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Abstract

Community based micro hydro grids in developing countries have char-
acteristics like those of man-made common pool resources like irrigation
commons. While empirical testing of the conditions that enable collective
participation and subsequent successful self-governance within irrigation
commons and other CPRs is widely studied, there is very limited analysis
of enabling conditions for energy commons. This study contributes to-
wards the study of CPR management by identifying individual character-
istics that influence their participation levels in such energy commons, and
secondly interrogates the role of institutional arrangements and other rele-
vant conditions in predicting management outcome in self-governed micro
hydro schemes in Kenya. The findings indicate that more education; trust
for peers and higher allowance for electricity increase cooperation among
users. Additional relevant conditions such as higher installed capacity,
bigger groups and having clearly defined boundary of users also seem to
increase the chances of success in self-governed micro hydro schemes in
this study.

Key words: Collective action; Participation; Institutions; Micro hy-
dro schemes

1 Introduction

Renewable Energy (RE) microgrids! have become part of rural electrification
strategies in developing countries. This is because they are a source of afford-
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1A micro grid is an interconnected system of local energy generation, transmission and
storage usually serving a community within a defined radius. It may be connected to the
national grid, or completely isolated from the same (Schnitzer et al., 2014; Williams et al.,
2015)



able electricity for rural households who either lack access to national grid?, or
are financially excluded from available grid supply due to affordability issues.
Because of the important role that RE micro hydro schemes play in improving
access to affordable energy, design and operation issues facing them form an in-
teresting inquiry. The aim is to provide best design for microgrids that ensures
long term sustainability of such initiatives (Hafez and Bhattacharya, 2012).

There are however diverse impediments to successful deployment of such
electrification alternatives, ranging from technology choice, financing and even
social acceptance. Some of these impediments have been addressed in recent
literature. Sen and Bhattacharyya (2014) use Hybrid Optimization Model for
Electric Renewables (HOMER) to demonstrate that creating hybrid micro grids
can avail grid-comparable services to remote places in India. Other studies
like Miller and Hope (2000) and Mainali and Silveira (2011) examine financing
mechanisms that can be used to promote adoption of these technologies. De-
spite much work having been done on off-grid electrification, there is dearth of
research on the best management practices for off-grid technologies. Yadoo and
Cruickshank (2012) opines that for success in implementing off-grid RE tech-
nologies, there must be robust community mobilization strategies to ensure that
such projects receive the ownership they need for them to be sustainable in the
long-term. The study does not however specify the elements of the community
mobilization.

Management practices and requirements of RE microgrid investments vary
across ownership regimes. The latter is defined based on who participates and
benefits from electricity generation and distribution. Walker and Devine-Wright
(2008) use two parameters to identify the different ownership structures, which
gives an insight into the management challenges that are likely to emanate from
such electrification projects. On the one end of the spectrum is privately owned
systems, best illustrated by micro generation technologies which are installed
for the benefit of the owner of a private residence. Another popular model is
community ownership consisting of a group of individuals who collectively ex-
ploit and utilize renewable energy resource to meet their energy needs (Walker
and Devine-Wright, 2008; Oteman, Wiering and Helderman, 2014). Community
Renewable Energy Scheme(CRES)? is a useful model for promoting RE appro-
priate technology diffusion and local acceptance of RE in rural areas. This is
because it is a user-driven sustainable solution to a local development problem.
However, while major decisions are easy to make for the case of private owned
systems, the same cannot be said of CRES in developing countries. This is be-
cause the concept here involves collective ownership and use of RE and related

2In SSA, only 7 per cent of the rural population has access to electricity (IEA, 2016),
despite the existence of abundant renewable energy resources

3 Definitions of CRES vary in literature but for the purposes of this case study, we follow
definitions by Nolden (2013) and Oteman, Wiering and Helderman (2014). CRES refers to
an isolated micro grid constructed through collective financial and in kind contributions by
members within a defined geographical location, who then jointly appropriate the generated
electricity in their households particularly in developing countries. There are many objectives
behind formation of CRES apart from generating electricity for local use, such as dissemination
of appropriate technology, local development and renewable energy goals (Walker et al., 2010)



facilities by the implementing community of local users.

FerrerMart’s et al. (2012) observe that CRES are by design heavily reliant
on collective participation by the owners in the aspects of design, construction
and day to day management of the entire system. Further, Greacen (2004);
Maier (2007) and Gollwitzer et al. (2015) add that due to resource constraints,
installed and generation capacity is usually limited and is appropriated on either
'flat rate’ or 'package’ basis with only limited appliances being permitted in the
system. Although the electricity generated is ’rival’ in nature, it is not easy to
exclude a member from using the electricity since they co-own the investment
and are connected. More importantly, maintaining order in the simultaneous
utilization of electricity and maintenance of infrastructure relies on individual
member’s adherence to the agreed upon rules and regulations.

Similar problems regarding collective use have been identified in literature of
common pool resource management. Hardin (2009) and Olson (1971) indicate
that groups of users cannot organize themselves to sustainably utilize a natural
or man-made common pool resource. The proponents of this thought advocate
for external intervention or privatization of resource, as a solution to such issues.
On the other hand, repeated field experiments and other studies have shown
that it is possible for users to organize themselves and utilize such a shared
system sustainably (see: Blomquist and Ostrom, 1985; Wade, 1987; Ostrom,
1990 among others). By looking at studies that have examined a variety of
common pool resources (grazing lands; fisheries, irrigation water and forests),
Agrawal (2001) and Ostrom (1990) compile a list of principles or requirements
to expect in a well governed common pool resource. These principles have
been applied in empirical search for potential management principles of common
pool natural resources like: forests (Gibson and Koontz, 1998 and Agrawal and
Chhatre, 2006) and fisheries (Kalikoski et al., 2002). Irrigation water remains
the only man-made CPR to which these principles have been applied (Meinzen-
Dick et al., 2002; Araral, 2009; Nakano and Otsuka, 2011; Muchara et al., 2014).

Existence of common pool user problems like: poor rules; failure to meet
one’s responsibilities, poor leadership in microgrids has at best been described,
or superficially linked to disintegration and collapse of many CRES in developing
countries (Greacen, 2004; Maier, 2007; Gollwitzer, 2013 and 2014). There is
limited literature that attempts to link the suggested conditions for managing
common pool energy resource, to the observed outcome in the field. This leaves
community mobilizers of such renewable energy initiatives with no reference for
designing schemes that can withstand such management challenges. There is
also lack of empirical case studies demonstrating how useful these principles
are to the management of yet another man-made common pool resource like a
community micro grid.

This paper attempts to fill the above through two objectives: establish
individual-level factors that can be linked to the observed level of commitment to
community microgrid collective duties, and secondly identify group-level char-
acteristics that are associated with successfully managed electrification schemes.
The expected output is a set of individual and group attributes that community
mobilizers should strive to instill in potential members and groups participating



in community based RE microgrids.

1.1 Contribution

The study of governance problems and role of collective action in solving the
such issues remains largely limited to natural resources, and multi-user irriga-
tion systems. The solutions emanating from such studies are not transferable
to community based energy initiatives because of the fundamental differences
of what is subjected to common use. This paper demonstrates that similar
problems are faced by community based micro grids, and gives some sugges-
tions on intervention points to avoid disintegration of such innovative energy
solutions. Although there is an existing gray literature describing the common
pool aspects of community microgrids and how communities of users deal with
them, such studies do not link the suggested governance principles to the ob-
served phenomenon in the field. These studies also tend to over-rely on expert
opinion, which may not tell us much about the aspirations of the users of the
system. The paper overcomes some of these shortcomings by not only using
individual-level information on indicators of cooperation and governance prin-
ciples, but also makes an attempt to empirically link the observed governance
arrangements in electrification schemes to the management outcome. Poten-
tial econometric problems of endogeneity that affect such relationships are dealt
with, giving some level of assurance of the relationships that are established
between variables of interest.

1.2 Management of community based renewable energy
in Kenya

Community owned microgrids in Kenya have a history dating back to 2001. The
first pico hydro demonstration projects were set up by the government in con-
junction with development partners® in two communities located in the central
highlands region (Maher et al., 2003). These projects took advantage of pre-
vious groups formed by these communities to lobby for grid power connection,
with the only change being that an alternative RE electrification would be pro-
vided since grid access proved impossible. The feasibility study, mapping and
technical work was conducted by University of Nottingham Trent while the EU
provided partial funding for the infrastructure. Community members’ role was
to provide part of the financing, some materials and free labor at the construc-
tion site. This contribution would continue even after the complete project was
handed over to the community, to cater for maintenance of the system or even
future upgrades. Limited hydro potential was pre-allocated to households using
packages with the expectation that members would only use electricity for the
stipulated household applications under their subscribed package. According
to Maher et al. (2003) the survival of a scheme was heavily dependent upon
good management practices such as: attending to technical problems as soon as

4The European Commission and Nottingham Trent University



possible; adhering to power use regulations; timely payment of bills on time and
resolving conflicts in a peaceful manner. Other responsibilities that individuals
in such a system had to attend to include: distribution line and site maintenance
mainly through contribution of free labour services and finance whenever called
upon. Whether the groups could sustain collective participation towards these
important activities in the entire life of the scheme is an issue that was largely
assumed away.

Following the establishment of the two pioneer schemes, other communities
showed interest by initiating their own groups and seeking technical help such
as plant design and feasibility studies. The initial model was therefore repli-
cated leading to tens of schemes being established mainly around Mt. Kenya
and Aberdare catchment areas® The assumption that members would cooperate
with power use rules and sustain self-governance in the pioneer schemes were
also adopted by these other communities, with little emphasis on how individual
commission or omission would impact on the performance of the entire scheme.
The expected governance issues were left entirely to an uninformed commu-
nity that had little knowledge about the opportunities and challenges of RE
(pico/micro hydro) resource system they were exploiting. The result has been
collapse of most schemes an even which is mostly preceded by uncooperative
behavior among members and/or vandalism of infrastructure One thing that is
interesting is the fact that some plants have survived this collapse and continue
to provide basic electricity services to their members, with some having planned
sophisticated microgrids that can be connected to the main grid.

According to field experience, all schemes face potential problems of errant
members or hostile neighbors who are a threat to the survival of the scheme.
Most cited issues include but are not limited to: overuse of limited power by
plugging prohibited items, illegal connections within and across households as
well as lack of financial commitment. These create opportunities for other prob-
lems to set in like theft of infrastructure by jealous neighbors who take oppor-
tunity of delayed line maintenance and frequently dormant generators. The
latter is attributed to system overload, when members fail to adhere to power
use rules. It is also apparent that lack of good leadership practices is a threat
to survival of schemes, even where the members observe scheme rules. Some
schemes seem to have successfully overcome these while others fail in almost all
fronts. This study tries to explain this pattern, by comparing both successful
and collapsed schemes.

5Pico/Micro hydro power potential is plenty in other water towers in Kenya like Nyambene
hills; Mt. Elgon; Kisii highlands; Cherangany hills; Kerio, Mau and Nandi escarpments



2 Methods

2.1 Collective action problem in a community based micro
hydro electricity scheme

Community based micro hydro schemes in Kenya is a concept largely resem-
bling that of CRES are formed through mobilization of a group of individuals
representing households living around the micro hydro resource. The common
objective of such a group of individuals is to collectively construct as well as
maintain power generating and distribution infrastructure and provide alternat-
ing current electricity to the members’ households for domestic use. The timely
contribution of money, material and physical labour is particularly important
in the operational stage of the scheme. Further the group aims at harmonious
utilization of the limited capacity electricity once the project is complete, and
everyone’s responsibility is stated in the collectively-made group rules. Some of
the common rules relate to: financial and other in kind contributions; power use
rules; safe guarding group property and information obligations. The assump-
tion is that since members participate in making these rules, they will certainly
cooperate with them leading to a harmonious continuity of both generation and
use of power within the micro grid. This is not the case in some groups. Some
schemes witness uncooperative behavior with some members shirking labour,
financial and even power utilization responsibilities while maintaining a right
over use of the electricity. If most members in a scheme behave like this and the
rules set are not punitive enough, then the scheme ultimately collapses due to
issues like: delay of repairs; vandalism of infrastructure; and free-riding resem-
bling the ‘tragedy’ described by Hardin (2009). More than half of the schemes
that were at one time providing their consumers with electricity have suffered
this eventuality, while others have remained operational. One of the explana-
tion to this phenomenon that we want to verify is that there exists a variation
across the quality (if not type) of institutional arrangements in these schemes.
Another possibility of our concern is that there are characteristics of members
that could influence commitment to group rules and regulations.

According to Greacen (2004); and Maier (2007) institutional arrangements
include. effective sanctions; accountability of leaders; justice dispensation and
appropriation of electricity. These studies observe existence of such arrange-
ments in communities of micro hydro users in Thailand and Pakistan, respec-
tively. These concepts of institutional arrangements have been borrowed from
studies of common pool resource management (See Gollwitzer, 2014), and we
follow the same approach in this paper. Identifying the sources of uncooperative
behavior or the local institutional arrangements associated with successful self
governance is helpful towards implementing remedial governance programs in
micro hydro schemes.



2.2 Conceptual Framework

The compilation of the list of conditions for successful self-governance within
commons by Agrawal (2001), provides a useful framework for studying manage-
ment practices and their outcomes in CPRs. From these conditions, a researcher
can extract variables thought to be relevant to a CPR under study®. The com-
plete set of the proposed conditions are listed in Table 4 in the Appendix, with
those that are relevant in the study of micro hydro appearing in bold. The
choice of these variables was informed by examining the workings community
micro hydro schemes in Kenya, and a description of the same in other developing
countries provided in literature (see Greacen, 2004; Maier, 2007 and Gollwitzer
et al., 2015).

From studies of other common pool resources, it is evident that individual
level characteristics can potentially affect the outcome observed in commons, by
way of affecting their interest or commitment to the responsibilities within the
common user group (Lise, 2000; Dolisca et al., 2006; Coulibaly-Lingani et al.,
2011; among others). Also, Oteman, Wiering and Helderman (2014) indicate
that individual characteristics such as knowledge and motivations determine
how successful such schemes become. One way of demonstrating commitment
is by quantifying how cooperative an individual is with requirements or activities
within a scheme and try to link some observed socio-economic circumstances to
such cooperation. Reflecting on the various collective activities” that charac-
terize micro hydro schemes, it is possible to aggregate information from several
related concepts to get an indication of level of cooperation with scheme re-
quirements. These activities are equally important and a neglect of any of them
is assumed to have grave consequences on the scheme.

Among the proposed conditions listed by Agrawal (2001) is the presence of
rules and good quality of local institutional arrangements which provide a good
environment for harmonious interaction of participants in a micro hydro power
scheme. Local institutional arrangements refer to a collection of governance
concepts ensuring that rules are followed and consequences of breaking those
rules are available. The mere presence of these arrangements in a scheme is
not adequate, but it is how well they are perceived by the users as effective
in achieving their purpose. To achieve this, an aggregated index constructed
from scores of how well these concepts aid the conduct of business in a scheme
would constitute a proxy indicator of the quality of these arrangements. Such an
aggregated score may then be combined with other variables and its association
with the observed outcome in a scheme determined. The diagram in figure 1
summarizes this process.

Characteristics that can potentially influence the level of individual coopera-
tion in scheme activities are mainly inspired by literature. Both Greacen (2004)

6We note that even in the studies of natural resources, not all the proposed principles are
applicable everywhere and a researcher is called upon to identify what is relevant for the case
at hand. Oteman, Wiering and Helderman (2014) also warn that implementation of CRES
varies across nations, and it is therefore important to localize the proposed variables.

"These activities are extensively described in Greacen (2004); Maier (2007) and Gollwitzer
et al. (2015)



and Maier (2007) note that having alternative source of electricity (in this case,
Alternating Current source) makes individuals to have no incentive for micro
hydro sources. Specifically, Greacen (2004) states that onset of grid connectivity
made most individuals to withdraw from micro hydro activities in Thailand be-
cause there was no consequence of non-compliance with scheme rules. The size of
benefit from a CPR acts as a drive for commitment by members (Muchara et al.,
2014), to avoid the eventuality of that benefit being withdrawn or interrupted
as part of the sanction measures for non-commitment. Here, we posit that the
electricity allowance per household in terms of installed watts per household can
act as a motivation with more watts per household being associated with higher
levels of participation or cooperation with scheme rules. Coulibaly-Lingani et
al. (2011) demonstrates that people of specific gender may have higher partic-
ipation than the other if by cultural design, they interact more with the CPR
resource. Women in developing countries suffer more from the use of unclean
and inconvenient lighting fuels (kerosene and firewood), and are more likely to
appreciate micro hydro electricity and hence portray higher cooperation than
men. Other factors like having trust for all peers and social capital from longer
duration of membership in a group may provide an opportunity for a member
to assess his position in a scheme, subsequently determining his/her commit-
ment to activities in a micro hydro scheme (Walker et al, 2010). Lastly more
schooling may equip an individual with more knowledge leading to better ar-
ticulation of challenges and opportunities facing the individual as suggested by
Oteman, Wiering and Helderman (2014). For this paper, ‘knowledge’ may be
captured by the duration of formal education. Another characteristic suggested
in literature is the ability to appreciate the concept of renewable energy, that
could be possibly driven by exposure to environmental management training.

Further the variables that go into the analysis of the second objective we
adopt the framework provided by Agrawal (2001) and the conditions of relevance
to this study as highlighted before. The exploratory analysis by Greacen (2004);
Maier (2007); Gollwitzer et al. (2015) informed selection of these variables, in
combination with field observation on the conduct of micro hydro schemes in
the study setting. The measurement of all such variables used for this study is
shown in Table 5 in the Appendix

2.3 Sampling and data collection

The data for this study was collected from individuals who were members of
operational® or collapsed community owned micro hydro schemes found in the
central region of Republic of Kenya. The location of the schemes is spread
within two water towers: Mt. Kenya and The Aberdare mountains’, covering

8 A micro hydro is operational if it is providing electricity to its members, and infrastructure
is intact, otherwise it has disintegrated or collapsed with major reasons being inability to meet
financial, labor and rule compliance requirements.

9 Although micro hydro potential naturally occurs in most water towers in Kenya, Maher
et al. (2003) indicates that it is in these two towers where its development has taken place
because technology demonstration projects were first established in this region.



four administrative counties. The schemes were identified from a scoping study
conducted by Global Village Enterprise Partnership International (GVEP), fol-
lowed by personal visits to ascertain the status of the schemes. Out of 11 such
identified schemes that have been operational at one point in time, a total of
nine were visited comprising of four functional schemes and 5 collapsed ones
with an estimated total of 746 members. However, the true position during
the actual field work was different because most registers had been out of date,
or some members could not be traced (see Table 1 below) implying that the
original sample size could have been over-estimated. The oldest scheme was
established in 2001 while the newest came in in 2010. The range of years of
operation before collapse is between 0.5 to 10 years while that of the duration
between the study timing and the time of collapse was 3 to six years.

There were two levels of data collection namely: individual (member of the
scheme) and scheme (group) levels. The individual level information was col-
lected from members who appeared in the register of functional or collapsed
plants. To obtain the number of households to interview in each scheme, a pro-
portional calculation was done for each scheme targeting a third of the house-
holds to avoid over-representation from any one scheme. Subsequently, the
members to be interviewed within scheme were identified using two methods:
a) where a register was available, the names were arranged in alphabetical or-
der and then we proceeded to systematically pick members from the list and b)
where an accurate register was not available, we would use the physical location
of the households provided by the guides, while skipping those near each other
or comprising of the same extended households (this was in consultation with
the village/scheme officials). If the targeted member was not present during the
time of visit to the household, a replacement would be made by household that
is most near to that physical location. This was common because there was
no warning of the visit to the households which was done to prevent possible
collusion of members by consulting. A questionnaire was administered by either
the researcher or a trained research assistant in all the cases. The sample turn
out is as shown in Table 1 in the Appendix.

The group level information was collected from focus groups convened with
the help of elders, and members who were invited for the discussions were se-
lected randomly from the membership register (or sub-areas of the micro grid
where a register was not available) to ensure representation of varied views in
the discussions. The researcher personally conducted all the 9 focus group dis-
cussions using a scheduled questionnaire. The general characteristics pertaining
to individual members within a scheme are listed in the table 6 in the Appendix

2.3.1 Empirical Strategy

The strategy for fulfilling the two objectives of this study involved estimating two
equations. From section 2, there is empirical evidence of a relationship between
some characteristics of individuals and their cooperation with collective use and
maintenance responsibilities in the micro grid. In this study, an individual’s
level of cooperation is assumed to be a function of a vector of observable socio-



economic characteristics X. Some of the potential variables in this vector are:
education; belonging to an environmental club; scheme membership duration;
trust for peers in the scheme; the energy share of household budget; incentive for
electricity; potential size of benefit and the gender of a member. The choice of
these characteristics is informed by studies looking at other commons as well as
knowledge of the environment under which micro hydro schemes are established.

A simple linear relationship between the level of co-operation and these per-
sonal characteristics is assumed to start with. From the field, we identified six
crucial responsibilities expected from each member across all schemes namely:
attending scheme meetings; active participation in decision making; participat-
ing in patrols to fed off thieves and vandals; reporting damages and power thefts;
fulfilling free labor obligations and paying financial dues on time (summary is
found in Table 2 of the Appendix). The level of cooperation with these require-
ments by a member in the scheme was assessed through gathering information
on how often they reported to comply with these requirements, with those who
reported as always fulfilling these responsibilities recording higher index of co-
operation after combining these indicators. By a data reduction strategy such as
Principal Component Analysis, it is possible to obtain a single score capturing
overall cooperation (see Fujiie et al., 2005 and Coulibaly-Lingani et al., 2011
use a similar approach).

The linear model expressing the relationship between the individual charac-
teristics and the aggregated index of cooperation is as follows:

Indexpart;(y;) = By + BrXi + € (1)

With E(g;) = 0; E(e)? = 62(cons tant); E(e|z) = 0

y; is the indicator for the level of cooperation; X is a vector of K characteris-
tics namely: education of member; membership to an environmental club; trust
for all peers; incentive to connect; size of benefit; gender; wealth possession and
a control for scheme. The B are estimated using the Least Squares Estimator.

From the above simple linear model, it is suspected that the variable for
trust for one’s peers in a micro hydro scheme may be endogenous in this model.
According to Walker et al. (2010), although trust for peers in our case is a re-
quirement for higher cooperation with scheme rules, it is also sensible to assume
that having higher cooperation could make an individual to be more trusting of
all his peers in a scheme. This concept of reverse causality has the consequences
that if it is indeed true for our data, then one of the assumptions for the linear
model (1) will be violated, i.e.

B(e]X) #0

and the estimated (5. are inconsistent.

Instrumental variable approach is a popular approach in such instance, if
there are proper instruments M such that (a) correlated with X; (b) not part
of the model above and (c) orthogonal to the error €. However, it was very hard
to get a variable with these characteristics in our data, since almost everything
related correlated with trust is likely to explain his cooperation. In such a

10



case, Lewbel (2012) provides an alternative in the use of heteroskedasticity-
based instruments that are constructed from within the model. Denoting the
two endogenous variables: cooperation index and trust for peers as y; and ys,
respectively, then the structural model can be expressed as

1 =X'By + 1yl + 61 (2)

and

y2 = X'By +y1l2 + €2 (3)

The instrumental variable approach relies on setting either of the 5, = 0
for identifying the structural model. Lewbel (2012) on the other hand puts a
restriction on the correlations of the errors €, (denoted as e¢’) with the exoge-
nous variables X. The condition for this to work is that there must be some
heteroskedasticity in the original model, where the co-variance between all or a
subset of X and e, is non-zero.

According to Baum et al. (2015), some artificial instruments M ca