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Introduction and Reflections 
 
 

Hybrid electricity systems powering mini-grids are understood to be systems and technologies 
that make use of two or more electricity generating options selected according to the least-cost 
energy resources available, e.g. a diesel-powered generator coupled with a solar photovoltaic 
generator, or a combination of a wind and solar system or similar, to feed electricity into a 
distribution network to provide on-demand electrical energy to multiple consumers. 
 
The Symposium held at Gobabeb, Namibia, on 24 and 25 October 2007, entitled  

– “Hybrid electricity systems powering mini-grids: a southern African perspective” –  
focused on the experiences and lessons learnt with hybrid systems in southern Africa. 
Specifically, the Symposium provided participants with an opportunity to exchange views, and 
reflect on issues such as the costs and benefits of hybrid systems, technical and managerial 
aspects, institutional arrangements, and the roles that hybrid electricity systems can play in the 
continued electrification in southern Africa. 
 
Energisation and development  
In southern Africa, energy and development are closely linked: while access to affordable 
energy services is viewed as a prerequisite for development, it is also recognised that 
development drives the demand for energy. Hundreds of thousands of southern African 
households – mainly in rural areas – remain unelectrified, despite considerable past 
electrification efforts. If people in the region are to experience the convenience, versatility and 
opportunities that access to modern electrical energy services bring, electrification will have to 
continue. Here, the provision of decentralised electricity services by way of hybrid electricity 
systems and solar home systems offer considerable opportunities, and therefore warrant greater 
attention in future. 
 
Rural electrification 
Southern African electrification plans indicate that many settlements and villages will not be 
connected to the electricity grid in the coming years, which is mainly due to the high costs 
associated with grid electrification, and the generally low demand for electricity in many rural 
areas. This raises a general question: should areas with low population densities be electrified at 
all, or should people, if they wish to have access to contemporary energy services, move to 
places where such services are available?  Some would say that the continued influx of people 
in search of the bright lights of our cities is unsustainable. Southern African towns and cities 
bear testimony to the fact that rapid urbanisation is taking place at rates that strain most service 
providers, and create additional societal burdens. Continued rural electrification therefore holds 
the key to many national development issues. 
 
Equitable access to energy services 
If national development criteria are to be equitable, those living in rural or informal areas 
should have access to modern energy services. In regards to the provision of electrical energy to 
off-grid areas and informal settlements in southern Africa, hybrid electricity systems can either 
bridge the pre-grid years, or serve as permanent least-cost options when far away from the 
national grid. The equitable access to affordable energy services will remain an important 
aspect on how successful national development agendas can be implemented in future. 
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Grid-connected versus hybrid-connected consumers 
When connecting households to an electricity distribution system, the actual service that the 
electrical energy provides, i.e. the use of electricity, is of little interest to the utility. In times of 
cheap and abundant electricity – and many southern African countries are only now emerging 
from such a cycle – questions regarding the productive or efficient use of electricity were 
seldom asked. This distinguishes grid-connected users from consumers dependent on the 
electrical energy generated by a hybrid electricity system, as the question whether the energy 
provided is actually used productively – or at least efficiently – is important for hybrid-
connected users. Few consumers are really interested in purchasing kWh, but want to use the 
energy to render certain desirable services, such as lighting or refrigeration; their consumptive 
behaviour is mostly limited by what they are willing to pay for the associated electrical energy. 
In the case of hybrid systems however, users cannot arbitrarily decide to connect a device of 
their liking to the system as it may undermine the integrity of the entire system, and therefore 
has an impact on how everyone else connected to the system can derive benefits from it. The 
links between hybrid systems, the application of energy efficiency concepts and practices, as 
well as the introduction of complimentary thermal fuels, are therefore quite natural.  
 
Ownership and subsidisation 
An interesting distinction between grid-supplied electricity and the energy delivered by 
decentralised electricity systems is the question of ownership. While a person who has bought a 
solar home system to provide electrical energy for lighting and feeding the television set is the 
owner, operator and user of that system, hybrid systems powering mini-grids introduce the 
added complexity that the owner and operator are often different legal and operational entities. 
In addition, the user of hybrid-supplied electricity is often a third party with little or no 
connection to the owner and operator, and has to abide by the service level arrangements put in 
place to ensure the stability and continued operability of the system. In case of a hybrid system 
providing electricity to a close-knit community, or in case the owner, operator and users share 
similar views on why it is advantageous to collaborate, such systems are relatively 
straightforward to manage. The Gobabeb hybrid system in Namibia is one such example. 
However, systems where there is a considerable difference between the three main actors, such 
as in Hluleka, or may become the case in Tsumkwe (as described in the proceedings), require 
agreements between the owner and the operator, as well as between the operator and the users. 
Whether such systems, especially when servicing transient populations or those having 
ambiguous or non-viable ownership arrangements, are feasible, remains to be demonstrated.  
 
Levelling the grid- and off-grid playing fields 
A different angle on continued electrification is raised when considering the question of who 
pays for which costs. In most southern African countries, capital costs associated with a grid 
connection are subsidised by Government. Sometimes, local authorities or municipalities even 
pay for part of the ongoing operational expenses, which are then recovered through cross-
subsidisation arrangements between other services or users. For solar home system users, and 
those benefiting from hybrid systems, subsidisation of capital costs is not automatic. It is 
realised that the playing field between grid- and off-grid applications remains far from being 
levelled.  
 
Electrification and the use of public funds 
One arrangement that has found its way into some southern African off-grid electrification 
initiatives, such as the Namibian revolving fund scheme, is where individuals interested in 
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purchasing a solar home system can acquire such a system and benefit from a subsidy on 
interest rates. This burdens users with capital costs that, had they been living in grid-connected 
areas, would have been subsidised. Many clients making use of such financing arrangements, or 
those that would benefit from off-grid energisation programs in general, however, are from the 
poorer sections in society. Public funds continue to be used for capital subsidies, and while it is 
Government’s decision how such public funds are spent, we should refocus on what actually 
constitutes the best use of such funds.  
 
Incentivising IPPs to drive rural energisation 
As the southern African electricity market is liberalised and unbundled, independent power 
producers (IPPs) are expected to establish themselves. However, if IPPs are to venture into the 
electrification or even energisation of rural or informal areas, will they be compensated for such 
‘infrastructure’ investments? If not, what incentive will IPPs or the Regional Electricity 
Distributors (REDs) have to drive and support electrification efforts? If southern African 
Governments are serious about IPPs, and if REDs are to contribute to national development, 
investment incentives have to be created to allow such entities to infuse additional momentum 
into national energisation efforts.  
 
Challenges 
As was stated on several occasions during the Symposium: “the problem is money”. This 
cannot go unchallenged: while rural areas in southern Africa have difficulty attracting 
infrastructure investments, South Africa’s concession approaches show that with a clear 
mandate and commitment from Government, the private sector is willing and able to undertake 
considerable off-grid energisation efforts. So while the problem may appear to be money, 
others say that prevailing ambiguities in regard to how development goals are to be reached, 
who benefits from subsidies, and the non-commitment of Governments to actively level the 
playing field between grid- and off-grid electrification and therefore rural energisation, are the 
real issues that need to be tackled.  
 
Alternatives to grid electrification 
In a time where many of the low-hanging conventional rural electrification fruit have been 
harvested, alternatives to centralised grid-provision will have to be considered more seriously. 
Here, the questions of how political advantages can be realised by promoting rural 
electrification, and how best to curb the continued unsustainable urbanisation, remain to be 
answered.  Hybrid systems can – under well-managed conditions – be viewed as a mature and 
reliable technology option for the electrification of non-grid areas. Sometimes, as is the 
experience in other parts of Africa, hybrid systems and their associated mini-grids provide 
valuable pre-grid solutions, thus allowing communities to benefit from services that electrified 
city-folk take for granted. 
 
 
It is our hope that the Symposium on hybrid electricity systems powering mini-grids will make 
a contribution to the ongoing debate about energisation in southern Africa, and assist decision-
makers to better understand the roles and multiple requirements of such systems.  
 
Dr. Detlof von Oertzen  
Executive Director, Desert Research Foundation of Namibia 
Windhoek, November 2007 
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Overview of the Off-grid Sector and Programmes in 
Namibia 

 
 

Shimweefeleni G. Hamutwe-Jr., NAMREP - MME/UNDP/GEF 
ghamutwe@mme.gov.na 

 
 

 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

1. INTRODUCTION 
Only about one-third of the Namibian population has access to grid electricity. This 
situation is mainly a result of the dispersed nature of the settlements in the country, the 
low population density, as well as the topography, which makes the erection of grid 
electricity infrastructure very costly. Urban centers are currently having electricity access 
of about 67%, with rural settlements are at about 10%. According to current estimates, 
these access rates translate into 230,000 Namibian households not having access to 
electricity at present. With the current financial resource allocations towards extending the 
grid and in view of projected population structures by 2015, about 100,000 households 
will still not have access to grid electricity by then. These projections therefore require that 
strategies are devised that will offer off-grid solutions in the country, so as to offer 
improved livelihoods for those not earmarked for getting access to grid electricity in the 
medium to long term. 

Abstract 
Currently, only about one-third of the Namibian population has access to grid 
electricity. Government initiated rural electrification programmes started in 1990, 
and were guided by the Namibian White Paper on Energy Policy, and the Rural 
Electrification Distribution Master Plan (REDMP). In 2007, the Off-grid 
Energisation Masterplan (OGEMP) was ratified by Cabinet, and will serve as a 
structured implementation tool for off-grid energisation supplementing the 
REDMP. The OGEMP will be rolled out through the establishment of service 
providers within a reasonable distance of targeted communities, and will be 
known as energy shops. The Government of Namibia remains the sole funding 
source for electrification at present. There has been a significant market 
transformation with regard to the demand for renewable energy technologies over 
the past years, and this signals that the market is also ready to apply hybrid 
electricity systems in Namibia, at settlement level and for private use. 
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1.1 Background  
As from 1990, the Namibian Government embarked upon a rural electrification 
programme, later guided by the introduction of a Rural Electrification Distribution Master 
Plan (REDMP) which is updated regularly. The REDMP makes provision for the 
identification and prioritization of rural settlements for grid electrification, based inter alia 
on economic growth potential, population, and the presence of strategic institutions such 
as educational and health centers. The grid master plan also identifies areas that would 
not get access to grid electrification in the short to medium term, and classifies these as 
off-grid areas.  
 
 
Initial efforts to define and implement off-grid strategies started during the early 1990s in 
collaboration with the German GTZ. These efforts resulted in the initial introduction of an 
Off-Grid Electrification Fund, called the Solar Revolving Fund (SRF), as a credit scheme 
with the aim of offering subsidized loans to off-grid households to acquire solar systems. 
As solar technologies were a relatively new and uncommon technology at the time, the 
adoption rate remained low, especially due to low reliability aspects and lack of 
widespread technical know how in regard to the installation and maintenance of these 
technologies. 
 
 
The Government remained the main provider of funds for the grid and off-grid 
electrification programme sites reticulation, and the SRF since introduction. NamPower 
co-funded grid electrification to the rural areas. However, since the introduction of the 
REDMP, there was always a concern that annual funding levels were inadequate. 
 
 
In 1998, the Government formulated the Namibian White Paper on Energy Policy, which 
includes progressive policies on renewable energy applications in the country. This led to 
the introduction of various pilot solar villages, and large scale awareness raising, 
promoting the adoption of alternative energy solutions by off-grid communities. However, 
until 2004, all these efforts had minimal success.  
 
 
In 2004, the Barrier Removal to Namibian Renewable Energy Programme (NAMREP) 
was launched. NAMREP, a UNDP implemented GEF co-financed programme executed 
by the Namibian Ministry of Mines and Energy(MME), was introduced with the objective of 
reducing technical, capacity, institutional, policy, financial and awareness barriers that 
inhibit the widespread adoption of particularly solar energy technologies as off-grid 
solutions in Namibia. This included addressing aspects such as the general lack of 
human capacity to offer renewable energy services, such as installation and maintenance 
of systems, the non-existence of centers that could serve as training and advocacy hubs 
on renewable energy technologies (RETs), the high costs on the acquisition of RETs, the 
translation of the renewable energy policies into strategies and actions, as well as 
information dissemination about the benefits of RETs. NAMREPs expected outcome was 
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that RETs and associated product delivery mechanisms would be improved to such an 
extent that it would lead to a market transformation in the country. One key outcome from 
the interventions by NAMREP was the formulation of an Off-Grid Energisation Master 
Plan (OGEMP) for Namibia in early 2007. 

 

2. OVERVIEW: THE OFF-GRID ENERGISATION MASTER PLAN 
The Off-grid Energisation Masterplan (OGEMP) was formulated by the MME through 
NAMREP during early 2007, and was endorsed by Cabinet in mid 2007. It will serve as 
the structured implementation tool for off-grid energisation, supplementing the REDMP, 
especially in off-grid areas as identified in the REDMP. The underlying objective of the 
OGEMP is thus to provide access to appropriate energy technologies to everyone living 
or working in off-grid, pre-grid and grey areas.  
 
 
Off-grid areas are those areas that, according to the REDMP, will not have access to grid 
electricity within the next 20 years, while pre-grid areas are those areas that would not 
have access to electricity within 5 years. However, the OGEMP will only focus on 
providing access to pre-grid areas that would not have access to electricity within 10 
years. Grey areas are locations where it is not clear in the REDMP (updated in 2005) how 
or if access to grid electricity will be provided. Examples of grey areas include informal 
settlements, where the majority of the inhabitants either do not have access to electricity, 
or clearly cannot afford it, and farm worker settlements on commercial farms. The 
OGEMP has projected outlines for the next 20 years. 
  
 
The OGEMP recommends a broad range of energy technologies and appliances that can 
offer an appropriate mix of alternative energy solution systems (not including private 
stand-alone mini-hybrid systems) at household, business and institutional levels for 
heating, cooking, lighting and for the use of appropriate appliances such as lights, 
televisions, refrigeration and computers. These energy solutions are clearly outlined 
within the OGEMP, and are those that have proven to work effectively under Namibian 
conditions. These include, amongst others, solar home systems, LPG stoves, and 
efficient woodstoves for cooking and heating.  
 
 
One of the key constraints to the acquisition of RETs is that renewable energy (RE) 
service providers and products are not readily available in many off-grid areas, in 
particular in rural areas. The OGEMP outlines an approach for the establishment of 
service providers in off-grid areas – strategically rolled in a gradual manner across all 
regions. These service providers and their establishments, called energy shops, will be 
established within a reasonable distance of the targeted communities, refer to Figure 1 
below.  
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Energy shops would sell suitable, approved energy products and compatible appliances, 
as outlined in the OGEMP. The energy shops would also serve as information distribution 
and payment collection centers for a national off-grid energy financing mechanism, where 
appropriate. Existing strategically located rural based businesses and RE small and 
medium enterprises (SMEs) will be capacitated through the implementation of the 
OGEMP, and be able to offer those expected services to the targeted communities - such 
as installation and maintenance for the availed energy technologies, as well as to 
regularly diffuse information on financing options available for OGEMP technologies 
acquisition. 
 
 

 
Figure 1:  Energy shops, and their roles and functions (Source: OGEMP 2007) 
 
 
High upfront costs associated with the adoption of RETs are still considered a major 
constraint. This is particularly true for many rural communities, the majority of whom 
happen to be in the low income groups. The OGEMP also outlines a credit financing 
mechanism that would offer loans to aspirants of improved energy services in off-grid 
areas.  
 
 
The OGEMP sets out a detailed projection on the amount of funding required annually to 
roll out the off-grid energisation financing product delivery mechanism by way of a 
revolving fund. The overriding fact will be the broadening and strengthening of the current 
Government funded Solar Revolving Fund (SRF) into an OGEMP Revolving Fund - so as 
to cater for all the energy solutions identified in the OGEMP. Current levels of funding of 
the SRF by Government have proven to be inadequate, and there are a lot of applicants 
on the waiting list due to insufficient capitalisation of the SRF. This is retarding the current 
off-grid RE momentum experienced in the country. The Government is envisaged to 
remain the main funding agent for the OGEMP Revolving Fund, albeit with increased 
annual funding in relation to the current level of funding towards the SRF. It is envisaged 
that the revolving fund would offer 6-month, 1-year and 5-year loans with predetermined 
interest rates.  
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To ensure efficiency and effectiveness, it is envisaged that Government would outsource 
the administration of the OGEMP Revolving Fund to a private, centrally located 
contractor, who would be responsible for reviewing and approving all loan applications 
with support from the energy shops in the regions, refer to Figure 2 below. 
 

 

Figure 2: Allocation and transfer of OGEMP funds and resources (Source: OGEMP 
2007) 

 

 

3. CHALLENGES, ISSUES AND OPTIONS FACING NAMIBIA’S 
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With the national level of electrification hovering at around 30%, the country still faces a 
tremendous challenge on rolling out electrification across the nation. Taking the 
Governments’ Vision 2030 goals, increasing access to electricity is essential. However, 
since the inception of the electrification initiatives by Government, the allocation of 
financial resources to electrification has always been a major constraint in rolling out the 
implementation of the REDMP. The annually allocated funds have always been 
inadequate in comparison to what was required to fulfill the targets of the REDMP – on 
average funding was always at about 40-50% of such annually projected amounts. At the 
present rate, many rural electrification targets will not be achieved. The implementation of 
the REDMP is already marred with backlogs on the targeted electrification settlements 
going back as far as 5 years – all as a result of inadequate funding. This implies that 
funding prioritisation by Government needs to the revived to ensure that adequate funding 
is channeled towards the implementation of both the REDMP and OGEMP. 
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In the past, in addition to Government funding, NamPower also contributed to 
electrification, by financing distribution infrastructure for targeted settlements. However, 
this arrangement has its own mismatches, in that current backlogs experienced are also 
due to delayed financing by NamPower. At present, NamPower will most likely shift its 
allocation of funding to the development and upgrading of generation capacity projects, 
mainly as a result of the power shortages experienced in the country. This will have a 
noticeable impact on off-grid electrification initiatives. 
 
 
Government thus needs to assess additional avenues to source funding for the 
electrification programmes, rather then only relying on their own revenues – this can be 
through sourcing funds and financial assistance from international credit financing bodies, 
development partners, and by way of grant assistance.  
 
 
With the implementation of the OGEMP, it is required that sufficient human and technical 
capacity exists to be able to offer services in the application of the outlined alternative 
energy solutions to off-grid areas. Over the past 3 years, NAMREP has enhanced 
capacity for rural-based renewable energy service SMEs, especially in regard to the 
installation and maintenance of off-grid energy technologies. Although about two SMEs 
on average have emerged in each region through these NAMREP initiatives, additional 
capacity building has to be undertaken if the OGEMP is to be rolled out on a scale as 
projected. It goes without saying that the successful adoption of the identified OGEMP 
energy options will only be meaningful if the resulting services are affordable, reliable and 
readily available. 
 
 
Another key challenge that could go hand in hand with the implementation of the OGEMP 
is the establishment of a reliable supply chain delivery mechanism for alternative energy 
technologies. Namibia presently imports most of the off-grid products and technologies. 
This not only contributes to the high cost of such products, but it also results in that 
sometimes these products become temporarily unavailable while suppliers await their 
delivery. It is thus vital that the roll out of the OGEMP be supplemented with initiatives 
towards investments in the local assembly and manufacturing of these products. One 
aspect of widening the viability of investing in the establishment of local manufacturing 
could be that business plans take cognizance of the many opportunities offered SADC-
wide, rather then basing market assessments purely on the very limited Namibia market. 
 
 
NAMREP awareness strategies have successfully raised the knowledge and 
understanding of many regarding the benefits of alternative energy solutions. In particular, 
the targeted audiences in Namibian off-grid areas are now generally aware on what these 
technologies can offer, and are eager to adopt them. As a matter of fact, over the past 3 
years, there has been a significant market transformation with regard to the demand for 
RETs. Figures 3 to 5 below illustrate the annual installations of solar home systems, solar 
water heaters, and solar water pumps. The main challenge facing the adoption of RETs is 
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thus no longer a lack of awareness and information, but lies squarely in the 
implementation of efficient, effective and sustainable products, as well as improving the 
access and delivery mechanisms to the targeted communities in the country. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 3: Solar home system installations since inception of 
the NAMREP project. (Source: NAMREP Database Monitor 07) 
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Figure 4: Solar Water Heater installations since inception of 
the NAMREP project. (Source: NAMREP Database Monitor 07) 



Overview of the Off-grid Sector & Programmes in Namibia - Shimweefeleni G. Hamutwe-Jr. 
 

 
Proceedings: Hybrid Electricity Systems Powering Mini-Grids: A Southern African Perspective            - 8 - 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

4. COORDINATING OFF-GRID ELECTRIFICATION IN NAMIBIA 
Having outlined various aspects of off-grid electrification in Namibia above, it is clear that 
there is a need to put in place and define the roles of the various key players in the 
sector, if the realisation of the REDMP and OGEMP is to be successful.  
 
 
Firstly, it is helpful that Government has a position paper on its policy on electrification in 
general, and alternative energies, in particular. However, the world is dynamic and hence 
regular reviews and adaptations of these policies are necessary if they are to remain 
relevant. To realise policy impacts, it is also necessary that Government institutes 
mechanisms to translate these policies into meaningful interventions – otherwise Namibia 
will continue to be praised as having some of the best energy policies while it is realised 
that there are few results to show for it. Government also need to drive the enactment of 
appropriate legislation and/or regulations, thus contributing to a conducive environment in 
the electricity sector, creating competitiveness, and attract investments. Current efforts by 
Government and the Electricity Control Board (ECB) in the promotion of IPPs should be 
encouraged, which are expected to lead to grid-connected IPP investments, and promote 
the establishment of hybrid electricity systems for off-grid settlements. Private sector 
investments in electricity services are urgently needed to reduce the burden on 
Government, which is currently the only entity undertaking off-grid electrification. 
 
 
The private sector should also invest in the supply chain and local manufacturing of 
alternative energy products. The Cabinet directives on the OGEMP, and on Solar Water 
Heaters, signal opportunities for local manufacturers, as these directives are laying the 
foundation for a huge RE applications market development with Government support. 
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The growing RE market will need technical and human capacity for the installation of 
these alternative energy technologies. It is thus vital that training institutions such as the 
Polytechnic through the REEEI, UNAM, the vocational training centres and others 
introduce training modules on alternative energy technologies. In addition, NGO and 
development agencies such as the DRFN, energy consulting agencies, and others can 
significantly contribute to alternative energies advocacy, as well as research and 
development initiatives.  
 
 
In order not to plan in isolation, it will be vital that Namibia puts mechanisms in place to 
ensure that we learn from experiences from international initiatives on off-grid 
energisation efforts – particularly to ensure that we adapt where appropriate and avoid 
repeating mistakes that have been made elsewhere. 

 

5. CONCLUSIONS 
The implementation of Namibia’s off-grid sector programmes, as guided by the REDMP 
and OGEMP, needs to be sectorally inclusive, so as to ensure their greatest impact. 
Hybrid electricity systems can be one technology option, particularly at settlement level 
and for private stand-alone hybrid systems. 
 
 
Various initiatives and projects at the Namibian Ministry of Mines and Energy and the 
Ministry of Environment and Tourism, such as NAMREP, REEECAP, NCCC, REEEI and 
other interventions will positively contribute to the off-grid solutions, and prepare for a 
market transformation in the country. Such initiatives need to be supported actively. 
 
 
Hybrid electricity systems can have a positive impact on the diversification of supply – 
and will directly contribute to ensure the national security of energy supply, in addition to 
accelerating access to improved energy services to off-grid communities, and 
consequently contributing to income generation, employment creation and economic 
growth. 
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1.  INTRODUCTION 
This document was compiled by the Desert Research Foundation of Namibia as part of 
sub-project 2.6 of the Danida-funded “Renewable Energy and Energy Efficiency Capacity 
Building Project”. 

1.1 Purpose and overview 
The purpose of this document is to provide decision-makers and managers with an 
overview of the Gobabeb diesel-solar hybrid electricity system, and to provide readers 
with a primer on the costs, managerial and operational issues and requirements relating 
to such off-grid hybrid electricity systems. 
 

The remainder of this 
chapter describes the 
background of the 
Gobabeb electricity 
supply system and the 
historical sizing and 
cost projections.  
 
Chapter 2 focuses on 
the social aspects of 
energy efficiency, 
occupancy rates and 
considerations of 
implementation of such 
systems.  
 
In chapter 3, the 
current system as 
implemented at 

Abstract 
This document provides decision-makers in the Namibian electricity sector with a 
succinct overview of the Gobabeb hybrid electricity system, and describes the key 
managerial, financial and operational issues and requirements of this unique off-
grid electricity supply system. 

 

 
 
Figure 1: An aerial view of the Gobabeb Centre in the central Namib 
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Gobabeb will be described in more detail, and an analysis of the system output will be 
made, using data collected since the installation of the system in 2004.  Chapter 4 
presents a cost-benefit analysis, while chapter 5 summarises the lessons learnt in the 
Gobabeb hybrid electricity system. 
 

1.2 Background  
The Gobabeb Centre is a research station in the unique environment of the central 
Namib. Gobabeb is located on the edge of the Namib sand sea and gravel plains, right 
along the Kuiseb River, some 70 km east of Walvis Bay. In this remote area, researchers 
have accumulated knowledge in various scientific fields for decades. Since independence 
in 1991, Gobabeb has also focused on community development, in addition to its work in 
the pure sciences. The Centre also offers training courses, and facilitates memorable 
conferences. 
 
Gobabeb was first electrified in 1972, by means of two diesel generators supplied and 
maintained by the Ministry of Works. In 1998, Gobabeb took over the responsibility of 
operating the diesel generators, while the Ministry of Works continues servicing the units. 
When the hybrid system was installed in 2004, the diesel generators were completely 
renovated by the Ministry, and have not required major servicing since. (Scholle, 2000; 
Henschel, 2007).  
 
In the 1990’s, a number of studies were conducted to explore the potential energy supply 
options for Gobabeb. Scholle (2000) summarised various electrification options, and 
identified a diesel-photovoltaic hybrid electricity system as most cost-effective under the 
prevailing circumstances. 
 
In 2004, the Danish Government funded the DEGREEE (Demonstration at Gobabeb of 
Renewable Energy and Energy Efficiency) project, which aimed at demonstrating “energy 
technology, energy efficiency and energy management with the purpose of inspiring 
others to apply these, and by that contribute to the supply of energy to remote, isolated 
locations in Namibia and SADC”. The project also provided the necessary funds to 
establish the modern hybrid electricity system as is in use in Gobabeb since then, i.e. a 
photovoltaic generator of 26 kWpeak, a battery bank of 200 kWh capacity, as well as 
associated power conversion technology. These components were integrated with the 
two existing diesel-powered generators of 50 kVA each into the present day diesel-solar 
hybrid system. 
 

1.3 Electrification options for Gobabeb: diesel, grid, PV, hybrid 
In a GTZ-funded study for the Desert Research Foundation of Namibia, Scholle presents 
four electricity generating options for Gobabeb, namely diesel, grid-connection, a 
complete photovoltaic solution, and a hybrid diesel-photovoltaic option. The options are 
compared on a life-cycle costing basis using the parameters summarised in Table 1 
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below. The key distinguishing factors of these four options are summarised in this sub-
section. 
 
Parameter  
project life 20 years
real discount rate 
real loan rate 
real diesel fuel escalation rate 
real gas fuel escalation rate 
inflation rate 

5% 
5% 
5% 
2% 
10% 

salvage rate of diesel generator 5% 
 
Table 1: Life cycle costing parameters (Scholle, 2000, p. 35) 
 

1.3.1 Diesel 
Diesel-powered generators were used in Gobabeb since 1972, and met all daily energy 
needs and requirements between 06:00 and 22:00. Electrical energy was unavailable 
outside these periods. 
 
The advantages of this option were: 

• Initially high reliability of the generators, however it should be noted that the 
system suffered from voltage fluctuations and cut-out as the gensets and the 
installation aged 

• no need for significant energy management 
• abundant power, on demand availability.  

 
The disadvantages were:  

• poor efficiency of the diesel generators, due to the generally low loads and 
consequently low capacity factors 

• no electrical energy available during non-operating times 
• increasing costs of fuel for the same service output 
• air and noise pollution  
• high ongoing maintenance requirements. 

 
A life-cycle analysis determined the annual costs of this option to be N$ 247,000 (value of 
N$ in year 2000). As this analysis was seen from the perspective of Gobabeb, it did not 
include the capital costs of the diesel generators, as these were already installed, while 
the costs of a complete overhaul of the generators and the electrical control system at the 
time are included.  
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1.3.2 Grid connection 
Connecting Gobabeb to the national electricity grid would require a transmission line from 
Ruby substation near Walvis Bay, some 70 kilometres from Gobabeb. 
 
The advantages of this option would have been: 

• high reliability  
• 24-hour power on demand 
• no on-site maintenance or significant energy management required.  

 
The disadvantages would have been: 

• vulnerability to power failures 
• dependence on power utility to provide service 
• corrosion of power lines and pylons in the desert, possibly resulting in unexpected 

maintenance costs 
• high probability of substantial upfront costs due to Gobabeb’s non-inclusion in the 

Namibian electricity distribution master plan. 
 
The all inclusive life-cycle analysis determined the annual costs of this option to be 
N$305,000 (in 2000). 
 

1.3.3 Total photovoltaic option 
The envisaged total photovoltaic option would have consisted of a PV generator of 42.3 
kWpeak, a battery storage system of 288 kWh, and inverters to change from DC to AC 
power. 
 
The advantages of this option would have been: 

• 24-hour power supply  
• low maintenance 
• renewable energy source, in line with the GTRC’s vision and image. 

 
The disadvantages would have been: 

• high upfront costs  
• power and energy is capped 
• peak demand, as is typical for Gobabeb, requires an uneconomical system size 

which implies even higher upfront costs. 
 
The all inclusive life-cycle analysis determined the annual costs of this option to be 
N$258,000 in 2000. 
 

1.3.4 Diesel-PV hybrid 
This option consisted of a hybrid electricity system, using one of the existing diesel-
powered generators, a new PV generator of 11.8 kWpeak, an inverter, and batteries with a 
storage capacity of 253 kWh. 
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The advantages of this option are: 

• 24-hour power supply 
• ability to supply a varying load 
• renewable energy source to supply the Centre’s base load 
• system concept is inherently more efficient, i.e. the renewable resource can be 

fully utilised and the diesel generators can be operated at full load at and when 
required (often pre-determined times). 

 
The disadvantages are: 

• regular maintenance and maintenance budgets required for diesel system, 
although significantly lower in such a system configuration in comparison with a 
diesel-only system 

• energy management to become integrated into all station activities 
• occasional noise and air pollution 
• diesel-fuel needs to be available. 
 

A life-cycle analysis determined the annual costs of this option to be N$243,000 (in 2000) 
which includes all the capital, operating, maintenance and replacement costs but 
excludes the capital costs of the diesel generators  
 

1.3.5 Summary of life-cycle costs for different electrification options 
Table 2 summarises the projected 20-year life-cycle costs for the different electrification 
options for Gobabeb, expressed in N$ of 2000. 
 

 
 
Table 2: Life-cycle costing analysis of the four electrification options for Gobabeb in 2000 
 
As can be seen from Table 2, the initial capital expenditure for the diesel option is low, 
because this infrastructure was already in place at the time. However, future costs 
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associated with this electrification option were expected to be significant, mainly due to 
high maintenance and fuel costs.  
 
For the grid-connection option, the upfront capital expenditures were significant as well, 
because of the long transmission lines needed to connect Gobabeb to the sub-station 
near Walvis Bay. Moreover, these power lines would have required some ongoing 
maintenance, which again would have been costly.  
 
The 42kWpeak total photovoltaic option would have required a large initial investment, but 
would have had minor future expenses, as no fuel would be needed, and such a system 
generally requires low maintenance inputs. As will be shown below, the battery 
replacement costs are the most significant future costs. 
 
The upfront costs for the diesel-PV hybrid option are half of those of the solar only option, 
but still significant. The future costs are moderate, mainly due to the diesel generator 
maintenance and diesel fuel. 
 
It should be noted that the complete energisation of Gobabeb required two additional 
energy sources, namely liquid petroleum gas for cooking and tea water, as well as solar 
water heating for bulk hot water supply. Therefore, gas costs need to be taken into 
account for the total costs of the solar and hybrid options. The use of gas for heating is 
cost effective since the installed capacity of the power converter and battery storage can 
be significantly smaller when not catering for such thermal needs by means of electrical 
heating. 
 
Similarly, solar water heating presents an attractive alternative to gas or electrically 
heated water, due to the excellent and consistent local solar resource at Gobabeb. It can 
be seen that the full life-cycle costs are lowest for the hybrid system (for a life-span of 
twenty years), which is also reflected in the low annual costs of this option. 
 

2. RECENT DEVELOPMENTS OF THE GOBABEB HYBRID 
SYSTEM 

2.1 Introduction 
This section provides an overview of the considerations for the Gobabeb hybrid electricity 
system design, as well as the historical developments that occurred as a result of the 
DEGREEE project. First, the original system sizing and cost considerations will be 
discussed, then the energy efficiency and occupancy changes will be discussed, and 
lastly, some lessons learned from the DEGREEE project will be summarised. 
 

2.2 Energy demand and generation considerations 
The average daily electricity consumption amounted to 230 kWh in 2000. To ensure the 
viability of the envisaged hybrid electricity system, such consumption levels had to be 
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reduced significantly. It was anticipated that - by means of introducing energy efficiency 
technologies and user education - the Centre’s electricity consumption could be reduced 
to about 100 kWh per day, leaving a spare capacity of about 35 kWh/day for future growth 
and expansions (Scholle, 2000).  
 
The hybrid system was designed anticipating an increase in permanent residents, visiting 
researchers and tourists, from an average of around 40 people in 2000, to around 60 
people in the medium term. According to the Gobabeb occupancy log of 2006 (Helen 
Kolb, 2006), there were 30 permanent residents (15 residents, including workers and on 
average 15 interns), while the average number of overnight visitors was about 10 visitors 
per day, resulting in a total occupancy rate of just over 40 people per night, i.e. almost as 
in 2000.  
 
On this basis, a system was proposed consisting of a photovoltaic (PV) generator of 16 
kWpeak, resulting in a projected annual contribution of approximately 40% through PV 
(40kWh per day) and 60% diesel-powered generator (the hybrid system sizing was based 
on an average diesel generator contribution of 4 generating hours per day, with an 
effective output of 95kWh per day) based on a 135kWh day. However, because of the 
availability of additional funds towards the end of the DEGREEE project, the PV generator 
could be expanded to its present day size of 26 kWpeak.   

 
The present system size allowed the Centre to rely on 99% PV generated power during 
April to November 2006, with the diesel generator only being operated to equalise the 
batteries, and in occasional peak-demand times. This performance was achieved due to 
the rigorous energy efficiency improvements and active energy management, which 
resulted in lower than anticipated overall consumption levels. 
 
2.3 Energy efficiency 
In order to make the hybrid electricity system a viable option, Gobabeb's total energy 
consumption had to be reduced significantly. Table 4 shows the energy consumption 
before 2000, indicating an average energy consumption of 230 kWh per day, as well as 
the projected energy consumption with a hybrid system delivering some 135kWh/day. 

 
Table 3: Projected energy consumption with the hybrid Table 4: Energy consumption for the diesel only option 
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In order to achieve the reduction in daily electricity demand from the previous diesel-only 
era (230 kWh/day) to the hybrid output of 135kWh/day, energy efficient technology and 
usage changes were introduced, in particular  

• the replacement of electric stoves/kettles with gas stoves for cooking and tea water  
• the replacement of incandescent with compact fluorescent lights 
• using energy efficient refrigerators 
• replacing the seals on the remaining refrigerators  
• behavioural changes such as using lighting appropriately 
• activating energy saving settings on computers, and  
• making users aware of system constraints and usage tips. 

2.4 Lessons learnt during the hybrid implementation 
The implementation of the hybrid electricity system at Gobabeb has three important areas 
in which lessons can be summarised, namely energy and power supply, energy 
efficiency, and revenue collection.  

2.4.1 Energy and power supply 
Overall, the introduction of the hybrid electricity system has not decreased the availability 
of power, if the diesel generators remain on stand-by. However, seeing that all users are 
aware of the limitations of the ‘solar only option’, and in view of the active Gobabeb policy 
of minimising the use of the diesel generators, end-users have changed demand levels 
and usage patterns, which limit the amount of electricity used per person per day. This 
was and still is achieved by reminder notes throughout the Centre, for example that plugs 
cannot be used for devices drawing more than 4 Amperes, and awareness materials on 
fridges and in kitchens, explaining the importance of using electricity sparingly. Users 
know that substantive power-consuming activities, such as welding, need to be 
coordinated with the systems energy manager, as these require that a diesel generator is 
switched on. 
 
The above illustrates that it is essential that usage norms are communicated to all 
beneficiaries of the electricity system. In the case of Gobabeb, this is done by the energy 
manager, supported by the notification signs posted on most power outlets and in 
kitchens. This strategy ensures that users are aware of what devices can be used, and 
limits the misuse of the system. Because of a changing visitor population, awareness 
raising and usage monitoring need to be undertaken on an almost continuous basis. They 
need to be undertaken by a person who can communicate the usage requirements with 
authority, underpinned by a good understanding of the workings and system 
requirements. This activity necessitates the presence of at least one full-time person, for 
example the system’s energy manager, or could be undertaken by another suitably 
trained person.  

2.4.2 Energy efficiency 
The transition from the diesel-only operation to the hybrid system required the significant 
reduction of the daily energy consumption. This was achieved by introducing technology 
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and usage changes, i.e. the replacement of electric stoves/kettles with gas stoves, the 
replacement of incandescent with compact fluorescent lights, using energy efficient 
refrigerators, replacing the seals on the remaining refrigerators. 
 
Conversion to cooking with gas was not well received by all members of the Gobabeb 
community, for reasons of safety as well as concerns about the cost of gas (cooking on 
electricity was free before DEGREEE). This required a number of meetings with members 
of staff to develop different perceptions about cooking services through gas as well as 
resolve the financial implications of such a conversion. 
 
Moreover, energy users at Gobabeb had to change their energy consumption behaviours, 
which required a shared understanding of the system capabilities, and the willingness to 
accept such changes. In the case of Gobabeb, the transition was effectively managed, 
and shows that a combination of usage changes and low energy technologies can indeed 
achieve substantial reductions in day-to-day energy consumption patterns. 
 
It is to be noted that the small number of users at Gobabeb, all involved in the operations 
of the Centre, simplified the task of making people aware of their energy consumption and 
introducing energy saving behaviours. Electricity supply systems with a more diverse 
group of users, on the other hand, may find that users are not necessarily willing to make 
such changes, especially if they are responsible for the associated costs of technology 
replacements. This necessitates a carefully crafted approach to user education in the 
transition to a new electricity regime. 

2.4.3 Revenue system 
Electricity metering was introduced as part of the introduction of the Gobabeb hybrid 
system. Users have been made aware of their electricity consumption on a monthly basis, 
and are charged accordingly. Before the introduction of the hybrid system, people were 
not aware of their personal consumption patterns, and were not charged for their 
electricity use.  
 
The fact that users had to pay for their electricity was accepted, because people were 
aware of the external circumstances that affected Gobabeb’s energy situation, i.e. that 
since 1998, Gobabeb had the responsibility of operating (and therefore paying for) the 
diesel generators, while the Ministry of Works continues to service them to this day.  This 
is an important aspect that requires considerable preparation, as many users accustomed 
to ‘free electricity’ may not readily be convinced that they have to pay for such services. In 
addition, as soon as users are charged, they will compare their expenditures with friends 
and colleagues in other localities, and may find that their per-kWh charge is considerably 
higher than what is paid in, for example, grid-connected areas. Such comparisons, if not 
adequately communicated, may lead to dissatisfaction and confusion. The introduction of 
appropriate user charges, and the collection of revenues, therefore necessitates a 
planned implementation approach, in which users are made aware of the need of 
collecting revenues, and the rationale of tariffs applied. 
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In terms of future hybrid system implementations where an existing diesel generator 
infrastructure is in place, it is preferable that cost-reflective charging for electricity 
consumption and energy efficiency changes are implemented well-before the hybrid 
system is implemented. This process avoids that the hybrid system with its solar and/or 
wind component is blamed for “expensive” energy services. Energy costs would 
theoretically decrease with the introduction of a hybrid configuration taking current diesel 
prices into account. 
 

3. TECHNICAL AND OPERATIONAL CHARACTERISTICS OF 
THE GOBABEB HYBRID SYSTEM 
 
This section presents a brief overview of the various technical components which form 
part of the Gobabeb hybrid electricity system. 

3.1 The system  
The hybrid electricity system currently in place in Gobabeb consists of two three-phase 50 
kVA diesel generators, four arrays of solar panels totalling 26kWpeak, a battery storage 
system of 200 kWh, and a 30kVA three-phase bi-directional  power converter (i.e. inverter 
as well as battery charger). Electricity is distributed to all consumers via an armoured 
three-phase underground cable network installed in 1972.  
 
The system provides electrical energy for 24-hours per day, throughout the year, with the 
battery system providing for the night-time electricity demand. The system is pre-
dominantly powered by solar energy. The diesel generators however provide critical 
functionality to a hybrid system, including 

o power during inclement weather 
o power to select high-consumption users 
o power during periods of above-normal system use (in case of larger gatherings at 

Gobabeb)  
o ideal charging patterns for the battery during the monthly equalisation charges, 

which are critical to ensure that the battery set meets its life expectancy target 
o system redundancy. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Gobabeb’s hybrid electricity supply system 
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The electricity system is fitted with a series of power and energy meters, indicating 
instantaneous and daily system performance. These meters present first-line information 
to the operator, and are essential to assess the system status and current usage. 
 
An electronic monitoring system, consisting of displays of the power supplied and 
demanded by the different energy sources and user groups, provides more in-depth 
information on consumption and generation patterns to the operator, and is invaluable for 
educational and research purposes. Usage data is logged, and available for analysis, 
mainly to monitor the day-to-day performance of the system, and to ensure that the power 
supplied matches the electricity requirements of users, and to ensure that the battery 
system maintains adequate charge levels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2 System management 
Gobabeb has a facility manager, who is also the hybrid system’s energy manager, 
responsible for the operations and ongoing maintenance of the system. Broadly, the 
energy manager has a three-tiered control regime that covers daily, weekly and monthly 
system requirements. 
 
On a day-to-day basis, the energy manager monitors key system indicators, which 
include the battery state-of-charge, and overall system performance. 
 
Every week the battery water levels are checked, and the batteries are equalised if 
needed. In order to optimise battery life the system provides power from the battery 
system as long as the battery charge is above 50% of capacity. If the battery charge 
drops below this threshold, one of the two diesel-powered generators switches on 
automatically, and batteries are charged until the battery charge exceeds 70% capacity. 
Batteries are not brought to full charge by the diesel generator in order to avoid displacing 
the available and free solar energy. The full charge cycle by means of the diesel 
generator only takes place for equalisation charges. 
 

Figure 3: The Gobabeb hybrid electricity system’s operation room, and 200 kWh battery bank 
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Once a month the system is visually inspected, and the solar arrays are cleaned.   
 
The inverter is taken through a load test every four months, while the diesel generators 
are serviced as required.  
 
The energy manager communicates vital system information to Gobabeb residents. In 
case user groups show excessive electricity use, these are identified and corrective 
measures are introduced.  

3.3 Performance monitoring and assessment 
As described above, the hybrid system at Gobabeb is monitored continuously, and vital 
system data including the energy, power, apparent power, voltage, current, maximum and 
minimum power per phase is logged in five-minute intervals. Data files are downloaded to 
a computer every couple of months, even though this has not always been done in the 
past. 
 
The Centre’s administrator collects data regarding the number of people visiting 
Gobabeb, and knows how many staff is present at any one time. This allows an 
assessment of the energy used per person, taking the varying occupancy levels into 
account. Figure 4 below shows the electricity consumption per person for some 79 days 
in 2006, and also shows that the daily consumption per person decreases as the number 
of people at Gobabeb increases. This is due to the base load being spread amongst more 
people, while the contribution of the variable load per person makes a smaller impact on 
the total consumption. The solid trend line in Figure 4 has only been drawn in for 60 
residents and less, as the statistics for occupancies larger than 60 people do not allow 
meaningful conclusions to be drawn. 
 

 
Figure 4: Electricity consumption per person per day as a function of the number of people using the system 
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3.4 Pre- and co-requisites for the operation of the Gobabeb hybrid 
system 
The social, technical and economic skills and services needed to operate the Gobabeb 
hybrid system are summarized in  
Table 5. It is noted that the demand and momentary needs for specific skills will change 
with time. 
 

What? Activities Skills/items needed Timescale 
Daily Management - Checks of system functioning 

- Reading electricity usage 
- Comparison to expected performance 
- Energy management: 

o Schedule deferrable and high 
power loads 

o Dispatch genset as required 
- Communicating overuse 
- Take measures to anticipate overuse 

- Communication 
- Basic system knowledge 
- Manual for emergencies 

Daily 

Cleaning and 
Maintaining system 

- Top up battery water 
- Clean solar panels 
- Check wiring 
- Perform small fixes 

- General technical skills 
- Labour to clean 
- Diligence 

Weekly-
Monthly 

Monitoring - Check monitoring logs 
- Save data on server and backup 
- Analyse data 

- Computer skills 
 

Monthly 

User feedback and 
revenue collection 

- Check monthly consumption 
- Check use per person/group 
- Communicate usage to users 
- Charge users for consumption 
- Communicate system issues arisen 
- Advice users on energy reduction 

- Bookkeeping skills 
- Communication 
- Financial skills 
- Basic system knowledge 
- Basic energy knowledge 

Monthly 
(Weekly?) 
 

Analyse costs and 
payments 

- Check yearly consumption 
- Check revenues raised 
- Check yearly expenditure (unforeseen 
and writing off) 
- Adjust tariff as necessary 
- Communicate decision 

- System logs 
- Finance logs 
- Economical skills 
- Communication 

Annually 

Analyse possible 
investments 

- Check consumption trends 
- Check system performance 
- Check financial situation 
- Analyse current system sizing 
- Decide to expand or reduce the system 

- System logs 
- Finance logs 
- Advanced technical skills 
- Advanced economical skills 

Two yearly 

Analyse system type - Analyse energy needs developments 
- Analyse system technical performance 
- Analyse social adaptation 
- Analyse economical changes 
- Decide on continuation of system or 
change to different technology 

- System logs 
- Finance logs 
- Social analysis 
- Advanced technical skills 
- Advanced economical skills 

10-15 
yearly 

 
Table 5: Pre- and co-requisites of the operations of the Gobabeb hybrid electricity system 
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It is essential to note that some of the activities require ongoing capacity 
building/refreshers throughout the service life of a hybrid system (e.g. due to staff 
changes). In most cases, this need has to be met through outside service providers, such 
as the technology provider or an Energy Services Company. 
 

4. COST/BENEFIT ANALYSIS OF THE GOBABEB HYBRID 
SYSTEM 

4.1 Introduction 
This section quantifies the costs and benefits of the Gobabeb hybrid electricity system as 
of May 2007. The approach followed in this section entails a verification of historical 
costs, the forecasting of future system costs, and the calculation of present values. The 
total present value system costs are then divided by the total expected electricity output 
supplied by the system over its entire lifespan, so as to compute the cost per kWh 
supplied. A sensitivity analysis shows the effect of different discount rates.  
 
In the interest of readability, this section is deliberately kept brief, and a more detailed 
exposition of the underlying data is presented in Appendix A. However, unless the reader 
is interested in detailed costing details and the various rates used in this section, the 
section aims to present an overview of the multitude of system costs and the underlying 
assumptions on which this cost-benefit analysis is based. 
 

4.2 Capital expenditure 
The 2004 capital costs of the hybrid system are summarized in Table 6 1: 
 

                                                 
1  As per Solar Age Namibia Contract Agreement of 8 Apr 2004. It is to be noted that the costs of the PV array D_2 

(30 x Shell Solar SM55 in combination with Arco M55 panels, 1.65kWp) could not be traced to original contracts or 
invoices, and had to be estimated using the most likely historical prices. Likewise, the construction costs and 
associated labour for the PV array stands for arrays B – D could not be ascertained, and had to be estimated. 
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ITEM 2004 COSTS [N$] ESTIMATE
PV array A 195,150
PV array B 195,560
PV array C 176,429
PV array D_1 70,571
PV array D_2 42,000 Y
PV array A structure, incl. labour 152,517
PV array B-D, incl labour 180,000 Y
Batteries 195,807
Power converter 388,638
Hybrid control 10,000
Electronics, misc 40,750
Matching & commissioning 117,070
Cooling of battery room 32,000
Grounding and lightning protection 40,000
Pole fence array protection 20,000

TOTAL excl VAT 1,856,492

15% VAT 278,474

TOTAL in 2004 2,134,966  
 
Table 6: Capex of PV system components in 2004 
 
Using the annual Namibian inflation rates between 2004 and 2007 2, the capital 
expenditure in 2007 dollars associated with the hybrid system’s PV components is:  
 
TOTAL capex for PV component of hybrid in 2007 N$ 2,417,031 
  
The cost (in 2004) of the two diesel-powered generators in operation since 1972, 
consisting of two identical 50 kVA three phase generators powered by six-cylinder Deutz 
diesel engines, are summarized in Table 7: 
 
ITEM 2004 COSTS [N$] ESTIMATE
2 x 50 kVA diesel genset 200,000 Y
diesel meter 30,000
monitoring system 82,000
cables and upgrades to match PV genset 60,000

TOTAL excl VAT 372,000

15% VAT 55,800

TOTAL 427,800  
 
Table 7: Capex of diesel-powered gensets in 2004 

                                                 
2 The following inflation rates were used:  2004/5: 3.91% pa;  2005/6: 4.50% pa; and 2006/7: 4.26% pa 
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The approach taken in this paper is to cost all existing assets, even if such equipment 
would not necessarily have been part of a Greenfield installation3. Using the annual 
Namibian inflation rates between 2004 and 2006, the capex in 2007 Namibian dollars 
associated with the hybrid electricity system’s diesel-powered gensets and system is:  
 
TOTAL capex for diesel gensets, in 2007  N$  484,320 
 
 
In total, the capital expenditure – in 2007 dollars – of the Gobabeb hybrid electricity 
system is: 
 
TOTAL capex for hybrid system, in 2007  N$  2,901,351 
 
 

4.3 Operational expenditure 
Although ongoing operational expenditures associated with diesel-solar hybrid electricity 
systems are generally lower than for stand-alone diesel-powered systems, these 
expenses are still important to take into account in terms of their contribution to the total 
cost of having electricity supplied by such a system.  
 
Using the assumptions provided in Appendix A, monthly operational expenditures 
associated with the Gobabeb hybrid system – in 2007 values – include: 
 
ITEM 2007 COSTS [N$] ESTIMATE ASSUMPTION
energy manager 2,600 Y 13% of billable time per month
diesel service minor 551 Y i.e. one service per year
diesel service major 338 Y i.e. one service every 2 years
diesel service rebuilt 489 Y i.e. one service every 20 years
diesel, 20 litres 126 i.e. some 66 kWh/mo from genset
de-ionised water 20
miscellaneous articles 250 Y
ongoing training 167 Y 16hrs pa
once off start-up training 506 Y every 5 years
battery system replacement 8,155 Y replaced every 10 years

TOTAL per month 13,202  
 
Table 8: Monthly operational costs of Gobabeb diesel-PV hybrid electricity system, in 2007 
 
All operational and maintenance costs summarized in Table 8 are expressed as costs per 
month. This allows the system owner-operator to readily identify the primary cost drivers 
associated with the operation of the system, and focuses attention on those aspects that 
have significant monetary implications. It is noteworthy that, for the purpose of the 

                                                 
3  A Greenfield installation would in all likelihood not have included two diesel generators, would not have included 

Gobabeb’s elaborate monitoring system, as well as the expensive diesel consumption meters. 
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analysis, some costs that are traditionally considered capital costs are expressed as 
monthly operational costs, such as the expenses related to the exchange of the battery 
system in 10-yearly intervals4. This real-cost approach used here allows the manager to 
justify why the recovery of regular expenses is essential – if it is feasible to recover and 
save ongoing operational costs – which poses a well-known managerial problem when 
capital and operational costs have to be budgeted for and justified separately.  
 
The replacement of the battery system is often considered a capital expenditure item, 
considering that it has to take place only once every 7 to 12 years (in this case, it is 
assumed that the battery system will have to be replaced every ten years, i.e. in 2014, 
and in 2024 5). However, in the interest of focusing the owner-operator on the necessity to 
make provision for such expenditures from day one of the operations of the system, this 
primer takes the view that such costs are part of the ongoing operational expenditure for 
which provision has to be made, and for which savings are required to allow the 
uninterrupted operations. Similarly, the annual minor diesel service, bi-annual major 
diesel service and the rebuilding of the diesel engines every 15,000 hours (considering 
the current operations of the Gobabeb system this will only happen once in its remaining 
lifecycle) are considered as ongoing operational expenses for which monthly provisions 
have to be made. 
 
Figure 4 depicts the various monthly operational cost components listed in Table 8, and 
thus allows the owner-operator to identify the three main recurrent necessities, namely  

a) to make provision, for example in annual operating budgets, for the replacement of 
the hybrid system’s battery system, 

b) to ensure that an experienced energy manger is available and takes care of the 
requirements of the system for the duration of the system’s operation, and 

c) to plan and cost the required diesel system maintenance costs. 
 

diesel, 20 litres
1%

battery system 
replacement

61%

energy manager
20%

once off start-up 
training

4%
ongoing training

1%

miscellaneous 
articles

2%

diesel service 
minor

4%
diesel service 

major
3%

diesel service 
rebuilt

4%

de-ionised water
0%

 
 

Figure 4: Breakdown of the monthly operational expenditures, in 2007 
                                                 
4 Gobabeb’s 200 kWh battery system has a depth-of-discharge of approx. 40% at a daily consumption of 140kWh. 
5 Given the present day maintenance routine, and assuming that the system will not be significantly overused in future. 
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Operational expenditures have to be budgeted for, and have to be available from day one 
of the operation of a hybrid electricity system. The total operational costs incurred 
between 2004 and 2007, expressed in 2007 currency, are: 
 
TOTAL system opex since 2004 - until 2007 - in 2007 currency  N$ 595,713  
 
Based on the operational expenditure in 2007, such costs are used to project future 
running costs, using a low (110 kWh/d), medium (135 kWh/d) and high (160 kWh/d) future 
electricity consumption scenarios for the period 2008 to 2028, under the assumption that 
the PV panels, inverter system and other electronics have a total life of 25 years 6.  
 
The present value in 2007, of all past and future operational expenditures, amounts to:  
 
Low usage scenario at 
110 kWh/d from 2008 

Medium usage scenario 
at 135 kWh/d from 2008 

High usage scenario at 
160 kWh/d from 2008 

N$ 2,459,409 N$ 2,742,735 N$ 2,996,001 
  

Table 9: Present value of total operational expenses, in 2007 currency 
 

4.4 Cost-benefit 
The hybrid electricity system’s sole purpose is to provide electrical energy on demand, an 
output most conveniently measured in kWh. Rather than postulate consumption 
scenarios, this section calculates the actual cost per kWh, as kWh’s are the commodity 
and benefit that the consumer has from having electricity supplied by the hybrid system. 
In this way, the owner-operator of the system can calculate which future system extension 
opportunities are most cost-effective, and can also compare the system’s energy costs to 
what other contemporary supply options, such as grid electricity, diesel-only, or solar-only 
would cost. 
 
As discussed in section 4.3, the system’s total capex in 2007 amounted to N$ 2,901,351, 
while the system’s total operational expenditure over the system’s lifetime is summarised 
in Table 9 above, and depends on whether a low, medium or high electricity consumption 
future is envisaged between 2008 and 20287. 
 
Gobabeb’s recent average daily electricity consumption is depicted in  
Figure 5, and shows an average daily consumption of 112.3 ± 22.8 kWh 8 over a period of 
629 days, with the lowest daily consumption of 72.8 kWh, and a maximum of 228.4 kWh. 
For the purposes of calculating a per kWh price of electricity, the daily consumption was 
assumed to lie in an envelope of 110kWh/day, 135 kWh/day and 160kWh/day 
respectively, which implies an annual electricity consumption of 40 MWh, 49 MWh and 58 

                                                 
6 Given the present day maintenance routine & assuming that the system will not be significantly overused in future. 
7 It is assumed that some 110 kWh / day were consumed in the years 2004 to 2007. 
8 From weekly consumption data records at Gobabeb. 
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MWh respectively, or a total system output of 1.0 GWh over 25 years, or 1.2 GWh or 1.39 
GWh respectively9. 
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Figure 5: Gobabeb daily electricity consumption figures, since August 2005 
 
Taking the total costs and total lifecycle electricity production figures into account, the 
above figures imply a 2007 price per kWh – in a low electricity usage future – of N$ 
5.34/kWh, while the 2007 price per kWh in a medium electricity usage future amounts to 
N$ 4.72/kWh, while the 2007 price per kWh with a high electricity usage future amounts 
to N$ 4.25/kWh. 

4.5 Sensitivity analysis 
Figure 6 shows the results of a sensitivity analysis with respect to the discount rate (DR) 
as a function of the daily electrical output of the hybrid system in kWh/day. It is seen that 
high discount rates ensure that income from more immediate future payment periods are 
more significant than those of the more distant payments, but that the influence on per 
kWh rates remains small. 
 
 

                                                 
9 Assumed consumption is 110kWh/day between 2004 and 2007, and 110, 135 or 165 kWh/d between 2008 and 2028. 
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Figure 6: Sensitivity analysis of discount rates (DR) as a function of the daily electricity 
consumption in kWh/d 
 

5.  CONCLUSIONS  

5.1 Operational issues and challenges 
The following long-term operational issues and challenges have become evident in the 
Gobabeb diesel-hybrid system. 
 
User pays principle: 

• The user pays principle is difficult to implement, yet is a cornerstone of the systems 
long-term viability. 

• The change-over from the previous ‘consume-as-much-as-you-like’ to an energy 
conscious environment has been difficult and requires the ongoing attention of the 
energy manager.  

• Introducing metered electricity to users that were accustomed to free electricity 
services is a challenge that requires careful ongoing management. 

• The amortisation of system components with an expected lifetime less than the 
overall system, such as the battery system, and associated assessment of user 
charges, determines to a large degree how viable the system can remain over the 
longer term.  

• In order to spread the ongoing costs of operating and maintaining the system 
amongst users, users should pay for what they have or will be consuming, 
necessitating metering technologies such as pre-payment or cumulative usage 
meters. Flat rate user tariffs, as are used at Gobabeb (N$4/person/day used), do 
not provide an adequate signal to users to limit their consumption, and may in the 
long run lead to non-optimal system use. 

 
User behaviour: 

• Behaviour monitoring, and the associated ongoing education of users, including 
those that benefit from system for a short period only, is and remains essential. 
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• The relationship between the energy manager and system users determines, 
amongst others, how well users adhere to user guidelines. Systems operating for 
large non-cohesive users will require different engagement and interaction 
strategies as well as technical solutions. 

 
System monitoring and maintenance: 

• The ongoing monitoring of usage and key system variables remains essential, 
especially to capture changing user preferences and consumption patterns, and 
ensure the continued balance of the phases of the system. 

• Ongoing system maintenance, including trivial activities such as battery water 
control, array monitoring and battery state-of-charge monitoring is essential.  

 
Technology: 

• Introducing energy efficiency measures to users accustomed to ‘consume-as-
much-as-you-like’ requires a phased implementation, funding and communication 
plan. 

• The technical design needs to allow to the greatest possible extent that 
consumption patterns may change either per phase, or for the entire system. Here, 
the balancing of loads per phase is a particularly challenging task as many of the 
loads are dynamic, and depend on non-technical user preferences and managerial 
decisions. As the performance envelope per phase is frozen by the initial system 
design, it is important that sufficient flexibility and over-capacity is designed into the 
system so as to allow future load changes and growth. 

• Heavy in-frequent loads, such as air-conditioner systems or kilns/ovens need to be 
three phase loads. 

 
The technological part of an energy solution is only one aspect of several important 
aspects in hybrid system installations: the day-to-day management aspects, including 
maintenance, revenue collection and ongoing optimal system operations are other critical 
issues which will ultimately ensure the long-term sustainability of the energy solution. 
 

5.2 Summary of risks and possible mitigation measures 
 
Table 10 summarises some risks and associated mitigation measures that system 
managers of hybrid electricity systems similar to the Gobabeb system need to be aware 
of.  
 

Risk Possible mitigation measure 
Ineffective or non-regular maintenance routine 
and first-line service, especially for system 
components requiring regular monitoring and 
maintenance, such as the battery system 

• Procedural guidance of energy manager to 
include suitable maintenance and 
monitoring regime 

• Regular cross-check by superior 
Insufficient long-term system monitoring, e.g. 
over annual and longer intervals, making 
management decisions (e.g. investment 

• Maintenance regime to include short-, 
medium and long-term activities, including 
data capture and regular data analysis 
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decisions) difficult • Regular reporting on medium- and long-term 
monitoring results 

• Energy system to be discussed regularly at 
managerial level 

Availability of capacitated energy manager with 
sufficient technical background and hands-on 
experience 

• Management recognises the energy system 
as an essential asset that requires the 
ongoing attention of a qualified and 
experienced energy manager 

Insufficient ongoing cost recovery makes 
replacement of system components difficult 
without outside subsidization – use separate 
account for system revenues 

• Management establishes a separate 
financial account for energy system income 

• Ongoing recovery of costs – through 
adequate and annually reviewed electricity 
tariffs – is ensured 

Availability of spare parts and required person 
available to undertake repairs 

• Energy manager to be sufficiently qualified 
to undertake first-line maintenance 

• Essential spare parts available on site 
Service agreement does not cover 
contingencies 

• Management to ensure that service 
agreements specify contingencies to a level 
that allows the energy system to operate at 
more than 99% availability  

User compliance with system requirements 
(who use large loads and/or change circuit 
breakers without proper consultation with 
energy manager) 

• User compliance to be ensured by way of 
technical (e.g. circuit breaker limitations) 
and awareness (e.g. users understand the 
system limitations and consequences of 
their system usage) measures 

• Regular check of user demand and usage 
patterns by energy manager   

Consumption per phase unbalanced • System design to ensure that phases are 
optimally balanced 

• Regular monitoring of usage per phase 
• Corrective action to be taken by energy 

manager if non-transient imbalance of 
usage of one or several phases is evident  

Non-permanent availability of energy manager  • Clear system operating and maintenance  
procedures available 

• Codified hand-over process in place, even if 
energy manager is only absent for short 
periods 

• system operating and maintenance 
procedures 

Catastrophic system failure necessitates 
specialist – who may be unavailable 
immediately 

• Service agreements with principal suppliers 
to specify level and availability of specialised 
service personnel in case of serious system 
failure 

• Remote monitoring of key system data by 
expert – to forewarn of potential system 
failure 

• Clear instructions for emergency operation 
on diesel generators 

Theft and/or vandalism of solar modules • Solar modules to be permanently marked 
• Module fixtures to make dismantling difficult 

(e.g. pop-rivets instead of nuts and bolts) 
• Positioning of PV arrays within sight of key 

users 
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Component lifetime shortened due to extreme 
conditions 

• Service agreements to spell out warranty 
periods, which are used in life-cycle and 
tariff calculations 

• Preventative maintenance regime in place 
• System maintenance fund established and 

regularly replenished by way of cost 
reflective usage charges  

Distance to designer, manufacturer, supplier 
and service agents 

• Service agreements with principal suppliers 
to specify level and availability of specialised 
service personnel  

 
Table 10: Risks and mitigation measures 
 

5.3 Skills and knowledge required to operate a hybrid system 
The following skills and knowledge are necessary to ensure the continued operation of a 
hybrid system similar to the Gobabeb electricity system: 

• an energy manager – responsible for the day-to-day operational and technical 
system supervision – with mechanical and electrical aptitude and experience is a 
pre-requisite to operate a hybrid electricity system of the Gobabeb type, and 
thorough understanding of the concepts of power, energy and energy efficiency 
are essential. 

• the energy manager, or a designated person having the required skills and 
experiences has to be responsible to communicate the usage patterns and energy 
efficiency measures to all end-users, and provide an introduction of the system 
limitations and behavioural guidelines to new users 

• the energy manager’s interest in and ongoing commitment to the system is 
essential 

• data acquisition and regular analysis of key system in- and outputs underpin all 
future decisions regarding the system, which therefore requires the ongoing 
attention of the energy manager. Here it is observed that a high degree of data 
capturing automation is beneficial in the medium to long term.  

• the energy manager is to have sufficient skills to independently undertake first-line 
mechanical, electrical and electronic maintenance and fault-finding activities 

• step-by-step instruction manuals on how to operate and maintain the system are to 
be available, preferably with pictures illustrating key system features 

 

5.4 Gobabeb’s key success factors 
Gobabeb is one of a handful of larger southern African hybrid electricity systems that 
works well. The key reasons for the successful operation of the electricity system are 
seen to be: 

1. Demand side issues: these were explicitly taken into account in the design 
phase, for example, energy efficiency solutions have been incorporated wherever 
possible. In addition, user training is ongoing, and is reinforced through posted 
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awareness materials, and is also enforced by way of behavioural guidelines 
promoted and controlled by the energy manager. 

2. Supply side issues: these range from the required engineering, contracting and 
technology supply capacity, which in turn positively influenced the design, 
technology selection and hardware implementation. In addition, professional back-
up services for all system components are available when required. 

3. Organisational capacity: the presence of a technically skilled energy manager 
who is able to undertake all first-line maintenance and system monitoring tasks, 
and is responsible for strict user guidelines and the continuous awareness creation 
on both user and manager level, is essential.  

4. Revenue collection: continuous revenue collection reminds users of the 
importance to use system energy sparingly, and encourages energy efficient 
consumption behaviours. In addition, continuous revenue collection using near 
cost-reflective tariffs creates the financial capacity to pay for the ongoing upkeep 
and any capital intensive replacements that may be needed in future. 

The above illustrates that solid planning and implementation, focusing on demand and 
supply side issues, and the ongoing attention to the electricity system, through sufficient 
organizational capacity and continuous revenue collection constitute the foundation on 
which the long-term sustainability of the Gobabeb hybrid electricity system rests.  
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APPENDIX A: CAPITAL AND OPERATIONAL COSTS 
A.1 Solar and electronic components of the Gobabeb hybrid system 
From a Solar Age Namibia Contract Agreement, dated 8 Apr 2004:  

• PV array structure for Array A, inclusive of labour N$152,517  
• Batteries: flooded lead-acid 200kWh (1,400 Ah at C5 rating) N$ 195,807 
• Electronics: power converter including 30KW solar charge controller (30 kVA, 120 VDC) 

N$ 388,638 
• Electronics: hybrid systems control N$ 10,000 
• Electronics: other equipment N$ 9,547 + N$ 31,203 
• Services: commissioning, incl matching of diesel gensets, training, transport, 

documentation, N$ 80,320 + N$ 36,750 
Prices exclude 10% contingencies and 15% VAT; all inclusive N$1,115,739.23. 

 
From an offer by Solar Age Namibia, dated 5 May 2004:  

• Array A: PV modules 100 x 70 W CIS, 7 kWp, poly thin film Würth Solar WS11007, N$ 
195,150 excl VAT 

 
From a quote by Siemens Namibia, dated 5 May 2004: 

• PV Array B (northern array): 100 x Siemens and Shell Solar SP70 monocrystalline, 7 kWp, 
N$195,560 excluding stand & VAT 

• PV Array C (centre array): 100 x Shell Solar RSM75, 7.5kWp, N$176,42910 
• PV Array D_1 (southern array): 40 x Shell Solar RSM75 multicrystalline, 3kWp, N$70,571 

 
An estimate had to be made for PV array D_2, i.e. 30 x Shell Solar SM55 / Arco M55 
monocrystalline, 1.65 kWp, for N$42,000. 
 

A.2: Staff costs for systems maintenance and energy management  
The following estimates are based on an interview with the Gobabeb energy manager on 9 March 
and 2 May 2007, and are understood to be approximations of the time spent by an experienced 
energy manager once the system is working satisfactorily, is stable, and that the broader system 
characteristics and daily, monthly and annual systems requirements are understood and carried 
out. 
 
Operating and maintaining the system: total of ~23 hr/mo, i.e. ~ 13% of the total monthly time 
available to a full-time energy manager 

• day-to-day: total of ~10 min/d, or 1hr/w 
o monitor state of charge of battery system: 4 min/d 
o monitor individual phase consumption: 4 min/d 
o monitor battery and battery room temperature: 2 min/d 

• weekly: over and above the daily walk-past control and routine described above, total of 
~60 min/w = 1hr/w 

o monitor acid levels in battery system: 10 min/w 
o visual inspection of panels: 10 min/w 
o filter cleaning of inverter: 15 min/w 
o visual inspection of diesel system: 5 min/w 

                                                 
10  Estimate from DEGREEE budget, March 2005 
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o record-keeping & analysis: 20 min/w, depending on monitoring system 
• monthly, over and above the daily and weekly routine: total of ~14.3 hrs/mo 

o cleaning of filter of evaporative cooler: 1 hr/m 
o cleaning of panels: 2 hrs/m 
o diesel system maintenance (minor service & control, such as refuelling, oil change, 

routine checks): 3 hrs/mo 
o genset service every four months, depending on use, ~4 hrs / 4 months, or 1 hr/mo 
o load test on phases of inverter, every six months, 2 hrs per six months, or 20 

min/mo 
o ongoing education of existing users to ensure awareness of system requirements 

and user compliance, and to inform energy manager in case large loads are to be 
used, 2 hrs/mo 

o educating new users, e.g. system limitations, circuit breaker limits, user-pay 
principle, 2 hrs/mo, but critically depending on number of new users and level of 
their interest and commitment to system integrity 

o introduction of system to guests and interested parties, 3 hrs/mo  

A.3 Costs of materials 
The following materials are expected to be used as part of the daily, weekly, monthly and annual 
maintenance routines: 

• de-ionised water for batteries: N$20/mo 
• diesel: 20 litres/mo, i.e. N$128/mo 
• diesel engine service: the diesel engines require a minor service after 250 hours11, a major 

service every 500 hours12, and a major overhaul after 15,000 hours13 
• spare parts for diesel system, i.e. N$250/mo 

 

A.4 Initial staff training costs 
Staff start-up costs: total of ~ 224 hrs at the installation of the system, then ~16 hrs per year 
as an ongoing training and skills upgrading requirement 

• training, and participation in final installation to get to know critical system and component 
requirements and rationale for design: one month once off 

• introduction to basic monitoring processes and first-line maintenance steps: one week 
once off 

• introduction to the instrumentation and interpretation of monitoring system: one day once 
off 

• trouble shooting, and first-line maintenance, fault finding and repair of system and 
components, 3 days once off 

• ongoing access to technical advice, on an as-needed basis, 2 days / yr 
 

 

                                                 
11  In 2000, oil and filters cost N$ 600, 4 hours of labour N$ 800 and transport N$ 1,600, bringing the overall cost for 

a minor service to N$ 3,000 per diesel engine or N$ 4,400 for both. 
12  Requiring a change of filters and oil, tuning of valve clearance at a cost of N$ 700, 6 hours labour at N$ 1,200 and 

transport at N$ 1,600, bringing the overall cost for a major service to N$ 3,500 per engine or N$ 5,400 for both. 
13  In 2000, the complete rebuilding of the engine costs N$ 43,000 per unit, including all transport, labour and diesel 

generator hiring costs, and the actual overhaul costs are approximately N$ 35,000 per generator. 
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1. INTRODUCTION 
This paper presents the experiences from a few African mini-grid systems which can 
serve as examples for future Namibian hybrid electricity system projects. The lessons 
learned from the day-to-day operation of Senegalese mini-grids are most applicable to the 
Namibia situation, and will be focused on.  

 

1.1 Purpose  
This paper identifies necessary factors contributing to the success of mini-grid projects. 

 

1.2 Background  
In 2000, Solar Age visited mini-grid systems in Senegal for a study titled: “Off-grid 
Electrification for Namibian Villages – Photovoltaic Hybrid Systems to Supply Namibian 
Mini-grids”. 
 
 

2. SENEGALESE HYBRID SYSTEM MINI-GRIDS  

2.1 The pioneering experience from Diaoulé and Ndiébel 
In the framework of the Senegalese-German Photovoltaic Solar Project, two (non-hybrid) 
stand-alone mini-grids for photovoltaic village electrification system (PVVS) were built in 
Diaoulé and Ndiébel . The two villages are not far apart from each other, and for both the 

Abstract 
Namibia is a sparsely populated country blessed with excellent solar insolation. 
For the cities and other grid-connected areas, modern amenities have become 
the standard, and the availability of stable electricity is one prerequisite for 
productive modern development. Many areas in rural Namibia, i.e. the off-grid 
areas, however, do not have access to modern electricity services. Such services 
could be provided by hybrid systems, or solar home systems. The ongoing 
experience of Senegalese mini-grids between 1988 and 2000 is considered in 
order to identify the technical, financial and social prerequisites for Namibian rural 
electrification using hybrid systems.
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distance from the national grid is a little more than 15 km. The 21.5 kWp Diaoulé plant and 
the 19.8 kWp Ndiébel plant have been operating since May 1989 and September 1990 
respectively. They continuously supply power to more than 96% of the households in 
each village of 2,000 inhabitants, through a single-phase mini-grid of 220V, 50Hz. In both 
villages, the grid has a length of seven kilometres. The selection of the two villages has 
been based on a socio-economic study.  A careful investigation of the energy needs had 
resulted in a design for an estimated daily consumption of 70.7 kWh and 60 kWh for 
Diaoulé and Ndiébel respectively. 
 
The PVVS at Diaoulé and Ndiébel  have been built to demonstrate and compare the two 
ways of rural electrification, PVVS and solar home systems (SHS).  The construction of 
the mini-grids involved substantial investments. The following figures are prices converted 
to 1999 Namibia Dollars: for Diaoulé (21.5 kWp) the equivalent of N$3.42 million has been 
spent while Ndiébel (19.8kWp) involved an investment of an equivalent N$3.34 million, 
which amounted to an average of N$160,000 per kWp of completed installation (including 
all balance of system components, the power house building and the mini-grid).  The 
investment per household for delivery of an average 0.37 kWh per day of AC electricity 
amounted to NS17,720 for Diaoulé, which did not compare favourably with the cost for a 
SHS. Resulting unit-energy (kWh) prices in 1990 where N$18.16 for the mini-grid and 
N$12.96 for the SHS.  It is to be noted that the higher versatility of AC electricity had not 
been taken into account. 
 
For the first 5 years, the plants operated well with an availability of more than 90%. During 
this time mainly inverter problems were recorded which arose due to overloading and 
short-circuits in the grid. Then the output of the PV arrays deteriorated due to high voltage 
insulation leaking problems and the batteries ceased operation due to ageing and cracks 
on their positive plates. As a repair measure, PV modules and batteries were exchanged. 
The plants were put back into continuous operation with new rated powers of 26.64 kWp 
in Diaoulé and 20 kWp in Ndiébel, in December 1995 and May 1996 respectively. Since 
this time both sites operate satisfactorily again, and the inverter-related problems 
diminished due to improved overload and short circuit handling. Also, the capability to 
handle lightning strikes at the Diaoulé increased considerably, once an isolation 
transformer was added to the transformer-less original design.  
 
After rehabilitation and training of local technicians in Germany, the Senegalese utility 
Senelec took over the operation of the plants from the Senegalese-German PV Solar 
Project.  
 

2.1.1 Current status of the Sengalese-German project 
Both systems were in operating condition when visited in 2000. Unlike many Senegalese 
Solar Home Systems which have been found in a desolate state, these systems seem to 
have reached a high degree of operational reliability once the initial problems were 
solved. For the first 5 years, a technician was stationed at Diaoulé who successfully 
looked after both systems. Today however, the local responsibility (for e.g. the cleaning of 
modules and reporting of problems) should be reinforced. 
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In March 2007, the Diaoulé mini-grid was connected to the national grid, which is seen to 
be a viable option under the concession based rural electrification scheme introduced 
since the visit in January 2000. 
 

2.1.2 Experiences from the project 
Both systems represented very modern technology at the time of installation. This 
contributed to many initial problems, but once these were solved, it also supported the 
long term viability of the systems. In many respects we found useful technical features 
(very high inverter efficiency, good metering, MPPT Solar Regulators, forced agitation of 
the battery electrolyte, DC isolator switches) which were not even included in the much 
newer island systems visited later. The exclusion of gensets turned out to contribute 
much to system availability. From the other Senegalese examples one can derive that 
continuous operation of gensets (fuel supply, maintenance) is often not a sustainable 
proposition under rural African conditions.  
 
Quality problems posed a delicate problem because written warranty agreements for 
important system components had not been signed initially. On the other hand, the initial  
project design specified customised solutions, which sometimes gave problems during 
operation (e.g. the extra connector boxes on the PV modules, or the Diaoulé inverter 
without isolation transformer) and left room for negotiation by the suppliers. 
 
At the two sites, small income-generating projects were tested, including a commercial 
ice-making and grain-milling. The users enjoy the availability of continuous AC power for 
TV and communication. All in all, the GYZ project helped Senegal to gather a lot of in-
country expertise:  

1. Expertise and commitment within SENELEC, those days the utility monopolist 
2. Expertise for local consultants 
3. Expertise for electricians and engineers 
4. Expertise within the Senegalese Ministries of Science and Technology as well as 

the Ministry Energy, Mines and Industry 
5. Expertise at the University of Dakar 
6. Expertise to administer large Hybrid System projects on their own 

 
The two Senegalese mini-grids had a similar meaning for Senegal as the Gobabeb 
Danida DEGREEE project will probably have for Namibia. Based on their experience from 
the cooperation with GTZ, Senegal implemented their own large-scale mini-grids in 1995. 
 

2.2 Large Senegalese PV-Diesel Mini-grid Systems: the PSNES Project 

When Senegal had funds at their disposal (the equivalent of N$22.6m), which originated 
from Japanese trade support, they chose to invest this money in three powerful (a 
cumulative 190kWp) PV hybrid systems for their coastal islands south of Dakar. The 
original project title was PSNES, i.e. “Projet Sénégal – Nippon d’Energie Solaire”. 
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Japan consented to put these systems out on tender in the international market. Senegal 
received offers from Isofoton, Sanyo, ASE, Photowatt and Siemens. Since the offer from 
Isofoton (Spain) proved to be cheapest, they were awarded the tender. With the 
knowledge of hindsight, Senegal today regrets this decision to some degree because the 
supplier’s quality did not meet the expectations. 
 
Nevertheless, this procurement procedure allows Senegal for the first time to calculate 
the economies of such system because the price had been determined on the free 
market. These calculations have not yet been finalised. For this reason  exact information 
like the unit energy price has not yet been available. If one undertakes a very rough 
calculation and compares these investments with those for the earlier systems at Diaoulé 
and Ndiébel one finds a drop in cost from N$160,000 to N$119,000 per kWp  of completed 
installation within 5 years. 
 
The chosen islands of Djirnda, Bassoul-Bassar and Dionewar-Niodior (the latter ones are 
twin-islands, each inter-linked by a 6 kV line) previously used diesel generation, and the 
fuel had to be transported from far away by barge to the islands, a costly and potentially 
polluting exercise. 
 
The system design of the three hybrid systems is similar. Technology employed is 
conventional, e.g. the solar charge regulators are “hysteresis-contactor-on-off” type and 
the inverters can not be synchronised with the gensets, a shortcoming which causes 
power interruptions when changing over from inverter to genset and vice versa. Senelec, 
on the other hand, is currently busy establishing on-line visualised radio telemetry links 
between the islands and their headquarters.  
 

2.2.1 Overall impression from the hybrid PVVS at Djirnda and Bassoul 
Both systems were operational, but on the PV generator side only. Bassoul had not 
received fuel for several weeks. Originally the diesel genset was meant to take over the 
load for 4 hours during the evening peak. At Djirnda the genset failed to start. This causes 
problems since the batteries have to receive a full charge regularly in order to avoid acid 
stratification. There are no forced acid agitation systems installed. 
 
The local system operator at Bassoul seemed very capable of manually optimising the 
system management without the availability of the genset. The under-designed autonomy 
made this a difficult task. We were surprised by his Power Point visualization of the 
Bassoul plant and operation procedure. 
 
Since the telemetry link was not operational (at Djirnda the antenna mast had been 
destroyed by storm), the local operators had to cope with pending problems on their own. 
Again it seems that the PV part of the hybrid systems is more reliable under the prevalent 
conditions.  
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2.2.2 What makes the Senegalese Mini-Grids successful? 
• The government and the religious Islamic leaders fully supported the use of renewable 

energy 
• The communities knew there was no better alternative for them 
• The clients had to pay a meaningful price per kWh from the start and Senegal had 

high prices for grid electricity as well 
• Maintenance and operator capacity has been foreseen from the beginning 
• Telemetric monitoring of the large stations ensured technical support to the local 

operator 
• The local operator manages to provide sufficient energy to the households even in the 

event of lacking genset fuel 
 
 

3. HYBRID SYSTEMS IN NAMIBIA, AND THEIR CONTRIBUTION 
TO CONTINUED ELECTRIFICATION 
After seeing positive results at the Gobabeb Centre, isolated mini-grids have a likely 
potential for electrifying more off-grid dwelling sites and villages in Namibia. But one has 
to take into account that – in many respects – Gobabeb is not a typical site because of its 
many technically trained users and its tight management structures.  Village structures in 
rural Namibia are quite diverse; from a loose gathering of traditional homesteads to a 
more clustered arrangement around a school and a rural healthcare centre the scenarios 
differ widely. The same is the case with social coherence and availability of income. But 
the use of hybrid systems will gain importance since supportive factors contributing to the 
feasibility of Namibian hybrid systems have been increasing since year 2000: 

• the oil price tripled 
• bio-fuels potential from local production, a hybrid systems can thus run 100% on 

renewables and may create jobs in the process  
• hybrid system technology matured even further 
• energy efficient appliances became more readily available 
• grid power became more expensive, and of late, more scarce  
• rural grid-electrification is not profitable. 

 
With the current diesel price of N$7 per litre (October 2007), every kWh produced will 
already cost some N$ 2.50, and that is from fuel costs alone. Together with writing-off the 
genset’s capital and maintenance, costs of N$5.00/kWh are a very realistic figure for 
genset-operated sites. Therefore it makes financial sense to convert most diesel sites into 
hybrid systems! 
 
Namibia has a number of potential mini-grid sites where the grid is possibly not viable, 
including:   

• Tsumkwe (currently a non-sustainable large diesel mini-grid) 
• Mangetti Dune area (currently running on a diesel of 125 kVA) 
• Gam (small diesel-powered generator of 15 kVA, PV RAPS) 
• Terrace Bay (currently diesel 250 kVA) 
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• Kongola /Caprivi 
• Duwisib Castle (currently 30 kVA diesel) 
• Namibia Wildlife Resort facilities 
• Other off-grid clusters meeting certain pre-conditions. 
 
 

4. THE ROLE OF HYBRID SYSTEMS WITHIN THE OGEMP 
The Off Grid Energisation Master Plan (OGEMP) dove-tails with the existing Rural 
Electrification Distribution Master Plan guiding Namibian rural grid electrification. While 
realising that the OGEMP has not identified potential mini-grid sites, it features some 
groundwork for the planning of mini-grids, including: 

• delimitation of clear off-grid and pre-grid areas 
• the Energy Shop Concept can identify such sites during roll-out 
• Energy Shop and Energy Manager could warrant a mini-grid if placed within a 

high-density off-grid area. 
 
What remains to be undertaken is that 

• all Off-Grid clusters which are currently run on gensets should be identified 
• all Off-Grid clusters which fulfil other mini-grid pre-conditions should be idenytified. 

 
 

5. BARRIERS AND CHALLENGES WITHIN THE NAMIBIAN 
ENVIRONMENT 
As long as the Namibian national electricity grid could supply ultra-cheap, ultra-abundant 
and very reliable electricity to end-users, any alternative supply option – like SHS or HS – 
were seen as inferior. For some time after independence, rural electrification has been 
rolled out which – with the knowledge of hindsight – did not prove financially sustainable. 
 
Currently the situation has changed drastically. There is no reliable supply with cheap and 
abundant electricity available to remote long-term off-grid localities any longer. This 
message however is not brought home sufficiently clearly as it may be seen as a 
misjudgement of the development options. 
 
Only if target communities are informed that a mini-grid powered by hybrid electricity 
system is a cost-effective option, such supply options will begin to have a reasonable 
chance to be adopted by people. Such a change of heart necessitates a clear statement 
from Government in order to spread the message that remote rural electrification will 
remain a pipe dream unless carried out by means of SHS, and/or mini-grids. 
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6. CONCLUSIONS   
Mini-grid projects can only be successful if all critical aspects are properly taken care of.  
Here, the balanced emphasis on social, financial and technical prerequisites is the key to 
success, and includes: 

• life-cycle costing must become the order of the day in evaluating projects 
• the way Government allocates money for installations and maintenance always 

works against the use of high capital cost Renewable Energy (RE) projects          
(“Barrier Number One”) 

• Dealing with RE requires long-term contracts to ensure initial continuity and 
continued training of end-users and technicians  

• Telemetry links for continuous feed back to service agents make it possible to 
render first-line maintenance remotely, which will increasingly have to be 
introduced to minimise on-site costs 

• Solid and continued support to local operators 
 
The social assessment has to find out if the target community embraces a mini-grid 
proposal as part of its development.  Can “champions” be identified which will help to pull 
such a project until its completion, even against the many odds that may arise during 
project implementation? Is the community prepared to pay sufficiently for the anticipated 
service? Will the mini-grid foster productive enterprises by making productive use of the 
electricity available? 
 
The financial assessment must take into account the contribution of electricity sales 
towards the capital outlay, as well as running cost. The investment-planning has to set 
aside sufficient funds for preparatory energy-efficiency measures as well as for the 
provision of long-term human operating capacity available to the community. 
 
The technical assessment has to look at high quality hybrid system components which 
are serviceable with in–country resources. Remote system supervision with online data 
transfer to a control centre will provide supporting energy management as well as fault 
finding. Demand-side-management in terms of digital power and energy limiting devices 
for every subscriber is worthwhile considering. Protective measures against over-usage 
are indispensable.   
 
All in all: The roll out of Hybrid Systems must never be seen as purely providing 
electricity! Hybrid systems powering mini-grids constitute an integral act of communal 
development as well. It is not done with “piping in” a service and billing for it!  Without an 
income, any service will be too expensive to pay for. But hybrid systems supply the 
standard 230/400V AC-power which are available in cities, and give users an advantage 
over SHS in supporting vocational/industrial enterprises in future. 
 
And it remains to be said that the decision not to introduce a hybrid system as an 
energisation tool must be respected in case too many questions remain in the scoping 
and feasibility assessment phase.  
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Applicability and Requirements for Wider Hybrid 
System Implementation 
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1. INTRODUCTION 
Access to energy services is a key factor to facilitate and improve the well being and 
living standards of communities. The national electricity grid, as an electricity supplier 
for a large range of energy services, does not reach all communities mainly for cost 
reasons (current grid expansion status, remoteness of consumers from the existing 
grid and insufficient consumption on the grid extension under investigation) while 
many consumers need to wait for many years until future grid extension plans have 
been implemented. In such cases there are a number of options to provide electricity 
services to communities, and include Solar Home Systems (SHS), diesel generator 
systems, wind energy systems, hybrid electricity systems, and others. 
 
 
1.1 PURPOSE OF THE PAPER 
The focus of this paper is to provide a set of guidelines to decision-makers in 
determining the applicability and the requirements for the wider implementation of 
hybrid systems in service of village electricity supply systems. The paper furthermore 
proposes a performance assessment framework for hybrid systems which allows 
comparison between different hybrid systems. 
 
 
1.2 HYBRID SYSTEMS EXPLAINED 
Hybrid electricity systems are defined as systems which make use of two or more 
energy resources to service the consumers connected to the system. The resources 
may be renewable and/or non-renewable. 
The typical components of a hybrid system consist of generation capacity (for example 
diesel generators, solar photovoltaic generators, wind generators etc), battery storage 

Abstract 
This paper presents the key criteria which decision-makers need to apply in 
determining the applicability of hybrid systems for electricity service provision in 
off-grid settlements. The criteria address local issues such as needs, energy 
efficiency implementations, cost reflective tariffs, capacity and resources, as well 
as national issues such as institutional and technical capacity requirements. 
An assessment framework for hybrid systems is proposed which allows an 
objective comparison and functional analysis of implemented hybrid systems. The 
paper concludes with proposals of how existing hybrid systems can also be 
utilised for capacity building and demonstration purposes.  
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and one or more power converters, which is a device which converts power from the 
battery storage to AC power compatible to grid power. 
There are two basic designs in hybrid system topology: the conventional DC bus 
system, and the recently developed AC bus system, or a combination of both. The 
differentiation between these two concepts is the point where the energy “exchange” 
takes place, i.e. how is the generation capacity coupled into the system? The DC bus 
system couples the different energy resources into the system on the DC side, i.e. at 
the battery set. The AC bus system couples all energy generation resources into the 
system on the AC side, i.e. anywhere on the demand side electricity reticulation. The 
AC bus system therefore has the advantage of being more flexible in terms of the 
location of the different energy generators as well as being more flexible in terms of 
supply expansion. 
In terms of combining generation resources in a hybrid system more often than not, 
one or two renewable resources are combined with a non-renewable resource, e.g. a 
solar photovoltaic (PV) diesel system or PV wind diesel hybrid system. Combining 
renewable and non-renewable resources has a number of advantages, namely: 

• Ability to respond to unscheduled fluctuating electricity demands through the 
firm power source provided from diesel genset 

• Ability to optimise and fully utilise the renewable resources and minimise the 
non-renewable resource in a well designed hybrid system 

• High operational efficiency of the diesel generator as it can be operated at near 
full capacity for the majority of the time 

• Improved battery charging regimes extends battery life which lead to lower life-
cycle cost of the battery storage 

Due to the particular operating characteristics listed above, hybrid systems are more 
suitable than single-resourced renewable based generating systems to power 
consumers connected in a mini-grid configuration where consumption is unscheduled. 
Since the focus of this paper is the supply side of the electricity system, i.e. the hybrid 
system, the issues related to the sustainable operation of a centralised multi-source 
off-grid generation plant is of interest as opposed to the issues related to the demand 
side. In some instances the demand side aspects are taken into consideration to 
present the challenges which need to be met through a hybrid system supplying a 
number of coordinated or uncoordinated consumers through a mini-grid. A mini-grid 
raises many additional issues such as downstream power limitations, energy 
dispensing issues, tariff structures to encourage demand side management, revenue 
collection at individual consumer level, organisational capacity, energy efficiency 
implementations and availability of energy efficient (EE) appliances (and their funding) 
as well as energy awareness.  
 

1.3 CHARACTERISTICS OF A HYBRID SYSTEM 
A hybrid electricity supply system can be described to deliver the following: 

o AC output, either single (230VAC) or three phase (400VAC) 
o 24 hour electricity supply 
o Ability to deliver collective power to a single point in the consumer network 
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o Suitable to provide power to a range of users with variable power and energy 
profiles 

o Cogeneration (parallel operation between a diesel generator and a power 
converter) to service peak loads 

o Ability to pool all energy resources 
o Increased system redundancy 

 
A hybrid system has the capacity to provide power in the low to medium kW range 
(commercially available up to approximately 300kVA). Dependent on the design it can 
service fluctuating power and energy needs to various points of its connected 
consumer group. This makes a hybrid electricity system an attractive alternative to 
decentralised electricity systems. 
 

1.4 COMPARISON TO OTHER SUPPLY OPTIONS 
The typical characteristics between four electricity supply systems, namely a 

o decentralised renewable electricity system, 
o centralised diesel generator system, 
o hybrid system and the 
o national electricity grid, 

powering a number of consumers which have a varied demand profile, is described in 
the Table 1 below, and lists the various characteristics of the different supply options 
which need to be taken into account when selecting an electricity supply system. 
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Table 1: Key characteristics of different electricity supply systems 

Decentralised 
renewable 
electricity 
systems 

Centralised diesel 
gensets 

Hybrid systems National grid 

• High capital cost 
per kWh 

• Low power 
output: DC or AC 

• Stable and 
proven 
technology 

• Limited energy 
available – not 
firm power 

• Maintenance of  
many systems 

• Stored energy is 
not pooled 

• Unutilised energy 
cannot be used 
elsewhere 

• Low capital cost 

• High operating 
and maintenance 
costs 

• Power/Energy on 
demand – firm 
power 

• Maintenance 
intensive but well 
supported 

• Ineffective use of 
diesel generator 
(low capacity 
factor 

• Depending on 
maintenance – 
poor quality of 
supply 
(interruptions, 
voltage 
fluctuations) 

• High capital cost 

• Low operating 
costs 

• 24 hour supply 

• Makes efficient 
use of diesel 
genset 

• May offer a more 
effective (shared 
resources) and 
efficient solution 
(pooled) 

• Requires energy 
efficiency 
implementations 
to be more cost 
effective 

• Sophisticated 

• Requires 
management of 
hybrid system and 
consumer 

• Cheap (due to 
national rural 
electrification 
subsidy) 

• Offers flexibility to 
consumers 

• Simple 

• No maintenance 
required by 
consumer 

• No local 
management 
required 

 
 
 
1.5 APPLICATION OF HYBRID ELECTRICITY SYSTEMS 
A hybrid system is suitable for higher and variable energy consumption profiles and 
can provide power to a settlement which has a mix of institutional consumers (schools, 
clinics etc), infrastructure services (e.g. street lighting, water pumps, sewage pumps), 
productive use applications and residential consumers. 
Hybrid systems are particularly attractive in cases where diesel generators have been 
in operation as the conversion to hybrid systems generally improves the service 
delivery, lowers the life-cycle costs and therefore reduces actual cost tariffs. The 
Gobabeb hybrid electricity supply system is a typical example. Through the 
introduction of a renewable energy generation resource in conjunction with electricity 
storage the quality of supply was significantly improved and actual tariffs were reduced 
through the optimal use of each of the electricity generation resources. 
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Namibia has potentially a number of applications such as for example Tsumkwe, 
tourist lodges and government operated tourist camps and facilities in parks. However, 
there is very little information to date which assists a decision-making process to 
determine the optimal solutions for such off-grid sites. 
This paper will discuss a number of aspects with regards to hybrid systems, 
commencing with applicability criteria and requirements for hybrid systems, an 
assessment framework of hybrid systems, and proposals for utilising existing hybrid 
systems for capacity building and awareness purposes. 
 
 

2.  APPLICABILITY CRITERIA FOR HYBRID SYSTEMS 
The optimal solution for a rural electricity supply is guided by the level of the service 
required, the cost thereof, existing infrastructure and the anticipated level 
sustainability. Hybrid systems have their functional place between SHS (decentralised 
small scale) and the national electricity grid. The applicability criteria developed here 
describes the supply side conditions under which hybrid systems are feasible. 
The applicability assessment provides a broad framework for evaluating the different 
aspects of hybrid systems with respect to a specific settlement and in the context of an 
institutional framework. The aspects taken into consideration are shown in Figure 1. 

 

 
In order to guide the decision-making process, these aspects are described in more 
detail below. 

Figure 1: Applicability criteria for hybrid systems 
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2.1  GRID PLANNING STATUS 
It is essential to establish what the status of the grid planning is in the region of the 
settlement under consideration. This is primarily due to the cost differences between 
the electricity tariffs and the setup costs (non-recoverable) involved in implementing a 
hybrid system. 
To date the tariffs of grid electricity have been substantially lower than the cost-
reflective electricity tariffs of hybrid systems (assuming full cost recovery). The cost 
reflective electricity tariff of a hybrid system such as the one installed at Gobabeb is in 
the range of N$4.50/kWh to N$5.50/kWh [Von Oertzen et al] and is approximately a 
factor of six to eight times higher in comparison to the average grid tariffs 
(N$0.70/kWh) in urban areas. Pre-payment tariffs charged in rural areas of Namibia 
are in the range of N$0.70 to N$1.00/kWh. These tariffs are however subsidised in 
terms of the capital cost of the installation.  
The implementation of hybrid systems typically requires high capital expenditure and 
energy efficiency implementations beyond typical EE considerations for grid 
installations. This has an inherent cost, some of which is not recoverable. It is 
therefore essential that a settlement which is to be electrified considers the grid 
planning status for this particular area. 
A hybrid system implementation for a settlement often takes a number of years. This 
includes initial assessments (e.g. resources, affordability), community participative 
processes, interactions with local authorities, arrangement of financing, bidding 
processes for the hybrid system implementation, contract periods, capacity building 
and establishment of management systems. 
Taking into account the cost of electricity, the specific hybrid system requirements and 
the typical implementation time frame it is not viable to implement a hybrid system at a 
settlement where the grid is due to arrive within the next 5 years. If the national grid is 
to be expanded to the settlement within more than 5 years than a hybrid systems can 
be implemented. Since the down-stream electrical infrastructure is compatible with the 
national grid infrastructure, a hybrid mini-grid can be considered as a pre-grid 
implementation and the hybrid system hardware can theoretically be re-used. 
However, on a practical level re-use is not as simple as it seems since the appropriate 
system size and energy mix within a hybrid system is likely to differ from site to site. 
Furthermore, equipment re-use at institutional level is problematic (correct storage) 
and often unsuccessful (lack of administrative capacity). 
 
 

2.2  ELECTRICITY CONSUMPTION PROFILE 
The anticipated electricity consumption and its profile is a key component in 
determining the applicability of a hybrid system for a particular settlement. Aspects of 
the consumption profile that are of importance are: 

o 24-hour supply requirements 
o average daily electricity consumption 
o variations in the daily electricity consumption 

If a grid extension is not an option due to low electricity consumption and/or large 
distances to the existing grid, then the hybrid system route needs to be evaluated in 
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comparison to decentralised SHS’s, centralised diesel generator system and 
centralised renewable energy system. 
 

2.2.1 24-hour power supply requirements 
One of the key benefits of a hybrid system is the higher operational security through 
multiple generation sources as well as the use of storage which allows for the 
provision of 24-hour electricity supply. 
The requirement of 24-hour supply depends on the electricity consumption activities. 
Critical loads or continuous power requirements will determine the needs. Should the 
needs require 24-hour supply, then a hybrid system can provide such services reliably. 
 

2.2.2 Average daily electricity consumption 
Electricity supply systems will need to be sized for a typical average daily electricity 
consumption profile and the expected life-cycle costing and the resulting electricity 
tariff will need to be calculated.  
The life-cycle cost includes: 

o Capital cost 
o Operating costs: Fuels, operator cost, revenue collection cost, administrative 

cost 
o Maintenance costs 
o Replacement costs 

In this case the overall electricity reticulation needs to be incorporated in the 
calculation. This includes: 

o SHS: DC and/or AC load side wiring 
o Centralised system: Connection of all buildings and other electricity consumers 

to a central point with the necessary protection levels. 
o Centralised system: Internal house wiring and protection for each building 

The all inclusive costs will determine which type of supply system is the most cost 
effective – the centralised or decentralised electricity supply option. 
 

2.2.3 Variability of daily demand 
Variations in the anticipated electricity consumption profile are well met through a 
hybrid system which consists of a renewable generator and a firm non-renewable 
generator which can be dispatched on demand. Should the electricity consumption 
profile vary significantly, i.e. should the maximum deviation from the average daily 
electricity consumption figure be more than 20%, then a hybrid supply option is likely 
to offer a more efficient system design. 
Furthermore, it is essential to consider the different user groups connected to an 
energy system. If the electricity consumption varies for particular users, e.g. weekday 
activities with low consumption during the weekend or seasonal load usage, then a 
centralised electricity supply system has the advantage of being able to use that 
apportioned electricity elsewhere in the system. 
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2.3 RENEWABLE RESOURCE ASSESSMENT  
The renewable resource assessment needs to consider electricity generating 
technologies which can be harnessed on site and which are supported through mature 
and well supported conversion technologies. The overall cost effectiveness of the 
renewable resource seen over its life time ought to be superior compared to 
conventional generation options such as diesel generators, mainly due to the 
remoteness from the urban infrastructure (fuel, service) and the more often than not 
poor capacity factors for such generators. 
The resource assessment needs provide the following information: 

• Average daily electrical energy per unit (units depends on the form of the 
primary energy) 

• Daily and seasonal availability pattern to yield an annual capacity factor. The 
availability factor affects the energy storage of the potential hybrid electricity 
system as well as the reliance on non-renewable resources if applicable 

• Cost per kWh of harnessed energy.  
This information needs to flow into the preliminary hybrid system design calculation to 
indicate that the renewable energy component improves the financial performance of 
the hybrid system compared to a single source electricity system. 
It is good practice to size the renewable energy generation portion within a hybrid 
system to meet the minimum daily electricity requirements of the settlement. This will 
ensure full use of the renewable energy conversion technology devices which is 
important to achieve cost effectiveness. The remaining energy can be generated 
through firm dispatchable non-renewable energy generation such as a diesel 
generator. Should a hybrid system not incorporate firm power generation then, 
depending on the demand side electricity requirements, the mix of renewable energy 
generators has to be oversized to some extend in conjunction with increased storage. 
 
 

2.4 ENERGY EFFICIENCY AND TARIFFS 
Energy efficiency and tariffs provide an essential interdependence in hybrid systems. 
Energy efficiency implementation on the demand side is critical in order to design a 
cost effective hybrid supply system. Ignoring energy efficiency will result in a larger 
power generation need and a larger energy requirement in terms of storage and 
renewable energy generation. It is generally cheaper implement energy efficiency 
conversions and design a smaller and more appropriate system based on such 
conversions. 
The tariff charged for electricity needs to reflect the true value of the energy. Cheap 
energy undermines the value of electricity. A cost-reflective operations and 
maintenance tariff (excluding capital cost, for Gobabeb this yielded a tariff of about 
N$1.50/kWh) is therefore essential in ensuring that energy efficiency remains in place, 
i.e. the user will realise that using incandescent lights will cost five times more than an 
energy efficient light and therefore remain with EE lighting. 
It is for this reason that subsidised tariffs – or free basic electricity as is the case in 
South Africa – undermine system sustainability, as they remove the incentive to use 
energy sparingly and most productively. 
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Subsidies which are aimed at the poorer population should therefore be introduced in 
the form of capital and EE appliance subsidies as well as providing micro-finance for 
future purchase of high capital cost EE appliances such as refrigeration.  
It is a misconception that the monthly energy bill for households will increase with 
higher tariffs. However that only holds true if there are no energy efficiency 
improvements. If these are however implemented then tariffs can be structured to for 
example double while the energy consumption is halved for the same energy services 
received. 
 

2.5 SOCIO-ECONOMIC ASSESSMENT 
The socio-economic assessment is essential to ensure that the electricity supply 
solution under consideration fits in with the beneficiaries. A number of aspects have to 
be considered which are discussed here. 
 
2.5.1 Affordability 
The delivery model in terms of the financial costs needs to be clear prior to 
implementation. The question of what portion of the overall life-cycle costs (capital, 
operation, maintenance and replacement) will be borne by the consumers must be 
answered in order to determine an electricity tariff. The affordability assessment can 
only really be conducted if the kWh electricity unit has a price attached to it since cost 
of electricity will affect demand. 
 
2.5.2 Accessibility 
The settlement demographics are a key factor in determining the applicability of hybrid 
systems since they are by nature centralised systems which delivery electricity to a 
group of consumers. Factors which need to be taken into account are: 

o Number of consumers in different consumer categories (e.g. institutional, 
residential, commercial, productive use) 

o Average consumption per consumer category 
o Average distance between consumers in one consumer category 

This will provide reference to the costs of interconnecting various consumers to a 
centralised supply system. Highly dispersed settlements will have prohibitive 
interconnection costs and would therefore be serviced through decentralised electricity 
supply systems. 

 
2.6 THERMAL ENERGY NEEDS 
The energy needs of a community have to be considered in its entirety in order to 
prevent users from operating loads such as stoves on the hybrid system. It is therefore 
essential that the provision of cooking, hot water and space heating services are 
clarified and offered as a solution as part of a hybrid system roll-out. 
 
2.7 ORGANISATIONAL CAPACITY 
In order to operate hybrid systems successfully and sustainably, the necessary 
technical and administrative capacity needs to be present among the consumer group. 
Usually at least two operators are trained in the operation, basic maintenance, 
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troubleshooting and energy management of hybrid systems. The operators need to be 
responsible and reliable persons which look after the system consistently. 
Revenue collection will ensure that necessary fund for maintenance and replacements 
are collected. Funds need to be accounted for, and kept safe, in order to ensure that 
the funds are available when professional maintenance is contracted and when 
replacement components need to be purchased. 
 
2.8  INSTITUTIONAL REQUIREMENTS 
The institutions/Regional Electricity Distributors (RED) which are tasked with 
increasing access to electricity services in off-grid areas require critical capacity to 
take decisions and accompany electricity implementation projects such as hybrid 
systems. Capacity is needed to evaluate the applicability of hybrid systems, monitor 
the implementation process and support the long-term operations. Although some of 
these tasks may be outsourced to service providers it is essential that the overall 
process has champions in the relevant institutions with the capacity to take decisions 
and to provide support to the ongoing operations. 
Institutional capacity is required in the following areas: 

• Provision of administrative support to the hybrid systems in operation through 
scheduled professional maintenance, revenue collection support and 
implementation of energy awareness 

• Financial planning support to provide for component replacement during the 
hybrid system life time. 

• Support for capacity building programmes for operators and users 

• Support for community task teams who pave the way for electricity services 
through: 
o a participatory process 
o “development/evaluation” of social village structures 
o awareness creation for the benefits and implications of operating hybrid 

systems. 
A lack of capacity in the institutional environment often leads to failed energy service 
projects simply because the fundamental requirements for sustaining long-term 
operation are not in place. For that reasons it is essential that the applicability criteria 
take into account the existing institutional capacities and should it be found that the 
these capacities are weak then the implementation of hybrid systems should be 
avoided until the necessary capacities are in place. 
Furthermore it is important that there is sufficient application for hybrid systems in a 
country in order to reach a critical mass which makes all the required institutional 
capacity building and systems worthwhile. 

 
2.9  TECHNICAL CAPACITY 
The technical capacity which is required for the design, installation, maintenance and 
repair of hybrid systems needs to be in place. Hybrid systems are more complex than 
conventional and single source energy supply systems. The intricacies of such 
systems need to be well understood in order to be able to design, integrate, install and 
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commission such a system. Hybrid systems should only be considered if this capacity 
is available in the country or is being built in process in order to ensure local 
ownership and avoid dependencies on international partners. 
 
2.10  EXISTING ELECTRICITY INFRASTRUCTURE 
Should there already be an electricity infrastructure in place, either centralised mini-
grid (e.g. based on diesel genset operation) or decentralised stand-alone (based on 
stand-alone SHS), then this is a significant factor in the determination of the supply 
system of choice. It may then in fact not be a clear case for either the one or the other 
route and requires analysis from case to case. It would for example be quite possible 
that a combination of centralised and decentralised supply concept is chosen, using 
the centralised mini-grid concept for the variable, higher power loads and the 
decentralised stand-alone concept for the small constant loads (unless socio-
economic circumstances allow otherwise). 
 
 
 
3.  ASSESSMENT FRAMEWORK FOR HYBRID SYSTEMS 
This section proposes a framework for assessing the main performance indicators of 
existing hybrid system so that these can be compared to other hybrid systems on an 
objective basis. 
A hybrid system consists of at least two generating resources, storage system(s) and 
grid compatible electricity generation devices. Comparing different hybrid systems is 
not straight forward as various local conditions such as renewable resources, quality 
of technology, local pricing structures and duties as well as electricity consumption 
profile will affect the comparison. 
In order to derive at an assessment framework which objectively compares hybrid 
systems, the key function of a hybrid system has to be defined. It is suggested to 
define this function as “delivery of sustainable electricity services to a consumer 
group”. This service level is considered to incorporate the technical benefits to the 
users (along Quality of Supply criteria), the management and administration capacity 
around the implemented hybrid system for ongoing operation and the cost aspects of 
the delivered electricity. 
The following subsections make reference to the hybrid system assessment 
framework spreadsheet as shown in Figure 2. 
 

3.1  BENEFITS AND FEATURES 
This part of the hybrid assessment framework describes the levels of convenience 
afforded to the user in terms of the quality of the electricity supply and the choice and 
flexibility of consumption level as well as selected technical features which allow for a 
more reliable hybrid system operation.  
The benefit levels can be described as follows: 

• Quality of Supply: 
o 24-hour electricity supply: round the clock supply is common in grid 

connected areas and affords user convenience and flexibility; 
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o Brown outs: these are defined as voltage dips and are typical of weak 
power supplies (or excessive loads on the demand side) and or brief 
interruptions between different AC generators/power converters. 

o Black outs: these are defined as power supply interruptions and can be 
less than a second to many hours. Black outs can be experienced in 
single source renewable energy based systems, or in systems where 
energy is managed poorly. 

o Voltage waveform: sinusoidal output wave form is the norm and allows 
full compatibility with standard appliances. 

• Choice of power class and daily energy allocation. A hybrid system which 
allows flexible power and energy allocation has the ability to satisfy individual 
user needs. 

 
The key technical features which need to be in place to support sustainable hybrid 
system operation are: 

• User friendly hybrid information system, which provides the necessary system 
operational indicators and energy measurements on the hybrid system: 

o The operational indicators are a reflection of the technical status of the 
system and should include as a minimum: 

 System status okay 
 Instantaneous input and output values (standard electrical 

parameters) 
 Fault logs and with description 
 Battery equalisation charge indicator 

o Energy management instrumentation/tools which are in particular 
important to the operator, who requires feedback from the system in 
order to decide on the appropriate energy management strategy such as 
running a dispatchable generator and/or operating deferrable loads. The 
instrumentation/tools should provide information on: 

 The state of charge of the batteries 
 Daily electricity consumption figures including historical 

consumption figures 
 Typical figures on daily generation figures for renewable 

resources and typical figures for hourly charge rate for non-
renewable generation. 

• Choice of automatic and manual control. Automatic control is important to 
improve system reliability (e.g. starting up of the diesel generator due to low 
battery or high power consumption). Manual control is important when the 
system is not fully operational and certain components had to be by passed in 
order to keep feeding power to the user. 
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The rationale with this technical assessment is that if these features are not present, it 
will be difficult for the operator to “operate” the hybrid system reliably and efficiently. 
The above benefits and technical features form the essential indicator of a hybrid 
systems technical performance assessment. 
 

3.2  MANAGEMENT AND ADMINISTRATION 
Many rural energy projects fail not due to poor technology and/or installation but due 
to lack of capacity building, and often a complete absence of management and 
administrative systems which are essential to ensure the long-term sustainable 
operation of an electricity service. These aspects are taken into consideration under 
this part of the hybrid system assessment framework. 
 
3.2.1  Management: Operator 
The operator of the hybrid system stays in or near the settlement which is supplied by 
the hybrid system. It is absolutely essential that a system operator (or preferably two) 
is trained to be able to fulfil the following operational management tasks: 

• Day to day operation of the hybrid system: system checks, state of charge 
of battery monitoring, any system metering (e.g. solar PV charge meter) and 
based on the readings decide on energy management strategies for the day 
and the operation of certain flexible high power loads (e.g. water pump). Also 
included are routine checks such as oil and diesel levels for gensets and 
battery water levels and specific gravity values of battery cells. 

• Basic maintenance: refill battery water levels, top-up oil in gensets; 

• Basic troubleshooting: check for correct operation of components; check for 
generation capacity of renewable resources; confirm operating voltages; 
identify weak battery cells; identify poor or hot connections. 

• Remote monitoring: is the hybrid system supported by a remote monitoring 
system, which can be used to analyse the system operation, the system status 
and fault situations remotely? Such a remote monitoring system is valuable 
since the hybrid system experts can travel to site knowing what the problem 
may be. This improves service efficiency and keeps costs to a minimum. 

• In case of more serious problems, the hybrid system operator can help identify 
the problem and possibly locate it before the hybrid systems experts are called 
out to site. 

The operator adds operational security to a hybrid system and is thus critical for 
reliable electricity services. 

 
3.2.2  Management: revenue collection and energy efficiency 
Revenue collection systems need to be in place for two reasons: One, to ensure funds 
for operation, maintenance, and/or replacement of components (depending on the 
delivery model decided upon between the institutional owner and the consumer group) 
and two, to use this as an incentive mechanism to encourage energy savings and use 
of energy efficient appliances. 
This section of the hybrid system assessment framework establishes whether revenue 
for electricity services are in place and what the average monthly losses are in 
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electricity which has been consumed but could not be accounted for. Furthermore, it is 
established which operational costs are covered by the revenues/tariffs collected as 
well as which parts of the operational costs are subsidised (if applicable). 
A cost reflective tariff (at least for the Operations and Maintenance) will ensure that 
energy efficient appliances are being utilised since it is too expensive to operate non 
efficient appliances. If energy efficient appliances are not utilised then the 
sustainability of the hybrid system is being compromised and would indicate a 
weakness in the electricity service concept/implementation. 
 

3.3  Ownership 
The ownership of the hybrid system can rest with a government institution, a 
community itself, an NGO, a private entity or a combination of these.  
The system owner has to ensure that the following funding is available during the 
system life in order to ensure sustainable operation: 

• Funds for professional maintenance: a hybrid system is more costly and 
complex than a SHS. For that reason it is essential that a hybrid systems expert 
is contracted in to perform preventative maintenance and in-depth system 
checks on a regular basis, in order to avoid costly component failure or system 
underperformance. 

• Funds for replacement of components: some of the main system 
components have a life expectancy which is shorter than the overall service life 
of the hybrid system. It is essential that the funds which are required to pay for 
these component replacements (e.g. battery set) are budgeted for well in 
advance or are incrementally saved through revenue collection in order to avoid 
lengthy interruptions in the electricity service delivery. 

Furthermore the owner needs to ensure that the operator receive the necessary 
support in terms of maintaining the hybrid system. 
The owner either takes responsibility for these roles or appoints a service provider to 
act as the administrator. 
 

3.4  Administration 
The administrator, being either the owner of the hybrid system or an appointed service 
provider, provides ongoing support during the service life of the system. The support is 
in the form of planning and handling of finances. 
The planning involves support in scheduling outsourced professional maintenance 
visits in collaboration with the operator and supporting system expansion activities 
when these are due and have been financially secured. 
Handling-of-finance support includes support for revenue collection systems, tariff 
determination, banking funds and overseeing relevant expenditure. 
It is assumed here that the immediate costs such as the operating costs (fuel), basic 
maintenance costs and operators salaries are covered from revenue collection within 
the settlement. Depending on the service arrangement with local authorities, the funds 
for professional maintenance and replacements are either part of the revenue 
collection (in which case the administrative responsibilities rests with the village 
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committee and finances need to be collected through the tariffs) or funds are budgeted 
through government. 
In many off-grid electricity systems this administrative role is not successfully 
executed, often leading to stranded off-grid electricity supplies. 
 

3.5  FINANCIAL ANALYSIS 
The financial analysis of hybrid systems entails calculating the cost of electricity to the 
user. In order to get a comparative result it is essential that all costs are taken into 
account, even though the capital cost may be subsidised. This approach will lead to a 
cost reflective tariff which will provide a basis for comparison. 
In the analysis the initial cost and the recurrent costs are taken into account. The initial 
capital cost of the hybrid system includes all costs related to the complete installation 
of the hybrid system excluding reticulation. The recurring costs include the following 
annual costs: 

• Fuel costs, for example diesel fuel 

• Outsourced maintenance costs, such as minor and major service as well 
as overhaul of diesel gensets (usually a function of the operating hours); 
wind turbine generator maintenance, battery maintenance, overall hybrid 
system checks 

• Replacement costs of components with a limited life expectancy. This is in 
particular the case for battery storage, diesel generators and power 
electronics in the hybrid system. 

• Management costs, such as for the services of the resident hybrid system 
operator for day to day hybrid system operation, basic maintenance and 
basic trouble shooting. This could also include active Energy Management 
on the generation side and on the demand side. 

• Administration costs at institutional level – this may generally be 
considered to be zero except for the case where such services are 
outsourced by government. 

Due to this paper’s focus on the supply side, i.e. the hybrid system, the demand side 
costs in terms of min-grid reticulation, metering, protection and house wiring are not 
taken into account. 
The recurring costs are put through a life-cycle costing calculation where all future 
costs are reduced to present value through a discount rate and added to the initial 
capital costs to yield the total life-cycle cost. The life-cycle cost is annualised into fixed 
annual payments over the expected service life and using the loan rate (assuming 
funds for the purchase of the hybrid system are acquired through a loan). A cost 
reflective tariff is calculated by dividing the annual electricity delivered into the 
annualised payments.  
Calculating the tariff assumes that the overall electricity delivered to the electricity 
consumer is metered at the output of the hybrid system. Metering the consumption is 
essential for revenue collection, energy management, energy efficiency monitoring 
and historical performance of the supply system. An energy meter at the output of the 
hybrid system is therefore required to perform the assessment of a hybrid system. 
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The cost reflective tariff is a fair measure of the cost of the hybrid system. Comparing 
tariffs of different hybrid systems though is not straight forward since local conditions 
and the management of the hybrid system have a major impact on the tariff. Factors 
which impact on the hybrid system tariff include: 

• Local component costs as a function of manufacture origin, shipping, taxes and 
duties, local capacity; 

• Renewable resource conditions such as solar irradiation and wind resources; 

• Fuel costs; 

• Contribution of renewable and non-renewable generation to the overall 
electricity demand; 

• Technical system efficiencies; 

• Load profile details – a constant load profile and a fluctuating load profile 
require different hybrid system designs with different capital cost and 
operational cost. Critical loads will have more stringent hybrid system 
requirements at a higher cost; 

• Hybrid system operational management – this includes generation 
management (making full use of the renewable resources, minimising the use 
on non-renewable resources) and demand side management (load scheduling 
and energy efficiency); 

• Poor management of batteries in terms of maintenance, temperature and 
charge management which can lead to shorter battery life with the result that 
more replacements are required over the system service life; 

• Poor management of gensets in terms of maintenance the service life is 
shortened; 

• Financial parameters such as discount rate, loan interest rate and escalation 
rates (e.g. diesel fuel escalation); 

The determination of many of these parameters requires in-depth research and long-
term observation. This is often not practical but means that the financial assessment of 
a hybrid system needs to take cognisance of these various factors which may impact 
on the price of electricity. The assessment spreadsheet yields a tariff, but the above 
factors have to be taken into account. 
 

3.6  ASSESSMENT SPREADSHEET 
The above information contained in subsection 0 to 0 has been compiled into a 
spreadsheet to form the basis of the assessment framework for hybrid systems. 
Figure 2 shows the spreadsheet in which the hybrid system evaluation takes place. On 
entering the information in the blue cells in the financial section, the life-cycle cost and 
the electricity tariff is calculated. The Benefits & Features section and the 
Management & Administration section are filled in according to selected answers, with 
the possibility of comments. 
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This framework captures the information to asses a hybrid system. However, due to 
the complexity and myriad of factors the interpretation of the assessment needs to 
consider the elements which were mentioned in this section, namely: 

o Benefits and technical features 
o Ownership 
o Administration 
o Financial analysis. 

 
 
 

Assessment framework for hybrid systems

FINANCIAL PERFORMANCE
Cost Interval Comment
[N$] [years]

Capital cost of hybrid system to AC output of system: 1,000,000 All costs: Gensets, batteries, PV, BOS etc
Fuel cost 1: With diesel escalation cost 20,000 E.g.: diesel cost per annum
Fuel cost 2: 0 per 1
Fuel cost 3: 0 per 1
Maintenance cost 1: 4,000 per 1 E.g. genset
Maintenance cost 2: 2,000 per 1 E.g. Batteries
Maintenance cost 3: 4,000 per 3 E.g. Wind turbines
Maintenance cost 4: 2,000 per 1
Maintenance cost 5: 0 per 1
Replacement cost 1: 200,000 per 8 E.g. Batteries
Replacement cost 2: 150,000 per 20 E.g. Power converter et al
Replacement cost 3: 0 per 1
Replacement cost 4: 0 per 1
Replacement cost 5: 0 per 1
Management cost 12,000 per 1 E.g. Hybrid operator, Revenue collector
Institutional administration cost 0 per 1

Value Unit
Present value of Life cycle cost 1,995,481 N$/project life
Is electricty consumption being metered at output of system? Yes/No Enter
Annuity 186,934 N$ pa
Annual energy delivered 36,500 kWh/annum Enter annual energy consumption

Cost per kWh 5.12                   N$/kWh
As a function of:

Project life 25 years Change on GLOBAL page if needed
Real discount rate 5% Change on GLOBAL page if needed
Real loan rate 8% Change on GLOBAL page if needed
Real diesel escalation rate 2% Change on GLOBAL page if needed
Cost of diesel 6.50 N$/litre Cost delivered to site
Solar resource 6.2 kWh/m2/day Local irradiation on a flat surface
Wind resource 20% Wind capacity factor

BENEFITS & FEATURES
24 hours access to energy Yes/No Enter
Quality of Supply: Qty Interval

Brown out: 2 per week Enter: day, week, month, year
Black out: 1 per month Enter: day, week, month, year
Voltage waveform: Sinewave/Square wave Sine/Square Enter

Choice of power class and energy allocation - mini-grid issue Yes/No Enter
User-friendly system interface - System technical status Yes/No Enter
User friendly energy management information Yes/No Enter
Choice of automatic and manual control of hybrid system Yes/No Enter

MANAGEMENT & ADMINISTRATION
Management: Operator

Day to day management in place? Yes/No Enter
Basic maintenance ability Yes/No Enter
Basic fault findings skills Yes/No Enter
Remote monitoring support? Yes/No Enter
Does operator improve operating security? Yes/No/Not sure Enter

Management: Revenues for ongoing operation
Is revenue being collected according to overall consumption? Yes/No Enter
What are the average monthly energy losses? 0% Enter % energy which is unaccounted
Do tariffs cover operating costs? Yes/No Enter
Do tariffs cover maintenance costs? Yes/No Enter
Do tariffs cover replacement costs? Yes/No Enter
If not, is OM or R subsidised? Yes/No Enter

Administration (At insitutional/owner level)
Funds for professional maintenance in budget? Yes/No Enter
Is professional maintenance taking place? Yes/No Enter
Funds for component replacements been budgeted? Yes/No Enter

User info:
Edit blue cells only

Figure 2:  Hybrid system assessment spreadsheet 
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4. UTILISING EXISTING HYBRID SYSTEMS FOR 
DEMONSTRATION AND CAPACITY BUILDING 
Existing hybrid systems can also be used to encourage understanding, awareness 
and learning to a selected group of stakeholders. This section explores various 
aspects of existing hybrid systems which can be of benefit to such stakeholders. 
It is assumed that the existing hybrid systems considered for capacity building are fully 
functional in terms of the technology deployed, the operational and maintenance 
systems and the financial systems. Although non-operational/semi-operational hybrid 
systems are instructive in terms of how-not-to-implement such systems, their example 
serves mainly lessons to be learnt and are therefore not considered here. 
Four groups of stakeholders are identified with regard to hybrid system implementation 
for applications in Namibia. It is assumed that neither of these implementations is 
private sector based, but rather government or Regional Electricity Distributor based.  
The four groups of stakeholders are: 

1. Institutional/RED stakeholders: this stakeholder group is considered as the 
ultimate decision-maker and the potential future “owner” of the hybrid system. 
The role of the stakeholder is therefore decision-making, and the provision of 
administrative and financial support during the operations phase (project life) of 
the hybrid system. 

2. Operator: the operator is tasked to look after the hybrid system and ensure its 
continued operation, and usually lives on site. 

3. Consumers: these stakeholders constitute the group of beneficiaries which can 
consist of residential consumers, institutional consumers and/or commercial 
consumers. 

4. Knowledge groups: these are interested parties such as professionals and 
students who are interested in various more detailed technical or operational 
aspects. 

 
It is envisaged that existing hybrid systems can be utilised for awareness creation and 
capacity building in three ways: 

• demonstration purposes 

• capacity building on operational hybrid systems 

• capacity building for implementing hybrid systems. 
 
These activities which can be provided effectively in a hybrid system such as 
Gobabeb, with existing training activities and demonstration activities, will also provide 
opportunities to generate additional income in offering such services. 
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4.1  DEMONSTRATION 
Existing hybrid systems provide excellent demonstration and information platforms to 
create general as well as specific awareness of hybrid systems. The following aspects 
of hybrid systems can be demonstrated effectively and should be part of the energy 
tour at Gobabeb: 

• Hardware implementation 
o Design aspects and integration of hybrid system components and 

functionality; 
o Day to day operation in terms of systems checks, operational status, 

functionality checks (operation as expected) 
o Electricity metering in terms of generation and consumption 

• Management aspects 
o Energy Management/Operator duties 
o Consumer metering and revenue collection 
o Awareness programmes 

• Monitoring of long-term data, and 
• Lessons learnt (including the historical details of the Gobabeb hybrid system 

implementation process). 
Depending on the group the demonstration would have specific focus areas. 
The Gobabeb hybrid system is ideally suited as a demonstration environment due to 
the ongoing awareness activities in the environmental and water areas. 

 
 

4.2  CAPACITY BUILDING: OPERATIONAL HYBRIDS 
Operational hybrid systems need on-going support from its institutional “owner” in a 
number of ways as well as capable operators who ensure continued operation. Both 
the support and the operator capacity are make-or-break criteria to the sustainable 
long-term operation of hybrid systems. Existing hybrid systems provide an ideal 
awareness environment to build capacity in this regard. 
Table 2 below highlights the different areas where capacity building is required. 
Gobabeb and other hybrid systems could act as model systems and training 
environments to build capacity in this area. 
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Table 2: Topics suitable for capacity building 

Stakeholder Capacity building activity 

Institution/RED Financial systems: 
o Tariff determination 
o Operational subsidies (if these apply) 
o Collection of funds from revenue collector for 

replacement costs (batteries) 
o Fund administration and financial planning 

horizons 

Owner/operator Planning instituted by owner or outsourced service 
provider: 

o Arranging and scheduling professional 
maintenance 

o System expansion due to growth at the 
settlement and connection of new users 

Operators Activities include: 
o Day to day system operation 
o Energy management 
o Metering and revenue collection 
o Basic awareness creation 
o Basic maintenance 
o Basic fault finding 

 
Although it can be assumed that RED’s have strong operational and maintenance 
systems, it is clear that these capacities are focussed on providing grid related 
services. It is therefore essential to bring the different nature of hybrid systems to the 
RED’s attention in order to create the awareness for the need of a different approach 
to hybrid systems. 
 

4.3  CAPACITY BUILDING: HYBRID SYSTEM IMPLEMENTATION 
The implementation process of a hybrid system in a settlement can be thought to 
consist of three phases [Morris et al]: 

1. Awareness and design phase: this phase consists of an information drive and 
awareness creation at beneficiary level through a participative process in order 
to establish sufficient hybrid system concept “ownership”. Once the electricity 
needs have been assessed, the design of the energy solution can commence. 
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2. Hardware implementation phase: this is seen as the implementation of the 
hybrid system hardware and the training of the operator. This usually follows 
standard procurement guidelines and requirements. 

3. Operational phase: this is the longest of the phases, during which the 
electricity service delivery take place. This is often also the weakest phase as 
maintenance systems are frequently not in place and the finances for 
scheduled replacement of spent batteries are not budgeted in time if at all. 

Capacity building in this regard would be of great value to the relevant institution/RED. 
The institution/RED would benefit from the following capacity building process: 

o Provide and explain the hybrid system applicability criteria so that the 
institution/RED can assess its consumers/settlements in this regard. 

o Train community task teams who test the ground for electricity services through 
a participative process at the targeted settlement, engages the community 
through the correct channels, and creates an understanding for the benefits and 
implications of operating hybrid systems with reference to Phase 1 above. 

o Clarify the role and responsibilities of the institution/RED with regards to the 
operational phase in terms of the need for long-term budgeting, ongoing 
support for the local operator and scheduling and follow-though on professional 
system maintenance. 

Due to the many issues with regard to hybrid system implementation - many of these 
quite different to the rural grid sector - existing hybrid systems can play a critically 
important role in creating awareness and building capacity among the various 
stakeholders. 
 
 

5.  CONCLUSIONS 
The applicability of hybrid systems is hardly ever limited by technology. Technology 
has improved significantly during the last 20 years, and most systems exhibit 
considerable degrees of robustness and can be operated reliably. 
If it is assumed that the needs of a community are assessed adequately, and that the 
renewable resources are fitting for a hybrid system, then a number of “no-
compromise” criteria remain. These “no-compromise” criteria need to be met to ensure 
long-term operational sustainability. In summary these criteria include: 

1. A demand side environment in which energy efficiency can be implemented 
and where fuel switching (for example electric stoves to LPG stoves) will be 
acceptable. 

2. Long-term energy efficiency support through offering appropriate EE appliances 
either through buy-down subsidies, micro-finance schemes or similar. 

3. Realistic tariffs, which encourage and incentivise energy efficiency 
implementations. 

4. Institutional capacity with a clear definition of the responsibilities and roles at 
national government/local authority/RED level. 
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If these criteria cannot be met, it is suggested not to embark on the implementation of 
the envisaged hybrid system, as the success for sustainability is already compromised 
in the run-up to implementation. 
Consideration also needs to be given to a critical mass of hybrid systems in a region in 
order to warrant setting up the institutional framework and relevant capacities. This is 
an issue which needs to be considered in terms of the scope for implementing hybrid 
systems within a country. 
Hybrid systems offer a valuable and reliable electricity service to a remote consumer 
base. However this paper has shown that the issues around such services are 
complex and need to be well understood. The diverse group of users adds to the 
challenge and it is therefore of utmost importance that service delivery through hybrid 
systems allow sufficient time in the initial stages of the project to consolidate the buy-in 
of the community as well as an integrated approach to overall energy needs. This will 
form the foundation on which the sustainability of a service is based. 
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1. INTRODUCTION 
Tsumkwe, in the Otjozondjupa region, is Namibia’s largest off-grid settlement and is not 
scheduled for grid electrification within the next 20 years. Currently, diesel generators 
supply electricity through a mini-grid to select end-users, but since this is proving 
increasingly unsustainable, Namibia’s Ministry of Mines and Energy (MME) initiated an 
investigation into a possible hybrid energy supply solution for Tsumkwe in July 2005. As 
such, the Namibia Renewable Energy Programme (NAMREP) commissioned an 
observation trip to Tsumkwe with the objective of conducting a preliminary assessment of 
Tsumkwe’s electricity supply and consumption.  
 
Two subsequent trips were made in February 2006 and June 2006 with the purpose of 
conducting follow-up observations. The former being an assessment of the prevalence 
and type of entrepreneurial ventures present in Tsumkwe and the latter to assess the 
level of knowledge and acceptance regarding renewable energy and energy efficiency. 
 
The most notable reports generated from these observation trips were: 

• Tsumkwe Energy – Observation Trip Report, MME, August 2005 
• Energy Supply for Productive Use at Tsumkwe – Survey Report, INSABA, 2006 

 
In September 2006, the Desert Research Foundation of Namibia (DRFN) used the 
acquired information to formulate a project proposal and submitted it to the European 
Union’s Energy Facility, within the scope of a general call for proposals for ACP countries 
(Africa, Caribbean and Pacific). The proposal entitled “Tsumkwe Energy” was compiled in 
partnership with NamPower and the Otjozondjupa Regional Council, who both pledged 

Abstract 
Tsumkwe is Namibia’s largest off-grid settlement. Current electricity supply, 
through a mini-grid connected to diesel generators, is economically 
unsustainable, highly unstable, and excludes the majority of Tsumkwe’s 
residents. The electricity supply situation is cited as the single largest barrier to 
the village’s development. A number of Namibian public and private-sector 
organisations have conducted investigative initiatives assessing the true 
magnitude of the problem, and have made numerous recommendations. This 
paper provides an overview of Tsumkwe’s predicament, and summarises some of 
the key findings. It offers insight into technical and economic issues, briefly 
describes Namibia’s approach towards off-grid energisation, and investigates the 
appropriateness for a hybrid electricity supply system for Tsumkwe.      
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co-funding towards the project. The ACP-EU Energy Facility provisionally approved 
Tsumkwe Energy in July 2007.  
 

2. TSUMKWE GENERAL BACKGROUND 

2.1 Introduction  
Tsumkwe village is situated in 
the extreme north-eastern part 
of the Otjozondjupa region. The 
village is located in a dedicated 
off-grid area1 and thus not 
scheduled for grid electrification 
within the next 20 years. The 
closest grid electricity access 
point from Tsumkwe is Maroela 
Boom, which is a 33 kV 
connection about 180 km due 
west, or via the Berg Aukas 
distribution station, which is  a 
66 kV about 240km due west. 
Given the distance to 
Tsumkwe, a 132 kV power line 
is required, meaning that these two grid access points are unsuitable. The closest 132 kV 
point is the Tsumeb distribution station, some 700 km away by road. 
 
Tsumkwe has about 700 residents, a police 
station with 25 officers, and a primary and 
secondary school with some 550 learners and 
16 teachers. In addition it has a clinic, a 
Namibia Broadcasting Corporation (NBC) 
studio, a NamPost branch, a small tourist 
lodge, a small guest house, the Tsumkwe Craft 
Centre, a Community Development Centre, two 
small shops, several cuca shops (shebeens), 
and a number of administrative offices for 
government ministries and non-governmental 
organisations. It is also the capital of the 
Tsumkwe Constituency. 
 
Tsumkwe’s electricity supply is currently provided by diesel-powered generators, which 
are maintained and operated by the Otjozondjupa Regional Council. A small medium-
voltage grid of 11 kV connects Tsumkwe’s electricity consumers with the generating plant. 

                                                 
1 Rural Electricity Distribution Master Plan, Ministry of Mines and Energy, 2000 

Picture 2: Eastern Bushmanland  
(Source: Rural Electricity Distribution Master Plan 2000) 

Picture 1: Otjozondjupa region and the location of 
Tsumkwe (Source: NAMREP Solar Energy Baseline Study 2005)
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2.2 Social fabric 
Tsumkwe’s inhabitants are rather diverse. Higher income groups are comprised almost 
exclusively of public servants and NGO staff, and a very small number of entrepreneurs 
that settled in Tsumkwe about a decade or more ago. They reside within the town’s 
centre or at the electrified suburb (there are three suburbs, called “lokasies”, but only one 
has access to electricity) in conventional brick housing. 
 
The majority of Tsumkwe’s residents are members of the San community who originally 
inhabited the area. They comprise the low to no-income group, and their living conditions 
are characterized by severe poverty. These residents live either in the unelectrified 
suburbs or on the village’s undeveloped fringes, and housing comprises metal shacks or 
very rudimentary shelter. Much of this shelter is also non-permanent and is routinely 
dismantled and erected elsewhere. 
 
In terms of general safety, residents cite2 the lack of street lighting (due to frequent fusing 
of street lights caused by fluctuating voltage) as the greatest single cause of risk to their 
personal well-being. There is a high occurrence of snake bites and scorpion stings, as 
well as rape, domestic violence and alcohol abuse.  

2.3 Infrastructure 
The NBC operates a studio at Tsumkwe, which has recently been upgraded and 
relocated into permanent building structures. Due to the unreliable electricity supply, the 
broadcaster also operates a back-up 11 kVA Deutz diesel generator. Although the diesel 
generator is relatively new (manufactured in 2004) it has experienced frequent breakages 
due to the erratic behaviour of the central diesel generators. NBC’s back-up diesel 
generator is directly coupled to the station’s appliances and does not use any battery 
storage. 
 
The Namibian Mobile Telecommunications Company (MTC) has also recently erected a 
receiver/transmitter station at Tsumkwe. Water supply at Tsumkwe is managed by 
NamWater, while the required electricity for the electric water pumps is provided by the 
central diesel-powered generators.  
 
There are no banks in Tsumkwe, and the local NamPost branch frequently experiences 
cash flow problems. It has been mentioned that stable electricity supply is a main 
prerequisite for a bank to open. The lack of financial institutions means that salary 
earners withdraw cash at Grootfontein for payment at Tsumkwe. Equally, cash generated 
from the sale of goods and services are deposited at banks at Grootfontein. 
 
The Tsumkwe School operates a hostel with 214 learners. In 2003, the fluctuating voltage 
of the central diesel generators caused the transformer supplying the school and hostel to 
fuse and burn out. For about one week, the school and hostel did not have electricity and 
all refrigeration and cooking ceased. Frozen foods, which could not be consumed in time, 
were spoilt. All electric water heaters at the school were reported broken during the 

                                                 
2 Tsumkwe Energy – Observation Trip Report, Ministry of Mines and Energy, August 2005 
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observation trip in July 2005. The school conducts computer classes for its learners and 
received a sponsorship of 15 computers. However, only 10 computers can be operated at 
any one time since more computers would trip the electricity supply at the central 
generators. The schools photocopier is connected to an uninterrupted power supply 
system (UPS). 
 
Tsumkwe has no local supplier of diesel, petrol or liquefied petroleum gas (LPG). The 
Ministry of Regional, Local Government and Housing (MRLGH) stores diesel and petrol 
for use by Government vehicles only, while the police station also has its own fuel storage 
facility. Consequently there is a lack of transport in the area, and the use of donkey carts 
is prevalent. 

2.4 Economic development 
Apart from limited tourism and related activities, the only stable source of income is 
derived from state pensions and salaries earned by public servants. Employment 
opportunities are very limited, and there is no industry. Survival of low income groups is 
dependent on the Government’s drought relief programme, collection of veldkos, and 
occasional hunting of game.  
 
The predominant barrier to economic development was cited to be the lack of access to 
stable electricity. A number of local initiatives, including the Tsumkwe Craft Centre, built 
by the Ministry of Gender Equality and Child Welfare at a cost of about N$ 5million, had to 
be abandoned or are severely hampered due to the unreliable electricity supply.  
 
Water supply is regularly interrupted3, the petrol and diesel filling station was abandoned 
due to interference with the pumping mechanisms, and there is no access to banking 
facilities. Critical business activities identified4 by the community as lacking in Tsumkwe, 
in order of frequency, include: 
1. Shops and supermarkets 
2. Open market 
3. Butchery 
4. Repairs and maintenance (vehicles, electrical appliances) 
5. Services (hairdressing, cinema, sewing) 
6. Manufacture (crafts, donkey carts) 
7. Tourism (crafts, tours to Kaudom Park) 
8. Vegetable production (if a stable water supply is ensured) 
 
Tsumkwe currently only supports a small number of Small and Medium Enterprises 
(SME). Reasons for the limited establishment of SME’s is due to three primary 
constraints, namely 

1. Insufficient access to stable electricity 
2. High costs of goods due to long transport distances  
3. Limited cash flow amongst general population. 

 

                                                 
3 Energy Supply for Productive Use at Tsumkwe – Survey Report, INSABA, February 2006 
4 Tsumkwe Energy – Observation Trip Report, Ministry of Mines and Energy, August 2005 
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These constraints mutually enforce each other: many goods are purchased in 
Grootfontein (300 km away), higher costs of goods result in increased household 
expenditure, which reduces cash flow even further. The higher cost of goods results from 
cumbersome and inefficient transportation. The fact that Tsumkwe has no filling station 
(for petrol, diesel and LPG) and banking facilities necessitate that much of the population 
has to travel to Grootfontein on a monthly basis. Overall, there is a high dependence on 
external services and goods. Traders of clothing and other items visit Tsumkwe regularly, 
but do not set up permanent shops. A number of people provide services on an ad hoc 
basis, for example5, one employee of the MRLGHRD repairs electrical appliances from 
time to time, while another employee mends clothing – both have access to electricity. 

2.5 Environment 
The general Tsumkwe area is located on a vast calcrete rock layer covered with 30 cm to 
100 cm of sandy top soil. Calcrete is a hard surface lime stone. Tree roots find the 
calcrete quite impenetrable, which results in stunted tree growth. As such, the area can 
be classified as a dense bush savannah. Bush is not ideal fire wood. Larger trees can be 
found near river beds and larger and deeper cracks in the calcrete layer. Rainfall in the 
area is limited to the summer and early autumn months (December – April). The calcrete 
layer results in the formation of large shallow pans during strong downpours in the rainy 
season. During the remainder of the year, Tsumkwe enjoys near uninterrupted sunshine, 
with summer temperatures rising as high as 45 °C. There is no frost during winter time. 
Tsumkwe is located some 50km south of the Kaudom National Game Reserve, and the 
area itself has an abundance of game, including elephants. 
 

3 ELECTRICITY SUPPLY AND DEMAND AT TSUMKWE  

3.1 Introduction 
The electricity network is comprised of a 3-
phase 11 kV medium voltage grid. It has a 
length of 2.3 km and makes use of one 
step-up transformer, and 8 step-down 
transformers. The three diesel generators 
are operated by the Otjozondjupa Regional 
Council, with two 150 kVA gensets and one 
350 kVA genset.  
 

3.2 Electricity demand 
Picture 4 shows the results of a 40 hour 
data log performed during the Observation 
Trip, and highlights the main characteristics 
of the load situation at Tsumkwe. 
 

                                                 
5 Energy Supply for Productive Use at Tsumkwe – Survey Report, INSABA, February 2006 

Picture 3: Draft layout of the Tsumkwe mini grid 
(Source: Tsumkwe Energy – Observation Trip Report, 2005)
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The 150 kVA genset normally operates from 08:00 to 16:00, while the 350 kVA unit is run 
during the night. Power interruptions during the change of gensets usually take some 
minutes, which negatively effects electrical equipment. Power consumption is at a 
maximum during the evening peak (17:30 to 19:30) at 85 kVA, and a minimum during 
night time (22:00 to 05:00) at 35 kVA. The evening and morning peaks stem from 
excessive use of resistive heating (water heating and cooking). The 350 kVA genset is 
started at 16:00 for the evening peak, but is under-utilised at night, resulting in a very low 
overall capacity factor. While the output voltage, except for moments of change-over, has 
been reasonably stable and close to 230 Volt, the frequency setting of the 150 kVA (day 
time) genset was only 47.5 Hertz. 
 
The energy demand6 is up to 1050 kWh per 24 hours, with an average capacity 
requirement of some 44 kW which fluctuates considerably. Since the daily diesel fuel 
consumption is given as 361 litres, the specific consumption equals some 0.344litre/kWh.  
 
Picture 5 displays Tsumkwe’s electricity demand over 24 hours. 

                                                 
6 Tsumkwe Energy – Observation Trip Report, Ministry of Mines and Energy, August 2005 

Picture 4: Electricity load curve over 40 hours (Source: Tsumkwe Energy – Observation Trip Report, 2005) 
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4 ECONOMIC SUSTAINABILITY OF TSUMKWE’S CURRENT 
ELECTRICITY SUPPLY 

4.1 Introduction 
Electricity generation and sale at Tsumkwe is controlled by the Otjozondjupa Regional 
Council. Electricity is sold7 mostly via pre-payment cards (at a tariff of N$ 0.5208 per 
kWh), with credit metering (at a tariff of N$ 0.80 to N$ 0.87 and a basic charge of N$ 11) 
applying only to a number of larger institutions. However, the cost of electricity (for 
consumptive diesel fuel use only) is N$ 2.77/kWh, based on the Windhoek depot price for 
diesel of N$ 6.18 (as at June 2006), and excludes delivery to Tsumkwe, genset 
maintenance and repairs and any other costs related to maintaining the mini-grid network. 

4.2 Electricity sales and diesel fuel costs 
Comprehensive data on electricity sales is sketchy, and only some electricity sales figures 
covering different periods were available. Tables 1 and 2 provide an indication of 
electricity sales at Tsumkwe for pre-payment clients8 in 2004, and for credit metered 
clients9 for the months of December 2005 and January 2006. 

                                                 
7 Tsumkwe Energy – Observation Trip Report, Ministry of Mines and Energy, August 2005 
8 Tsumkwe Energy – Observation Trip Report, Ministry of Mines and Energy, August 2005 
9 Energy Supply for Productive Use at Tsumkwe – Survey Report, INSABA, February 2006 

Picture 5: Electricity demand over 24 hours (Source: Tsumkwe Energy – Observation Trip Report, 2005) 
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Table 1: Prepayment Electricity Sales for 2004  
(Source:  Tsumkwe Energy – Observation Trip Report 2005) 

Months in 2004 N$ 
January 3,630 
February 4,770 
March 4,060 
April 4,780 
May 4,750 
June 4,020 
July 5,260 
August 3,590 
September 3,600 
October 4,700 
November 4,700 
December 4,070 

TOTAL 51,930 

Table 2: Credit meter electricity sales for December 2005 and January 2006  
(Source: Energy Supply for Productive Use at Tsumkwe – Survey Report 2006) 

Electricity consumption 
kWh Electricity sale N$ 

Client 
Tariff 

N$ 
Basic 

N$ Dec 05 Jan 06 Dec 05 Jan 06 
Bakery 0.35 315 177 337 376.95 432.95
Directorate of Forestry 0.82 11 12 8 20.84 17.56
Directorate of Rural Water 
Supply 

0.8 11 16 54 
23.8 54.2

NamWater 1 0.87 270 190 190 435.3 435.3
NamWater 2 0.87 270 737 771 911.19 940.77
NamWater 3 0.87 270 954 1013 1099.98 1151.31
Ministry of Gender Equality 0.87 11 236 392 216.32 352.04
Clinic (Ministry of Health) 0.87 450 4,037 3,480 3962.19 3477.6
School (Ministry of Education) 0.87 11 454 365 405.98 328.55
Ministry of Agriculture 0.34 11 187 276 74.58 104.84
Namibia Broadcasting 
Corporation 

0.34 450 4,493 ? 
1,977.62 ? 

Telekom 1 0.34 450 727 880 697.18 749.2
Telekom 2 0.34 450 304 305 553.36 553.7
Telekom 3 0.34 450 1 9 450.34 453.06
Police (Ministry of Home 
Affairs) 

0.87 11 2,203 2,437 
1,927.61 2,131.19 

 TOTAL 13,133.24 11,182.27
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Monthly diesel consumption is about 10,000 litres, as indicated in Table 3. 
 

Table 3: Diesel consumption by the Otjozondjupa Regional Council at Tsumkwe  
(Source:  Tsumkwe Energy – Observation Trip Report 2005) 

Period 02 June to 30 June 2005 
Diesel received Diesel consumption 

for GRN vehicles
Diesel consumption for 

electricity generators
Remaining diesel at 30 June 

2005
23,041 litres 2,762 litres 10,106 litres 10,427 litres

 
Assuming that the maximum electricity sales amount to N$ 20,000 per month, diesel fuel 
purchases for the diesel generators, in comparison, cost in excess of N$ 60,000 based on 
the Windhoek depot price of N$ 6,18 (as at June 2006). This implies that the 
Otjozondjupa Regional Council currently subsidises the provision of electricity to 
Tsumkwe’s by more than N$ 40,000 every month. 
 
 

5.  TSUMKWE HYBRID ENERGY SUPPLY SYSTEM 
In September 2006, a project proposal for a hybrid electricity supply system was compiled 
by the DRFN, in collaboration with the Otjozondjupa Regional Council and NamPower.  
 
The proposal contains three main technical modifications to Tsumkwe’s current electricity 
supply system: 

1. Remove electric water heaters and electric cooking systems by introducing solar 
water heating and thermal energy alternatives such as liquefied petroleum gas, 
and introduce a roll-out of energy efficient appliances for lighting, refrigeration and 
air conditioning. This could reduce the current electricity consumption from 1,050 
kWh/day, to about 544 kWh/day10. 

2. Refurbish the existing diesel gensets, and couple them to battery storage of 
approximately 1,800 kWh to introduce grid stability, uninterrupted power supply, 
and improved genset efficiency. 

3. Install 100 to 150 kWp solar energy generating capacity to supplement electricity 
supply and minimise operating times for diesel gensets. 

 
The effect, in terms of operating times for the gensets and operating expenses per kWh 
that the Tsumkwe hybrid electricity project would have on the current situation is depicted 
in Pictures11 6 and 7 respectively. 

                                                 
10 ACP EU Tsumkwe Energy Project Proposal, DRFN, September 2006 
11 ACP EU Tsumkwe Energy Project Proposal, DRFN, September 2006 
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6. TSUMKWE ENERGY AND NAMIBIA’S OFF-GRID 
ENERGISATION MASTER PLAN 

6.1 Introduction  
This section describes how the Tsumkwe hybrid electricity project integrates with the Off-
grid Energisation Master Plan (OGEMP) formulated by the Ministry of Mines and Energy 
in 200612. The OGEMP is to complement the Rural Electricity Distribution Master Plans of 
2000 and 2005 and devise a mechanism to provide access to modern energy 
technologies to the estimated13 3,900 unelectrified Namibian localities classified as off-
grid. Collectively these localities comprise some 100,000 households. 

                                                 
12 Off-Grid Energisation Master Plan for Namibia, Ministry of Mines and Energy, 2006 
13 Rural Electricity Distribution Master Plan for Namibia, Ministry of Mines and Energy, 2005 
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Picture 6: Comparison of diesel running hours per annum  
(Source: ACP EU Tsumkwe Energy Proposal 2006) 
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6.2 Features of the OGEMP 
There are a number of pertinent features within the OGEMP, which are described below. 
• Energy Shops: the master plan proposes the establishment of Energy Shops, 

strategically located to provide access to energy services, technologies and fuels 
to unelectrified households within a radius of up to 30 km. Energy Shops are to be 
established at existing shops, and a total of 180 Energy Shops will be established 
within the next 20 years at a rate of seven (7) to 13 shops per annum. Energy 
Shops will be electrified using solar energy technologies and provide a number of 
basic energy services (cell phone charging, battery charging), offer fuels (LPG, 
wood briquettes), spare parts (fuses, distilled water), components (12V batteries, 
regulators) and appliances (solar cookers, energy efficient fridges), and be an 
access point for the purchase of complete “energy baskets”. 

• Energy baskets: an energy basket is a collection of appliances with the view of 
offering a total energy solution. Typically, a basket includes an electricity 
component and a thermal energy component. Baskets vary in the range of 
services they offer and cost. Baskets minimise customisation, are to be readily 
selectable by clients, enable easy support from Energy Shops, and offer access to 
funding through the Off-grid Revolving Fund. Picture 8 depicts a sample energy 
basket. 

 
• Excluded technologies: the master plan excludes a number of off-grid energy 

technologies and approaches. As such, solar water pumps (limited access to 
boreholes) and solar water heaters (limited access to piped water) are excluded, 
along with high-running cost technologies such as petrol and diesel generators. 
Furthermore “the focus of the technologies was placed on decentralised stand-
alone systems, rather than larger centralised systems such as hybrid mini-grids” 
[OGEMP 2006; 21]. Hybrid electricity supply options, such as envisaged for 
Tsumkwe, were not considered, due to a lack of data on household densities, as 
well as the fact that hybrid systems generally require more extensive expertise and 
implementing institutions with the necessary capacities. 

• Roll-out plan: the master plan proposes a roll-out of Energy Shops, where the 
establishment of an Energy Shop in any particular locality is determined according 
to a point score system used in the Rural Electricity Distribution Master Plans. The 

Picture 8: Example of an Energy Basket (Source: Off-grid Energisation Master Plan 2006) 
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roll-out plan includes informal settlement areas and rural off-grid areas. Tsumkwe 
is scheduled to receive an Energy Shop by year 5. The Table 4 shows the number 
of Energy Shops to be established per Region, while Picture 9 depicts a GIS-
based OGEMP roll-out map. 

 
Table 4: Preliminary allocation of Energy Shops per Region by 2025 
(Source: Off-grid Energisation Master Plan, 2006) 

Regions 
Total Number of Off-Grid, 

Pre-Grid and Informal 
Settlement Households 

Total Energy 
Shops 

Caprivi 6,473 5 

Erongo 3,486 18 

Hardap 1,320 16 

Karas 2,752 13 

Kavango 13,627 20 

Khomas 22,607 6 

Kunene 4,302 23 

Ohangwena 10,813 8 

Omaheke 4,123 19 

Omusati 9,468 16 

Oshana 3,720 4 

Oshikoto 8,243 13 

Otjozondjupa 5,624 17 

Undetermined NA 2 

National Total 96,558 180 
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Picture 9: OGEMP Roll-out map (Source: Off-grid Energisation Master Plan, 2006) 
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7.  ISSUES AND CONSIDERATIONS 

7.1 Introduction  
This section offers some reflections and conclusions, exploring some of the critical issues 
that need to be considered for the implementation of a hybrid electricity supply system at 
Tsumkwe, with cognisance given to how the OGEMP will be integrated into this initiative. 
The section highlights how some of these critical issues are addressed in the DRFN’s 
ACP EU Tsumkwe Energy Project proposal, and offers some recommendations where 
possible. 

7.2 Centralised vs. de-centralised power provision 
Should Tsumkwe rather opt for stand-alone solar home systems? This would be in line 
with the concept proposed by the OGEMP, would avoid the logistical intricacies of a 
centralised hybrid system, and would place ownership, and thus responsibility, directly 
with households. A hybrid system however would offer far more versatility in terms of 
electricity usage, and would capitalise on the current infrastructure at Tsumkwe. The 
former is of key importance to the larger institutions at Tsumkwe. A centralised hybrid 
system could also spread the benefits of electrification more widely, through for instance 
street lighting. 

7.3 Ensuring energy efficiency 
Energy efficiency is a key element for the smooth running of a hybrid system, and to 
avoid costly over-design. Inappropriate loads, such as electric water heaters, should be 
removed, while access to alternative thermal energy sources, such as LPG, should be 
ensured. This does however not automatically guarantee that only energy efficient 
appliances are used by consumers, and the higher cost for these appliances may be 
prohibitive to many. The costs should be weighed against the costs incurred if the system 
needs to accommodate excessive and inefficient consumption. A revolving fund with 
attractive conditions for the purchase of energy efficient appliances could be considered, 
coupled with economic incentives to save electricity, for example by way of introducing 
cost-reflective electricity tariffs.   

7.4 The introduction of cost-reflective tariffs 
It is widely assumed that renewable energy systems should not be subsidized, since this 
skews market forces. As such, a renewable energy-based hybrid system should recover 
its capital, operating and maintenance costs through cost-reflective tariffs. It is this 
assumption that many renewable energy technologies struggle against, particularly since 
this assumption does not apply to most conventional energy technologies. Capital costs 
for grid extensions in Namibia are subsidized in their entirety, while petrol and diesel fuel 
costs also carry an element of subsidisation. In the particular case of Tsumkwe, the 
Otjozondjupa Regional Council subsidises electricity costs by at least N$ 2.30/kWh. 
Against this background, should Tsumkwe’s residents now bear the brunt of the 
implementation of a hybrid system through cost-reflective tariffs? On the other hand, 
should Tsumkwe’s electricity end-users continue to be subsidised as is currently the 
case? Will this not be a disincentive to energy efficiency? It is acknowledged that a 



Perspectives on Rural Energisation – The Tsumkwe Case - Robert W. Schultz 
 

 
Proceedings: Hybrid Electricity Systems Powering Mini-Grids: A Southern African Perspective          - 81 - 

measure of cost-reflectivity should be introduced, while at the same time realising that this 
can only be achieved using a staggered, well-timed implementation approach. 

7.5 Electricity for all 
Tsumkwe has three critical factors that need to be addressed if broad-scale access to 
electricity is to be pursued: firstly, the non-permanent nature of low-income dwellers; 
secondly, the inability to afford electricity by a large segment of its population; and thirdly, 
the high number (between 2,000 and 3,000) of households scattered beyond the 
immediate perimeter of Tsumkwe. Benefiting from electricity is vital since this will ensure 
buy-in by the community at large and will reduce the risk of theft and vandalism to hybrid 
system infrastructure. Providing street lights could be one strategy. In addition, the 
DRFN’s ACP EU Tsumkwe Energy Project Proposal envisages the establishment of 
“open energy facilities”. In essence these three to five grid-connected facilities, located 
equidistantly along Tsumkwe’s perimeter, comprise roofed concrete platforms with 
partitioning. Apart from offering lighting for free, the facilities also contain a number of pre-
payment electricity meters. Residents can purchase electricity as and when resources 
allow, and make use of the facility for activities requiring the use of electrical appliances.  

7.6 Local access to diesel and thermal fuels 
Presently Tsumkwe does neither have a local retailer for LPG, nor a filling station for the 
purchase of petrol and diesel. Both diesel and LPG supply are critical to the hybrid 
system: the former in order to ensure uninterrupted electricity supply, and the latter to 
avoid cooking and water heating using electricity. The operator of the hybrid system 
depends on both these fuels, and as such there is merit in investigating the establishment 
of an operator-run general filling station. Not only would this ensure fuel supply, but it 
would also diversify the income streams of the operator. However, most prospective 
operators of a hybrid system might not view a filling station as part of their core business, 
and might be reluctant to venture into areas beyond electricity.   

7.7 Integrating an OGEMP Energy Shop 
In terms of the OGEMP approach, a proposed Energy Shop at Tsumkwe might not fulfil a 
useful role if “competing” with the proposed hybrid system. The Energy Shop will not be 
able to rely on income for energy services, such as cell-phone and 12V battery charging, 
or the sale of fuels. Furthermore the Energy Shop offers little in terms of expertise in 
operating and maintaining a hybrid system. It may therefore not be desirable to introduce 
a parallel energy provision structure at Tsumkwe. However, an Energy Shop could 
nonetheless complement the hybrid system, by for example becoming an integral part of 
the filling station, or offer energy baskets and stand-alone solutions to households beyond 
Tsumkwe, and could act as a retailer for energy efficient appliances. This synergy should 
be pursued in order to ensure greater synchronicity between Tsumkwe Energy and the 
national roll-out of the OGEMP.  

7.8 Risk of theft and vandalism 
The risk of theft and vandalism to components of the hybrid system, particularly the solar 
photovoltaic (PV) component, should be addressed throughout an implementation of a 
hybrid system. Maximising the benefit of stable electricity across the recipient community 
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is vital. Alienating the community from this development can have disastrous 
consequences. As such, prolonged and constant awareness raising activities should be 
pursued. A further consideration could be that, rather than a large centralized solar PV 
array, the array could be split into smaller clusters, mounted on the roofs of houses and 
other infrastructure. Although electric fencing around a large centralised installation, 
coupled with an alarm system, might act as a deterrent, purely technical solutions to the 
threat of theft and vandalism might prove inefficient, as evidenced in other installations in 
southern Africa. In case of the DRFN’s ACP EU Tsumkwe Energy proposal for instance, 
an approach of integrating a community garden project with the centralized PV array is 
being considered. The PV array, mounted two to three meters above ground would offer 
shade to fruit trees and vegetables cultivated beneath. This would encourage regular 
presence of people and avoid the installation’s isolation.   

7.9 Electricity-intensive community-based projects 
Community upliftment projects do not always take the local energy situation into 
consideration. By way of example, the community bakery at Tsumkwe, operated on a not-
for-profit basis by the local church, runs the single largest electricity load, i.e. sponsored 
industrial bread-baking ovens. On the one hand, higher electricity tariffs may result in the 
bakery becoming a non-viable enterprise, while on the other the continued consumption 
by these appliances has negative implications for a hybrid system. Similarly, other 
ventures such as a welding workshop or butchery with large cooling facilities should also 
be carefully assessed. In all likelihood, the hybrid system will be able cope with these 
loads, but the economic feasibility could be jeopardised.  

 

8. CONCLUSIONS 
Tsumkwe offers significant potential for the establishment of a hybrid electricity supply 
system. A purely technical solution is not advisable however, and extensive community 
consultation and awareness needs to be an integral part of any implementation process. 
The introduction of a hybrid system into a community must be undertaken holistically, and 
requires understanding and patience. A rushed technocratic approach is unlikely to reach 
any levels of long-term success. 
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1. INTRODUCTION 
Energy is generally accepted as a fundamental requirement for social and economic 
development and there are strong social and political imperatives for providing increased 
levels of access to energy to unserved households and enterprises in the Southern 
African region.  Significantly, the energy sector is also an important economic sector in 
the Southern African region and, as a specific supply option; decentralised renewable 
energy systems have the characteristic of the associated, and valuable, decentralised 
employment opportunities.  Overall the levels of access to energy are lowest in rural 
areas and the question arises of how hybrid electricity mini-grid systems can contribute to 
enhanced levels of access and provide the associated social, economic and 
environmental benefits. 
 
“However, mini-grids, particularly renewable energy mini-grids, are a “missing link” of rural 
electrification except micro-hydro, because they are more difficult to implement than grid 
extension or stand-alone systems. For example, to set up local institutional arrangement 
for mini-grids is a challenge due to the “tragedy of common goods”, and there is limited 
knowledge on regulatory framework for mini-grid systems.”1 
 

1.1 Purpose 
This paper addresses the issue of institutional arrangements for energy services provided 
from hybrid mini-grid energy systems.  It complements a presentation made at the Hybrid 
electricity Systems Workshop convened on 24/25th October 2007 by the DRFN at 
Gobabeb, Namibia. The paper presents some thoughts on the need for, and requirements 
of, institutional frameworks for these systems based on experience over the past decade 
in Southern Africa. 

                                                 
1 http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/EXTENERGY/EXTRETOOLKIT/ 

Abstract 
The paper presents a brief overview of the need for – and the associated 
considerations for – good institutional arrangements for hybrid mini-grid systems.  
The paper frames the institutional landscape in terms of roles and responsibilities, 
and then discusses considerations for more effective institutional arrangements 
based on the limited experience of some case studies in southern Africa. 
Conclusions and some recommendations for future implementation of hybrid mini-
grid systems in Namibia are presented. 
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1.2 The desired outcome and opportunity 
This paper’s desired outcome is to gain a better understanding of the context and 
considerations for the establishment of institutional frameworks for hybrid electricity 
systems within mini-grids, for the provision of better access to ‘modern’ energy services 
for customers who have previously not enjoyed this access. 
 
It is understood that decentralised renewable energy based hybrid electricity systems 
have an important niche application in providing access to more sustainable energy 
services.  Descriptions of hybrid electricity mini-grid systems and criteria for success of 
these systems are covered in associated papers prepared for the workshop. 
 
It is hoped that clearer thinking about institutional issues for hybrid mini-grid systems will 
lead to more effective utilisation of the opportunity which they offer. 
 

2. THE CONTEXT 

2.1 Introduction  
Energy infrastructure investments, such as generation and distribution, are large and 
long-term investments (such as roads, dams, harbours, etc.).  It is generally accepted that 
these investments need to be (and have always been) subsidised by the state in the 
interests of the national good.  The scale of investment and the use of public funds for 
subsidies requires good and long-term institutional arrangements to ensure that the 
investments are secure (i.e. minimise risks). 
 
Hybrid electricity mini-grid systems form part of the overall energy infrastructure and need 
to be planned, implemented and operated within this context. 
 
The key imperatives which are driving energy investments in rural areas are essentially 
the developmental expectations and the environmental concerns regarding the impacts of 
energy generation and utilisation. 
 

2.2 The developmental agenda 
The developmental agenda is located within the global context of the requirement for 
energy services in the delivery of the Millennium Development Goals2.  These goals are 
further articulated in the form of national social and economic goals, plans and strategies 
in Namibia such as Off-grid Energisation Masterplan (OGEMP). 
 
Hybrid electricity mini-grids offer the promise of increased access to ‘modern’ energy 
services which are a necessary but not exclusive pre-condition for health, education and 
water services. 
 

                                                 
2 http://www.un.org/millenniumgoals/ 
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2.3 The environmental agenda 
The environmental agenda is currently dominated by the challenges of Global Climate 
Change but the issue of environmental sustainability also includes water, sanitation, air 
quality (indoor and outdoor), biodiversity and resource utilisation. 
 
In Namibia, the National Climate Change Response Strategy (supported by institutions of 
the DNA and NCCC) is complemented by some national air, water and waste 
management plans. 
 

3. THE SERVICE OFFERING 
Hybrid mini-grid electricity systems provide high-quality electricity3 (and heat and shaft 
power in co-generation or multi-functional platform configurations) for distribution and sale 
to customers.  In practice, the emphasis until now has been on the electricity supply and 
distribution dimension of the offering but essentially the offering is one of energy supplied 
at a cost to customers of different sorts who value the benefits derived from the energy. 
 

3.1 Experience to date in southern Africa 
The experience with hybrid electricity mini-grid systems in southern Africa has been very 
mixed.  This experience has also been very limited in the case of public systems.  The 
majority of the systems currently operating in southern Africa are essentially private 
systems which have been bought and operated by farmers or game lodge operators.  All 
the comments and conclusions in this paper are therefore based on mostly personal, 
anecdotal or indirect feedback. 
 
Some notable public systems in Southern Africa include: 
 
Motshegelatau, Botswana 
The Motshegelatau PV mini-grid system was implemented in Botswana during the 1990’s 
and provided electricity to public facilities – a clinic and school – and households (BTC; 
1999)4 
 
Hluleka Nature Reserve, Eastern Cape, South Africa 
The Hluleka hybrid mini-grid system consists of two Proven 2.5 kW wind generators and 
three Shell Solar PV module arrays fitted with 56 100-watt PV modules wired in series 
(total 10.6 kWp).  One diesel generator is retained for back-up supply.  The Hluleka 
system was commissioned in June 2002. 
 
 
 
 
                                                 
3 Electricity supply at 220 – 240 V AC and 50 Hz which complies with NRS 048 Quality of Supply Specifications and 
which is furthermore available on a continuous basis. 
4 personal communications with Nick Ndaba, Botswana Technology Centre 
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Lucengwini Village, Eastern Cape, South Africa 
The Lucingweni hybrid system consists of 50 kWp solar PV panels and 36kW wind 
generators serving 220 dwellings (four lights per dwelling, radio, television, cell phone 
charging) and street lighting, telecommunications and water pumping.   
 
Paranhos Village, Angola 
The Paranhos village PV mini-grid system forms part of a larger investment comprising: 
• Pumped water collection, storage, and distribution; 
• Health post (lighting and refrigerator); 
• 12 Streetlights, each powered by separate independent PV modules; 
• Central generating block of solar electricity (for various community applications)5. 
 
Gobabeb 
The system at Gobabeb is described in detail in accompanying papers. 
 
Temaruru 
The Temaruru wind energy mini-grid was implemented in the late 1990’s within the 
framework of a World Bank ESMAP programme.  It comprises four 1 kW wind machines 
manufactured in Harare which supplied a business centre, clinic and households. 
 
UNEP solar village, Swaziland 
A solar village was implemented in Mphaphati, Swaziland in the late 1990’s.  Details of 
this project and the experience from the project have been difficult to obtain. 

 
Figure 1: Schematic of the Temaruru wind energy mini-grid system6 

                                                 
5 Carlos Pinto and Hartmut Krugmann (2004), Paranhos Solar Electrification Project  (PSEP) - Final-Stage 
Assessment 
6 J  T  Chigwada (2001), Early Lessons from Implementation of Wind Power Technology for Climate Change 
Adaptation, Programme Manager, ZERO Regional Environment Organisation, Harare, Zimbabwe 
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4.  THE INSTITUTIONAL LANDSCAPE 

4.1 Introduction  
As indicated in the introduction, the sustainability – and hence the longer term benefits – 
of hybrid mini-grid systems is largely dependent on the integrity and robustness of the 
institutional arrangements for the particular system. 
 
In understanding the requirements for a more sustainable institutional arrangement it is 
useful to sketch out the landscape and provide a framework within which to locate the 
roles and responsibility of stakeholders. 

4.2 The generalised framework 
The diagram below presents a generalised framework for understanding the basic 
relationships which define the institutional arrangements for services infrastructure. 
 

 
Figure 2: Schematic of the basic institutional landscape 

 
As indicated, the overall requirement is to ensure that the asset – which delivers the 
benefits of energy services – is properly owned, operated (and maintained) and that the 
financial administration for the costs and revenue is well managed. 
 
The roles in Figure 2 could be conflated into one organisation – as in the case of most 
privately-owned systems where the system is owned, operated and the benefits accrue to 
one organisation – or these roles could be fulfilled by separate entities on the basis of 
agreements between the stakeholder organisations. 
 
In most cases, until now, the basis for the business plan for mini-grid systems has been 
premised on the practice (inherited from a legacy of centralised grid-electrification 
experience) of charging customers for the energy consumed – a charge for the energy 
carrier or kWh – rather than for the actual energy service delivered.  This is essentially a 
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boundary issue and is illustrated in the figure below.  The relevance of this distinction is 
that, although it is more complicated to determine, billing on the basis of the energy 
service – such as lumen-hours supplied – would have the benefit of including the 
appliance efficiency issues within the scope of supply of the service provider.  In this case 
the incentive – and feedback mechanisms – for energy efficiency are locked into the 
system and the likelihood of sustained energy efficiency gains are more assured than if 
the supplier were merely charging on the basis of units of energy sold. 
 
 

 
 

Figure 3: Schematic of an energy services (ESCO) business model 
 
In addition, there are different models for the establishment of companies, enterprises or 
entities for supplying energy (or energy services) from energy systems.  The range of 
possible ownership and operational models include: 
 
• Individual Entrepreneurs (manufacturer-linked?) 
• Franchise Model 
• Traditional Rural Electric Cooperatives (member-owned) 
• Local or Municipal Power Association 
• Rural Energy Service Companies (very small to very large) 
• National Utility or RED 
• Non-Government and Private Voluntary Organizations 

 
A suggestion for how these models are located within the context of electrification is 
illustrated in the figure below.  In this case the hybrid mini-grid option is one option. 
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Figure 4: Matrix of business models for rural electrification systems7 

 
An elaboration of the characteristics of a utility or community model for institutional arrangements 
for ownership and operation is presented in the table below, based on experience with a hybrid 
mini-grid system in Chile. 

                                                 
7 World Bank RE Toolkit,  
http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/EXTENERGY/EXTRETOOLKIT/ 
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Table 1: Typical models for the organization of a rural electricity service8 

 
 

                                                 
8 Castro I A et al (2005), Independent Evaluation of the ILZRO/RAPS Diesel/PV Hybrid System in Padre Cocha, the 
Amazon Region of Peru,  
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4.3 Case studies 
The case study of the Temaruru wind energy project in Zimbabwe is instructive in terms of the 
institutional arrangements and the description of the roles in the project. 

4.3.1 Temaruru 
 
 

 
Figure 5: Schematic of the institutional arrangements for the Temaruru mini-grid system9 

 

                                                 
9 J  T  Chigwada (2001), Early Lessons from Implementation of Wind Power Technology for Climate Change 
Adaptation, Programme Manager, ZERO Regional Environment Organisation, Harare, Zimbabwe 
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Table 2: Stakeholder/Partner Motivation & Contribution at Temaruru10 
 

Stakeholder/Partner Motivation Contribution 
Min of Transport and 
Energy 
(Meteorological 
Department and 
Department of Energy) 

Political and Policy Framework for 
Rural Electrification 

-Political and Policy 
Framework 
-Wind monitoring 
-Data Collection and 
Government Support 

Rural District Councils -Local development and improved 
social services in the districts 
-Mobilisation of communities 

-Setting up of district 
pilot demonstration sites 

ZERO -Promotion of Rural Energy 
services 
-Analysis of new energy delivery, 
modes 

-Mobilisation of 
Resources 
-Grant Funding 
-Social analysis and 
research 

Wind for Africa (formerly: 
Power Vision) 

Promotion of renewable energy 
products and services 

Manufacturing, 
Installation distribution 
and marketing of Wind 
turbines 

The World Bank Energy 
Services Management 
Assistance Programme 
(ESMAP) and the 
Netherlands Embassy in 
Zimbabwe 

Encouragement of use of 
renewable energy sources for rural 
development 
 

Finances 

Zimbabwe Electricity 
Supply Authority (ZESA) 

Research on alternatives for rural 
electrification Models 

Technical assistance 
and standards 

Rural women, men and 
youth (Communities) 

Improved access to energy 
services for rural development 

-“Self help” management 
and operation 
-Use of electricity and 
payment of the tariffs 

 
This example highlights the opportunity for partnerships among stakeholders but it also 
triggers an awareness of the complexity of the relationships which could undermine the 
overall success of the project if the roles and responsibilities are not well-defined and 
agreed on. 
 
 
 
5. CONSUMER / BENEFICIARY VIEWS AND OPINIONS 
In terms of the overall success, and sustainability, of the services provided by energy 
systems, such as hybrid mini-grid systems, the key issue is customer service.  
Consequently, it is critically important to understand what is expected by customers. 
 
It is also very important to know who the customers are.  This is best indicated by who is 
paying for the service and it is important to recognise that this may not be the 
beneficiaries of the service. 

                                                 
10 http://www.zeroregional.com/programs/special_projects/wind_power.htm 
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Essentially the customer(s) are interested in the value for money derived from the energy 
system and the main criteria for judging the value are likely to include: 
 
• The experience of the energy service on the terms of the offering, i.e. providing 

sufficient energy (service?) at the time that it is needed as per the agreement 
• The opportunity of choice in service levels for corresponding service fees 
• A responsive relationship with the owner/operator/sales organisation 
• Good communication to enable understanding of what is at stake 
• A single point of accountability  

 
Overall, a focus on customer service is paramount to ensure success – as is the case in 
all service organisations or enterprises. 
 

6. INSTITUTIONAL REQUIREMENTS 
In understanding the institutional requirements for more sustainable energy service 
provision from hybrid mini-grid systems the following considerations are important.  These 
issues would typically be addressed in terms of the agreements / contracts which are 
required to define and regulate the relationship between the institutional stakeholders. 
 
Clarity 
Clear communication is critical to ensure that all stakeholders understand what the 
respective roles and responsibilities are and also what the implications are of different 
scenarios in terms of breakdowns in the relationships among stakeholders 
 
Long-term commitments 
Long term commitments are critical to align the roles and responsibilities with the 
expectations for service needs and design lifetime (and investment timeframes) of the 
infrastructure. 
 
Stability / predictability 
In line with the long-term commitments, the issue of stability and predictability is critical.  
This is particularly important to ensure the ‘bankability’ of an investment which is 
dependent on longer term revenue streams.  The predictability is also required of the 
policy and regulatory environment within which the expenses and revenue streams are 
located. 
 
Capacity 
The institutional arrangements need to ensure that adequate capacity is available for the 
duration of the service agreement.  This capacity needs to be available in terms of skills, 
resources and experience to ensure confidence in the delivery of the service and ongoing 
sustainability of the system.  It is very likely that capacity may need to be reinforced 
through training and mentoring within the context of the energy system investment. 
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Coherence with overall institutional arrangements in the energy sector 
In structuring the institutional arrangements for a particular hybrid mini-grid system, it is 
important to ensure coherence with the overall arrangements and practice in the larger 
energy sector.  This is particularly the case in developing countries where skilled and 
experienced human resources are generally scarce.  Unfortunately, it is also often the 
case that projects are implemented within a vacuum in terms of the ‘bigger picture’ 
frameworks which may not be sufficiently developed at national and provincial/district 
level. 
 
Metering and equitable tariffs 
The point of metering and billing for the service or energy essentially defines the interface 
between customers and the institutional entity which operates (and perhaps also owns) 
the energy system.  It is important to identify this point of exchange and ensure that the 
basis for quantifying the service and the level of payment for the service are very clearly 
defined and equitable. 
 

7. CONCLUSIONS 
The issue of institutional arrangements for hybrid mini-grid systems are complex and 
represent a microcosm of the issues which prevail for energy systems at a national or 
regional level.  It is therefore very challenging to distil a set of definitive conclusions on 
the basis of the relatively meagre experience of hybrid mini-grid systems in Southern 
Africa. 
 
Nevertheless, at this stage, the following conclusions are suggested: 
 
• Gobabeb is a special case which provides an excellent learning opportunity (and 

continues to provide high-quality levels of energy services which were not available 
under the previous arrangement with the diesel-based system. 

 
• Where at all possible the implementation of projects or programmes should take place 

within a clear national policy and strategy (such as The White Paper and OGEMP). 
 
• Short term opportunities seldom work out in the long run.  It is better to resolve the 

optimal long-term institutional arrangements up front 
 
• Simplicity is highly valued as it facilitates better understanding of what is at stake 

among the relevant stakeholders 
 
• Where possible it is useful to work with existing institutions and avoid setting up new 

or ad-hoc arrangements which may impose (and perhaps unnecessary) additional 
overheads to the overall service in terms of costs, management and regulation. 

 
• Overall, it is the social issues and institutional issues (manifested in terms of the 

quality of the relationships and among stakeholders) which dominate over technical 
issues.  These include the experience of the stakeholders in terms of: 
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– Planning 
– Ownership 
– Metering 
– Tariffs 
– Responsibilities 

 
• Lastly, the information and data available for understanding the operation and track 

record of hybrid mini-grid systems in Southern Africa is scarce and is based on a very 
limited sample.  It would therefore be useful to undertake additional systematic 
research to support (and refine) the understanding of the role and implications of these 
systems. 

 

8. RECOMMENDATIONS 
As in the case of the conclusions presented above, the following recommendations are 
suggested with an awareness of the limited base of experience with hybrid mini-grid 
systems in Southern Africa.   
 
Our recommendations include: 
 
• It is critical to align the institutional arrangements with the roles and responsibilities of 

the stakeholders.  In this way the feedback mechanisms in the agreements which 
regulate the relationships between the stakeholders can be implemented in (as far as 
possible) a self-correcting manner. 

 
• An associated outcome of good alignment of the roles and responsibilities is to ensure 

that the risks and benefits are allocated appropriately among the stakeholders. 
 
• It is also critical to provide clear and appropriate feedback systems, both in terms of 

structure and communication mechanisms/channels to ensure that all stakeholders 
are well-informed of the status of the system (and their role within it) and the future 
scenarios for the system. 

 
• Where possible, the implementation should be undertaken within the existing 

institutional arrangements. 
 
• It is highly useful to factor in the carbon value of the renewable energy and energy 

efficiency dimensions of hybrid mini-grid.  This is important from the perspective of the 
overall funding and financing of systems or programmes but, in addition, the carbon 
benefits can be translated into direct financial benefits to the customers based on their 
optimal use of energy through conservation measures (adaptation in use-patterns). 

 
• Lastly, within the context of Namibia, it is recommended that the role of the REDs be 

seriously considered in the operation and possibly ownership of decentralised hybrid 
electricity systems. 
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Axel Scholle, Emcon Consulting Group, axel@emcongroup.com 

Yaw Afrane-Okese, National Business Initiative, afrane-okese.yaw@nbi.org.za 

 

1.  INTRODUCTION 
Since 1994, South Africa has set ambitious development targets, one of which is 
universal access to electricity by 2012.  
 
Over the last fifteen years, South Africa has implemented an extensive rural grid 
electrification programme which has raised overall household electrification figures 
from 38% to over 70%. The number of annual connections peaked at close to 500,000 
connections in 1997 and has since decreased steadily. This trend is shown in Figure 
1. The figure furthermore shows the growth in the number of total South African 
households over the years (square marker) in comparison to the number of 
households electrified (triangular marker). Although the gap between the number of 
electrified households and the number of total households was narrowing during the 
mid 90’s this changed towards the end of the 90’s. The main reason for this 
divergence, besides growth in number of households, is that the most reachable 
communities have been electrified and the less accessible communities/households 
now remain to be electrified, i.e. all the low hanging fruit have been picked.  
 
Due to the slowing pace of electrification government conceded that solar PV would 
increase the pace of the electrification roll out and would also have cost advantages 
for electrifying the more remote communities. However in order to address the most 
essential energy needs solar PV programmes were to be “packaged” with thermal 
energy services in order to deliver the basic energy needs of households. This was to 
be conceptualised under the innovative Integrated Energy Centre approach which 
compliments lighting and media services with thermal energy services for cooking and 
space heating. 

Abstract 
This paper presents the experiences gained in the implementation of two hybrid 
mini-grid systems in South Africa. Both systems have been vandalised and are no 
longer operational. The short-falls in the project design, implementation and 
operation of the hybrids are described here. Based on these findings, the 
applicability of these hybrid systems is evaluated retrospectively. The paper 
concludes that key elements in the implementation were missing, leading to 
premature failure of the hybrid mini-grid systems. 
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Figure 1:  Annual number of grid connections (Source: National Electricity Regulator 2004) 

 
The undertaking to operate pilot hybrid mini-grid systems was motivated by a number 
of reasons, including: 

• Many of the remote communities which are far from the existing grid have a 
relatively high settlement density as well as a combination of public, commercial 
and residential buildings, making a mini-grid an attractive supply option. 

• Users can be offered a higher energy consumption (around 1kWh/day) 
compared to stand-alone 50Wpeak Solar Home Systems (around 250Wh/day). 

• Economic activities which require 230V and higher output power could be 
enabled. This among other can assist in activities which can lead to the 
upliftment of the community. 

• Facilitation of shared energy services at community hall and the church, as well 
as power for street lighting and water pumping can contribute to quality of life 
improvements. 

• The potential for future grid and inter mini-grid connection, since hybrid systems 
provide power at grid compatible voltages. 

• Employment of environmentally friendly technology. 
 
This paper will describe two pilot hybrid systems implemented in South Africa, and 
analyse the management, institutional and operational performance of the systems. 
The paper concludes with a retrospective applicability assessment of the two hybrid 
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systems, and identifies the short-comings which have resulted in their non-sustainable 
performance.  

2. CASE STUDY OF THE SOUTH AFRICAN HYBRID 
SYSTEMS 
In 2001, the South African Department of Minerals and Energy (DME) mandated the 
then National Electricity Regulator (which is currently the National Energy Regulator of 
South Africa (NERSA)) to embark on two pilot hybrid mini-grid systems in the Eastern 
Cape. One of the hybrid systems - sited at Hluleka Nature Reserve - was 
commissioned in 2002, while the other system - sited at a local community called 
Lucingweni - was switched on towards the end of 2005, without full completion of all 
the components of the project. 

2.1 IMPLEMENTATION 
The pilot systems were installed near the coast at the Hluleka Game Reserve (Hluleka 
system) and the Lucingweni system is located some 5km just outside the reserve. 

2.1.1 Hluleka 
The Hluleka hybrid system provides power to twelve guest chalets, offices, staff 
accommodation and some backbone services. The technical details of the system are 
listed in Table 1. 
 
Table 1: Technical information on the Hluleka hybrid mini-grid system 

Parameter Rating 

System output 400V, 13.5kVA 

Generation: 
Photovoltaic 
Wind 
Battery storage 
Power converter 
Diesel generator 
Back-up generator 

 
5.6kWpeak (56 x 100Wpeak) 
5kW ( 2 x 2.5kW Proven) 
140kWh ( 30 cells of 2,360Ah @ 2V each) 
13.5kVA (3 x 4.5kVA SMA) 
5kVA 
75kVA (old existing genset) 

Consumers Tourist chalets (12), administration offices,  
staff houses, water services 
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Previously the system was operated with two 75kVA diesel generators, which powered 
into a three phase grid and operated an average of 10 hours per day. Due to the 
relatively large size of the diesel generators, no attention was paid to energy efficiency 
or effective use of the gensets (loading). The site used between 120 to 240 litres of 
diesel fuel a day which contributes significantly to the operating and maintenance 
costs of the units. Regular and reliable maintenance of the diesel generators remained 
a problem at the Reserve throughout the pre-hybrid period. 
Pictures of the installed hybrid system are shown in Figure 2. 

  

Figure 2:  Hluleka: PV array with wind generators (left); guest chalets (Photos: Yaw Afrane-
Okese) 

As part of the project implementation, solar water heaters were installed, and electric 
stoves were replaced with LPG cookers. 

2.1.2 Lucingweni 
The Lucingweni hybrid mini-grid system was primarily designed to provide power to 
about 220 households in the village as well as some shops, the community centre and 
reticulated water pumping. The technical details are listed in Table 2. 
 
Table 2: Technical information on the Lucingweni hybrid mini-grid system 

Parameter Rating 

System output 400V, 100kVA 
Generation: 

Photovoltaic 
Wind 
Battery storage 
Power converter 

 
56kWpeak (560 x 100Wpeak) 
36kW (6 x 6kW Proven) 
2.2 MWh (2 x 110 cells of 5,030Ah @ 2V each) 
100kVA (MLT) 

Consumers 220 households, small shops, community hall, 
street lights, water services 

 
There have been no formal energy services at Lucingweni prior to the hybrid system. 
This system differs from the Hluleka system primarily through the absence of a diesel 
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generator. Lucingweni therefore does not have a dispatchable power source. 
However, Lucingweni does have a more consistent load profile through the high 
number of households than Hluleka which can exhibit large demand fluctuations 
between tourism season and off-season. 
Pictures of the installed hybrid system are shown in Figure 3. 

  

  

Figure 3:  Lucingweni (clockwise): the community; PV arrays with wind generators; power 
converter; battery storage system (Photos: Yaw Afrane-Okese) 

 
The supply system at Lucingweni is a complex system, which connects the PV 
generators on the DC bus (directly to the batteries) and the wind generators to the AC 
bus. The MLT power converter balances the charge and discharge appropriately to 
ensure optimal battery performance. 
The design of the system provided for 2A connection per household which is intended 
to allow for lighting, media and cell phone charging. The connection is to trip if a hot 
plate or an iron is used. The daily energy allowance was designed for 950Wh, which is 
generous if only used for lighting, media and cell phone charging purposes. 

2.2 PERFORMANCE 
The Hluleka hybrid system was put into operation in 2002, while the Lucingweni hybrid 
system was put into operation in 2005, although not fully commissioned at this stage. 
Operation was commenced so that the community could have a benefit from the 
system and so that the system would also be safe through community “ownership”. 
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This section describes the performance of the two systems. The sizing of the systems 
was not evaluated, and is therefore not commented on. 

2.2.1 Hluleka 
The Hluleka system was technically well designed, and professionally installed. 
However, the operation of the system faced a number of challenges which made the 
sustained and reliable operation of the system problematic. The issues included: 

• Poor understanding of the system operating concept, and its capabilities and 
limitations. 

• The design of the demand limitation devices was poor and allowed guests to 
bypass current and energy limiting devices. 

• Overbooking at the reserve led to over-use. However the old diesel generators 
were not effectively integrated in the system while the smaller 5kVA diesel 
generator was incorrectly integrated in the system (connected to the DC bus 
which is incorrect in an AC bus system of the type installed at Hluleka). The 
latter led to inverter failure with long system down-times. 

• The management of the system at site in terms of energy management and 
basic maintenance was poor. That was further exacerbated by staff turn-over 
and poor hand-over from one operator to the next. 

• The parks authorities did not take on effective ownership of the system by 
assuming responsibility for operator training support, awareness creation, 
professional maintenance call-outs and other administrative tasks. 

• The hybrid system was installed at a good wind site. However this was at a 
distance of about a kilometre from the buildings. This resulted in less monitoring 
of the system performance and provided little security in terms of theft. 

As this is a government operation, the Hluleka system is operating under potentially 
more controlled conditions, since the owner, the operator and the user are “closer” 
together and work in an organised and structured environment. However, this benefit 
can only be realised if there is a champion who takes on the ownership of this type of 
service delivery and ensures effective coordination among the responsible 
stakeholders. 

2.2.2 Lucingweni 
The Lucingweni hybrid supply system operated as intended for a few months before 
the first complications occurred. The reasons for these problems are not attributable to 
a single cause but are a result of a number issues, many of them though linked to 
promises which were not delivered upon and slow progress on the implementation. 
The main issues are listed here although this will in all likelihood not be fully 
representative of all the realities: 
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Integrated service delivery approach 
The design concept was based on providing integrated energy services which 
included thermal services for cooking (LPG) and potable water provision from 
boreholes, powered by the hybrid system. 
Both services were not delivered upon. This led to dissatisfaction resulting in users 
connecting hotplates to the hybrid system by by-passing circuit breakers. The 
increased load and energy demand contributed to system overload. 
 
Technical 
The supply system was not analysed in terms of the component size but the general 
system layout and installation appeared to be of high standard. However, it was 
surprising to see the use of SMA Sunny Boy grid inverters in conjunction with the wind 
turbines. Under normal conditions, one would have used the SMA Windy Boy grid 
inverters which have a very different operating characteristic than a Sunny Boy 
inverter (usually used in conjunction with photovoltaics). This is likely to lead to losses 
simply because of poor matching between the wind generators and the grid inverters. 
The demand side lacked a number of essential components which normally would 
ensure that the hybrid system can operate reliably and without overuse. These issues 
include:  

• a lack of energy metering and possibly an energy dispensing concept in order to 
limit the daily energy budget per user. 

• similarly it may be important to do energy monitoring at distribution points (e.g. 
per ten households) to ensure that no illegal connections are being 
implemented. 

• an effective current limitation system through the means of circuit breakers or 
equivalent. Such a system is meant to limit power to each household and in the 
event of an overload trip the circuit as close as possible to the source of the 
overload instead of bringing down the whole system (cascading). 

As is described below, the system was overloaded due to overuse and too many 
connections. Although it may be difficult to protect a system against all eventualities it 
is essential that the best efforts are made to provide a robust technical solution for 
current and energy limiting devices within consumer network, which does not allow for 
simple by-passing. 
 
Operational 
One of the key aspects for a successful operational phase is to charge revenue for 
metered consumption. However, the Lucingweni system was switched on before 
revenue collection systems were in place. In addition it was considered to provide free 
basic electricity, a respectable policy in South Africa but creates huge challenges on 
the energy management side of a hybrid system. At 50kWh per month, which equates 
to about 1.5kWh per day, this represents more energy than what the system was 
designed for (950Wh per day). This leaves no margin for implementing energy 
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management and incentivising energy efficient appliances. The notion of free service 
erodes the value of responsible consumption and ownership. 
A policy such as Free Basic Electricity therefore sends out the wrong message and 
results in inefficient use of electricity as can be seen in Figure 4. 
As a result of the large number of illegal connections and the connection of thermal 
appliances to the mini-grid it was found that there was little or no excess energy to 
cater and stimulate for economic activities. 

  

Figure 4:  Lucingweni: no incentive for energy efficiency, or keeping illegal connections at bay 
(Photos: Yaw Afrane-Okese) 

 
Institutional 
Institutional support needs to be manifold and should include: 

• Support for ongoing awareness building. 

• Ensuring continued community buy-in through continuous interaction with the 
community committee that is responsible for the hybrid system. 

• Training for local operators with administrative support. 

• Support with the arrangements of professional service providers for 
maintenance. 

However, it was found that there was a generally hands-off attitude of officials creating 
no proper ownership for these implemented services. Furthermore the limited 
community interaction resulted in the system being abused in terms of connecting 
more households then originally designed for, refer to Figure 4. A closer interaction 
with the community could have avoided that. 
The NER/NERSA as the custodian of the projects was left in a situation of becoming 
the project manager of the projects which essentially lies outside of the regulators 
scope of responsibilities. Furthermore, other government departments lost interest in 
the projects due to its challenging project requirements leaving NERSA alone in the 
project. 
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2.3 CURRENT STATUS 
The Hluleka system operated for a few years with interruptions due to the technical 
problems experienced. The first modules were stolen in 2006 and more modules have 
since been removed or vandalised. 
The Lucingweni system was never completely commissioned into operation as some 
of the deliverables still remained outstanding. However the system was put in to 
operation in 2005 so that the community could benefit from the service. The system 
operated for a few months but was then overloaded due to many illegal connections 
and overuse at individual household level. Theft and vandalism of the modules started 
at a slow pace in early 2007 and increased as the year progressed. Since the system 
is fairly central to the community, this must have been heard and possibly observed by 
community members and essentially indicated a conscious rejection of the hybrid 
system by the community. 

  

Figure 5:  Theft and vandalism: Hluleka (left), and Lucingweni (Photos: Yaw Afrane-Okese) 

At this stage both pilot systems are out of operation. 

2.4 KEY FINDINGS 
Key project elements were lacking in the implementation of the pilot hybrid mini-grid 
system in the Eastern Cape. Although these critical elements were taken into 
consideration at an early project stage they were not effectively implemented at 
institutional, operator and community level. At the basis of this is the lack of a clear 
champion that sufficiently allocates resources directly to the project, in order to ensure 
visible regular community interaction and on-going community buy-in. NER/NERSA is 
a regulator and not a project implementer or an electrification agent and therefore 
never assumed the role as the project champion. 
A further weakness in the pilot implementations is the lack of an institutional “home” 
for this service delivery model. Off-grid supplies are significantly different to rural grid 
electrification delivery models and the “home” institution needs to recognise this and 
take on the required roles and responsibilities to ensure sustainable services. 
The institutional arrangements need to be defined upfront and responsibilities need to 
be allocated. It would be expected that the institution may have a lack of capacity 
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unless previous off-grid programmes have been implemented. This capacity shortage 
needs to be addressed through training prior to project implementation and the 
institutions then should be involved during the actual implementation of the hybrid 
system. 
A hybrid system implementation based on renewable system has to rely on 
appropriate use of energy. This can usually be ensured through charging cost-
reflective tariffs for electricity (as a minimum charging for operations, maintenance and 
replacements) and implementing energy efficiency on the demand side. In the 
absence of a sensible tariff which reflects electricity as a valuable service, a renewable 
energy system can never be sustainable. 
The Hluleka Nature Reserve hybrid system failed as the operation was not 
appropriately incentivised to control fuel consumption through effective and efficient 
use of the hybrid system. The management opted for switching on the diesel 
generator because it was an external cost by government to their operations. The 
reserve was not managed as a proper commercial entity that optimises the use of its 
resources. 

3. EVALUATING THE APPLICABILITY OF THE SOUTH 
AFRICAN PILOT HYBRID SYSTEMS 
This section analyses how applicability criteria of the Hluleka and Lucingweni hybrid 
mini-grid systems were met - or not met - and what lessons can been learnt from the 
pilot projects. The section concludes with a view on future developments with regard 
to hybrid implementations in South Africa. 
A study was recently commissioned by the DME into the viability and replicability of 
hybrid mini-grid projects in South Africa, based on the experience of Hluleka and 
Lucingweni. This section draws on the study report compiled by Tsebo Resources 
Management et al, and an on-site visit by the authors. 

3.1  EVALUATING APPLICABILITY CRITERIA OF THE PILOT HYBRID SYSTEMS 
The applicability of hybrid systems is based on the criteria outlined in section 2 of the 
paper “Applicability and requirements for wider hybrid system implementation” 
[Scholle]. The criteria include: 

1. Grid status within the area 
2. Settlement density 
3. Electricity consumption profile 
4. Local renewable resources 
5. Local socio-economic realities 
6. Energy efficiency and tariffs 
7. Technical capacity 
8. Institutional framework 
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Whereas the first four criteria deal with up-front evaluations, which will determine and 
have impact on the comparative cost of the system, the remaining four criteria will 
impact significantly on the sustainable long-term operation of hybrid system. This 
subsection will evaluate the latter four applicability criteria with reference to the 
Eastern Cape pilot systems since it is the long-term operational sustainability which is 
usually the weakest link in energy projects of this nature. 

3.1.1 Socio-economic realities 
In terms of a conducive socio-economic environment, it is essential that needs and 
their priorities are understood, that affordability is ensured, that regular communication 
takes place, awareness is created, acceptability of the solution considered and that 
some organisational capacity is established or exists in the community. It is essential 
that these issues are understood and that this level of investigation and the required 
participative processes are embarked upon prior to final hardware roll out. Determining 
whether the socio-economic criteria for hybrid systems are met takes time and is not 
an exact science. Through the interaction with the community it can be determined 
whether a hybrid system is seen as a long-term solution or a pre-grid solution. If, for 
example, it is the latter case then the long-term sustainability is more at risk than if the 
community sees the hybrid system solution as a fitting and long lasting solution. 
In terms of the pilot projects the following issues have been noted and observed: 

• There was no comprehensive energy solution for households at Lucingweni. 
The hybrid system is designed to cater for lighting, media, refrigeration and 
water pumping requirements. However, if no solution is offered for cooking and 
space heating then this leads to attempts to use the electrical equivalents on the 
hybrid system. 

• There seems to be a lack of ongoing interaction with the community. 
Community buy-in is key to successful operation. However, this must be seen 
as an ongoing exercise to ensure that buy-in and the resulting “ownership” 
remains in place over the system life, in particular the first five years. Thereafter 
there will be sufficient local knowledge and understanding of the capabilities and 
limitations of such a system. It is therefore questioned whether sufficient 
community consultation, participative processes and information sharing on 
envisaged system operation, capabilities and limitations was shared with the 
community. 

• The marginal involvement of the Lucingweni community in the actual 
construction work and the lack of in-kind contributions have resulted in a lesser 
sense of ownership. 

• There has been a perceived lack of empowerment towards employment 
opportunities. Although it is well known that electricity in itself is not sufficient to 
create productive use opportunities, it certainly is one of the key ingredients. 

• The many illegal connections and the bypassing of circuit breakers have 
contributed to overloading the system in Lucingweni. This should have been 
discouraged by the leaders within the community as they should have the 
knowledge that this will exceed the capabilities of the system. 
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Many of these issues are neither formal nor predictable – they require a certain 
amount of flexibility and time in order to consolidate the buy-in of the community into 
the service proposed. Furthermore, a local champion who is prepared to drive towards 
an energy solution is critical in that sense as this provides ongoing momentum which 
is usually difficult to generate in a public sector environment. 

3.1.2 Energy efficiency and tariffs 
Energy efficiency is essential to achieve reasonable capital cost per kW prices 
(system design). A sufficiently high tariff is essential to ensure continued energy 
efficiency implementations as the higher cost of energy efficient appliances can 
consequently pay for themselves. 
The experience with the pilot hybrid systems has been observed as follows: 

• Energy efficiency implementations were weak and the poorly sized current 
limiting devices did not discourage thermal appliances such as electric cookers, 
kettles and hot irons. 

• No revenue collection systems were implemented prior to commencement of 
the electricity service leaving no means to encourage efficient use of electricity. 
The planned revenue collection approach was based on a flat rate charge 
instead of the metered consumption. 

• The introduction of Free Basic Electricity in conjunction with a flat rate charge 
does not send out the message to the consumer that electricity is a valuable 
service. Therefore, either technical or social means have to be found to 
encourage efficient use of electricity. This approach often leads to 
dissatisfaction by users (inflexibility to use more electricity and voluntary self-
restrictions) and therefore leads to further challenges as could be seen in 
Lucingweni where the system has now been rejected by the community. 

• In an environment which has implemented metering, revenue collection based 
on a cost-reflective tariff for operations and maintenance (not capital cost) and 
use of energy efficient appliances, it is still necessary to provide ongoing 
awareness of energy use as well as the means to invest in EE appliances. 

This area has been identified as one of the key weaknesses in the implementation of 
the hybrid systems, in particular the Lucingweni hybrid. The most essential energy 
management tool - charging for electricity - was therefore rendered ineffectual. 

3.1.3 Technical capacity 
The technical capacity to support the implemented technology at a contracting level is 
of essence as occasional system failures can be expected. If this capacity is not 
present then it needs to be built during the implementation. In terms of the pilot 
project: 

• Local technical support for the Hluleka system technology was poor at the time 
of implementation. 

• Technical capacity at the local authority level was not sufficient to support the 
operations of the systems sufficiently. 
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Poor local technical capacity results in dependence on international experts and 
results in high costs and potentially long system down-times, when system faults 
occur. 

3.1.4 Institutional framework 
The institutional framework in which an energy service is delivered defines in a broad 
context the delivery model that is being implemented. This therefore defines 
ownership, subsidy levels, tariffs and the roles and responsibilities of the various 
parties involved in the service delivery, primarily in the governance sector. A well-
defined delivery model will therefore state for example that the capital costs are 
subsidised, that the operations and maintenance costs need to be recovered through 
the tariff, who is responsible for first-line and professional maintenance, which 
department provides administrative (planning, awareness, training), financial and 
technical support etc. 
Evaluating the pilots in terms of an institutional framework yields the following 
observations: 

• Lack of an institutional body and driver for the hybrid systems. DME tasked 
NRESA to implement the hybrid systems but the regulator is not actually geared 
towards project implementation. Also, from the report: Mini-grid hybrid viability 
and replication potential [Tsebo Resources Management et al], it becomes clear 
that local authorities had a hands-off attitude towards the hybrid systems. In 
retrospect the institutional ownership must be clarified at the beginning of the 
project so that the institution can be involved in all aspects of the service 
delivery. 

• The tariff model was weak as described in section 3.1.2. 

• Due to the lack of institutional ownership (as well as community ownership) 
maintenance on for example the Hluleka hybrid was not properly implemented. 

• A critical aspect in off-grid energy service provision is a clear support from DME 
with regards to either hybrid mini-grid implementation or decentralised solar PV 
supply solutions. As long as off-grid energy services are considered second-
best by policy makers, this sentiment will be echoed by the local institutional 
authority as well as the community. 

From the above description it is clear that the projects were implemented in an 
institutional vacuum which carries a high risk in complex energy service delivery 
programmes. 
With the vandalism of the systems, possibly condoned by the community, it is now 
clear that the pilots have failed. It is however the author’s opinion that key elements in 
the roll out were missing or implemented with half measures leading to inconclusive 
findings in terms of whether hybrid systems are feasible. What can be stated though is 
that the hybrid systems should not have been implemented within such a weak 
framework as the sustainability of the systems was undermined virtually from the start 
of the project. 
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4.  CONCLUSIONS 
The unsuccessful long-term operation of the two pilot hybrid systems in the Eastern 
Cape is as a result of a poorly implemented and generally weak delivery model. The 
lack of a well-defined and implemented institutional framework, the lack of ownership, 
the weak tariff model with no revenue collection, the lack of thermal services (in 
Lucingweni), the lack of on-going training and awareness creation, and ultimately the 
lack of community buy-in exposes off-grid electrification projects to a significant risk of 
failure. This is clearly the case for the Eastern Cape hybrid mini-grid systems. 
In order for a project to reduce the risk of failure, it is important to identify a champion 
who dedicates ample time to the project and who monitors and evaluates the progress 
and ensures that previously defined milestones are achieved. 
Furthermore off-grid energy systems based on solar PV are seen as compromise 
solutions by government and beneficiaries. This, coupled with an unwillingness to get 
to grips with off-grid technologies and the various issues associated with renewable 
energy supplies, leads to low acceptability and weak resolve for off-grid projects. Only 
once off-grid supplies are seen as final solutions with no promises of grid power will 
off-grid be able to play a key role in delivering a high value service to a remote area. 
The poverty tariff, though a respectable policy, undermines the actual value of 
electricity, and makes a renewable energy system relying on effective energy 
management, energy awareness and energy efficiency for ongoing sustainability. This 
is the case because it is difficult to manage, and removes the one tool an energy 
manager has to ensure continued energy efficiency – i.e. the price that has to be paid 
for ineffective consumption! It is recommended to rather maintain a cost-reflective tariff 
and apply the subsidy on the energy efficiency side. 
The evaluation of the applicability criteria with respect to the pilot hybrid systems has 
shown that the implementation of the hybrid systems were undermined at a very early 
stage, and should rather not have been implemented until such time when the 
weaknesses in the delivery model had been addressed. 
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1. INTRODUCTION 
The paper was written after the author had the opportunity to participate in a hybrid 
electricity systems symposium at Gobabeb, Namibia – and is based on the power 
point slides presented at that meeting. It is in essence an ‘opinion piece’.  
 
The delivery of reliable energy services to rural communities remains a key challenge 
for Africa. It is an area that the author finds challenging and rewarding, and enjoys 
discussing with colleagues. The opportunity to discuss these issues at the Gobabeb 
seminar was greatly appreciated, and it is hoped that this written version will stimulate 
further debate and thinking. 
 

1.1 Purpose 
The paper has two main purposes. The first is to provide personal observations and 
perspectives on rural off-grid electrification – with a focus on South African 
experience. The second part of the paper looks more specifically at the concept of 
integrated rural energy utilities, and indicates why these should be considered 
carefully as a mechanism to help improve rural energy service delivery. 
 

1.2 Background 
This document focuses on South Africa. When reading and thinking about applicability 
in other countries, it would be useful to consider the following: 

• South Africa has electricity supplied to more than 70% of households 
• Rural electrification rates in South Africa range from 47% to 80% in the different 

provinces, but in the provinces with a larger rural population, rural electrification 
rates are of the order of 50% to 60%.  

• At present there are about 3.4 million households that do not have access to 
electricity, of which over two million are in rural areas. 

• The country has for several years had a very active grid electrification 
programme, which has in some years connected at a rate of 1,000 households 
per day. As a result, grid expectation is strongly anticipated in many rural 
communities. 

Abstract 
Energy service strategies and programmes in South Africa – with an emphasis on 
electricity – are briefly described. Key observations from this are that projects 
tend to be technology or market sector specific – and seldom are capable of 
dealing in an integrated way with the ‘on the ground’ needs of communities and 
planning – in a sustainable way. This paper suggests that an Integrated Rural 
Energy utility approach might provide the best ‘home’ for sustainable energy 
service delivery for a range of services and technologies, including hybrid 
electricity systems. 
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• As a result of the active electrification programme, most communities are within 
twenty kilometres or usually much less of an electricity grid. 

• The above electrification programme has been made possible through 
allocation of capital subsidies. Households have either had to pay a relatively 
small (10 to 20USD connection fee), or in some cases have even had the 
connection provided with no ‘connection fee’ payable. 

• Pre-payment metering is the norm for rural electrification projects, and as such 
poor consumers need only pay for the kWhs that they use, as needed. No fixed 
monthly charge is payable. 

• South Africa has introduced a Free Basic Electricity (or in some cases a Free 
Basic Alternative Energy) policy, which seeks to subsidise the first 50 kWh of 
electricity used every month. 

 
It is against the above background that programme designers and implementers have 
sought to develop strategies for off-grid electrification that are viable and applicable in 
South Africa. The strong grid electrification activities and support are a significant 
boon for rural communities; however, as will be seen below, these factors also present 
a significant challenge for off-grid electrification. While some readers may feel that 
these unique South African circumstances make the experience less relevant to other 
countries, the author has sought to contextualise observations in a manner that is 
applicable elsewhere. Of course, as other countries increase their rate of rural grid 
electrification, their situation will become more like that of South Africa. 
 
Table 1, drawn from Aitken 2006, illustrates rural energy expenditure patterns in three 
rural communities in the Eastern Cape (EC), Kwa Zulu Natal (KZN) and the North 
West Province (NW) of South Africa. It will be noted that there is a wide diversity of 
energy sources used, for meeting lighting, thermal (cooking and space heating), 
entertainment and communication energy needs. Also note that for these samples, 
77% (NW) to 98% (KZN) of households used wood.  
 

Table 1: Household energy expenditure by fuel 

User Ave. Sample Ave. User Ave. Sample Ave. User Ave. Sample Ave.
Paraffin R 63.07 R 56.47 R 37.18 R 12.08 R 77.42 R 54.52
Candles R 20.38 R 18.03 R 22.23 R 22.05 R 24.38 R 23.92
LPG R 135.49 R 37.25 R 77.00 R 37.86 R 129.82 R 35.96
Dry cell R 30.19 R 16.38 R 26.90 R 14.80 R 21.36 R 13.51
Car Battery R 28.56 R 11.46 R 33.66 R 9.54 R 30.78 R 11.27
Wood R 16.27 R 6.14 R 11.66 R 0.29 R 10.63 R 1.40
Generators R 240.16 R 6.43 R 89.00 R 3.71 R 97.32 R 8.68
Cellular phones R 23.66 R 10.71 R 22.00 R 2.57 R 24.96 R 7.18
Average monthly expenditure R 159.44 R 102.90 R 152.42

EC KZN NW

 
 
 
Also of interest is that the sample average expenditure on fuels that could be replaced 
with a low power electricity source (such as from a Solar Home System) was R 43. 
For the sample subset that used candles, recharge cellular phones and used dry-cell 
batteries, the ‘displaceable spend’ was R72.  This type of expenditure is compatible 
with monthly repayments on a financed small solar photovoltaic (PV) system – and 
thus indicates a potential market opportunity. 
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Note however, that the remaining expenditure on fuels that expensive electricity 
cannot replace is even more significant, and there is still extensive use of fuel wood – 
highlighting the critical importance of cooking and thermal energy services.  In the 
communities surveyed, Aitken found that the average expenditure on energy was 
between 6.6% and 18% of the total household expenditure. Energy thus represents a 
significant burden for households. 
 
There are several concerns associated with gaining access to, and using the range of 
typical energy service options for poor communities. These include: 

• Health and safety concerns such as back injury, and personal safety risks 
(associated with fuel wood collection), indoor and outdoor exposure to wood or 
coal smoke (respiratory illness, as well as eye damage), risks of burning and in 
particular devastating ‘shack fires’ in dense communities (candles, kerosene), 
risk of explosions (e.g. from LPG), and risk of poisoning from accidental 
consumption of kerosene sold in cold drink bottles 

• Local environmental concerns: pollution, deforestation 
• Time: in particular for collecting wood, (households in six communities 

surveyed in 1991 in South Africa spent between 50 and 177 hours per 
household per month collecting wood – depending on location and season) 
(Griffen et al, 1992). Recent surveys indicate that time required to collect wood 
is increasing. 

• Productivity limitations imposed by a lack of access to modern energy (for 
example in food processing and preparation, agricultural work, hand crafts, 
productive activities) 

• Inconvenience (lighting fires, delays in food preparation, time to boil water, cold 
water for bathing etc.) 

• Costs:  
o affordability of energy – rural communities tend to pay far more per unit 

of energy (and in particular electricity) than grid connected and urban 
households 

o expenditure required as a percentage of total expenditure 
• Global climate concerns related to emissions 

o at present, low income rural households contribute very little to CO2 
emissions, especially when compared to the far higher fossil fuel 
consumption of middle- and upper-income households. However, as 
countries develop, if rural low income households were to start using 
energy at similar levels to developed world levels, greenhouse gas 
emissions would rise significantly. 

 
As shown in Figure 1, grid electrification of rural households may not always have the 
anticipated impact. The top left household (KwaZulu Natal Drakensberg, South Africa) 
had a prepayment meter based grid supply installed, with some light bulbs and a kettle 
utilised. However, note that the kettle is standing on a kerosene stove. Another two 
plate kerosene stove is being used to cook food in the large aluminium pot – and this 
stove is standing on a coal stove. Outside an open fire was being used to roast maize 
on the cob.  
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Figure 1: Elements of the rural energy dynamic in Africa: Clockwise from top left: multi-fuel use in 
electrified South African home; charcoal stove in Madagascar; charcoal ready for transport to urban 
communities in Uganda; open hearth in Swaziland homestead. 

 
In debates about rural energy supply, there tends to be a focus on electricity. The 
following points extracted from a paper recently published on biomass policy in South 
Africa helps focus the mind on the critical nature of the biomass energy dimension 
(Shackleton et al, 2007, p 273): 

• The national demand for fuel wood was estimated at 13 million m3 per annum 
in the mid-1980s, and has never been updated since then. 

• Fuel wood use is widespread, with over 95 percent of rural households using it 
to some degree. 

• Urban markets are a growing aspect of fuel wood demand. 
• Newly electrified and /or urbanised households tend to continue to use fuel 

wood for a variety of reasons, including its low price or ‘free’ availability, cultural 
reasons, lack of cash to buy alternatives, lack of cash to buy appliances for 
other energy forms, general preference, etc.  In the longer term, however, per 
capita consumption is expected to decline. 

• The gross annual value of demand to the national economy is estimated to be 
R3 – 4 billion. 

• At a local level, demand is highly variable by location, but does tend to be 
greater in areas with larger biomass resources. 

• Estimates of household consumption rates range from 0.6 tonnes per year to 
more than 7.5 tonnes per year, typically between 3 and 4 tonnes per household 
per year.  
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2.  ENERGY SERVICE STRATEGIES TO DATE 
The primary energy service strategy followed in rural communities in South Africa has 
been the grid electrification programme. Key aspects of this were highlighted in 
section 1.2. Since 2001, the rate of installation has dropped – in part as a result of 
changes in the institutional management of the planning and budgeting – and in part 
because the costs of providing the necessary bulk infrastructure have increased, 
leaving less funds for household connections (and as the programme reaches further 
into rural communities the per connection costs of installations climb).  The cost of 
local reticulation and necessary substations and transmission has climbed to an 
average R6,078 per household by 2006, with costs projections staying at the same 
order of magnitude until 2009 (Masemola, 2007). The South African government has 
however committed to achieving universal access to electricity by 2012. 
 
The Free Basic Electricity (FBE) Policy provides for “provision of free 50kWh of grid 
electricity per month to all households with concomitant blocked or stepped tariffs for 
electricity consumption beyond 50kWh to mitigate the cost implication of the free basic 
electricity provided.” 
 
Although this has not been implemented equally in all regions, the above provision 
does mean that for those households connected to the grid, and able to access the 
FBE subsidy, electricity is an extremely attractive energy source. While 50 kWh is not 
enough to do all necessary cooking (hence reliance on other fuels), it does make a 
significant contribution. 
 
Nevertheless, as Bantsijang (2007) notes: “Low electricity consumption patterns 
indicate that poor households do not benefit from the efficiency and environmental 
benefits afforded by electrification due to the severity of poverty.”  
 
Furthermore, there are 3.4 million households not connected to the South African 
national grid. What do they receive? As Bantsijang (2007) indicates: 

• A municipality has an obligation to identify a suitable energy source(s) for its 
community and ensure its effective distribution to the identified indigent 
households;  

• A municipality may choose various energy carriers as the situation may dictate;  
• A municipality must give energy to the value of R55 as a minimum to an un-

electrified indigent household. The figure should increase on an annual basis 
by the inflation rate plus 1.5%. The Department will then revise this minimum 
on a five-year cycle; and  

• A municipality must ensure that the FBE programme reaches indigent 
households; and has a responsibility to ensure fraud prevention measures are 
in place. 

The policy allows municipalities to chose the fuel and delivery options. It should 
however be noted that at present, the national Fiscus transfers to municipalities that 
make provision for the above what are termed ‘unconditional’ grants – it is up to the 
municipalities to decide how they allocate these funds. At present there is significant 
variation in implementation methodology, and as far as this author is aware, there are 
many situations in which the FBE grant is not available to indigent rural households.  
 
Other initiatives have sought to improve thermal energy service delivery, for example: 

• A cabinet decision of 2001 zero rated VAT on kerosene (paraffin). 
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• The retail price of kerosene is now fixed at a National level by the Department 
of Minerals and Energy (DME). 

 
There has been very limited direct intervention in the LPG market for rural low-income 
households – as this is primarily seen as a commercial market. One short endeavour 
resulted in the distribution of several thousand subsidized 6 kg cylinders with cooker 
tops. Continuation of the programme stopped when the anticipated funding from 
government did not materialise. 
 
It should however be noted that there have been LPG supply constrains in South 
Africa for a period of 18 months or more, prompted in part by the electricity supply 
crisis that the country is facing, as well as supply side hold ups at refineries from time 
to time. 
 
DME has also supported the establishment of Integrated Energy Centres (IECs). This 
has been a collaborative effort with various other organisations including partner oil 
companies and the Global Village Energy Partnership (GVEP). The model is to set up 
a community (co-operative) owned retail outlet for liquid fuels and other energy 
services in rural or even low-income urban areas. In addition, some IECs will offer 
energy education services. Success has been mixed, with some failures and concerns 
around ownership structures. However, recent reports are more positive and DME 
indicated at the Energy Summit that an active roll out programme is commencing – 
ultimately leading to the establishment of one IEC per municipality1. 
 
Other major programmes related to rural electrification in South Africa are: 

• Clinic Electrification 
o Extensive grid electrification, with SWER lines being used for more 

remote installations 
o Approximately 530 PV installations at health centres over a period of ten 

years in different projects (many of which have been subsequently grid 
electrified) 

o Plans to ensure access for all health centres by mid 2008 (some of 
which will be PV) 

• School Electrification 
o 2800 PV schools prior to 2004 (many of which were funded through an 

EU grant) 
o 1150 PV installations done in 2005/6  
o Extensive grid electrification of schools 
o The school PV electrification programme has been widely critiqued as 

problematic due to mismatch between supply offered and ‘on the ground’ 
demand, as well as maintenance affordability. Regrettably, large 
numbers of systems were vandalized. Several have also now received 
grid supplies. However, each phase of this ambitious programme has 
evolved and learned from past experience – with more recent activities 
being more successful. There have also been significant recent 
maintenance activities undertaken, and it is understood that a medium 
term maintenance budgeting and management framework is in place. 

• From 1999, the ‘Telkom rural telephone ‘rural ongoing network expansion’  
project has supplied between 300,000 and 400,000 rural domestic telephone 
points, of which 60,000 to 100,000 are solar powered radio units with 15 to 30 

                                            
1 Refer to www.parallaxonline.net/IECs.html, and DME (2004). 
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Wp solar power units. Each domestic telephone is radio-linked to a village 
base-station repeater, and Telkom maintains the systems as part of its service. 

• In 2003, the NER (now the National Energy Regulator of South Africa) funded 
two very large PV/wind hybrid systems at Hluhleka and Lucingweni in the 
Eastern Cape. These have had both technical and institutional/maintenance 
problems, and are the subject of a DME evaluation at present.  As with the 
concession process, the shift of primary responsibility from the NER to the DME 
has added a layer of complexity to resolution of institutional and ownership 
problems. The installations are the subject of another paper presented at the 
Gobabeb symposium and are not discussed in further detail here. 

• At least two other feasibility studies for mini-grid electrification have been 
undertaken in South Africa: 

o Banks and Aitken (2004) provide a detailed overview of the site selection 
criteria, design approach, socio-economic surveys, productive use 
investigations and water supply improvement analysis conducted as part 
of an NER-funded feasibility study for mini-grid based electrification of a 
settlement in northern KwaZulu-Natal. The process explored institutional 
and tariff options for the service delivery. Concerns about long-term 
sustainability of the installation, lack of a clear institutional home, and 
then changes in the funding institution mandate meant that the project 
did not progress to implementation. However, the report has several 
useful chapters that are generally applicable to community electrification 
using hybrid mini-grid systems. 

o The E7 group of international utilities, lead by Scottish Power, spent 
considerable time identifying and exploring various sites for mini-grid 
electrification, primarily in the Eastern Cape. They also decided not to 
implement – in part because the prime sites for mini-grid electrification 
also seemed to be probable grid electrification opportunities (in the 
South African context). Indeed, in one community identified as a prime 
target, the feasibility study team went back after six months to do the 
next phase of their research, only to find grid lines approaching the 
community (this despite prior consultation with grid authorities). 

 

2.1 South Africa’s off-grid concession programme 
This ambitious programme was initiated in 1999 through a call for proposals from the 
DME. Following a tender process, DME awarded concession contracts to private 
companies, to provide solar home systems (SHS) to rural communities on fee-for-
service basis within demarcated areas. The government contribution was intended to 
be 80%, with the balance to be invested by the private sector partners (and recouped 
over time from customers). The standard size of the SHS adopted is 50 Wp, with a 
100 Ah battery. This can power 4 to 6 lights, a black and white TV (or low power DC 
TV), cell phone chargers and has a 9 V radio outlet. The six contracted SHS 
concession companies were each expected to connect 50,000 SHS customers per 
concession area over an initial period of 5 years.  Two of the parties did not ever start 
operations, in part a result of delays in finalising the deal, difficulties in raising the 
finance required for their investment, and their more detailed assessment of risks.  
 
The National Electricity Regulator (NER) initially provided a subsidy of about 
ZAR3,500 per system connected, and the maximum tariff for users started at R57 
(including VAT), and now stands at ZAR61 per month. The concessionaires are 
required to extend the range of services to include thermal fuels such as LPG and 
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appliances to provide overall services comparable with electricity, and at the same 
time stimulate local supply chains and business opportunities.    
 
It was further envisaged that the Concessionaires would take over responsibility for 
maintenance of the institutional PV systems within their areas, charging on a fee-for-
service basis.  One of the operating companies has recently maintained several 
hundred school PV systems, but the others have not yet been actively engaged in 
institutional system maintenance. 
 
The programme has raised at least as many more questions as it has provided 
answers, mainly as it is has not met its initial ambitious connection targets.  The 
installation rate has been an average of only 0.34 MW/annum, and a total of 1,67MW 
are installed after 5½ years, representing about 33,000 connections, which is still very 
significant in SHS terms.  The main problem areas have been:  

• the question of political will and support for the process at national level. There 
were initially long delays in getting up and running, then after a two year period, 
a planned review started late, and it took 18 months before a second phase of 
installations was started (following a very similar formula to the first phase).  
This second phase stopped in February 2006, and despite significant 
negotiations, during which officials indicated that the programme would enter a 
third phase, the installation programme has still not been restarted. 

• The complexities of dealing with several local municipalities to set up service 
agreements, and access the operational subsidy (FBE) have led to delays, and 
subsidy inconsistencies. The operational subsidy has in some cases been R40, 
but has been applied for only part of the period. As a result some customers 
have seen effective tariffs start at say R18 for several months (while the service 
provider received balance from the subsidy), then suddenly climb to R61 (when 
the subsidy is no longer available). For example, in the NuRa area, most 
customers do not currently receive any FBE subsidy, as their municipalities 
have decided to allocate the funds to other services.  About 15% live in an 
adjacent municipality that has decided to support the programme, and these 
customers thus pay a significantly reduced tariff. This geographical and time 
based variation in tariffs obviously contributes to significant non-payment 
problems. 

• Slow and ongoing RED restructuring has led to institutional uncertainty for all 
contracting parties, as well as a diversion of focus for key decision makers. 

• In addition, the concession companies have had to deal with challenges of 
establishing a new large-scale delivery and maintenance infrastructure with 
both technical and human resource development requirements.  New ‘utility 
companies’ have been established from scratch. The programme has also 
enabled development of an innovative revenue management system and solar 
pre-payment meter technology. However, the stop/start nature has made it 
difficult for the developer to properly plan production and ongoing product 
improvement.  

• An additional challenge to off-grid electrification in South Africa is the strength 
and unpredictability of the grid electrification programme. Even the Eskom-Shell 
JV (which had the grid utility as a 50% shareholder) had to remove more than 
1,000 SHSs because they were rendered obsolete by the arrival of the grid in 
the communities. Some of the other concession companies have also had to 
remove tens to hundreds of systems as the grid arrived at what were thought to 
be off-grid households. 
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There have however been some very important successes: 

• long term maintenance is part of the package, and is paid for by consumers (in 
some cases with help from the FBE) 

• maintenance is still being done 
• LPG is being distributed by some of the companies in high volumes and at 

competitive prices – addressing the critical thermal energy needs of households 
• significant long-term job creation has occurred in the target areas as the 

companies have established their operations 
• critically, several of the companies are either big enough, or very close to being 

large enough to reach operational profitability – so there is reasonable 
expectation that they will continue to operate and deliver services – irrespective 
of the outcome of further subsidy deliberations 

• the companies now have very significant management, technical and retail staff 
skills and resource bases in rural areas of South Africa 

• there is a reasonable expectation that the service providers will start to diversify 
their funding resources and business strategies to continue building up 
sustainable energy service companies. 

 
There have been several questions raised regarding the ‘unacceptability’ of SHS as 
an electrification option in South Africa. On the one hand – it does seem unreasonable 
to expect people to pay R61/month for a 50 Wp solar system that delivers enough 
power for lighting and small TV’s, when other households receive a 220 V grid 
connection that is far more flexible and useful, and at a far lower cost. Nevertheless, it 
should also be noted that most people are paying, and that the companies have long 
paid-up waiting lists for installations. The fee-for-service option allows consumers to 
adopt a low risk alternative while they wait in hope for the grid to arrive. When/if the 
grid does arrive, the consumer can return their SHS to the supplier. Furthermore, 
given the relative slow-down in grid installations over the last few years, many 
communities have realised that it is unlikely they will receive grid in the near future, 
and they are thus keen to receive the solar systems. 
 
Figure 2 illustrates one of the concession areas, and provides a summary of key data. 
The region shown is approximately 150 km in width, and has just over 10,000 SHS 
installations. It will be noted that many of the SHSs (small green triangles) are located 
fairly close to the grid. However, in most cases individual homesteads are widely 
spaced – so the area is typical of those were solar is the least cost option for a large 
percentage of households.  
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• Request for Proposals issued 1999 
• First installations 2000 
• 33,400 installations done and being maintained, 10,000 of which are 

shown in the adjacent map of the NuRa region, northern KZN. 
• 6 operating companies, some 6 years old, 4 of which have significant 

BEE shareholding. 
• Of the above 6, 3 are smaller companies that have been allocated some 

of the installations done by the now liquidated Eskom-Shell JV. 
• Process has attracted > R50 million (estimated) private sector 

investment. 
• Government capital contribution of R3,500/connection (no generation, 

bulk supply etc required) (about R118 million to date). 
• Some munics have provided operational subsidies (approx R600 

000/month). However this is not applicable in all regions, e.g. only ~15% 
of the NuRa customers receive FBE subsidies at present. 

• The concessions collectively have 142 employees, 54 subcontractors 
during routine operations, about 100 more during installations. There are 
significant additional jobs in the supply chain. 

• Significant LPG sales are being recorded by some companies, e.g. 
NuRa sells about 60 000kg/month. 

• Distribution points reach close to customers (refer to Energy Stores – 
black squares). 

• International funding for an additional concession has been attracted - 
approximately R100 million for a KfW project. 

• Current installed capacity is approximately 1.67 MW (significant 
contribution to SA renewable energy target). 

• The systems produce about 2 GWh/annum of renewable energy. 
• CO2 & TREC benefits are not yet being realised. 

 

Figure 2:  South African Concessions - key data and illustration
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2.2 Productive use of renewable energy 
One of the key concerns related to off-grid electrification is that it limits the potential for 
growth in economic activity. While this is in part true, note that even grid electrification 
does not magically lead directly to enterprise establishment in rural areas. There are a 
host of other factors that constrain entrepreneurial activity in rural areas. These 
include: poor access to markets, poor access to finance, lack of technical skills, 
logistical constraints, few business support opportunities, and in some measure, lack 
of entrepreneurial experience and know how. 
 
Restio Energy and Winning Business Systems, in a programme funded by the Dutch 
Government, Novib and Nuon Foundation, have implemented ‘Productive Use 
Containers’ (PUCs). This programme, which involved the establishment of five 
enterprise hubs powered using PV systems, has established or supported several 
micro-enterprises and co-operatives in rural areas. The initiative specifically aimed to 
address the key barriers through local market opportunity assessment, entrepreneur 
training, business start-up finance, energy service and appliance acquisition support, 
facilitation of market linkage development, and entrepreneur development support. 
Typical business activities include ICT and business services, retail (including 
refrigeration), shoe repair, hair salons, cell-phone charging, and sewing groups. 
 
A number of market linkages have been established between the micro-enterprises 
and public and private sector concerns. For instance, the Jozini Health Department 

has established relations with two 
of the PUCs ensuring they receive 
local public sector contracts for the 
manufacture and supply of 
mosquito nets, as well as 
introducing the PUC teams to 
private sector customers. Build It in 
Eshowe has developed a service 
agency agreement with the energy 
store located at the Eshowe PUC. 
The store will market Build It 
supplies, and receive a 
commission on sales. These 
economic opportunities have been 
reinforced by a number of social 
initiatives focusing on informing 

and empowering communities. The project has worked with the Africa Centre to 
promote HIV/Aids awareness through the PUCs. In addition, links with the Paraffin 
Safety Association Southern Africa (Pasasa) have been established to ensure 
consumers of paraffin – which is sold through a number of PUCs – are informed about 
the safe and efficient use of this common household fuel. 
 

2.3 Closing observations regarding current activities 
The above overview of key rural energy service activities in South Africa illustrates a 
range of interventions – typically tackling specific service needs - and usually with only 
one technology (NuRa is an exception where there is almost equal emphasis from a 
monthly revenue point of view on PV household electrification and LPG supply).  
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It will be noted that all the programmes have similar issues to deal with: 

• Lack of affordability for the consumers or institutions that will benefit from the 
services. 

• Rural logistics are a key challenge, especially in remote ‘off-grid’ areas. 
• Replicability and scalability of operations (although it will be noted that several 

of the South Africa programmes have been quite large) remains a challenge. 
• Poor access to finance – and in some cases – uncertainties related to 

government allocations for ‘electrification’. A key concern is the often lumpy 
nature of funding flows (taps turn on and off rather suddenly). 

• Establishment of reliable maintenance systems, budgets and resources. 
• A lack of skilled and experienced personnel at a range of levels. 
• A dire need for sustainable business models that are efficient, ensure delivery, 

long term presence with maintenance, advice and support, and are financially 
sustainable. 

• In the South African context, uncertainty about grid electrification is a significant 
barrier to renewable energy investment, and in many cases has led to stranded 
investments in PV technology2. 

 
With the exception of the grid electrification programme – and to some extent the 
concession approach with its 20 year maintenance contracts – many other initiatives 
tend to be ‘project based’, and as such have a cycle, with a high risk of medium/long-
term failure as project resources fall away after the initial installation phase. 
 
It will also be noted that, despite much talk in academic, NGO and government circles 
about the need for integrated approaches to development – most of the programmes 
described above and indeed most energy projects in other countries – tend to be 
technology and/or market niche specific. Few implementers and funders are willing to 
take on what could be termed a truly ‘integrated service delivery’ approach. 

 

3.  GRID AND OFF-GRID PLANNING 
As noted above, uncertainty about grid electrification is a significant complicating 
factor for those working on renewable energy systems. Much research has been 
undertaken on least cost planning approaches, cost benefit analysis, development of 
decision tools (such as HOMER or VIPOR), and establishment of criteria for 
electrification decision making (see for example to Banks 2001, as well as the 
Namibian Electrification Master Plan). 
 
Nevertheless, these decisions remain difficult – especially in that ‘grey’ area which 
includes households and communities that have projected grid connection costs that 
are borderline, but are not so high as to be clearly beyond the reach of the grid. As 
shown in Figure 2 and Figure 3, when grid lines penetrate a region, the interface 
between grid and off-grid becomes very long. Indeed, a large percentage of 
                                            
2 This ‘problem’ is not unique to South Africa, and has been observed by the author in countries with far lower rates 

of electrification, such as Malawi and Uganda. 
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communities end up in the ‘uncertain’ area, where the decision about whether or not 
they should become grid electrified is to some extent arbitrary, and factors will change 
over a period of years rather than decades.  The ‘uncertain’ region continually shifts 
outwards as the grid expands over time. 
 

 
Figure 3: Output from a GIS based electrification modelling tool (Banks et al 2000). Grey patches are 
communities. The model undertakes a least cost/grid prioritized planning exercise to try and determine 
which communities should be connected to the existing grid (red), and which should be done with SHS 
(blue), which should be done using mini-grid (green). Yellow dots represent communities that already 
have grid connections.   

 
Decisions are also sometimes difficult within the context of a single village. Consider a 
typical rural village that is allocated for grid electrification. Depending on the 
settlement pattern, it is probable that a significant number of households on the 
periphery of the village are more cost effectively served with a stand-alone 
electrification option such as SHSs, rather than extending the grid or building a mini-
grid. Banks and Aitken (2004), and Banks (2007) have illustrated this in hybrid mini-
grid investigations, and in both cases, it seemed that the best solution would be to use 
a micro-grid using hybrid electricity systems for key loads (schools, health centre, 
productive use applications, water pumps) and nearby households, while the majority 
of households in the settlement were more cost effectively provided with electricity 
from stand alone solar home systems. 
 
Grid planning uncertainty leads to delays in investment decisions (whether by the 
public sector or individual customers), it increases the risk for those that do make an 
investment, and it frequently leads to ‘stranded assets. There are three main 
strategies to overcome this dilemma: 
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1) to have robust, long term plans in place so that all parties know where the grid 
will go, 

2) to utilise off-grid systems that are compatible with subsequent grid 
electrification, 

3) to integrate the implementation and management of grid and off-grid energy 
service delivery so that one party manages the planning and risks associated – 
and can apply integrated energy planning principles at the local implementation 
interface. 

 
Option (1) is in many situations the only implemented solution – but it usually done 
imperfectly, as illustrated through experience above. Even when clear plans are laid, 
the politics of rural electrification mean that plans will change, and with the best will in 
the world – this author is of the opinion that off-grid installations, their consumers, 
funders and the companies that support them will remain vulnerable to bitter sweet 
risk of grid connection. After all, if any off-grid customer or community does get the 
chance of low cost grid electrification – they must and will welcome it, for in the 
present techno-economic framework, grid is a far more flexible, powerful and lower 
cost option. 
 
Option (2) is in many ways the most attractive, its applicability is in some way reflected 
through the enormous growth in grid connected markets for PV technology 
internationally. However, in the countries that need PV technology the most, robust 
feed-in-tariffs and other mechanisms that make grid connected systems affordable are 
regrettably not in place. Rural consumers simply cannot afford to invest in renewable 
systems that are installed to grid standards, and have the necessary grid-tie inverters. 
Technology developments may however bring this option closer in time. 
 
The third option is explored in more detail below. 
 

4.  INTEGRATED RURAL ENERGY UTILITIES 
Restio Energy, working with several partners, and funded by the Renewable Energy, 
Energy Efficiency Partnership3, is currently exploring the concept of Integrated Rural 
Energy Utilities.  The vision is to address the challenges of capacity, sustainable 
business models, long term commitment, grid / off-grid decision risks, integrated 
service delivery needs and the need to be technology neutral through the 
establishment of regional ‘Integrated Rural Energy Utilities or Service Providers’.  In 
our opinion, these would provide a framework that could support sustainable, large-
scale implementation of electrification using a range of technologies including grid, 
solar home systems, and in regions where the settlement patterns, resources and 
demand allow, hybrid electricity systems. The service providers could also be 
mandated to address thermal energy needs. The vision is described in more detail 
below. 

                                            
3 www.reeep.org 
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Picture a rural area, with 400 villages (a total of about 200,000 households, with associated businesses, 
schools, health facilities), scattered across a region hundreds of kilometres across. At several of these 
villages is located an ‘energy store’ that has sales staff and provides a base for maintenance 
technicians. This energy store stocks liquefied petroleum gas, gas appliances (for LPG and biogas), 
improved biomass stoves, hay boxes, and ethanol gel, perhaps even solar cookers. The store also 
supplies and maintains SHSs and other PV technologies. In suitable regions, the stores also support 
biogas dissemination activities. In addition, the store acts as a payment and customer service point for 
grid electrified customers in the area.  It has a management system that tracks customer payments, and 
feeds these back to utility headquarters. The technicians associated with the store install and maintain 
household solar systems, and carry out basic maintenance on several institutional systems, and 
productive use energy systems in the area (and on hybrid or mini-grid systems with wind and/or diesel 
generation). Their basic knowledge of electricity is adequate to allow them to assist the grid customers 
in the electrified settlements with simple fault resolution.  
 
At regular intervals a supply truck visits each store as well as specific points in some of the 
neighbouring villages, dropping off pre-filled gas bottles, and other thermal fuels at selected sub-agents 
and collecting electricity service fees or credit payments from agents in smaller villages. These agents 
in turn supply local consumers, saving them a trip to the energy store.  
 
The ‘energy stores’ and their staff are part of a regionally located Integrated Rural Energy Utility 
(IREU). This Public-Private-Partnership is responsible for grid and off-grid electrification under the 
nationally agreed framework for 
the specific allocated region. 
The IREU has a management 
team which has competent 
technical, human resource and 
financial skills. It arranges 
longer-term supply deals with 
liquefied petroleum gas and 
other fuel providers, including a 
national biogas programme, PV 
equipment manufacturers, and 
suppliers and the national 
electrification agency, regulator 
and electricity supply industry. 
The IREU secures maintenance 
contracts for the institutional PV 
systems, access to financial 
support for energy service 
delivery, and the critical grid 
electricity purchase, supply and 
distribution contracts. The management team and local shareholders also negotiate with regional and 
national government. Shareholders who have international connections facilitate access to renewable 
energy certificate trade for the PV systems installed in the region.  
 
Many elements of the vision presented above have been tested in concession type 
models in South Africa and elsewhere. There are of course a range of business 
models that could meet the objectives of integrated energy service delivery, including: 

• Energy stores operating as part of a utility (as described above) 
• Smaller operators (working under a franchise or similar agreement, supported 

by a regional management services company) 
• Public sector ‘utilities’ with a widened mandate 
• Rural energy co-operative associations 
• Two or more entities working in a structured collaboration (e.g. biogas 

dissemination, and off-grid electrification). 
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There have however been very few projects that fully integrate grid and off-grid 
service delivery, and very few that include a diversity of thermal fuels and options. 
 
Key advantages of the concept include: 

• integration of grid and off-grid planning and implementation, and an ability to 
internally manage the risks, and to allow customers to transition from one form 
to another 

• more balanced focus on critical thermal energy needs / problems of 
households, institutions  and businesses 

• focus on energy service delivery, not specific technology 
• economies of Scale 
• ability to service other development needs (social services, productive use) 
• sufficient critical mass (procurement, management, technical skills, finance) 
• enhanced potential for a viable business model, and 
• simplified management requirement for government funding flows. 
 

In going forward, we will need to address a number of key challenges. These include: 
• overcoming regulatory and institutional hurdles to integration of grid and off-grid 
• addressing concerns regarding the possible establishment of monopolies for 

energy services 
• achieving the breadth of vision needed from funders, investors, and employees 

alike (people tend to pay lip service to integration but feel more comfortable 
with ‘focus’), and 

• ensuring that less commercial activities (e.g. biomass energy) can be 
accommodated within a framework that retains business viability. 

 

5.  CONCLUSIONS 
This paper has provided brief information on a number of energy service activities and 
electrification activities in rural South Africa. In so doing, a number of rural 
energisation achievements were cited, and the shared constraints and barriers 
identified. In particular the need for an integrated approach to energy service delivery 
has been identified, and a case made for the establishment of integrated energy 
service providers.  
 
The author argues that these would provide a ‘home’ for the implementation and 
sustainable management of a diversity of energy service interventions, including (in 
the context of the Gobabeb symposium), hybrid electricity systems powering mini-
grids.  
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