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A B S T R A C T

Rural mini-grids are viewed as a key technology for providing access to electricity to the billion or more people
that lack it by 2030 (in line with the UN’s Sustainable Energy for All commitment). But at present no model for
the sustainable management of rural mini-grids exists, which contributes to high failure rates. This paper makes
a number of contributions. First, it explores how electricity in mini-grids might be understood as a Common Pool
Resource (CPR), opening up potential to learn from the extensive literature on institutional characteristics of
sustainable CPR management in the natural resource management literature. Second, it refines Agrawal’s (2001)
overarching framework of enabling conditions for sustainable CPR management institutions to develop a fra-
mework applicable to rural mini-grid management in developing countries. Thirdly, the utility of this refined
framework is demonstrated by applying it to analyse data from 27 semi-structured interviews with actors with
expertise in mini-grid development and management in Kenya and 2 field visits to rural mini-grids there. This
contributes a nuanced basis for future application of CPR theory to mini-grids and a systematic analysis of
institutional challenges and possible solutions, which have hitherto received limited attention in the energy and
development literature.

1. Introduction

Over one billion people lack access to electricity – a vital precursor
of many aspects of human and economic development [1]. In sub-Sa-
haran Africa around two in every three people lack access, with elec-
trification rates below 25% in some countries [2]. The UN’s “Sustain-
able Energy for All” (SE4ALL) initiative (supported by Sustainable
Development Goal 7) aims to solve this problem by 2030. But this aim is
plagued by problems in practice. In this paper, we focus on developing
sustainable institutions for managing the use of a key technology, mini-
grids, which are estimated as needing to provide 45% of the connec-
tions required to achieve SE4ALL by 2030, the majority in remote rural
locations [3].

Despite their promise, managing mini-grids in ways that can pro-
vide electricity access to poor people poses considerable technical,
economic, socio-cultural and political challenges, with failure rates
evaluated as being as high as 50–100% [4,5]. Part of the reason for this

failure can be due to inappropriate equipment installation and/or in-
adequate maintenance; it can also relate to financial issues (e.g. tariffs
being set too low). A persistent problem also, however, relates to col-
lective over consumption of electricity, which in turn leads to equip-
ment degradation and failure, indicating the presence of socio-cultural
and institutional management dimensions to mini-grid failure (explored
in more detail in Section 5) as much as technical or financial reasons
[4,5]. Whilst, as Section 2 demonstrates, the engineering and economic
challenges relating to energy access in developing countries are rela-
tively well researched, the socio-cultural and political challenges have
received very little attention to date.1 In this paper, we focus on the
institutional aspects of managing mini-grids, which cut across all of the
above challenges, but in particular cast analytic attention on the socio-
cultural and political dimensions of energy access. We demonstrate how
insights from the broad literature on common pool resource (CPR)
management (which mostly focuses on natural resources) can shed light
on how to sustainably manage a man-made resource, electricity in mini-
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grids. There are examples of scholars who have proposed that mini-
grids are CPRs [4–7]. As demonstrated in Section 2, however, there is,
to date, no systematic examination of the relevance, and applicability to
mini-grids, of the well-developed literature (reviewed below) on the
‘enabling conditions’ under which institutions will emerge that support
sustainable management of CPRs.

Our core question is whether CPR theory can assist in analysing the
enabling conditions that characterise institutions capable of sustainably
managing mini-grids for pro-poor electricity access in developing
countries. After reviewing relevant literature on energy and develop-
ment and useful strands of the CPR literature, the paper makes its first
contribution by analysing the conditions under which mini-grids dis-
play the characteristics of CPRs and hence how CPR theory might be
relevant. We highlight similarities between electricity in a mini-grid
and water in irrigation systems (the subject of a large part of the CPR
literature) using the hydraulic analogy to explain the behaviour of
electricity in closed circuits. The paper then makes its second con-
tribution by developing a refined, mini-grid specific, analytical frame-
work of enabling conditions for the sustainable management of CPRs
(based on Agrawal [8]). The potential utility of this refined framework
is then tested by applying it to analyse empirical data from 27 expert
interviews and 2 site visits to mini-grids in rural Kenya. This provides a
nuanced basis for future research. Our intention is not to produce
overarching prescriptions for solving the complex problems that relate
to managing rural mini-grids in developing countries. Rather, it is to
develop and evaluate the usefulness of a new analytic, theoretically
grounded approach with potential to inform future research and prac-
tice focussed on overcoming the high levels of failure observed in re-
lation to rural mini-grids in developing countries.

2. Relevance of CPR theory for mini-grids

This paper engages with the CPR management literature made fa-
mous by Hardin’s [9] “Tragedy of the Commons” and Ostrom’s [10]
later Nobel prize winning work, which demonstrated how social in-
stitutions can form and achieve sustainable management of CPRs, thus
avoiding Hardin’s earlier hypothesized “tragedy”. We apply Ostrom’s
and later authors’ insights on sustainable CPR management to local
electricity provision in the form of mini-grids. This is motivated by
recognition of the sophisticated body of theoretical and empirical work
in the CPR and collective action field, compared to a lack of any well-
developed institutional approaches within the energy access literature.
Rather than starting from scratch, we want to see what we can learn
from this work that, arguably, deals with systems similar to decen-
tralized, collective electricity provision via mini-grids.

The existing energy access literature has, to date, been dominated
by a focus on the financial and technological dimensions, with atten-
dant disciplinary domination by economics and engineering, with in-
sufficient focus on socio-cultural and political dimensions [11] – what
Ockwell and Byrne [12] describe as the “scholarly deficit” in energy
access research.

As a result, we know a lot about financial dimensions of mini-grids
and rural electrification more broadly, such as: relative costs and ben-
efits of technological options [e.g. [13,14]]; willingness and ability to
pay [e.g. [15]]; and the nature and appropriateness of different finan-
cing mechanisms for infrastructure [e.g. [16]]. We also know much
about: technology selection methods [e.g. [17]]; applicability of tech-
nologies to specific physical contexts [e.g. [18,19]]; spatial mapping of
technological applicability and least-cost scenarios [e.g. [20]]; im-
proving technological efficiency [e.g. [21]]; technology adoption, e.g.
the energy ladder [e.g. [22]]; and scenario modeling [e.g. [23]].

A handful of recent contributions have begun to grapple with po-
litical economy dimensions of energy access more broadly (as opposed
to mini-grids specifically) [e.g. [24,25–31]]. And recent years have
witnessed what might be described as a nascent “socio-cultural turn”
[12] in energy access research, with a number of contributions

operationalizing insights from the socio-technical transitions literature
[32–39] and social anthropology [40–42]. These contributions have
cast analytic light on a range of socio-cultural aspects of energy access,
including understanding the social, cultural, gendered and, inevitably,
political dimensions of electrification and the implications of involving
potential users in the design, development and implementation of rural
electrification projects. A number of recent contributions also oper-
ationalize insights from innovation studies, introducing an emphasis on
indigenous capability building, albeit more at a firm/industry than
community level [43–47]. There have also been recent attempts to
bridge the fields of socio-technical transitions and innovation studies
[see [12,48]]. More explicitly focussed on sustainable mini-grid man-
agement, a wider literature also exists (mostly focusing on Indian ex-
periences) which analyses enabling conditions for sustainable man-
agement of mini-grids, emphasizing, for example, the important role
that village energy committees and other local institutions have played,
as well as the broader importance of community participation [e.g.
[49–51]].

Despite this recent socio-cultural turn and the emerging literature
on the politics of energy access, however, (and excluding the two
working papers that preceded the current journal article - [see 56,57])
only four pieces of grey literature to date (two working papers and two
doctoral theses, no peer reviewed journal articles) have explicitly en-
gaged with institutional insights from the collective action literature
[4,5,7,52]. Of these, only three recognize the relevance of work in that
literature on understanding enabling conditions for sustainable CPR
management and all three of these demonstrate only a partial engage-
ment with this work. Maier [5] uses a CPR perspective to analyse
reasons for successes and failures of 27 community-based micro hydro
mini-grids in Northern Pakistan. He finds that communities have es-
tablished institutions and various rules of use, concluding that they are
able to govern the use and ensure the maintenance of the plants in ways
that often function better than state- or private-based models. In most
cases, the projects that failed experienced external pressures, e.g. the
arrival of the national grid. Maier does not venture beyond treating
electricity as a CPR, identifying CPR attributes and describing resulting
management challenges. There is no systematic application of theories
of collective action or reference to overarching enabling conditions
through which institutions and transferable approaches may be devel-
oped, although, given the importance of rules Maier identifies, the use
of enabling conditions as an analytical tool would have been appro-
priate.

Greacen [4] also suggests that electricity in community-based micro
hydro mini-grids, in this case 59 projects in Thailand, can be treated as
a CPR. Rather than elaborating on the manner in which experiences
from other instances of collective action could be used to overcome
identified challenges, however, he suggests a technological fix that
could be used to address the problems: current limiters, which techni-
cally limit the maximum current that can be drawn by each household.
Again, there is no attempt at a theoretical expansion of the collective
action literature. Furthermore, this focus on technical fixes ignores
potential institutional considerations that might still persist, e.g.
managing distribution among users during seasonal demand that ex-
ceeds generating capacity.

In an analysis of the economic impacts of 5 community-based micro
hydro mini-grids in rural Kenya, Kirubi [7] also studies some aspects of
collective action. He focuses on the contested effect of heterogeneity of
user groups on the sustainability of collective action and finds that
heterogeneity of resource users increases chances of long-term success.
This analysis only represents one small sub-section of a thesis more
broadly concerned with the impact of electricity access on rural de-
velopment and only engages with one of the 33 enabling conditions
identified in Agrawal’s [8] theoretical framework that we refine and
test further below. There is therefore no precedent in the peer-reviewed
or grey literature for applying a comprehensive theoretical framework
of enabling conditions for collective action to the issue of sustainably
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