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The Sustainability of Renewable Energy-Based Electrification Pro-
jects in Cameroon: Technical, Institutional and Policy Perspectives
Chu Donatus Iweh,1,3 Guy Clarence Semassou,1 Roger H. Ahouansou,1 Wirnkar Basil Nsanyuy2

Renewable energy projects in Cameroon have suffered sustainability issues and this is increasingly acting as a barrier to the adoption of these 
technologies. It is therefore essential to explore sustainable approaches which can enhance project performance. This study examines the sustainability 
of some installed renewable-based power systems in Cameroon and identified pull factors. It also makes recommendations for the sector.
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Introduction

As the world advances, most communities are mak-
ing progress in improving the lives of inhabitants and 

making their environments habitable. Nowadays, the main 
motivation for travellers and financiers to consider moving 
to a new municipality is based on the people’s living con-
ditions (Park et al., 2012). This implies that municipali-
ties with good living conditions could potentially receive 
an influx of visitors. Consequently, most remote villages 
in developing countries have embarked on projects to im-
prove their standard of living by sustainably utilising local-
ly obtainable resources (Aksorn & Charoenngam, 2015). 
However, it is a challenge for these communities to sustain 
these projects after commissioning especially in sub-Saha-
ran African countries like Cameroon (Sally et al., 2013). 
There is generally a much reduced level of sustainability in 
locally managed rural projects in Cameroon (Fonchingong 
& Ngwa, 2005) and it is essential to identify the causes 
of failures of these projects. A basic need that is often ab-
sent in rural communities especially in sub Saharan Afri-
ca is electricity (Iweh et al., 2022) and in bids to enhance 
sustainable development, most governments have adopted 
policies to meet this noble objective. Previously, the elec-
trification of remote villages in most developing countries 
like Cameroon was done through grid extension. Howev-
er, this option has over the years proven to be unsuccessful 
in Cameroon, with a low rural electrification rate of 32% 
(International Energy Agency (IEA), 2020) owing to the 
huge capital cost involved in deploying power system in-
frastructure in distant rural communities. This has pushed 
the government to consider off-grid systems powered by re-
newable sources such as solar photovoltaic (PV), biomass, 
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wind and mini-hydro systems. Again, once these systems 
are deployed in rural communities, they are faced with sus-
tainability challenges emanating from factors linked to the 
social, technical, environmental, institutional and econom-
ic health of the project. There is a need to determine the 
best options to electrify remote communities so that these 
projects can remain sustainable for several years after being 
commissioned. 

Due to the financial constraints usually faced by local 
organisations when conducting such elaborate studies, 
modest frameworks are required to direct local initiatives 
and policy on sustainable rural power supply. Therefore, 
this study used a modest model to assess the sustainability 
of off-grid solar and micro-hydro installations in selected 
remote locations in Cameroon. The study used three mi-
cro-hydropower stations and a solar PV system installed 
in rural areas with no prospect of grid connection in the 
medium or short term. The three hydro projects are in Kin-
gomen, Tongou and Baleng while the small solar PV system 
is in Esaghem. The study makes recommendations such as 
scheduling robust system design and organisational plan-
ning with social interrelation at all levels of project devel-
opment, community governance and proprietorship of the 
system, and participation of the recipients in all phases of 
the project development cycle.

Material and Methods

The study was based on stakeholder consultation and re-
viewing relevant project documents on four rural power 
projects implemented in Cameroon. The continuous fail-
ure of local mini grids motivated the researchers to use a set 
of indices to identify the issues plaguing the sustainability 
of rural power projects. Evaluating sustainability has been 
addressed differently by several scholars such as (Kabalan 
& Anabaraonye, 2014; Hong & Abe, 2012; Ilskog, 2008) 
with no standard method of assessment. However, when 
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one explores the sustainability matrices in different studies, 
there is a recurrent occurrence of certain indicators such as 
social, technical, institutional, economic and environmen-
tal (STIEE) pointers. These pointers make sustainability 
analyses of projects more holistic and so, the STIEE model 
was adopted in this research. The study evaluated the indi-
vidual sustainability of mini-grids connected to three rural 
mini-hydro power stations and a solar PV one in Came-
roon using the technical, economic, social, institutional 
and environmental pointers. Figure 1 shows the sustaina-
bility pointers used in the rural mini grid assessment. 

Figure 1: Sustainability pointers in rural mini-grid assess-
ments

The designated pointers were assigned a rating system of 
1 and 2 where 2 denotes the highest positive impact while 
1 signifies a lower positive impact. These ratings were as-
signed based either on empirical data where they exist or 
through inference gotten from the researchers’ experience. 
The collective impact for each of the pointers are analyzed 
so that the comparison of the relative performances of the 
power systems can be conducted. Then, the overall impact 
(OI) and the relative difference (RD) were calculated using 
the following expressions (Kabalan & Anabaraonye, 2014).

If CMH > CPV; RD (PV) = 0

If CPV > CMH; RD (MH) = 0

Where:

CMH is the estimated cumulative impact numbers for each 
sustainability pointer on the micro hydropower station.

CPV is the estimated cumulative impact numbers for each 
sustainability pointer on solar PV system.

Where;

 OI is the overall impact, 

RD is the relative difference,

WV is the assigned weighting value. 

A rural electrification project which has a higher OI will 
be considered to be a more sustainable.

Evaluation of the Sustainability Pointers

The technical pointers

A technically sustainable rural project can be enhanced by 
local availability of the infrastructure needed for the tech-
nology to be deployed in the community and the ability of 
the system to supply inhabitants with reliable and afforda-
ble electricity. The turbine and penstock of the micro-hy-
dropower station in Baleng (Mungwe et al., 2016) were 
constructed by local artisanal welders in the community. 
They equally assisted in the repair of damaged parts of the 
micro-hydro system. The ratings of the solar PV and the 
micro-hydro systems were similar since the communities 
in Cameroon hosting the power systems supported the 
installations. However, the modelling of the hydropower 
components like the turbine and penstock needed a certain 
level of professionalism, without which a poorly designed 
system with low efficiency was inevitable. The micro-hy-
dro systems under consideration in the study have moving 
parts with many faults often necessitating repairs. The local 
artisanal welders or community project team conducted 
minor repairs on the systems but other major replacements 
needed to be ordered from cities. In addition, the rural 
solar PV systems require timely maintenance by trained 
technicians and rural areas often do not have them readily 
available. The solar PV system was functioning without a 
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dedicated maintenance team. Therefore, the micro-hydro 
and solar PV systems had the same rating.

Some rural hydro projects in Cameroon have had to stop 
power generation during the dry season as a result of in-
tense drought causing the river hosting the installation 
to disappear. This can also be linked to flawed feasibility 
studies conducted by the project developers. There was 
inadequate flow rate to feed the turbines of the micro-hy-
dropower projects in Tongou and Baleng (Mungwe et al., 
2016) in the dry season due to the complete disappear-
ance of the rivers in January, February and March 2009. 
The Kingomen micro-hydro station was equally faced with 
the challenge of prolonged dryness due to extensive dry 
season caused by unreliable rainfall. All these conditions 
influenced the available water flow from the local dam and 
caused frequent voltage variation. There were extreme low 
voltages in the dry season and high voltages during periods 
of intense rain, with devastating consequences for users’ 
appliances. Hence, the solar PV system was rated more 
highly than the hydro systems in this section.

The installation procedure was one of the technical fac-
tors evaluated in the study. This involved assessing whether 
the due technical processes were followed during the de-
ployment of the systems. The solar PV system was rated 
better than the micro-hydro systems as most of the hydro 
components were locally manufactured with little or no 
attention to their efficiency. Besides, the unavailability of 
flow rate data for small rivers and streams in Cameroon 
made prefeasibility studies of hydro projects difficult. This 
has led to reckless deployment of micro-hydro systems 
without adequate information to forecast future river flow 
patterns. For solar energy systems, the rich data base of 
resources such as Meteonorm and NASA have often been 
used by developers to perform analyses on the performance 
of potential systems, helping them to decide whether to 
continue with the projects or not. Following these consid-
erations, the solar PV system was rated more highly than 
the micro-hydro systems.

Assessment of system operation and maintenance of the 
deployed systems considered whether there was a docu-
mented maintenance plan. This aspect equally evaluated 
whether the system developers had trained a local team to 
oversee the operation and maintenance of the system af-
ter installation. None of the deployed energy systems had 
a formally trained team to oversee the monitoring of the 
installation. However, the hydro systems had a commu-
nity team in charge of basic maintenance. Therefore, the 
micro-hydro systems were rated more highly than the so-

lar PV system. There was no dedicated maintenance team 
in the Esaghem solar PV project. The main operational 
challenges faced in the Kingomen micro-hydro project in-
cluded the accumulation of debris on the turbines thereby 
reducing its efficiency.

System reliability was another technical sustainability 
pointer in the study. This pointer assessed the consistency 
of the various technologies (solar PV and micro-hydro). 
With a continuous river flow, a micro-hydropower system 
operates day and night. However, solar PV only operates 
during the day, with night operation only possible with 
a battery bank. Therefore, the hydro systems were rated 
higher than the solar PV. The arrival of the central grid in 
the various remote localities hosting the off-grid systems 
would see the micro-hydro systems with AC output more 
easily integrated in the grid than solar PV even though this 
may require performing studies to synchronise the hydro 
system before grid connection. The solar PV system would 
equally require properly sized grid-tied inverters before in-
terconnection with the central grid at the expense of losing 
some power during AC to DC conversion. 

The economic pointers

Rural power projects should be developed and equipped 
with mechanisms which allow them to operate in a 
self-perpetuating manner during the project’s lifetime. 
This requires actions that support productive use of the 
generated power so that monthly contributions to system 
maintenance are not a burden on the inhabitants. While 
making sure that the villagers are powered, developers have 
a responsibility to set affordable tariffs based on the situa-
tion of the clients. 

Productive use of the electricity generated was assessed as 
an economic pointer. This evaluated whether the project 
developers included a mechanism to encourage productive 
use of energy in their design. Most of the rural projects 
were developed to provide users with basic lighting and 
for the few that imposed a tariff, the locals had to squeeze 
out money from their meagre earnings. In the Kingomen 
hydro power project, the users were involved in productive 
use activities such as running bars, shops, grain mills and 
a gents’ hairdresser. Other residents used the electricity for 
lighting, mobile phone charging, radio and TV. The Es-
aghem solar PV project was a gift from community elites 
with no tariffs for users, while the micro-hydro plants were 
either financed by loans, grants or community initiatives, 
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all with an enforced tariff. Therefore, all the projects were 
rated similarly.

The ability and willingness of users to pay for electricity 
was assessed as an economic sustainability pointer. Since 
the projects were already installed, the users were assessed 
on how willing and able they could pay the tariffs set for 
the micro-hydro systems. For the Tongou hydro system, 
a flat tariff of 500 XAF (about $0.85) a month was ap-
plied to everyone connected to the network. There were 
no tariffs for the Esaghem solar PV system. The Kingomen 
inhabitants who were connected to the hydro system com-
pensated the project initiator with a few bags of coco yams, 
maize, beans and bundles of vegetables due to their ina-
bility to meet their financial obligations. Selling the food 
items for money to use for system maintenance was a chal-
lenge for the project initiator. Others could pay a monthly 
amount of 1000 XAF to the project developer as compen-
sation for the electricity used. Hence, the hydro and solar 
systems were rated similarly on the ability to pay pointer 
while the hydro projects were favoured on the willingness 
to pay pointer.

The interest rate and changes in the inflation rate can 
equally affect the financial state of a project. All the projects 
considered were evaluated using this pointer to determine 
whether these factors had an effect during the lifetime of 
the project. Although the Tongou hydro project was a loan 
with no interest from an NGO to the community, it could 
potentially suffer from inflation since the loan was to be 
returned using the fragile local currency (CFA Franc). 
Hence, the interest rate had little or no influence on either 
the solar or micro-hydro projects.

Changing equipment costs and varying operation and 
maintenance costs were assessed to ascertain whether they 
had a negative impact on the rural power projects. Most of 
the hydro power equipment such as turbines and penstocks 
were locally fabricated from scrap metal and the AC gener-
ator was second hand. The Kingomen micro-hydro system 
used a locally made transformer and cables obtained from 
car tyres and the power was distributed using local wooden 
poles. Hence, the changing cost of equipment had little 
or no effect on the hydro systems but the solar PV system 
could be affected by changing local prices of solar energy 
accessories. However, most of the main equipment for the 
solar project under consideration were ordered from the 
USA and shipped to Cameroon, making the influence of 
local price variation less serious. The solar and hydro sys-
tems were rated similarly.

Variation in taxes and custom duties is an important eco-
nomic pointer that was used in the study. This factor could 
increase the cost of rural power projects and render them 
uneconomically viable for investors. Even though the 2011 
electricity law in Cameroon waived the 19.5% VAT (value 
added tax) on the importation of solar modules, corrup-
tion at ports still continues to hamper this great economic 
incentive. The developers of the solar project under con-
sideration (Njoh et al., 2019) reported a case of corruption 
during the clearing of the imported solar modules, with 
custom authorities demanding taxes under the pretext that 
they were unaware of any piece of legislation exempting so-
lar modules from being taxed. Therefore, the micro-hydro 
systems were rated more highly than the solar PV system. 

The social pointers

The social aspects of project sustainability usually require 
a careful approach as these issues are critical in the deploy-
ment of a project. Since these projects remain in the com-
munity, proper studies of social factors can help develop-
ers identify areas in the community where more attention 
should be focused. 

The assessment of whether the beneficiaries of rural pow-
er projects are satisfied is essential for the future of the 
projects. For instance, a project that is constructed on a 
disputed site in the community can eventually lead to hos-
tility and vandalism of project infrastructure after commis-
sioning. All the projects (solar PV and micro-hydro) satis-
fied the communities hosting the infrastructure. However, 
there were situations of sabotage of the Baleng micro-hy-
dro project by individuals who were not connected to the 
network. This sabotage was insignificant and hence, all the 
projects were rated the same.

The study also assessed the level of community support 
for the projects. This pointer includes the level of village 
involvement in effectively implementing the rural power 
projects. Project implementation in a hostile community 
is already a sign of future issues when the project will be 
commissioned. When the community hosting the project 
is fully involved, it enhances the success of the project as 
they will endeavour to protect their interest in the project. 
Generally, the communities hosting the rural power pro-
jects considered in this study were all collaborative during 
project implementation since they were aware of how the 
project was going to empower them. However, the level 
of community participation during the construction of 
the micro-hydro projects was somewhat more than that of 
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the solar PV. This is understandable as some of the com-
ponents for the hydro systems such as turbines could be 
locally fabricated by artisanal welders, unlike solar PV, the 
components of which were imported and their installation 
required skilled labour. All the systems were equally rated.

The projects were also assessed against whether there were 
pre-consultation talks with the community before deploy-
ing the systems. These discussions help instil confidence 
and enhance cohesion between project developers and the 
community. It equally helped developers to identify risk 
factors that could affect the implementation of the project. 
Most of the projects had an acceptable level of communi-
ty engagement, mostly with community leaders, who later 
transmitted the information to their subjects. The Kin-
gomen micro-hydro project was initiated by a local bike 
repairer for his personal use, but the project later drew the 
attention of the village and it was expanded to supply some 
households in the community. 

The social sustainability of a project equally depends on 
its social acceptability. A project that is directly rejected 
by the community or is subject to growing resentment 
after commissioning will probably suffer from failure as 
the inhabitants may embark on acts of vandalism. All the 
projects were generally accepted by the communities host-
ing them. However, there were growing complaints about 
the mode of management by the Kingomen micro-hydro 
project team regarding highhandedness of the project ini-
tiator, who made most decisions without due consultation 
with team members. There were also cases of sabotage of 
the Tongou hydro scheme project by community members 
who were connected to the network.

The study examined whether there were any changes in 
user behaviour likely to affect the sustainability of the elec-
trification projects. Given the small nature of the projects, 
there were no recorded changes in user behaviour that had 
a direct impact on the projects. However, there were some 
cases of users not being able to pay the set tariff. All the 
projects were rated the same.

Community social structure was assessed to determine 
whether it had an effect on project sustainability. This con-
cerns the social stratification of the inhabitants and how 
different classes interact with each other to meet collective 
community goals. Communities with clashes among dif-
ferent social classes will definitely disagree on several issues 
including matters of common interest such as a rural en-
ergy project. All the communities considered in the study 
were agricultural communities with no issues relating to 

social structure that could affect the project and therefore, 
the projects were all rated the same.

The donor-community relationship after project com-
missioning was evaluated. After commissioning, most 
community projects still need support from donors in 
terms of guidance on serious system operation and main-
tenance issues. When this relationship is not cordial, the 
project tends to suffer in case of major needs that could 
easily be handled by the donor. In most donor-funded pro-
jects, equipment procurement, project development and 
construction are handled by the donors. This means that 
they have information on how a serious system fault could 
be managed or where to quickly get a spare part for re-
placement. All the projects had good working relationships 
with the donor and were rated in a similar manner.

The simplicity of the organisational set-up charged with 
management of a project after commissioning has a huge 
impact on project sustainability. Poor organisational struc-
ture will breed disaccord and less commitment among 
members and this will negatively affect the project. Most 
of the projects especially the micro-hydro projects, had a 
project team set-up to follow up on plant maintenance. 
There was growing tension among the Kingomen mi-
cro-hydro project team members because they felt that the 
project leader made decisions without consulting them. 

The environmental pointers

With the growing consciousness of the need to protect 
the environment, countries and institutions have contin-
ued to advocate for environmental sustainability in any 
human endeavour. Therefore, rural projects will fare better 
in environmentally sustainable sites. The assessment of ru-
ral projects should go beyond site environmental factors 
and evaluate the lifetime impacts of the energy technology 
adopted. Most high-level lifecycle analysis requires com-
mercial tools which are difficult to acquire by rural power 
developers. Therefore, the study does not conduct detailed 
analysis of the environmental impacts of both the sites and 
the technologies but dwells on the visibly probable envi-
ronmental impacts of either the technology or the site.

The ability of the rural power systems to potentially re-
duce emissions was assessed as an environmental pointer. 
This is because highly polluting energy systems will not 
only negatively affect the local population but will gener-
ally contribute to national emissions. The use of technolo-
gies (solar and micro-hydro) can reduce the net emissions 
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of the community since most inhabitants will abandon the 
use of polluting fuels such kerosene for bush lamps and 
diesel generators for lighting. Therefore, all the systems 
were rated the same.

Susceptibility of the system to the local climate is an es-
sential factor that needs to be considered when deploying 
a rural power project. The projects were assessed wheth-
er there were aspects of the local climate that affected the 
installed systems. The dry season in Cameroon caused a 
drastic drop in river flow rates such that the output of the 
micro-hydro systems was tremendously reduced. The situ-
ation of some systems like the Tongou micro project was 
so extreme that the source of water completely disappeared 
in the dry season in 2009. The solar project considered was 
not affected by the local climate and hence was rated more 
highly than the hydro systems.

The systems were checked to see if there were any aspects 
of local land use that affected the projects or whether the 
projects affected any local land use activities. Most of the 
hosting communities had enormous water resources and 
vast land for agricultural activities and so, there were no 
conflicts emanating from land use activities. All the pro-
jects were given the same rating.

The environmental impact of the installed systems on 
both the local and national environments is an important 
factor to consider in project development, especially as the 
earth becomes more vulnerable to damaging human activ-
ities. Installed solar PV systems have comparatively fewer 
environmental impacts. However, the production process 
of solar modules, ranging from metal-grade silicon decon-
tamination to solar silicon, has a huge environmental im-
pact. In addition, there are concerns about the safe disposal 
of solar PV equipment after its useful life owing to their 
damaging chemical composition. These concerns are sup-
ported in the work done by (Stoppato, 2008). On the oth-
er hand, the metal plates of a micro-hydro plant can always 
be re-used or converted into other local equipment such as 
pots, bars, etc. However, the cement used to construct the 
weir, forebay and powerhouse comes from a manufactur-
ing process with negative environmental impacts.

The rural power projects were assessed if there was a plan 
for the safe disposal of components after the useful life of 
the project. A project without a suitable plan to safely dis-
pose of equipment whose life has expired can lead to en-
vironmental pollution. None of the projects considered in 
this study had a clear plan  for how components were go-

ing to be disposed of after the project life expired. Hence, 
they were all rated in a similar manner. 

The institutional pointers

The legislative and political institutions in a country can 
greatly influence the execution of projects. This is because 
regulations can either facilitate or impede the development 
of a rural power project. A country’s governance structure 
has a great impact on the sustainability of rural power pro-
jects. Cameroon has a purely centralised system of admin-
istration and the main decisions regarding important issues 
such as energy development are made in the country’s po-
litical capital, Yaounde. Regrettably, the Electricity Sector 
Regulatory Agency, which is the country’s main electricity 
regulator, does not have regional or district offices where 
local renewable energy developers can easily acquire au-
thorisations and licenses. Unnecessary bureaucracy makes 
it difficult to acquire project documentation. However, the 
2011 electricity law allows renewable energy systems with 
a capacity of less than 100 kW to be constructed without 
any formalities or documentation. All the projects consid-
ered in this research had a capacity of less than 100 kW 
and were not affected by the centralised governance struc-
ture and were therefore rated the same. There are other ad-
ministrative issues such as a flawed custom clearance policy 
and a high level of corruption. It has been reported that 
customs illegally charged 19.25% tax on the imported so-
lar PV accessories from the United States for the Esaghem 
solar PV project  (Njoh et al., 2019) even though the 2011 
law waived this tax on the importation of renewable energy 
components.

A change in a country’s or a community’s leadership can 
affect the sustainability of a project, depending on the 
circumstances under which the change occurs. A military 
takeover can bring instability causing vandalism of pro-
ject infrastructure, high costs of spare parts and a drop in 
inhabitants’ purchasing power leading to the inability to 
pay the tariff. In addition, a change in the leadership of 
a community can cause tension, as has been the case in 
many communities in Cameroon where the appointment 
of a new community head is often contested by individuals 
who think a wrong choice has been made. None of these 
factors affected the projects under consideration and there-
fore they were all rated the same.

The international conventions ratified by a country can 
affect the sustainability of projects. This is because when 
there are no guidelines on how projects should be execut-
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ed, project developers and investors tend to focus more on 
the economics and give little or no consideration to the 
damage this may cause to the local environment. Interna-
tional conventions serve as guides in project planning and 
implementation. Cameroon ratified the United Nations 
Framework Convention on Climate Change (UNFCCC) 
in October 1994, the Kyoto Protocol in July 2002 and 
most recently the Paris Climate Accord in 2015. Came-
roon has also signed other agreements such as the statute of 
the Montreal Protocol on substances that affect the ozone 
layer, statutes of the international renewable energy agen-
cy, the Convention on Biodiversity, the Paris Convention 
for the Protection of the World Cultural and Natural Her-
itage, the Indigenous and Tribal Peoples Convention (No. 
169) and the African Charter on Human Rights. Even 
though the projects were implemented at the local com-
munity level with little or no awareness of these interna-
tional engagements, they did not affect the environment. 
Therefore, all the projects were rated in a similar way.

A country’s energy policies can either enhance or discour-
age the development of rural energy projects. The institu-
tions charged with energy matters in Cameroon are weak 
and do not encourage private investment. Obscure and 
inadequate investment regulations and a lack of standards 
frustrate any collaboration with local financial institutions. 
This makes the implementation of a national renewable 
energy market difficult. This is partly due to financial risks, 
commercial frameworks that do not promote competition 
and administrative inefficiencies. The 1998 and the 2011 
laws on the electricity sector address general issues without 
adequately establishing complete policies that enhance the 
development of renewable energy in the country. There 
were no government subsidy schemes for the rural power 
projects considered in this study as most of the initiatives 
were donated by individuals and NGOs. Energy policies in 
Cameroon are generally fairly unfriendly to rural renewa-
ble initiatives and therefore all the projects were rated in a 
similar manner.

Regulations governing the protection of the environment 
in Cameroon are quite friendly since environmental con-
cerns were relatively non-threatening. Energy developers 
are required to conduct an environmental and social im-
pact assessment for large projects deemed to have a signifi-
cant impact on the local environment. In 2006 Cameroon 
created a national commission for a Clean Development 
Mechanism (CDM) and the Ministry of the Environment 
and Nature Protection instituted a national agency for the 
execution of CDM projects (Ngnikam, 2009). The pro-
jects considered in this study were all environmentally 

friendly and no policy was a barrier to their implemen-
tation. Therefore, they were all rated in a similar manner. 

3.6. Aggregate evaluation of the sustainability pointers

The aggregate evaluation of the sustainability pointers 
was done using equation (1) to (3). The various rural pow-
er projects were analysed in order to have a common base 
from which further conclusions could be made. The con-
clusions were enhanced by allocating weighted constants to 
each of the broad sustainability classes (STIEE). Weights 
ranging from 1 to 3 were allocated, with 1 signifying the 
least importance and 3 the most importance. This is sim-
ilar to the criteria set by Kabalan & Anabaraonye (2014). 
Given the growing environmental concerns, the environ-
mental pointers were assigned the highest weighted value 
of 3 and the technical and social pointers were assigned a 
value of 2. The institutional and economic pointers were 
assigned a value of 1. These assigned weighted values were 
based on the local field context and the authors’ expert 
judgment. Table 1 shows the overall impact of the various 
pointers and the weighted values. Figure 2 shows the ag-
gregate impact of the sustainability pointers.

Table 1: Overall impact of the sustainabili-
ty pointers with their assigned weighted values

Figure 2: Aggregate impact of the sustainability indica-
tors.
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The Esaghem solar PV system was more technically sus-
tainable than the micro-hydro plants but the latter were 
more economically and environmentally sustainable. The 
overall result showed that the micro-hydro systems were 
more sustainable solutions in rural villages in Cameroon, 
as shown in Table 1. This is further justified by the heavy 
presence of unexploited small hydro resources in most ru-
ral communities in Cameroon. The aggregate analysis (Fig-
ure 2) shows that the environmental pointer was the most 
influential in defining the overall impact. While the two 
technologies considered in this study were generally satis-
factory, the adverse environmental effects of the Esaghem 
solar PV system were more than those of the micro-hy-
dro systems. This is owing to the production process of 
solar panels, which involves burning oil/coal and the use 
of dangerous heavy metals such as cadmium telluride for 
thin-film panels. In addition, recycling solar panels after 
their useful life poses a huge challenge as there exist few 
places for recycling them and the number of solar panels 
that have exceeded their useful life is insufficient to render 
the recycling business more economical. These panels are 
made from scarce metals such as silver and indium, which 
if not recovered in recycling could lead to future scarcity. 
There is an urgent need to optimise the production of solar 
panels in order to make them environmentally competitive 
with micro-hydropower technology.

Discussion and perspectives 

Reluctance to deploy renewable energy in Africa has been 
blamed on poverty, inadequate public awareness and lim-
ited technology (Pegels, 2010). This section discusses the 
findings. The energy systems considered were developed 
using similar financial models (a community-based ap-
proach) and the outcomes were similar. In the financial 
models of the systems, especially the micro-hydro systems, 
the terms and conditions of the credits were not transpar-
ent, in particular the loan duration, mode of refund and 
penalties in the case of default. All the communities which 
had their system financed with a grant or a donation by 
elites with no obligation to repay did not have a sense of 
ownership of the system. This greatly affected the perfor-
mance of the system.

Coherent social organisation with a dedicated commu-
nity head who has power over the local committee mem-
bers could improve the performance of the system. Reg-
ular collection of tariffs in the community helped fund 
maintenance operations for some of the systems. Also, 
elite community members in the diaspora continued to 

be committed to the development of their communities. 
However, there were some issues in the social organisation 
of the three mini-hydro projects which caused the projects 
to undergo some technical challenges. For instance, the 
Baleng and Tongou micro-hydro systems had local project 
committees to oversee system operation and maintenance 
but which had no authority in the village so tariff collec-
tion was irregular. This made system maintenance difficult 
since there were inadequate funds to buy spare parts. Sim-
ilarly, the project leader for the Kingomen hydro scheme 
was accused by some members of hijacking the project and 
running it as a personal business. The tensions observed in 
the social organisational structure of these systems were re-
flected in the effective performance of the systems. Systems 
with more cohesive social organisation were more efficient 
than systems where the social cohesion was weak.

Moreover, the successes of the Kingomen hydro project 
have partly been credited to the customary blessings it re-
ceived from the traditional Nso leader during the initiation 
of the project. The traditional leader instructed his repre-
sentative at Kingomen to carry out libations by crossing a 
rope at the project site as a sign of blessing and protection 
from the palace. Integration of this socio-cultural element 
by the project initiator led to a swift extension of the pro-
ject from supplying electricity to a single neighbourhood 
(village square) to six other neighbourhoods (Tonsaiy, 
Ronkih, Kinchumin, Tatu, Romishyiy and Tabah). 

In the design process, development of the systems did not 
follow a rigorous analysis of river flow rates and demand 
for power. Wrong sizing of micro-hydro machinery has 
been indicated as a major issue which can negatively influ-
ence the success of a hydro system (Williams & Simpson, 
2009). The complete disappearance of the river in the Ton-
gou and Baleng hydro systems and penstock failure issues 
were evidence of the inadequate feasibility studies for these 
systems.

There was no financial support from the government 
for the systems considered in this study. Although several 
countries are increasingly implementing economic instru-
ments to encourage the utilisation of clean energy, the in-
stitutional framework in Cameroon is still weak. The few 
incentives such as the VAT waiver for imported renewable 
components are still suffering from the highly corrupt ad-
ministrative system with these products still being taxed at 
the ports. The custom processes for imported products are 
expensive and cannot encourage private investment in the 
off-grid sector. Most of the systems, especially the micro 
hydropower systems, had some of their components locally 
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fabricated. There are currently no state-sponsored commu-
nity outreach programs in Cameroon geared to providing 
technical support to local clean energy initiatives and this 
negatively affects the sustainability of off-grid community 
power projects.

Last, this study has considered installed power projects in 
the north west, south west and west regions of Cameroon. 
The selected sustainability pointers with their correspond-
ing weighted values were made to reflect the case studies. 
With the similarities among rural communities in Cam-
eroon, the study could be generalised, especially in com-
munities with a similar local governance set-up. However, 
it is worth noting that there may be some differences in 
the findings if studies move to locations with a completely 
different local governance structure. This corresponds to 
the objective of the study to present a framework which 
policymakers can use to make informed decisions regard-
ing the deployment of renewables, especially to off-grid 
communities. Therefore, similar studies can be conduct-
ed on similar projects in order to identify areas that needs 
improvement. Interestingly, the study has proved to be a 
rapid way to identify areas in a rural power project that 
could serve as potential risks and to provide information 
on competing technologies. The combination of different 
sustainability pointers could be challenging as it could 
lead to shading the difference between pointers, resulting 
in the loss of important data. However, this situation can 
be resolved by adjusting the assigned weighted values to 
completely represent the objectives and the situation on 
particular sites.

Conclusion

The study has presented a framework to assess the sus-
tainability of off-grid renewable electricity supply systems 
in Cameroon. The study is pertinent because most off-grid 
power projects are plagued with sustainability issues. It is 
our hope that the government and local NGOs involved 
in the deployment of renewable energy systems in rural 
communities can draw inspiration from the findings of 
this study to improve future projects. The results show that 
micro-hydro systems are promising and more sustainable 
than solar PV for rural power supply in Cameroon. While 
the data analysed may be simplistic, the framework offers 
a complete policymaking tool for energy stakeholders in 
Cameroon and beyond involved in the deployment of 
rural power projects. Urgent reforms are needed in terms 
of decentralisation of the electricity regulator by delegat-
ing decision-making authority to the municipal level, in-

ter-ministerial collaboration on energy matters, a financial 
commitment to renewable energy skill development in 
the country, standardisation of renewable energy products 
and setting annual renewable targets for every region to 
improve accountability and enhance the deployment of 
renewable installations in Cameroon. Other recommenda-
tions are; scheduling a robust system design, organisational 
planning with social interrelations at all levels of project 
development, community governance and proprietorship 
of systems and participation by the recipients in all phases 
of the project development cycle. 

This study also recommends implementation of institu-
tional reforms with the aim of ensuring the development 
and sustainability of renewable energy technology in Cam-
eroon. The government should create strong decentralised 
institutions responsible for energy matters so that rural off-
grid systems can get the necessary support at the sub-dis-
trict level. Such decentralised institutions must not end up 
merely creating administrative units on energy issues at the 
sub-district level but they should be empowered to shape 
decisions that can affect the energy landscape of the coun-
try. Cameroon should create a framework that enhances 
collaboration among related institutional stakeholders in 
the energy sector. This will help to facilitate the flow of 
information and reduce the level of administrative bottle-
necks faced by renewable energy developers in executing 
their duties. The government needs to actively support 
the development of local content in the development of 
renewable technologies. It was observed that some of the 
components in the systems, especially the micro-hydro sys-
tems, were locally made by villagers. Their capacities could 
be developed by the state in preparation for vision 2035, 
in which the local industry will be up-scaled. Additional 
training for technicians will also improve the sustainability 
of systems after commissioning. The suggestions proffered 
in this study can be applied to Cameroon and other devel-
oping countries with similar governance structures.
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