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According to the International Energy Agency 
(IEA)1, there was in 2008 an estimated 1.5 billion 
people, or 22% of the world’s population, living 
without access to electricity, 85% of whom live in 
rural areas. The IEA foresees that if current policies 
do not change, by 2030 there will still be 1.2 billion 
people without access to electricity. The number 
of people without electricity will even rise in Sub-
Saharan Africa. 

Such an energy outlook for the poor is unaccepta-
ble. It is possible to achieve universal access in the 
foreseeable future, and modern renewable energy 
technologies (RETs) can play a crucial role in 
achieving this goal. However, technology alone is 
not enough and universal access requires sustaina-
ble operation and business models, political efforts 
and targeted public support.  

The role of energy, and more specifically electricity, 
is critical for development. Access to modern energy 
reduces hunger and improves access to safe drink-
ing water through food preservation and pumping 
system (MDG1)2. It fosters education by providing 
light and communication tools (MDG2), it im-
proves gender equality by relieving women of fuel 
and water collecting tasks (MDG3), it reduces child 
and maternal mortality as well as the incidences of 
disease by enabling refrigeration of medication as 
well as access to modern equipment. It also helps to 
fight pandemics like HIV (MDG4, 5, 6). Finally, if 
access to energy is implemented with environmen-
tally sound technologies, it directly contributes to 

1 http://www.worldenergyoutlook.org/database_electricity/electricity_ 
access_database.htm
2 Millennium Development Goal

global environmental sustainability (MDG7). Ener-
gy alone is not sufficient to alleviate poverty, but it is 
certainly necessary and there will not be any major 
development progress without a growing number of 
people gaining sustainable access. On the contrary: 
the energy disparity between countries or regions 
only increases the problems, adding new issues to 
the existing ones (e.g. rural exodus). 

There are three basic technical approaches to bring-
ing electricity to remote areas: 

A first option is simply to extend the national 
electricity grid. In many countries however, ex-
tending the national grid can be extremely costly 
(according to the World Bank, grid extension 
prices vary from $6,340/Km in densely populated 
country such as Bangladesh to $19,070/Km in 
countries like Mali3). Rural areas are normally 
located far away from what is often a very small 
national grid; therefore the high cost of extending 
the transmission lines usually makes these projects 
unfeasible. The difficult terrain in many rural re-
gions also increases expansion costs significantly. 
Mountainous or forest areas for instance, with dif-
ficult access for machinery, require more time and 
resources to install transmission lines. 

A third factor - the size of the demand - deter-
mines the cost per kWh of grid extension. A critical 
mass is necessary for a project to be viable. Rural 
areas are vast and have a relatively small energy 
demand per connection, so for public authorities 
or impoverished utilities, the economic interest to 
connect them to the grid is very small. Furthermore, 

3  “Reducing the Cost of Grid Extension for Rural Electrification”, ESMAP (2000)
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the electricity provided by utilities in developing 
countries often lacks security of supply and quality. 
Consumers may only have access to the electric-
ity during limited hours each day and blackouts or 
brownouts are common. Grid extension increases 
the demand, but if there is not a consequent increase 
in the energy generation capacity, adding new con-
sumers will only aggravate the situation and reduce 
the quality of service.

The second approach is through Electricity Home 
Systems (EHS). These small power systems are 
designed to power individual households or small 
buildings and provide an easily accessible, relatively 
inexpensive, and simple to maintain solution. The 
dispersed character of rural settlements is an ideal 
setting for these solutions, in particular with renew-
able energies (RE) that are especially competitive 
in remote areas. Pico PV system (PPS), solar home 
systems (SHS), small hydro plants (SHP), or wind 
home systems (WHS) almost always offer a solu-
tion for providing electricity to isolated places. In 
these stand-alone systems, power generation is 
installed close to the load and there are no trans-
mission and distribution costs. Moreover, to keep 
prices affordable, components can be minimised 
and capacities maintained low mainly serving small 
DC appliances for lighting and communication. 
However, capacities and potential are very different 
between the different EHS. 

A third option is based on electricity mini-
grids4, which can provide electricity generation 
at the local level, using village-wide distribution 
networks. Mini-grids provide capacity for both 
domestic appliances and local businesses, and have 
the potential to become one of the most power-
ful technological approaches for accelerated rural 
electrification. They can be powered by fossil fuel 
(mostly diesel), but they can also easily utilise lo-
cal renewable energy resources. Many locations, 
especially in developing nations, offer excellent 
natural conditions for the use of solar photovoltaic, 
wind, or small hydro power. Diesel gensets remain 
the most used technology because it used to be 
the cheapest option and it requires rather modest 
initial investments. However, nowadays renewable 
energies present numerous competitive advantages, 
including lower levelised costs5.

Besides the Alliance for Rural Electrification 
(ARE), many recognized institutions have already 
stated that decentralised renewables will impose 
themselves as mainstream technologies in the years 
to come. According to IEA/UNDP and UNIDO, 
universal access by 2030 will require 379 TWh of 
grid electricity, 399 TWh for mini-grids and 171 
for off-grid. These organisations also reiterate that 
the Millennium Development Goals cannot be 
achieved unless substantial progress in developing 
alternative sources of energy, and especially off-grid 
renewables, is made. In the short to medium-term, 
renewables are not only going to become a main-
stream solution, but they are also going to massively 
contribute to local economic development.

4  Sometimes referred to as isolated grids
5  See  “Lifecycle analysis” in section 4 Mini grids
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ARE is the only renewable energy industry associa-
tion in the world exclusively working for the ad-
vancement of renewable energy markets in develop-
ing countries. It represents companies, organisations 
and research institutions active in the renewable 
energy business who believe in the growth potential 
of developing countries and want to make a differ-
ence. ARE positions itself in the heart of the global 
dialogue on RE and energy access, and exchanges 
with governments, international organisations, de-
velopment agencies, NGOs and others. 

Among several objectives, ARE is filling the im-
mense knowledge gap around renewable energy 
technologies, especially in developing and emerging 
economies. Hence, this publication aims to give eve-
ryone, from the general public to decision makers, 
from potential investors to project promoters, the 
tools to understand what off-grid renewable energy 
technologies (RETs) are all about. 

From small individual installations to village or is-
land grids, from PV to small wind or hydro, renewa-
bles offer a wide range of options to end-users and 
project promoters, backed up by 30 years of experi-
ence and research. Many of these technologies are 
presented here, with detailed explanations and case 

studies. In addition, this publication discusses some 
key technological questions for RETs and their 
future in developing countries. More detailed and 
technical issues such as storage and international 
quality standards, will be discussed in the annexes. 

If many RET projects have failed in the past, it 
is mostly due to poor project management and 
inadequately designed programs, lack of qualified 
technical assistance and engineering, or the quality 
of some components. This publication is designed 
to inform readers how to avoid repeating the errors 
from the past by offering a technological overview 
and a set of quality standards that should be fol-
lowed by program developers. Of course, along with 
technology, many other issues need to be addressed, 
financing and regulatory frameworks. These 
questions are discussed by the Alliance in other 
documents6.

Finally, one of the most common concerns the 
private sector has when working in developing 
countries is the connection between all stakehold-
ers interested in renewables. To stimulate these 
connections and for the first time in this type of 
publication, ARE makes available the contact de-
tails of its members at the end of this publication.

table 1: Generation requirements for universal 
electricity access, 20307 (tWh)

6  For more information please visit: http://www.ruralelec.org/38.0.html
7  IEA, “World Energy Outlook 2010”.

On-Grid Mini-grid Isolated  
off-grid

Total

Africa
Sub-Saharan Africa

196
195

187
187

80
80

463
462

developing Asia
China
India
Other Asia

173
1

85
87

206
1

112
94

88
0

48
40

468
2

245
221

Latin America 6 3 1 10

developing countries* 379 399 171 949

World** 380 400 172 952

* Includes Middle-East countries  

**Includes OECD and transition economies
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Stand-alone off-grid PV-systems that cover the electricity needs of single households, 
public buildings or commercial units, offer a user-friendly and cost-effective electric-
ity solution. They can replace candles, kerosene and traditional unsustainable biomass, 
which are often used for lighting purposes, as well as run other applications usually 
driven by dry-cell batteries or diesel generators. Beside economic and social benefits, off-
grid PV systems also have positive impacts on people’s health and on the environment 
due to the reduction of smoke and toxic waste.

The Solar Home System, probably the most known and installed type of renewable 
energy systems around the world, is already around 30 years old and is the symbol of 
PV standalone systems. However, the global photovoltaic industry continues to invest 
in new solutions and in component’ improvement with innovations such as PV LED-
lamps, highly efficient storage technologies or self adaptative charge controllers. Most of 
all, the wide dissemination of standalone PV systems and their small investment costs 
has allowed the development of real market approaches that do not depend on subsidies.

technology overview
In general, a stand-alone PV System can be defined as an off-grid-system with one or 
several solar PV modules and various appliances serving an independent user. They can 
be grouped according to power dimension as follows: 

picopv SyStemS (ppS) 

A PicoPV system is defined as a small 
SHS with a power output of 1 to 10W, 
mainly used for lighting and thus able to 
replace unhealthy and inefficient sources 
such as kerosene lamps and candles. 

Depending on the model, small ICT ap-
plications (e.g. mobile phone charger, ra-
dio) can also be added. PPS are powered 
by a small solar panel and use a battery 
which can be integrated in the lamp it-
self. The PV panel can be either fixed on 
the product itself (e.g. solar lanterns) or 
separated from it. In the latter case, this 
allows the product not to be exposed to 
weather conditions, since it can be fixed 
inside a room. 

PPS offer a wide range of advantages: easy installation (Plug & Play), user-friendly ap-
plication, low investment costs, little maintenance required, high degree of expandability 
and flexible use.

PPS cost usually ranges between €50 and €150 for a one lamp kit including solar module, 
but can be cheaper for very small systems and solar lamps (from €7). In any case, these 
prices are generally within the payment capacity of most rural people in developing coun-
tries. In fact, most of the PPS market is currently working on cash payment.

figure 1: A Pico PV System
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cLASSicAL SoLAr home SyStemS (ShS)

Classical Solar Home Systems generally cover a power output of up 
to 250W peak. They are normally composed of several independent 
components: modules, charge controller, battery and the loads. The 
overall energy management is done by the charge controller as the 
central component of the system. Important advantages of classical 
SHS are the DC loads like DC energy saving lamps, radios, DC TV 
and special DC fridges directly usable by the system. This makes 
SHS very energy efficient systems without any conversion losses. 

For bigger SHS, the integration of AC loads is possible with the 
use of a DC/AC inverter, however these loads are often inefficient 
and oversized and thus can have a long-term impact on the stor-
age capacity, which might be quickly damaged if let in a state of 
permanent deep discharge.

Consequently, it requires good design and the use of an optimized charging technology. However, trained 
technicians for the installation and suitable operation and maintenance (O&M) will easily allow the SHS 
to provide reliable energy supply for years. Moreover, a SHS provides higher power output than PPS and 
therefore potential additional services. Finally, SHS keep evolving, offering more flexibility and a higher 
variety of loads. 

With prices ranging from €140 to €1.600, many SHS remain within payment capacity of rural end-users 
and are commonly sold without any subsidy. For bigger systems, when rural households cannot cover the 
upfront investment, mature business models have been developed that can help with this situation.8

 

SoLAr reSidentiAL SyStemS (SrS)

Larger stand-alone PV systems called Solar Residential Sys-
tems (SRS) have also been installed in many different places 
around the world including developing countries. They usu-
ally provide electricity to large individual installations like 
hotels, hospitals, schools, factories etc. and offer a wide range 
of applicable loads. At the same time this type of systems are 
still relatively easy to operate and maintain.

They generally include an inverter allowing 
the use of AC loads. The use of AC power has 
certain advantages9, but should be primarily 
reserved for larger systems and/or if the loads 
needed can only be operated with AC power 
(e.g. larger working instruments and ma-
chines). With a typical range from 500W to 
4000W output power, SRS usually integrate 
12V and 24V battery voltage, even if bigger 
systems work with higher voltage (48V).
8 For more information see page 12
9 For more details see section dedicated to loads

figure 2: A DC Solar Home

figure 3: An AC Solar Home System

figure 4: An AC Solar Residential System
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It is interesting to note that if PV off-grid power plants working 
with batteries exist in developing countries, they are not the only 
option. In fact, many SRS are hybridised and already combine 
two or more sources of energy10.

table 2: comparative table

System 
Description

Average Daily 
consumption -ADC-)

Recommended 
production Voltage

Recommended 
Distribution 
voltage

Loads

PPS  (ADC 5 à 50 Wh) 12 VDC Same as 
production(DC)

Light, TV, Radio, mobile phone 
charger

DC-SHS  (ADC <0,5-1 kWh/D) 12VDC
24V if cooling

Same as 
production(DC)

Light, mobile phone charger, fan, ICT, 
cooling

AC-SHS ADC > 0,5-1kWh/D 12-24VDC AC or mixed  
AC DC

Light  fan and cooling on DC 
Light, mobile phone, ITC

SRS 1-2 kWh <ADC < 
50kWh

12/24/48VDC 
mostly with AC 
distribution

AC Light, mobile phone charger, fan, 
ICT (radio, cassette player TV), fans, 
AC-loads such as a drilling machine, 
grain mill, sewing machine, mixer etc.

System components and maintenance  
of standalone pv systems
Classical elements of a standalone PV system include: solar module, charge controller, lead-acid battery, 
inverters and loads (appliances). The maintenance and quality management of these components are key 
factors for a successful and sustainable operation of PV off-grid systems. Training of local operators and 
cooperation with service providers can guarantee long-term professional O&M. Every single system com-
ponent has specific maintenance needs. 

The role and specific maintenance needs of each of them are briefly explained in section 6, as some compo-
nents are relevant to all the renewable energy solutions presented in this paper. 

10 For more information see the section 4 on hybrid power systems.

figure 5: A DC Solar Residential System

figure 6: A Hybrid DC/AC Solar Residential System
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Depending on the size and 
the complexity of the system, 
prices for standalone PV differ 
widely. Due to technical de-
velopments and mass produc-
tion, prices for small standard 
systems have declined in the 
last years. Most PPS and some 
SHS are even affordable for a 
full cash payment for middle 
and low-income groups in de-
veloping countries. 

In contrast, larger SHS and of course SRS are rarely affordable 
without any form of support or at least without an adapted 
banking model. Therefore, this section focuses primarily on a 
SHS financing and business model, since the SRS are a rarer 
case and PPS are mostly sold on a full payment basis. How-
ever, whatever the technology chosen, all development stake-
holders agree that the distribution of systems free of charge 
should be absolutely avoided. It is fundamental that custom-
ers contribute from the very beginning, in order to sense their 
appreciation of the value of the system. SHS have relatively 
high up-front investment costs, particularly if they come with 
an after-sales service. In Bangladesh for instance, a subsidised 
50Wp SHS costs US $440. As the following figure shows, 
only a small part of the population has enough income to over-
come such an investment in one stroke. This is why financial 
schemes have to be set up for local users. 

With microfinance it is possible to lower the investment bar-
rier and to reach middle and lower-income customers. In the 
case of Bangladesh, a down payment of 15% of the total price 
is required, as well as monthly fee of US $11 during 3 years.
figure 7:  
Overcoming the investment barrier for a SHS through microfinance

 

Down 
Payment  ~ 

$60

SHS Price 
~ $440

Monthly rate ~ $11

Income of a household Investment capital (for SHS) Ownership of SHS

Time

In
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m
e 

/ P
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ce
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Business 
models 

and case 
study for 

standalone 
PV systems 

The figure shows that the total price is not really relevant for 
accessing the market because it affects mainly the length of the 
payback time and less the amount of instalments. It demon-
strates that microfinance is a useful tool for SHS since it makes 
the market less price-sensitive and allows an emphasis on high-
quality products that might be more expensive, but last longer. 

In fact, the link between quality and microfinance is crucial 
since reliability will be the most important condition to en-
sure that an end-user will be willing and able to pay for instal-
ments. Moreover, the savings (on kerosene, candles etc.) re-
sulting from the use of the SHS are generally what is going to 
be used to pay back the micro loan. Hence, the design of the 
microfinance contract is often done according to the existing 
energy expenses in order to ensure that the users will be able 
to reimburse. For this purpose, the assessment of the target 
group’s energy expenses is essential. It should be done care-
fully and objectively, taking into account factors like transpor-
tation costs for fuel.  

Another important aspect for a well designed SHS financ-
ing scheme is the adaptation to the depreciation and loss of 
value of the system over time, as it is usual in leasing contracts. 
For the leasing company, the monthly payments have to re-
flect the system’s resale value in case of payment failure. A 
well tailored microfinance scheme is adapted on one hand to 
the current expenses of the end-users, and on the other hand 
to the loss of value of the system over time. For instance, In 
Bangladesh, where SHS are standardised and where a large 
second-hand market exists, the 15% down payment in Bang-
ladesh reflects the costs of installation and de-installation (in 
case of payment failure) and the loss of value of the system 
directly after installation. 

In addition, the prices of SHS also have to reflect those of 
the usual competitive technologies (e.g. diesel, candles etc.). 
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The customers can then fairly compare the prices and recog-
nise that their money is better invested as a down payment for 
an SHS, particularly as the monthly fees are adapted to the 
regular energy expenditures. For example, the Bangladesh case 
shows that many customers are even willing to pay more than 
their former expenses to enjoy the long term benefits of a SHS. 
The following figure shows the average expenses of Grameen 
Shakti11 customers before and after they bought a solar home 
system. This demonstrates that after less than five years the 
end-users start saving money.
figure 8: Comparison of Costs

Two different microfinance business models exist for ener-
gy services: the one-handed dealer credit model (Grameen 
Shakti/Bangladesh Model) and the two-handed end-user 
credit model (SEEDS or Sri Lanka Model).

the one-hand Business model12

MFI / MFI / 

MICROFINANCING INSTALLATION AFTER-SALES

Down Payment

Collection of 
installments

Recovery 
in case of failure

Marketing 

SHS installation

Customer training

Service guarantee

Maintenance

Spares

System up-grade 

Recycling

MFI / MFI / MFI / MFI / 
TECHNOLOGY

COMPANY

establish

SHS PROVIDER

CONSUMERS / MICROENTREPRENEURS

figure 9: The One-Hand model 

If there is no renewable energy product provider willing or able 
to develop its activities in a region, microfinance institutions 
(MFIs) can be trained by a renewable energy company or pro-
gramme to develop their own energy-ending departments or 
subsidiaries. These will promote simple and standardised ener-
gy solutions and products together with their loans. MFIs can 
then replicate this model and their own energy department. 

11  www.gshakti.org
12  Also called the Dealer Credit Model/Grameen Shakti/Bangladesh Model

The main challenge of the One-Hand-Model is that the MFI 
must become part of the supply-chain, develop stock logistics, 
and offer end-user training and maintenance services. Also, 
money collection in highly scattered and low populated rural 
areas might be a problem.

This model has been created by Grameen Shakti, which is act-
ing today as an energy system provider and has given more 
than 250.000 SHS loans.  Following the success of Bangla-
desh, this model has been reproduced by energy companies 
which have been hiring microfinance specialists and have 
started offering end-user credits, such as as Zara Solar in Tan-

zania or Solar Energy Uganda.

the two-hand Business model13

This model is based on a long-term partnership be-
tween the MFIs and a committed rural energy ser-
vice provider. In contrast to the One-Hand Business 
Model, it is more suitable for diversification and 
customisation of energy products.  One provides the 
credit, the other the energy supply, knowledge, train-
ing and maintenance.

Down Payment

Collection 

Recovery 
in case of failure

Marketing Marketing 

SHS installation

Customer training

Service guarantee

Maintenance

Spares

System up-grade 

Recycling

MFI

CONSUMERS / MICROENTREPRENEURS

MICROFINANCING INSTALLATION AFTER-SALES

ENERGY COMPANY
Contract

figure 10: The Two-Hand Model

This approach is more comfortable for MFIs, particularly in 
the starting phase since this type of structure, which requires 
from them financial services only, is closer to their core busi-
ness.   However, it is also usually more expensive because it 
involves two institutions and their respective infrastructures. 

Furthermore, a strong partnership and a common vision 
shared by the energy provider and the MFI at the manage-
ment and operational levels are crucial for ensuring the long-
term success of the partnership. International experience 
shows that over time, MFIs tend to vertically integrate the 
energy business and to take over technical responsibilities, es-
pecially if the energy provider is not delivering proper services 
or product guarantees, which are crucial to loan-repayment.

13  Also called the End user Credit Model (SEEDS/Sri Lanka Model)
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the fee for Service model

With both of the microfinance business models the customers 
gain ownership over the system after the repayment period, but 
other approaches where the ownership stays with the provider 
are also widely developed. For instance, the so called “fee for 
service” model is quite common. 

End-user ESCO

Credit Provider

PV
suplier

figure 11: The Fee for Service Model

In this approach, the electricity provider, an energy service 
company (ESCO) owns the system and provides a service 
(electricity) to the end-users. It also ensures the operation, 
maintenance and replacement of the system, and in exchange 
the end-users pay a certain sum every month for the electricity 
service in cash or other methods (for instance pre-paid chip 
cards are very popular in some places to cope with the risk of 
non-paying customers). 

the Lease/hire purchase model

Another approach is the “Lease/hire purchase model”. In this 
case, the PV supplier/dealer or a financial intermediary leases 
the PV system to the end-user. At the end of the lease pe-
riod, ownership may or may not be transferred to the end-user, 
depending on the arrangement. During the lease period, the 
lessor remains owner of the system and is responsible for its 
maintenance and repair.

End-user/
Lessee

Dealer/
Lessor

Credit Provider / Leasing Company

figure 12: The Lease/Hire Purchase Model

Advantages and disadvantages of each small standalone PV 
business models depend on the conditions and environment in 
which a project is realised and are subject to vibrant discussions. 

Generally, the Two-Hand Model is easier and cheaper to im-
plement in its initial phase, but on the longer term the double 
infrastructure of two companies can become costly. From this 
point of view, the Fee-for-Service and One-Hand models are 
probably more viable approaches. Both these Models gener-
ally need to involve companies with a technical know-how 
and experience or require training specialists, whereas the 
One-Hand Model will always need capacity building, either 
on the microfinance side for technical companies or on the 
technical side for MFIs. 

Finally, as a SHS also requires customer maintenance and 
care, ownership is a strong issue and all Models (but more 
specifically in the case of Fee-for-Service) have to find ways 
to control customer behaviour to avoid overuse and misuse. 
However, a Fee-for-Service provider can easily disconnect 
a user in case of default of payment, whereas ownership-
based models require the existence or the development of a 
second-hand market to cope with the risk of non-performing 
customers. 



figure 13:  
An entrepreneur starting his solar energy 
business as part of the Solar Now! Network.
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This way, millions of households can reduce their energy ex-
penses and accelerate their own development.

A member of ARE is using a market development approach to 
facilitate access to renewable energy to thousands in sub-Saha-
ran Africa. The focus is on effectively reducing the three main 
barriers to sustainable growth: a lack of availability, low aware-
ness and limited affordability. They coach, support, and finance 
entrepreneurs and their technicians and sales staff, thus creating 
sustainable supply chains. Awareness is boosted by large-scale 
marketing campaigns and local village demonstrations. As soon 
as supply and demand start to develop, the organisation imple-
ments credit and carbon schemes thereby improving the af-
fordability of the products.

Thanks to this very down to earth approach, in a few years this 
organisation has helped 500.000 people to access electricity at 
a cost of less than €4 per connected person. 

case study:  
AddreSSinG the BArrierS to  
the deveLopment of SmALL ScALe 
reneWABLeS

In 2010, most African rural households lacked access to mod-
ern energy. However, solar home systems, pico hydro systems, 
household biogas systems, improved cook stoves, siphon wa-
ter filters and LED lighting can be sold and serviced by local 
entrepreneurs, reducing dependency on subsidies. 

This represents a great opportunity for households to reduce 
their energy expenses, increase productivity as well as their 
living conditions. However although these attractive and low-
cost renewable energy solutions have been developed, they re-
main scarcely available in rural areas, as entrepreneurs lack the 
technical skills and capacity to start or expand a renewable 
energy business. Moreover, the public is by and large unaware 
of their benefits and many households do not have the cash to 
make the upfront investment. 

The challenge at a local and regional level is to build a sustain-
able supply chain, boost awareness and improve affordability. 
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international quality standards  
for small standalone systems
These International standards are the authority in the PV world and are respected by the members of 
the Alliance for Rural Electrification. Any program or project targeting sustainability should follow these 
guidelines in order to ensure that the best products are installed and used. They are the minimum require-
ments for safeguarding a sufficient quality of system components. By imposing a quality remit on an im-
plementation programme, the likelihood of a project’s success can be substantially enhanced. It is generally 
acknowledged that recognised standards lead to increased quality of a given product.

table 3:  
international standards for small standalone pv systems and components:

Components International Standards and Explanation

Panels IEC 61215 Ed. 2.0: Crystalline silicon terrestrial photovoltaic modules - Design qualification and 
type approval.
IEC 61646 Ed. 1.0: Thin-film terrestrial photovoltaic modules - Design qualification and type 
approval.

Charge Controllers IEC 62509 Ed.1: Performance and functioning of photovoltaic battery charge controllers
IEC 62109: Safety of power converters for use in photovoltaic power systems.  Part 1: General 
requirements, Part 3: Controllers
IEC 62093 Ed. 1.0: BOS components - Environmental reliability testing - Design qualification and 
type approval.
IEC CISPR 11:1990, Limits and methods of measurement of electromagnetic disturbance 
characteristics of industrial, scientific and medical (ISM) radio-frequency equipment.
IEC 61000-4:1995, Electromagnetic compatibility (EMC).  Part 4: Testing and measurement 
techniques, Sections 2-5.
PV GAP, PVRS6A “Charge controllers for photovoltaic stand-alone systems with a nominal voltage 
below 50V” accepted for use in the IECEE PV scheme.

Inverters IEC 61683 Ed. 2.0: Photovoltaic systems - Power conditioners - Procedure for measuring efficiency
IEC 62109 Safety of power converters for use in photovoltaic power systems.  Part 1: General 
requirements.  Part 2: Particular requirements for inverters.
IEC 62093 Ed. 1.0: BOS components - Environmental reliability testing - Design qualification and 
type approval.
IEC CISPR 11:1990, Limits and methods of measurement of electromagnetic disturbance 
characteristics of industrial, scientific and medical (ISM) radio-frequency equipment.
IEC 61000-4:1995, Electromagnetic compatibility (EMC).  Part 4: Testing and measurement 
techniques, Sections 2-5.
PV GAP, PVRS 8A “Inverters for photovoltaic stand-alone systems.”

Energy-efficient 
lights

IEC 60969 Ed 2: Self ballasted lamps for general lighting purposes - Performance Requirements.
IEC 61347-1: 2007, Lamp control gear.  Part 1: General and safety requirements.
IEC 61347-2: Lamp control gear.  Part 3: Particular requirements for AC-supplied electronic ballasts 
for fluorescent lamps, Part 4: Particular requirements for DC-supplied electronic ballasts for general 
lighting.
PV GAP, PVRS7A “Lighting systems with fluorescent lamps for photovoltaic stand-alone systems 
with a nominal voltage below 24 V.”

BOS components 
and minor 
equipments

IEC 60669-1: Switches for household and similar fixed-electrical installations.  Part 1: General 
requirements.
IEC 60227-1-4: Polyvinyl chloride insulated cables of rated voltage up to and including 450 V/750 
V-Parts 1-4: General requirements
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technology overview
EHS are not limited to small PV installation. In a different range of investment costs, and for different 
applications, wind technologies and in particular small wind turbines (SWT), offer excellent solutions for 
rural electrification. SWT are turbines with a diameter of less than 15m and with a power output below 
50kW. Most SWT however have a diameter of around 7m or less and a power output ranging between 
1kW and 10kW. For very small installations for instance for a remote household, wind turbines below 2m 
diameter and with a 1kW output can be used. 

Wind turbines can be designed in a number of different ways, integrating 1 to 3 blades, with horizontal 
or vertical axis etc. In general, the commonly used horizontal wind turbines have a higher efficiency than 
vertical ones, as well as a higher reliability due to a better rotor balance. The turbines are always placed on 
a pole, preferably higher than 15m to keep them out of ground turbulence. For this purpose, tilt-up poles/
towers are very popular in developing countries since they are easy to install and offer a good accessibility 
for maintenance and repair.

Most SWT have a permanent magnet generator and do not need a gearbox. This type of generator produces 
AC-voltage current, which must be rectified to DC by means of a simple bridge rectifier. The DC-voltage 
allows the use, similarly to PV systems, of SWT for battery charging or for grid connection.  For in-battery 
charging systems, a charge controller is added to prevent the battery from over charging. 

In grid connected systems, an inverter is 
used to control the SWT and for supply-
ing electricity to grid voltage and grid fre-
quency. Additionally, a dump load might 
be required to protect the battery/inverter 
from overvoltage and to prevent the tur-
bine from over-speeding.

figure 14: Basic parts of a small wind turbine

As SWT need wind to produce electric-
ity, a proper setting and location, deter-
mined after a wind resource assessment, 
are key requirements for successful SWT 
projects. If the data for the targeted site 
is unavailable, wind measurements might 
be necessary prior to installation. 

Ideally, this type of wind mapping should be made over a long period of time (1 year) to integrate the 
different seasonal variations. However, long-term wind studies are often too costly or time consuming in 
relation to the output and added value of the wind turbine, and are often partially bypassed by the project 
developers. Similarly, the location of the turbine is very important and should be carefully studied to avoid 
wind interferences.  

In general, average wind speeds over 5m/sec are strong enough to have an economically sound operation. 
At 5 m/sec average wind speed, a decent SWT produces 300kWh per square meter rotor surface annually. 
A SWT rated at 5kW with a rotor diameter of 5m (20m2 rotor swept area) for example, generates around 
6.000kWh/a. At an average of 6m/sec wind speed, the same turbine will generate up to 8.500kWh/a. 

For basic recommendations regarding  
the maintenance of small wind power systems see SEction 6.

Rotor

Generator/
Alternator

Tail

Tower
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Prices of small wind turbines dif-
fer with the type of turbine and 
size. The costs vary as much as from 
€2.500  to €7.500 per kilowatt in-
stalled. For example, a complete 
SWT battery charging system of 
5kW (turbine, pole, and electronics) 
will cost around €8.000 to €12.000 
(uninstalled). Adding batteries and 
a standalone inverter, as well as the 
installation cost, would add another 
20-40% to the overall costs. 

The costs calculations and break-
down should be made beforehand to determine the electric-
ity prices compared with the alternative (diesel/kerosene/
candles). For all projects, costs are based on: kWh per day 
use, maximum power, turbines, electronics, batteries, poles, 
wires, training, foundation, transport, wind speed and diesel 
costs. With these different data, it is usu-
ally possible to give a rough overview of 
the viability of installing and operating a 
SWT over other alternatives.

SWT do not enter in the same prices cat-
egories as small PV systems and do not 
answer to the same type of needs. In Eu-
rope or other mature markets, private cli-
ents pay cash for their SWT or use credit 
schemes. In contrast, most ‘development’ 
projects are partly financed by an exter-
nal organisation due to the high initial 
investment.

However, even in developing or emerging economies it is 
common to find SWT paid in cash, especially those that will 
be used for specific applications like telecom towers, which 
need a substantial amount of power and are run by compa-
nies with investment capacity. In these cases, and if the natural 
conditions and wind measurements have been well done, it is 
not rare to have a high return of investment, with a full cost re-
covery after a couple of years. In fact, the kWh prices of SWT 
are usually cheaper than those of PV. Yet, SWT are generally 
project-based and more suited for business since they more 
likely have the capacity to cover the high investment costs. 

A typical SWt costs project design14

A government or donor agency such as the Dutch govern-
ment, proposes a 20-30% grant for the export of SWT to a 
country, whereas an international finance institution such as 

14  Based on an example provided by FortisWind Energy.

the IFC, covers the other 70% through a loan to the minis-
tries in charge of access to energy – in this case the “Indone-
sian Ministry of Backwards Regions”. 

The end users have to pay for exploitation costs.  As for bigger 
systems with a mini-grid, the costs structure of SWT (invest-
ment/operation) is often well adapted to a business plan where 
the end-users receive support for the investment, but have to 
cover the running and replacement costs of the system. 

As mentioned before, another large market for SWT manu-
factures and developers are local businesses or telecommuni-
cation centers in need of power reliability and autonomy. In 
these cases, the users usually have the means to pay the up-
front costs and the break-even with the alternative (usually 
diesel) is rather quick. In fact, productive uses of power are 
the main target of SWT in rural areas, since lighting or small 
applications does not bring the sufficient revenues needed to 
cover the exploitation and investment costs.

case Study:  
SmALL Wind for 
teLecommunicAtionS in 
mAdAGAScAr

In Madagascar, a European small turbine 
manufacturer has sold 30 wind turbines of 
5kW which have been installed in different 
locations by a European project developer 
and installer. Both companies are members 
of the Alliance. The SWT in the enclosed 
picture was installed next to a GSM tower 
located in a remote site which is especially 
difficult to reach, making the transport of 

diesel and the maintenance of the genset very expensive.

A 5kW wind turbine and a 48V 1000 Ah system were in-
stalled in 2008 on this site. The wind turbine’s voltage con-
troller gives a 48V DC voltage directly into the battery bank. 
The turbine is installed on a locally manufactured guyed wire 
pole of 18m height. The battery bank supplies the electronics 
of the telecom antenna which has an average electricity con-
sumption of 1kW. Based on the average wind speed of 7m/s 
in this location, the expected average daily electricity produc-
tion is 32kWh.  

Prior to the installation of the SWT, the electricity prices with 
all diesel expenses involved were as high as €1.2/kWh. Moreo-
ver, some €350 monthly maintenance costs had to be added to 
the high electricity prices.  With the total installation costs of 
the wind turbine and the battery bank at around €18.000, a 
potential return on investment is expected within 2 years.

Business 
model and 
case study 
for small 

wind 
energy 

systems
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international quality standards  
for small wind systems
Since the small wind sector is quite a young market, there are a lot of immature products for sale, so to 
improve quality levels and market visibility; several certification systems are being developed.

Currently available certification systems are mainly based on standards developed by the International Elec-
tro Technical Committee (IEC). Certified turbines are safe and have a predictable power output so any 
programme or project design should integrate them in order to have the best products. They are “sine qua 
none” conditions to the sustainable operation of a small wind system. 

By imposing a quality remit on an implementation programme, the likelihood of a project’s success can be 
substantially enhanced. It is generally acknowledged that recognised standards lead to the increased quality 
of a given product.

table 4: international standards for small wind turbines:

components international Standards and explanation

Turbine
IEC 61400-2: Design and safety requirements
IEC 61400-11: Procedure for acoustic emission measurement techniques
IEC 61400-12: Power performance measurements

Turbine
Other known and respected standards are designed by MCS (UK, overall certification 
including factory inspection) and AWEA (American Wind Energy Association).



SmALL hydropoWer

Se
c

t
io

n
 3

 



R
ur

al
 E

le
ct

rifi
ca

tio
n 

wi
th

 R
en

ew
ab

le
 E

ne
rg

y:
 T

ec
hn

ol
og

ie
s, 

qu
ali

ty
 st

an
da

rd
s a

nd
 b

us
in

es
s m

od
els

22

technology overview 

table 5: installed Small hydro capacity worldwide

installed Shp capacity percentage

Asia 32.641 68.0%

Africa 228 0.5%

South America 1.280 2.7%

North and Central America 2.929 6.1%

Europe 10.723 22.3%

Australasia - Oceania 198 0.4%

Total 47.997 100%

Hydropower has been used for several thousand years and at the end of the 17th century, it was the main 
source of mechanical power in Europe. Technological developments, including highly-efficient water tur-
bine designs and electric generators, together with the growth in demand for electricity, led to the rise of 
hydroelectric power.

Small Hydropower (SHP) has many benefits and advantage over other technologies, especially those based 
on fossil fuels. Beside the advantages shared with other renewable energy sources (clean, indigenous, local 
job creation, security of supply), SHP are highly efficient (from 70% to 90%), have relatively low operation 
and maintenance costs, a lifespan up to 100 years and therefore an attractive energy pay-back ratio even 
for developing countries. Most of all, small hydro is a mature and reliable technology that has already been 
installed for more than 30 years all over the world.

The small-hydropower system in itself is composed of a turbine and a generator. Hydro turbines cover a 
huge range of capacity from 0.2kW up to 800kW and therefore can provide an adequate solution to every 
local situation, provided that a suitable water flow is available. A hydro plant is generally considered as 
“small” if it is under 10MW, “mini” under 1kW, “micro” under 100kW and “pico” under 20kW. 
figure 15: A classical small hydro plants structure 
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The most important types of hydro turbines covering almost every situation are the “Pelton”, “Banki” (both 
also called “cross-flow”), “Francis” and “Kaplan” turbines. The cross-flow turbine is adapted to high heads 
whereas the Kaplan is more used for low head rivers. Pelton, Banki and Francis turbines can be installed 
with horizontal axis, which makes maintenance easier whereas the Kaplan units normally have vertical axis. 

In the case of the Pelton and Banki turbines, called impulse turbines, the water pressure is converted into 
kinetic energy (in the form of a high speed jet) before entering the runner and generating electricity. In 
contrast, in the Francis and Kaplan turbines, called reaction turbines, the water pressure directly applies on 
the face of the runner blades to produce energy. They are more complex to build and install than the impulse 
ones, but have a higher efficiency. 

There are three types of generators that can be combined with the turbine: the generators with permanent 
magnets for small units (up to a few kW), the asynchronous for grid connected plants, and the synchronous 
generators (with load regulation by means of ballast loads) for bigger units. 

Site LocAtion And inStALLAtion 

Unlike conventional hydroelectric power plants, small hydro plants (or run-of-river power plants) have little 
to no water storage capacity, so are best located on rivers with a consistent and steady flow. Areas with the 
best resources are those which offer an elevation drop, high annual precipitation rates, and catchment areas 
from which water will drain into the rivers. 

There are three types of small hydropower plants: using weir, diversion canal and kinetic power. The gravita-
tional energy of the water due to the elevation drop (i.e. height difference, or head) is used by weir and diver-
sion type plants to generate power. The kinetic energy of fast rivers can be harnessed by kinetic energy devices.  

Hilly or mountainous regions are most suitable to weir and diversion type plants, since the energy produc-
tion increases with the elevation drop of water whereas for kinetic turbines, the best location is on a plain, 
but rivers must have the following characteristics: a year-round continuous flow, a velocitiy greater than 
1m/s, suitable depth, a solid and stable riverbed, and sediment-free water. 

Installations are usually situated at strategic points where the land provides a natural flow restriction, re-
sulting in locally high velocities. The strongest currents in a river are located in the centre and close to the 
surface, where they are not inhibited by friction with the river banks and bed.  As a river flows around a bend 
it accelerates around the outside and slows on the inside of the bend.

Beside the choice of the scheme and the system, the plant’s layout and surroundings are main issues with 
hydropower as this technology interacts with its environment more than any other. Small hydropower re-
quires a deep knowledge of the site with respect to geomorphology and hydrology in order to reach reliable 
predictions of the availability and time distribution of the flow rates. 

This hydrological work should not be limited to the minimum value and the range of available flows, but 
must also include the maximum flood of the river, in order to avoid any damage to the diversion works and 
to third parties’ properties. Whereas the plant head can be precisely measured, the flow rates evaluation must 
be done by proven specialists, who employ statistical methods, direct measurements at gauging stations etc. 
Moreover, environmental engineering should also be involved to study elements such as landslides, instabil-
ity or critical passage zones as well as to access other environmental factors (e.g. fish migrations).

For basic recommendations regarding  
the maintenance of small wind power systems see SEction 6.
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Small hydro is often presented 
as the cheapest technology for 
rural electrification over the 
lifetime of the system. However, 
a small hydropower plant 
requires substantial initial capital 
investments even though its 
operating costs are very low. It is 
considered that location and site 
preparation determine around 
75% of project costs against only 
25% for the equipment.

Therefore, a simplified feasibility study of the project should 
be developed in order to gather accurate estimations of hydro-
technical parameters at the site of the power station and to 
give a rough balance of costs and expected benefits. A small 
hydro plant will include turbine, generator, batteries, pipe, the 
inverter and other mechanical and electrical components to 
which civil works must be added, including a weir, power-
house, headrace, tailrace, installation of penstock and valves.

Although the preparation of such a plant requires technical 
expertise, the installation of the plant in itself is relatively 
straight forward and costs can be reduced by using many local 
materials and skills. 

When creating a financial plan for SHP, several elements 
should be taken into consideration. First, developers should 
be aware that the preparation of project documentation and 
feasibility studies can be as high as 50% of the total costs. 
Second, the large costs of hydro-technical infrastructure and 
third, the SHP’s project lifetime of is longer than of the pe-
riod capital return.

table 6: example of investment cost breakdown after 
evaluation work

element of  
investment

participation  
up to (%)

Hydrotechnical Construction 60

Turbines 25

Building 5

Electrical Equipment 10

Cost of exploitation 0.5

case study:  
SmALL hydropoWer pLAnt in  
rurAL tAnzAniA

Rural populations in Tanzania are still largely excluded from 
the national grid. However, as in many other places around 
the world the surrounding river offers infinite potential to fi-
nally provide sustainable and clean energy to the people in a 
cost competitive way.

In this framework an Italian NGO partner of ARE has imple-
mented a small hydro project on the Kisongo river. This river 
located in the South of Tanzania has a debit of 500 l/sec and a 
waterfall presenting an elevation gradient of 77 m. Therefore, 
it constitutes a good site for a micro hydro installation.

The system itself includes:

 » A de-silting of channel 1,7m width by 25m long.

 » A butterfly valve equipped for detecting unexpected in-
creases in water speed operated directly from  
the power house.

 » Underground diversion steel pipe line which leads water 
almost horizontally to the penstock pipe.

 » Power house: two turbines with 2 generators of 150kW 
capacities and an isolated transformer for 10.000 volts.

 » Medium voltage overhead power line to supply 7 
transformers.

 » Low voltage underground distribution departing from 
transformer pole to the distribution cabin.

The construction of the plant was co-financed by the Italian 
Ministry of Foreign Affairs, the Regione Friuli Venezia Gi-
ulia, the Regione Lombardia and the Fondazione Cariplo. This 
funding included the construction itself, the components relat-
ed to environmental conservation and the promotion of local 
economic development and entrepreneurship. After building, 
the plant was handed over to a multi-village utility represent-
ing the 3 villages involved. Flat rates are charged to domestic 
users, while meters were installed for commercial users. Some 
technicians with adequate expertise for operation and mainte-
nance were already trained and present in the region.

This project connected first more than 200 users and 1.000 
more with the installation of the second turbine and the ex-
tension of the lines. 

figure 16:  
Dig and works for the  

hydroelectric power station).  
Source: ACRA & APER

Costs 
calculations 

and case 
study for 

small 
hydropower 

systems
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international quality standards for small hydropower 
systems
These International standards are the authority in the PV world and are respected by the members of the 
Alliance for Rural Electrification. Any program or project targeting sustainability should follow them in 
order to ensure that the best products are installed and used. They are the minimum requirements for 
safeguarding a sufficient quality of system components. By imposing a quality remit on an implementation 
programme, the likelihood of a project’s success can be substantially enhanced. It is generally acknowledged 
that recognised standards lead to increased quality of a given product.

table 7: international standards for small hydro systems & components

Components International Standards 

Turbines and generator (rotating electrical machines) IEC-34-1
IEC 60034 – 1: 1983
IEC 61362
IEC 61366-1: 1998
IEC 61116-1992
IS: 4722-2001 
IS 12800 (part 3) 1991

Field Acceptance Test for Hydraulic performance of turbine IEC 60041: 1991

Governing system for hydraulic turbines IEC 6030

Transformers IS 3156 – 1992
IS 2705 – 1992
IS 2026  - 1983

Inlet valves for hydro power stations & systems IS 7326 - 1902

Guide for commissioning, operation and maintenance of hydraulic 
turbines

IEC 60545 (1976-01)

Hydraulic turbines, storage pumps and pump turbines – Model 
acceptance tests

IEC 60041 (1991-11)
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mini-GridS  
(fed By hyBrid poWer SyStemS)

introduction
A mini-grid (also sometimes referred to as a micro-grid or isolated-grid) provides 
electricity generation at the local level, using village-wide distribution networks 
not connected to the main national grid. The production is managed by an op-
erator who can take different legal forms and who supplies electricity to several 
distinct and autonomous end-users against payment or participation.  

A mini-grid can be supplied by all sorts of energy resources and power plants, but 
for the purpose of this document, it will focus on those supplied by hybrid power 
systems15. Most of the time, a mini-grid will use low AC voltage (220 or 380V) 
with centralised production and storage and will have an installed capacity of 
between 5 and 300kW even though bigger systems exist. 

A hybrid power system uses renewable energy as a primary source and a genset 
(most of the time diesel fed but potentially with gasoline and LPG) as a back up 
resource. This solution is especially interesting for isolated villages/small towns, 
away from the national electricity grid and without realistic hope of being con-
nected to it in the near future. 

The use of local renewable energy sources such as wind, solar and hydro dra-
matically reduces the need for fossil fuels and increases the autonomy of the 
community. Hybrid mini-grids ensure a continuous and reliable electricity sup-
ply equivalent to (and sometimes even better than) the one provided to grid us-
ers in developing countries. They also provide enough  power to satisfy modern 
domestic needs (lighting, communication, refrigeration, water supply) as well as 
public services (health centres, schools) and the development of a local economy  
(small industries and  related services such as telecommunication towers and wa-
ter irrigation systems). Finally, the implementation of mini-grids have proved to 
have a positive social impact by fostering and improving local governance struc-
tures through the involvement of the community in the decision-making process 
linked with the energy system. 

Besides the fact that they are a good isolated solution, hybrid mini-grids offer two 
extra advantages: due to the modularity of their generation components, these 
systems can be easily scaled up when the demand grows and they can be poten-
tially connected to the national grid and serve as additional generation capacity. 

Finally, this type of energy solution is a convincing alternative for existing die-
sel powered mini-grids. Worldwide there are hundreds of GW of diesel-based 
isolated grids which lend themselves to be retrofitted with renewable energy 
technologies. 

Sharing a limited resource and power among all the users in a mini-grid requires 
rules and a tariff structure that will sustain the operation, particularly if they 
should include individual meters, or other devices to 
measure and limit the consumption of each user and 
avoid potential conflicts within the community. In 
general, mini-grids involve intense preparation work 
to ensure that the system’s operation and maintenance 
will be sustainable.

15  This does not mean either that all hybrid systems work with a mini-grid.  
In fact, many of them are working as a standalone solution supplying  
individual installation.
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technology overview
The design of a hybrid power system with mini-grid should not be technologically or politically driven, but 
adapted to the specific economic, natural, and social conditions of the rural area. Many configurations combin-
ing different generation technologies and grid alternative solutions (AC or DC bus lines, three phase or single 
phase distribution) are possible and allow project designers to adapt the system to the specificities of each area. 

A hybrid system can use several renewable energy technologies (RETs) and balance the specific advantages 
and shortcoming of each resource. The potential for complementing resources becomes obvious when exam-
ining the intermittency of each of the resources: small hydropower continuously produces cost-competitive 
electricity for villages close to water resources, but is very site-specific and is dependent on seasonal effects.  
As solar resources are abundant, PV can be used almost everywhere, especially in Southern countries. How-
ever, solar is by definition an intermittent source of energy and PV has a high requirement for storage since 
there is no generation after nightfall. The generation potential of SWT is also intermittent and depends on 
the site’s specific wind profile over the year. 

Hence, a hybrid system can integrate the advantages of each technology and balance their different limi-
tations. In order to ensure the continuity of supply, maximise the lifetime of components by reducing 
the stress on the system (especially the battery) and reduce overall costs, diesel/gasoline/LPG generators 
are commonly added as complementary sources/backup. Finally, an Energy Management System (EMS) 
sometimes combined with the inverter and coordinating battery, generator, and load management is essen-
tial for the optimum operation of a mini-grid power system, especially hybrid. It simplifies the O&M of the 
system and also helps to keep costs down.

technological configurations
A good way to define and compare hybrid power systems is according to the type of voltage they will pri-
marily use and the type of bus line that will link the different components together.

Electricity generation coupled at AC bus line 

All electricity generating components are connected to an AC bus line. AC generating components may be 
directly connected to the AC bus line or may need an DC/AC converter to enable stable coupling of the 
components. Components operating like a voltage source can be coupled directly e.g diesel generator, wind 
or small hydro power. In both options, a bidirectional master inverter controls the energy supply for the AC 
loads and the battery charging. DC loads can be optionally supplied by the battery.

figure 17:  
An AC coupled hybrid power system
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Electricity generation coupled at DC bus line

All electricity generating components are connected to a DC bus line and charge the battery directly. There-
fore this system is very efficient. The battery is controlled and protected from overcharge and discharge by 
the charge controller and supplies power to the AC load through the DC/AC inverter. Additionally, DC-
loads can be connected directly to the DC bus . 

Electricity generation coupled 
at DC/AC bus lines

DC and AC electricity generating 
components are connected at both 
sides of a master inverter, which con-
trols the energy supply of the AC 
loads. DC loads can be optionally 
supplied by the battery. On the AC 
bus line, AC generating components 
may be directly connected to the AC 
bus line or may need an DC/AC con-
verter to enable stable coupling of the 
components.

The choice of one type of technological configuration over another depends on many technological, geo-
graphical and even socio-economic elements. Key factors include load and consumption profile, distribu-
tion grid and village size etc. The technology itself will of course also have a significant impact on the final 
choice. The reality is that designing a hybrid system is a complex task that should only be undertaken by true 
professionals with proven expertise and track records.

AC/DC Converters

Charge Controller

AC LoadsBattery Inverter

GensetHydroPhotovoltaics Wind

DC Loads
DC bus line

DC Voltage
AC Voltage

figure 18: A DC coupled hybrid power system
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figure 19: An DC/AC 
coupled hybrid power system
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Life cycLe coSt 
perSpective

Local mini-grids supplied by hybrid 
power systems are in many cases the most 
economical solution for village electrifi-
cation. Numerous studies and simulations 
have shown they are competitive in com-
parison with conventional energy supply 
systems based on fossil fuels. 

The key aspect is analysing the system 
from a long-term and Life-Cycle per-
spective, including the calculation of 
costs. Hybrid generation systems have 

higher capital costs due to RETs, battery purchase, and grid 
building, but have low running costs. In contrast, 100% diesel-
fed systems, the main competitor of the hybrid/RE systems 
in developing countries16, have lower capital costs, but higher 
running costs due to pricy fuel purchase, supply scarcity and 
the substantially lower lifetime of the generator. 

On a Life-Cycle basis, one also has to factor in the difficulty 
and costs of fuel delivery and the fact that fuel prices follow a 
long-term upwards trend, whereas the generation costs with 
RET are fixed upfront (and decreasing). 

“Diesel-gensets” are not affordable or sustainable, even with 
100% capital subsidies. On the other hand, diesel-PV-hybrid 
systems become more attractive, since they require lower tariffs 
and are less exposed to fuel price volatility. For a village (with 
a small load), a well designed hybrid system can offer an af-
fordable tariff (with a limited support on the capital subsidy)17. 
Finally, numerous external variables should also be considered 
in a comparison between 
renewable energy based 
and traditional fossil fuel 
based systems such as en-
vironment, and health fac-
tors, diesel subsidies etc.
figure 20: Cost comparisons 
of energy power systems on a 
lifecycle basis18

16  However, it is interesting to note that in many cases diesel gensets are also the best partners 
of renewable energy system. First, the hybridization of exiting diesel systems powering mini-grids 
(thousands of which are already installed worldwide) represent an excellent cost competitive option 
for many rural areas and a real opportunity for renewables. The introduction of RE into a system 
dramatically diminishes their running costs and increases the autonomy of the community. In addi-
tion, a diesel genset allows for a better balance and efficiency of the power system. Moreover, the use 
of a dispensable source of energy like diesel allows the reduction of the costs through the reduction 
of the system and storage size while at the same time increasing the community energy security
17  “Solar-diesel Hybrid Options for the Peruvian Amazon, Lessons Learned from Padre Cocha”, 
ESMAP Technical Paper, 2007, p. 26
18  Alliance for Rural Electrification. Projections made from a case study based in Ecuador with 
real natural conditions.

As demonstrated above, cash flows of hybrid systems, like 
most solutions using renewables, can be misleading when 
perceived on the short-term. On the contrary, the Levelized 
Cost of Energy (LCOE) clearly demonstrates the lower costs 
of hybrid power systems when taking into account the 20 to 
25 years of their lifetime. For this reason, it is essential to im-
plement in parallel with the technical work suitable operation 
and financial schemes as well as promoting business models 
based on a 20-25 years performance, ensuring efficient Op-
eration and Maintenance (O&M), and spreading the instal-
lation cost recovery over the years.

o&m And finAnciAL SchemeS19

Several socio-economic and organisational challenges arise 
from the collective distribution of a limited amount of en-
ergy, to several paying end-users. Setting up O&M schemes, 
fee collection and local structures/regulation are certainly the 
greatest barriers of all for the widespread development of this 
type of solution. 

Village electrification with mini-grids needs stable policies 
and finance solutions, and in many cases, support from an ex-
ternal source. The private sector is also a key factor needed to 
address investment, implementation and operation of hybrid 
mini-grids, but to attract companies, any regulations and sub-
sidies on mini-grids must have long term O&M profitability 
and cash-flow generation as main targets. 

Tariff and subsidies

The determination of the tariff is a central question for the 
sustainability of a mini-grid project, especially when it comes 
to O&M. Along with the question of subsidies; it influences 

the profitability of a pro-
ject and therefore plays 
a role in the choice of 
business model.

A basic rule generally 
accepted in rural electri-
fication planning is that, 
regardless of the scheme 
chosen, a tariff should at 
least cover the system’s 
running costs (O&M), 

in order to ensure the ongoing operation of a system through 
its lifetime. Cost-based tariffs are also essential to attract pro-
ject developers when it comes to demonstrating the financial 
viability of a project. A tariff must also integrate replacement 

19  For a more thorough description of O&M and financial schemes, readers can check the USAID-
ARE study on “hybrid mini-grids for rural electrification: lessons learned” available on the ARE web-
site: www.ruralelec.org 
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necessities (batteries) and should contribute to a “reserve” 
fund that will be used when they are needed. Last but not 
least, tariff structures must keep a balance between ensuring 
commercial viability (sustainability), and meeting rural con-
sumers’ ability and willingness to pay (affordability). 

To achieve these different criteria, the tariff should neither be 
set as a matter of principle at the level of the national utility 
on the grounds of being “equitable”, nor should it be based 
on the households’ energy expenses before the project (i.e. 
kerosene lamps, candles etc.). Of course the concept of af-
fordability plays a crucial role, but it can be balanced with 
subsidies. Tariffs must be flexible and tailor made and decided 
according to the technology and the business model chosen, 

the level of investment and subsidies (if any) and of course 
after analysis of the local socio economic situation and pos-
sibilities of local economical development.

Complementary to the tariff setting, different combinations 
of subsidies can be developed to help make the connection 
or the operation costs affordable to end-users and/or focus 
on the investment costs of the system. Given the limited re-
sources to fund rural electrification, it is essential that subsi-
dies are spent efficiently not only to support poor rural areas 
in accessing modern energy services, but also to increase the 
commercial potential of rural projects and therefore leverage 
private investments.20

20  According to the World Bank efficient subsidies must be transparent; target people in most 
need of support; easy to administer ; linked to results (i.e., focus on expanding access); strong cost-
minimization incentives (i.e., retain the commercial orientation to reduce costs even though subsidies 
are being provided); and ensure good governance. “REToolkit: A Resource for Renewable Energy 
Development.” World Bank, 2008.

The most common subsidy schemes are:

Subsidy Description Advantages Shortcomings 

Investment 
based 

Capital subsidies targeting the overall 
initial investment (or part of it)

 - Supports only economically viable 
projects

 - Supported by main donor organisations

 - Easy to implement

 - Implies cost reflective tariff (at least 
covering O&M costs) 

 - O&M is not guaranteed

Connection 
based 

One-time subsidy granted according to 
the number of connections achieved

 - Incentive for investment and for 
maximising connections in very 
scattered areas 

 - Mobilisation of capital & 
entrepreneurship 

 - Can boost PPP

 - Risk of system being overstretched  

 - Risk of insufficient resources for O&M 

 - Harder to implement, requires stable 
legal, financial and political environment

Output based   - Subsidy supporting the electricity 
produced 

 - Most OBA schemes are transition 
measures to help bridge the gap 
between the revenues and the costs

 - Strong incentive for mobilisation of 
private capital and entrepreneurship 

 - Can boost PPP 

 - Safeguard O&M

 - Requires stable refinancing either 
through cost-splitting, state budget or 
special fund

 - Has to go in parallel with private sector 
development objectives

 - Metering indispensable 

 - Harder to implement, requires stable 
legal, financial and political environment

Lifeline Rates 
and Cross 

 - Lifeline rate: subsidising energy use for 
the poorest consumers

 - Cross-subsidies: tax imposed on richer/
bigger/urban consumers to subsidise 
poorer/smaller/rural ones

 - Effective policies for encouraging rural 
consumers to use electricity

 - Good potential source of revenues 
for rural electrification and good 
instrument of social justice

 - Lifeline can be set too high 
compromising the financial viability of 
the rural energy companies

 - Cross subsidy can limit consumption of 
bigger users

Operation  - Subsidy supports the operation of the 
system but not the initial investment. 

 - Bridges the gap between affordability 
and cost recovery

 - Helps to secure revenues for the 
private actor, incentive for mobilisation 
of private capital and entrepreneurship

 - No incentive to achieve economic 
sustainability

 - Harder to implement, requires stable 
legal, financial and political environment
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Most common Business Models21 for the sustainable operation of hybrid mini-grids:

21  For a more thorough description of business models, please check the USAID-ARE study “Hybrid Mini-grids for Rural Electrification:Llessons Learned” available on www.ruralelec.org.”

Beside these subsidies, other forms of financial support can 
be implemented such as production tax credits or reduction 
of import duties.

Following the principle that tariffs need to cover the run-
ning costs of a system, an investment/capital subsidy which 
buys down up-front costs is often enough to make RE mini-
grids attractive solutions. If additional subsidies are needed, 
output-based incentives (supporting the connection or the 
production) are suitable solutions as they support the mobili-
sation of private capital and sustainable O&M.

Different approaches to operation exist depending on local 
socio-economic conditions and on the regulatory situation 
of each country. Ownership of the system (generation and 
distribution grid) and responsibility for O&M are the two 
key factors. The next table summarises the four main business 
models.

model description advantages shortcomings 

Community based The community organises itself and 
sets up a cooperative that owns and 
operates the system

 - Positive impacts on the community 
in terms of self governance and local 
buy-in into the electrification system

 - Strong interest in the long term O&M 
of the system

 - Long preparation period and need for  
technical and social capacity building 
to compensate the lack of skills and 
the potential for social conflicts

 - Risk of technical and financial failure 
over time

Private sector 
based 

A private company installs, operates 
and maintains the system, collects the 
tariff over a long-term (long-term PPA). 

 - Private company may have a certain 
investment capacity and technical 
expertise (long term O&M)

 - Driven by efficiency and performance

 - Concerns only projects which are 
already financially viable or almost 
viable

 - Implies access to finance  

 - Company needs high technical and 
managerial competences.

 - Long term PPA requires stable and 
liquid partner

Utility based The utility installs, operates and 
maintains the system and collects the 
tariff

 - Experienced actor

 - Easier access to financial and technical 
resources 

 - Potential to achieve economies of 
scale

 - Political interference

 - Often inefficient

 - Lack of interest and commitment on 
the local level

Mixed  - Mix of previous models

 - Ownership and O&M can be 
differentiated

 -  All previous stakeholders can be 
involved

 - Combination of the advantages of the 
different systems, e.g. infrastructures 
owned by the utility, local system 
owned by the community and O&M 
by a company etc

 - Complexity of agreements, 
manifold contracts can lead to 
misunderstandings and conflicts

 - Need stable partners, especially from 
the public side
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case study:  
A SuStAinABLe hyBrid mini-Grid in 
rurAL LAo pdr

The following example from Lao describes an original type of 
hybrid power system with mini-grid. It is based on a Public 
Private Partnership (PPP), in which a private energy provider 
(PEP) assumes wide ranging responsibilities.  

The power system presented here combines a 12kW small 
hydro generator with a 2kWp PV system and a 15kVA die-
sel generator (supposed to run on jatropha fuel in the future) 
which supply a 3 phases grid. This hybrid mini-grid feeds 105 
households with a daily peak load of 8kW, this peak remain-
ing for 3-4 hours per day. The system is almost entirely work-
ing on renewables, since the energy produced from hydro 
and PV is enough to cover the households’ everyday needs. 
Moreover, batteries are not included in the system since hydro 
power is available for night loads, which has significantly re-
duced the costs of the system. Solar PV was added for the 
dry season and the genset to address any unexpected demand.

The project is based on a PPP in which the public partners 
funded the fixed assets (public infrastructure and village grid), 
whereas the private local energy provider financed the move-
able assets. The PEP owns and is responsible for the power 
generation system, and charges a fee to each household based 
on its consumption. 

The company employs two villagers to operate the system 
and collect the fees. This helped them to reduce their admin-
istrative costs and increase their efficiency since the salaries 
of these employees are linked to the fees they collect. Even 
though the mini-grid is officially owned by the villagers, the 
maintenance is also carried out by the PEP. Through this pro-
ject, the PEP has committed itself to a 25-year PPA with the 
village and has an internal rate of return of around 15%.

The private company collaborated early on with a local NGO 
on both the feasibility study and involvement of the local 
community.The NGO, which acts as their main interlocu-
tor in the dialogue with the villagers, also focuses on the de-
velopment of income-generation activities to maximise the 
benefits of electricity 
access. The community 
also participated in the 
investment with in-
kind work for the con-
struction and therefore 
remains invested in the 
ongoing successful op-
eration of the system.

figure 21:  

Lao project’s structure:22

22  Source: Sunlabob.

Without the public support to initially finance the needed 
grid infrastructure, this project would not have been possible, 
since the prices to recover the project costs would have been 
too high for the rural population. 

Currently however, the project is running without any addi-
tional public support so the electricity remains rather expen-
sive for the end-users. In addition, the system’s limited load 
factor, due to the small size of the village, limits the PEP’s rev-
enues. The demand on site is lower than originally expected, 
which has required the company to lower its revenue projec-
tions. This was due to the lack of additional income generating 
activities that the company had anticipated. They had counted 
on an average consumption of 1.5kWh/day/household after 
two years, taking into account all village applications. How-
ever, mainly because of the absence of the banking sector and 
of investment, these have been slower to develop.

The PEP plans to expand its local distribution network and 
connect it with a nearby grid in order to extend the PPP even 
further.  The utility has realised that small hybrid grids are an 
attractive complement to the main grid since they dispose of 
an already-installed generation infrastructure and involve well 
organised end-users. Thus it makes economic sense for the 
national electricity provider to connect the mini-grid to the 
regional grid and to use the local providers’ additional genera-
tion capacity. The utility will then take care of the village net-
work and payment collection (which will significantly reduce 
the IPP’s costs), while the generating equipment remains op-
erated by the private company.

This step presents a triple advantage: the end-users will ben-
efit from the subsidised social tariff that exist for grid users 
(US$0.06 instead of US$0.24), the utility will benefit from 
an additional and already operating power capacity, and the 
PEP will increase its revenues by using its full power capacity 
to sell electricity to the grid while reducing its costs. The pro-
ject would switch from a mainly private sector-based business 
model, to a mainly utility-based model.

This project demonstrates the different challenges facing a 
private entity looking to pursue a rural electrification project:  
high investment costs, low subsidies, obligation to collaborate 

with the utility, long-term 
collaboration, and relations 
with local players were all 
issues the PEP encountered. 
Most of all, this case study 
shows that long-term pri-
vate sector involvement is 
possible if the right support 
schemes are set up. Moreo-
ver, it also highlights that 
there is no dichotomy be-
tween off-grid solutions and 
the extension of the grid. 
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international quality standards for hybrid power 
systems with mini-grids
These technical specifications are the authority in the renewable energy world and are respected by the 
members of the Alliance for Rural Electrification. Any program or project design should integrate them in 
order to have the best projects. They are the minimum requirements for safeguarding a sufficient quality of 
project and system components. By imposing a quality remit on an implementation program, the likelihood 
of a project’s success can be substantially enhanced. It is generally acknowledged that recognized standards 
lead to increased quality of a given product.

table 8: international standards for hydro sector with mini grids & components

Technical Specification explanation

IEC/TS 62257-1 Recommendations for small renewable energy and hybrid systems for rural 
electrification

IEC/TS 62257-1- Part 1 General introduction to rural electrification

IEC/TS 62257-2 - Part 2 From requirements to a range of electrification systems 

IEC/TS 62257-3 - Part 3 Project development and management

IEC/TS 62257-4 - Part 4 System selection and design

IEC/TS 62257-5 - Part 5 Protection against electrical hazards

IEC/TS 62257-6 - Part 6 Acceptance, operation, maintenance and replacement 

IEC/TS 62257-7 - Part 7 Generators

IEC/TS 62257-7-1 - Part 7-1 Generators - Photovoltaic array

IEC/TS 62257-7-3 - Part 7-3 Generator set - Selection of generator sets for rural electrification systems

IEC/TS 62257-8-1 - Part 8-1 Selection of batteries and battery management systems for stand-alone 
electrification systems - Specific case of automotive flooded lead-acid 
batteries available in developing countries

IEC/TS 62257-9-1 - Part 9-1 Micropower systems

IEC/TS 62257-9-2 - Part 9-2 Micro-grids

IEC/TS 62257-9-3 - Part 9-3 Integrated system - User interface

IEC/TS 62257-9-4 - Part 9-4 Integrated system - User installation

IEC/TS 62257-9-5 - Part 9-5 Integrated system - Selection of portable PV lanterns for rural electrification 
projects

IEC/TS 62257-9-6 - Part 9-6 Integrated system - Selection of Photovoltaic Individual Electrification Systems 
(PV-IES)

IEC/TS 62257-12-1 - Part 12-1 Selection of self-ballasted lamps (CFL) for rural electrification systems and 
recommendations for household lighting equipment
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Electricity Home Systems and Mini-Grids are types of off-grid solutions with distinct advantages and 
limitations. The decision on whether to choose between them should be based on the specific conditions of 
the rural area. The table below highlights categories which should be taken into consideration. Against this 
background it is obvious that there is no general rule on whether EHS or mini-grids are the better choice. 

Electricity Home System (EHS) Village Electrification System (Mini-grid)

number electricity 
users

Individual users (single households, public 
buildings, commercial units)

Whole communities (from 5 households to more 
than 100 depending on the consumption)

power 20-250 W SHS
100 – 5000 W WHS

5 – 500kW

cost* SHS: 40-60 UScts/kWh 
WHS: 15-25 UScts/kWh

Mini-grid: 25-100 UScts/kWh

Suitable locations Low density population areas far from 
the national electricity grid

Medium-high density population areas far from the 
national electricity grid, small island, hybridisation of 
existing diesel mini-grids

uses of electricity DC and AC uses (dominated by DC):
- Lighting (Public and private)
- Mobile chargers
- Radios/TVs
- Fans
- Small DC Fridges

DC and AC uses (dominated by AC):
- Modern household appliances
 - Public lighting
- Water supply
- Motive power
- Health services

preparatory work - No preparation for PPS.
- Bigger PV system already needs to be 
sized correctly.
- WHS needs an important preparation.

Heavy preparation work compulsory: thorough 
demand assessment, right sizing, technical and social 
training.

role of user Training on demand side management 
is need and training on how to use a 
system should be compulsory.  
Bigger PV system and WHS still needs 
trainings on O&M

Training needed on demand side, management 
necessary, as well as on how to use a system 
compulsory. However, technical & economical 
incentive solutions might be more efficient to 
manage the power and the energy demand at a 
decentralised level, since it seems hard to rely only 
on user’s behaviour for demand side management.

degree of self-
organisation of the 
community

- Ownership very strong.
- Low degree of social organisation, of 
market development and finance

- Ownership low without a thorough preparation
- High degree of social organisation and local 
governance needed including tariff collection

operation and 
maintenance 
schemes

Minimum O&M from users and 
geographically extensive maintenance 
from basic skilled technicians (problem 
of critical mass for very dispersed 
settlements)

Local need for skilled technician on a regular basis. 
The critical mass is usually big enough to justify an 
independent operator as well as a full time trained 
staff.

institutional 
framework

- Need of market development
- Low customs duties.

Need for stable government institutions.

financial models - Micro-finance
- User targeted
- Fee for service possible.

- Subsidies (Investments and OBA) private operators 
and local communities targeted
 - Access to quite large scale soft financing products

*  REN 21, “RENEWABLE ENERGIES FOR AFRICA, Potential, Markets and Strategies”, 2010.
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Inventer

Storage Battery Consuming Device

An energy kiosk is a business model 
closely linked to the energy container 
concept. The idea is to use a central ener-
gy generation facility (such as a contain-
er) for the provision of energy services 
(e.g. battery charging) or energy related 
services (e.g. internet connections or 
TV). In this case, the energy generat-

ing unit is coupled with income-gen-
erating loads to foster the relationship 
between access to energy and economic 
development. 

These types of energy kiosks have been 
developed by several organisation/
companies,24 with different types of in-
come generating activities. Some are de-
veloping an energy kiosk around ICT ac-
tivities, hence addressing two main issues 
in developing countries: access to electric-
ity and to new information and commu-
nication technologies. Sometimes the en-
ergy kiosk concept is applied in relation to 
the electrification of rural hospitals, mis-
sionary stations or schools. In these cases 
the existing local infrastructure is used as 
a starting point for the provision of energy 
and energy-related services. 

24  For instance NICE International, Greenpeace or Kaito AG 
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figure 24: An energy kiosk in Gambia

A special and increasingly popular type of 
energy system is the energy container, an all 
in one solution with capacity to cater for 
the energy needs of external users. The en-
ergy container combines different genera-
tion components and a storage system and 
constitute an easy to deploy and ready to use 
energy “package”. 

The main advantage of such systems is their 
mobility, which makes them especially suit-
able in situations where no other type of 

power is available and where there is a need for emergency access (e.g. humanitarian 
crises). They are not only easy to transport, they are also easy to install (not more than 
a few hours) and require low maintenance costs.

In very remote, hard to reach locations, this type of systems offers an immediate solu-
tion to the problem of energy access even in case of unstable weather, since most of the 
containers contain two or three different types of generation components. 

The Energy Container presented in Image 24 for instance, is a battery-buffered 
wind-solar-Diesel-system, with the container sheltering all the generation com-
ponents (e.g. diesel genset, wind turbine, PV module, and batteries), as well as the 
entire controlling device.  It can produce a peak output of 10kW and a continuous 
output up to 5kW. 

figure 22: A model of energy container23.

23  System designed by terrawatt planungsgesellschaft mbH

Another 
potential 
solution:  
Energy 

container and 
Energy kiosk
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Solar module
The output of the solar module depends on many factors: its size (installed capac-
ity), efficiency of the technology, irradiation at the site, cleanliness of the surface, the 
power electronics (for instance whether a MPPT25 is engaged), and eventually on a 
tracking system (untypical for rural electrification). 

Since sunny conditions are the norm for most developing countries, an installed 
capacity of 1kWp (typically 4-6 individual modules with a total surface of approxi-
mately 8m2) can generate more than 2.000kWh annually. In moderate, cloudy cli-
mates, the modules may reach only 50% or less of this output. If their products 
are properly installed and maintained, most PV manufacturers guarantee a power 
output of 80% for 20 years.

Maintenance of PV modules is relatively easy as the most common technical prob-
lems occur due to misplaced or dirty modules and can be identified visually. In these 
situations, the energy harvested decreases and the energy balance might be dis-
rupted. Hence, the observation of the surrounding area is essential not only to avoid 
shadowing, but also to decrease the risk of hot spots that damage the generator. 

Solar modules can be easily cleaned with water and a sponge, but ongoing main-
tenance is also necessary. This should include check up of cables and fixation, the 
opening and control of the junction box and the strain relief of electric cables. Visual 
control of the cables should be done regularly by the user to prevent eventual dam-
age caused by animals. Finally, PV systems located near the coast bear the risk of 
“blooming” effects on the aluminium frame due to salty air, which can lead to cor-
rosion if not controlled.

Small wind turbine 
 SWT require a higher level of maintenance26. Generally it involves some greasing, 
visual and audio inspection, checking of guy-wires and bolts/screws once or twice a 
year. Heavy maintenance, (e.g. refurbishment of rotor blades and changing of guyed 
wires) might be required, but only after a couple of years. Experience shows that 
good performance needs regular maintenance.

A big challenge for a long-term operation of an SWT is the repairs and the avail-
ability of spare parts. Faults need to be identified correctly and require qualified/
trained personnel to fix them and the right spare parts must be ordered, shipped 
and paid for. To help with these issues, more and more installations in rural areas 
are equipped with remote control systems to monitor the performance and possible 
failure at an early stage. 

It is not rare that either a components dealer or the manufacturer itself proposes 
some guidance with planning, installation and maintenance. This type of scheme, 
involving the project developers, should be made compulsory over a certain period 
of time to guarantee suitable O&M. Another solution would be to always include a 
local training component in every project.

25  Maximum Power Point Tracking
26  The specific maintenance needs of a SWT of course depend on the turbine design  
as well as on the operating conditions (arctic or desert? strong or moderate wind site? etc.).  
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charge controllers
The charge controller controls battery overcharging and deep discharging thus 
protecting it and guaranteeing longevity. It must provide a periodic charging 
method which protects the battery against sulphation and acid stratification, 
and should be equipped with microprocessors and power transistors to per-
form the three steps charging method that will help ensuring long battery life.  

Charge controllers normally provide information about the system’s perfor-
mance through LEDs or/and LCD displays for simple models, and sound sig-
nals and/or an integrated data logger for more advanced types. Sound signals 
alarm the user in case of incorrect use, whereas integrated data loggers help 
the service provider to analyse failures. 

Whatever the interface chosen, the end-user should be trained to understand 
this information. Charge controllers only need basic maintenance: ventilation 
slots should be kept clean and the cable connections need to be fixed from 
time to time. 

Lead-acid battery27

When it comes to maintenance of standalone PV systems, the battery is the most sensitive component. 
Normally, the charge controller guarantees the battery protection and O&M but a relatively easy although 
important control is the visual inspection of the electrolytes filling level. The filling level can decrease due 
to water loss caused by gas release and in this case the battery needs to be refilled up with distilled water to 
the maximum mark.  Due to health and security issues, this operation should only be performed by trained 
service personnel. Maintenance-free lead batteries do not require this type of control task. 

Another potential risk for the battery is the deformation of the case due to freezing or overcharging. This 
too can be visually checked and verified. The battery’s pole caps should also be cleaned regularly and con-
trolled to prevent corrosion. The control of both fixed electrical contacts and a secure standing are also 
important tasks.

Battery inverters28 
Battery inverters are advised for large SRS system and needed if the system uses AC power and loads. In 
fact, in many cases when the system’s production exceeds a certain level, it will supply AC loads fed with 
inverters. The sizing of the inverter is guided by the system’s total loads consumption capacity. 

The type of battery inverter chosen is especially important. The most important characteristics are: a good 
efficiency at partial loads use29 (> 85% with 5 to 50% of working loads), consumption levels as low as pos-
sible in standby, energy saving modes (< 2% of nominal power) and a standby mode capable of detecting a 
very small load (< 2-3W). In addition it must be able to handle surge power 2 to 3 times the rated power for 
a few seconds. The latter characteristics are especially important in small systems using AC power.

27  For more details about battery characteristics and O&M see Annexes.
28  In order to simplify the system wiring and to offer turnkey solutions, some manufacturers propose inverters where the charge controller is already integrated in the inverter.
29  In a standalone PV system, the inverter is most of the time used at partial load use. 
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Loads (appliances)
In standalone PV systems, especially the smaller ones, the loads are an integrated part of the systems and 
have to be carefully chosen because of their impact on the efficiency and the lifetime of the system itself.

 The use of energy-efficient products is very important and should be promoted and even subsidised as part 
of any rural electrification project/programme, whatever the technology chosen30. The generator should be 
sized according to the calculated average daily energy consumption (ADC) and the storage according to the 
expected working time of the system with the ADC. Therefore, a thorough demand assessment prior to the 
project is central to ensure a sustainable system operation. Oversizing is a common problem in developing 
countries, but it is also unavoidable for systems relying only on non-dispensable sources of energy 31(e.g. PV, 
Wind).  The excessive use of the loads is also rather common in developing countries and can lead to system 
failure and broken loads have to be replaced with new ones belonging to the same category and with the 
same consumption. In the case of mini-grids, the load to be supplied by the power plant(s) is the aggregate 
of the individual load profiles plus the losses in the distribution grid.

If a data logger is integrated in the system, the data collected can help to train the users about their con-
sumption. This can help the users to adjust their behaviour to the system power balance, to ensure its 
long-term performance. In any case, loads must be carefully handled by the users. Shocks, moisture and 
contamination are risks that should be kept in mind. 

The choice of loads should largely depend of the type on distribution current chosen for the system. Choos-
ing AC power has several advantages especially for bigger systems: AC loads are more common and usually 
cheaper and its use eliminates the need to invest in supplementary elements (e.g. inverters) to use them and 
finally the battery protection, fundamental to ensure a longer life time, cannot be bypassed. AC current has 
also a number of limitations such as the risk of using excessive loads or the loads’ inefficiency when power 
has to be transformed in force (e.g. fridge, pump etc). It also does not make economical sense for small 
systems where DC loads are cheaper and less consuming. 

Small hydropower system
For all three types of run-of-river schemes, maintenance needs are well known and understood. Routine 
maintenance of the turbine and equipment used in the power-house must be ensured, as well as the inspec-
tion of the civil works (i.e. the anchoring system for kinetic energy type, the dam/weir, penstock and tailrace, 
trash racks, valves and gates).  Where there is any type of dam or weir, accumulations of silt are very likely 
to occur and these need to be dredged periodically.

The longevity of the components will also depend on the type of technology used.  Damages to civil works 
by erosion are a major risk for diversion and weir type run-of-river hydroelectric schemes.  Erosion of the 
riverbed around the anchoring system of kinetic type hydroelectric schemes can also be an issue.  

For all three technologies, it is important to protect the turbines from damage from suspended solids in 
water, ice segments, logs and other debris.  A trash rack can be mounted upstream of or around the turbines 
in order to protect them from damage.  Kinetic energy type schemes are particularly vulnerable to damage 
by large items of debris, and in certain situations (e.g. during times of heavy flood), it may be necessary to 
remove the turbines from the water.  

If the system is well maintained, mini-hydro installations have extensive life. The construction and build-
ing’s life-cycle (weir, intake, and canal) range from 50 to 60 years whereas the generation components 
(hydraulic turbine, generator rotor) have a life time between 20 and 30 years.  

30  For more information see Section 6: Energy Efficiency and demand side management
31  The only alternative to large oversizing is the introduction of diesel in the system with an inverter/charger.
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Off-grid systems are already today mature, reliable and cost-effective solutions for rural electrifica-
tion. Their attractiveness will increase even more as technologies progress and costs decrease in the 
years to come. This section highlights some of the key trends which will have a major impact on 
the future of off-grid renewable energy-based solutions.

energy efficiency and  
demand side management
If energy efficiency is often presented as the first potential new “reserve” of energy supply in de-
veloped economies, energy losses and potential gains are even more dramatic in developing coun-
tries. For RE systems, energy efficiency is a crucial factor for success since it has a direct impact 
on the dimension of the RE generator capacity and consequently on investment costs. Measures 
to bring down the anticipated energy consumption (demand side management) require intensive 
and sustained interaction with the end-users. In rural electrification projects, energy efficiency is 
not so much a technical issue as a social one, which concerns capacity building, training and an 
ongoing involvement of the end consumer. 

One of the key social challenges to address is a phenomenon called “the economics of poverty”. 
Impoverished people tend to choose the lowest upfront investment and shy away from higher 
investments that pay off over time. This is partly due to limited cash and lack of micro-financing, 
but also has a strong psychological component (e.g. strong focus on the near future).  These barriers 
already need to be overcome from the project inception in order for renewable energies to suc-
ceed, since they usually involve a high initial investment and low running costs. However, it is very 
sensitive for energy efficiency and should be taken into account over the life time of the system. 

For instance, even if energy-saving bulbs (CFL) are part of the initial equipment, there is a strong 
tendency to replace broken ones with cheap, incandescent bulbs, so energy consumption may in-
crease over time due to efficiency losses. This sudden over consumption might also very well endan-
ger the entire system and especially the batteries, with even higher consequences in terms of costs. 

It is only through strong local approach and incentives that energy-efficiency and behavioral 
changes can come: ongoing dialogue and education of the end-user, local availability of energy-
efficient appliances and access to microcredits for the purchase of energy-efficient appliances, are 
among the most successful recipes to improving this situation.  In addition, it should become 
compulsory to include energy-efficient components within new products. 

The following case study of a SolarWorld project in Bamako, Mali, highlights the crucial im-
portance of energy-efficiency consulting. 
In this case, SolarWorld focused on light 
bulbs, a fridge and a PC/laptop. The ener-
gy consumption without energy-efficien-
cy measures was expected to be around 
7.800kW/h, which otherwise could be 
reduced by 76% to 1.880kW/h. The ad-
ditional investment costs for the energy-
saving appliances were €1,900, however 
the component costs are brought down 
by €14,900 over time (See figure 19).
figure 23: The relation between energy ef-
ficiency and project cost
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figure 24: Evolution of manufacturing price of grid connected PV32 

Even though a social approach to the end-users and local resellers is absolutely fundamental to the devel-
opment of a sound energy-efficiency policy, the technology, and more specifically the choice of suitable 
components, also plays an important part. Many organisations propose guidelines on how to choose ener-
gy-efficient products and where to find them33. The responsibility of governments and public authorities is 
immense in supporting their publicity and in incentivising their purchase.

technological progress and  
decreasing generation costs
In the last decades, both grid-connected and off-grid renewables have experienced a formidable expansion, 
encouraged by favorable political climates and support schemes. They now represent most of the new energy 
capacity around the world, and thanks to economies of scales and continuous innovations, their prices are 
constantly decreasing. There is no doubt that grid-connected markets are the drivers of this positive trend, 
but the off-grid sector directly benefits from it. 

technoLoGy mAnufActurinG priceS

Although the cost of PV electricity is generally higher than the energy produced by small wind or hydro, 
prices of PV panels have been decreasing dramatically in the last few years. Currently, the price of a reliable 
PV manufactured panel is below US$ 3/Wp, with prices expected to decrease even further. 

Of course, these favorable prices are mostly valid for the developed markets in Europe or the US and for 
grid connected installation and in developing countries, they can be substantially higher due to inefficient 
distribution chains, customs duties and lack of competition. However, they also show what can be expected 
everywhere in the near future.

32 Source: EPIA/ARE/A.T. Kearney: “Unlocking the Sunbelt potential of photovoltaic”, 2010
33  Some of the most known websites on this issue are:

www.topten.info 
www.energystar.gov
www.aceee.org/consumer
www.energyrating.gov.au/con1.html
http://en.wikipedia.org/wiki/Compact_fluorescent_lamp
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The prices of small wind are also dropping due to constant technological improvement and economies of 
scale. Here too prices have to be adapted to the reality of developing countries, where costs are different, 
however they also indicate a trend that will be replicable on the short/medium term in these regions.

table 9: evolution of grid connected Small Wind prices34

2009

System size/type
fixed cost  
(per site & per kWh)

marginal cost  
(€/kW)

Annual  
maintenance cost

1.5-15kW €11.790 €2.360 €260

15-50kW €3.540 €3.540 €87

50-250kW €3.540 €3.540 total €87

2015

1.5-15kW €11.790 €1.425 €260

15-50kW €2.882 €2.882 €72

50-250kW €2.882 €2.882 €72

2020

1.5-15kW €11.790 €1.340 €260

15-50kW €2.594 €2.594 €65

50-250kW €2.594 €2.594 €65

innovAtive StorAGe technoLoGieS35

Storage technologies represent an important cost factor and the degradation of storage capacity during the 
system’s lifetime is a major challenge for the sustainable operations of off-grid systems. They also represent 
one of the areas where innovation is expected to have a major impact on the markets. This innovation is 
driven by a few companies for instance specialised in small PV installation that are going towards more 
miniaturisation, but it is also greatly pushed by massive global investments in the grid-connected sector.

Deep-cycle lead-based batteries (not to be mistaken with lead-acid car batteries which are not appropriate 
for off-grid systems) are by far the most commonly used in rural electrification projects. While the basic 
technology is more than 100 years old, it has continuously improved both thanks to the research community 
and the industry. 

Lead-based batteries are the most popular and mature type of storage in the off-grid sector proposing a 
wide range of products, a high efficiency at various states of charging (SOC) and very low or no mainte-
nance. In addition, the industry already benefits from international regulation and IEC standards, which 
validate the companies offering quality products. However, some areas of improvement have already been 
targeted: design and manufacturing cost reduction (especially through standardisation), increased service 
and life, and the development of SOC and state of health (SOH) monitoring/control systems.

New technologies are reaching the level of commercialisation and are getting more competitive. For instance, 
the widely known lithium-ion batteries are being adapted to the off-grid RE sector and offer new advantages, 
such as an excellent calendar and life cycle, a high energy-efficiency (95%), the indication of SOC and SOH 
and a totally maintenance-free set up. They also offer good options for some very small systems and are already 
integrated in new types of PPS. However, their electrochemistry as well as their cell and battery design still has 
to be optimised for PV operation, and their production capacity has to be scaled up in order to reduce costs.

nickel (ni-cd) based batteries are also an option for further developments in the storage sector, especially 
for systems located in extreme conditions with wide operational temperature range (-25°C to +50°C). Their 
slow ageing at high temperatures and low capacity loss below 0°C are attractive, as is the fact that they are 
not affected by deep discharges and do not require much maintenance. 
34  Source: Design of Feed-in Tariffs for Sub-5MW Electricity in Great Britain, BWEA & Poyry
35  Interested people can find more information on storage in Annexe 1.
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However, they also need to be optimised for PV operation, including a reduction of their weight and vol-
ume, and an increase in their cycle life at high dept of discharge (DOD) and high temperatures under RE 
charge/discharge conditions. Moreover, research is also necessary to improve electrochemistry, separator and 
design to eliminate the need for water replenishment over a life time.

Zinc-Bromine Flow batteries are a new class of flow battery that store electricity by electroplating zinc 
onto plastic electrodes. As it is primarily made of plastic, it has a calendar life of over 10 years. Currently 
available designs are mostly applicable to larger systems, where they are used to augment existing lead-acid 
battery banks by increasing their overall capacity. 

The smallest available flow batteries have a capacity from 10kWh and up to 5kW power rating. They weigh 
220kg and are designed for repeated 100% depth-of-discharge cycling. As “zinc electroplating machines” 
with plastic electrodes, they do not suffer any deterioration from being completely discharged.  

Typical requirements for a mini-grid system in which they are installed include a 48VDC bus, a lead-acid 
battery bank of at least 300Ah and at least 800W charging power available per zinc-bromine battery mod-
ule (ZBM) used. The biggest advantage of the ZBM is its low weight (high energy density) and robustness 
to abuse, but on the other hand, it is not suited to sites with low loads (e.g. <400W continuous).

Sodium nickel chloride batteries on this field are in their starting phase, but thanks to a long and ex-
tensive experience obtained in the development of batteries and systems for electric and hybrid vehicles, it 
is foreseen that future developments will to be fast and successful. Demonstration systems combined with 
renewable generators (large PV plants and micro wind turbine), as well as for grid support with voltages up 
to 600V have been designed and now are in a field test phase. 

Enhanced energy management systems and unified communication protocols36

There is no doubt that in the near future, village power systems based on mini-grids and hybrid technology 
will become one of the mainstream technologies in developing and emerging economies. They are expected to 
cover the needs of hundreds of millions of people as mini-grid projects will multiply around the world. How-
ever, many of these systems have already been installed worldwide providing a large corpus of lessons learned. 

One of the biggest technical challenges in mini-grids that arise from experience is the lack of product stand-
ardisation and a problem of communication between the different system components. Most systems are 
still individually designed and often include many different components which do not fit with each other. 
For instance, a charger may not be able to communicate with an inverter, each device having its own inde-
pendent control strategy. These situations make it difficult to implement a general system control strategy 
and turn data logging and system’s maintenance into a complicated and expensive operation. Furthermore, 
this problem makes system expansion more costly and, without detailed knowledge of the specific installa-
tion, nearly technically impossible. 

To move towards standartisation, it is essential to continue and intensify current research and global dia-
logue on communication protocol. Newly-developed communication standards can contribute to improve 
the performance, cost efficiency and flexibility of PV hybrid systems. With such harmonised and stand-
ardised communication, it will be possible to improve the overall performance of hybrid systems in terms 
of planning, installation and maintenance.  It will also be much easier to supervise hybrid systems and thus 
further spur the market penetration of such systems worldwide. 

36  For details on communication standards and energy management systems see Annex 2. 
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annEX i : Standards and recommendations for lead-acid batteries

Lead-acid batteries are the dominating storage technology 
for off-grid systems for rural electrification. The right selec-
tion of battery type, its physical and performance charac-
teristics, provisions for the right management, operations 
and maintenance are important success factors for off-grid 
systems. This section highlights essential choices and gives 
recommendations. 

deep cycle batteries  
vs. Shallow cycle

A solar battery provides energy storage for the electricity 
home system and mini-grid powered system. Solar energy 
is only available in limited durations during the daytime and 
the energy needs to be stored so the system can continue 
to operate at night and during cloudy days. The solar battery 
operates on a daily basis in various states of charge and this 
challenging operating mode requires selecting batteries with 
excellent deep cycling performances to be able to provide 
the lowest life cycle cost.

Lead acid battery technology is a well developed solution 
providing the best overall value in terms of initial cost versus 
life cycle. They are divided into two primary groups: Deep 
Cycle and Shallow Cycle batteries. Only Deep Cycle batter-
ies should be considered for off-grid applications, given their 
performance capabilities under the challenging conditions 
associated with rural electrification projects. Shallow Cycle 
batteries also referred to as Automotive or Starting, Lighting 
& Ignition (SLI) batteries, are not appropriate for renewable 
energy applications. 

A 12-Volt monoblock flooded lead acid (FLA) deep cycle 
battery can be discharged / recharged approximately 600 
times at 50% depth of discharge (DOD) at 25oC. For larger 
loads, battery banks are typically configured in multiple of 
2-Volt or 6 Volts cells block. Such 2-Volt or 6-Volt configured 
battery banks for solar applications shall cycle a minimum of 
1.000 cycles at 50% DOD at 25oC. A shallow cycle battery 

(FLA, AGM or GEL) may last only 100 – 150 cycles in the 
same conditions. Shallow cycling batteries are unfortunately 
often selected for their initial low prices, but are actually not 
cost-effective as their life term is much shorter and need to 
be regularly replaced. In addition, they are not really safe as 
when a battery reaches the end of its’ life suddenly, they are 
prone to shorting cells, which may lead to severe system 
damage. 

The only cost of a battery that should be taken into con-
sideration is the cost per cycle. With deep cycle batteries, 
this cost is much lower than the one of automotive batter-
ies. Beside this cost, selection should be based on relevant 
performance testing following renowned standards (e.g. IEC 
61426 standard), which tests the battery’s ability to do well 
in RE applications where the battery frequently operates 
at partial states of charge. The battery should be tested 
to this standard by an independent laboratory and these 
results should be easily available to end users and project 
developers.  

deep cycle lead battery types:  
fLA and vrLA 

Deep cycle batteries typically used in renewable energy 
systems fall into two primary groups: flooded lead acid (FLA) 
and valve regulated lead acid (VRLA). 

FLA batteries provide the best cycling performance of all 
deep cycle battery technologies. They are the option to 
choose for most renewable energy applications where the 
lowest life-cycle costs is the most important system design 
objective. FLA batteries require regular maintenance to 
replace water lost as a result of hydrolysis that takes place 
during charging. Quality water that meets minimum standards 
specified by the battery manufacturer must be used.  Moreo-
ver, battery installation must be vented properly to prevent 
an explosive concentration of hydrogen to occur as a result 
of the hydrolysis during charging. 

However for some applications, FLA battery technology is 
not a viable option because maintenance cannot be guar-
anteed on a regular basis. For such systems that require a 
maintenance free battery technology, a deep cycling VRLA 
battery should be considered. VRLA batteries are available in 
two common configurations, absorbed glass mat (AGM) and 
gel electrolyte (GEL). While still requiring maintenance, VRLA 
batteries do not require watering for proper operation. 
VRLA batteries are generally more expensive, non-abuse 
tolerant, subject to thermal issues in hot climates, and as a 
result, will most likely have a lower cycle life when compared 
to FLA batteries. 

technical recommendations

The following are technical recommendations for batteries 
used in EHS and mini-grid systems that use renewables. 
These technical recommendations are generic in nature and 
are only meant to provide minimum standards that, if fol-
lowed, will improve battery lifetime. Of course each project 
has its own particularities and elements such as loads sizing, 
natural conditions and trained personal have to be taken 
into account.  

The technical recommendations for selection of batteries 
for EHS/mini-grid systems are broken into three categories: 
Physical Characteristics, Performance Characteristics, System 
Design and Installation Characteristics (design and installation 
factors which have direct impact on battery performance). 
For each parameter, the minimum technical standard is given 
as a means to select a battery that will perform best in 
renewable applications. When necessary, the standards are 
divided into the two primary types of deep cycle lead acid 
battery used in EHS and mini-grid systems, FLA and VRLA, in 
order to clearly distinguish the minimum technical standards 
for each technology.

minimum StAndArdS for phySicAL chArActeriSticS of LeAd-Acid BAtterieS uSed in re SyStemS:

parameter minimum standards - flooded and vrLA

General design Designed for deep cycle application. No shallow cycle or automotive SLI batteries.

plate design Flat plate or tubular plate design may be used as long as other parameters are met.

vent / valve construction Vents (or relief valves for VRLA) should be constructed with anti-flame propagation mechanisms and should prevent electrolyte leakage.

 case composition The battery case should be constructed of polypropylene, ABS or PVC.

 terminal polarity Identification of battery terminal polarity should be indelibly visible.

 Labels  Labels shall meet the general requirements of Battery Council International and local standards as required. 

minimum StAndArdS for chArActeriSticS of LeAd-Acid BAtterieS uSed re SyStemS:

Parameter Minimum standards - Flooded Minimum standards – VRLA

operating 
temperature

-20°C to +45°C (< 90 % of humidity)

Self -discharge rate Maximum 15% of Rated Capacity at 25oC per month Maximum 5% of Rated Capacity at 25oC per month

efficiency Efficiencies are to comply with IEC 61427 standard

 cycle Life  12-Volt battery monoblock shall provide minimum 600 cycles 
at 50% DOD at 25oC, according to the IEC 61427standard. 

2-Volt, 6-Volt cells configured battery bank shall provide 
minimum 1,000 cycles at 50% DOD at 25oC.

AGM 12-Volt battery monoblock shall provide minimum 1,200 cycles at 50% DOD 
at 25oC, according to the IEC 61427 standard and 1,000 cycles for GEL 12- Volt 
battery monoblock in the same conditions.

2-Volt, 6-Volt cells AGM configured battery bank shall provide minimum 1,500 cycles 
at 50% DOD at 25oC according to the IEC 61427standard.

initial capacity The discharge capacity of a deep cycle solar battery may initially be approximately 75% of full rating and build up in capacity during normal operation.
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minimum StAndArdS for SyStem deSiGn And inStALLAtion chArActeriSticS of LeAd-Acid BAtterieS 
uSed re SyStemS:

Parameters Minimum standards - Flooded Minimum standards – VRLA

depth of discharge 
(dod)

The daily average discharge shall fluctuate in the range of 2 to 25% DOD. The maximum occasional discharge shall be 80% DOD. 

Autonomy The battery bank design should allow for 2 to 5 Days of autonomy, at 80% DOD at the worse case monthly average ambient cold temperature, 
according to the load demands of the application and to the type systems (e.g. hybrid power systems needs less battery capacity)

Ambient temperature The battery bank size design shall be based on the worse case monthly average ambient cold temperature, per battery manufacturer de-rating 
factors recommendations.

controller technology The battery shall be charged via a charge regulator with Pulse-Width Modulation (PWM) charge algorithm and temperature compensation feature.  
Additionally, Maximum-Power-Point Tracking (MPPT) algorithm can be considered for larger loads.

controller Set points The charge regulator should allow for voltage set points consistent with battery manufacturer recommendations for normal and equalize charging.

inverter and controller  
(Lvd)

Load circuitry in the system shall feature Low Voltage Disconnect (LVD) to prevent over discharge of the battery. LVD is typically featured at the 
controller for the DC loads and at the inverter for the AC Load, or as a discreet relay driver.

hardware Terminal connections should be made with stainless steel hardware (screw and nuts) and connections should be inspected regularly for corrosion.

Storage interval At 25° C, new Flooded batteries should not be in storage without charg-
ing for more than 3 months before installation.

At 25° C, new VRLA batteries should not be in storage without charging 
for more than 10 months before installation.

Location The battery should be located in a space directly vented to outside air 
with restricted access.

The battery should be located in a ventilated space with restricted 
access.

maintenance Electrolyte must be replenished with distilled water according to manu-
facturer recommendations at regular intervals.

VRLA batteries are considered maintenance free and because they are 
sealed do not allow for replenishment of electrolyte.

ventilation  The battery room shall be properly ventilated to prevent accumulation of explosive hydrogen gas concentration and to prevent fumes inside living 
spaces.

Safety Provisions shall be taken to avoid accidental short circuit of battery terminals. Always wear protective clothing, gloves and eye protection when 
working with batteries. In addition, since the battery is a virtually unlimited voltage source, wiring must be protected by mean of over current protec-
tive devices sized according to the wire downstream as close as possible to battery terminals

Many common yet seemingly minor mistakes made when 
designing renewable energy systems contribute to poor per-
formance and shorten battery life. Most often these mistakes 
result in a battery bank that appears to function well initially, 
but never reaches a full state of charge on a regular basis, 
ending up suffering long-term damage as a result.  

Battery life depends on a large number of factors, however, 
taking steps to select a high-quality deep cycle battery ap-
propriate for EHS and mini-grid rural electrification applica-
tions will ensure the best long-term performance. Battery 
manufacturers along with experienced RE system designers 
and installers serve a critical role in helping to avoid many 
common problems that impact overall battery life. 

Daily charging of the battery bank is perhaps the most 
important factor influencing longevity. Both under and 
over-charging batteries can reduce the life of the battery so 
it is important that systems be optimised to meet the load 
requirements of the application while taking into account the 
specific nature of the charging sources available. For instance, 
for systems that are charged exclusively with PV, the solar 
array shall be sized taking into account several design factors: 

the worst-case monthly average insolation, an associated 
array-to-load ratio (ALR) typically from 11% to 30%, the 
power conditioning losses (DC/AC converters or inverters, 
if any) typically from 5% to 15%, and a minimum total system 
losses of 10% to 20%.  The PV regulator shall optimize the 
life of the battery, operating safely through PWM charge 
algorithm within battery manufacturer recommended charg-
ing parameters.  It should also engage regular (i.e. every 3-4 
weeks maximum) equalising charging mode for FLA batter-
ies for optimum performance. Equalising mode is not to be 
permitted for VRLA batteries due to a risk of explosion. A 
low voltage disconnect (LVD) circuitry (typically integrated in 
the regulator and/or the inverter set at 80% DOD) should 
also be included in the system to prevent the battery from 
being over discharged for longer life. 

For hybrid systems which combine multiple energy contribu-
tions, a combined inverter/charger typically provides sup-
plemental charging to the battery bank. The charge settings 
of these devices need to be set according to the battery 
manufacturer’s recommendations to ensure efficient charg-
ing.  Battery autonomy can be reduced to 2-3 days in the 

case of a hybrid solution. Finally, since temperature variations 
affect batteries, the charge controller should have the ability 
to measure battery temperature for adequate temperature 
compensation charging to ensure that batteries will receive a 
proper charge at any ambient temperature at the site.  

international quality standards for 
batteries

These standards are the authority in the renewable energy 
world and are respected by the members of the Alliance 
for Rural Electrification. Any programme or project design 
should integrate them in order to have the best products. 
They are the minimum requirements for safeguarding a suf-
ficient quality of system components.   

Standards Explanation

iec 60896-11 ed. 1.0 on Stationary 
lead-acid batteries

Part 11: Vented types – General requirements and methods of tests Part 21: Valve regulated types – Methods of tests 

Part 22: Valve regulated types – Requirements

iec 61427 ed. 2.0 Secondary Cells and Batteries for Photovoltaic Energy Systems (PVES) – General Requirements and Methods of Test” 
standard

iec 62485-2  ed. 1.0 part 2 Safety requirements for secondary batteries and battery installations:  Stationary Batteries

iec 68-2-6 chapter 5.3.1 Sinusoidal vibration test

iec 68-2-29 chapter 5.1 & 5.2 Bump test

Nickel-Cadmium (Ni-Cd) and Nickel-Metal Hydride (Ni-MH) are advanced, easy to charge and robust battery technologies, suitable for all industrial applications under extreme environmental 
conditions. They provide low life cycle costs for the operator. They are so-called alkaline systems, i.e. their electrolyte is of alkaline nature instead of sulphuric acid.  

annEX 2: Standards and recommendations for nickel-based batteries
Nickel-Cadmium (Ni-Cd) and Nickel-Metal Hydride 
(Ni-MH) are advanced, easy to charge and robust battery 
technologies, suitable for all industrial applications under 
extreme environmental conditions. They provide low life 
cycle costs for the operator. They are so-called alkaline 
systems, i.e. their electrolyte is of alkaline nature instead of 
sulphuric acid.  

technology

Nickel-Cadmium (Ni-Cd) accumulator systems are built 
with different electrode designs. The electrodes are filled 
with the active material, i.e. the positive one with nickel 
hydroxide and the negative with cadmium hydroxide. There 
are two major types of industrial Ni-Cd batteries: open cells 
(also known as vented cells) and recombination Ni-Cd bat-
teries. They come either as single cell type, with a nominal 
voltage of 1,2V, or in block batteries, with multiples of 1,2V.

Ni-MH technology also exists for industrial applications. 
Nickel-metal hydride cells are essentially an extension of the 
proven nickel cadmium cell technology with the substitu-
tion of a hydrogen absorbing negative electrode for the 
cadmium-based electrode. This increases the cell electrical 
capacity (measured in ampere-hours) for a given weight and 
volume. Major advantages include their improved energy 
density (up to 40% greater than nickel-cadmium cells) and 
the fact they are maintenance free. They exist in Energy 
version and Power version.
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Key feAtureS - ni-cd BAttery 
technoLoGy: 

•	 Extremely high electrochemical robustness and high 
mechanical robustness

•	 Usable at extreme low and high temperatures from 
-50°C up to +60°C

•	 High number of operating cycles 

•	 Chargeable with high currents

•	 Different electrode designs available for high power to 
high capacity performance

•	 No damages caused by overcharging, deep discharge and 
partial state-of-charge operation

Key feAtureS ni-mh BAttery 
technoLoGy: 

•	 Long Life & Good Cycle Life 

•	 Good mechanical abuse resistance

•	 No corrosive vapors given off

•	 Compact : Small footprint / volume

•	 No water replenishment,

•	 Easy to maintain

cycLinG And Life time

Cycling Ni-Cd batteries can be specially designed for PV 

off-grid cycling applications, and provide a reliable source of 
energy storage for rural mini-grids. For these applications, it 
is not recommended to use a Ni-Cd battery designed for 
floating application (UPS or DC back-up systems), as they 
usually do not have the necessary cycling characteristics. In a 
typical PV rural off grid application, Ni-Cd shall provide 8.000 
cycling at the typical daily DOD of 15 to 20%.

Ni-MH can provide 6.000 cycles in the same conditions. In 
short, a way of assessing a battery performance and life-
time, is to assess the number of cycles it completes under 
IEC 61427 cycling conditions at 40°C. This is also a way of 
comparing the performance of different chemistries. 

The service life of Ni-Cd batteries is one of their important 
features. The cells can be stored without capacity loss for a 
very long time and after this, only a few charge/discharge 
cycles are needed to reach the full performance. The total 
service lifetime of a Ni-Cd battery is not driven by its cal-
endar age, but is highly dependent on the conditions during 
operation of the battery. Based on the present experience 
with the Ni-Cd technology, a service life of more than 20 
years can be achieved in standby power systems even under 
difficult environmental and operation conditions.

mAintenAnce

Like the FLA, Vented Ni-Cd will require regular electrolyte 
topping up by adding water, (of the grade specified by the 

manufacturer). Recombining Ni-Cd batteries will require 
much less maintenance than vented type. Depending on 
the manufacturer, they may come equipped with a low-
pressure vent. If the Ni-Cd technology is preferred, then it is 
recommended to select a recombining battery to minimise 
maintenance intervals. Typical topping-up interval is four 
years under standard conditions. 

Unlike sealed technologies, and like for FLA, topping-up is 
possible, thus making it possible to use the full lifespan of the 
battery. Ni-MH batteries are not sealed technologies, and 
thus do not require any electrolyte adjustment or check. 

technical recommendations

These are technical recommendations for Nickel-based bat-
teries used in EHS systems for rural electrification projects 
that use renewable energy charging sources. Please note that 
the sizing of each EHS/mini-grid system will vary accord-
ing to the system loads and location, which varies from 
project to project and as such, is beyond the scope of these 
recommendations. 

The technical recommendations are generic in nature and 
are meant to provide a minimum quality standard that, if 
followed, will allow improved battery life in rural electrifica-
tion projects.

minimum StAndArdS for phySicAL chArActeriSticS of BAtterieS uSed in ehS And mini Grid rurAL eLectrificAtion 
SyStemS chArGed By reneWABLe enerGy SourceS:

Parameter Minimum Standard for

Ni-Cd industrial battery

Minimum Standard for 

Ni-MH industrial battery

General design Cycling Ni-Cd batteries are recommended. Cycling Ni-MH is recommended.

plate design Pocket plate of Fiber plate technologies may be used, as 
long as other parameters are met.

Hydrogen-absorbing AB5 alloy for the negative electrode.

vent/valve 
construction

Low Pressure vent not necessary.  
To be equipped with Flame arresting  
flip top vent.

The cells are with sealed design.

case composition The battery case should be translucent, for easy inspection 
of electrolyte levels.

The single cell is made of steel. No electrolyte check necessary. Some designs are also of 
opaque polypro-pylene. The final battery assembly is of metallic case with connector and 
interface case should be opaque with polypropylene plastic.

 terminal polarity Identification of battery terminal polarity should be indelibly visible.

 Labels  Battery labels shall meet the IEC requirements (60623 
or 62259).

There is yet no industrial IEC standard for Ni-MH batteries. Follow Ni-Cd labelling by default.

minimum StAndArdS for performAnce chArActeriSticS of BAtterieS uSed in ehS And mini-Grid rurAL 
eLectrificAtion SyStemS chArGed By reneWABLe enerGy SourceS:

parameter minimum Standard

ni-cd industrial battery

minimum Standard for ni-mh industrial battery

operating 
temperature

-20°C to +50°C 

Operation between -40°C to -20°C is possible by using special 
high density electrolyte 

-20°C to +40°C

Self -discharge rate Maximum 10% of rated capacity per month (@25°C) Maximum 10% of rated capacity per month (@25°C)

efficiency Efficiencies are to comply with IEC 61427 standard

cycle Life Ni-Cd shall provide minimum 1 500 cycles under IEC 61427 
conditions of § 8.4 @ 40°C

Ni-MH shall provide 6000 cycles @ 20°C at 15% DoD, or best cycling profile 
under IEC 61427

initial capacity A NiCd battery used for Solar application shall be capable of build up capacity during normal operation. The final stabilized state of charge is normally 
below 100%. This figure must be taken in to account when sizing the battery. Actual value depending on charge profile and technology. Consult manu-
facturer for details. 

minimum StAndArdS for SyStem deSiGn And inStALLAtion chArActeriSticS of BAtterieS uSed in ehS And mini Grid 
rurAL eLectrificAtion SyStemS chArGed By reneWABLe enerGy SourceS:

parameters minimum Standard for

ni-cd industrial battery

minimum Standard for

 ni-mh industrial battery

depth of discharge 
(dod)

The daily average discharge shall fluctuate in the range of 2 to 25% 
DOD.

Low voltage disconnect is not necessary. as Ni-Cd can be 100% 
discharged. 

The daily average discharge shall fluctuate between 2 to 25% DOD.

Low voltage disconnect is recommended. Some battery system might integrate 
such a device.
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Autonomy The battery bank design should allow for minimum 5 Days of autonomy, at 80% DOD at the worse case monthly average ambient cold temperature, 
according to the load demands of the application.

Ambient  
temperature 

The battery bank size design shall be based on the worse case monthly average ambient cold temperature, per battery manufacturer de-rating factors 
recommendations.

controller  
technology

The battery shall preferably be charged via a charge regulator with 
PWM charge, Additionally, MPPT algorithm can be considered for 
larger loads.

Temperature Charge Compensation is not required for Ni-Cd from 
0°C to +50 °C. Outside this range, temperature Compensation 
might be required, consult manufacturer for more details.

The battery shall preferably be charged via a charge regulator with PWM 
charge, Additionally, MPPT algorithm can be considered for larger loads.

Temperature Charge Compensation is generally not required. Consult manu-
facturer for more details.

controller Set points The charge regulator should allow for voltage set points consistent with battery manufacturer recommendations for normal charging.

inverter and  
controller 

Low voltage discon-
nect (Lvd)

Ni-Cd is tolerant to complete discharge, thus having a LDV will not 
extend or protect the battery life

If the Project requires a LVD, consult the Battery Manufacturer for 
details.

A LDV disconnect is recommended. Some battery system might already 
integrate such a device.

hardware Terminal connections should be made with nickel plated copper 
hardware and connections should be inspected regularly.

Terminal connections should be made with nickel plated steel or copper 
hardware and connections should be inspected regularly.

Storage interval Solar Ni-Cd batteries can be stored up tto 2 years @ 25°C when 
delivered fill with electrolyte and electrically charged.

Can be stored up to 1 year at room temperature.

Location The battery should be located in a ventilated space with restricted 
access.

Should be located in a non sealed enclosure with restricted access.

maintenance Electrolyte must be replenished with distilled water according to 
manufacturer manual.

No addition of water is necessary. 

ventilation  The battery room shall be properly ventilated to prevent accumula-
tion of explosive hydrogen gas concentration and to prevent fumes 
inside living spaces.

Please refer to EN 50272-2 for more instructions and ventilation 
calculation.

Even if Ni-MH is a sealed technology, it shall not be placed in a sealed 
enclosure. 

Please refer to Manufacturer’s instruction and to the EN50272-2 for guidance.

Safety Provisions shall be taken to avoid accidental short circuit of battery terminals. IP2X protected battery terminals are preferred. Always wear protective 
clothing, gloves and eye protection when working with batteries.

Always follow the Manufacturers’ Installations, operating and Maintenance instructions

mAjor StAndArdS reLAted to ni BASed BAtterieS (performAnce, SAfety, inStALLAtion)  
for off-Grid pv AppLicAtion:

Standards Explanation

The IEC 60050-486:2004 International technical vocabulary Standard defines the basic terms for batteries.

The IEC standards for nickel cadmium batteries are: 
IEC 60623 
IEC 62259

Secondary cells and batteries containing alkaline or other non-acid electrolytes – Vented nickel-cadmium 
prismatic rechargeable single cells.

Nickel-Cadmium prismatic rechargeable single cells with partial gas recombination.

The IEC standards for nickel metal hydrid batteries are: 
IEC 61951-2

Secondary cells and batteries containing alkaline or other non-acid electrolytes – Portable sealed rechargeable 
single cells –Part 2: Nickel-metal hydride

IEC standard for PV and Off Grid Applications : 
IEC 61427

Secondary cells and battery for photovoltaic energy systems (PVES), General requirement and method of test.

For Battery installation and Safety : 
EN 50272-2: (IEC 62485-2)

Safety requirements for secondary batteries and battery installations. Part 2: Stationary batteries

The battery selection process should be based on relevant performance testing, like the IEC 61427 standard, which tests the battery’s ability to do well in a RE application 
where the battery frequently operates at partial states of charge. 

The battery manufacturer should have its products tested using the IEC 61427 standard, by an objective and independent laboratory. The battery manufacturer should 
make the test results readily available to any parties that request such data. The battery manufacturer should also have quality certifications, like the ISO 9001:2000 or ISO 
14001,that will ensure that its customers are consistently receiving high quality products.

annEX 3:  
Standards and recommendations for lithium-ion technology

The cathode in these batteries is a lithiated metal oxide 
(LiCoO2, LiMO2, etc.) and the anode is made of carbon 
material. The electrolyte is made up of lithium salts (such as 
LiPF6) dissolved in organic carbonates. Depending on the 
choice of the cathode material, the nominal voltage of an 
individual Li-ion cell varies between 3.2V and 3.8V.

When the battery is being charged, the Lithium atoms in the 
cathode become ions and migrate through the electrolyte 
toward the carbon anode where the combine with external 
electrons and are deposited between carbon layers as 
lithium atoms. This process is reversed during discharge.

Key feAtureS 

Compared to other advanced batteries, the main advantages 
of Li-ion batteries are:

1. High energy density (150-200kWh/m3 - 40kWh/ton 
at battery level) 

2. High efficiency (near 100%) 

3. Long cycle life (>3,000 cycles at 80% depth of 
discharge) combined with long  calendar life of 20 
years+

4. Maintenance-free

5. Versatility: electrodes can be optimized for different 
power / energy patterns

6. SOC & SOH indication (state of charge, state of 
health)
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There are three approaches to communication strategies: 
the newly introduced UESP System concept, which brings 
more flexibility and compatibility to hybrid systems; the IEEE 
P1547.3 “Guidelines for monitoring and information exchange 
in distributed and interconnected electric power systems”, 
which provides useful information on how to set up efficient 
communication between components; and the IEC 61850 
“Communication Networks and Systems in Substations”.

WhAt iS communicAtion for?

The purpose of communication between the components of a 
hybrid system is to exchange information, distribute commands 
and apply a proper control strategy. In order to run the energy 
storage properly it is necessary to properly coordinate the 
power units which can only be done through communication 
between the components. A remote control which is used to 
influence and control the operation of a hybrid system also 
requires an advanced communication.

There are two different types of communication that can 
be differentiated in a hybrid system. One of them is the fast 
communication (frequency of information exchange is around 
20kHz) used for the synchronisation of power handling 
components and is a precondition for them to work properly. 
The information exchange has to be done within milliseconds 
in order to synchronize, such as inverters working in parallel. 
The second is the slow communication (frequency from 0.01 
up to 1Hz), normally used to regulate the energy flow within 
the system. 

Hybrid systems have to be monitored in order to supervise 
the energy flows and to optimise components and energy 
management control. Such monitoring requires communication 
among all components to collect the necessary information, 
so slow communication is often used for remote control of 
the system.

The IEA PVPS task11 launched an overview on communica-
tion components used around the world for hybrid systems. 
Figure 1 describes this study’s findings on the main purpose of 
communications. 

Overview on the most common purpose of communication used in 
PV hybrid systems1 

Figure 2 provides an overview on the type of hardware bus 
used. RS485 and CAN bus play a dominant role, while the 
RS232 is less important. New technologies, especially wireless 
technologies like Bluetooth and GSM, are also an upcoming 
player in hybrid systems.

1 Source: Fraunhofer Institut für Solare Energiesysteme.
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Different types of hardware buses used in PV hybrid systems2 

31%

15%
23%

31%

Others
I2C
CAN
RS485

Figure 2

open StAndArdS for 
communicAtion protocoLS

One of the solutions to solve the problem of communication 
between components and to further standardise the different 
practice, is the creation of international open standards. Open 
standards for data communication in hybrid mini-grids may 
emerge from within the technical community. 

Another source of information are the communication 
standards developed to integrate renewable energy distributed 
generation sources into the utility grids. Those were often 
based on existing standards for substation or distribution 
system automation and driven by the so called “smart grid” 
concept, on which technical development were primarily 
done by the utilities and their suppliers. Three open standards 
emerge from this:

Open communication – UESP3 : the central idea of the open 
UESP communication is a separation of the power flow and 
the exchange of information in a system where all components 
are connected to a common information bus. 

With the standardised protocol UESP, the information can be 
communicated all over the system to all type of components 
(generators, storages, loads and others) connected to the bus. 
A central energy management unit (EMS) collects all informa-
tion from the components and control them, so a centrally-

2  Source: Fraunhofer Institut für Solare Energiesysteme.
3  The Universal Energy Supply Protocol (UESP) was developed by 
Fraunhofer ISE, member of the Alliance for Rural Electrification, and 
different commercial companies with the support of the German gov-
ernment and to open it to all companies worldwide; it was then trans-
ferred to the CAN CiA organisation which manage the CAN Open 
standards for the industry. All manufacturers are invited to participate 
in the UESP standard.

controlled strategy can be implemented. 

This concept offers more flexibility in terms of system planning, 
installation and extension, while at the same time; the system 
control strategy can easily be changed and adapted to the 
local need or to any changes in the load profile. In case the 
central energy management unit fails, the battery’s SOC will 
still be distributed over the CAN bus while each component 
switches to SOC based operation mode. If the communication 
fails completely, the system will automatically go back to simple 
voltage regulation.

Schematic of an UESP System with Energy Management Unit. 
The power lines are thick and the dashed line indicates the 
communication bus4.

Open communication - IEEE P1547.3

The IEEE P1547.3 – “Guide for Monitoring, Information 
Exchange, and Control of Distributed Resources Intercon-
nected with Electric Power Systems”, provides guidelines for 
monitoring, information exchange, and control for Distributed 
Energy Resources (DER) interconnected with Electric Power 
Systems (EPS). 

Although it does not describe specific communication archi-
tectures or sets of protocols, its guidelines are used to establish 
these architectures and protocols. The guidelines encourage the 
use of modern software engineering practices to develop the 
communication architectures and in particular of the Unified 
Modelling Language (UML) an open method for software 
designed for large systems.

Open communication - IEC 61850

The IEC standard 61850 – “Communication Networks and 
Systems in Substations”, was originally developed to provide 
communication standards for the numerous intelligent elec-
tronic devices in modern electricity distribution substations. 
However, IEC 61850 is evolving to support real-time auto-
mated operation of the power system, including distribution 
automation and DER integration with electric power system 
operations. 

Many different hardware buses and protocols are used to 
provide the necessary information exchange and components 
synchronisation within hybrid systems. However, up to now 
such communication solutions are mainly not compatible 
because of proprietary protocols.

4  Source: Fraunhofer Institut für Solare Energiesysteme.

annEX 4:  
Standards and recommendations for Sodium – nickel chloride technology
The cathode is Nickel Chloride (Ni CL2) while the anode 
is made of Sodium (Na). The electrolyte is made up of 
tetrachloralluminate of sodium (such as NaAlCL4), and is 
liquid at the operating temperature of the cells (and bat-
tery) in between 270 °C and 350°C. The cell OCV is 2.58 
V at 295 °C.

When the battery is being charged the Sodium atoms in 
the cathode become ions and migrate through the ceramic 
electrolyte (beta Al). The available free electrons could flow 
as current to the external load. This process is reversed dur-
ing discharge. The main reaction during charge is 2NaCl + Ni 
–› NiCl2 + 2Na, the opposite for discharge.

Key feAtureS

The main advantages of Na- NiCl2 batteries, compared to 
other advanced batteries, are:
•	 Immunity to ambient temperature condition (service 

from -40°C to +60°C)
•	 No air conditioning needs 
•	 High energy density  

(complete battery level: 170kWh/m3 - 120kWh/ton) 
•	 Long cycle life (2,000 cycles at 80% depth of discharge) 

combined with long calendar life of more than 15 years
•	 Maintenance-free
•	 SOC & SOH indication, remote monitoring of the 

systems
•	 100% recyclable   

depLoyment StAtuS:

Commercialised since the middle of the 90’s, Sodium Nickel 
Chloride batteries have originally been found in applica-
tions for EV cars and HEV buses, trucks and vans. Today, the 
technology is mature enough to expand into telecoms and 
back-up markets and on/off grid energy storage. Currently 
the only manufacturer is working to increase the production 
capacity and to reduce the cost of these batteries. A second 
manufacturer is coming into the market shortly (2011).

annEX 5: communication Standards and Energy Management Systems
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theSe compAnieS And orGAnizAtionS hAve eXtenSive eXperience in StAndALone pv SoLutionS 
(mAnufActurerS, inStALLerS & operAtorS):

COMPANy FIRST NAME NAME COUNTRy EMAIL

AdeS Maria Lahuerta Spain marialahuerta@ades.tv

Acciona micro energy foundation Julio Eismann Spain cenag100@acciona.es

enel Marco Raganella Italy marco.raganella@enel.com

eauxwell nigeria Limited Edwin Enwegbara Nigeria c.edwin@eauxwell.com

ff Solar energias renovaveis, Lda Franz Wagner Portugal franz@ffsolar.com

ied Anjali Shanker France a.shanker@ied-sa.fr

it power Bernard McNelis UK bernard.mcnelis@itpower.co.uk

Kaito Heidi Schiller Germany heidi.schiller@kaito-projekt.de

KXn nigeria Anthony Ighodaro Nigeria anthonyighodaro@solarsolve.com

phaesun Michel Mansard France michel.mansard@phaesun.fr

photalia Franck Bernage France f.bernage@photalia.fr

photowatt Stéphane Del Alamo France s.del-alamo@photowatt.com

Q cells Christian Breyer Germany c.breyer@q-cells.com

rural energy foundation Willem Nolens The Netherlands willem@ruralenergy.nl

Siemens Jean-Paul Peers Germany jean-paul.peers@siemens.com

Solarmate eng. Ltd Dokun Tokun Nigeria dotuntokun@solarmateng.com

Solarworld Lars Koerner Germany lars.koerner@solarworld.de

Sunlabob renewable energy Ltd Andy Schroeter Lao PDR andy.schroeter@sunlabob.com

the Sun factory Pieter Klimp The Netherlands pieter@thewindfactory.com

trama tecnoambiental Xavier Vallve Spain xavier.vallve@tta.com.es

rahimafrooz Accumulators Limited Habibul Basit Bangladesh habibul.basit@rahimafrooz.com

theSe compAnieS propoSe SyStemS’ componentS (BAtterieS):

COMPANy FIRST NAME NAME COUNTRy EMAIL

BAe Batterien Stephan Stutterheim Germany stephan.stutterheim@bae-berlin.de

enersys Iwan Gentsch Switzerland iwan.gentsch@ch.enersys.ch

hoppecke Peter Nemec-Losert Germany peter.nemec-losert@hoppecke.com

trojan Batteries John F. DeBoever USA jdeboever@trojanbattery.com

rahimafrooz Accumulators Limited Habibul Basit Bangladesh habibul.basit@rahimafrooz.com

poWer eLectronicS (chArGe controLLerS, inverterS/converterS, trAcKerS etc.):

COMPANy FIRST NAME NAME COUNTRy EMAIL

KAco new energy Volker Dietrich Germany volker.dietrich@kaco-newenergy.de

nedap Peter Verwer The Netherlands peter.verwer@nedap.com

outback power David Alsina USA dalsina@outbackpower.com

phocos Stephanie Hardy Germany stephanie.hardy@phocos.com

SmA Solar technology Michael Wollny Germany Michael.Wollny@SMA.DE

Steca elektronik Gmbh Michael Müller Germany michael.mueller@steca.de

Studer innotec Claude Ruchet Switzerland c.ruchet@studer-innotec.com

annEX 6: the members of the alliance for Rural Electrification  
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ARE would like to thank the following companies and organisations for making their images/graphics available to us: 
ACRA & APER (page 24), Bergey Wind Power (page 27), BP Solar (page 38), Conenergy (page 42), Energiebau (page 
40), EPIA (page 44), ESHA (page 22), Fortis Wind Energy (page 19), Greenpeace (page 1), IREM S.p.A. (pages 21 and 
47), MicroEnergy International (pages 12 and 13), New Home Wind Power (page 18), NICE International B.V. (page 37), 
Phaesun (pages 5 and 35), SMA (page 26), Solar Now! (page 15) and The Wind Factory (page 17).  
Cover: IT Power, Bergey Wind Power, Energiebau and Greenpeace.

theSe compAnieS propoSe SmALL Wind (mAnufActurerS, inStALLerS &operAtorS):

COMPANy FIRST NAME NAME COUNTRy EMAIL

AdeS Maria Lahuerta Spain marialahuerta@ades.tv

Bergey Mike Bergey USA mbergey@bergey.com

eauxwell nigeria Limited Orjiako Edwin Enwegbara Nigeria c.edwin@eauxwell.com

fortis Wind energy Johan Kuikman The Netherlands jkuikman@home.nl

the Wind factory Pieter Klimp The Netherlands pieter@thewindfactory.com

vergnet Franck Bernage France f.bernage@photalia.fr

theSe compAnieS hAve eXtenSive eXperience in inStALLinG And operAtinG SmALL hydro SoLutionS:

COMPANy FIRST NAME NAME COUNTRy EMAIL

ied Anjali Shanker France a.shanker@ied-sa.fr

it power Drona Upadhyay UK drona.upadhyay@itpower.co.uk

theSe compAnieS And orGAniSAtionS hAve eXperience in deSiGninG, inStALLinG, operAtinG And 
mAintAininG mini-GridS SoLution:

COMPANy FIRST NAME NAME EMAIL

KAco new energy Volker Dietrich Germany volker.dietrich@kaco-newenergy.de

nedap Peter Verwer The Netherlands peter.verwer@nedap.com

outback power David Alsina USA dalsina@outbackpower.com

SmA Solar technology Michael Wollny Germany Michael.Wollny@SMA.DE

Solarworld Lars Koerner Germany lars.koerner@solarworld.de

Studer innotec Claude Ruchet Switzerland c.ruchet@studer-innotec.com

trama tecnoambiental Xavier Vallve Spain xavier.vallve@tta.com.es

theSe orGAniSAtionS Are renoWned eXpertS in their fieLd of ActivitieS:

COMPANy FIRST NAME NAME EMAIL

Asociación de la industria fotovoltaica (ASif) Javier Anta Spain asif@asif.org

european association of battery manufacturers (eurobat) Erwin Marckx Belgium eurobat@kelleneurope.com

european photovoltaic industry Association (epiA) Simone Sweerts Belgium s.sweerts@epia.org

european Small hydro power Association (eShA) Dirk Hendricks Belgium dirk.hendricks@esha.be

european Wind energy Association (eWeA) Justin Wilkes Belgium justin.wilkes@ewea.org

fraunhofer–institut für Solare energiesysteme Matthias Vetter Germany matthias.vetter@ise.fraunhofer.de

Global Wind energy council (GWec) Angelika Pullen Belgium Angelika.Pullen@gwec.net

idAe Marisa Olano Spain molano@idae.es

institute for Sustainable power inc Geoff Stapleton Australia/USA gses@bigpond.com

renewable energy Academy (renAc) Berthold Breid Germany breid@renac.de

university  of Southhamption Bahaj Bakr UK A.S.Bahaj@soton.ac.uk

university of twente Angèle Reinders The Netherlands a.h.m.e.reinders@utwente.nl

Wonderenergy Ernesto Macias Spain ernesto.macias@wonderenergy.es
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the allianCe foR RuRal 
eleCtRifiCation (Are)  
is the inteRnational Business 
oRganisation foR the ReneWaBle 
eneRgy off-gRid seCtoR.
our memBeRs aRe Companies, 
ReseaRCh institutes, ReneWaBle 
eneRgy agenCies and assoCiations.
Are memBeRs stand foR high 
quality, eXpeRienCe and 
sustainaBility.
toGether We develop the 
ReneWaBle eneRgy maRkets  
of the futuRe !
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