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Foreword  

 
This document is a joint publication of the IEA PVPS (International Energy AgencyΩǎ Photovoltaic Power 
Systems Programme) Task 9 and the CLUB-ER (Club of African National Agencies and Structures in 
charge of Rural Electrification). It essentially builds upon past work undertaken by IEA PVPS Task 9 
experts and training sessions and field surveys undertaken in the framework of the CLUB-ER activities. 
This publication has also benefitted from inputs from Task 11 of IEA PVPS (PV Hybrid Systems within 
Mini-grids), publications by the Alliance for Rural Electrification (ARE) and the International Renewable 
Energy Agency (IRENA). References to documents published by these institutions are listed in the 
Appendix. 
 

The IEA PVPS Programme  
 
The International Energy Agency (IEA), founded in November 1974, is an autonomous body within the 
framework of the Organization for Economic Co-operation and Development (OECD) that carries out a 
comprehensive programme of energy co-operation among its 23 member countries. The Copper 
Alliance, the European Commission, the European Photovoltaic Industry Association, the Solar Electric 
Power Association and the Solar Energy Industry Association also participate in the work of the Agency. 

The IEA Photovoltaic Power Systems Programme (IEA-PVPS) is one of the collaborative R & D 
agreements established within the IEA and, since 1993, its participants have been conducting a variety 
of joint projects in the applications of photovoltaic conversion of solar energy into electricity. 
 
The 23 participating countries are Australia (AUS), Austria (AUT), Belgium (BEL), Canada (CAN), China 
(CHN), Denmark (DNK), France (FRA), Germany (DEU), Israel (ISR), Italy (ITA), Japan (JPN), Korea (KOR), 
Malaysia (MYS), Mexico (MEX), the Netherlands (NLD), Norway (NOR), Portugal (PRT), Spain (ESP), 
Sweden (SWE), Switzerland (CHE), Turkey (TUR), the United Kingdom (GBR) and the United States of 
America (USA).  The European Commission, the European Photovoltaic Industry Association, the US 
Solar Electric Power Association, the US Solar Energy Industries Association and the International 
Copper Alliance are also members. An Executive Committee composed of one representative from each 
participating country or organization heads the overall programme. The management of individual Tasks 
(research projects / activity areas) is the responsibility of Operating Agents. Information about the active 
and completed tasks can be found on the IEA-PVPS website www.iea-pvps.org . 
 

The CLUB-ER 
 
The Club of National Agencies and Structures in charge of Rural Electrification (CLUB-ER) is an 
operational working group dedicated to rural electrification in Africa. The CLUB-ER aims to accelerate 
the development of rural electrification in Africa by creating the conditions for a mutually beneficial 
sharing of expertise and experience between African agencies and national structures in charge of rural 
electrification. It is a network of over 30 public entities from 25 African countries: rural electrification 
agencies, regulatory agencies and commissions, rural electrification funds and national electricity 
companies having the mandate to implement the national policy on rural electrification. 
 
Since its foundation in 2002, the CLUB-ER benefits from the funding provided by the French Agency for 
Environment and Energy Management (ADEME) and by the IEPF (Institut de l'Énergie et de 
l'Environnement de la Francophonie). Since 2008, CLUB-ER is also co-funded by the European Union 
through the ACP-UE Energy Facility, contract N° FED/2011/231-815, with one of the objectives being the 
publication of thematic documents and position papers that reflect the activities carried out by the 
CLUB-ER.   

http://www.iea-pvps.org/
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Abstract  

 

The state of the art of PV / diesel hybrid systems for rural electrification is presented and the main 

issues to address ς from the design, technical and implementation perspectives ς are highlighted. 

Guidance is provided to enable sound decision making when considering solar PV hybrid systems to 

address rural electrification needs. Hybrid systems are explained and their markets and planning 

parameters are outlined. Issues relating to system sustainability and effective deployment are 

examined.  
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Executive Summary  
 

With decreasing PV prices, PV / diesel hybrid minigrids attract significant attention 
from institutions in charge of rural electrification and donor agencies - to mitigate 
fuel price increases, deliver operating cost reductions, and offer higher service 
quality than traditional single-source generation systems. The combining of 
technologies provides interesting opportunities to overcome certain technical 
limitations.  
 
The future deployment of hybrid technology in developing countries will be driven 
by different factors according to the type of application addressed. The micro-
hybrid system range for use as a reliable and cost-effective power source for 
telecom base stations continues to develop and expand. The development of small 
distributed hybrid generation systems for rural electrification to address the needs 
of remote communities will rely on the impetus given by institutions in charge of 
providing public services to rural customers. Capacity building and access to 
concessional financing will be the key enablers for the development of this 
segment. Medium-size distributed hybrid systems need political momentum to 
foster the involvement of the private sector. Larger isolated minigrids require 
substantial investments and then appropriate profitability. The question of the 
extension of the grid to these places is critical. The private sector should play a 
decisive role as investor and supplier of turnkey systems.  
 
Lessons from past projects show that, beyond problems related to the technology, 
many failures are due to inappropriate or unclear organizational schemes to 
operate and maintain the systems and to the lack of appropriate energy 
management concepts. The main observed causes of weakness in the systems are: 
poor understanding of users and unplanned increases in the load, inadequate 
revenue, unavailable after-sales service, and unsuitable ownership models. 
  
Applying solar PV technology to reduce generation costs in diesel plants requires 
significant capital / investment amounts compared to the more traditional types of 
projects that rural electrification funds and agencies have been familiar with so far. 
PV / diesel hybrid systems bring technical complexity in areas where skills are 
generally lacking. The development of a more secure environment is still necessary 
for private investors to be willing to participate. In addition, the lack of locally 
available after sales service and skilled personnel is hampering the development of 
this technology in the rural electrification sector. Public-private partnerships need 
to be promoted and facilitated. For the sustainability of the projects, local buy-in by 
the communities and end-users is essential. Adequate capacity building and training 
courses for local operation and maintenance will be necessary to ensure long-term 
viability. Agencies should encourage the involvement of local authorities from 
project planning to project implementation and monitoring, and additionally for 
local operation and maintenance. 
  

Lessons from 
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beyond 
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Introduction  
 
Photovoltaics, and other renewable energy technologies, can significantly contribute to economic and 
social development. To date, about 1.5 billion people in the world, many of whom live in isolated areas, 
still do not have access to electricity and to clean water, primary health care, education and other basic 
services; the impact of which to a large extent depends on access to electricity. In 
1998 the IEA PVPS Executive Committee decided to form a new Task to more 
effectively address these issues. This was the very first IEA activity targeting non-
OECD countries. In its first ten years, from 1999 to 2009, Task 9 has dedicated its 
ŀŎǘƛǾƛǘƛŜǎ ǘƻ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ΨPV Services for Developing CƻǳƴǘǊƛŜǎΩ. 
Recommended Practice Guides were produced covering issues such as programme 
design, institutional frameworks, sources of financing and business models, quality 
management and capacity building. The lessons learned were summarized in the 
ǇǳōƭƛŎŀǘƛƻƴ ά10 years of Task 9έΦ 
 
Responding to both the demand from various organizations, governments, banks and development 
agencies and to rapid technological developments, the scope of Task 9 was broadened in 2010 to 
ΨDeployment of PV Services for Regional DevelopmentΩΦ Lǘǎ ŀŎǘƛǾƛǘƛŜǎ ŎƻǾŜǊΥ  
 
ω PV for rural community needs 
ω PV for minigrids and hybrid systems 
ω Integration of PV in the urban environment 
ω Large-scale PV systems 
 
CLUB-ER activities (workshops, training, publications, participation in international conferences) revolve 
around five working themes: 
 
ω ¢ƘŜƳŜ мΥ {ǘǊŜƴƎǘƘŜƴƛƴƎ ƻŦ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǊǳǊŀƭ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ƻƴ ǇƻǾŜǊǘȅ ǊŜŘǳŎǘƛƻƴ ŀƴŘ 
sustainable development; 
ω ¢ƘŜƳŜ нΥ hǊƎŀƴƛȊŀǘƛƻƴŀƭ ŎƘŀǊǘǎ ƻŦ ǊǳǊŀƭ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴΣ ŜƳŜǊƎŜƴŎŜ ƻŦ ƴŀǘƛƻƴŀƭ ǇǊƛǾŀǘŜ 
operators and cross-border electrification; 
ω ¢ƘŜƳŜ оΥ Tools and technologies to serve rural electrification planning including 
Geographic Information Systems; 
ω ¢ƘŜƳŜ пΥ ¢ŜŎƘƴƛŎŀƭ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ŀŘŀǇǘŜŘ ǘƻ ǊǳǊŀƭ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ŀƴŘ Ŏƻǎǘ ǊŜŘǳŎǘƛƻƴΤ 
ω ¢ƘŜƳŜ 5: Financial aspects of rural electrification (national and international funding 
mechanisms, pricing, taxation) and regulation. 
 
In 2011, following an identification survey covering existing hybrid systems in West and East Africa, the 
CLUB-ER organized two training workshops on PV /  diesel and wind /  diesel hybrid solutions for rural 
electrification for its member organizationǎΩ engineers and technicians. Major manufacturers of specific 
product solutions for distributed generation operating in Africa were invited. This paper builds 
extensively on the inputs, analyses and exchanges from these workshops.  
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Scope of the document and target audience  
 
This publication aims to present the state of the art situation of PV / diesel hybrid systems for rural 
electrification and to highlight the main remaining issues ς from the design, technical and 
implementation perspectives. This document does not cover diesel hybrids using other renewable 
energy technologies. It also explicitly focuses on rural electrification, and primarily on rural minigrids. 
This document may lead to follow-on publications.  
 
Decision makers from institutions in charge of rural electrification planning, electrification funds or 
donor agencies, as well as private stakeholders, will find within the document valuable information for 
sound decision making when considering solar PV hybrid systems to address rural electrification needs.  
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1 Hybrid systems: definition and expected benefits  

1.1 A context of new opportunities  
The progressive electrification of areas not yet interconnected to the main electricity grid and too 
remote for grid extension has mainly been achieved through installation of decentralized generation 
units with diesel gensets and, to a lesser extent, via systems using a local renewable resource, such as 
solar PV stand-alone systems.  
 
Each of these two technologies has its own limitations: the diesel genset option suffers from increasing 
fuel prices, added cost for both fuel transportation to remote areas and for operation and maintenance 
in remote areas, as well as genset inefficiency when run at low load factors; meanwhile solar energy is 
an intermittent energy resource, which requires storage when not used during generation time (daylight 
hours) and implies a high upfront investment cost but low operating costs. Combining both technologies 
makes it possible to offset some of these limitations. For this reason, PV / diesel genset hybrid-systems 
offer interesting opportunities and can be used productively within local minigrids. 
 
A hybrid generation system is a system combing two (or more) energy sources, operated jointly, 
including (but not necessarily) a storage unit and connected to a local AC distribution network 
(minigrid). As PV power output is DC and minigrids operate in AC, at the heart of the hybrid system are 
the multifunctional inverter devices able to convert DC and AC currents, control the generation and 
storage systems and set up the voltage and frequency of the minigrid1. 
 

Figure 1: Schematic view of a PV /  diesel hybrid system for rural electrification 

 
 
 
The local minigrid might eventually be connected to the national grid. In that case, the existing hybrid 
generation facility would compete with centralized generation on the basis of generation cost, 
(generally higher than centralized generation cost) and on service availability and reliability (potentially 
an advantage versus supply from the national grid which is often being affected by blackouts and limited 
service availability in rural areas). In addition, the connection of such a minigrid to the national grid can 
provide stability to the public grid.  
 
This document addresses PV / diesel hybrid systems consisting of a PV component, a diesel genset and a 
battery bank, connected to a minigrid of various sizes: From small village grids to larger sizes such as the 
independent grid of a small town. Micro hybrid PV / diesel systems without the minigrid are also 

                                                           
1
 The various functions listed here can either be performed by a central component (as shown in the schematic 

view) or by several distinct components connected between each other with a DC or an AC bus. 
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included. Solar PV plants connected to national or regional grids, without storage capacity, are not 
within the scope of this document. 
 
In the current context of the decrease in PV panel prices, PV / diesel hybrid minigrids attract significant 
attention from institutions in charge of rural electrification and donor agencies, mainly due to mitigation 
of the fuel price increase plus an expected operating cost reduction, and the possibility to offer higher 
service quality with a hybrid system than with traditional single-source generation systems.   
 

1.2 Characteristics of a hybrid  solution in a typical power plant for rural 

areas 
 

Typical context of power needs in rural areas 
The typical load curve for a rural village is generally composed of a prominent peak in the evening 
corresponding to lighting use, a morning/midday peak, and a base load. The base load is generally 
present in the morning, and in some cases extends to night hours. In many cases the peak load is two to 
five times higher than the highest power level of the base load. The energy demand in rural areas during 
night hours is quite limited (or non-existent in small villages) and hence the load level during the night is 
generally very low compared to the evening and morning peaks.    
 

Figure 2: Typical load profile in rural areas 

 

Generation systems consisting only of diesel gensets are generally not run to supply a very low load over 
several hours because, at a low load factor, gensets suffer from degradation, plus the highly inefficient 
fuel consumption makes this economically unviable. That is why the potential energy demand in the 
night is not served in small villages. The significant difference between morning and evening demand 
levels favours the use of two different gensets to better match these load levels. 
 
 

Advantages of hybrid systems in this context 
In this context, hybridization with PV and a battery bank provides the opportunity to supply a low load 
for many hours overnight using a battery system and, according to the installed PV capacity level, to 
cover partly or fully the morning and mid-day load. The diesel generator is used to cover the evening 
peak and complete the battery charge if required2.    

                                                           
2
 This is not the only way to run a PV / diesel hybrid system. For instance, the renewable energy, through its 

storage in the battery bank can be used to provide additional power to meet spikes in power demand and reduce 
the load on a genset that would run continuously. Between these two different operational strategies many others 
exist. This paper focuses on the strategy detailed above because it appears as the most relevant one for the typical 
conditions encountered in the electrification of rural villages in developing countries. More information is available 
in [12] and [13].  
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The following figures are based on the load curve of an actual diesel genset power plant supplying the 
village of Ain Ehel Taya in Mauritania3. The figures show the actual production of the existing 55 kVA 
diesel genset today (average daily load curve) and after adding a 16 kWp PV system with 150 kWh 
battery, for a daily energy demand of 140 kWh.  
 
Figure 3: 16 kWp hybrid system in Mauritania: average daily load curve, solar output, battery and genset use (values in kW) 

 
 
     
 
 
 
 
 
 
 
Here the yearly PV penetration rate4 is 35%. Hybridization significantly reduces fuel consumption, 
improves genset performance (because genset running hours at low load are reduced), reduces genset 
usage and thus extends its lifespan. 
 
The following figures show the production of a 70 kWp PV system with 600 kWh battery added to a 
diesel plant equipped with three diesel gensets (73, 125 and 175 kVA) in Cambodia, currently being 
studied. 
 
Figure 4: 70 kWp hybrid system in Cambodia: average daily load curve, solar output, battery and genset use (values in kW) 

 
 
 
 
 
 
 
 
 
 
In this case the PV penetration rate is 45%. Hybridization allows supply of the base load with battery 
instead of using a small genset for 16 hours a day, which would result in poor performance and a 
shortened lifespan.  
 
 
 
 
 
 

                                                           
3
 This diesel genset power plant was installed in Ain Ehel Taya in 2007 with co-funding from the Agence Française 

de Développement and the Mauritanian Government. 
4
 The PV penetration rate is calculated by dividing the amount of energy produced by the PV system by the total 

amount of energy delivered by the hybrid power plant over a year. This is different from the instantaneous 
penetration rate that, at a given time, is the ratio of the power produced by the PV system and the active power 
consumption of the loads. 

Source: IED 

Source: IED 
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Remaining issues 
Major issues appearing while shifting from a pure diesel model to a PV / diesel hybrid model are related 
to access to funding, increased technical risks and the need for more qualified personnel.    
 
Funding  
Because of their low population density and scattered settlements, providing electricity services in rural 
areas is difficult to achieve without any kind of subsidy system. This is true for genset-based solutions as 
well as for hybrid systems.  
 
Existing subsidy schemes for distributed generation include subsidy on investments (equipment for 
ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ŎǳǎǘƻƳŜǊǎΩ ŎƻƴƴŜŎǘƛƻƴǎΣ ŜǘŎΦύ ŀƴŘ ǎǳōǎƛŘȅ ƻƴ ƻǇŜǊŀǘƛƴƎ Ŏƻǎǘǎ όǘȅǇƛŎŀƭƭȅ 
subsidy on fuel expenses borne by local operators).   
 
Ą In countries where electricity is subsidized (end users do not pay the real cost of power) this implies 
that shifting from a conventional genset-based power plant to a PV / diesel hybrid system induces a 
displacement of the subsidy from the operating costs to the initial investment. This is a significant 
change for the public authorities in charge of subsidizing rural electrification. It also brings a change of 
perspective for the donor agencies.  
 
Ą Where the investors are private companies, it raises the issue of the willingness of investors to tie up 
investment funds over a period of a minimum of 10 years, plus the ability to raise funds for such capital-
intensive investments.  
 
Need for more qualified personnel 
The technology shift induces a change in the required technical skills of operators and installers. This 
creates new opportunities for local distributors of equipment, but keeping skilled personnel in rural 
areas is sometimes difficult.  
 
Ą Capacity building, training, promotion of the technology and support allocated to local equipment 
and service providers should be part of a comprehensive approach to foster the development of this 
technology in developing countries.  
 
Technical risks 
Batteries and inverters introduced in the system bring additional technical risks compared to systems 
based on diesel gensets only.  
 
Ą Availability of spares, distribution channels reaching rural areas, and after-sales service for 
troubleshooting with electronic inverters is fundamental in ensuring continuity of service. Bundling 
projects to cost-effectively service the systems and dispatch spares can help to address this issue. 
 

General highlights regarding advantages and issues of hybrid systems 
¶ Today the main advantage of hybridizing a diesel genset power plant is the ability to provide a 

better service quality with extended service hours, together with a reduction in fuel use and genset 
usage.  
 

¶ PV / diesel hybrid technology still needs to be subsidized for rural electrification. 
 

¶ This technology is significantly more complex than simple diesel gensets. 
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2 Current status  of PV / diesel hybrid installations  

2.1 Overview of the development of hybrid technology in Africa  
This section is based on information shared by representatives of rural electrification agencies and other 
institutional member of the CLUB-ER during two workshops on hybrid systems held in 2011 in Mali and 
Kenya. These workshops gathered together delegates from 40 African public institutions, companies and 
representatives of manufacturers and operators, during which lessons learnt, technologies and design, 
current status in each country and future plans were discussed.   
 
Mali 
Mali has the largest installed PV / diesel hybrid minigrid in Africa: A 216 kWp system implemented in 
2011 thanks to cooperation between the national utility EDM and a private operator with funding from 
the Malian Bank for Commerce and Industry. Presently, the World Bank and the AfDB are funding a 
project (SREP), including a hybrids component, that plans to implement PV arrays in existing diesel 
power plants in 40 localities comprising a total of 5 MWp PV and a total investment budget of 
58 million USD (11,600 USD per kWp PV). Another programme managed by the rural electrification 
agency (AMADER) is currently hybridizing 17 localities for a planned total of 1 MWp PV power. Several 
private operators plan to add PV capacity to diesel power plants (Kama SA: 300 kWp, SSD Yeelen Kura: 
300 kWp planned in addition to existing 72 kWp hybrid plant, and Tilgaz: 22 kWp).  
 
Senegal 
Senegal has been one of the most active African countries in the implementation of hybrid technology. 
With Isofoton from Spain, a 13 billion FCFA (20 MEUR) programme has implemented nine hybrid power 
plants in remote areas and islands in the Saloum Delta to provide electricity service to 5 000 households 
and several productive activities. In association with GIZ and DGIS Netherlands, a 685 million FCFA 
(1  MEUR) programme has implemented 16 hybrid power plants (5kWp PV, 11 kVA diesel each) and an 
extension of this programme plans to add 50 more hybrid systems. Two larger hybrid power plants are 
planned on islands in Casamance (30 kWp PV and 50 kVA diesel each).  
 
Tanzania 
¢ŀƴȊŀƴƛŀΩǎ wǳǊŀƭ 9ƭŜŎǘǊƛŦƛŎŀǘƛƻƴ !ƎŜƴŎȅ (REA) perceives hybrid technology as one of the solutions to 
provide reliable and affordable electricity supply in isolated areas. Private developers presently manage 
the development of hybrid systems while REA provides support to developers through capacity building, 
technical assistance, promotion of the technology and awareness raising. REA is planning to use various 
financing schemes to further develop hybrid technology. 
There are currently several hybrid systems installed, mainly in the range of 1 to 10 kWp PV. There are 
plans to implement systems that include wind energy.  
 
Rwanda 
Since 2007, PV / diesel hybrid systems have been installed in 50 remote health centres (typically with 
gensets rated at 16 to 20 kVA and 3 to 6 kWp PV arrays). Diesel generators are used as back up to PV 
supply. Hybrid systems are owned by beneficiaries and are financed through grants from different 
international development partners working with the Ministry of Health. These systems have reduced 
fuel consumption and enabled the use of new medical equipment, but maintenance remains a challenge 
for the beneficiaries.  
 
Mauritania 
In 2013, with 2.3 MEUR of funding from the European Union, aŀǳǊƛǘŀƴƛŀΩǎ !ƎŜƴŎȅ ŦƻǊ ǘƘŜ 5ŜǾŜƭƻǇƳŜƴǘ 
of Rural Electrification will implement six hybrid PV / diesel power plants spread across the country. 
Three of them will consist of an addition of 15 to 20 kWp PV to existing diesel power plants, and three 
will be new power plants each equipped with 25 kWp PV and two diesel gensets.  
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Uganda 
Presently, hybrid systems in the 5 kWp range have been implemented at rural district headquarters and 
at a few industries. The deployment of this technology is still at the infant stage. 
The Rural Electrification Strategy and Plan established in 2011 aims to connect over 500,000 new 
electricity customers to the main grid, independent grids, and to solar PV systems, with the support of 
local institutions (Rural Electrification Fund, Rural Electrification Board and Rural Electrification Agency). 
These institutions are willing to promote PV / diesel hybrid technology. REA has budgeted for feasibility 
studies in 2011-2012 for hybrid solutions in Koome and Buvuma Islands (hybrid systems with wind, solar 
and diesel sources). 
 
Kenya 
In 2011, a PV / diesel hybrid power plant was implemented (10 kWp PV, 80 kVA diesel). It was the first of 
its kind in the country, with the implementation managed by KPLC.  
 
Burkina Faso 
.ǳǊƪƛƴŀ CŀǎƻΩǎ CǳƴŘ ŦƻǊ ǘƘŜ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ 9ƭŜŎǘǊƛŦƛŎŀǘƛƻƴ Ƙŀǎ ƛƴƛǘƛŀǘŜŘ ŀ ǇǊƻƧŜŎǘ ƛƴ нлмн ǘƻ ŀŘŘ ŀ ǎƻƭŀǊ 
PV component to existing diesel power plants in the Sahel region. A previously installed PV array at the 
diesel plant in a remote locality in Sahel will soon be connected to the main grid. 
 
Madagascar 
In 2010, two hybrid systems based on PV were implemented: One funded by the government (7 kWp 
PV, 12 kW diesel) and one by the African Development Bank (8 kWp PV, 100 kW diesel).  
 
 
This brief overview, which does not claim to be exhaustive, shows that there is explicit interest for the 
technology, in particular in areas where no other resources are available, other than the sun. Most of 
the projects implemented in recent years were pilot projects, mainly small hybrid systems in the range 
of 5 to 30 kWp PV, strongly supported by donor financing. But larger projects are emerging, in particular 
in Mali.  
 
African agencies in charge of rural electrification are progressively acquiring knowledge about actual 
costs and are receiving technical feedback. This technology is still emerging and large-scale 
governmental programmes have yet to be launched. The issue of the large upfront capital cost remains 
a major hurdle today.  
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2.2 Presently available product solution s 
The recent and increasing interest in PV / diesel hybrid solutions stems from two sources: the need for 
improved electrification solutions for remote locations where the rising cost of diesel is a major 
problem, and the fact that PV / diesel minigrids are seen as potentially being an important adjunct to 
the PV market in OECD countries.  
 
Among the components of a hybrid system, the genset, the batteries and now the solar PV panel are 
commodity products. The key components in which reside the technical added value are the inverters. 
They perform several functions:  
- Controlling the operating point of the PV array and optimizing its output; 
- Inverting DC current (from either the battery or the PV) into AC and rectifying the AC current into DC to 
charge the battery ; 
- Controlling the charging process of the battery to extend its lifespan.  
These functionalities may be split between several distinct units or some functions can be combined in a 
central unit component. 
 
Multifunctional inverters for hybrid minigrids are different from grid-connected PV inverters that match 
their voltage, frequency and phase with the utility-supplied sine wave of the grid. For safety reasons, the 
latter are required to shut down automatically upon loss of utility supply. On the contrary, 
multifunctional inverters used in hybrid systems are designed to form the minigrid, i.e. they set the 
voltage and frequency of the minigrid. They are referred to as grid-forming inverters or islanding 
inverters. 
 
For the remote or rural electrification applications, this key component was developed mainly by solar 
inverter manufacturers developing products for PV plants typically in the range of 1 kW to 20 kW, in the 
form of single PV inverters and battery charge controllers of similar power range. Combining 
multifunctional inverters with PV inverters or charge controllers, these modular products allow for 
system sizes of up to 300 kW of PV output power.  
 
Table 1: major manufacturers of multifunctional inverters for hybrid application, with power range addressed 

Manufacturer* Multifunctional inverter: output power level**  

Outback Power modular: 2 to 3 kVA 1ph up to:  27 kVA (3x3x 3kVA) 

Schneider Electric modular: 4 to 6 kVA 1ph up to:  54 kVA (3x3x 6kVA) 

Studer modular: 0.5 to 7 kVA 1ph up to: 63 kVA (3x3x 7 kVA) 

SMA modular: 5 kW, 6 kW, 8 kW 1ph up to:  180 kW  (3x12x 5 kW) 

Ingeteam modular: 10 kW, 45 kW  3ph up to:  195 kW  (15 kW+ 4x 45 kW) 
* Ranked according to rated output power of multifunctional inverter  
** Power units: kVA for DC bus systems, kW for AC bus systems. 1ph and 3ph: single or three-phase units 

 

The higher power range (from <50 kW to MW) can be addressed with Uninterruptible Power Supply 
(UPS) systems. These are mainly used in industries or activities where potential power failures from grid 
supply cannot be afforded. According to power needs and response time, UPS generally constitutes 
battery banks and/or diesel gensets. Some of the major manufacturers of UPS systems have products or 
activities linked to the solar PV market. Among them are AEG Power Solutions (which has already 
implemented a UPS system within a PV / diesel hybrid in Mali), Schneider Electric, SIEL, Woodward [1]. 
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2.3 Cost and operational issues of hybrid systems  
 

Current investment cost 
Rural electrification agencies as well as many 
operators of small diesel minigrids are aware 
that hybridization can help to provide a better 
service and reduce production costs compared 
with single-source systems. The cost of solar 
panels has been steadily decreasing and this 
trend favours a broad deployment of PV hybrid 
systems. However one also has to consider that 
a hybrid system has many other components 
besides the PV array. The cost of the storage 
component is significant. In addition, the 
battery charge control feature of the specific 
inverters for hybrid systems makes them more 
expensive than grid-connected inverters, and 
these make a significant cost difference 
compared to simple PV power plants 
connected to the grid. 
 

 
Figure 5: Pricing trend of solar PV panels 1985-2011 

Source: 1985-2010 data from Paula Mints, Principal Analyst, Solar 
Services Programme, Navigant. 2011: based on current market data 

 

Data collected on recent systems installed in Africa and Asia show that the typical real installed cost of a 
complete PV /  diesel hybrid system is in the range of 5 500 to 9 000 EUR / kWp with variations according 
to system size and location. Diesel gensets are widespread in developing countries and products and 
services for those are readily available. On the contrary, solar PV distributors and installers with a 
significant market base and experience are far fewer, implying increased costs for that part of the 
system and some variations according to the country considered. Examples of cost structure of two 
hybrid systems are shown in the table below. Despite variations due to system size and location, the 
cost structure of a PV / diesel hybrid system typically follows the breakdown shown in the pie chart. 
 
Table 2: Cost structure of two hybrid systems in Senegal and Cambodia Figure 6: Typical cost structure of a 

PV /  diesel hybrid system 

 
 
 
 
 
 
 
 
 

 
 
 

Operating costs and payback period 
The prime goal of adding a solar PV component to an isolated diesel power plant is generally to reduce 
its fuel consumption. The payback time for the investment in the PV generator and storage system to be 
compensated by fuel savings makes economic sense if it is reasonable and acceptable to the investor. 
 
The following are the results of a simulation for a 60 kWp hybrid system on an island in Ecuador [2]. 
Under the local conditions, and with a solar energy penetration rate of 93%, the calculation shows a 

Location Senegal Cambodia 

PV array capacity 30 kWp 70.8 kWp 

PV panels and support structure 56 слл ϵ 141 тлл ϵ 

Inverters 42 тлл ϵ 93 слл ϵ 

Battery bank 29 улл ϵ 122 слл ϵ 

Genset 21 плл ϵ 84 слл ϵ 

BOS (including civil works)* 24 ллл ϵ 98 плл ϵ 

Total 174 рлл ϵ 540 флл ϵ 

Total / kWp PV 5 унл ϵ 7 спл ϵ 
*Cost does not include any MV or LV grid. Sources: GIZ, IED 
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payback period of 12.7 years, with the assumption of a constant fuel cost (0.7 USD/L). Compared to a 
simple genset solution, the levelized cost of energy is reduced by 15% (0.46 USD/kWh compared to 
0.54 USD/kWh). With a higher fuel cost (1.5 USD/L) the payback period is reduced to 6.2 years. 
 
Figure 7: Example of 60 kWp PV / diesel hybrid system in Ecuador: simulation of total accumulated costs over 20 years.  

 

 
 
 
 
 

Operations and maintenance issues 
PV panels 
Beyond the local solar resource and the cost of fuel (and its potential escalation), many other 
parameters influence the actual payback period of a hybridization investment. Solar PV panels have a 
long lifespan (more than 20 years), but their yield gets slightly reduced over time. This parameter has to 
be computed in the economic analysis across the project timeframe. PV panel manufacturers generally 
guarantee 90% of initial performance after 10 years and 80% after 25 years. Further, the actual 
possibility of resorting to the guarantee, if needed after a few years, remains an open question in areas 
where distributors are not well-established companies.  
 
Battery bank 
The lifespan of the battery depends on many parameters related to the way they are operated and to 
external conditions, in particular the ambient temperature. For instance, typical lead-acid batteries 
designed for solar energy applications will lose between 15% to 20% of their lifespan (the number of 
charge/discharge cycles they can perform) for each 5°C above the standard temperature of 25°C. In 
addition, the deeper the battery is discharged at each cycle (depth of discharge), the shorter its lifespan. 
This implies that to reach an optimal battery lifespan, one has to install a large enough battery to 
achieve a suitable depth of discharge. Considering the battery cost (around 20% to 30% of total system 
cost) it is reasonable to design the battery bank and its operating conditions to last for six years 
minimum and ideally eight to ten years.  
 
 
 

Energy data 

Solar resource 6  kWh / m² / day 

Energy demand 266 kWh / day 

Peak load 26  kW 

Fuel cost (constant)  0.7 USD / L 

Cost of components 

Genset  30 kVA  400 USD / kW 

PV  60 kWp  2 822 USD / kWp 

Battery  225 USD / kWh 

Converter  1 445 USD / kW 

Lifespan of components 

Genset  25 000 hours 

Battery  8 years 

Break-even point  12.7 years 
Source: [2] 
 

 
Impact of higher fuel cost 

Fuel cost (constant)  1.5 USD / L 
Break-even point  6.2 years 
Adapted from [2] 
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Inverters 
An inverterΩǎ lifespan can extend to more than ten years, but this component is a high-technology 
product and the replacement of a failing component has to be undertaken by a technician from the 
supplying company. The specific complexity of the inverter often requires that a proper after-sales 
service plan be implemented to ensure long-term sustainability of the system. Risks associated with the 
failure of an inverter should be considered, especially in remote locations or countries with very limited 
presence of specialized suppliers.   
 
Diesel generator 
Regarding the diesel generator, major maintenance operations should be considered with respect to the 
cost and unavailability of the equipment. Gensets in the range of 30 kVA to 200 kVA would typically 
need a major maintenance operation after 15,000 to 25,000 running hours.  
 
Evolution of the load 
The evolution of the load can also affect the share of each energy source in the total power supply of 
the hybrid system. This can affect the payback period as well. Generally a load increase would mean a 
reduction of solar energy stored and an increase of solar energy injected directly, and thus a reduction 
in storage losses. However, a significant load increase in the segments of the daily load curve that are to 
be supplied by the battery bank and associated inverter will entail higher discharge currents and thus 
reduced cycle efficiency.   
 
 
 

Key highlights regarding the barriers of high upfront cost and technical risks 
Under the current prices for specific equipment for hybrid systems, and taking into account the risks 
mentioned above, the potential 15% reduction of the levelized kWh cost in the above example will 
appear insufficient to a private investor to cover the possible causes of long term cost overruns without 
substantial public support (subsidy). 
 
Ą The above analysis confirms the need for a strong public-private partnership to mitigate and share 
risks  
- Engagement of the private sector by way of capacity building, ensuring high levels of maintenance and 
quality; 
- Public sector engagement for a programme approach, and probably subsidy / financial support during 
the initial years to build skills and to develop the market. 
 
 
The kWh cost of the hybridized system directly depends on the local solar resource (which determines 
the cost of electricity generated by a PV system of a given cost) and on the cost of local diesel fuel 
(including transport cost to the site).  
 
Ą At the 2012 costs of PV systems and the real cost of diesel, the areas where hybridization makes 
sense are limited to places where the solar resource is very high or where fuel transport is very 
expensive. 
 
The following map of Africa provides an example of areas where the diesel option and the solar PV 
option are the least cost options.  

 
Because the price of fuel is likely to continue to rise in the future, at the same time as the price of the 
other components will most likely reduce, areas where hybridization makes sense will certainly expand. 
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Figure 8: Map of estimated cost of kWh delivered by a diesel generator and by a PV system with a minigrid in Africa 

 
 

More information about this map can be found in [3] and [4].  
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3 Market analysis  and key indicators for project planners  

3.1 Suggested market segmentation  
There are different levels or stages in the process of electrifying localities that are at a distance from the 
main electricity grid: 

¶ Pre-electrification strategy generally starts with providing power to communities through 
individual solutions (solar home systems for households, stand-alone systems for basic services 
such as health centres, etc.). Micro-hybrid systems are a suitable solution for institutions such as 
health centres that require reliable power supply during the day.  

¶ Basic electrification of a remote locality, via a small power plant, will first seek to cover essential 
needs such as the lighting requirements of households and essential services (local health 
centre, other community services, etc). Small hybrid systems with a PV component in the 5 kWp 
to 30 kWp range can typically serve this application. 

¶ The localities in which there are small commercial or productive activities using power provided 
by small individual gensets (before any common power service is implemented) require a more 
advanced electrification facility which should be able to meet the needs of these economic 
activities and their potential growth. Medium-size hybrid systems (30 kWp to 100 kWp PV) are 
suitable for this segment. 

¶ Finally, the localities benefiting from more developed economic activity (and hence generally 
powered by a genset-based power plant) but far from the national electricity grid can benefit 
from the development and cost reduction of hybrid systems technology. 

 
Hybrid systems can be used to power each of these segments. Between these four market segments 
there are differences in terms of the budget required for the hybrid system able to meet the needs, in 
the type of equipment, and in the organizational and operational aspects as well.   
 

Figure 9: Market segmentation for PV / diesel hybrid systems for rural electrification in developing countries 
(type of system with upfront investment cost) 
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More information about the key parameters pertaining to each of the market segments is given in the 
following chapter, with a reference to the typical size of the PV component and load ranges. These load 
ranges do not refer to village population numbers because the rural per capita consumption can vary 
widely between countries.  
 

3.2 Key information for decision making in rural electrification with hybrid 

systems 

3.2.1 Basic electrification of institutions ( micro hybrid systems  below 5 kWp ) 

Ą This type of system supplies one client: An institution such as a school, an administrative office, a 
health centre or a community centre, having most of their activities occurring during working hours. The 
peak load and daily energy demand can vary significantly, depending on the user of the system. 
  
An institution typically has its largest power demand during working hours, usually daytime. Appliances 
in use requiring electricity may be office equipment such as computers, copy machines and printers. 
Depending on the specific user, it may, for example, also comprise laboratory equipment for a school, 
refrigerators for cooling medicines at a health centre, charging of batteries and mobile phones for 
villagers at a community centre, or electric tools at a vocational training centre.  
 
The power demand may have a peak at some point of the day, or may be relatively constant during 
working hours. Sometimes a smaller load is present outside working hours, for example security lighting 
or refrigerators. Further, some institutions may have activities in the evenings, such as boarding schools 
and health centres with admitted patients. However, the power demand in the evening hours is typically 
lower than the power demand during the daytime.  
 
Since the highest power demand occurs during sunshine hours, a significant share of the PV generated 
electricity can be used directly when generated. A storage system should preferably be large enough to 
supply the evening and the night loads in order to limit the use of fuel based power generation and 
hence the running costs. If there is a peak in power demand during daytime, a fuel-based generator can 
be used to cover that peak demand together with the PV panels. Using a hybrid solution to cover the 
demand peaks, instead of using only PV, will limit the required size of the PV production unit needed, 
which can lower the investment cost of the system.  
 
Another option, particularly useful if explicit peaks in power demand do not occur, is to design the 
system so that the normal load can be supplied by the PV generation together with the batteries when 
favourable to normal weather conditions occur. For days or periods of higher power demand, or lower 
electricity production from the PV panels due to low solar irradiation, the fuel-based generator can be 
used to charge the batteries and supply the loads. Hybridization would also, in this case, lower the 
investment costs since the system can be designed for quite favourable conditions, at the same time as 
increasing the reliability of the system. 
 
Power systems at institutions such as health centres, schools and administrative centres have the 
advantage of having one manager. Careful operation and flexible use of electricity, based on the daily 
status of the power system, can in many cases be more easily applied than within a system with 
responsibility divided between many users. Consequently, the risk of sudden power shortages is 
lowered and the frustration often arising when a technical system does not deliver the expected service 
is limited, resulting in higher user satisfaction. Further, essential loads can to a larger extent benefit 
from a secured access to electricity, and the lifetime of components in the system can increase.  
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Example of an existing installation with a micro hybrid system 

In 2008 a PV-diesel hybrid system was installed at Ihushi Development Centre (IDC), near Mwanza, 
Tanzania5. Earlier, several small PV-systems were used and a diesel generator was needed in a 
carpentry workshop. As many as possible of the components formerly used in the small PV-systems 
were used to form the central micro-grid, and additionally required equipment was purchased. 
 
IDC is a community-based organization running several projects in the village and a vocational 
training centre for sewing, carpentry and masonry. At the centre, there are classrooms, a carpentry 
workshop, a preschool, a business centre where computers can be used and courses are held, a 
meeting hall that can be rented for large meetings and special occasions, a guest house, two offices 
and a kitchen. The hybrid system supplies power for lighting, 
computers, a copy machine, a TV, a refrigerator, the charging of 
mobile phones for the villagers, and occasionally hand tools for 
carpentry, an electric iron or electric sewing machines.  
 
The supply side of the hybrid system includes a 655 Wp PV 
array, using two different types of modules, and a 12 kW diesel 
generator. The three-phase diesel generator is mainly powering 
machines in a carpentry workshop, and one phase is connected to the PV system making it a hybrid 
system. A battery bank of five 12 V 200 Ah valve-regulated lead acid batteries form the energy 
storage. The system has a charge controller with MPP tracking, a bi-directional inverter with 
maximum output of 1 500 W, and a voltage stabilizer stabilizing the power entering the system from 
the generator. The distribution system is divided into AC and DC sections supplying different loads. 
DC is used at night for security lighting purposes, while AC power is used mainly during the daytime. 
The DC load is stable at about 50 W throughout the night, with a slightly higher power demand in the 
evening.  The energy used in the DC system amounts to less than 1 kWh/day.  The AC load is of a 
more unstable nature, varying over the day as well as from day to day and from week to week. There 
is no AC power demand at night. During working hours, the average AC power demand is around 
150 W with peaks of around 500 W. The total energy consumption is around 1.5 kWh to 2 kWh per 
day not including weekends. 

Source: Caroline Nielsen, SERC Dalarna University 

 
  

                                                           
5
 More information about this system can be found in [16]. 
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3.2.2 Basic electrification of a small rural village ( small hybrid system : 5 to 30 kWp ) 

Small hybrid systems are suitable for supplying the power needs of a small rural village where the 
energy consumption is quite limited; for instance a village with no, or very few, productive or 
commercial activities.  
 
Ą Village with a peak load in the range 30 kW to 60 kW, and a daily power consumption of 150 kWh to 
300 kWh/day. 
 
The typical daily load curve of a remote village with limited energy needs shows a low base load that can 
be supplied by solar energy and a battery bank. The battery bank would store the equivalent of one day 
of solar energy generation. The peak load is generally in the evening due to lighting uses. To meet this 
peak, either the battery or the diesel genset is used. In addition, if the battery is low, the genset is 
automatically started and charges the battery simultaneously to supplying the clients.  
 
Hybridization allows longer service hours to be provided than with a pure genset-based power plant, 
because the battery can serve very low loads that are difficult and costly to supply with gensets. 
Compared to a pure PV option, hybridization allows a smaller PV array and a smaller battery.  
 
These systems can achieve a significant yearly PV penetration rate: 40% to 90% for instance. In systems 
with high penetration rates, the diesel genset plays the role of a backup device used to compensate for 
insufficient solar supply occurring a few days per year or to cover some uncommonly high peak loads.   
 
Ą Stakeholders considering electrifying a remote locality of this type with either grid extension, a 
genset-based power plant or a hybrid system should consider the parameters presented in the table 
below.  
 
Table 3: Matrix for decision-making pertaining to small hybrid systems 
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Remote village with very few activities     Peak load 30-60 kW     150-300 kWh/day     low growth rate 

Option Key figures for economic / financial analysis 
Level of 
service 

Required 
operating skills 

Grid extension 
distance 
to grid 

MV line cost 
8-13 ƪϵ κ ƪƳ 

yearly sales 
55 to 110 MWh / year 

timeline for grid 
extension 

full service no 

Diesel-based 
power plant 

initial investment 
(incl. 1 genset) 
40-тл ƪϵ 

actual cost of 
diesel fuel 
 
kWh tariff 

-if mandatory subsidy on 
diesel: for a total of 
55 to 110 MWh / year 
ό9ȄΥ  у ǘƻ мс ƪϵκȅŜŀǊύϝ 
  

-yearly O&M costs 

genset lifespan 

limited 
service 

schedule (no 
base load) 

basic local skills 
(genset 

maintenance) 

Hybrid-based 
power plant 
(Ex: 30 kWp PV) 

initial investment 
180-25л ƪϵ 
 

+ battery renewal 
(8 years) 35-5л ƪϵ 

accessible 
penetration 
rate > 40% 
 
kWh tariff 

-reduced mandatory 
subsidy on diesel: 
@40% PV penetration: 
30-65 MWh / year 
ό9ȄΥ  о ǘƻ т ƪϵκȅŜŀǊύϝϝ 
  

-reduced O&M costs 

-payback period 
 

-long lasting PV 
investment 
(25yrs) 
   

-battery lifespan 
 

-increased 
genset lifespan 

24-hour  
service 
possible 

training 
required for 

operator  
+ distant 
support 

Investment data shown for comparing options does not include cost of the local MV / LV grid or minigrid. 
Initial investment and battery renewal cost for the PV / diesel hybrid option are based on a 30 kWp system as an example. 
ϝ.ŀǎŜŘ ƻƴ ŀ ол҈ ǎǳōǎƛŘȅ ƻƴ мΦлл ϵκ[ ŦǳŜƭ ǇǊƛŎŜ ŀƴŘ ƎŜƴǎŜǘ ŎƻƴǎǳƳǇǘƛƻƴ лΦр [κƪ²Ƙ 
**Based on improved genset consumption: 0.35 L/kWh 

 
This type of village would typically be within the mandate and scope of public electrification bodies. The 
public bodies would generally have a subsidy scheme for this category of customers (in some Sahelian 
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countries, a subsidy on fuel). The choice of the hybrid option would make economic sense if the timeline 
for the electricity grid to reach the area is long (10-15 years), if the total cost of fuel including transport 
to the location is high and mandatory fuel subsidies (if they exist) are high, if the feasible penetration 
rate is significant (>40%) and if a concessional loan or subsidy is available. In addition, local operators 
should have the ability to operate a slightly more complex system than a genset. 
 
The remoteness and the limited yearly sales of electricity in such a village are not very attractive for an 
independent power producer. If a private operator were to invest in such a location, it would favour the 
least risky option: a diesel-based minigrid. Public-Private partnership is relevant here, with the public 
sector for the investment and a private operator, functioning with a performance based contract. From 
the technical point of view, this category of hybrid system typically uses assemblies of small modular 
inverters of 3 kW to 10 kW. These small units can be assembled to form 3-phase grids of higher power 
levels. The main manufacturers of multifunctional inverters for this range of hybrid systems are Studer, 
SMA, Ingeteam, and Schneider Electric.   
 
Regarding operation and maintenance, and considering that in remote areas it is difficult to maintain 
skilled personnel, the system should be designed to be simple and robust. Regular visits by skilled 
technicians, organized as a tour to cover different hybrid installations in a specific area, could be a good 
way to ensure proper system operation through sharing the costs of maintenance visits. This segment is 
presently perceived as particularly attractive by rural electrification agencies in Africa. 
 

Example of a 16 kWp hybrid system in Mauritania  Source: IED 
The village of Ain Ehel Taya, in the Adrar region, 40 km from the regional capital Atar comprises 340 
households. A small power plant, equipped with a 55 kVA (44 kW) diesel genset supplies power to 
220 clients. The load curve shows the typical shape with a peak load of 28 kW in the evening in the 
summer season, but during morning hours the base load is significantly lower (around 9 kW). For this 
reason, the average genset load factor is low (21%), with high fuel consumption as a consequence. 
Local power demand is expected to grow at a rate of 3%.  
A hybrid system has been designed and optimized to be able to absorb this demand growth, reduce 
the fuel consumption, and optimize the use of the existing genset. A 15 kWp PV system is planned, 
with a 145 kWh battery bank and a 16 kW inverter. Simulation shows that the PV system will provide 
around 40% of power needs and that the genset will be used more efficiently (57% load factor after 
five years). The cost of hybridization is financed through a subsidy, for which the payback period will 
be 8.3 years (including the replacement of the battery after nine years). 

 

Example of a 5.2 kWp hybrid system in Senegal 
This system has been visited and analysed within CLUB-ER 
activities in 2010 

Resulting from a local initiative developed within the PERACOD 
programme, a hybrid system has been installed in the remote 
village of Sine Moussa Abdou in the Thiès region, to supply 
electricity to the 900 inhabitants of the village. It is composed of a 
5.2 kWp PV array (complemented by a 5 kW wind turbine) with a 
120 kWh battery bank and a 8,5 kVA diesel genset, used only as a 
back-up for the days when solar and wind energy would not have charged the battery enough for the 
evening load. Users are equipped with smart meters that closely monitor local consumption and the 
installation is also used as a pilot project to test smart meters and the wind-solar-diesel hybrid 
system. 
The overall installation was financed by the GTZ (PERACOD programmeΥ рл ƪϵ for the building and 
inverters), {9aL{ όрл ƪϵ for engineering), and INENSUS Germany (тл ƪϵ: windturbine, genset, battery 
bank). 
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Example of the ERSEN programme in Senegal, co-funded by GTZ and the Government of Senegal 
Since 2009, this programme is funding and installing, among other electrification solutions, PV / 
diesel hybrid systems in rural areas of Senegal.  
 
Technical choices 
The hybrid power plants of this programme are small PV / diesel hybrid systems (5kWp PV, 10 kVA 
Diesel gensets) with <50 kWh lead-acid battery banks. They serve villages of 500-800 inhabitants (50-
80 households) with an evening peak estimated at 4 kW. Solar is the main energy source and the 
diesel genset is used as a back-up. Because of local conditions (insects, humidity and salinity for island 
sites), equipment is planned with the following lifespan: battery renewal after eight years, inverters -
ten years, diesel generators - ten years. 
 
Administrative and commercial organization 
During the first six months, GTZ provides technical support for management of operations of the 
hybrid power plants, and these activities are later transferred to local private operators who have 
invested in the equipment. Operators run the systems, manage the maintenance and collect 
payments. Tariffs are set by the national regulator.   
To improve the collection rate, which remains a problem (especially during hunger gap6 for very 
isolated communities), village management committees have been set up to ensure the pre-
collection of payments. 
 
Results and issues 
The electrification rate within a village with a hybrid system reaches about 65% six months after 
commissioning. However the main problem is that power demand often overloads the system, 
indicating that the sizing is not appropriate and/or attention has not been paid to customer 
education, load management and usage feedback. 

Source: ASER Senegal 

 
 
 
 
 
  

                                                           
6
 The hunger gap is the period between harvests during which poor farmers have already exhausted not only 

available food stores but are also not having access to affordable and adequate food. 
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3.2.3 Electrification of a village with productive activities  (medium size hybrid system: 

30 to 100 kWp ) 

Medium-size hybrid systems are suitable to supply the power needs of a village where productive and 
commercial activities use energy during the daytime.  
 
Ą Village with a peak load in the range 60 kW to 150 kW, and a daily power consumption of 300 kWh 
to 1000 kWh/day. 
 
The typical daily load curve of such a village shows a significant power demand at midday and in the 
early afternoon. There is generally a higher load in the evening due to lighting uses. There is a base load 
during the night. The genset (or two synchronized gensets) of the hybrid system is used to cover the 
evening peak. The night load is supplied by the battery. As a result of the midday load, a significant 
share of solar energy is used directly when it is generated. The required battery capacity is defined 
according to the excess PV production and to the amount of energy required to cover the night load 
after being fully charged in the evening by the genset. Battery capacity may be proportionally smaller 
than for small hybrid systems if the night load is low; in that case a battery capacity of 0.5-0.8 times the 
daily solar energy generation could be sufficient.  
 
Reaching high PV penetration rates in this category of systems requires very large initial investments. 
That is why the accessible range of PV penetration rate would not be higher than approximately 60%.  
 
Ą Stakeholders considering electrifying a remote locality of this type with either grid extension, a 
genset-based power plant or a hybrid system should consider the parameters presented below. 
 
Table 4: Matrix for decision-making pertaining to medium-size hybrid systems 
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Village with productive activities     Peak load 60-150 kW     300-1000 kWh/day     expected growth 

Option Key figures for economic / financial analysis 
Level of 
service 

Required 
operating skills 

Grid extension 
distance 
to grid 

MV line cost 
8-13 ƪϵ κ ƪƳ 

yearly sales 
110 to 370 MWh / year 

timeline for grid 
extension 

full service No 

Diesel-based 
power plant 

initial investment  
(incl.2 to 3 gensets 
for load following) 
80-15л ƪϵ 

actual cost of 
diesel fuel 
 
kWh tariff 

-if mandatory subsidy 
on diesel: for a total of 
110 to 370 MWh / year 
ό9ȄΥ  мн ǘƻ пл ƪϵκȅŜŀǊύϝ 
  

-yearly O&M costs 

gensets lifespan full service 

synchronized 
gensets 

operation & 
maintenance 

Hybrid-based 
power plant 
(Ex:  70 kWp PV) 

initial investment 
420-56л ƪϵ 
 

+ battery renewal 
(8 years) 80-11л ƪϵ 

accessible 
penetration 
rate > 40% 
 
kWh tariff 

-reduced mandatory 
subsidy on diesel: 
@40% PV penetration: 
65-220 MWh/year 
ό9ȄΥ  т ǘƻ нп ƪϵκȅŜŀǊύϝ 
  

-reduced O&M costs 

-payback period 
 

-long lasting PV 
investment (25yrs) 
   

-battery lifespan 
 

-Reduced genset 
investment (no 
unit for baseload), 
increased lifespan 

full service 

synchronized 
gensets O&M 

   

+ training & 
distant support 

required 

Investment data shown for comparing options does not include cost of the local MV / LV grid or minigrid.  
Initial investment and battery renewal cost for the PV / diesel hybrid option are based on a 70 kWp system as an example. 
ϝ.ŀǎŜŘ ƻƴ ŀ ол҈ ǎǳōǎƛŘȅ ƻƴ мΦлл ϵκ[ fuel price and genset consumption 0.35 L/kWh 

 
The amount of capital required in this range of hybrid power plants is significant (200 to 900 kEUR, 
compared to 80 to 150k EUR for a diesel plant), and would generally imply the involvement of 
commercial banks and the private sector.  
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From the point of view of a private investor, providing capital for the investment for the PV option must 
be attractive. The savings in generation cost (versus the diesel option) should pay back the initial 
investment in a reasonable timeframe and provide a suitable rate of return. To be viable from an 
economic and financial point of view, and to attract investment, a medium-size hybrid system has to be 
extremely efficient. Environments with low fuel costs or with limited solar resource would make it 
difficult for such a system to compete with diesel-based power plants.  
 
The risks associated with this type of system have to be considered as well. There are technical risks 
(potential equipment failure, improper battery management), forecast risks (lower demand than 
expected, potential connection of the locality to the main electricity grid) and commercial risks; tariff 
stability is required. The investor would require a long-term power purchase agreement, and may 
impose a take-or-pay condition.   
 
Public co-financing and risk sharing instruments are required to attract private investors.    
 
From the technical point of view, this category of hybrid systems typically uses assemblies of modular 
inverters of 5 kW to 45 kW. The main manufacturers of multifunctional inverters for this range of hybrid 
systems are SMA and Ingeteam.  
 
Properly operating the synchronized gensets and controlling the smooth operation of the electronic 
equipment (inverters) of the PV system require well-trained personnel on site. In addition, a distant 
support scheme would be required for trouble-shooting and for assistance if some equipment failure 
requires the replacement of a component.   
 
This segment is presently perceived as particularly attractive by rural electrification agencies in Africa 
and beyond. 
 
 

Example of a hybrid system for research and development 
The Fraunhofer ISE research institute and the inverter 
manufacturer KACO new energy are presently operating 
and studying a PV / diesel hybrid system in Germany. The 
system consists of a PV array providing 51 kW (max. 
output), grid-forming inverter (120 kW), high efficiency 
charge controllers, a dual battery system which combines 
the economic efficiency of lead-acid batteries (288 kWh) 
with the high efficiency and cycle durability of lithium-ion batteries (96 kWh) and intelligent meters 
which allow new approaches to consumption management. The mini-grid concept is also designed to 
enable it to be connected to the national electricity grid in the longer term.  
An energy management system is connected to the different energy sources and loads in order to 
ensure that the system works as efficiently and cost-effectively as possible and that the resources 
used are optimally deployed in energy and economic terms. This device helps to calculate the 
consumption and controls it via a variable electricity price. For example the energy management 
system will switch the water pumps on only if there is plenty of cheap energy available. 

Source: Fraunhofer ISE   
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Example of a 72 kWp hybrid system in Mali 

This system has been visited and analysed within CLUB-ER activities in 2010 

The hybrid power plant of Kimprana in Mali was jointly developed with the Dutch Cooperation. It is 
currently operated by the energy service company SSD Yeelen Kura. It serves 217 households 
(approximately 3,000 people). The investment cost of the solar component (excluding gensets and 
local grid) was 328 MFCFA όрлл ƪϵύ, bought by SSD Yeelen Kura / FRES / Dutch Cooperation. 
 
The PV field totals 72 kWp. The specific feature of this plant is that it is subdivided into two sub-arrays 
with distinct roles and different regulators: a first sub-array (34.5 kWp) is connected to six inverters, 
SMA Sunny Mini Central (400 V DC) assembled in three phases; a second sub-array of 37.5 kWp is 
connected to a battery bank (48 V DC) via a DC/DC charge controller unit, and a set of nine 
bidirectional inverters SMA SI 5048 assembled to create a three-phase 380 V AC supply. 
 
The battery bank (1185 kWh) has been designed to supply the equivalent of three consumption days. 
The 175 kVA genset is turned on manually in the event of insufficient PV production and low battery 
level. The system was designed in order for the genset to be used less than 500 hours per year. 
 
Operation began with a 24-hour service, but customers tended to consume more than what they 
were able to pay for. This is why the SSD then limited service to 14 hours per day, and later on to 10 
hours per day. The PV and battery bank now sufficiently cover present consumption, and the genset 
is rarely used. 

 
 
 
 
 
 
 
 
 
 

 
 

3.2.4 Large hybrid system for a small town with economic activity (> 100 kWp system)  

Large hybrid systems can supply the power needs of towns having a local άƛǎƭŀƴŘέ ƎǊƛŘΣ not connected to 
the utility grid.  
 
Ą This type of town would have peak loads above 150 kW, and daily power consumption higher than 
1000 kWh/day.  


















