biofuels markets 
is due to key policy goals that are common at the national level: energy 
security, rural/agricultural development and climate change. In spite of 
the crucial importance of innovation-oriented policies at the national 
level, it was also shown in Chapter 6 that effective implementation of 
biofuels programmes has nevertheless been found to have significant 
connections to sub-national and local levels, as evidenced by the cases of 
Brazil and especially Sweden, where municipalities and regional policies 
played an important catalysing role. Regional and pan-national factors 
play a “steering” role via financial incentives and sustainability certifica-
tion in biofuels markets in Africa and elsewhere. In southern Africa, 
geographical imbalances in the structure of supply and demand are a sig-
nificant potential factor linking national and regional bioenergy market 
evolution. In this chapter the relation between national and regional 
market development is therefore explored for the case of bioethanol in 
southern Africa; a regional perspective opens up rather different oppor-
tunities for exploiting the potential of sugarcane and other crops as en-
ergy resources compared to strategies viewed at national level. This chap-
ter is based largely on Thesis Paper I (Johnson and Matsika, 2006). 

7 . 1  B i o f u e l s  i n  s u b - S a h a r a n  A f r i c a  

Policy support and programme development related to biofuels have his-
torically been addressed only at national level, and even in the EU where 
regional biofuels policies have come the furthest, there are considerable 
differences in how different Member States carry out policies designed at 
EU level (EC, 2011). More recently, developing country regional bodies 
have also recognised the value of a regional-level approach to biofuels, 
such as the Southern African Development Community (SADC; Figure 
9) and the Economic Community of West African States (ECOWAS) 
and the West African Monetary Union (UEMOA) (UNF, 2008; Lerner 
et al 2010; ECOWAS, 2012). The scramble for national policies to de-
velop biofuels markets is rife with inefficiency in economic terms, due to 
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the small size of transport fuel markets and the lack of sufficiently ad-
vanced technological platforms outside of South Africa and a few other 
countries. One African country after another has unveiled a biofuels 
programme aimed at improving energy security and advancing ru-
ral/agricultural development (Sorda et al, 2010; Jumbe and Madjera, 
2012; Duvenage et al, 2013). The need for regional coordination and col-
laboration is therefore becoming clear, which led the African Union to 
initiate in recent years a number of high-level conferences to formulate 
pan-African biofuels policies. Various private sector actors have also 
been seen as strategic partners in such platforms (Jumbe and Mkondiwa, 
2013). 

 

Figure 9: Southern African Development Community (SADC) 

Oil importing African countries, with the exception of Malawi and Zim-
babwe (section 6.3) have only recently begun investing in alternative fu-
els in the transport sector. Another notable exception is South Africa, 
which, due to the isolation caused by the apartheid regime, had already 
invested heavily in Fischer-Tropsch gas-to-liquids conversion, using coal 
as feedstock (Hoogendoorn, 1982). The early investment by South Africa 
could pay off as current efforts intensify in using biomass with the same 
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conversion process to produce second generation biofuels (Kirkels and 
Verbong, 2011). During this same period South Africa was transitioning 
away from apartheid and joined SADC in 1994. Energy cooperation 
within SADC offered some new opportunities for economic develop-
ment in the region, although there has been a chronic lack of re-
sources—both financial and human—to support common policy 
frameworks in SADC (Johnson and Matsika, 2006). The tendency for 
South Africa to go it alone in energy policy issues—as in many other pol-
icy areas—has slowed the emergence of a wider SADC strategy. 

It is interesting to note that SADC was in fact the first region other than 
the EU to devise an initial biofuels strategy (SADC, 2006). The SADC 
region also is home to the two countries with the longest experience in 
ethanol blending in the transport sector—Malawi and Zimbabwe. Ma-
lawi has been almost the lone active country since the early 1990s when 
Zimbabwe’s blending programme was discontinued. However, a new ini-
tiative that began in 2008 has been aimed at resuming production and 
blending of ethanol in Zimbabwe (Jingura et al, 2013). The bioenergy 
potential in the SADC region is considerable in the case of sugar crops, 
since it is already home to several of the world’s most efficient and com-
petitive sugar producers. Realising this potential poses significant chal-
lenges in terms of infrastructure, institutions and investment (Johnson 
and Matsika, 2006). In addition to production for domestic use, there has 
also been considerable interest in the export market, especially to Europe 
due to the renewable energy mandates in the European Union (Batidzirai 
and Johnson, 2012). The vast land resources of the region have also at-
tracted attention from China and India, both of which need to secure 
food and fuel for their enormous populations and growing energy de-
mand. These developments have in turn complicated the international 
political landscape, particularly in relation to food security concerns but 
also the geopolitical implications for new trade routes and the influence 
of state-owned entities and multinational corporations (Dauvergne and 
Neville, 2009). It is logical for the SADC region to begin with its most 
competitive resource—sugarcane—but exploiting its potential for bio-
energy is complicated by the vast size of the region and the lower level of 
industrial and transport infrastructure that is available outside of South 
Africa (Pacini and Batidzirai, 2012). 

7 . 2  S u g a r c a n e  a n d  b i o e t h a n o l  i n  s o u t h e r n  
A f r i c a  

The first barrier to be overcome in expanding bioenergy from sugarcane 
on a regional basis in southern Africa is the small size of many of the 
factories; economies of scale for bioethanol production tend to be 
achieved when sugarcane production nears two million tonnes (Leal, 
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2012). There are only a handful of factories above or near this scale while 
an estimated half of the factories process less than one million tonnes of 
sugarcane annually (Johnson and Matsika, 2006). New sugar factories are 
quite costly and given the scarcity of investment capital, extensions or 
additions to existing factories would be the optimal way to expand the 
overall production level. There is an estimated six million hectares of 
land that is available and suitable for sugarcane in the SADC region, and 
given that this is more land than could be utilised in foreseeable scenar-
ios, land is not a limiting factor in the region (Watson, 2011). However, 
if an export strategy was to be pursued and if South Africa was to 
achieve high blending levels, then a supplementary source of feedstock 
would be needed (Johnson and Matsika, 2006). Sweet sorghum is an ex-
cellent alternative crop in southern Africa that is highly suitable for fibre 
and ethanol production, but not for crystalline sugar production (Woods, 
2001). The potential for bioethanol from sweet sorghum in the region is 
likely to be several times greater than that of sugarcane (Watson et al, 
2006; Munyinda et al, 2012). Sweet sorghum is less capital-intensive and 
is also preferred to sugarcane where water scarcity is an issue, as it has 
much lower water requirements compared to sugarcane (recall Table 6). 

The low demand for petrol outside of South Africa results in a signifi-
cant imbalance in supply and demand when national-level policies are 
pursued, but opens up new opportunities for regional collaboration if a 
major regional strategy for bioethanol blending was to be implemented. 
The cost of labour is much lower outside of South Africa and soils and 
climate are generally more suitable in several other countries (Watson, 
2011). Furthermore, South Africa has reached a point of water scarcity in 
its agricultural system and to expand sugarcane further would strain its 
water supplies further more comprehensive water management schemes 
were introduced (Jewitt and Kunz, 2011). Under a regional strategy that 
integrated demand and supply centres and with the tariff-free customs 
region that is envisioned in SADC, South Africa would become a net 
importer while other countries would expand significantly their produc-
tion (Johnson and Matsika, 2006). The landlocked countries (Malawi, 
Zambia and Zimbabwe) would tend to supply domestic and regional 
markets, while other countries could export to the EU, China and else-
where. In this scenario, the potential becomes very high indeed. Assum-
ing a goal for 2025 of a 25% ethanol blend across SADC, and ethanol 
yields increasing to 90 litres per tonne of cane or sweet sorghum by 
2025, a total supply of 37 billion litres could be obtained, of which more 
than 28 billion litres could be exported (Johnson and Matsika, 2006). The 
additional land required (i.e. not including production from by-product 
molasses, which requires no additional land) is estimated as 5.8 billion 
ha, which amounts to only about 1% of agricultural land in SADC 
(Johnson and Matsika, 2006). A summary is provided in Table 15. 
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Table 15: Estimated potential for sugarcane and sweet sorghum in 
Southern African Development Community (in millions of litres) 

YEAR 2005 2015 2025 

SADC total (cane, existing areas) 939 1085 1252 

SADC total (cane, new areas) 0 844 3925 

SADC total (all cane) 939 1929 5177 

SADC total (sweet sorghum) 0 11858 31819 

SADC total (all) 939 13787 36996 

SADC demand & projections (energy basis) 203 4315 8195 

assumed percentage bio-ethanol: 1% 15% 25% 

Remaining allocation for export market 736 9472 28801 

Source: Johnson and Matsika, 2006 

7 . 3  D i s c u s s i o n  

It should be noted that these estimates are based on optimal use of bio-
mass resources, and are derived from the political-economic vision of a 
free trade zone and an integrated community of nations (SADC, 2005). 
Developing such a market would require tremendous investment as well 
as new infrastructure and institutions, along with supporting policies 
such as a SADC-wide mandate of 25% blending. Furthermore, sweet 
sorghum is not widely grown commercially, although its close cousin 
grain sorghum is widely grown as a small-scale food crop. The transfor-
mation of sweet sorghum into a commercial energy crop would be quite 
a different undertaking, although even if one-tenth of the sweet sorghum 
potential could be reached, together with sugarcane ethanol it would 
provide enough to reach the 25% goal. On the other hand, sugarcane in 
the scenario is actually well below what could be achieved, since it has 
been purposely limited in the above scenario analysis by the imposition 
of a capital constraint, i.e. the assumption that no new factories would be 
built (Johnson and Matsika, 2006). This assumption has given way to re-
cent experience, however, which has seen significant expansion plans all 
across the region (Jolly, 2012). Several countries, such as Tanzania and 
Angola, have significant deficits in sugar production. For a country like 
Tanzania that is a net importer of both oil and sugar, investment in new 
sugar and ethanol production is logical on purely economic grounds, 
even without considering environmental and social benefits. 
 
The highly competitive position of sugarcane agro-industries in southern 
Africa means that this region is well-positioned to use its comparative 
advantage for export opportunities for bioethanol while at the same time 
substituting for oil in domestic markets and saving valuable foreign ex-
change (Batidzirai and Johnson, 2012). With the exception of South Af-
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rica, demand for transport fuels is quite low due to low levels of owner-
ship of private vehicles. Consequently, the market for alternative trans-
port fuels is limited and is geographically isolated to large cities. Thus a 
regional strategy would be the only way to exploit the significant poten-
tial in SADC, otherwise the imbalance in supply between South Africa 
and the rest of the region will prevent it. In fact, a major barrier thus far 
in biofuels policy has been that South Africa itself has not been able to 
converge on a strategy because biofuels policies have been highly politi-
cised and mis-aligned with the industrial competence of the key agro-
industrial sectors (Funke et al, 2011). Outside of South Africa, the other 
barrier is similar to that observed in the EU and associated with the sig-
nificant imbalance of demand for diesel over petrol; this imbalance has 
resulted in a tendency to focus on the biodiesel sector in some countries, 
which is nevertheless yet to be implemented on any significant scale 
(Walimwipi et al, 2012; Jumbe and Mkondiwa, 2013). Mozambique and 
Zambia are the countries estimated to have the highest biodiesel poten-
tial (Batidzirai et al, 2006; Amigun and Musango, 2011). Considering that 
they are also the two countries with the highest bioethanol potential in 
SADC (other than Congo), there could well be synergies in technical and 
human infrastructure if both sectors were developed simultaneously. 

It must also be noted that these scenarios emphasised future demand for 
bioethanol for blending and assumed that sugar was the primary product 
and that other co-products were insignificant. In fact, the outlook is 
stronger since other co-products are becoming more important in the 
sugarcane agro-industries, representing key economic opportunities for 
diversifying beyond sugar in countries with good conditions for sugar-
cane (Cornland et al, 2000; Khatiwada, 2013; Leal et al, 2013). Sugarcane 
bagasse cogeneration is also recognised as a valuable means of diversify-
ing and decentralising electricity production in African countries 
(Batidzirai and Johnson, 2012; Watson, 2011). A number of investors in 
African countries have also shown a willingness to forego sugar produc-
tion in favour of maximising the returns for ethanol, cogeneration and 
other co-products, such as the case of Addax Bioenergy in Sierra Leone 
(Sandström and English, 2014). The willingness to forego sugar produc-
tion suggests that ethanol has moved closer to being an international 
commodity. These synergies across different sectors (agriculture, energy, 
transport) and scales (local production and global markets) represent an 
important element of the sugarcane agro-industry’s competitive position. 
Such characteristics are relevant for bioenergy more generally in techno-
economic terms with respect to the future development of biorefineries 
(Kamm and Kamm, 2006). The synergies also illustrate the role of link-
ages across different levels, which facilitate cross-sector policy coordina-
tion in furthering the bioenergy transition (Johnson and Silveira, 2014). 
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8 Regional Markets and 
Global Regimes: biofuels 
in the EU Renewable 
Energy Directive 

As bioenergy markets evolve from local resources to global commodi-
ties, the linkages across different levels of social, political and economic 
systems have an increasingly greater effect on the pace and direction of 
the bioenergy transition. Until quite recently, public policy related to bio-
fuels and bioenergy followed one of two tracks (recall sections 1.1 and 
2.4): (1) a generally local focus on traditional biomass use in developing 
countries; or (2) a national focus deriving from energy security motiva-
tions, and to a lesser extent for environmental and rural development 
concerns. The recognition of the wider environment-development impli-
cations of modern bioenergy have recently led to much greater attention 
at the level of regional economic institutions.  

The European Union in particular has become a prime driver in biofuels 
and bioenergy markets. The biofuels sustainability criteria in the EU Re-
newable Energy Directive, for example, have had some far-reaching im-
plications that have been difficult to manage due in part to the difficulty 
in linking national, regional and global institutions (Lin, 2013; Westberg 
and Johnson, 2014). Of particular concern here is the intersection with 
international regimes for trade and climate, which is especially relevant in 
light of the north-south character of biofuels markets (recall sections 1.5 
and 4.2). As regional energy-environment institutions and policies 
evolve, in order to become more effective, they must be reconciled with 
global or multilateral regimes (Johnson, 2011). A regime can be defined 
in various ways, but in general it will involve some interconnected set of 
institutions, with specialized arrangements relating to well-defined activi-
ties, resources, or geographical areas (Young, 1989). An historical over-
view of EU energy policy is provided below as a prelude to the review of 
EU policy analyses in relation to the two international regimes—climate 
and trade. The material in this chapter is based largely on Thesis papers 
II and VI (Johnson, 2011; Westberg and Johnson, 2014). 
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8 . 1  H i s t o r i c a l  O v e r v i e w  

Regional economic cooperation around energy—and especially oil—
emerged especially in the 1970s, as the strategic importance of energy re-
sources in Europe became clear (EP/CEC, 1985). Europe as an eco-
nomic region was in many respects created on the basis of international 
cooperation on energy markets, beginning with the predecessor to the 
European Union - the European Coal and Steel Community (ECSC). 
The ECSC was formed in 1951 based on common interests among six 
member states with respect to Europe’s main energy source and the in-
dustry that was the largest energy user (EUROSTAT, 2009). In spite of 
this early cohesiveness around energy issues, economic growth became 
increasingly linked to the availability of cheap imported oil in the 1950s 
and 60s. The pattern of unrestrained growth in imports in Europe began 
to change with the oil shocks of the 1970s. The formation of the Inter-
national Energy Agency (IEA), whose membership has ultimately in-
cluded nearly all European states, was initially aimed at countering the 
impacts on oil supply that were attributed to the OPEC producers’ car-
tel. The lower oil prices of the late 1980s and early 1990s contributed to 
weaker European renewable energy policy developments during that pe-
riod (Haugsbø, 2012).  

Another motivation for engaging in alternative transport fuels came 
from the lens of environmental policy, which had gained considerable 
political traction by the 1990s in Europe and the U.S. Energy policy de-
velopments became more closely linked to key environmental policy 
goals such as urban air quality, which were in turn closely connected to 
local and sub-national policies (Johnson and Silveira, 2014). The use of 
ethanol to replace leaded fuel was also promoted in developing countries 
that were still using such fuels (Thomas and Kwong, 2001). By the end 
of the 1990s, the EU was the first region to develop a biofuels strategy 
for reducing dependence on oil in the transport sector. As shown in Ta-
ble 16, biofuels were expected to comprise the initial market develop-
ment, and then natural gas and hydrogen were expected to be phased in 
over time as complementary options.  

Table 16: proposed EC guidelines in 2001 for alternative transport fuels 

Year Biofuel Natural Gas Hydrogen Total 

2005 2%   2% 

2010 6% 2%  8% 

2015 7% 5% 2% 14% 

2020 8% 10% 5% 23% 

Source: EC, 2001 
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It is interesting to note the significant role expected by the EC at the 
time for natural gas, which, although cleaner-burning than oil, is never-
theless a non-renewable fossil fuel. More than a decade later, there is a 
resurgence of enthusiasm in contemporary policy analysis for natural gas 
to enter the transport sector and replace oil, due especially to the applica-
tion of fracking, which releases gas that was previously uneconomical or 
unavailable (Economist, 2013). Although the European approach to 
fracking has been more cautious than that of the U.S., there is neverthe-
less resurgent interest in bringing natural gas into the transport sector. 
The new transport strategy of the EU gives special emphasis to gas, 
partly as a response to the reliance on first generation biofuels, which are 
proposed to be phased out (EC, 2013). 

The EU biofuels policy was formalised eventually in the Biofuels Direc-
tive of 2003 that set a (non-binding) EU target for 2010 of 5.75% biofu-
els (EC, 2003). The EU as a whole did not meet the 2010 target, al-
though seven of its member states did: Austria, France, Germany, Po-
land, Portugal, Slovakia and Sweden (EC, 2011). The experience in im-
plementing the Biofuels Directive revealed the weakness of voluntary 
targets, which was addressed in the formulation of the 2009 Renewable 
energy Directive (EC, 2009; Hodson et al, 2010). Although some of the 
Member states that achieved the targets are known for having strong in-
stitutional capacity, there were in fact other causal factors, namely that 
some Member States were essentially unwilling or indifferent to the tar-
gets (e.g. Denmark), while others with lower capacity did achieve the tar-
gets; the patterns of multi-level governance observed in the case of bio-
fuels policy have thus been revealed as more complex than they at first 
appeared (Di Lucia and Kronsell, 2010).  

8 . 2  E U  b i o f u e l s  a n d  c l i m a t e  a n d  
d e v e l o p m e n t  p o l i c i e s   

Especially during the past decade, energy policy and environmental pol-
icy have become more and more intertwined, particularly energy and 
climate policies, which are increasingly pursued at regional level. The 
European Union (EU) has aimed to integrate energy and climate policies, 
as evidenced by energy/climate legislation in which different EU direc-
tives are connected so as to influence various sectors and promote com-
plementary policy instruments (EC, 2009; Johnson, 2011). There are 
nevertheless obvious conflicts between climate policy and energy policy, 
as the latter emphasises competitiveness and energy security in addition 
to sustainability. For evidence of the conflicts at higher policy-making 
levels, one can contrast the Commission’s energy strategy documents 
from 2007 and 2010; the former emphasised renewable and sustainabil-
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ity, while the latter—coming after the financial crisis—emphasised com-
petitiveness and energy security (EC, 2007; EC, 2010). 

The EU Renewable Energy Directive of 2009 (EU-RED) unified renew-
able energy policies in the EU in a stronger and more cohesive manner 
compared to previous legislation. It included mandatory rather than vol-
untary or indicative targets and was ambitious in scope in that it ad-
dressed multiple sectors (transport, electricity, heating). The provisions 
were designed to allow flexibility across sectors while the separate target 
for transport attempted to address the low level of progress in that sec-
tor (Hodson et al, 2010). The provisions related to biofuels and the 
transport sector in the EU-RED included detailed methodologies for de-
termining GHG emissions from biofuels and sustainability criteria. The 
comprehensive approach to biofuels in the EU-RED marked the culmi-
nation of a long struggle within the European Community to develop a 
common strategy for alternative fuels in the transport sector, while also 
initiating a new struggle amongst the new actors that had become in-
volved in establishing and expanding EU biofuels markets (Harrison et 
al, 2010). The new biofuels regime became more closely linked to inter-
national environmental policy and especially climate policy; these re-
gional-global linkages in turn posed complex challenges for economic 
and political governance mechanisms (Johnson, 2011). By comparison, 
the alignment that developed between the new biofuels regime and the 
international trade regime was more nuanced and the sustainability crite-
ria in particular might eventually be found to contradict WTO regula-
tions (Weiss, 2011). 

In the biofuels sustainability provisions of the EU-RED, GHG emis-
sions from land use change are included in the calculation, regardless of 
whether the biofuels are produced within the EU or imported from out-
side the EU (Johnson and Roman, 2008; EC, 2009). In this respect, the 
EU-RED marked a significant departure from Kyoto/UNFCCC guide-
lines by extending responsibility beyond the borders of the consuming 
country or end-use market, thus making EU bioenergy users responsible 
for supply-chain emissions throughout the world (Pena et al. 2010). 
These provisions in the biofuels sustainability criteria were applauded by 
environmental NGOs. Yet it must be noted that one of the basic princi-
ples of the UNFCCC is that developing countries are not expected or 
required to reduce GHG emissions on their own, as climate change is 
considered the historical responsibility of the developed countries (Ra-
jamani, 2000). Thus, in exceeding the requirements of Kyoto in this par-
ticular manner the EU also shifted some of the burden – in the require-
ments for sustainability certification – to developing countries that wish 
to sell into the EU market (Johnson, 2011). The position of the EU in 
this case is that the restrictions only apply to imported biofuels counted 
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under the 10% target, whereas any imports on the “open market” would 
not have to comply. In reality, EU Member States would prefer not to 
have two types of imports, as it would have dis-benefits in both practical 
and public relations terms. The restrictions on imports will have a damp-
ening effect on trade with developing countries without counteracting 
measures (Johnson, 2011).  

Table 17: compatibility between elements of the EC Energy Strategy 
and the EU-RED sustainability criteria 

Elements of the European Commission  
Energy Strategy 

Sustainability Criteria or Pro-
visions 

no-go  
areas 

GHG  
criteria 

incentives 

Competitiveness 

stimulating investment - 0 +/- 

price impacts - - +/- 

advancing energy technology - 0 +/- 

Energy Security 

diversification of energy mix - - +/- 

diversification of import sources 
and supply routes 

- - +/- 

insuring access to energy and 
markets 

- - 0 

Sustainability 

renewable energy - +/- + 

demand reduction 0 0 0 

climate mitigation + + + 

Development 

international trade - +/- +/- 

technology cooperation - 0 0 

institutional cooperation 0 0 +/- 

 KEY: + positive; - negative; +/- unclear or shifting; 0 no net effect 

Source: adapted from Johnson (2011) 

 
The biofuels sustainability provisions can be compared with respect to 
the stated goals of EU energy and climate policies as laid out in the 
Commission’s energy strategy documents (EC, 2007; EC, 2010). The 
three main provisions can be compared to the elements of the strategy, 
as shown in Table 17. The no-go areas were designed to protect biodi-
versity and thus it is not surprising that they have little relation to EU 
energy policy. However, it can be noted that the criteria were drafted so 
as to apply constraints: when such constraints are translated into a devel-
oping country setting, they may well imply decreased development op-
portunities and indeed some research shows that conservation strategies 
should be paired with livelihood opportunities in order to make envi-
ronmental policy more effective in the longer-term (Phalan et al, 2011; 
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Edwards et al, 2014). The GHG criteria as they were established in the 
EU-RED are logical for OECD countries, but again such criteria look 
rather different when translated into the developing country context, 
which included potentially significant biofuels exports to the EU. Unlike 
other energy-climate instruments (e.g. the Clean Development Mecha-
nism), which is designed to capture economic complementarities, the 
GHG criteria present direct barriers for agricultural exports. 

The incentives in the EU-RED have unclear effects. The crediting for 
advanced biofuels has been insufficient to overcome the major capital 
constraints that characterise second generation biofuels (Johnson et al, 
2012; Pacini et al, 2013). Since this incentive also includes wastes, it has 
had some positive effects in that this category of biofuels has increased 
but since the supply is limited and spatially-constrained, the overall effect 
will be minor (Johnson, 2011). The incentive (GHG credit) for biofuels 
on degraded lands is one of the few provisions that had some potential 
for developing countries, but in fact it cannot function well under the 
current specifications. Not only is the actual value too low to make up 
for the low yields on degraded lands, but the credit is given on a per-
energy basis rather than a per-hectare basis and does not distinguish be-
tween types of land based on their level of degradation (Lange, 2011). 
The difficulties with the incentives—and the sustainability criteria in 
general—lies not so much in their specification, which is naturally a 
complex undertaking, but rather the fact there were no accompanying 
elements to consider the effects on development and trade. 

The sustainability criteria themselves pose greater costs for developing 
countries. The small price premium that was initially observed for sus-
tainable bioethanol a few years ago seems to have disappeared and the 
price premium for biodiesel is expected to follow a similar path (Pacini et 
al, 2013). Without a price premium, producers in developing countries 
will bear a greater share of the costs for sustainability or will simply not 
be able to develop a biofuels market due to low demand and high infra-
structure costs (Johnson, 2011; Johnson et al, 2012). To some extent 
such effects are inevitable from a purely economic perspective, but given 
the social and environmental goals associated with biofuels in combina-
tion with the high biomass productivity found in developing countries, 
one of the purposes behind international efforts was to steer the market 
development towards developing countries. In essence, the drive for cer-
tification in agro-industries will tend to lead companies that procure bio-
fuels feedstock to aim for vertical integration, which would generally ex-
clude small growers and thus limit the economic development benefits 
of biofuels (Endres, 2012). On the other hand, the role of the European 
Commission as an environmental market regulator is noted as being 
fairly strong in comparison to other institutions operating in the area of 
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energy and climate policy, such as the Clean Development Mechanism 
(Lin, 2011). Environmental goals have received priority over socio-
economic goals in the EU biofuels regime, in terms of developing coun-
try markets (Dauvergne and Neville, 2010). A concerted effort to 
strengthen technical and institutional capacity in developing countries, if 
well-coordinated with the implementation of the biofuels sustainability 
criteria, could better exploit biofuel trade options that are mutually bene-
ficial for developing countries and the EU. One potential way to do so is 
through bilateral agreements, which are the subject of the next section. 

8 . 3  B i l a t e r a l  a g r e e m e n t s  a n d  s u s t a i n a b l e  
b i o f u e l s  

The EU Renewable Energy Directive (EU-RED) provided for three 
main types of mechanisms to certify the sustainability of biofuels: na-
tional systems, voluntary third-party schemes and bilateral or multilateral 
agreements. In response to the EU-RED, many different schemes were 
developed to support implementation, some of which were quasi-
national in that they received government support, such as the Interna-
tional Sustainability and Carbon Certification (ISCC) Initiative, sup-
ported by the German government (ISCC, 2011; Johnson et al, 2012). 
Another prominent sustainability scheme is the Roundtable on Sustain-
able Biofuels (now Biomaterials), which also developed social sustainabil-
ity criteria and thus exceeded the terms of the EU-RED (RSB, 2011). 
Transnational schemes developed by third parties are not only mecha-
nisms for implementing legislation such as the EU-RED, they also be-
come—at least those that survive the competition—institutional proc-
esses in and of themselves and affect the direction of the many agricul-
tural commodities markets tied to biofuels (Fortin, 2013). 

A comparison of different approaches to biofuels sustainability in rela-
tion to various environment-development impact categories is given in 
Table 18: the point here is to consider wider impacts above the project 
level. There does not seem to be any obvious advantages for voluntary 
schemes from this wider perspective whereas bilateral agreements can 
offer some tangible advantages since there is a direct relation that facili-
tates institutional collaboration (Westberg and Johnson, 2014). Although 
multilateral agreements might offer a few advantages, the current frag-
mentation in the climate regime suggests that it would not be effective to 
negotiate multilaterally in the case of biofuels (van Asselt, 2014). Bilateral 
agreements viewed more broadly might be considered as a type of 
“flanking” policy to address sustainability approaches that come in-
between regulatory and market-based systems; there are many such 
flanking policies that might be developed, each of which carries their 
own benefits and dis-benefits in ethical terms, as well as in socio-
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economic and environmental impacts (Gamborg et al, 2012). There was 
unfortunately little consultation of LDCs when the EU-RED biofuels 
provisions were being settled; only major biofuel producers such as USA 
and Brazil were consulted (Di Lucia et al, 2012). LDCs are of course 
those who could benefit the most from such agreements, especially in 
terms of strengthening capacity. 

Table 18: comparison of alternative approaches to biofuels sustainabil-
ity under the EU-RED with respect to environment and development 

Environment-development  
impact categories 

Alternative mechanisms for Biofuels Sustain-
ability Certification under EU-RED 

National 
systems 

Voluntary 
schemes 

Bilateral 
agreements 

Multilateral 
agreements 

Land and 
Resources 
Manage-

ment 

Forest Management 0 +/- + +/- 

Land and Water use 
Regulations 

0 +/- +/- +/- 

Indirect Land use 
Change 

0 0 + +/- 

Econom-
ics/ Trade 

WTO-compatibility +/- - + + 

Administrative burden, 
transaction costs 

+/- 0 +/- - 

Economies of scale 
and scope 

+ - + 0 

Economic 
Develop-

ment 

Agricultural  
Development 

0 +/- +/- +/- 

Small-scale producers - +/- +/- 0 

Technology Transfer +/- 0 +/- +/- 

Policies 
and Institu-

tions 

Transparency +/- +/- - + 

Local capacity-building - +/- +/- +/- 

Strengthening  
national policies and 

institutions 
- - + +/- 

KEY: + positive; - negative; +/- unclear or shifting; 0 no net effect 

Source: Developed by the author based on analysis in Westberg and Johnson (2013) 

 

The current set-up for biofuels certification is based either on national 
and regional actors in developed countries or multinational corporations 
(for the lightly regulated portions of the market). Consequently, the cur-
rent regime is largely inaccessible to those who have the most to gain or 
lose from the biofuels expansion—namely small-scale landowners or 
agriculturalists in developing countries (Lima and Gupta, 2013). How to 
enfranchise potential small–scale biofuels feedstock producers thus re-
mains a major ethical and socio-economic issue that is largely unad-
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dressed with the mechanisms available. Bilateral and multilateral ap-
proaches could address this issue through long-term engagement. Some 
lessons could be learned from the EU FLEGT programme, which is 
aimed at improving governance in the forest sector and under which 
agreements have been signed with a number of countries (Brack, 2005; 
Westberg and Johnson, 2014). National systems in developing countries 
could also accomplish this, but the experience with the EU-RED thus 
far suggests that it would be quite challenging for these systems to prove 
compliance with the criteria. The key advantage of bilateral agreements is 
that they can provide cross-level or multi-level governance that can pro-
ceed stepwise and without the uncertainty and unmanageability of engag-
ing in yet another multilateral process. As with the connection to climate 
policy, the implementation of cross-level governance mechanisms, i.e. 
those that connect national and regional developments to global markets, 
can loosen or tighten constraints on the pace of the bioenergy transition 
in developing countries. 
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9 Conclusions 

Through an interdisciplinary approach and focusing especially on the 
case of bioethanol and biofuels, this thesis has evaluated linkages in the 
exploitation of biomass resources across the different levels of political, 
economic and social governance, ranging from local to global. As bio-
energy markets evolve from the local to the global, socio-economic and 
environmental impacts become more complex and costly to measure, 
analyse and mitigate. The long-term transformation of biomass from a 
local resource to a multi-product global commodity is a key element in 
the overall sustainability transition and has significant implications for 
developing countries that face the twin pressures of energy insecurity 
and climate change. The shift away from traditional biomass towards 
modern bioenergy is often indirect and is intimately connected to the al-
ternative development pathways that are emerging as fossil resources be-
come more costly in social, economic and environmental terms. In ana-
lysing this transition as a multi-faceted process that involves a wide range 
of actors and interests, this thesis has drawn on several different streams 
of research by fusing the historical perspective on energy transitions with 
contemporary analysis of the design and implementation of supporting 
policies and institutions. 

At the household level, the bioenergy transition can occur directly; a de-
tailed study on the use of bioethanol for household cooking was con-
ducted in Ethiopia (Takama et al, 2012). A stated preference experiment 
combined with a discrete choice model facilitated a case study in which 
household agency could be investigated in the choice of cookstoves and 
fuels. The results showed some willingness to pay for the health and 
safety benefits of ethanol cookstoves, although the poorest households 
had little or no margin to pay more for the fuel or the stove. One conse-
quence is that untargeted and partial fuel-switching subsidies will tend to 
benefit the middle-class, which raises equity concerns. The research also 
showed the relevance of social factors in introducing a new fuel; past ex-
periences and interaction among potential users were found to affect 
adoption. The lack of coordination between national and local levels in 
the use of bioethanol in Ethiopia negatively affected perceived fuel avail-
ability, as the supply for transport was prioritised based on national en-
ergy security goals, which revealed the importance of linking different 
scales or levels. The product-specific framework developed in this re-
search deserves greater emphasis in future research, since product-
specific factors have greater near-term policy relevance for household 
choice than demographic factors that change slowly over time. 
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At national level, the socio-technical dimensions of the bioenergy transi-
tion were analysed with reference to alternative fuels in Brazil, Malawi 
and Sweden (Johnson and Silveira, 2014). Each of these countries was a 
“pioneer” in the use of bioethanol in the transport sector on their re-
spective continents. Brazil and Malawi had an almost exclusive focus on 
bioethanol while Sweden adopted a more pluralistic approach, which 
imposed higher costs due to multiple infrastructures for other pathways, 
particularly biogas. Innovative niche technologies were employed in all 
three cases and helped to expand the market or stimulate efforts to im-
prove weaker elements in the supply chain. The three bioethanol market 
developments were not really linked to each other and in fact the ten-
dency worldwide towards national rather than regional approaches to 
biofuels policy continues today except for the EU, where there are nev-
ertheless quite varying positions among Member States. In all three 
countries, there was a significant amount of coordination between public 
and private actors and across the different elements of the supply 
chain—from feedstock management to processing to distribution and 
end-use. Catalysing linkages between national and local or sub-national 
actors were found in all three cases, and were especially pronounced in 
the case of Sweden, where alternative fuels were highly valued for im-
proving air quality. The dominant fossil regime was essentially forced to 
accommodate the new fuel in each country, aided by landscape factors 
arising from peak oil and climate change concerns. The agro-industrial 
regimes in Brazil and Malawi were conducive to the transition while 
Sweden used a demand-pull approach that accepted imports for eco-
nomic reasons. Strong path dependencies were observed, although the 
creation of a network of engineers, contractors, trade groups, and project 
implementers across the supply chain will also benefit other alternative 
fuel systems in the future. The coordinated approach used in these coun-
tries should be carefully noted by other countries and regions aiming to 
expand the use of biofuels in the transport sector. 

In addition to their pioneering roles in bioethanol market development, 
Brazil and Sweden also undertook efforts starting in the 1980s to mod-
ernise woody biomass in non-transport sectors; of particular interest is 
the case of charcoal use in the iron and steel sector in Brazil and heat 
production in Sweden (Silveira and Johnson, 2014). As is almost always 
the case for modern bioenergy, significant coordination across the supply 
chain plays an important role in achieving successful market penetration 
and matching applications with end-user needs. In Sweden, actors in the 
public and private sectors cooperated to seize on a key difference be-
tween electricity and heating regimes: the latter faced energy and carbon 
taxes whereas electricity was exempt for many years due to competitive 
reasons. These regime differences facilitated creation of a niche for re-
newable heat from biomass that not only came to dominate the sector 
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but even provided a model for renewable heat markets in the EU. In 
Brazil, management of woody biomass is quite different in biophysical 
terms but the socio-technical forces are similar. A struggle between the 
use of virgin wood for charcoal vs. sourcing wood from well-managed 
eucalyptus plantations, together with the decentralised organisation for 
small-scale charcoal producers, has led to significant inefficiencies re-
maining in the supply chain. The driving factors are not simply technical 
or economic in origin, as they can also be traced to a lack of key mobilis-
ing actors, such as those that developed the Brazilian bioethanol sector. 
The experimentation and network formation that occurred in the Swed-
ish heating sector and the Brazilian bioethanol sector has not evolved 
sufficiently in the Brazilian charcoal sector. As these sectors are some-
what less politically visible compared to bioethanol, there have also been 
fewer opportunities to gather political momentum, a factor which was 
offset in the Swedish case by the economic incentives. Thus a recom-
mendation for the Brazilian charcoal sector is to develop standardised 
indicators and measurement protocols from which tax and regulatory 
policies could then be designed so as to improve sustainability in the 
charcoal sector. 

Turning to the regional level, the bio-physical and economic dimensions 
of the bioenergy transition in the Southern African Development Com-
munity (SADC) were analysed for the case of bioethanol from sugarcane 
and sweet sorghum (Johnson and Matsika, 2006). The imbalance be-
tween supply and demand and the tremendous disparity in infrastructure 
between South Africa and the rest of the region have relegated current 
national strategies highly ineffective: an exception is found in Malawi, 
where the severe conditions of biomass scarcity and high population 
density in a landlocked region provided unusually strong incentives to 
diversify away from fossil fuels. Even in the case of Malawi, advances 
have been slow since their initial success with ethanol blending in the 
1980s; they would also benefit from a stronger regional framework in 
southern Africa. The potential for sugarcane and sweet sorghum in 
southern Africa far exceeds the expected demand in the next decade, 
even if 25% blending of bioethanol was established, and thus major ex-
port markets could also be established since the region is highly price-
competitive in international sugar and ethanol markets. The point here is 
not so much related to the tremendous physical potential per se, but 
rather that the biomass resources of southern Africa can be used to sup-
port regional development as it moves towards a duty-free region and in-
tegrates its economic and political institutions. Another key point is that 
most countries in the region suffer in environmental, health and eco-
nomic terms from their reliance on traditional biomass for 80% or more 
of energy needs, in stark contrast to the huge unexploited potential for 
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modern bioenergy from sugarcane and other sources; in other words, ac-
celerating the bioenergy transition is an urgent task in this region.  

The relation to global regimes for trade and climate was found to have 
significant cross-level linkages in the case studies conducted for EU bio-
fuels policies (Johnson, 2011; Westberg and Johnson, 2014). As the only 
regional market with strong policies and institutions, the EU biofuels 
markets and policies have undergone intensive scrutiny; due to the grow-
ing international trade, developments in the EU offer a valuable perspec-
tive on the complex relation between developed and developing coun-
tries in the shift towards modern bioenergy and the linkages between re-
gional policies and international regimes. Developing countries, espe-
cially in Africa and Latin America, have lower cost feedstocks and in 
some cases they also offer superior environmental benefits to biofuels 
sourced from within the EU. The EU Renewable Energy Directive (EU-
RED) established sustainability criteria for biofuels to accompany the 
mandate for 10% renewable energy in the transport sector. Because 
these criteria include GHG emissions from land use change in the coun-
try of origin, they exceed the provisions of the UNFCCC framework in 
which emissions are counted at the point of consumption. Part of the 
burden for the emissions and their measurement is thereby shifted to 
developing countries. The EU development goals were not accompanied 
by tangible implementation mechanisms whereas the cross-level linkage 
to the international climate regime was effectively exploited.  The meas-
urement and verification of sustainability criteria are carried out mainly 
through 3rd party certification schemes along with any national schemes 
that are similarly approved by the European Commission. The conclud-
ing of bilateral agreements with importing countries, as encouraged in 
Article 18(4) of the EU-RED, has not been pursued. Consequently, the 
EU policies cannot advance the development and trade-enhancing op-
portunities associated with bilateral agreements, exemplified by the insti-
tutional capacity-building that has been achieved in the EU Forest Law 
Enforcement Governance and Trade (FLEGT) programme. By avoiding 
or not thoroughly considering the bilateral option, the EU outsources 
the sustainability criteria and misses the opportunity for direct engage-
ment with developing countries at the interface between environment, 
trade and new development pathways. Environment-development link-
ages between national, regional and global regimes therefore remain un-
exploited. 

A common denominator among these case studies and policy assess-
ments has been the existence of significant or potentially significant link-
ages across different levels of economic, social and political governance. 
Such linkages can be found for other energy-related markets and institu-
tions and they are not unique to bioenergy. However, cross-level linkages 
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appear to be pervasive when placed under the lens of the bioenergy transi-
tion: the shift towards bioenergy depends on these linkages because they 
liberate and constrain the use of biomass resources in rather fundamental 
ways. Unlike the homogenous commodities that dominate the global en-
ergy system, the broader development and dissemination of modern bio-
energy systems requires market articulation in socio-economic terms, 
complex bargaining processes in political-economic terms and well-
functioning actor networks in socio-technical terms. Techno-economic 
factors are not sufficient in explaining the nature and pace of the bio-
energy transition: the transformation of biomass from a local resource to 
a global commodity is also socially and politically constructed in ways 
that cannot be easily separated from efforts to improve the efficiency 
and effectiveness of biomass use. 

Existing policies and institutions do not seem well-suited to reconciling 
the bioenergy transition with environment and development goals: this 
research suggests the importance of using the cross-level linkages as op-
portunities to enhance the efficacy of long-term shifts in bioenergy use 
rather than the current tendency to constrain the use of modern bio-
energy. A more diverse set of bioenergy options and a rather different set 
of development pathways can thereby emerge to replace the “dirty” de-
velopment process that so many countries and regions have already 
passed through. The historical record suggests that the shift away from 
fossil fuels will be long and complex, and thus the tendency among pol-
icy-makers to believe in fast technological fixes must give way to careful 
consideration of the options available and a willingness to experiment 
with innovative technologies, systems and institutions. Consequently, the 
techno-economic perspective that predominates must be complemented 
by attention to the agency of energy end-users and due consideration for 
the socio-technical determinants of sustainable energy transitions.  

As has been noted by scientists in recent years, society cannot accept the 
impacts of biofuels done badly, but at this crucial juncture in the global 
sustainability transition, it would be even more costly to forego the bene-
fits of biofuels done well. Although biofuels are only one element of the 
bioenergy transition, they are important due to the lack of environmen-
tally-friendly and low cost alternatives in the transport sector. Perhaps 
more importantly, developing countries have a significant comparative 
advantage in biofuels feedstocks and can use them to support rural and 
agricultural development, while opening up different development path-
ways compared to the fossil-intensive route followed in the past. The 
controversies over biofuels are underpinned by an ideological struggle as 
to whether biomass, biofuels and bioenergy should be used locally or 
globally. Perhaps not surprisingly, biomass needs to be both a local re-
source and a global commodity, and such flexibility is facilitated by the 
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tremendous diversity in raw materials and applications and the availabil-
ity of biomass for all energy carriers. Biofuels offer local by-products and 
can make use of low cost residues as feedstocks, but are also part of 
highly efficient platforms for producing food, heat, electricity, fuels and 
bio-chemicals for global markets. As the potential for biofuels is highest 
in the developing countries, biofuels can contribute constructively to low 
carbon development pathways. But the tendency towards national rather 
than regional strategies and the conflicting signals from international re-
gimes results in sub-optimal utilisation of biomass resources. Linking dif-
ferent markets for biofuels through cross-level policies and institutions 
will direct them to their most valuable applications so as to steer the bio-
energy transition towards greater long-term sustainability. More research 
on the effectiveness of specific policy mechanisms capable of bridging 
different scales or levels for particular applications or types of biomass 
resources will be valuable in supporting such goals. 



Exploi t ing  c ross - l ev e l  l inkages  t o  st ee r  th e  b i oenergy  transi t ion  

111 
 

10 References 

Agbemabiese, L., Nkomo, J., Sokona, Y., 2012. Enabling Innovations in 
Energy Access: An African Perspective. Energy Policy 47(S1), 38–47. 

Akpalu, W., Dasmani, I., Aglobitse, P.B., 2011. Demand for cooking fu-
els in a developing country: To what extent do taste and preferences 
matter? Energy Policy 39(10), 6525-6531. 

Altman, I., Johnson, T., 2008. The choice of organizational form as a 
non-technical barrier to agro-bioenergy industry development. Biomass 
and Bioenergy 32(1), 28-34. 

Altman, I.J., Sanders, D.R., Boessen, C.R., 2007. Applying transaction 
cost economics: A note on biomass supply chains. Journal of Agribusi-
ness 25(1), 107. 

Amigun, B., Musango, J.K., 2011. An analysis of potential feedstock and 
location for biodiesel production in Southern Africa. International 
Journal of Sustainable Energy, 30(sup1), S35-S58. 

Andrews, C.J., 2011. Does the Fukushima accident significantly increase 
the nuclear footprint? The Electricity Journal 24(6), 36-39. 

Anenberg, S.C., Balakrishnan, K., Jetter, J., Masera, O., Mehta, S., Moss, 
J., Ramanathan, V., 2013. Cleaner Cooking Solutions to Achieve 
Health, Climate, and Economic Cobenefits, Environmental Science & 
Technology 47, 3944–3952. 

Arthur, W.B., 1989. Competing technologies, increasing returns, and 
lock-in by historical events. The Economic Journal 99, 116–131. 

Atteridge, A., Heneen, M., Senyagwa, J., 2013. Transforming Household 
Energy Practices among Charcoal Users in Lusaka, Zambia: a User-
Centred Approach, SEI Working Paper No. 2013-04, Stockholm Envi-
ronment Institute, Stockholm, Sweden. 

Ayres, R.U., 1998. Eco-thermodynamics: economics and the second law. 
Ecological Economics 26(2), 189-209. 

Ayres, R.U., Kneese, A.V., 1969. Production, consumption, and external-
ities. The American Economic Review, 59(3), 282-297. 

Ayres, R.U., Warr, B., 2003. Exergy, power and work in the US econ-
omy, 1900–1998. Energy 28, 219–273. 

Bailis, R., Rujanavech, C., Dwivedi, P., de Oliveira Vilela, A., Chang, H., 
& de Miranda, R.C., 2013. Innovation in charcoal production: A com-
parative life-cycle assessment of two kiln technologies in Brazil. Energy 
for Sustainable Development 17(2), 189-200. 

Barker, T., Scrieciu, S.S., 2010. Modeling Low Climate Stabilization with 
E3MG: Towards a 'New Economics' Approach to Simulating Energy-
Environment-Economy System Dynamics. The Energy Journal 31, 
137-164. 



Doctoral  Thesis  /  F ranc i s  X.  J ohnson  

112 
 

Barnes, D.F., Floor, W.M., 1996. Rural energy in developing countries: a 
challenge for economic development. Annual Review of Energy and 
Environment 21, 497–530. 

Bastian-Pinto, C., Brandão, L., de Lemos Alves, M., 2010. Valuing the 
switching flexibility of the ethanol-gas flex fuel car. Annals of Opera-
tions Research 176(1), 333–348.  

Batidzirai, B., Faaij, A.P.C., Smeets, E., 2006. Biomass and bioenergy 
supply from Mozambique. Energy for Sustainable Development 10(1), 
54-81. 

Batidzirai, B., Johnson, F.X., 2012. Energy Security, Agro-industrial De-
velopment and International Trade: The case of sugarcane in southern 
Africa. In: Gasparatos, A., Stromberg, P. (Eds.), Socio-economic and 
Environmental Impacts of Biofuels: Evidence from Developing Na-
tions. Cambridge University Press, London (Chapter 12). 

Batidzirai, B., Smeets, E.M.W., Faaij, A.P.C., 2012. Harmonising bio-
energy resource potentials—Methodological lessons from review of 
state of the art bioenergy potential assessments. Renewable and Sus-
tainable Energy Reviews 16, 6598–6630. 

Bazilian, M., Nakhooda, S., Van de Graaf, T., 2014. Energy governance 
and poverty. Energy Research & Social Science 1, 217-225.  

Bazilian, M., Sagar, A., Detchon, R.., Yumkella, K., 2010. More heat and 
light. Energy Policy 38, 5409–12. 

BEFS, 2010. Bioenergy and Food Security (BEFS) Analytical Frame-
work. Food and Agriculture Organisation (FAO) of the United Na-
tions: Rome, http://www.fao.org/bioenergy/foodsecurity/befs/. 

Beringer, T., Lucht, W., Schaphoff, S., 2011. Bioenergy production po-
tential of global biomass plantations under environmental and agricul-
tural constraints. GCB Bioenergy 3, 299–312. 

Berkes, F., 2002. Cross-scale institutional linkages: perspectives from the 
bottom up. In: (Committee on the Human Dimensions of Global 
Change, National Research Council), The Drama of the Commons, 
The National Academies Press, Washington, DC (Chapter 9). 

Berkes, F., 2009. Evolution of co-management: role of knowledge gen-
eration, bridging organizations and social learning. Journal of environ-
mental management 90(5), 1692-1702. 

Berkes, F., Colding, J., Folke, F. (Eds.), 2003. Navigating Social–
ecological Systems: Building Resilience for Complexity and Change. 
Cambridge University Press, Cambridge, UK. 

Berndes, G., Ahlgren, S., Börjesson, P., Cowie, A.L., 2013. Bioenergy 
and land use change—state of the art. Wiley Interdisciplinary Reviews: 
Energy and Environment 2(3), 282-303. 

Berndt, E., 1983. From technocracy to net energy analysis: engineers, 
economists, and recurring energy theories of value. In Scott, A. (Ed.), 
Progress in Natural Resource Economics, 337-366. Clarendon, Oxford, 
U.K. 



Exploi t ing  c ross - l ev e l  l inkages  t o  st ee r  th e  b i oenergy  transi t ion  

113 
 

Bhagavan, M., 1984. The fuelwood crisis in SADCC countries. Ambio 
13(1), 25-27.  

Bierlaire, M., 2003. BIOGEME: A free package for the estimation of 
discrete choice models. Proceedings of the 3rd Swiss Transportation 
Research Conference, Ascona, Switzerland; http://biogeme.epfl.ch/  
(last accessed on 15 March 2012).   

Bogdanski, A., 2012. Integrated food–energy systems for climate-smart 
agriculture. Agriculture & Food Security 1, 1-9. 

Boland, J.J., Baumann, D.D., 2009. Water Resources Planning: Past, Pre-
sent, and Future. In: Russell, C.S., Baumann, D.D. (Eds.) The Evolu-
tion of Water Resource Planning and Decision Making. Edward Elgar, 
Cheltenham, UK, pp. 1-13. 

Bond, T. C., Sun, H., 2005. Can Reducing Black Carbon Emissions 
Counteract Global Warming? Environmental Science & Technology 
39, 5921-5926. 

BP, 2013. BP Statistical Review of World Energy. Online available: 
www.bp.com.  

Brack, D., 2005. Controlling Illegal Logging and the Trade in Illegally 
Harvested Timber: The EU’s Forest Law Enforcement, Governance 
and Trade Initiative (FLEGT). Review of European Community & In-
ternational Environmental Law 14(1). 28–38. 

Brennan, L., Owende, P., 2010. Biofuels from microalgae—A review of 
technologies for production, processing, and extractions of biofuels 
and co-products. Renewable and Sustainable Energy Reviews 14(2), 
557–577. 

Bromley, D.W., 1985. Resources and economic development: an institu-
tionalist perspective. Journal of Economic Issues 19(3), 779-796. 

CARD, 2012. Proceedings of the National Seminar: Transitioning from 
traditional to modern bioenergy in Malawi. Centre for Agricultural Re-
search and Development (CARD), Lilongwe, Malawi. Online available: 
http://bit.ly/Malawi-bioenergy. 

Carolan, M.S., 2010. Ethanol’s most recent breakthrough in the United 
States: A case of socio-technical transition. Technology in Society 
32(2), 65-71. 

Carriquiry, M.A., Du, X., Timilsina, G.R., 2011. Second generation bio-
fuels: economics and policies. Energy Policy 39(7), 4222-4234.  

Cash, D.W., Adger, W.N., Berkes, F., Garden, P., Lebel, L., Olsson, P., 
Young, O., 2006. Scale and cross-scale dynamics: governance and in-
formation in a multilevel world. Ecology & Society 11(2), 8. 

Chanje, A., 1999. Comments on the production of ethanol in Malawi. 
Technical Memorandum provided by ETHCO to the Stockholm Envi-
ronment Institute, 22 November 1999. 

Cecelski, E., Unit, A.A.E., 2000. Enabling Equitable Access to Rural 
Electrification: Current Thinking and major activities in Energy, Pov-
erty and Gender. World Development Report 1, pp. 2-3. 

http://biogeme.epfl.ch/
http://www.bp.com/
http://bit.ly/Malawi-bioenergy


Doctoral  Thesis  /  F ranc i s  X.  J ohnson  

114 
 

Chen, Y., Johnson, F.X., 2008. Sweden: greening the power market in a 
context of liberalization and nuclear ambivalence. In: Lafferty, W.M., 
Ruud, A. (Eds.), Promoting Sustainable Electricity in Europe. Edward 
Elgar, Cheltenham, UK, pp. 219-250. 

Christian, P., Sander, K., 2009. Environmental crisis or sustainable de-
velopment opportunity? Transforming the charcoal sector in Tanzania. 
World Bank, Washington D.C. http://documents.worldbank.org.  

Chum, H., Faaij, A., Moreira, J., Berndes, G., Dhamija, P., Dong, H., 
Gabrielle, B., Goss Eng, A., Lucht, W., Mapako, M., Masera Cerutti, 
O., McIntyre, T. Minowa, T., Pingoud, K., 2011. Bioenergy. In: Eden-
hofer, O., R. Pichs-Madruga, Y. Sokona, K. Seyboth, P. Matschoss, S. 
Kadner, T. Zwickel, P. Eickemeier, G. Hansen, S. Schlömer, C. von 
Stechow (Eds.), IPCC Special Report on Renewable Energy Sources 
and Climate Change Mitigation, Cambridge University Press, Cam-
bridge, UK and New York, USA. 

Cleanstar, 2014. Cleanstar Ventures. www.cleanstarventures.com. 
Coase, 1988. The Firm, the Market and the Law. University of Chicago 

Press, Chicago, USA.  
Coase, R. 1937. The Nature of the Firm. Economica 4, New Series, 386. 
Compeán, R.G., Polenske, K.R., 2011. Antagonistic bioenergies: Tech-

nological divergence of the ethanol industry in Brazil. Energy Policy 39 
(11), 6951-6961. 

Cook, E., 1971. The flow of energy in an industrial society. Scientific 
American, October 1971. 

Cornland D., Johnson F., Yamba F, Chidumayo E., Morales M., 
Kalumiana O, Mtonga-Chidumayo S., 2001. Sugarcane Resources for 
Sustainable Development: A Case Study in Luena, Zambia. Stockholm 
Environment Institute, Stockholm, Sweden ISBN: 91 88714 71 3. 

Costanza, R., 1980. Embodied energy and economic valuation. Science 
210(4475), 1219-1224. 

Cotula, L., Vermeulen, S., Leonard, R., Keeley, J., 2009. Land grab or 
development opportunity?: Agricultural investment and international 
land deals in Africa. International Institute for Environment and De-
velopment, London, UK: IIED; and Rome, Italy: FAO and IFAD. 

CSA, 1999. Welfare Monitoring Survey 1996: Statistical Report. Central 
Statistics Agency (CSA), Addis Ababa, Ethiopia. 

CSA, 2012. Welfare Monitoring Survey 2011: Statistical Report. Central 
Statistics Agency (CSA), Addis Ababa, Ethiopia. 

Dahlman, C.J., 1979. The problem of externality. Journal of law and 
economics 22(1), 141-162. 

Dauvergne, P., Neville, K.J., 2009. The Changing North–South and 
South–South Political Economy of Biofuels, Third World Quarterly 
30(6), 1087-1102. 

http://documents.worldbank.org/
http://www.cleanstarventures.com/


Exploi t ing  c ross - l ev e l  l inkages  t o  st ee r  th e  b i oenergy  transi t ion  

115 
 

Dauvergne, P., Neville, K.J., 2010. Forests, food, and fuel in the tropics: 
the uneven social and ecological consequences of the emerging political 
economy of biofuels. The Journal of Peasant Studies 37(4), 631-660. 

Deese, D.A., 1979. Energy: economics, politics, and security. Interna-
tional Security 4(3), 140-153.  

de Gorter, H., Drabik, D., Just, D.R., 2013. Policy implications of high 
RIN prices and the 'blend wall'. Biofuels 4(4), 359-361. 

deHaan, L.R., Weisberg, S., Tilman, D., Fornara, D., 2010. Agricultural 
and biofuel implications of a species diversity experiment with native 
perennial grassland plants. Agriculture, Ecosystems & Environment 
137(1), 33-38. 

Demetrius, F.J., 1990. Brazil's National Alcohol Program: Technology 
and Development in an Authoritarian Regime. Praeger, New York. 

de Vries, S.C., van de Ven, G.W.J., van Ittersum, M.K., Giller, K.E., 
2010. Resource use efficiency and environmental performance of nine 
major biofuel crops, processed by first-generation conversion tech-
niques. Biomass and Bioenergy 34(5), 588-601.  

Deutmeyer, M., Hektor, B., Schouwenberg, P.P., 2014. Financing Bioen-
ergy Trade: Making it happen. In: Junginger, M., Goh, C.S., Faaij, A. 
(Eds.), International Bioenergy Trade: History, status & outlook on se-
curing sustainable bioenergy supply, demand and markets. Springer, 
Netherlands, pp. 191-212 (Chapter 9).  

Di Lucia, L., Ahlgren, S., Erisson, K., 2012. The dilemma of iLUC in EU 
biofuel policy: an empirical study of policy-making in the context of 
scientific uncertainty. Environmental Science & Policy 16, 9–19. 

Di Lucia, L., Kronsell, A., 2010. The willing, the unwilling and the un-
able–explaining implementation of the EU Biofuels Directive. Journal 
of European Public Policy, 17(4), 545-563. 

Duvenage, I., Stringer, L.C., Langston, C., Dunstan, K., 2013. Under-
standing sustainable biofuel development: a sub–Saharan Africa per-
spective. African Journal of Economic and Sustainable Development 2 
(1), 72-98.    

EC, 2001. Communication from the Commission to the European Par-
liament, the Council, the Economic and Social Committee and the 
Committee of the Regions on alternative fuels for road transportation 
and on a set of measures to promote the use of biofuels. COM (2001) 
547, 7 November 2001, Brussels. 

EC, 2003. Directive 2003/30/EC of the European Parliament and of the 
Council of 8 May 2003 on the promotion of the use of biofuels or 
other renewable fuels for transport. OJL 123/42, 17.5.2003, Brussels. 

EC, 2007. An Energy Policy for Europe. Communication from the 
Commission to the European Council and the European Parliament, 
Brussels, 10.1.2007, COM (2007), 1 final. 

EC, 2009. Directive 2009/28/EC of the European Parliament and of the 
Council, of 23 April 2009, on the promotion of the use of energy from 



Doctoral  Thesis  /  F ranc i s  X.  J ohnson  

116 
 

renewable sources and amending and subsequently repealing Directives 
2001/77/EC and 2003/30/EC. OJL 140/16, Brussels. 

EC, 2010. Energy 2020: A strategy for competitive, sustainable and se-
cure energy. Communication from the Commission to the Council, the 
European Parliament, the European Economic and Social Committee 
and the Committee of the Regions, Brussels, 10.11.2010, COM(2010) 
639 final. 

EC, 2011. Recent progress in developing renewable energy sources and 
technical evaluation of the use of biofuels and other renewable fuels in 
transport in accordance with Article 3 of Directive 2001/77/EC and 
Article 4(2) of Directive 2003/30/EC. European Commission, Brus-
sels, COM (2011) 31 final. 

EC, 2013. Clean Power for Transport: A European alternative fuels 
strategy, Communication from the Commission to the European Par-
liament, the Council, the European Economic and Social Committee 
and the Committee of the Regions. European Commission, Brussels, 
24.1.2013, COM (2013) 17 final. 

Economist, 2013. The future of oil: yesterday’s fuel. Economist Maga-
zine, 3 August 2013, London. 

ECOWAS, 2012. ECOWAS Bioenergy Programme. ECOWAS Centre 
for Renewable Energy and Energy Efficiency (ECREEE), online avail-
able: www.ecreee.org.  

Edwards, D.P., Gilroy, J. J., Woodcock, P., Edwards, F.A., Larsen, T.H., 
Andrews, D.J., Derhé, M.A., Docherty, T.D.S., Hsu, W.W., Mitchell, 
S.L., Ota, T., Williams, L.J., Laurance, W.F., Hamer, K.C., Wilcove, 

D.S., 2014. Land‐sharing versus land‐sparing logging: reconciling tim-
ber extraction with biodiversity conservation. Global Change Biology 
20(1), 183-191. 

Eklöf, J.K., Ekerholm, H., Mårald, E., 2012. Promoting Ethanol in the 
Shadow of Oil Dependence: 100 years of arguments and frictions in 
Swedish politics, Scandinavian Journal of History, 37:5, 621-645. 

El Bassam, N., 2010. Handbook of Bioenergy Crops: A Complete Refer-
ence to Species, Development and Applications. Earthscan, London, 
U.K. 

Emberson, L., He, K., Rockström, J.,  Amann, M., Barron, J., Corell, R., 
Feresu, S., Haeuber, R., Hicks, K., Johnson, F.X., Karlqvist, A., Kli-
mont, Z., Mylvakanam, I., Song, W.W., Vallack, H., Qiang, Z., 2012. 
Energy and Environment. In: Global Energy Assessment - Toward a 
Sustainable Future, Cambridge University Press, Cambridge, UK and 
New York, NY, USA and the International Institute for Applied Sys-
tems Analysis, Laxenburg, Austria, pp. 191-254 (Chapter 3). 

Endres, J., 2012. Legitimacy, Innovation, and Harmonization: Precursors 
to Operationalizing Biofuels Sustainability Standards, Southern Illinois 
University Law Journal 37, 1-52. 

Envirofit, 2014. http://www.envirofit.org/ 

http://www.ecreee.org/
http://www.envirofit.org/


Exploi t ing  c ross - l ev e l  l inkages  t o  st ee r  th e  b i oenergy  transi t ion  

117 
 

EP, 2011. Indirect Land Use Change and Biofuels. Report 
IP/A/ENVI/ST/2010-15, European Parliament Committee on envi-
ronment, Public Health and Food Safety, online available at: 
http://www.europarl.europa.eu/activities/committees/studies.do?lang
uage=EN.   

EP/CEC, 1985. European Parliament and the Council of the European 
Communities (1985): Council Directive 85/356/EEC on crude-oil sav-
ings through substitute fuel components in petrol. OJL 334/20 
12.12.1985, Brussels. 

EPE, 2014. Brazilian Energy Balance. MME, Brazilian Government. 
Available at: https://ben.epe.gov.br/BENSeriesCompletas.aspx.   

ESMAP, 2005. Advancing Bioenergy for Sustainable Development: 
Roles for Policymakers and Entrepreneurs, report prepared by Stock-
holm Environment Institute (SEI) for the World Bank Energy Man-
agement Assistance Programme (ESMAP), Report 300/05, March. 

EUROSTAT, 2009. Panorama of Energy. EUROSTAT, Luxembourg. 
Ezzati, M., Kammen, D.M., 2002. The health impacts of exposure to in-

door air pollution from solid fuels in developing countries: knowledge, 
gaps, and data needs. Environmental health perspectives, 110(11), 
1057. 

Faaij, A., 2006. Modern biomass conversion technologies. Mitigation and 
Adaptation Strategies for Global Change 11(2), 335-367. 

FAO, 2003. Development of a Framework for Good Agricultural Prac-
tices. Report COAG/2003/6, Food and Agriculture Organisation of 
the United Nations, Rome.  

FAO, 2004. Unified Bioenergy Terminology (UBET). Food and Agricul-
ture Organization of the United Nations (FAO), Rome. 

FAO, 2010. What woodfuels can do to mitigate climate change. FAO 
Forestry Paper 162. Food and Agriculture Organization of the United 
Nations (FAO), Rome. 

FAO, 2013. FAOSTAT statistical database. Online available at: 
http://faostat.fao.org/.  

FAO/UNEP, 2011. Bioenergy Decision Support Tool. Food and Agri-
culture Organization of the United Nations (FAO), Rome, Online 
available at: http://www.bioenergydecisiontool.org/.  

Fazio, S., Monti, A., 2011. Life cycle assessment of different bioenergy 
production systems including perennial and annual crops. Biomass and 
Bioenergy 35(12), 4868-4878. 

FDRE, 2011, Ethiopia’s Climate Resilient Green Economy: Green 
economy strategy, Federal Democratic Republic of Ethiopia (FDRE), 
http://www.undp.org/content/dam/ethiopia/docs/Ethiopia%20CR
GE.pdf. 

Fernandes, S.D., Trautmann, N.M., Streets, D.G., Roden, C.A., Bond, 
T.C., 2007. Global biofuel use, 1850 – 2000. Global Biogeochemical 
Cycles 21, GB2019. 

http://www.europarl.europa.eu/activities/committees/studies.do?language=EN
http://www.europarl.europa.eu/activities/committees/studies.do?language=EN
https://ben.epe.gov.br/BENSeriesCompletas.aspx
http://faostat.fao.org/
http://www.bioenergydecisiontool.org/


Doctoral  Thesis  /  F ranc i s  X.  J ohnson  

118 
 

Finkbeiner, M., 2014. Indirect land use change–Help beyond the hype? 
Biomass and Bioenergy 62, 218-221. 

Fischer-Kowalski, M., Haberl, H., 2007. Socio-ecological transitions, 
Edward Elgar, Cheltenham. 

Fischer-Kowalski, M., 2011. Analyzing sustainability transitions as a shift 
between socio-metabolic regimes. Environmental Innovation and So-
cietal Transitions 1(1), 152-159. 

Foell, W., Pachauri, S., Spreng, D., Zerriffi, H., 2011. Household cooking 
fuels and technologies in developing economies. Energy Policy 39(12), 
7487-7496. 

Fortin, E., 2013. Transnational multi-stakeholder sustainability standards 
and biofuels: understanding standards processes. The Journal of Peas-
ant Studies 40:3, 563-587 

Fouquet, R., 2008. Heat, power and light: revolutions in energy services. 
Edward Elgar, Cheltenham, UK.  

Fouquet, R., 2010. The slow search for solutions: Lessons from historical 
energy transitions by sector and service. Energy Policy 38(11), 

6586‐6596. 
Fouquet, R., Pearson, P.J.G., 1998. A thousand years of energy use in the 

United Kingdom. The Energy Journal, 19(4), 1–41. 
Fthenakis, V., Kim, H.C., 2009. Land Use and Electricity Generation: A 

Life-Cycle Analysis. Renewable and Sustainable Energy Reviews 13(6-
7), 1465–1474. 

Funke, T., Klein, P., Meyer, F., 2011. Biofuel production in South Africa. 
Biofuels 2(2), 209-220. 

Furtado, A.T., Scandiffio, M.I.G., Cortez, L.A.B., 2011. The Brazilian 
sugarcane innovation system. Energy Policy, 39(1), 156-166. 

GACC, 2012. Annual Report 1, Global Alliance for Clean Cookstoves 
(GACC), Washington, D.C., http://www.cleancookstoves.org/.  

Gales, B., Kander, A., Malanima, P., Rubio, M.D.M, 2007. North vs. 
South: energy transition and energy intensity in Europe over 200 years. 
European Review of Economic History 11(2), 219–253. 

Gamborg, C., Sandøe, P., Anker, H.T., 2012. Setting the rules of the 
game: ethical and legal issues raised by bioenergy governance methods. 
In: Potthast, T., Meisch, S. (Eds.), Climate change and sustainable de-
velopment, pp. 227-232 (Chapter 8). Wageningen Academic Publishers, 
Netherlands. 

Gartner, W.B., 1985. A conceptual framework for describing the phe-
nomenon of new venture creation. Academy of management review 
10(4), 696-706. 

Gasparatos, A., Lee, L., von Maltitz, G.P., Mathai, M.V., Puppim de 
Oliveira, J.A., Johnson, F.X., Willis, K.J., 2013. Catalysing Biofuel Sus-
tainability – International and National Policy Interventions. Environ-
mental Policy and Law 43(4-5), 216-221.  

http://www.cleancookstoves.org/


Exploi t ing  c ross - l ev e l  l inkages  t o  st ee r  th e  b i oenergy  transi t ion  

119 
 

Gasparatos, A., Stromberg, P., 2012. Socioeconomic and environmental 
impacts of biofuels: Evidence from developing nations. Cambridge 
University Press, Cambridge, UK. 

Gee, S., McMeekin, A., 2011. Eco-innovation systems and problem se-
quences: The contrasting cases of US and Brazilian biofuels. Industry 
and Innovation, 18(03), 301-315. 

Geels, F.W., 2002. Technological transitions as evolutionary reconfigura-
tion processes: A multi level perspective and a case study. Research 
Policy 31 (8/9), 1257-1274. 

Geels, F.W., Schot, J.W. 2007. Typology of sociotechnical transition 
pathways. Research Policy 36, 399–417. 

Geels, F.W., 2012. A socio-technical analysis of low-carbon transitions: 
Introducing the multi-level perspective into transport studies. Journal 
of Transport Geography 24, 471-482. 

Georgescu-Roegen, N. 1971. The Entropy Law and the Economic Proc-
ess. Harvard University Press, Cambridge, MA. 

Ghanadan, R., Koomey, J.G., 2005. Using energy scenarios to explore al-
ternative energy pathways in California. Energy Policy 33(9), 1117-
1142. 

Gheewala, S.H., Berndes, G., Jewitt, G., 2011. The bioenergy and water 
nexus. Biofuels, Bioproducts and Biorefining 5(4), 353-360. 

Gibson, C.C., Ostrom, E., Ahn, T.K., 2000. The concept of scale and the 
human dimensions of global change: a survey. Ecological economics 
32(2), 217-239. 

Gilliland, M.W., 1975. Energy Analysis and Public Policy. Science 
189(4208), 1051-1056. 

GoB, 1975. Decreto No. 76.593, de 14 de novembro do 1975, D.O.U. 
de 20.02.1976. Government of Brazil (GoB). 

Goldemberg, J., Johansson, T.B., Reddy, A.K.N., Williams, R.H., 1988. 
Energy for a sustainable world. Wiley, New York. 

Goldemberg, J., 2007. Ethanol for a Sustainable Energy Future. Science 
315, 808–810. 

Goldemberg, J., Johansson, T.B., Reddy, A.K., Williams, R.H., 2004. A 
global clean cooking fuel initiative. Energy for Sustainable Develop-
ment, 8(3), 5-12. 

Gold Standard, 2013. http://www.goldstandard.org.  
GoM, 2004. Liquid Fuels and Gas (Production and Supply) Act, Gov-

ernment of Malawi, Lilongwe. 
Gowen, M.M., 1989. Biofuel versus fossil fuel economics in developing 

countries: how green is the pasture? Energy Policy 17(5), 455-470. 
Grieshop, A.P., Marshall, J.D., Kandlikar, M., 2011. Health and climate 

benefits of cook-stove replacement options. Energy Policy 39(12), 
7530–7542. 

Grübler, A., 2004. Transitions in energy use, Encyclopedia of Energy, 
Vol. 6, pp. 163-177, Elsevier. 

http://www.goldstandard.org/


Doctoral  Thesis  /  F ranc i s  X.  J ohnson  

120 
 

Haas, R., Nakicenovic, N., Ajanovic, A., Faber, T., Kranzl, L., Müller, A., 
Resch, G., 2008. Towards sustainability of energy systems: A primer on 
how to apply the concept of energy services to identify necessary 
trends and policies. Energy Policy 36(11), 4012-4021. 

Haberl, H., Beringer, T., Bhattacharya, S.C., Erb, K.H., Hoogwijk, M., 
2010. The global technical potential of bioenergy in 2050 considering 
sustainability constraints. Current Opinion in Environmental Sustain-
ability 2(5), 394-403. 

Hall, D., 1991. Biomass Energy. Energy Policy 19(8), 711-737. 
Hamelinck, C.N., Suurs, R.A., Faaij, A.P., 2005. International bioenergy 

transport costs and energy balance. Biomass and Bioenergy 29(2), 114-
134. 

Hardin, G., 1968. The tragedy of the commons. Science 162(3859), 
1243-1248. 

Harris, P., 1999. On charcoal. Interdisciplinary Science Reviews 24(4), 
301-306. 

Harrison, J.A., von Maltitz, G.P., Haywood, L., Sugrue, A., Diaz-Chavez, 
R.A., Amezaga, J.M., 2010. Mechanisms for Driving Sustainability of 
Biofuels in Developing Countries. Renewable Energy Law and Policy 
Journal (RELP) 1(2), 197-212. 

Haugsbø, M.S., 2012. Biofuels in the European Union: Development of 
a Common Policy. NILF Report 2012-03. Norwegian Agricultural 
Economics Research Institute (NILF), Olso. 

Heaton, E.A., Dohleman, F.G., Long, S.P., 2008. Meeting US biofuel 
goals with less land: the potential of Miscanthus. Global Change Biol-
ogy 14(9), 2000-2014. 

Hensher, D.A., Rose, J.M., Greene, W.H., 2005. Applied Choice Analy-
sis: A Primer. Cambridge University Press, Cambridge, MA. 

Hettenhaus, J., 2006. Achieving sustainable production of agricultural 
biomass for biorefinery feedstock. Industrial Biotechnology 2(4), 257-
275. 

Hibajene, S.H., Ellegård, A., 1994. Charcoal transportation and distribu-
tion. Energy, Environment and Development Series, Report 33, Stock-
holm Environment Institute. 

Hiben, Y.G., 2013. Long-term Bioethanol Shift and Transport Fuel Sub-
stitution in Ethiopia. Master’s Thesis, KTH Royal Institute of Tech-
nology, Stockholm, online available: http://kth.diva-portal.org/. 

Hobbs, B.F., Meier, P., 2000. Energy Decisions and the Environment: A 
Guide to the Use of Multicriteria Methods. Springer, NY, NY, USA. 

Hodson, P., Jones, C., Van Steen, H., 2010. Renewable energy law and 
policy in the European Union. In: EU Energy Law, Vol. III, Book 1, 
Claeys & Casteels, Deventer, The Netherlands. 

Hoefnagels, R.,Smeets, E., Faaij, A., 2010. Greenhouse gas footprints of 
different biofuels production systems. Renewable & Sustainable En-
ergy Reviews 14(7), 1661–94. 

http://kth.diva-portal.org/


Exploi t ing  c ross - l ev e l  l inkages  t o  st ee r  th e  b i oenergy  transi t ion  

121 
 

Hoffman, K.C., Wood, D.O., 1976. Energy system modeling and fore-
casting. Annual Review of Energy 1(1), 423-453. 

Hoogendoorn, J.C., 1982. Gasoline from coal: the pioneering South Af-
rican experience. Energy Progress 2(1), 32-36. 

Hoogwijk, M., Faaij, A., Eickhout, B., de Vries, B., Turkenburg, W., 
2005. Potential of biomass energy out to 2100, for four IPCC SRES 
land-use scenarios. Biomass and Bioenergy 29(4), 225-257. 

Howarth, R.B., Norgaard, R., 1990. Intergenerational Resource Rights, 
Efficiency, and Social Optimality. Land Economics 66(1), 1-11. 

ICONE, 2010. An allocation methodology to assess GHG emissions as-
sociated with land use change. Final report, International Institute for 
Trade Negotiations (ICONE), São Paulo, Brazil, 31p. 

IEA, 2012. Energy Technology Perspectives. International Energy 
Agency, Paris, www.iea.org. 

IEA, 2013. World Energy Outlook. International Energy Agency, Paris 
www.iea.org. 

IPCC, 2011. Summary for Policymakers. In: O. Edenhofer, R. Pichs-
Madruga, Y. Sokona, K. Seyboth, P. Matschoss, S. Kadner, T. Zwickel, 
P. Eickemeier, G. Hansen, S. Schlömer, C. von Stechow (Eds.), IPCC 
Special Report on Renewable Energy Sources and Climate Change 
Mitigation, Cambridge University Press, Cambridge, UK and New 
York, USA. 

IPCC, 2014. Agriculture, Forestry and Other Land Use (AFOLU). Inter-
governmental Panel on Climate Change (IPCC) Working Group III re-
port, www.ipcc.ch.  

ISCC, 2011. International Sustainability and Carbon Certification. Online 
available: www.iscc-system.org.  

ISO, 2011. Fuelling bioenergy - International Standards to help develop 
new global markets. ISO/PC 248, Sustainability criteria for bioenergy, 
International Organization for Standardization, Geneva, Switzerland. 
http://www.iso.org/iso/home/news_index/news_archive/news.htm?
refid=Ref1671 

Jacobsson, S. 2008. The emergence and troubled growth of a ‘biopower’ 
innovation system in Sweden. Energy Policy 36(4), 1491-1508. 

Jetter J., Zhao, Y., Smith, K.R., Khan, B., Yelverton, T., DeCarlo, P., 
Hays, M.D., 2012. Pollutant Emissions and Energy Efficiency under 
Controlled Conditions for Household Biomass Cookstoves and Impli-
cations for Metrics Useful in Setting International Test Standards. En-
vironmental Science & Technology 46, 10827–10834. 

Jewitt, G., Kunz, R., 2011. The impact of biofuel feedstock production 
on water resources: a developing country perspective. Biofuels, Bio-
products and Biorefining 5(4), 387-398. 

Jingura, R.M., Musademba, D., & Kamusoko, R., 2013. A review of the 
state of biomass energy technologies in Zimbabwe. Renewable and 
Sustainable Energy Reviews 26, 652-659. 

http://www.iea.org/
http://www.iea.org/
http://www.ipcc.ch/
http://www.iscc-system.org/
http://www.iso.org/iso/home/news_index/news_archive/news.htm?refid=Ref1671
http://www.iso.org/iso/home/news_index/news_archive/news.htm?refid=Ref1671


Doctoral  Thesis  /  F ranc i s  X.  J ohnson  

122 
 

Johansson, T.B., 2002. Energy for sustainable development: a policy 
agenda for biomass. In: Proceedings of the European conference and 
technology exhibition on biomass for energy, industry, and climate pro-
tection (Vol. 17). 

Johnson, F.X., 2007. Bioenergy and the sustainability transition: from lo-
cal resource to global commodity, 20th World Energy Congress 
(WEC), Rome, 12-16 Nov, http://www.worldenergy.org/20.asp.    

Johnson, F.X., 2011. Regional-global linkages in the Energy-Climate-
Development policy nexus: the case of biofuels in the EU Renewable 
Energy Directive, Renewable Energy Law and Policy Journal (RELP) 
2, 91-106. 

Johnson, F.X., Batidzirai, B., 2012. Renewable resources from sugarcane: 
the energy, environment and development context for Africa. In: John-
son, F.X., Seebaluck, V. (Eds.), Bioenergy for Sustainable Develop-
ment and International Competitiveness: the Role of Sugar Cane in Af-
rica. Routledge/Earthscan, London, pp. 126-157 (Chapter 1). 

Johnson, F., Bowie, R., 1994. Transaction Costs, Energy Efficiency and 
Institutional Design. Proceedings of the 17th Annual International En-
ergy Economics Association (IAEE) Conference, Stavanger, Norway. 

Johnson, F.X., Jumbe, C., 2013. Energy Access and Biomass Transitions 
in Malawi. Policy Brief. Stockholm Environment Institute, Stockholm. 
Online available: www.sei.se. 

Johnson, F.X., Matsika, E., 2006. Bioenergy Trade and Regional Devel-
opment: the case of bio-ethanol in southern Africa. Energy for Sus-
tainable Development 10(1), 42-53. 

Johnson, F.X., Pacini, H., Smeets, E., 2012. Transformations in EU Bio-
fuels Markets under the Renewable Energy Directive and the Implica-
tions for Land Use, Trade and Forests. CIFOR Occasional Paper 78. 
Center for International Forestry Research, Bogor, Indonesia. 
http://www.cifor.org/online-library/browse/view-
publication/publication/3775.html. 

Johnson, F.X., Roman, M., 2008. Biofuels Sustainability Criteria: Rele-
vant issues to the proposed EC Directive on the promotion of the use 
of energy from renewable sources. Briefing Paper, Policy Department, 
Economic and Scientific Policy, European Parliament, Brussels, 
IP/A/ENVI/ST/2008-10 & 11. 

Johnson, F.X., Rosillo-Calle, F., 2007. Biomass, livelihoods and interna-
tional trade: Challenges and opportunities for the EU and Southern Af-
rica. Stockholm Environment Institute (SEI) Report 2007-01, 
http://www.sei-international.org/publications?pid=718. 

Johnson, F.X., Silveira, S., 2012. The transition to modern bio-energy: 
historical dimensions and strategic perspectives. Presented at: Interna-
tional Sustainability Transitions Conference, Copenhagen, 
http://www.ist2012.dk.  

http://www.worldenergy.org/20.asp
http://www.sei.se/
http://www.cifor.org/online-library/browse/view-publication/publication/3775.html
http://www.cifor.org/online-library/browse/view-publication/publication/3775.html
http://www.sei-international.org/publications?pid=718
http://www.ist2012.dk/


Exploi t ing  c ross - l ev e l  l inkages  t o  st ee r  th e  b i oenergy  transi t ion  

123 
 

Johnson, F.X., Silveira, S., 2014. Pioneer countries in the transition to al-
ternative transport fuels: comparison of ethanol programmes and poli-
cies in Brazil, Malawi and Sweden. Environmental Innovation & Socie-
tal Transitions 11, 1-24. 

Johnson, F.X., Takama, T., 2012. Economics of Modern and Traditional 
Bioenergy in African Households: Consumer Choices for Cook Stoves. 
In: Janssen, R., Rutz, D. (Eds.), Bioenergy for Sustainable Develop-
ment in Africa, Springer, Netherlands, pp. 375-388 (Chapter 30). 

Johnson, F.X., Virgin, I., 2010. Future Trends in markets for food, feed, 
fibre and fuel. In: Rosillo-Calle, F., Johnson, F.X. (Eds.), Food vs. Fuel: 
an informed introduction. ZED books, London, pp. 164-190. 

Johnson, M., Edwards, R., Masera, O., 2010. Improved stove programs 
need robust methods to estimate carbon offsets. Climatic change, 
102(3-4), 641-649. 

Jolly, L., 2012. Sugar reforms, ethanol demand and market restructuring. 
In: Johnson, F.X., Seebaluck, V. (Eds.), Bioenergy for Sustainable De-
velopment and International Competitiveness: The Role of Sugar Cane 
in Africa. Routledge/Earthscan, Oxford, UK., pp. 183–211 (Chapter 
8).  

Juma, A., 2007. Energy resources and supply. Society of Malawi Journal, 
Vol. 60, PT2: 9-17.  

Jumbe, C.B.L., Angelsen, A., 2011. Modeling choice of fuelwood source 
among rural households in Malawi: A multinomial probit analysis. En-
ergy Economics 33(5), 732–38. 

Jumbe, C.B.L., Madjera, M., 2012. Strategies for a sustainable Pan-
African biofuels policy. In: Janssen R., Rutz D. (Eds.), Bioenergy for 
sustainable development in Africa. Springer, Heidelberg, pp. 209-220. 

Jumbe, C.B.L, Mkondiwa, M., 2013. Comparative analysis of biofuels 
policy development in Sub-Saharan Africa: The place of private and 
public sectors. Renewable Energy 50, 614-620. 

Junginger, M., van Dam, J., Zarrilli, S., Ali Mohamed, F., Marchal, D., 
Faaij, A., 2011. Opportunities and barriers for international bioenergy 
trade. Energy Policy 39(4), 2028–42. 

Jürgens, I., Schlamadinger, B., Gomez, P., 2006. Bioenergy and the CDM 
in the emerging market for carbon credits. Mitigation and Adaptation 
Strategies for Global Change 11(5-6), 1051-1081. 

Kamm, B., Gruber, P., Kamm, M., 2006. Biorefineries—Industrial Proc-
esses and Products: Status Quo and Future Directions. Wiley-VCH, 
Weinheim, Germany. 

Kander, A., 2002. Economic growth, energy consumption and CO2 
emissions in Sweden, 1800-2000. PhD Dissertation, Department of 
Economic History, Lund University, Lund. 

Kar, A., Rehman, I.H., Burney, J., Puppala, S.P., Suresh, R., Singh, L., 
Singh, V.K., Ahmed, T., Ramanathan, N., Ramanathan, V., 2012. 

Real‐time assessment of black carbon pollution in Indian households 



Doctoral  Thesis  /  F ranc i s  X.  J ohnson  

124 
 

due to traditional and improved biomass cookstoves. Environmental 
Science & Technology 46, 2993–3000. 

Kartha, S., Larson, E.D., 2000. Bioenergy primer: Modernised biomass 
energy for sustainable development. United Nations Development 
Programme (UNDP), New York, NY. 

Kassa, M., 2009. Ethanol Cooking Fuel and Stove Market Development 
Project Highlights. Summary Document prepared for Federal Envi-
ronmental Protection Authority, Addis Ababa, Ethiopia. 

Kebede, B., Bekele, A., Kedir, E., 2002. Can the urban poor afford mod-
ern energy?-The case of Ethiopia. Energy Policy 30(11-12), 1029-1045. 

Kemp, R., Schot, J., Hoogma, R., 1998. Regime shifts to sustainability 
through processes of niche formation: The approach of strategic niche 
management. Technology Analysis & Strategic Management 10(2), 175-
198. 

Kenaw, S., 2006. The Social Construction of Technology: Media's Role 
in "Disturbing" the Stabilization of Finchaa's Ethanol-Kerosene Blend 
('K-50'). Ethiopian Journal of Economics 330.05. 

Khatiwada, D., Seabra, J., Silveira, S., Walter, A., 2012. Accounting 
greenhouse gas emissions in the lifecycle of Brazilian sugarcane bio-
ethanol: Methodological references in European and American regula-
tions. Energy Policy 47, 384-397. 

Khatiwada, D., 2013. Assessing the sustainability of bioethanol produc-
tion in different development contexts: A systems approach. Ph.D. 
thesis, KTH Royal Institute of Technology. http://kth.diva-
portal.org/. 

Khatiwada, D., Silveira, S., 2011. Greenhouse gas balances of molasses 
based ethanol in Nepal. Journal of Cleaner Production, 19(13), 1471-
1485. 

Kirkels, A. F., Verbong, G. P., 2011. Biomass gasification: Still promis-
ing? A 30-year global overview. Renewable and Sustainable Energy Re-
views, 15(1), 471-481. 

Knothe, G., 2010. Biodiesel and renewable diesel: a comparison. Pro-
gress in Energy and Combustion Science, 36(3), 364-373. 

Kovarik, B., 1998. Henry Ford, Charles F. Kettering and the fuel of the 
future. Automotive History Review 32, 7–27. 

Kowsari, R., Zerriffi, H., 2011. Three dimensional energy profile: A con-
ceptual framework for assessing household energy use. Energy Policy 
39(12), 7505-7517. 

Kraxner F., Nordström, E., Havlík, P., Gusti, M., Mosnier, A., Frank, S., 
Valin, H., Fritz, S., Fuss, S., Kindermann, G., McCallum, I., Khabarov, 
N., Böttcher, H., See, L., Aoki, K., Schmid, E., Máthé, L., Obersteiner, 
M., 2013. Global bioenergy scenarios - Future forest development, 
land-use implications, and trade-offs. In Press, Biomass and Bioenergy, 
http://dx.doi.org/10.1016/j.biombioe.2013.02.003. 

http://kth.diva-portal.org/
http://kth.diva-portal.org/
http://dx.doi.org/10.1016/j.biombioe.2013.02.003


Exploi t ing  c ross - l ev e l  l inkages  t o  st ee r  th e  b i oenergy  transi t ion  

125 
 

Krüger, N.A., Haglund, A., 2013. Consumer value of fuel choice flexibil-
ity-a case study of the flex-fuel car in Sweden. European Transport Re-
search Review 5(4), 207-215. 

Kuhn, T.S., 1962. The structure of scientific revolutions. University of 
Chicago Press, Chicago, U.S.A. 

Lafferty, W.M., 2004. Governance for Sustainable Development: the 
challenge of adapting form to function. Edward Elgar, Cheltenham, 
UK. 

Lambe, F., 2006. Clean Cooking Technology in Ethiopia: From Pilot 
Project to Sustainable Business Model. UNDP, New York. 

Lambe, F., Atteridge, A., 2012. Putting the Cook before the Stove: A 
User-Centred Approach to Understanding Household Energy Deci-
sion-Making: A Case Study of Haryana State, Northern India. SEI 
Working Paper 2012-03, Stockholm Environment Institute, Stock-
holm. 

Lambin, E.F., Meyfroidt, P., 2011. Global land use change, economic 
globalization, and the looming land scarcity. Proceedings of the Na-
tional Academy of Sciences 108(9), 3465-3472. 

Lamers, P., Hamelinck, C., Junginger, M., Faaij, A., 2011. International 
bioenergy trade—A review of past developments in the liquid biofuel 
market, Renewable and Sustainable Energy Reviews 15: 2655–2676. 

Landeweerd, L., Osseweijer, P., Kinderlerer, J., 2009. Distributing re-
sponsibility in the debate on sustainable biofuels. Science and Engi-
neering Ethics 15(4), 531-543. 

Lange, M., 2011. The GHG balance of biofuels taking into account land 
use change. Energy Policy 39(5), 2373-2385. 

Leach, G., 1992. The Energy Transition. Energy Policy 20, 116-123. 
Leach, G., Johnson, F.X., 1999. Modern Bioenergy: A Primer. Renew 

Leach, G., Mearns, R., 1988. Beyond the Woodfuel crisis: People, 
Land, and Trees in Africa. Earthscan, London. 

able Energy for Development 12(4), Stockholm Environment Institute, 
Stockholm, Sweden. 

Leal, M.R.L.V., 2012. Ethanol production from cane resources. In: John-
son, F.X., Seebaluck, V. (Eds.), Bioenergy for Sustainable Develop-
ment and International Competitiveness: the Role of Sugar Cane in Af-
rica. Routledge/Earthscan, London, pp. 126-157 (Chapter 6). 

Leal, M.R.L.V., Walter, A.S., Seabra, J.E., 2013. Sugarcane as an energy 
source. Biomass Conversion and Biorefinery, 3(1), 17-26. 

Lee, C.M., Chandler, C., Lazarus, M., Johnson, F.X., 2013 Assessing the 
Climate Impacts of Cookstove Projects: Issues in Emissions Account-
ing. Challenges in Sustainability 1(2), 53–71. 

Lerner, A., Matupa, O., Mothlathledi, F., Stiles, G., Brown, R., 2010. 
SADC Biofuel state of play study: an assessment of the biofuel sector 
development in the Southern African Development Community. 
Southern African Development Community, Gaborone, Botswana. 



Doctoral  Thesis  /  F ranc i s  X.  J ohnson  

126 
 

Lima, M.G.B., Gupta, J., 2013. The Policy Context of Biofuels: A Case 
of Non-Governance at the Global Level? Global Environmental Poli-
tics 13(2), 46-64. 

Lin, J., 2013. Transnational Environmental Law in Action: The Euro-
pean Union's Sustainable Biofuels Experiment. SSRN 2305904. 

Liska, A. J., & Heier, C. D., 2013. The limits to complexity: A thermody-
namic history of bioenergy. Biofuels, Bioproducts and Biorefining 7, 
573-581. 

Lotka, A.J., 1956. Elements of Mathematical Biology. Dover Publica-
tions, New York. 

Lutzenhiser, L., 1994. Sociology, energy and interdisciplinary environ-
mental science. The American Sociologist, 25(1), 58-79. 

Macqueen, D., Korhaliller, S., 2011. Bundles of energy: The case for re-
newable biomass energy. Natural Resource Issues No. 24. International 
Institute for Environment and Development (IIED), London. 

Mainali, B., Pachauri, S., Nagai, Y., 2012. Analyzing cooking fuel and 
stove choices in China till 2030. Journal of Renewable and Sustainable 
Energy 4(3), 031805. 

Malanima, P., 2006. Energy Crisis and Growth, 1650-1850: The Euro-
pean Deviation in a Comparative Perspective. Journal of Global His-
tory I, 101-21. 

Marcotullio, P., Schulz, N.B., 2007. Comparison of energy transitions in 
the United States and developing and industrializing economies. World 
Development 35, pp. 1650–1683. 

Masera, O.R., Saatkamp, B.D., Kammen, D.M., 2000. From linear fuel 
switching to multiple cooking strategies: a critique and alternative to 
the energy ladder model. World Development 28(12), 2083-2103. 

Mathews, J., 2007. Biofuels: What a Biopact between North and South 
could achieve. Energy Policy 35, 3550–3570. 

Mathews, J., 2012. The End of the U.S. Ethanol Tariff, The Globalist, 06 
January, online available: www.theglobalist.com. 

Mattick, C.S., Williams, E., Allenby, B.R., 2010. Historical Trends in 
Global Energy Consumption. Technology and Society Magazine, 
IEEE 29(3), 22-30. 

McBride, A., Dale, V.H., Baskaran, L., Downing, M., Eaton, L, 
Efroymson, R.A., Garten, C., Kline K.L., Jager, H., Mulholland, P., 
Parish, E., Schweizer, P., Storey, J., 2011. Indicators to support envi-
ronmental sustainability of bioenergy systems. Ecological Indicators 11, 
1277–1289 

McDonald, R.I., Fargione, J., Kiesecker, J., Miller, W.M., Powell, J., 2009. 
Energy Sprawl or Energy Efficiency: Climate Policy Impacts on Natu-
ral Habitat for the United States of America. PLoS ONE 4(8): e6802. 

Mcfadden, D., 1973. Conditional Logit Analysis of Qualitative Choice 
Behaviour. In (Zarembka, P. (Ed.), Frontiers in Econometrics. Aca-
demic Press, New York, USA. 

http://www.theglobalist.com/


Exploi t ing  c ross - l ev e l  l inkages  t o  st ee r  th e  b i oenergy  transi t ion  

127 
 

Meadowcroft, J., 2009. What about the politics? Sustainable develop-
ment, transition management, and long term energy transitions. Policy 
Sciences 42, 323–340. 

Mengistu, A.T., 2013. Modeling and Analysis of Long-Term Shifts in 
Bioenergy Use (With Special Reference to Ethiopia). Master’s Thesis, 
KTH Royal Institute of Technology, Stockholm, online available: 
http://kth.diva-portal.org/.  

MERA, 2009. Malawi Energy Regulatory Authority Strategy on Biofuels. 
Malawi Energy Regulatory Authority 2009:13. 

Miljöförvaltningen, 2010. Miljöbilar i Stockholm – Historisk återblick 
1994-2010. Stockholms stad (Stockholm City). Online available: 
http://www.miljobilar.stockholm.se/.  

Miller, S., 2009. Minimizing Land Use and Nitrogen Intensity of Bio-
energy. Environmental Science and Technology 44(10), 3932–3939. 

Mobarak, A. M., Dwivedi, P., Bailis, R., Hildemann, L., Miller, G., 2012. 
Low demand for nontraditional cookstove technologies. Proceedings 
of the National Academy of Sciences 109(27), 10815-10820. 

Moreira, J.R., Goldemberg, J., 1999. The alcohol program. Energy Policy 
27, 229-245. 

Moreira, R., 2006. Global Biomass Energy Potential. Mitigation and Ad-
aptation Strategies for Global Change 11(2), 313-333.  

Mulugetta, Y., Urban, F., 2010. Deliberating on low carbon develop-
ment. Energy Policy 38(12), 7546-7549.  

Munyinda, K., Yamba, F. D., Walimwipi, H., 2012. Bioethanol potential 
and production in Africa: sweet sorghum as a complementary feed-
stock. In: Janssen, R., Rutz, D. (Eds.), Bioenergy for Sustainable De-
velopment in Africa. Springer Netherlands, pp. 81-91. 

Naturvårdsverket, 2013. Report for Sweden on assessment of projected 
progress, March 2013: In accordance with article 3.2 under Council 
Decision No 280/2004/EC on a Mechanism for Monitoring Commu-
nity Greenhouse Gas Emissions and for Implementing the Kyoto Pro-
tocol. Swedish EPA, www.naturvardsverket.se.  

NBER, 2007. Political Economy. NBER Reporter 2007(3), 1-4. National 
Bureau of Economic Research, Washington, DC. 

Neville, K., 2012. The Contentious Political Economy of Biofuels: 
Transnational Struggles over Food, Fuel, and the Environment, Ph.D. 
thesis, University of British Colombia. 

NILE, 2010. New Improvements in Lignocellulosic Ethanol. Online 
available: http://www.nile-bioethanol.org (accessed 15 January 2012).  

Nill, J., Kemp, R., 2009. Evolutionary approaches for sustainable innova-
tion policies: From niche to paradigm? Research Policy 38(4), 668-680. 

North, D.C., 1990. Institutions, institutional change and economic per-
formance. Cambridge University Press, Cambridge, UK and New 
York, USA. 

http://kth.diva-portal.org/
http://www.miljobilar.stockholm.se/
http://www.naturvardsverket.se/


Doctoral  Thesis  /  F ranc i s  X.  J ohnson  

128 
 

Odihi, J., 2003. Deforestation in afforestation priority zone in Sudano-
Sahelian Nigeria. Applied Geography 23(4), 227-259. 

Odum, 1973. Energy, ecology and economics. Ambio 2(6), 220-227. 
Odum, H.T., Odum, E.C., 1976. Energy Basis for Man and Nature, 

McGraw-Hill, NY, NY. 
Oparaocha, S., Dutta, S., 2011. Gender and energy for sustainable devel-

opment. Current Opinion in Environmental Sustainability 3(4), 265-
271. 

Openshaw, K., 2010. Biomass energy: Employment generation and its 
contribution to poverty alleviation. Biomass and Bioenergy 34(3), 365–
78. 

Owen, M., der Plas, R.V., Sepp, S., 2013. Can there be energy policy in 
Sub-Saharan Africa without biomass? Energy for Sustainable Devel-
opment 17(2), 146-152. 

Pachauri, S., Jiang, L., 2008. The household energy transition in India 
and China. Energy policy 36(11), 4022-4035. 

Pacini, H., Assunção, L., van Dam, J., Toneto Jr, R., 2013. The price for 
biofuels sustainability. Energy Policy 59, 898-903. 

Pacini, H., Batidzirai, B., 2012. The development of biofuel capacities: 
strengthening the position of African countries through increased en-
ergy security. In: Johnson, F.X., Seebaluck, V. (Eds.), Bioenergy for 
sustainable development and international competitiveness: the role of 
sugar cane in Africa. Routledge/Earthscan, London. 

Pacini, H., Silveira, S., 2011. Consumer choice between ethanol and 
gasoline: Lessons from Brazil and Sweden. Energy Policy 39(11), 6936-
6942. 

Palm, C., Tomich, T., Van Noordwijk, M., Vosti, S., Gockowski, J., Ale-
gre, J., Verchot, L., 2004. Mitigating GHG emissions in the humid 
tropics: case studies from the Alternatives to Slash-and-Burn Program 
(ASB). Environment, Development and Sustainability, 6(1-2), 145-162. 

Panichelli, L., Dauriat, A., Gnansounou, E., 2009. Life Cycle Assessment 
of Soybean-Based Biodiesel in Argentina for Export. The International 
Journal of Life Cycle Assessment 14(2), 144–59.  

Pena, N., Bird, D.N., Frieden, D., Zanchi, G., 2010. Conquering space 
and time: the challenge of emissions from land use change, InfoBrief 
No. 27. Center for International Forestry Research (CIFOR), Bogor, 
Indonesia. 

Perelman, L.J., 1980. Speculations on the transition to sustainable energy. 
Ethics 90(3), 392-416. 

Perez, C., 2004. Technological revolutions, paradigm shifts and socio-
institutional change. In: Reinert, E.S. (Ed.), Globalization, economic 
development and inequality: An alternative perspective, pages 217-242.  

Persson, B., 2007. Sulfitsprit: Förhoppningar och besvikelser under 100 
år. Bjästa: DAUS Tryck & Media. 



Exploi t ing  c ross - l ev e l  l inkages  t o  st ee r  th e  b i oenergy  transi t ion  

129 
 

Phalan, B., Onial, M., Balmford, A., Green, R.E., 2011. Reconciling food 
production and biodiversity conservation: land sharing and land spar-
ing compared. Science 333(6047), 1289-1291. 

Pilgrim, S., Harvey, M., 2010. Battles over Biofuels in Europe: NGOs 
and the Politics of Markets. Sociological Research Online 15(3), 4. 
Online available: http://www.socresonline.org.uk. 

ProBEC, 2010. Programme for Basic Energy and Conservation, GTZ, 
http://www.probec.net/. 

Purkus, A., Gawel, E., Thrän, D., 2012. Bioenergy governance between 
market and government failures: A new institutional economics per-
spective. UFZ-Discussion Paper 13/2012, Leipzig, Germany. 

Putnam, P.C., 1953. Energy in the Future. Van Nostrand, New York. 
Rajamani, L., 2000. The principle of common but differentiated respon-

sibility and the balance of commitments under the climate regime. Re-
view of European Community & International Environmental Law 
(RECIEL) 9(2), 120-131. 

Raskin, P., Banuri, T., Gallopin, G., Gutman, P., Hammond, A., Kates, 
R., Swart, R., 2002. Great Transition: The Promise and Lure of the 
Times Ahead. A Report of the Global Scenario Group, Stockholm En-
vironment Institute: Stockholm, Sweden and Boston, USA. 

Raven, R., Schot, J., Berkhout, F., 2012. Space and scale in socio-
technical transitions. Environmental Innovation and Societal 
Transitions 4, 63-78. 

Regeringskansliet, 2011. Regeringen satsar 200 miljoner kronor på 
supermiljöbilspremien. Press Release, 22 December, Online available: 
http://www.regeringen.se/. 

Rehman IH, Ahmed T, Praveen PS, Kar A, Ramanathan V., 2011. Black 
carbon emissions from biomass and fossil fuels in rural India. 
Atmospheric Chemistry and Physics Discussions 11(4), 10845–10874.  

Rehnlund, B., Blinge, M., Lundin, M., Wallin, M., Goldstein, B., 2004. 
Framtida möjligheter med nya drivmedel: en utvärdering av LIP-
finansierade åtgärder inom alternativa drivmedel. Naturvårdsverket, 
Stockholm. 

REN21, 2014. Global status report. Renewable Energy Policy Network 
for the 21st Century, Paris, France. 

Rip, A., Kemp, R., 1998. Technological change. In: Rayner, S., Malone, 
E.L. (Eds.), Human Choice and Climate Change, vol. 2.Battelle Press, 
Columbus, OH, pp. 327–399. 

Robinson, 2006. Bio-ethanol as a household cooking fuel: a mini-pilot 
study of the Super-Blu Stove project in peri-urban Malawi. 
Bluwave/EcoLtd report. 

Rogers, C., Sovacool, B.K., Clarke, S., 2013. Sweet nectar of the Gaia: 
Lessons from Ethiopia's “Project Gaia”. Energy for Sustainable De-
velopment 17(3), 245-251. 

http://www.socresonline.org.uk/
http://www.regeringen.se/


Doctoral  Thesis  /  F ranc i s  X.  J ohnson  

130 
 

Rose, S.K., Kriegler, E., Bibas, R., Calvin, K., Popp, A., van Vuuren, D. 
P., Weyant, J., 2014. Bioenergy in energy transformation and climate 
management. Climatic Change, 123(3-4), 477-493. 

Rosenschein, A.D., Hall, D.O., 1991. Energy analysis of ethanol produc-
tion from sugarcane in Zimbabwe. Biomass and Bioenergy 1(4), 241–
246. 

Rosillo-Calle, F., Bajay, S.V., Rothman, H., 2000. Industrial uses of bio-
mass energy: the example of Brazil. CRC Press, UK.  

Rosillo-Calle, F., Johnson, F.X., 2010. Food versus fuel: an informed in-
troduction to biofuels. ZED Books, London. 

Rosillo-Calle, F., Woods, J., 2012. The Biomass Assessment Handbook. 
Taylor & Francis, London, U.K. 

Rotmans, J., Kemp, R., van Asselt, M., 2001. More evolution than revo-
lution: transition management in public policy. Foresight 3(1), 15-31. 

RSB, 2011. RSB 2-Tiered system: way forward. Roundtable on Sustain-
able Biofuels (RSB) Bulletin, March: 2–3. RSB, Lausanne, Switzerland. 
http://rsb.epfl.ch/  

Röttgen, N., 2013. ‘Walking the Walk’: a Snapshot of Germany's Ener-
giewende. Global Policy, 4(2), 220-222. 

SADC, 2006. A biofuels strategy for southern Africa. Southern African 
Development Community (SADC) secretariat, Gaborone, Botswana. 

Sagar, A.D., 2005. Alleviating energy poverty for the world's poor. En-
ergy Policy 33, 1367–72. 

Sampson, A., 1975. The Seven Sisters: The Great Oil Companies and the 
World They Shaped. Viking Press, New York. 

Sandström, J., English, C., 2014. Implementing a Large Land Based In-
vestment in Sierra Leone: Land Grab or Real Development – an Inves-
tors Perspective. Presented at: 2014 World Bank Conference on Land 
and Poverty, 24-27 March, Wash., DC. 

Sanches-Pereira, A., Gómez, M.F., 2014. The dynamics of the Swedish 
biofuel system toward a vehicle fleet independent of fossil fuels. Jour-
nal of Cleaner Production. In press (online 14 March 2014). 

Sanden, B., Jonasson, K.M., 2005. Variety Creation, Growth and Selec-
tion Dynamics in the Early Phases of a Technological Transition: The 
Development of Alternative Transport Fuels in Sweden 1974-2004. 
ESA-report 2005:13, Environmental Systems Analysis (ESA), Chalmers 
University of Technology, Göteborg, Sweden. 

Scarlat, N., Dallemand, J.F., 2011.  Recent Developments in Biofu-
els/Bioenergy Sustainability Certification:  A Global Overview.  Energy 
Policy 39: 1630. 

Schut, M., Leeuwis, C., van Paassen, A., 2013. Ex-ante scale dynamics 
analysis in the policy debate on sustainable biofuels in Mozambique. 
Ecology and Society 18(1), 20. 

Scott, H., 1933. Technology Smashes the Price System. Harpers Maga-
zine, vol. 166, pp. 131-132. 

http://rsb.epfl.ch/


Exploi t ing  c ross - l ev e l  l inkages  t o  st ee r  th e  b i oenergy  transi t ion  

131 
 

Scurlock, J.M.O., Rosenschein, A., Hall, D.O., 1991. Fuelling the Future: 
Power Alcohol in Zimbabwe, BUN/ACTS Press, Zimbabwe and Nai-
robi, Kenya 1991. 

SEA, 2011. Swedish Energy Agency, Energy Facts and Figures 2011. 
www.energimyndigheten.se. 

SEA, 2013. Transportsektorns energianvändning 2012. Swedish Energy 
Agency (SEA), Statensenergimyndighet, Eskilstuna. 

SEDF, 2012. Ethanol cook stove project gains $9 million in funding. So-
ros Economic Development Fund (SEDF), Ethanol Producer Ma-
gasine, September 25, 2012, www.ethanolproducer.com.   

Silveira, S., 2005. Bioenergy – realizing the potential. Elsevier, London 
UK. 

Silveira, S., 2012. Bioenergy in Brazil – from traditional to modern sys-
tems. In: Dahlquist, E. (Ed.), Biomass as energy source: resources, sys-
tems and applications. Taylor & Francis, Sustainable Energy Develop-
ment book series. 

Silveira, S., Johnson, F.X., 2014. Navigating the transition to sustainable 
bioenergy in Sweden and Brazil (manuscript submitted). 

Simon, G.L., Bumpus, A.G., Mann, P., 2012. Win-win scenarios at the 
climate–development interface: Challenges and opportunities for stove 
replacement programs through carbon finance. Global Environmental 
Change 22(1), 275-287. 

Simon, H.A., 1955. A behavioral model of rational choice. The quarterly 
journal of economics 69(1), 99-118. 

Skea, J., Hourcade, J.C., Lechtenböhmer, S., 2013. Climate policies in a 
changing world context: is a paradigm shift needed? Climate Policy, 
13(sup01), 1-4. 

Smeets, E.M., Faaij, A.P., Lewandowski, I.M., Turkenburg, W.C., 2007. 
A bottom-up assessment and review of global bio-energy potentials to 
2050. Progress in Energy and combustion science 33(1), 56-106. 

Smeets, E.M., Johnson, F.X., Ballard-Tremeer, G., 2012. Traditional and 
improved use of biomass for energy in Africa. In: Janssen, R. and Rutz, 
D. (Eds.), Bioenergy for Sustainable Development in Africa, Springer, 
Netherlands, pp. 3-12. 

Smil, V., 2000. Perils of long-range energy forecasting: reflections on 
looking far ahead. Technological Forecasting and Social Change 65(3), 
251-264. 

Smil, V., 2005. Energy at the crossroads: global perspectives and uncer-
tainties. MIT press, Cambridge, U.S.A. 

Smil, V., 2010. Energy Transitions: History, Requirements, Prospects. 
Praeger, Santa Barbara, CA, USA. 

Smith, K.R., Mehta, S., 2003. The burden of disease from indoor air pol-
lution in developing countries: comparison of estimates. International 
Journal of Hygiene and Environmental Health 206(4–5), 279–289. 

Soddy, F., 1933. The Role of Money. Routledge, London. 

http://www.energimyndigheten.se/
http://www.ethanolproducer.com/


Doctoral  Thesis  /  F ranc i s  X.  J ohnson  

132 
 

Somerville, C., Youngs, H., Taylor, C., Davis, S.C., Long, S.P., 2010.  
Feedstocks for lignocellulosic biofuels.  Science 329(5993), 790-792. 

Sorda, G., Banse, M., Kemfert, C., 2010. An overview of biofuel policies 
across the world. Energy Policy 38 (11), 6977–6988. 

Sovacool, B.K., 2012. The political economy of energy poverty: A review 
of key challenges. Energy for Sustainable Development, 16(3), 272-282. 

Spackman, P., 2012. US bioethanol market hits a 'blend wall'. Farmers 
Weekly, 157(25), 31-31. 

Steinhart, J.S., 1978. Resource Estimates and Development Strategy. In: 
The Wisconsin Seminar on Natural Resource Policies in Relation to 
Economic Development and International Cooperation, Vol. 2. The 
University of Wisconsin-Madison, U.S.A. 

Steinhart, J.S., Steinhart, C.E., 1974. Energy Use in the U.S. Food Sys-
tem. Science 184(4134), 307-316. 

Stokes, H., Ebbeson, B., 2005. Project Gaia: Commercializing a New 
Stove and New Fuel in Africa. Boiling Point 50, 31-33. 

Takama, T., Lambe, F., Johnson, F.X., Arvidson, A., Atanassov, B., 
Debebe, M, Nilsson, L., Tella, P., Tsephel, S., 2011. Will African con-
sumers buy cleaner fuels and stoves?: A Household Energy Economic 
Analysis Model for the market introduction of bio-ethanol cooking 
stoves in Ethiopia, Tanzania, and Mozambique. SEI Research Report, 
Stockholm Environment Institute: Stockholm, Sweden.  

Takama, T., Tsephel, S., Johnson, F.X., 2012. Evaluating the relative 
strength of product-specific factors in fuel switching and stove choice 
decisions in Ethiopia: A discrete choice model of household prefer-
ences for clean cooking alternatives. Energy Economics 34(6), 1763-
1773. 

Thomas, V., Kwong, A., 2001. Ethanol as a lead replacement: phasing 
out leaded gasoline in Africa. Energy Policy 29(13), 1133-1143. 

Tilman, D., Socolow, R., Foley, J.A., Hill, J., Larson, E., Lynd, L., Pacala, 
S., Reilly, J., Searchinger, T., Somerville, C., Williams, R., 2009. Benefi-
cial biofuels—the food, energy, and environment trilemma. Science 
325(5938), 270-271. 

Transportstyrelsen, 2012. Fordonsregler. Online available: http://www. 
transportstyrelsen.se/sv/Vag/Fordon/fordonsregler/E10/. 

Truffer, B., Coenen, L., 2012. Environmental innovation and sustainabil-
ity transitions in regional studies. Regional Studies 46(1), 1-21. 

Tsephel, S., 2008. Cooking Energy Choice Analysis: a case study from 
Ethiopia. MsC dissertation, Environmental Change Institute, Oxford 
University Centre for the Environment. 

UNCTAD, 2011. Review of Maritime Transport, UNCTAD report 
RMT/2011, www.unctad.org. United Nations Conference on Trade 
and Development, Geneva, Switzerland.  

UNEP, 2009. Towards sustainable production and use of resources: As-
sessing Biofuels. United Nations Environment Programme (UNEP) 

http://www.unctad.org/


Exploi t ing  c ross - l ev e l  l inkages  t o  st ee r  th e  b i oenergy  transi t ion  

133 
 

and International Panel for Sustainable Resource Management. ISBN: 
978-92-807-3052-4. 

UNEP/WMO, 2011. Integrated Assessment of Black Carbon and Tro-
pospheric Ozone: Summary for Decision Makers. United Nations En-
vironment Programme (UNEP), Nairobi. 

UNF, 2008. Sustainable Bioenergy Development in UEMOA Member 
Countries. United Nations Foundation (UNF), online available: 
www.unfoundation.org.   

UNIDO, 2005. Industrial Biotechnology and Biomass Utilisation: Pros-
pects and Challenges for the Developing World. United Nations Indus-
trial Development Organisation, UNIDO, Vienna. 

Utria, B., 2004. Ethanol and gel fuel: clean renewable cooking fuels for 
poverty alleviation in Africa. Energy for Sustainable Development 8(3), 
107-114. 

Van Asselt, 2014. The Fragmentation of Global Climate Governance: 
Consequences and Management of Regime Interactions. Edward Elgar, 
Cheltenham, UK.  

van Dam, J.E.G., de Klerk-Engels, B., Struik, P.C., Rabbinge, R., 2005. 
Securing renewable resources supplies for changing market demands in 
a biobased economy. Industrial Crops and Products 21, 129-144. 

Van Dam, J., Faaij, A.P.C., Hilbert, J., Petruzzi, H., Turkenburg, W.C., 
2009. Large-scale bioenergy production from soybeans and switchgrass 
in Argentina: Part B. Environmental and socio-economic impacts on a 
regional level. Renewable and Sustainable Energy Reviews 13(8). 1679–
1709. 

van den Bergh, J.C.J.M., Bruinsma, F., 2008. The transition to Renewable 
Energy. In: van den Bergh, J.C.J.M., Bruinsma, F. (Eds.), Managing the 
Transition to Renewable Energy: Theory and Macro/Regional Practice. 
Edward Elgar, Cheltenham, pp. 1–14 (Chapter 1). 

van den Bergh, J.C.J.M., Oosterhuis, F., 2008. An evolutionary-economic 
analysis of energy transitions. In: van den Bergh, J.C.J.M., Bruinsma, F. 
(Eds.), Managing the Transition to Renewable Energy: Theory and 
Macro/Regional Practice. Edward Elgar, Cheltenham, pp. 149–173 
(Chapter 6). 

van der Laak, W.W.M.,  Raven, R.P.J.M.,  Verbong, G.P.J., 2007. Strate-
gic niche management for biofuels: Analysing past experiments for de-
veloping new biofuel policies. Energy Policy 35, 3213–3225. 

van Eijck, J., Romijn, H., 2008. Prospects for Jatropha biofuels in Tan-
zania: An analysis with Strategic Niche Management, Energy Policy 36, 
311–325. 

Van Vuuren D.P., van Vliet, J., Stehfest, E., 2009. Future bioenergy po-
tentials under various natural constraints. Energy Policy 37(11), 4220–
4230. 

Veblen, T., 1921. The Engineers and the Price System, B.W. Huebsch, 
NY, NY. 

http://www.unfoundation.org/


Doctoral  Thesis  /  F ranc i s  X.  J ohnson  

134 
 

Walimwipi, H., Yamba, F. D., Wörgetter, M., Rathbauer, J., Bacovsky, 
D., 2012. Biodiesel production in Africa. In: Janssen, R., Rutz, D. 
(Eds.) Bioenergy for Sustainable Development in Africa, Springer 
Netherlands, pp. 93-102. 

Wambua, C., 2011. Laws and Policies Enabling the Production of Biofu-
els in Malawi. PISCES Working Brief No. 4. Online available: 
www.pisces.or.ke. 

Wang, M., Huo, H., Arora, S., 2011. Methods of dealing with co-
products of biofuels in life-cycle analysis and consequent results within 
the US context. Energy Policy, 39(10), 5726-5736. 

Warde, P., 2007. Energy Consumption in England & Wales, 1560-2000. 
Consiglio nazionale delle ricerche, Napoli.  

Warr, B., Ayres, R.U., Eisenmenger, N., Krausmann, F., Schandl, H., 
2010. Energy use and economic development: a comparative analysis 
of useful work supply in Austria, Japan, the United Kingdom and the 
US during 100 years of economic growth. Ecological Economics 69 
(10), 1904–1917. 

Watson, H.K., 2011. Potential to expand sustainable bioenergy from 
sugarcane in southern Africa. Energy Policy, 39(10), 5746-5750. 

Watson, H.K., Garland, G., Dercas, N., Griffee, P., Johnson, F.X., 2006. 
Thematic Report on Agriculture: Agronomy, Harvesting, and Delivery, 
Cane Resources Network for Southern Africa (CARENSA), European 
Commission report under contract ICA-4-2001-10103. 

Watson, P.J., 1990. Malawi experience in fuel ethanol production and 
utilization. International Sugar Journal 92(1096), 59-61, 66. 

WEC, 1999. The Challenge of Rural Energy Poverty in Developing 
Countries. World Energy Council, London. 

Weiss, W., 2011. Biofuels and the WTO. In: Herrmann, C. and 
Terhechte, J.P. (Eds.), European Yearbook of International Economic 
Law 2011, 169–204. Springer-Verlag: Berlin and Heidelberg, Germany. 

Westberg, C.J., Johnson, F.X., 2014. The path not yet taken: Bilateral 
agreements to promote sustainable biofuels under the EU Renewable 
Energy Directive. Environmental Law Reporter 44, 10607-10629.   

WGBU, 2009. Future bioenergy and sustainable land use. German Advi-
sory Council on Global Change (WGBU). London, Earthscan. 

Wicke, B., 2011. Bioenergy production on degraded and marginal land: 
Assessing its potentials, economic performance, and environmental 
impacts for different settings and geographical scales. Ph.D. Thesis, 
Utrecht University, Netherlands, ISBN 978-90-8672-050-7. 

Wicke, B., Verweij, P., van Meijl, H., van Vuuren, D.P., Faaij, A.P., 2012. 
Indirect land use change: review of existing models and strategies for 
mitigation. Biofuels 3(1), 87-100. 

Williamson, O.E., 1985. The Economic Institutions of Capitalism: 
Firms, Markets, Relational Contracting. Free Press, NY, USA. 



Exploi t ing  c ross - l ev e l  l inkages  t o  st ee r  th e  b i oenergy  transi t ion  

135 
 

Wilson C., 2012 Upscaling, formative phases, and learning in the histori-
cal diffusionof energy technologies. Energy Policy 50, 81-94.  

Wilson, C., Grübler, A., 2011. Lessons from the history of technological 
change for clean energy scenarios and policies. Natural Resources Fo-
rum 35(3), 165–184. 

Witcover, J., Yeh, S., Sperling, D., 2012. Policy options to address global 
land use change from biofuels. Energy Policy 56(5), 63-74. 

Wolde-Ghiorgis, W., 2002. Renewable energy for rural development in 
Ethiopia: the case for new energy policies and institutional reform. En-
ergy Policy 30(11-12), 1095-1105. 

Wonglimpiyarat, J., 2010. Technological change of the energy innovation 
system: From oil-based to bio-based energy. Applied Energy 87(3), 
749-755. 

Woods, J., 2001. The potential for energy production using sweet sor-
ghum in southern Africa. Energy for Sustainable Development 5(1), 
31-38. 

WorldWatch Institute, 2007. Biofuels for transport: global potential and 
implications for sustainable energy and agriculture. London, Earthscan. 

Yeh, S., Berndes, G., Mishra, G. S., Wani, S.P., Elia Neto, A., Suh, S., 
Karlber, L., Heinke, J., Garg, K.K., 2011. Evaluation of water use for 
bioenergy at different scales. Biofuels, Bioproducts and Biorefining, 
5(4), 361-374. 

Yergin, D. 1991. The Prize: The epic quest for oil, money and power. 
New York, Simon and Schuster. 

Young, O.R., 1989. International cooperation: building regimes for natu-
ral resources and the environment. Ithaca, Cornell University Press. 

Young, O.R., 2006. Vertical interplay among scale-dependent environ-
mental and resource regimes. Ecology and Society 11(1), 27. 

Zenebe, G, 2009. Household Fuel Consumption and Resource Use in 
Rural-Urban Ethiopia. Ph.D. thesis, Wageningen University. 

Zulu, L.C., 2010. The forbidden fuel: Charcoal, urban woodfuel demand 
and supply dynamics, community forest management and woodfuel 
policy in Malawi. Energy Policy 38(7), 3717–30. 

Zulu, L.C., Richardson, R.B., 2013. Charcoal, livelihoods, and poverty 
reduction: Evidence from sub-Saharan Africa. Energy for Sustainable 
Development 17(2), 127-137. 


	Francis X. Johnson.pdf
	PhD-thesis-FXJohnson-final-21Oct2014-no-tc.pdf

