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ABSTRACT The field of energy policy is concerned with the promotion of energy production systems and
consumption patterns that enhance socio-economic well-being, energy efficiency, environmental protection, and
equitable access. It is increasingly recognized that the attainment of sustainable energy systems requires a
transformation from the current system, characterized by the dominance of fossil fuels, toward an alternative
system that accommodates renewable energy sources, such as wind, solar, modern biomass, and small-scale hydropower.
Renewable energy sources offer several advantages, including environmental friendliness, diversity, security, and
opportunities for local community involvement through decentralized management. Yet the process of transition
toward alternative energy supply sources has been slow. Using theoretical insights from research on resilience in
social-ecological systems, this paper argues for an adaptive governance approach to enhancing the transition
toward sustainable and resilient energy systems in sub-Saharan Africa in the face of the uncertainties and conflicts

that characterize the energy transition process.

INTRODUCTION

The concept of sustainable development
which was popularized in the World Commis-
sion on Environment and Development (WCED)
report in 1987 refers to “development that meets
the needs of the present without compromising
the ability of future generations to meet their
own needs” (p. 43). Key components of sus-
tainable development include economic efficien-
cy, social equity, and environmental conserva-
tion. The sustainable development concept also
calls for institutional arrangements that promote
democracy and participatory decision-making,
particularly at the local level (Wheeler 2010;
Stirling 2014). The sustainable development con-
cept has received several criticisms for its ambi-
guity, anthropocentric orientation, endorsement
of the nature-culture dichotomy, emphasis on
Western cultural values, inadequate interroga-
tion of Western consumption standards, and en-
dorsement of technological fixes to current eco-
logical problems (Giddings et al. 2002; Wheeler
2010). Notwithstanding these criticisms, sustain-
able development continues to be one of the
most widely discussed concepts and guiding
principles among scientists and policymakers in
the field of development and the environment.

There is increasing recognition that the en-
ergy sector is of critical importance and needs

to play a central role in strategies aimed at achiev-
ing sustainable development (Jaccard et al.
2012). As Giner-Reichl (2015: 116) has succinct-
ly stated, “It is hardly conceivable to discuss
“sustainable development” without also exam-
ining the production, distribution and use of
energy.” The growing recognition of the impor-
tance of the energy sector in sustainable devel-
opment is evident in recent global initiatives,
such as the United Nations Secretary-General’s
Sustainable Energy for All initiative, which was
launched in 2011 to enhance universal energy
access, improve energy efficiency, and promote
the use of renewable energy. To enhance the
contributions of the energy sector to sustain-
able development, energy policies need to re-
spond to the social, economic and ecological
dimensions of the sustainable development con-
cept (Jaccard et al. 2012).

The world’s energy system continues to be
locked-in to the use of fossil fuels (coal, gas,
and oil) and this presents significant policy chal-
lenges for the contributions of the energy sec-
tor to sustainable development (Hodbod and
Adger 2014). The Global Energy Assessment
(GEA) report notes that the world’s energy de-
mand is growing at a rate of about two percent
per year, with fossil fuels contributing about
eighty percent of the energy supply (GEA 2012).
Based on current production and consumption
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patterns, Goldemberg (2007) estimates that fos-
sil fuels cannot be relied upon as the primary
source of fuel for more than the next one or two
generations. Besides the limits to supply, fossil
fuels are also known to emit carbon dioxide and
other greenhouse gases that contribute to glo-
bal warming with attendant climate change con-
sequences including floods and drought (Omer
2008). Moreover, there are concerns over the
lack of energy security, as much of the world’s
oil supply comes from politically volatile regions
(Goldemberg 2007). Importantly, there is the lack
of universal access to modern energy services,
which is critical to enhancing overall living stan-
dards (GEA 2012; Hodbod and Adger 2014). The
World Energy Outlook (WEO) report estimates
that two out of every three people in sub-Sahar-
an Africa lack access to electricity (WEO 2014).
Bioenergy, mostly wood and charcoal, accounts
for sixty percent of energy demand on the conti-
nent (Hancock 2015b). Globally, three billion
people have no access to basic energy services
and rely on solid fuels for cooking and heating
(GEA 2012). The high dependence on traditional
biomass in sub-Saharan Africa and other devel-
oping regions is thought to be inefficient, envi-
ronmentally destructive, and has adverse health
and socio-economic consequences (Goldemberg
2007; GNESD 2011; Hancock 2015b).

The pursuit of sustainable energy systems
with the potential to address the social, eco-
nomic and ecological concerns of sustainable
development calls for a transition toward great-
er utilization of renewable energy sources (Gold-
emberg 2007; Engelken et al. 2016; Lugaric and
Krajcar 2016). Renewable sources of energy,
such as small-scale hydropower, wind power,
solar energy, geothermal energy and modern bio-
mass are beginning to receive attention as alter-
natives to fossil fuels. These alternatives have
the potential to reduce energy poverty among
the rural poor, enhance energy security by di-
versifying the supply sources, reduce adverse
environmental and climate impacts, and contrib-
ute to socio-economic development at the local
and national levels (Goldemberg 2007; Lee et al.
2008; Haselip et al. 2011; Fulquet and Pelfini
2015). Renewable sources of energy are also
more amenable to decentralized management,
which creates opportunities for stakeholder in-
volvement (O’Brien and Hope 2010). Out of the
renewable sources of energy, bioenergy pro-
vides the most promise as a viable alternative to
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fossil fuels (Lee et al. 2008; GNESD 2011). Are-
port by the World Energy Council (WEC 2010)
predicts that bioenergy could potentially con-
tribute between a quarter and a third of the glo-
bal energy mix in the future, up from its current
contribution of about ten percent of global en-
ergy consumption.

A number of notable examples exist on the
transition toward renewable energy sources,
such as the cases of Denmark (Lund 2007), Bra-
zil (Goldemberg 2007) and Germany (Engelken et
al. 2016). In sub-Saharan Africa, progress in the
transition toward renewable energy is evident
in the adoption of national policies prioritizing
the development of renewable energy in vari-
ous countries, such as Ghana, Senegal, Tanza-
nia and Zambia (Haselip et al. 2015), as well as
the emergence of various regional organizations
promoting renewable energy, such as the ECO-
WAS Centre for Renewable Energy and Energy
Efficiency (Giner-Reichl 2015; Hancock 2015a).
Notwithstanding these optimistic developments,
there is general consensus that the transition
toward renewable energy sources has been slow,
particularly in the case of sub-Saharan Africa
where the abundant renewable energy sources
remain largely underdeveloped (Mukasa et al.
2015) and understudied (Hancock 2015b).

Studies on the adoption of renewable ener-
gy technologies in sub-Saharan Africa reveal a
range of sociocultural, economic, institutional,
technological, infrastructure and ecological fac-
tors across multiple scales that constrain the
transition toward renewable energy sources (Ha-
selip etal. 2011; Haselip et al. 2015; Mukasa et
al. 2015). From the perspective of diffusion of
innovations (Fliegel and Korsching 2001; Rog-
ers 2003), four key policy challenges can be dis-
cerned from the interaction among the various
constraints to the adoption of renewable ener-
gy technologies in sub-Saharan Africa and be-
yond. The first impediment to the widespread
adoption of renewable energy sources is the
absence of reliable, efficient and sustainable re-
newable energy technologies. Shortfalls have
been identified in existing technologies, such as
wind turbines (Mukasa et al. 2015), solar instal-
lations (Haselip et al. 2015), and first-generation
biofuel technologies that relied on food-derived
sources as feedstock (GNESD 2011). The sec-
ond challenge relates to the lack of communica-
tion among stakeholders, and the lack of reliable
information to inform the complex decisions on
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energy systems and to counter the general lack
of awareness on the benefits and opportunities
for investment in renewable energy sources (Ha-
selip et al. 2015). Third, there is the absence of
appropriate incentive mechanisms for generat-
ing interest in the development and utilization
of renewable sources of energy (Mukasa et al.
2015). Finally, limitations in capacity require-
ments, such as human, economic and physical
capital, constitute a major challenge to the adop-
tion of renewable energy sources in sub-Sahar-
an Africa (Fulquet and Pelfini 2015; Haselip et al.
2015). In view of these lessons, there is growing
realization that the transition toward renewable
energy sources in sub-Saharan Africa and else-
where will require innovative institutional mech-
anisms and policy frameworks that provide an
enabling environment for the development of
renewable energy technologies, as well as pro-
viding the information, incentives and resourc-
es for the widespread adoption of such technol-
ogies (Lee etal. 2008; Jaccard et al. 2012; Fulquet
and Pelfini 2015).

Using theoretical insights from the literature
on social-ecological resilience and the adaptive
governance of social-ecological systems, this
paper analyzes key policy considerations in cre-
ating such an enabling policy environment for
enhancing the transition toward sustainable and
resilient renewable energy systems. Following
Hodbod and Adger’s (2014) conceptualization
of energy systems as complex social-ecological
systems, the article argues for an adaptive gov-
ernance approach to overcoming the challeng-
es in the transition toward renewable energy
systems, as well as building the resilience and
robustness of energy systems in the face of the
value conflicts and knowledge uncertainties in
the transition process. The subsequent sections
of the article are organized into four main parts.
First, theoretical perspectives in social-ecologi-
cal systems research and adaptive governance
will be presented. Next, methodological proce-
dures for selecting and analyzing relevant pub-
lications will be described. In the following sec-
tion, Key policy considerations for enhancing
the adoption of renewable energy sources will
be presented and discussed from the adaptive
governance perspective. These considerations
include the need for an integrated management
approach that is holistic and multi-sectoral in
scope, the need for multiple sources of knowl-
edge, the use of flexible multi-level institutions,
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and emphasis on conflict management. The last
section of the paper contains reflections and con-
cluding comments on the transition toward re-
newable energy sources in sub-Saharan Africa.

Theoretical Framework

Resilience and Robustness in
Social-ecological Systems

Failures from the conventional command and
control approach to development and the envi-
ronment have revealed that such policies were
underpinned by two flawed assumptions. First,
social and ecological systems were treated as
distinct from each other. Second, natural eco-
system responses to human interventions were
assumed to be easily predicted and controlled
(Folke etal. 2002). Over the last two decades, an
alternative perspective has emerged that looks
at social and ecological systems coupled as so-
cial-ecological systems (Redman et al. 2004). The
concept of social-ecological systems is applica-
ble to the energy sector, forests and water re-
sources, as well as all resource systems in which
social systems and ecological systems interact
with each other in a dynamic and co-evolution-
ary fashion across multiple spatial and temporal
scales (Anderies et al. 2004; Ostrom 2009). Such
coupled social-ecological systems exhibit the
attributes of complex adaptive systems, such as
cross-scale interactions, path-dependency, het-
erogeneity, emergence, and surprise (Folke 2007;
Liuetal. 2007). Holling’s (2001) panarchy theory
depicts social-ecological systems as a hierar-
chy of inter-dependent adaptive cycles. The
adaptive cycle is a model that illustrates the four-
phase cycle of change in social-ecological sys-
tems of growth, accumulation, restructuring, and
renewal (Holling 2001). The cross-level interac-
tions among smaller and faster adaptive cycles
at lower levels, and larger and slower adaptive
cycles at higher levels accounts for the resil-
ience of the entire system (Cosens et al. 2014).
The sustainable governance of such complex
social-ecological systems requires enhancing
their resilience.

Holling’s (1973) concept of resilience was
intended to serve as a more appropriate descrip-
tor of ecosystem behaviors as opposed to the
concept of “static stability” that was used in the
old paradigm (Wu and Loucks 1995). There are
roughly four types of resilience indicated in the
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literature. First, ecological resilience is defined
as the capacity of a system to absorb distur-
bance and reorganize while still maintaining its
structure and function (Walker et al. 2004; Cos-
ens et al. 2014). Second, social resilience refers
to the ability of groups or communities to cope
with external stresses and disturbances as a re-
sult of social, political and environmental change
(Adger 2000). Third, engineering resilience may
be defined as return time after disturbance or
the time it takes for a system to return to a pre-
disturbance equilibrium (Gunderson and Light
2006). According to Folke (2006), engineering
resilience is about resisting disturbance and
change so as to maintain efficiency of function,
constancy of the system, and a predictable world
near a single steady state. Closely related to
engineering resilience is the concept of robust-
ness. The robustness concept also has its roots
in engineering where it refers to “the capacity of
a system to maintain its performance when sub-
jected to internal and external perturbations”
(Janssen and Anderies 2007: 46). The robust-
ness concept has been argued to be a more ap-
propriate concept for the study of institutions
because they are human designed elements of
the social-ecological system, just as engineer-
ing systems are human designed (Anderies et
al. 2004, Janssen and Anderies 2007). Arguably,
robustness may be a more useful form of resil-
ience in the analysis of energy systems, espe-
cially where the focus is on the human-designed
infrastructure. Fourth, Folke (2006) further in-
troduces the concept of social-ecological resil-
ience which incorporates three different inter-
pretations of the amount of disturbance a sys-
tem can absorb and still remain within the same
state or domain of attraction, the degree to which
the system is capable of self-organization, and
the degree to which the system can build and
increase the capacity to learn and adapt. In this
paper, resilience is used to imply social-ecolog-
ical resilience since it is the most amenable to
the analysis of evolving human-environment
interactions in renewable energy sources as
complex social-ecological systems.

Adaptive Governance of Social-ecological
Systems

From this discussion, it is evident that build-
ing resilience and reducing vulnerability of so-
cial-ecological systems is critical to their sus-
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tainability. The design of effective institutions,
the humanly devised formal and informal con-
straints that structure social interactions (North
1990), is very essential in building social-eco-
logical resilience. The resilience concept has also
become the theoretical foundation for emerging
natural resource management concepts, such as
adaptive management (Walters 1997), and adap-
tive governance (Folke et al. 2005; Akamani
2016).

Adaptive management is one of the earliest
resource management approaches that emerged
from resilience thinking (Gunderson and Light
2006). This resource management approach rec-
ognizes the inherent uncertainties and unpre-
dictability in the resource management process.
Allen et al. (2011) describe adaptive manage-
ment as “an approach to natural resource man-
agement that emphasizes learning through man-
agement based on the philosophy that knowl-
edge is incomplete and much of what we know
is actually wrong, but despite uncertainty man-
agers and policymakers must act” (p. 1339).
Adaptive management attempts to deal with the
incomplete knowledge and uncertainties by treat-
ing resource policies as hypotheses, and policy
implementation as experiments to test alterna-
tive policy options (Raadgever et al. 2008). Adap-
tive management relies on an iterative process
that facilitates learning, as well as the subse-
quent integration of new knowledge into the re-
source management process (Lee 1999). Through
this ongoing learning and adaptation process,
adaptive management holds promise for build-
ing resilience and reducing vulnerability to un-
certainty and surprise (Allen et al. 2011). How-
ever, success in adaptive management requires
a favorable social and institutional context (Gun-
derson and Light 2006). Adaptive management
requires adaptive governance in order to be suc-
cessful (Walker 2012).

Adaptive governance is an institutional
mechanism that focuses on the broader social
and institutional context within which ecosys-
tem-based resource management occurs (Folke
etal. 2005; Gunderson and Light 2006; Karpou-
zoglou et al. 2016). Given its orientation toward
ecosystem management approaches, the goals
of adaptive governance are necessarily holistic,
covering not only the social, economic or eco-
logical aspect but an integration of all dimen-
sions of sustainability at multiple scales (Gun-
derson and Light 2006; Folke et al. 2011). Adap-
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tive governance regimes also tend to draw from
multiple types of knowledge, as opposed to the
over-reliance on reductionist science in conven-
tional resource management (Nelson et al. 2008;
West and Schultz 2015). Adaptive governance
connects different types of actors across multi-
ple scales in an ongoing process of learning and
adaptation to uncertainty and change (Olsson
etal. 2006).

Dietz et al. (2003) identified three key at-
tributes of the institutional structures and pro-
cesses entailed in adaptive governance. First,
adaptive governance relies on analytic delibera-
tion processes, which refer to decision-making
processes in which decision-makers, scientists
and other stakeholders interact in an ongoing
process that allows for the combination of sci-
entific analysis and stakeholder deliberation in
managing value conflicts and knowledge uncer-
tainties (Akamani and Wilson 2011). Through
this process, adaptive governance provides an
effective mechanism for linking science and pol-
icy in planning processes (Gunderson and Light
2006). A second defining attribute of adaptive
governance is nested institutions. The need for
nested institutions arises from the awareness
that no single level of intervention will be ade-
quate in addressing the multiple scales of inter-
action in complex social-ecological systems
(Akamani and Wilson 2011; Akamani 2016). Nest-
ed institutions are therefore essential in enhanc-
ing the fit between policy interventions and the
levels at which problems occur in the social-
ecological system (Olsson and Galaz 2009). Fi-
nally, adaptive governance institutions are di-
verse, composed of states, markets and commu-
nities. The diversity issue is critical for enhanc-
ing the institutional performance and resilience
of the system since no single type of institution
can effectively deal with all problems and sur-
prises at all times (Dietz et al. 2003; Akamani and
Wilson 2011). Given all these attributes, adaptive
governance institutions are widely discussed as
promising mechanisms for promoting good gov-
ernance, managing conflicts, and building capac-
ities for adaptation and transformation (Olsson
et al. 2007; Akamani and Wilson 2011; Walker
2012). Based on these insights from the litera-
ture, this chapter argues that an adaptive gover-
nance approach could provide an effective guide
for formulating policies aimed at enhancing the
transition toward sustainable and resilient ener-
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gy systems that rely mostly on renewable ener-
gy sources.

METHODOLOGY

Following procedures applied in recent re-
view manuscripts (for example Koontz et al.
2015), data for this paper were generated through
a systematic review of the relevant literature.
Using key words, such as “adaptive gover-
nance,” “energy transitions,” and “renewable
energy,” the researcher critically reviewed pub-
lications that primarily contains theoretical or
empirical information on transitions in social-
ecological systems in general or transitions in
energy systems towards renewable energy
sources in particular. The selected publications
included those on the West African sub-region,
as well as other geographic regions. We ana-
lyzed the publications to identify the factors in-
fluencing transitions in energy systems and the
role that institutional mechanisms for adaptive
governance of social-ecological systems could
play in promoting successful transitions toward
renewable energy sources. Following Karpou-
zoglou et al. (2016), we conducted a final search
of the literature to include references that were
either not yet available or not identified at the
initial stages of the study.

OBSERVATIONS AND DISCUSSION

This section draws from the literature review
to discuss the potential applications of concep-
tual insights on resilience and adaptive gover-
nance of social-ecological systems to the for-
mulation of enabling policies for enhancing the
transition toward renewable energy sources in
sub-Saharan Africa.

Recognizing Energy Systems as
Social-ecological Systems

Energy systems are complex social-ecologi-
cal systems that exhibit attributes, such as scale,
path dependence, as well as surprise and uncer-
tainties (Araujo 2014; Hodbod and Adger 2014).
Policies promoting renewable energy sources
will need to be underpinned by an awareness of
this complexity in order to enhance resilience
and reduce vulnerability in energy systems
(O’Brien and Hope 2010). Regarding the issue
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of scale, energy systems are subject to influenc-
es across multiple scales, ranging from the local
to the global, including socio-cultural, econom-
ic, technological, political, and ecological forces
(O’Brien and Hope 2010; Goldthau 2014; Hod-
bod and Adger 2014). Energy systems and poli-
cies are themselves organized along multiple
scales. For instance, energy infrastructure may
be interconnected at the local, provincial, na-
tional and even regional levels. Policy interven-
tions targeting each level of the energy system
have implications for other levels below and
above the chosen level of intervention (Gold-
thau 2014). The trade-offs associated with the
cross-scale dynamics in energy systems deserve
greater understanding in order to minimize unin-
tended consequences (Hodbod and Adger 2014).
Recent years have seen a growing interest in
regional approaches to energy planning and in-
frastructure development in sub-Saharan Africa
(Giner-Reichl 2015; Hancock 2015a; Saadi et al.
2015). The cross-scale implications of these re-
gional level initiatives deserve careful analysis
in order to minimize unintended outcomes.
Given the complex interactions among the
multiple components of energy systems and oth-
er sectors, surprise is inevitable in the process
and outcomes of energy policies. For instance,
the implementation of renewable energy poli-
cies based on first-generation bioenergy tech-
nologies that relied on food crops as feedstock
has been associated with unintended outcomes,
such as rising food prices, land grabs, land deg-
radation, threats to livelihood security, and so-
cio-political instability (Lee et al. 2008; Hodbod
and Adger 2014; Hancock 2015b). Analysis of
biofuels projects in Ghana (Tsikata and Yaro
2011), and sub-Saharan Africa as a whole
(Fulquet and Pelfini 2015) illustrate the adverse
impacts of these large-scale, externally owned
biofuels projects on rural communities, includ-
ing threats to customary tenure, common pool
resources, local livelihood sustainability, and
community autonomy. The adverse impacts of
biofuels projects have partly been blamed on
failure to integrate policies on biofuels produc-
tion into those on related sectors (Lee et al. 2008).
Besides the issue of scale and surprise, en-
ergy systems are also characterized by path-de-
pendency. Path dependence is an attribute of
complex social-ecological systems that depicts
the influence of historical and other contextual
factors on current and future system dynamics
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(Berkes 2007). In a narrower sense path depen-
dence implies a self-reinforcing process in which
actions taken in a given direction tend to induce
further actions along the same path due to pos-
itive feedback mechanisms, thus making it al-
most impossible to switch to an alternative path
(Pierson 2000). Path dependence has been widely
used to describe the lock-in of fossil fuels in
current energy systems and the difficulty of ini-
tiating change from the current system in spite
of increasing recognition of the benefits of re-
newable sources of energy (Araujo 2014; Gold-
thau 2014; Spinardi 2015). Realization of the im-
portance of path dependence suggests that pol-
icies aimed at enhancing the transition toward
renewable energy sources in sub-Saharan Afri-
ca need to be context-specific, since each situa-
tion is unique and can only be understood with-
in its historical context.

Promoting Integrated and Adaptive Management

Energy systems interact with other sectors
across multiple scales. Given the uncertainties
associated with these cross-scale interactions,
policies aimed at enhancing the adoption of re-
newable energy technologies need to adopt an
adaptive policy approach that allows for experi-
mentation while preparing to deal with surprise
(Jaccard et al. 2012). As has been previously
discussed, adaptive management facilitates ex-
perimentation and monitoring as mechanisms for
generating knowledge about complex social-eco-
logical interactions. By monitoring the implemen-
tation of renewable energy innovations, and
maintaining the flexibility for integrating new
insights into subsequent decision-making, an
adaptive management approach could build ca-
pacities for dealing with uncertainties in the
adoption of renewable energy technologies. In
sub-Saharan Africa where capacities in renew-
able energy technologies are poorly developed
(Hancock 2015a), an adaptive management ap-
proach to developing and testing renewable
energy technologies appears promising.

Besides prioritizing learning, an integrated
approach to energy planning is also needed to
harness the synergies and to reduce the trade-
offs from the multiple scales of interaction (Lee
et al. 2008; Hodbod and Adger 2014). For in-
stance, policies aimed at promoting modern bio-
fuels will need to be aligned with policies on
agriculture, forestry and natural resource man-
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agement in order to deal with the synergies and
trade-offs (Lee et al. 2008). The pursuit of re-
newable energy policies based on such a holis-
tic approach that safeguards the socio-econom-
ic needs of local communities, is critical to gain-
ing the support and commitment of communi-
ties, and hence more likely to be successful. For
instance, Ahlborg and Sjostedt (2015) present
an insightful account of the successful imple-
mentation of a small-scale hydropower project
in rural Tanzania with the support of an external
non-governmental organization (NGO). The au-
thors partly attribute the success of the project
to the integrated approach adopted by the NGO,
which included enhancing the productive use
of electricity, as well as enhancing access to
community services and benefits. Given the
community-oriented goals of the project, sub-
stantial efforts were invested into building the
capacity of the communities to manage the
project. With regard to the outcomes, the au-
thors conclude, “Local ownership has led to the
project becoming an arena for community col-
laboration and problem solving, and creating
values such as effective load management and
protection of infrastructure” (p. 20). The finding
that integrated approaches to energy planning
are more likely to succeed at the local level sug-
gests that regional energy planning initiatives
in sub-Saharan Africa, such as the ECOWAS
Centre for Renewable Energy and Energy Effi-
ciency (Hancock 2015a) may need to be comple-
mented with more targeted local level initiatives
in order to realize these regional aspirations.

Utilizing Diverse Knowledge Systems

The dominance of engineering and econom-
ics in past energy research has failed to account
adequately for the human dimensions (Sovacool
2014). As a result, the social and institutional
factors influencing how individuals, house-
holds, communities and societies interact with
energy systems are poorly understood. Social
science disciplines, such as sociology, anthro-
pology, and social psychology could potential-
ly enhance current understanding on social in-
teractions with energy systems at various lev-
els of social organizations. In view of the grow-
ing appreciation of the social-ecological com-
plexity of energy systems, cross-disciplinary
approaches to research are increasingly receiv-
ing attention as means of understanding and
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solving complex energy problems, such as the
transition toward renewable energy systems (Lee
et al. 2008; Hodbod and Adger 2014; Hancock
2015b).

Eigenbrode et al. (2007) use the concept of
cross-disciplinary research to refer to research
that transcends the traditional boundaries of
disciplines. Different levels of integration are
entailed in cross-disciplinary work. In multidis-
ciplinary research, “multiple researchers inves-
tigate a single problem, but do so as if each were
working within their own disciplinary setting”
(Miller etal. 2008: 3). Each discipline employs its
own theoretical perspectives, methods, and in-
terpretive standards to study questions or prob-
lems about a common system (Eigenbrode et al.
2007). Interdisciplinary research entails a great-
er level of coordination among disciplines in the
various stages of the research process (Miller et
al. 2008). Here, common terminology or method-
ology is formulated within a framework shared
by all the disciplines involved (McNeill 1999).
Transdisciplinary research involves the integra-
tion of disciplinary epistemologies and theoret-
ical perspectives to address unique problems
that could not be dealt with within existing dis-
ciplinary domains (McNeill 1999; Eigenbrode et
al. 2007). While these cross-disciplinary ap-
proaches have the potential to enhance the ex-
planatory power and policy relevance of energy
research (Sovacool 2014; Hancock 2015b), they
are also challenged by a range of factors, in-
cluding institutional barriers in academia and
governments that tend to favor traditional disci-
plinary research (Sovacool 2014). Differences in
philosophical orientations, inquiry methodolo-
gies, theoretical frameworks and criteria for judg-
ing the quality of research also affect cross-dis-
ciplinary research (Lele and Norgaard 2005;
Eigenbrode et al. 2007). Investing in capacity-
building for cross-disciplinary research in ener-
gy systems through training programs could
help overcome some of these challenges in
knowledge integration in sub-Saharan Africa.

Besides the expansion of knowledge on en-
ergy systems through cross-disciplinary work,
the integration of local and traditional knowl-
edge into energy planning processes represents
another opportunity for broadening the knowl-
edge base of energy planning. Local ecological
knowledge refers to “knowledge held by a spe-
cific group of people about their local ecosys-
tems” (Olsson and Folke 2001: 87). Local eco-
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logical knowledge differs from traditional eco-
logical knowledge, which refers to the body of
knowledge and beliefs that local communities
have accumulated over time and passed down
through cultural transmission across genera-
tions (Berkes et al. 2000; Olsson and Folke 2001).
Sovacool (2014) has identified a range of bene-
fits associated with participatory decision-mak-
ing processes that allow for the utilization of
indigenous knowledge in energy research, in-
cluding responsiveness to ethical and moral
concerns, avoidance of conflict, enhancement
of democratic decision-making, as well as public
support for planning outcomes. However, utili-
zation of local knowledge can be constrained by
a range of barriers, including the lack of trust
and equal recognition of local and traditional
knowledge, as well as epistemological challeng-
es in the integration of traditional knowledge
with western science (Berkes 2009; Armitage et
al. 2012). In sub-Saharan Africa, where local com-
munities have accumulated rich experience in
the use of renewable energy sources such as
biomass, concrete steps need to be taken to en-
sure that traditional knowledge is not marginal-
ized in energy planning processes.

Multilevel Institutions

Traditionally, energy systems have been
characterized by large, scale infrastructure, as
well as centralized ownership and decision-mak-
ing procedures (O’Brien and Hope 2010). How-
ever, there is increasing realization that the tran-
sition toward renewable energy sources will re-
quire a more decentralized approach to energy
policy and infrastructure development (ibid).
More innovative institutional mechanisms are
needed for connecting the diversity of actors
across scales and sectors engaged in energy
planning processes (Sovacool 2014; Christopoulos
etal. 2016).

The attributes of institutional nesting and
diversity from the adaptive governance litera-
ture provide a promising institutional structure
for such multilevel stakeholder interactions. The
nesting of different types of institutions within
the adaptive governance framework provides a
polycentric institutional structure (Marshall
2009). Polycentric institutions are characterized
by multiple overlapping centers of decision-mak-
ing authority across multiple levels with some
degree of diversity and autonomy at each level
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(Koontz et al. 2015). The operation of polycen-
tric institutions is based on the principle of sub-
sidiarity according to which governance respon-
sibilities are devolved to the lowest appropriate
level for effective problem-solving (Marshall
2009; Cole 2015).

Polycentric institutional structures provide
several benefits in the management of complex
social-ecological systems, including the pool-
ing together and sharing of different types of
knowledge among actors to create awareness,
providing opportunities for sustained interac-
tion processes necessary for building social cap-
ital and shared values, and building capacities
for adaptive management (Marshall 2009; Mar-
shall and Smith 2010). Polycentric institutions
also contribute to social-ecological resilience by
providing opportunities for experimentation of
new rules across multiple scales (Folke et al.
2011; Cole 2015), providing overlap and redun-
dancies to reduce vulnerabilities to system fail-
ure (Koontz etal. 2015), as well as enhancing the
fit between policy interventions and the scales
atwhich problems occur (Olsson and Galaz 2009).

In view of these benefits, polycentric insti-
tutions are increasingly receiving attention as
critical in the transition toward renewable ener-
gy sources (Sovacool 2014). A polycentric ap-
proach to renewable energy policy could pro-
vide opportunities for experimenting new inno-
vations, sharing of information among stake-
holders, devising context-specific energy solu-
tions that match the scale of the problem, pro-
moting the sharing of decision-making authori-
ty across scales, promoting cooperation, and
enhancing the enforcement of rules and policies
(Goldthau 2014; Sovacool 2014). In spite of all
these potential benefits, the application of poly-
centric institutions to the governance of energy
systems is likely to encounter some difficulties,
particularly the difficulty of breaking down the
dominance of centralized institutions and infra-
structure (Goldthau 2014). Polycentric institu-
tions can be difficult to consciously craft (Folke
et al. 2011). Change may be resisted by vested
interests, as well as the dominance of mental
models that endorse the status quo (Marshall
and Smith 2010). There is also the issue of high
transaction costs in gathering and sharing in-
formation, as well as the difficulty of coordinat-
ing adaptive responses among the dispersed
actors across multiple scales in a polycentric
system (Huitema et al. 2009; Koontz et al. 2015).
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In view of the challenges associated with pur-
suing a polycentric approach to energy policy,
Goldthau (2014) notes that regulatory bodies
typically focus on a chosen scale of interven-
tion without adequate coordination of impacts
at other scales. In sub-Saharan Africa, greater
attention to building institutional capacity for
energy planning at the local and provincial lev-
els is needed to complement progress being
made in the formulation of national and regional
level policies on renewable energy.

Analytic Deliberation

The energy sector has a long history of be-
ing implicated in violent political conflicts in
various regions, including sub-Saharan Africa
(Sovacool 2014). Planning for renewable energy
systems, just like other arenas of development
and environment, is also characterized by con-
flicts and uncertainties. As has been previously
noted, policies aimed at promoting bioenergy
production, for instance, will also need to be
coordinated with policies in other sectors in or-
der to avoid adverse impacts. In pursing such
an integrated approach, there are bound to be
conflicting values among stakeholders, as well
as knowledge uncertainties regarding the syn-
ergies and trade-offs among the various values.
A promising approach to managing the trade-
offs and synergies among the multiple goals at
stake in such planning processes is to engage
stakeholders in negotiation of political solutions
rather than the imposition of decisions by tech-
nical experts (Nelson et al. 2008; O’Brien and
Hope 2010). Lee et al. (2008) suggest that an
appropriate role for government in energy plan-
ning is to facilitate such negotiation processes.
Unfortunately, conflict management has not re-
ceived enough attention in the energy sector
(Hodbod and Adger 2014), and governments
often lack the capacity to undertake these re-
sponsibilities (Lee etal. 2008).

The analytic deliberation process of adap-
tive governance offers promise for dealing with
the wicked conflicts in energy planning process-
es. Analytic deliberation refers to decision-mak-
ing processes that combine scientific analysis
with public deliberation as a means of dealing
with knowledge uncertainties and value conflicts
(Dietz etal. 2003; Dietz 2013). Besides managing
conflicts, the analytic deliberation process also
offers a range of benefits, such as enhanced
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sharing of information, formation of social capi-
tal through interactions, and enhancing oppor-
tunities for participation, transparency and ac-
countability (Akamani and Wilson 2011). Pro-
moting effective stakeholder deliberation in plan-
ning processes for renewable energy in sub-Sa-
haran Africa will require external support for
building the institutional capacity for managing
energy conflicts.

CONCLUSION

Countries in sub-Saharan Africa face vari-
ous kinds of energy crises, including high de-
pendence on imported fossil fuels, inefficient
energy use, high dependence on traditional bio-
mass, low access to electricity, as well as decay-
ing and inadequate energy infrastructure. While
the sub-region abounds in a range of renewable
sources of energy, these resources remain un-
derdeveloped and under-researched. Inadequa-
cy of policy and institutional mechanisms on
energy, as well as limitations in knowledge, skills
and resources all contribute to a general lack of
awareness, interest and capacity to develop re-
newable energy sources in sub-Saharan Africa.
Although the transition from fossil fuel-based
economies to renewable energy sources is gen-
erally known to be constrained by the path-de-
pendent effects of prior investments in energy
technologies, infrastructure, energy use habits
and so forth, the relatively less developed ener-
gy infrastructure in sub-Saharan Africa presents
an opportunity to leapfrog into economies based
on renewable energy. Thus, there is urgent need
for appropriate frameworks to guide the immedi-
ate development of policies for enhancing the
energy transition process in sub-Saharan Afri-
ca. Enhancing the awareness, interest and ca-
pacity for the energy transition in sub-Saharan
Africawill require the coordinated efforts of state
and non-state actors across multiple scales, in-
cluding local communities, decision-makers, sci-
entists, as well as local and international NGOs.
Adaptive and resilience-based approaches are
needed in facilitating such social-ecological tran-
sitions in order to reduce vulnerability.

Using conceptual insights from research on
social-ecological resilience and adaptive gover-
nance, this paper has examined key consider-
ations that could potentially inform future poli-
cies on the development of renewable energy
resources in sub-Saharan Africa. These include
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recognition of the complexity of energy systems,
pursuing adaptive and integrated management
goals to harness synergies and reduce trade-
offs between the energy sector and other sec-
tors across multiple scales, use of a diversity of
knowledge systems to inform better decisions
and to create broad-based societal awareness,
promoting multilevel institutional structures for
linking actors across scales, as well as using
analytic deliberation processes as mechanisms
for managing value conflicts and knowledge
uncertainties. The adaptive governance ap-
proach holds promise for building the resilience
and robustness of energy systems as well as
reducing their vulnerability to climate change
impacts and other uncertainties associated with
social and ecological change. It must be noted
that the ideas expressed in this article are neces-
sarily broad, aimed at highlighting areas of gen-
eral policy concern across the energy sector.
The translation of these ideas into policies in
specific situations will need to be selective and
tailored to suit the policy context. Success in
policy formulation and implementation will like-
ly be enhanced where there is the political will
and enabling legislation to promote flexibility
and active stakeholder involvement in the vari-
ous stages of the policy process.
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