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Renewable energy deployment in off-grid systems is 
growing steadily in both developed and developing 
countries, but there are only limited data available 
on their scope and extent. With declining costs and 
increasing performance for small hydro installations, 
solar photovoltaics (PV) and wind turbines, as well 
as declining costs and technological improvements 
in electricity storage and control systems, off-grid 
renewable energy systems could become an important 
growth market for the future deployment of renewables 
(IRENA, 2013a). In the short- to medium-term, the mar-
ket for off-grid renewable energy systems is expected 
to increase through the hybridisation of existing diesel 
grids with wind, solar PV, biomass gasification and small 
hydropower, especially on islands and in rural areas. 
Furthermore, renewables in combination with batteries 
allow stand-alone operations and batteries are now a 
standard component of solar PV lighting systems and 
solar home systems. The impact of off-grid renewable 
energy systems will not only be measured in terms of 
their usage or reduced costs for electricity consumption 
in rural areas, but also in the context of their effect on 
the lives of the some 1.16 billion people who today are 
totally without access to electricity.

Off-grid renewable energy systems are not only urgently 
needed to connect this vast number of people with a 
source of electricity, but are also most appropriate due 
to geographical constraints and costs for grid exten-
sion. At the same time, off-grid systems could become 
an important vehicle to support the development of 
renewables-based grids. In developed countries, mini-
grids are increasingly considered an option to improve 
energy security, power quality and reliability, as well as 
to avoid power blackouts due to natural disasters (e.g., 
hurricanes) or even deliberate attacks. Furthermore, 
declining costs for solar PV and wind, together with 
reduced costs for battery storage, make this option 
attractive for households and small communities to in-
tentionally disconnect from the grid and start producing 
and consuming their own electricity. The ability to cover 
residential electricity demand with local renewables is 
already commercially interesting in some regions of the 
world and could become more widespread in the next 
five years. Australia, Denmark, Germany, Italy, Spain and 

the US (Hawaii) are expected to be comprise the most 
promising early markets (RMI, 2014).

Despite the growing attention and market opportuni-
ties, there are to date only limited data available and 
only inadequate definitions of what exactly constitutes 
an off-grid renewable energy system. Furthermore, data 
sources are scarce and inconsistent across countries and 
regions. To address this challenge, IRENA has identified 
a number of key areas where methodological improve-
ments are needed. These methodological improvements 
include: 1) an overview of systems; 2) a categorisation 
of off-grid renewable energy systems based on their 
application and system design; 3) consistent indicators 
to differentiate, evaluate, compare and aggregate data 
on off-grid renewable energy systems, including hybrid 
systems; and 4) measures to compile existing data 
sources, identify their limitations and create consistency.

Based on these methodological suggestions, the key 
results of this status update are summarised below:

●● A significant number of households—almost 
26  million households or an estimated 100 mil-
lion people in all—are served through off-grid 
renewable energy systems: some 20 million 
households through solar home systems, 5 mil-
lion households through renewables-based mini-
grids, and 0.8 million households through small 
wind turbines.

●● There is a large market to replace diesel gen-
erators with renewable energy sources in off-grid 
systems. Currently, there are ca. 400 gigawatts 
(GW) of diesel capacity (>0.5 megawatts (MW)) 
in operation, either in the form of industrial fa-
cilities and mines operating remotely, as back-up 
units where electricity supply is unreliable or 
as community mini-grids. Some of the diesel 
generators are single machines with more than 
10 MW capacity. 50 to 250 GW of the total 
installed diesel capacity could be hybridised with 
renewables, of which around 12 GW is located on 
islands.

●● China has led the development of renewables-
based mini-grids in recent decades. However, 

EXECUTIVE SUMMARY
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Chinese mini-grids are meanwhile mostly inte-
grated into the centralised grid, while generation 
still takes place on a decentralised basis. There 
are about 50 000 such decentralised produc-
tion units, mainly small hydropower (SHP). 
Total global SHP capacity amounted to 75 GW in 
2011/12, complemented by 0.7 GW of small wind 
turbines (SWT).

●● There are a few thousand mini-grids in operation 
that are not connected to the main grid. Bangla-
desh, Cambodia, China, India, Morocco and Mali 
are among those countries with more than 10 000 
solar PV village mini-grids. India has a significant 
number of rice husk gasification mini-grids.

●● More than six million solar home systems are in 
operation worldwide, of which three million are 
installed in Bangladesh. Moreover, nearly 0.8 mil-
lion small wind turbines are installed.

●● A significant, but not precisely quantified, num-
ber of solar street lights and other electronic 
street signs are in operation.

●● More than 10 000 telecom towers have been fit-
ted with renewable electricity systems, especially 
with solar PV.

●● In 2013, Africa had around eight million solar 
lighting systems installed to provide outside 
(public) lighting.
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1	 INTRODUCTION

clear whether this evolution will continue or if mini-grids 
can become an alternative to main transmission grid 
extensions.

For developed countries, off-grid systems consist of 
two types: 1) mini-grids for rural communities, institu-
tional buildings and commercial/industrial plants and 
buildings; and 2) self-consumption of solar PV power 
generation in residential households. The latter category 
is relatively small and most residents still rely on the grid 
for part of their load, but Germany and Japan are cur-
rently providing subsidies for electricity storage tech-
nologies for renewable self-consumption. In Germany, 
ten thousand rooftop solar PV systems are already 
coupled to battery storage systems. With increasing 
grid parity of solar PV systems expected in a number 
of countries, this could be an important development. 
Furthermore, in a number of countries businesses have 
entered the market and are leasing solar PV systems 
coupled to battery storage technologies.

Mini-grids are particularly relevant for island states, both 
developed and developing. It is estimated that there are 
more than 10 000 inhabited islands around the world 
and an estimated 750 million islanders. Canada, USA 
and Chile are the countries with the largest number of 
islands, while Indonesia, the Philippines and China are 
the countries with the largest population of islanders 
(Howe, et al., 2013). Many of these islands, especially 
those in the range of 1 000 to 100 000 inhabitants each, 
rely on diesel generators for their electricity production 
and spend a considerable percentage of their gross 
domestic product (GDP) on the import of fuels. In 
most cases, renewables are already a cost-effective 
replacement for these diesel generators (IRENA, 2013a), 
creating an important market for off-grid renewable 
energy systems.

Although off-grid renewable energy systems are not 
new, there is still only limited information on them. 
Some overviews exist for solar home systems or mini-
grids, but data sources are inconsistent or difficult to 
compare and aggregate. As renewables increasingly 
become cost-effective resources for off-grid systems, 
it is important to have a clear picture of their current 

Interest in off-grid renewable energy systems is on the 
rise, both in developed and developing countries. A de-
centralised system requires less land than a utility-scale 
renewable project, experiences less distance-related 
transmission losses (as it serves only a local customer 
or area), and provides electricity like a traditional grid 
connection. Furthermore, off-grid systems are able to 
support the integration of decentralised renewable 
power generation into the grid and provide power re-
liability and stability, evidenced in reduced outages 
and their respective massive economic impacts1 upon 
related economic activities.

For developing countries, providing and maintaining 
energy access is an important driver for off-grid renew-
able energy systems (Sovacool, 2012; IRENA, 2013a). 
An estimated 1.16 billion people (17% of the world’s 
population) currently live without access to electricity; 
an estimated 615 million of them in Asia and the major-
ity of those in India (306 million), Indonesia (66 million) 
and the Philippines (16 million). Off-grid renewable 
energy systems are in many cases the most economical 
solution for these population groups (Szabo, et al., 2011; 
Breyer, 2012). The energy access industry, excluding grid 
extension, is currently estimated as a USD 200- 250 mil-
lion annual industry (Sierra Club, 2014). However, fewer 
than five million households (i.e., 25 million people) 
had energy access through off-grid solutions in 2013 
(Sierra Club, 2013). Rapid expansion is projected with 
500 million households being provided with access to 
electricity through mini-grids and solar home systems 
by 2030 (Sierra Club, 2014). Until recently, mini-grids 
have been a stepping stone towards grid expansion.2 
However, with improved control systems and declining 
renewable energy technology costs, it is currently not 

1	 According to Eaton’s Blackout Annual Report: “With electrical 
power outages, surges and spikes estimated to cost the US 
economy USD 150 billion, it is more important than ever for 
companies of all sizes to invest in reliable power backup solutions.” 
(EATON, 2013)

2	 Since the 1950s China has pursued the development of small hydro 
mini-grids, first operated in stand-alone mode and afterwards 
integrated into the central grid as it expanded into the rural areas, 
mainly due to government initiatives (Deshmukh, et al., 2013). 
Similarly, in India mini-grids are seen as stepping stones towards a 
full grid (Palit, 2012).
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status, their future prospects and the methodological 
improvements required to track their progress (World 
Bank, 2013).

The aim of this working paper is to identify key meth-
odological challenges for data collection and analysis 
of the current status of off-grid renewable energy 

systems. Section 2 lists these challenges, and proposes 
some definitions and classifications to improve data 
collection. Furthermore, this working paper provides a 
global overview of available data organised by country 
and statistical resources in Section  3. Section  4 con-
cludes with a number of steps to improve methodology 
development and data collection in the future.
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2	 METHODOLOGICAL ISSUES

size and the term ‘off-grid’ itself is very broad and 
simply refers to “not using or depending on electricity 
provided through main grids and generated by main 
power infrastructure. Second, off-grid systems have a 
(semi)-autonomous capability to satisfy electricity de-
mand through local power generation, whilst centralised 
grids predominantly rely on centralised power stations. 
The term “off-grid systems” covers both mini-grids 
(serving multiple customers) and stand-alone systems3 
for individual appliances/users. Customers of off-grid 
systems can be residential users or they can be used 
solely for commercial purposes.

Despite this broad agreement on the definitions of 
off-grid systems, the first question that need to be 
addressed in the context of this global status overview 
is when off-grid systems should be defined as “off-grid 
renewable energy systems”. Open questions are:

●● To what extent should hybrid diesel-renewable 
systems be counted as off-grid renewable energy 
systems?

●● If a diesel generator is occasionally operated with 
vegetable oil, does it count as a component of an 
off-grid renewable energy application?

Thus, the first step is to precisely define the extent to 
which off-grid systems are actually renewable. For 
off-grid systems that are based 100% on renewables, 
the capacity of the system can be taken to evaluate the 
capacity of renewables, but for hybrid systems, different 
indicators would be required, such as the capacity of 
the renewable power generation sources connected to 
the off-grid system. In off-grid systems that are partly 
sourced by renewable energy, the capacity or renewable 
energy production share can be taken to represent the 
ratio of renewables. Through recent smart grid technol-
ogy developments, it is becoming easier to monitor 
and track the production of each component of hybrid 
systems (IRENA, 2013b).

3	 The International Electrotechnical Committee (IEC) refers to stand-
alone systems as Individual Electrification Systems (IES).

The aim of this working paper is to identify key areas 
where methodological improvements are needed to 
provide a global status update on off-grid renewable 
energy systems. Four broad areas can be identified 
where improvements are needed. First, there is only 
a limited understanding of what aspects and designs 
comprise an off-grid renewable energy system and 
what applications, renewable energy resources and 
technologies should be considered under this broad 
topic. Second, the definition of what constitutes an 
‘off-grid system’, including its application, users, and 
system components, is incoherent and inconsistent. 
Third, the indicators used to quantify and report off-grid 
systems differ, depending on the specific organisation 
and country, so it is difficult to compare and aggregate 
data across the world. Fourth, data on renewables used 
in off-grid applications are often not captured in na-
tional energy statistics and they often do not distinguish 
between installed capacity and operating capacity, 
especially considering that many off-grid systems have 
been in place over long periods of time or are used as 
back-up systems.

Methodological improvements are therefore necessary 
to increase the accuracy and comprehensiveness of 
data on renewable mini-grids and off-grid systems. 
Based on the broad overview of existing data sources (in 
Section 3), this Section discusses these four categories 
of challenges and provides proposals for improvement 
in more detail.

2.1	� What are off-grid renewable 
energy systems and why do 
they matter?

There is broad agreement that off-grid systems are 
different from centralised grids in two ways. First, 
centralised grids are larger in size. They can include 
several hundred megawatts (MW) or even a thousand 
gigawatts (GW) of central generation capacity that 
can cover countries or even continents. Such grids 
include transmission at medium and high voltage 
(above 11 kilovolt, kV) to transport electricity over large 
distances. In contrast, off-grid systems are smaller in 
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Considering these questions and based on the over-
view and insights from Section 3, Figure 1 provides an 
overview of the possible areas for renewables-based 
mini-grids and off-grid deployment. The information 
is organised into two “dimensions”: resource type and 
application. The application areas include mini-grids, 
including systems for owner consumption only, off-grid 
residential systems, and systems for productive use. 
Renewable resources available for mini-grids and off-
grid systems are biomass, hydro, solar photovoltaics 
(PV) and wind. In a number of cases, geothermal energy 
is also used to provide base-load power generation to 
off-grid systems, mainly on (volcanic) islands. Ocean 
energy technologies could also provide base-load 
power generation, especially to islands, as they are sca
lable (1-10 MW plants exist today), but so far they have 
not been deployed commercially. This overview reflects 
a very diverse market that is not yet well-documented. 
Figure 1 also compares renewables mini-grids and 
off-grid systems to grid-connected renewable energy 
resources and to fossil fuel-(mainly diesel) driven mini-
grids and off-grid systems. For each category, the figure 
summarises existing data on the number and/or total 
installed capacity of renewables.

The data in this table are collected from various sources 
and are explained in greater detail in Section 3 of this 

paper. The table shows that hydropower is the largest 
source of renewables and that most hydropower is 
grid-connected. However, small hydropower systems 
(1-10 MW) constitute the largest source of renewables 
for mini-grids (75  GW). The second largest energy 
source for mini-grids is diesel generators (23  GW). 
Diesel generators are used as back-up power for 
renewables-based mini-grids and also as back-up for 
unreliable grids. Around 500 GW of diesel generators 
are used in industrial applications (ARE, 2013). With 
declining costs for renewable energy and electricity 
storage technologies, the replacement of diesel genera-
tors could become an attractive market for accelerated 
renewables deployment. Solar PV and wind turbines are 
increasingly used as an energy source for mini-grid and 
off-grid systems; however, their total installed capacity 
is fairly limited.

Looking forward, three markets are projected: 1) the 
replacement of existing diesel generators, usually 
through hybridisation of existing diesel grids4; 2) the 

4	 So far the cases of complete island conversion from diesel to 
renewable energy are few and far between. The Pacific island of 
Tokelau has proven that ambitious plans can work by co-installing 
4 032 solar panels and 1 344 batteries to generate 100% renewable 
electricity. As battery technology costs fall, more remote com-
munities are likely to follow this island’s example.

Figure 1: Renewable mini-grid and off-grid systems, status 2012/13

Grid connected Minigrid <50 MW/own 
consumption

Stand-alone systems/
Individual electrifi

cation systems
Productive use

Gas ~ 1 500 GW > 1 GW Gas-fired CHP systems

Diesel 5–10 GW 
50 000–100 000 systems

Hydro
Large >10 MW 

10 000– 50 000 systems 
>1 000 GW

Small < 10 MW 
100 000–150 000 systems 

75 GW

Micro-hydro 0.1– 1 MW 
Pico-hydro <0.1 MW

Wind 310 GW 
250 000 turbines

Diesel-wind hybrid 
<1 000 village/mining 

systems

Small wind turbines 
0–250kW 

806 000 turbines
Wind pumps > 500 000

Solar PV

50 GW/0.5 mln large systems 
>50 kW 

80 GW/10-20 mln rooftop 
systems 1-50 kW

Diesel-PV hybrid 
<10 000 village systems

SHS <1 kW 
5–10 mln systems

Solar lighting 5 mln; Telecom towers 
10 000; Solar water pumps; PV 

Fridges/refrigeration; Street lighting 
systems; Traffic signs; Phone 

recharging stations;

Biogas/
biodiesel to 

power

14 GW 
30 000–40 000 systems

< 100 kW biogas plants 
> 1 million biogas systems 
Gasification/rice husk etc 

1 000–2 000 systems

Livestock farms 
Back-up biodiesel generators

Biomass 
cogeneration

20 GW pulp, sugar/ethanol 
1 000–2 000 systems 

20–30 GW steam cycles/CH 
1 000–2 000 systems 

5–10 GW cofiring coal plant 
250–500 systems
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supply of electricity to consumers who were previously 
without it; and 3) the ‘islanding’5 of existing grids and/
or extension of existing grids through mini-grids and 
off-grid systems. In the latter two categories, mini-grids 
might remain independent but could also at some point 
be integrated into the grid while maintaining island 
operation capability on a community, industrial plant or 
cluster level.

2.2	� Where are these systems 
used, and what are their 
components?

Off-grid systems are not new: there are millions of 
diesel and gasoline generators in use worldwide. These 
provide electricity where there is no grid or where 
the existing grid is unreliable. What has changed is 
that new renewable solutions have emerged that are 
cheaper, cleaner and better able to produce electricity 
locally without reliance on imported/transported fuels. 
Due to this development, off-grid renewable energy 
systems are now seen as a potential replacements for 
both traditional diesel-based off-grid systems and for 
existing grid systems.

Ideally, off-grid renewable energy systems would need 
to be characterised in a systemic way in order to 
compare and aggregate the applications and to pro-
vide a global perspective on the scale of deployment. 
However, in reality, as Figure  1 shows, there are many 
different kinds of off-grid renewable energy systems, 
ranging, for example, from single-home rooftop PVs 
with and without battery storage, to solar lanterns, 
to PV street lighting and traffic lights, to PV pumping 
systems, to PV telecom towers, small wind turbines, 

5	 According to Greacen et al. (2013), islanding refers to the condition 
in which a portion of the grid becomes temporarily isolated from 
the main grid but remains energised by its own distributed genera-
tion resource(s).

wind pumping systems, off-grid fridges/refrigeration 
systems to mobile phone recharging systems. Other 
questions that need to be addressed are:

●● Do systems connected to the main grid, but able 
to operate independently, still count as off-grid 
systems?

●● At what scale does an island electricity system 
cease to be a mini-grid?

●● Are mining operations and industrial operations 
that do or do not connect to the main grid 
included in the definition of off-grid systems?

At this point, however, there is no universally agreed 
definition of what constitutes an off-grid system, 
mini-grid system, or stand-alone system.6 For example, 
Lilienthal (2013) defines mini-grids very broadly as 
“local producer networks that use distributed energy 
resources and manage local electricity supply and de-
mand”. There are, however, a number of more formal 
characterisations for micro-grids. At an international 
level, the International Electrotechnical Commission 
(IEC) (2006a) defines micro-grid as “grid that transfers 
a capacity level less than 50 kilo volt-amperes (kVA) and 
is powered by a micro-power plant” (Note that the IEC, 
2006b sets the boundary to 100 kVA). Furthermore, the 
IEC has established a number of standards for micro-
grids for decentralised rural electrification purposes. 
These standards cover micro-grids with low voltage AC 
(three-phase or single-phase) with rated capacity less 
than or equal to 100  kVA (i.e., less than 50-100  kW), 
which are powered by a single micro-power-plant and 
do not include voltage transformation.

6	 see e.g., http://blog.homerenergy.com/how-to-classify-micro-
grids-setting-the-stage-for-a-distributed-generation-energy-
future/ and  http://der.lbl.gov/micro-grid-concept and www.
cleanenergyministerial.org/Portals/2/pdfs/A_Guidebook_for_
Mini-grids-SERC_LBNL_March_2013.pdf). 

The IRENA questionnaire for off-grid renewable energy
IRENA collects data for off-grid systems based on the following definition: “Off-grid electricity is generated in 
plants that are off the main grid; that is to say, in stand-alone systems and mini-grids. Off-grid capacity refers 
to the capacity of these stand-alone systems and mini-grids.” In a first round, nineteen countries submitted 
data. These are split by resource (i.e., biomass, small hydro, oil, wind, PV) and by some specific systems (e.g., 
communication towers, PV streetlights/traffic lights, PV water pumps)

http://blog.homerenergy.com/how-to-classify-microgrids-setting-the-stage-for-a-distributed-generation-energy-future/
http://blog.homerenergy.com/how-to-classify-microgrids-setting-the-stage-for-a-distributed-generation-energy-future/
http://blog.homerenergy.com/how-to-classify-microgrids-setting-the-stage-for-a-distributed-generation-energy-future/
http://der.lbl.gov/microgrid-concept
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.cleanenergyministerial.org\Portals\2\pdfs\A_Guidebook_for_Mini-grids-SERC_LBNL_March_2013.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.cleanenergyministerial.org\Portals\2\pdfs\A_Guidebook_for_Mini-grids-SERC_LBNL_March_2013.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.cleanenergyministerial.org\Portals\2\pdfs\A_Guidebook_for_Mini-grids-SERC_LBNL_March_2013.pdf
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Furthermore, the IEC differentiates between individual 
electrification systems (IES home systems) and collec-
tive electrification systems (CES mini-grids) by their 
sub-systems. IESs consist of only two sub-systems:

●● an electric energy generation sub-system; and
●● the user’s electrical installation.

Collective electrification systems (CES mini-grids), 
however, consist of three sub-systems:

●● an electric energy generation sub-system, which 
can include several electricity generation units 
(e.g., PV and diesel generators);

●● a distribution sub-system, also called a micro-
grid; and

●● the user’s electrical installations, including inter-
face equipment between the installations and the 
micro-grid and metering.

At the national level, there are different definitions for 
micro-grids. The United States Department of Energy 
(DoE) had a micro-grid exchange group that defined 
micro-grids as “a group of interconnected loads and 
distributed energy sources within clearly defined 
electrical boundaries that act as a single controllable 
entity with respect to the grid” (DoE, 2010). According 
to this DoE definition, micro-grids can be connected 
or disconnected from the grid and operate in both 
grid-connected or island-mode; however, this definition 
does not specify a precise size or scale. The defining 
characteristic of a micro-grid is, from the DoE perspec-
tive, the fact that it has a semi-autonomous capability 
and can control its loads and supply. Interestingly, US 
states have their own definitions of micro-grids, which 
differ again from the Federal Department of Energy.7

Based on the available definitions of off-grid systems 
provided by international and national sources, Table 1 
proposes an overview to categorise different off-grid 
renewable energy systems in terms of their applications, 
users, and system components. Stand-alone systems 
tend to either be small and/or exist where the owner 
has no intention to connect them to a wider grid. These 
include residential solar home systems (SHSs) without 
grid connection, small wind turbines (SWTs), as well 

7	 For example, definition of a microgrid for the U.S. State of Con-
necticut differs from the definition for micorgrids for the U.S. 
Federal Department of Energy (EPRI, 2013).

as solar lighting systems. Pico-, nano-, micro- and 
mini-grids are in many cases semi-autonomous and can 
operate in island mode, but are also often connected to 
larger grids. Finally, there are the off-grid systems for 
productive use: telephone towers, water pumps, street 
lighting, etc. Mechanical wind-driven water pumps 
could also theoretically be included as they offer the 
same function as solar PV-driven pump sets.

2.3	� How can off-grid renewable 
energy systems be compared?

The categorisation provided in Table 1 allows for dif-
ferentiation of off-grid renewable energy systems into 
different applications and system components; how-
ever, it does not provide guidance on how to compare 
and aggregate the scope and scale of different off-grid 
renewable energy systems.

A starting point for comparing and aggregating off-grid 
systems requires a common indicator for measuring 
their size and/or impact. However, different interna-
tional, national, and local organisations use different 
indicators for measuring and reporting mini-grids or 
stand-alone systems. Furthermore, mini-grids are sub-
divided into ‘micro-grids’, ‘nano-grids’, and ‘pico-grids’, 
although the relationship and size differences between 
‘micro-’, ‘nano-’, and ‘picogrids’ does not correspond to 
their mathematical equivalents. Furthermore, the term 
mini-grid is often used inter-changeably with the term 
micro-grid (Lilienthal, 2013). 8

Another issue is the appropriateness of the indicator. 
As highlighted in Figure 1, the total renewable power 
generation capacity in off-grid systems might be small 
compared to grid-connected systems; however, they 
can have important implications for the livelihood of 
people in rural areas. Therefore, it might be more ap-
propriate to use other indicators than capacity. Possible 

8	 In some documents, mini-grids and micro-grids mean the same 
thing (i.e., stand-alone grids that are not connected to the main 
grid). Mini-grids are generally understood to be larger than micro-
grids. However, there is no firm and consistent definition of the 
dividing line between them. Moreover, there is no fixed definition 
of what constitutes the “main grid.” This becomes relevant in 
cases where the national grid is relatively small (e.g., small island 
states where the entire national grid has a generation capacity of 
less than 10 MW). In other documents, a mini-grid is defined as a 
stand-alone AC grid (of undetermined size) while a micro-grid is a 
smaller stand-alone grid that deals exclusively with DC power (e.g., 
see http://www.nrel.gov/docs/fy12osti/55562.pdf, footnote #1). 

http://www.nrel.gov/docs/fy12osti/55562.pdf
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from grid systems while other sources use the maxi-
mum voltage level (11 kV) or, in the case of AC systems, 
maximum voltage-ampere levels to distinguish different 
sizes of off-grid systems (SDC/TARA, 2014).

However, the 15 MW capacity cut-off point is relatively 
arbitrary. Many island countries and islands operate 
mini-grids although their installed capacity is often 
more than 1 GW. For example, island systems range 
from 6 MW (Nauru) to 15 MW (Tonga) (IRENA, 2013d), 
expanding to larger island systems ranging from 1 GW 
(Cyprus) to 5 GW (Cuba and the Dominican Repub-
lic). Similarly, industrial users often produce their own 
electricity and can run their electricity systems semi-
autonomously. The typical size for an energy-intensive 
industry (e.g., pulp mill, cement kiln) is 5-100 MW, 
equivalent to a city with 25 000 – 250 000 inhabitants. 
Some recovery boilers generating power in pulp mills 
can have capacities as large as 400 MW. Worldwide, 
more than 850 waste heat recovery (WHR) systems 
are installed with power system sizes ranging between 
5-25 MW per installation.

The terms ‘micro-grid’, ‘nano-grid’ and ‘pico-grid’ are 
used to differentiate different kinds of mini-grids with 
size thresholds, capability and complexity as some of 
their defining characteristics (Nordmann, et  al., 2012). 
For example, Navigant classifies nano-grids in the range 

characterisations are cumulative capacity operating, the 
annual production/consumption/sales of renewables-
based electricity, persons/households/service organisa-
tion (e.g., hospitals) served or investment volumes. 
Based on these issues, the open questions that are 
addressed in this Section are:

●● What is the minimum and maximum size of 
off-grid systems, and in how far is this consistent 
across countries and organisations?

●● What is the appropriate indicator to examine the 
impact of off-grid renewable energy systems?

Comparing different sources, there are a number of 
indicators that can be used to separate and compare 
different off-grid systems, such as generation capacity, 
transmission voltage levels, AC versus DC systems, the 
geographical distance between generator and consum-
ers, and the level of grid redundancy.

Classification according to generation capacity. Dif-
ferent sources use a maximum generation capacity 
ranging from 3-15 MW9 to separate off-grid systems 

9	 The United Nations Convention on Climate Change (UNFCCC) 
uses an upper range of 15 MW to define mini-grids within their 
Clean Development Mechanism (CDM), while the Global Village 
Energy Partnership (GVEP) uses 3 MW as an upper range for their 
definition of mini-grids. 

Table 1: Proposed categorisation of off-grid applications

Stand-alone Grids

DC AC AC/DC AC

System
Solar 

lighting 
kits 

DC 
Solar home 

systems

AC Solar home 
systems; single-

facility AC systems

Nano-grid
Pico-grid

Micro-grid, 
Mini-grid Full-grid

Off-grid

Application Lighting
Lighting 

and 
appliances

Lighting and 
appliances

Lighting, 
appliances, 
emergency 

power

all uses all uses 

User
Residential; 
Community

Residential; 
Community

Community; 

Commercial
Community; 
Commercial

Community; 
Commercial; 

Industry

Key 
component

Generation, 
storage, 

lighting, cell 
charger

Generation, 
storage, 

DC special 
appliances

Generation, storage, 
lighting, regular AC 
appliances. Building 
wiring incl. but no 

distribution system

Generation + 
single-phase 
distribution 

Generation + 
three-phase 

distribution + 
controller

Generation + 
three-phase 

distribution + 
transmission
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from 5 kW for remote systems not interconnected with 
a utility grid to 100  kW for grid-connected systems 
(Navigant, 2014b).

Classification according to project data. Another pos-
sibility is classifying different kinds of off-grid systems 
by evaluating their project data. A global evaluation 
of 155 mini-grid systems (i.e., 79 for powering remote 
villages, 59 for public amenities, 14 for islands and eight 
for powering telecommunication10) showed that grids 
designed for electrification of villages had an average 
power of 69.9  kW (Werner and Breyer, 2012). This is 
consistent with national data on mini-grid systems in 
Sri Lanka (i.e., 268 off-grid systems ranging between 
3-50 kW) or Cambodia (i.e., 150 kW average installed 
generation capacity) (World Bank, 2014). In another 
study, hybrid mini-grid systems supplying remote is-
lands have an average power of 379 kW (Breyer, 2012), 
although this range is still far below the 100  MW of 
installed capacity for some island states. In the Philip-
pines, where diesel-based mini-grids are also used to 
support commercial and industrial activities, capacities 
may reach more than 20 MW (Bertheau, et al., 2012). In 
comparison, industrial users of mini-grids often have 
generation capacities in the tens of MWs.

Classification according to generator size. A third 
option is to examine the size of the generators in off-
grid systems, although definitions and use vary across 
countries. For example, some African countries define 
small hydro plants (SHPs) as those with a maximum ca-
pacity of 15 MW, while Vietnam and China in comparison 
have higher limits of 30 MW and 50 MW, respectively. 
In Italy the maximum capacity is 3 MW and in Bosnia 
and Herzegovina, 5 MW. Diesel generators for off-grid 
systems can be up to 10 MW,11 while biomass systems 
can be up to 15 MW if connected to an industrial facility 
like a sugar factory.

Based on both formal definitions and case study mate-
rial, Table 2 proposes a categorisation of off-grid sys-
tems based on size, capability and complexity. Hybrid 
diesel-renewable mini-grids constitute a sub-category 
of their own. The share of capacity or the share of TWh 

10	 There is an overlap among the different categories.

11	 There are cases where diesel generators for off-grid systems 
achieve greater capacities in order to fulfill different purposes; for 
example, in order to supply remote mining sites, Peru relies upon 
a diesel generator in an off-grid system that generates 16 MW of 
electricity.

generated during a typical year can be applied as a 
measure of the share of renewables in the system.

Classification according to financial, social and 
disease-burden criteria. Besides capacity, there are a 
number of other indicators that can be used to evaluate 
the impact of off-grid renewable energy systems. For 
example, the World Bank has evaluated its financial 
support to off-grid renewable energy systems at the 
residential level by calculating expenditure increases 
per capita due to energy cost savings or increased 
productivity, evening study hours for children, reduced 
respiratory diseases and mobility and entrepreneurial 
ambitions among women (World Bank, 2014).

For off-grid renewable energy systems connected to the 
grid, indicators can be expanded to include contribu-
tions to power quality and reliability, economic and even 
security benefits of off-grid renewable energy systems.

2.4	� What data sources are available 
for off-grid renewable energy 
systems?

Finally, there are a large number of different data 
sources available for off-grid renewable energy systems. 
However, the data in these sources is often inconsistent 
and out of date. In this Section, we provide a brief 
overview of the different sources available followed by 
suggestions for improvement.

Energy Ministries and/or Agencies. In developing coun-
tries, data sources for off-grid systems are often found 
in agencies or ministries dealing with rural electrification 
or in international development agencies. However, 
statistics offices often exclude data on sub-MW instal-
lations in their data sets, although these comprise the 
majority of off-grid systems. Many development agen-
cies are involved in the development of mini-grids but 
do not necessarily collect and supply data back to the 
ministries or statistical offices.12 Furthermore, renewable 

12	 For example, Schnitzer et al. (2014) collected data from seven dif-
ferent agencies, local utilities and rural power producers involved 
in the development of mini-grids in Haiti, India and Malaysia. 
Development agencies in India included the Chattisgarh State 
Renewable Energy Development Agency (CREDA), Orissa Renew-
able Energy Development Agency (OREDA) and the West Bengal 
Renewable Energy Development Agency (WBREDA), but at the 
same time rural power producers like DESI Power and Husk Power 
Systems are also developing mini-grids.
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power production produced at residential level does not 
appear on the meter, and is therefore difficult to track 
by local utilities. In official statistics, off-grid electricity 
generation is therefore often estimated and only par-
tially included into the national energy balances (IRENA, 
2013e). To augment data from ministries and agencies, 
there are also international development organisations 
and technology providers, like Trama TecnoAmbiental 
(TTA) in Spain that implement renewable mini-grids 
in developing countries. They have often sales figures 
that can provide accurate data on installed capacity, 
although this does not mean that the technologies are 
actually used.

Regulatory institutions. Another important potential 
data source are the regulatory institutions. In both 
developed and developing countries, mini-grid and off-
grid systems are often connected to the grid although 
they are able to operate independently if required. In 
this case, regulators might have an overview of what 
percentage of the grid constitutes mini-grid and off-grid 
systems, because in many countries specific intercon-
nection procedures apply to independently owned 
grids. For example, in Tanzania only power producers 
with a maximum capacity of 10 MW are allowed to 
operate isolated mini-grids. For distributed generators 

above 1 MW, licensing is required. Below one MW, 
generators are exempted on distribution, transmission 
and generation segments (Deshmukh, et al., 2013).

Financial and Research Entities. Yet another data 
source for mini-grids and off-grid systems are financial 
institutions and research institutes. Financial institutions 
like the World Bank have been providing financial sup-
port to off-grid systems since the 1980s (IEG, 2008). 
For example, the World Bank financed the installation 
of almost 320 000 solar home systems in 14 countries 
through the year 2008 (IEG, 2008). Research institutes 
have been collecting data in two ways. First, research 
programmes (e.g., European framework projects) have 
been providing funding to demonstration projects. 
Furthermore, academic institutions and research insti-
tutes have been collecting data on off-grid systems to 
evaluate their performance and/or the effectiveness 
of policies that have supported the deployment of 
off-grid renewable energy systems. However, the latter 
resources do not supply consistent data, given that they 
are case study-specific and often cover only a particular 
geographic or application area and timeframe.

Marketing Reports. A fourth source of data are mar
keting reports, such as the Micro-grid Deployment 

Table 2: Proposed grid categorisation

Size (kW) Capability Complexity
Stand-alone systems 0 – 0.1

Pico-grid 0 – 1 ●● Single controller

Nano-grid 0 – 5

●● Single voltage

●● Single price

●● Controllers negotiate with 
other across gateways to buy 
or sell power

●● Both grid-tied and remote 
systems

●● Preference for DC systems

●● Typically serving single 
building or single load

●● Single administrator

Micro-grid 5 – 100

●● Manage local energy supply 
and demand

●● Provide variety of voltages

●● Provide variety of quality and 
reliability options

●● Optimise multiple-output 
energy systems

●● Incorporate generation

●● Varying pricing possible

Mini-grid 0 – 100 000

●● Local generation satisfying 
local demand

●● Transmission limited to 11 kV

●● Interconnected customers
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Tracker or the Nano-grid Global Market Analysis of 
Navigant Consulting, or the North American Micro-grids 
2014 report of GTM Research. These reports are often 
based on bottom-up data collected through interviews 
and surveys to technology providers. For example, 
many large international firms like ABB, Alstom, Bosch, 
GE, Schneider Electric and Siemens supply micro-grid 
controllers and thus have a fairly good grasp of the 
number of projects and their size. However, there are 
also a large number of smaller and more local com-
panies that supply such technologies, but these data 
are more difficult to collect and track. Furthermore, 
the reports often collect data based on the capacity of 
the micro- or nano-grids with only limited data on the 
resources used or the operational state of the micro-
grid. For example, according to Bloomberg New Energy 
Finance (BNEF) most micro-grids in the US use gas as 
a fuel for base-load onsite generation (BNEF, 2014) and 

according to Navigant, only half of the installed capacity 
of micro-grids is operational (Navigant, 2014).

Considering the different data providers, each with 
different sources for their data, consistency of data 
can be improved by cross-checking of multiple source. 
Figure 2 provides a possible sequence of steps for data 
collection. For renewables deployment in mini-grid sys-
tems, ministries for energy and regulators are primary 
sources for data. Such data should be augmented with 
data from finance institutions, development agencies, 
and research institutions in those cases where primary 
statistics are lacking. This is particularly the case for 
the use of renewables in providing rural electrification. 
Marketing reports are good data sources for usage 
of renewables in industrial applications and off-grid 
systems that do not need to report their energy con-
sumption to local authorities.

Figure 2: Data sources for off-grid renewable energy systems

Ministries 
Regulators 
Rural electrification agencies 

Finance institutions 
Development agencies 
Research institutions 

Marketing reports 

Primary source for 
renewable o�-grid systems 

Additional info on: 
- Renewable mini-grids 
- Hybridisation  of existing diesel grids 
- Residential o�-grid applications 

Additional info on: 
- Industry and institutional users 
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This Section provides a global overview of the avail-
able statistics for off-grid systems based on data from 
countries and other sources. The results of this overview 
has been used to identify the key areas for methodo-
logical improvement as discussed in Section 2. Detailed 
statistics on off-grids systems are lacking, mainly due 
to the lack of generally accepted definitions but also 
because of the fragmented and small-scale markets. 
Some information can be gathered from trade statistics, 
associations of manufacturers and sellers of equipment, 
etc. In the case of mini-grids, some countries keep sta-
tistics. The following discussion uses available statistical 
information from a number of different sources.

3.1	 Global statistics

Off-grid systems are not new. For decades they have 
been used to supply remote areas (e.g., rural villages, 
islands and even small cities) that are not connected to 
any national electricity grid. For renewables, in particu-
lar solar PV, applications in off-grid systems were more 
common than grid-connected systems until 1995 (see 
Figure 3).

Furthermore, mini-grids are used to supply remote 
industrial sites, telecommunication facilities or public 
applications (e.g., lighthouses, national parks, schools 
or mountain shelters) (Werner and Breyer, 2012). The 
market can be divided into six categories (adjusted from 
Schnitzer, et al., 2014, which is also the categorisation 
used by a number of market reports):

●● Islands;
●● Remote systems;
●● Commercial/industrial – to ensure energy 

security (99.99% reliability) or provide cheap 
energy sources, especially if connected to heat 
production;

●● Community/utility – often demonstration pro-
jects in the case of developed countries;

●● Institutional/campuses – includes hospitals, 
government buildings and other institutions with 
access to cheap capital and no short payback 
requirements; and

●● Military – US-specific market for 500 military 
facilities within and outside of the US.

Global analyses of off-grid renewable energy systems 
are scarce, but some data on global overview of 
micro-grids, off-grid systems and diesel generators do 

3	� STATISTICAL DATA ON OFF-GRID 
RENEWABLE ENERGY SYSTEMS

Figure 3: Ratio of off-grid versus grid-connected solar PV deployment between 1993-2012
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exist. Many of these overview reports are from market 
research companies.

Navigant Consulting, one of these market research com-
panies, distinguishes between micro-grids and mini-
grids. Its latest micro-grid report identified 4 393  MW 
of total installed micro-grid capacity in mid-2014 
(Navigant, 2014a). Only 53% of this capacity is actually 
in operation and an additional two GW of micro-grids 
are in the planning or proposal stage. Furthermore, the 
majority of micro-grids in the United States are run on 
gas. In addition to the micro-grid capacity, an additional 
8 900  MW of nano-grid capacity (from 5  kW remote 
systems to 100  kW grid-tied systems) was identified 
in 2014 (Navigant, 2014b). In comparison, BSIA identi-
fied a total of 3.5  GW of global installed capacity in 
2012 (BSIA, 2012). The major difference is the installed 
capacity in Europe (1.2 GW vs 0.54 GW). Similarly, GTM 
research (2014) identified a total micro-grid capacity in 
North America of 355 MW in 2014, while Navigant’s data 
suggest a widely disparate capacity of 2 874 MW.

In general, North America is the world’s leading off-grid 
market, with an additional planned or proposed capac-
ity of 1 363 MWe or 66% of the global total. The largest 
growth took place in the Asia-Pacific Region with 134 
of the 155 micro-grids being built during 2013 alone 
(Navigant, 2014a).

Islands and remote systems are an important market 
and opportunity for off-grid renewable energy systems. 
For islands or rural areas where the mini-grid infra-
structure is already in place, there is the economic case 
to displace – or ensure more efficient use of – diesel 
generators (ARE, 2011). The 37 Small Island Developing 
States (SIDS) had a total installed capacity of 28.4 GW 
at the end of 2012 (IRENA, 2014a). This included 10.2 GW 
for Singapore, around 5  GW each for Cuba and the 
Dominican Republic. This left around 8 GW for all other 
SIDS. But there are also other island power systems that 
are not part of SIDS. Worldwide, there are 2 056 islands 
with 1 000 – 100 000 inhabitants each, with an average 
electricity demand of 25.6 GWh. That equals around 
12  GW of capacity (Blechinger et al., 2014). Many of 
these island systems are hybrid mini-grid systems with 
some level of renewable energy.

Beyond islands, global statistics on rural electrification 
through off-grid systems (either based on diesel or 
renewables) are limited, although a number of countries 

are collecting or reporting national data. Recent esti-
mates suggest a current market potential for upgrading 
existing diesel-based, off-grid systems with renewables 
in the range of 40-240 GW (Breyer, 2012).

3.2	 Country statistics

The market for off-grid systems is mainly located in 
developing countries, although there are also niche 
markets in developed countries. In Europe solar PV 
installed in off-grid systems account for less than 1% of 
the installed PV capacity. In the US, solar PV off-grid 
systems accounted for 10% of the overall market in 
2009, but the share has declined since then. In Australia 
and South Korea, solar PV off-grid capacity ranges in 
the dozens of MW per year (EPIA, 2014).

In developing countries, the market for off-grid renew-
able energy systems is mainly related to improvements 
in electrification13 rates. From 1990-2010 worldwide 
access to electricity in urban areas increased by around 
1.1 billion people, while the total global population 
increased by 1.27 billion; in rural areas both total popula-
tion and people with access to electricity increased 
by around 0.3 billion people during that two-decade 
period. In other words, rural electrification has increased 
in line with population growth, but the number of 
people without electricity access has not changed. In 
India, Indonesia and the Philippines, annual growth 
rates for grid electrification have reached 2% per year. 
This expansion rate suggests that universal electrifica-
tion can be achieved within the next few decades, 
assuming that technical, physical and financial barriers 
can be overcome. Unfortunately, however, the simple 
arithmetic of expanding centralised grids is misleading 
since the geographic realities of mountain ranges (e.g., 
northern India) and archipelagos (e.g., Indonesia and 
the Philippines) with limited electricity access means 
that large numbers of households and enterprises in 
Africa and Asia are unlikely to ever be connected to a 
large centralised grid.

Most country data are, however, reported on a case-
by-case basis. For example, a global survey of rural 
electrification activities in 87 developing countries 

13	 “Electrification” in this instance means access to electricity. The 
same term is commonly used to explain the increased use of 
electricity-based technologies, such as heat pumps or electric 
vehicles.
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reviewed 48 renewables-based initiatives, although not 
all initiatives used off-grid systems (UN DESA, 2014). 
The countries addressed below in this report are but a 
sample of statistics by country as this compilation does 
not include all countries with ongoing mini-grid devel-
opment. The countries are categorised by continent and 
in sequence of population.

Asia

Since the 1950s, China has pursued the development of 
renewables-based mini-grids. Many of these mini-grids 
were initially stand-alone configurations based on small 
hydro. By 2002, there were 42 000 small hydropower 
plants in China with a total capacity of 28 GW to provide 
distributed energy. From 2003-2005, China’s Township 
Electrification Programme constructed 721 solar PV and 
PV/wind hybrid systems (20 Megawatt peak (MWp) 
each), along with 146 small hydro stations (264  MW) 
to provide electricity to 1.3 million people (LBNL, 2013). 
The 2005-2010 Village Electrification Programme 
connected another 3.5  million people to renewable 
sources, including more than 400 000 off-grid solar 
home systems. Many of the mini-grids have now been 
integrated into the expanding national grid. In 2013, 
China had roughly 60 000 diesel and hydro mini-grid 
systems, most of them connected to the centralised 
grid. Furthermore, China has installed 11.8 GW of solar 
PV systems, of which 500 MW was installed in off-grid 
systems (EPIA, 2014). By the end of 2015, China aims to 
address the challenge of providing power to another 
2.73 million people without electricity, 1.54 million of 
them through grid extension and 1.19  million through 
the utilisation of independent solar PV power supplies 
(IRENA, 2014d). However, to date only limited data are 
available on the progress of this programme.

India is a leading country in the area of mini-grids and 
off-grid applications. The Jawaharlal Nehru National 
Solar Mission (JNNSM) is its main policy initiative to 
promote solar energy, including off-grid power develop-
ment. Furthermore, it has a number of programmes for 
other renewable energy technologies. As of May 2014, 
India had 17.5 MW of biomass gasifiers for rural off-grid 
applications and 147.2 MW for industrial ones, 174 MW 
of solar PV, 2.25 MW of small wind turbines/hybrid 
systems, 13.2 MW of SHPs (2 643 units) and 3.77 MW of 
biogas mini-grid systems (MNRE, 2014). Schnitzer, et al. 
(2014) identified around 750 mini-grid systems in India, 
including 135 biomass rice husk gasification systems and 

599 solar photovoltaic mini-grids, with a total capacity 
of 8.2 MW and typically 10-400 customers each.

In Indonesia, the Directorate General of New, Renew-
able Energy and Mineral Resources has goals of increas-
ing rural electrification from 70-90% by 2020 and 
decreasing diesel power generation from 21% down to 
only 3% by 2015. The state-owned electricity company, 
PLN, is initiating a distributed solar PV development 
programme called “1 000 Islands” and plans to install 
a total of 620 MW of solar PV (through integration of 
diesel, biomass and other renewable energy sources 
on remote islands) by 2020 (CIF, 2014; Gerlach, 2013). 
With regard to total hydropower investments from 1992 
to 2012 by the People Centered Business and Economic 
Initiative (IBEKA), out of 2 260 kW there were 57 off-
grid systems. Today 47 000 people benefit from these 
off-grid systems that range in size from 0.5-170 kW.

Bangladesh is another country where significant 
progress has been made through off-grid renewable 
energy systems. A programme for SHS installations 
started in 2003 and implemented 50 000 installations 
by 2005, thus exceeding expectations. In July 2014, the 
figure had risen to 3.2 million installations benefiting 
14 million Bangladeshis and contributing around 132 MW 
of renewable energy generation. The programme is 
currently carrying out more than 50 000 installations 
per month and is targeting a total of six million SHSs 
by 2017 (IRENA, 2013c; IDCOL, 2014; World Bank, 2014). 
Furthermore, initiatives have been developed in terms 
of solar mini-grids, solar irrigation programmes, solar-
powered telecom towers and biogas-based electricity 
projects (see Table 3).

In the Philippines there are about 375 MW of in-
stalled capacity in diesel mini-grids. National Power 
Cooperation-Small Power Utility Group (NPC-SGUP) 
operates 279 MW of this capacity in 221 areas (i.e., a total 
of 534 generating units). The majority of these systems 
are operated between 6-8 hours/day; other areas are 
supplied between 10-24 hours/day. Operating capacity 
in most cases is below 500 kW.

In Nepal between 1996 and 2011, the Rural Energy 
Development Programme (REDP) provided 317 villages 
(58 000 households) with micro-hydro installations 
with a cumulative capacity of 5.8 MW. Simultaneously, 
the Energy Sector Assistance Programme (ESAP) pro-
vided local support structures, quality standards and 
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guidelines. Since 2012, Nepal operates a restructured 
rural and renewable energy programme (LBNL, 2013).

Tracing back to 1940s, Sri Lanka had over 500 micro-
hydro facilities to provide energy services for tea plan-
tations, although village systems were only installed 
since the 1990s. Two programmes, the Energy Services 
Delivery Programme in 1997 and the Renewable En-
ergy for Rural Economic Development Project in 2002, 
provide electricity through micro-hydro mini-grids and 
solar home-based systems to 22 000 and 6 000 house-
holds, respectively (LBNL, 2013). Off-grid generation is 
a diminishing component on the supply side. This is a 
result of the fast expanding national grid, which now 
serves more than 90% of all homes.

Cambodia launched the Renewable Electricity Ac-
tion Plan (REAP) in 2003 to coordinate and grow 
the existing 600 diesel-based mini-grids and 1 000 
battery-charging stations so that they can cover 70% of 
domestic electricity demand by 2030. However, there 
are only a few renewable energy mini-grid projects so 
far (LBNL, 2013). One biogas-based mini-grid provides 
electricity to around 1 100 households (ARE, 2013).

In Laos, where nearly 70% of the population lives in 
rural areas, the government promotes the develop-
ment of renewable energy in these areas by funding 
and supporting the construction of off-grid systems. 
Moreover, several policies are in place to foster ru-
ral electrification through off-grids systems (e.g., 
governmental encouragement of private investors to 
undertake the construction and installation of renew-
able energy off-grids themselves and later to transfer 
control of the facility to the province) thus raising the 
national electrification rate from 30% in 2000 to 78% in 

2012. Furthermore, the rent-to-own Solar Home System 
project led the installation of 15 000 SHSS by 2009. 
Laos’ Rural Electrification Master Plan (REMP) aims at 
achieving 94.7% of residential electrification by 2020, 
90.9% by on-grid systems and 3.8% by off-grid systems 
using mini/micro-hydropower and SHSs (ASEAN, 2013).

Africa

The global Market Outlook of the European Photovol-
taic Industry Association (EPIA) for 2013-2017 estimates 
new PV off-grid installations in Africa to be between 
70- 100  MW per annum (PV Magazine, 2013). A com-
prehensive tool has been developed to explore and 
compare off-grid solar PV versus diesel generators in 
Africa (EC, 2014). In 2014, the US Government launched 
a new framework focused exclusively on unlocking 
investment and growth for off-grid and small-scale 
energy solutions on the African continent (The White 
House, 2014). The programme, called “Beyond the Grid”, 
partners with over 36 investors and practitioners com-
mitted to investing over USD one billion into off-grid 
and small-scale solutions to this underserved market. 
The framework is part of a larger initiative called “Power 
Africa”, which aims is to provide access to 20 million 
new connections for households and commercial enti-
ties before 2020 (PV Tech/Solar Media, 2014).

Nigeria has been identified as one of the countries 
with a high potential for mini-grids (IED, 2013), and 
the Nigerian government has announced plans in 2014 
to fast track rural electrification projects with wind, 
solar, biomass and hydropower. So far, only 64 MW 
out of 3 500 MW of small hydropower resources has 
been exploited, and most other renewables-based pilot 
projects have been small scale. Only 40 small scale solar 

Table 3: Off-grid renewable energy projects in Bangladesh (IDCOL, 2013; IDCOL, 2014).

Project/Programme Target Achievements as of July 2014

SHS Programme 6 million by 2017 3.2 million

Solar Irrigation Programme 1 550 by 2017 149

Solar mini-grids 50 (average 100 kW) by 2017 8

Solar powered Telecom towers As per demand 138

Biogas-based electricity projects 130 by 2017* 8

Rice husk-based power plants 30 (average 200 kW) by 2016

*Initial target of 450 (average 20 kW) plants by 2016
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off-grid plants were installed in rural communities in the 
period between 2007 and 2012 (5 solar home systems, 6 
mini-grids, and the rest street lighting systems) (Julius, 
et al., 2014). 700 residential households have been 
connected to a mini-grid to provide lighting (ARE, 2013).

Tanzania is another country with a high potential for 
renewable of-grid systems (IED, 2013). Tanzania’s Rural 
Electrification Agency (REA) perceives hybrid techno
logy as one of the solutions to provide reliable and af-
fordable electricity to isolated areas. Private developers 
presently manage the development of hybrid systems 
while REA provides support to them through capacity 
building, technical assistance, promotion of the technol-
ogy and awareness raising. REA is planning to use 
various financing schemes to further develop Tanzania’s 
hybrid technology.

In Tanzania, off-grid electricity is mainly supplied by 
diesel generators, and in 2010 a total of 22 projects 
(42  MW of grid-connected and 17 MW of isolated 
projects using small hydro and biomass power) were in 
various stages of development. Furthermore, more than 
60 projects were being planned (LBNL, 2013). Bertheau, 
et al. (2013) identified a potential for at least 22 MW of 
diesel-based mini-grids that are available for upgrading 
to hybrid grids. Table 4 provides an overview of diesel 
generators operators.

Solar home systems constitute around 75% of the in-
stalled solar PV capacity in Tanzania (or around 4 MW), 
and around 4 000-8 000 systems are sold annually 
(Hansen, Pedersen and Nygaard 2014). Tanzania also 
has plans to implement systems that include wind 
energy.

Kenya is the third country that has been identified as 
having high potential for off-grid renewable energy 
systems (IED, 2013). Kenya has 18 operational mini-grids 

with 19 MW of capacity, including seven that have 
been in operation for more than 30 years. All have 
diesel generators, two have wind and six have solar 
hybridisation (IRENA, 2013a). In 2011, a PV/diesel hybrid 
power plant was implemented (10 Kilowatt peak (kWp) 
PV, 80 kVA diesel) and managed by Kenya Power and 
in 2013 a 13 kW solar PV-based mini-grid was installed 
(E4D, 2013). The residential solar home system market 
corresponds to around 6-8 MWp (Hansen, Pedersen and 
Nygaard, 2014).

In Algeria, there is also a rural electrification programme 
with about 20 plateau and steppe villages electrified 
with PV (MEM, 2013).

As of late 2014, Uganda has hybrid systems in the 5 kWp 
range implemented at rural district headquarters and 
in a few industries. The deployment of this technology 
is still at the “infant” stage. The Rural Electrification 
Strategy and Plan established in 2011 aims to connect 
over 500 000 new electricity customers to the main 
grid, independent grids and solar PV systems, with 
the support of local institutions (Rural Electrification 
Fund, Rural Electrification Board and Rural Electrifica-
tion Agency). These institutions are willing to promote 
this promising PV/diesel hybrid technology. REA has 
budgeted for feasibility studies in 2011-2012 for hybrid 
solutions on Koome and Buvuma Islands (i.e., hybrid 
systems using wind, solar and diesel sources). Around 
15 000 solar home systems were installed in 2013, 
amounting to around 300-400 kWp (Hansen, Pedersen 
and Nygaard, 2014).

Morocco is an African leader in electrification through 
its development of village-scale mini-grids with 3 663 
villages with nearly 52 000 households electrified with 
solar by 2010. Around one in ten villages that were elec-
trified used renewable mini-grid solutions (Benkhadra, 
2011).

Table 4: Overview of isolated diesel grid operators in Tanzania (Bertheau, et al., 2013)

Operator Number of plants Installed capacity (MW) Type of Organisation

TANESCO 21 11.05 State-owned

ZECO 5 10.33 State-owned

Urambo Coop. 1 0.11 Private

Mbinga Coop. 1 0.29 Private
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In Madagascar, two hybrid systems based on PV were 
implemented in 2010: one funded by the government 
(i.e., 7  kWp  PV, 12  kW diesel) and one by the African 
Development Bank (i.e., 8 kWp PV, 100 kW diesel).

Cameroon has over 23 MW of mini-grids installed, 
consisting of some over 30 installations varying in size 
from a few dozen kW to 13 MV.

Burkina Faso’s Fund for the Development of Electri-
fication initiated a project in 2012 to add a solar PV 
components to existing diesel power plants in the Sahel 
region. A previously installed PV array at the diesel plant 
in a remote locality in the Sahel will soon be connected 
to the main grid.

Mali has 60 000 energy service companies with 74 000 
clients. Access to electricity in rural areas has jumped 
from only 1% in 2006 to 17% in 2012. Mali has the largest 
installed PV/diesel hybrid mini-grid in Africa: a 216 kWp 
system implemented in 2011 thanks to cooperation 
between the national utility EDM and a private operator 
with funding from the Malian Bank for Commerce and 
Industry. Presently, the World Bank and the AfDB are 
funding the Scaling Up Renewable Programme (SREP), 
including a hybrid component that plans to erect PV 
arrays in existing diesel power plants in 40 localities 
comprising a total of 5 MWp PV and a total investment 
budget of USD 58 million (USD 11 600/kWp PV). An-
other programme managed by the rural electrification 
agency AMADER is currently hybridising 17 localities 
for a planned total of 1 MWp PV power. Several private 
operators plan to add PV capacity to diesel power 
plants (Kama SA: 300 kW; SSD Yeelen Kura: 300 kWp 
planned in addition to the existing 72 kWp hybrid plant 
and Tilgaz: 22 kWp).

In 2002, Senegal published the Senegal Poverty Reduc-
tion Strategy Paper setting out the government’s strat-
egy to provide energy services to off-grid areas (ADB, 
2013). So far, Senegal has been one of the most active 
African countries in implementing this hybrid techno
logy. With a EUR 20 million fund from the Spanish gov-
ernment, the company Isofoton has installed nine hybrid 
power plants in remote areas and islands in the Saloum 
Delta to provide electricity to 5 000 households and 
several productive activities. Furthermore, Dutch and 
German development agencies provided EUR 1 million 
for the installation of 16 hybrid power plants (5  kWp 
PV and 11  kVA diesel each) and an extension of this 

programme plans to add 50 more hybrid systems. Two 
larger hybrid power plants are planned on islands in 
Casamance (i.e., 30 kWp PV and 50 kVA diesel each).

Rwanda is the fourth “high-potential” country for off-
grid renewable energy systems (IED, 2013). Rwanda has 
an electrification rate of 5%, and has a plan to increase its 
total installed capacity from 90 MW in 2011 to 1 000 MW 
in 2017. In terms of renewables, Rwanda has installed 
PV/diesel hybrid systems in 50 remote health centres 
(typically with diesel generators rated at 16-20  kVA 
and 3-6 kWp PV arrays). Diesel generators are used as a 
back-up to PV supply. Hybrid systems are owned by the 
beneficiaries and are financed through grants from dif-
ferent international development partners working with 
through Ministry of Health. These systems have reduced 
fuel consumption and enabled the use of new medical 
equipment, but maintenance remains a challenge for 
the beneficiaries.

In 2013, with 2.3 million Euro funding from the European 
Union, Mauritania’s Agency for the Development of 
Rural Electrification started implementing six hybrid 
PV/diesel power plants spread across the country. Three 
of them will consist of an addition of 15-20 kWp PV to 
existing diesel power plants, and the other three will be 
new power plants, each equipped with 25 kWp PV and 
two diesel generators (IEA PVPS, 2013b).

The Americas

In the USA, it is estimated that around 10% of total in-
stalled PV capacity—which equates to 100 MW—was in 
off-grid systems in 2009. Around 40 MW of additional 
off-grid capacity was installed in 2009, but since then 
the use of off-grid systems has declined (IEA PVPS, 
2013).

The Brazilian electrical system is formed by both the 
National Interconnected System (NIS) and the Isolated 
Systems (IS). NIS has a transmission network covering 
89 200 km² and is responsible for 96.6% of the full 
transmission capacity of electricity production in that 
country. The high costs of the national grid expansion 
in northern regions of the country, due to its geographi-
cal characteristics and low population density, make 
the IS the major supplier of energy in this region. 
These systems cover an area equivalent to 45% of the 
national territory but supply energy for only 3% of the 
population, with 8.7 TWh of electricity generated from 
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fossil fuels in 2009. In 2009, nearly 1 000 power plants 
used diesel oil to supply electricity for isolated cities 
and villages in the Amazon. so full sentence: Some 
700 of these plants have an installed power capacity 
below 500 kW (Coelho, 2009). Brazil has ambitious 
plans, supported by an 85% capital subsidy, to connect 
more than 250 000 households in rural regions through 
renewables-based mini-grids but by 2010, only 15 small 
hydro-based mini-grids and one solar PV-based mini-
grid had been established (LBNL, 2013). In 2012, around 
45 MW of solar PV was installed in Brazil, mostly in 
off-grid systems (IEA PVPS, 2012).

In Mexico, around three million people live without any 
electricity access but around 500 systems have been 
installed to provide local communities, schools and solar 
water pumping systems, at least aiding around 3 000 
people (ARE, 2013). Clearly, much remains to be done.

In Canada, around 300 remote communities are served 
with mini-grids with a total capacity of 453 MW, mostly 
diesel power plants and gasoline generators. Eleven 
mini-grids are hydro-based (153 MW). The 2011 survey 
identified four small solar PV systems (30 kW in total), 
three wind turbines (600 kW in total), five biomass and 
wood pellet systems and five solar thermal systems 
integrated into existing Canadian mini-grids (Govern-
ment of Canada, 2011).

Chile has a six GW solar pipeline with most of the pro-
jects planned in the north directed towards power min-
ing companies. These mining operations are remotely 
located and currently operate largely based on diesel 
generators. However, at the end of 2013, only 8.4 MW 
of solar installations were connected to the grid with 
a further 69 MW were under construction (Renewable 
Energy Center Chile, quoted in PV Magazine, 2013).

Oceania

Only 2% of Australia’s population lives within the off-
grid electricity market – the area not covered by the 
main grid – which currently consumes over 6% of 
the country’s total electricity output. Off-grid energy 
consumers include agricultural processing facilities, 
outstations, off-grid mines, small communities and off-
grid infrastructure, such as telecommunications and 
desalination facilities. This group is currently supplied 
with electricity from both off-grid interconnected sys-
tems and islanded power stations. Australia’s off-grid 

electricity market sources 74% of its energy from natural 
gas and the remainder mostly from diesel fuel. Statistics 
indicate that 15 812 GWh of electricity was produced 
by off-grid generation in Australia in 2012 from a total 
installed capacity of approximately 5 GW (BREE, 2013). 
The off-grid industrial sector consumes approximately 
12.4 TWh per annum or 79% of the total off-grid electric-
ity produced, of which the majority is consumed by the 
mining industry. So far only 1% (56 MW) of the off-grid 
market is supplied by renewables but the economic case 
is convincing and rapid growth is expected (AECOM, 
2014).14

Many of the Pacific islands have ambitious plans to in-
crease their shares of renewables (IRENA, 2013d). Their 
total generation capacity in 2012 was approximately 
712 MW with 78% of power generation derived from 
fossil fuels. The other 22% was based on hydropower, 
with Tokelau having transformed to 100% renewable 
energy through solar PVs (927 kW). Since many Pacific 
Island states are composed of numerous islands, the 
mini-grids are supported by diesel generators in the 
range of 25 kW to 10 MW.

3.3	 Statistics by resource

The diesel generator market and its relevance 
for mini-grids

According to Werner and Breyer (2012), at least 42 
countries and regions had mini-grid systems in opera-
tion as of 2012. Looking at the existing diesel generator 
market in financial terms, about 60% is accounted for 
by machines below 20 kW and 15% above 220 kW (PV 
magazine, 2013). However, the bulk of this capacity 
is in the larger units. Around 40 GW (31 696 units) of 
diesel generators larger than 0.5 MW were sold in 
2012 (Diesel and Gas turbines, 2013), half of them for 
permanent operation and half as stand-bys. In 2012 
there were around 13.5 GW sales of diesel generators in 
the 0.5-1 MW size class, 16 GW between 1-2 MW, 5.5 GW 
between 2-3.5 GW and around 3.5 GW above 3.5 MW.

Assuming a growing market and a 15-year life span, 
world installed capacity of diesel generators >0.5 MW 
is on the order of 400 GW (Diesel Gas Turbine, 2013). 

14	 The PV in Australia 2013 Report (http://apvi.org.au/pv-in-austral-
ia-2013/) mentions an off-grid PV capacity of 132 MW in 2013.
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Adding to that figure, machines below 0.5 MW ca-
pacity suggests a global total installed capacity of 
diesel generators in the order of 1 000 GW.15 Especially 
for the smaller generators, no detailed statistics exist. 
Worldwide, more than 22.5 GW of installed power 
capacity in isolated diesel-based power systems can, 
however, be detected and more than two-thirds of 
these systems are located in developing and emerging 
countries. Island states and large territorial states have 
the highest installed diesel capacities (Bertheau, 2012). 
The majority of such diesel energy systems have a 
capacity of less than 1 MW.

A key point here is that hybrid mini-grids account 
for just 2-3% of total diesel capacity. Thus, there is a 
huge global development potential for incorporating 
renewables into mini-grid systems.

An alternative option is to replace imported diesel with 
biodiesel producted at location. In the Pacific islands, 
for example, biodiesel from coconut oil is produced. This 
biodiesel could be used in a dual tank system connected 
to a diesel generator, such that the engine burns pure 
coconut oil when at high loading and switches back to  
diesel fuel at low loading (IRENA, 2013d).

Small hydropower

The findings of world small hydropower development 
report (WSHDR) from 2013 show that small hydropower 
potential is almost 173 GW. As around half of this poten-
tial has already been developed; the operational small 
hydropower capacity (up to 10 MW) was estimated to 
be 75 GW in 2011/2012 (ICSHP/UNIDO, 2014) (Table 5). 
A significant share of these systems is grid-connected, 
notably in China, Europe and North America.

Solar home systems

Solar home systems (SHSs) have enjoyed sustained 
growth in many developing countries, with installations 
now surpassing more than six million (up from 1.3 million 
in 2002) (Table 6). In Bangladesh, the government 
has played an important leadership role in off-grid 
renewables, having deployed more than three million 
SHSs. Unfortunately, other Asian nations have yet to 
replicate this success. According to the International 

15	 Platts database accounted for 90 GW operational capacity until 
the end of 2012.

Finance Corporation (IFC) (2012), total sales in Asia 
in 2011 reached 2.2-2.4 million systems, nearly half of 
which was located in India (IFC, 2012).

Despite some commercial success in Kenya—Africa’s 
leader in solar home systems with 320 000 units cu-
mulative installed capacity at the end of 2010 and a 
market growth of around 10% per year (Ondraczek, 
2011)—Africa’s solar industry faces numerous challenges 
to growth and job creation. As in other developing 
regions and countries, these include: domestic financing 
(e.g., SHSs are primarily only within the reach of the 
wealthiest segments of the rural populations); the qua
lity of imported solar PV panels; and lack of technical 
training. There are skill gaps in many developing coun-
tries, particularly for the key occupations of electrical 
engineers and technicians (IRENA, 2014e).

Solar lanterns

Asia’s solar lantern sales amounted to 2.3-3.2 million 
systems per year in 2011. Nearly all of this was in 
India, with about 10 000 systems in Cambodia and 

Table 5: Small Hydropower Operational Capacities 
below 10 MW for 2011/2012 (ICSHP/UNIDO, 2014)

Region Capacity [MW]
Eastern Africa 209
Central Africa 76
Northern Africa 115
Southern Africa 43
Western Africa 82
Caribbean 124
Central America 599
South America 1 735
North America 7 843
Central Asia 184
East Asia 40 485
South Asia 3 563
South-East Asia 1 252
Western Asia 489
Eastern Europe 2 735
Northern Europe 3 643
Southern Europe 5 640
Oceania 310
Pacific islands 102
Total ~ 70 000
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3 000 systems in the Philippines (IFC, 2012). In Africa 
cumulative sales amounted to 8 million systems in 2013. 
Cumulative sales could grow to 20-28 million solar 
lanterns in Africa by 2015 (sales of 6-10 million lighting 
systems per year). This suggests that up to 140 million 
people may have access to better lighting by 2015 
(Lighting Africa, 2013).

PV systems leasing

There is increasing use of the systems leasing option for 
supply solar electricity. Such contracts can also provide 
valuable information on installed capacity. The Groupe 
Speciale Mobile Association, an association of mobile 
network operators known as GSMA, found that 60 000 
pay-as-you-go solar services were sold in sub-Saharan 
Africa in 2013 alone (Sierra Club, 2014).

Small wind turbines

As of the end of 2012, a cumulative total of 806 000 
small wind turbines were installed worldwide, equal to 
about 0.68 GW of capacity. This is an increase of 18% 
over the previous year (WWEA, 2014). China accounts 
for 39% of installed capacity (570 000 turbines), the US, 
31% (i.e., 155 000 turbines) and the UK, 9.4%. The aver-
age installed size has increased from 0.66 kW in 2010 

to 0.84 kW in 2012. In 2009, approximately 34.4 MW of 
SWTs sold were connected to the main grid, making up 
92% of the market, and leaving only 7.6 MW of off-grid 
systems (i.e., individual consumers or mini-grids). The 
trend is towards ever larger grid-connected turbines.

Biomass power systems

Various biomass-to-power technologies can be 
detected. Small-scale biomass gasification is deployed 
where residues are available (e.g., rice husks). Straw-
based power plants tend to require a larger logistical 
efforts and are generally limited to grid-connected 
power (e.g., in China). Biogas to power makes economic 
sense for large livestock farms.

Chemical pulping yields a “black liquor” residue that is 
generally combusted for co-generation. Bark residue 
can also be deployed for power generation. The ma-
jority of electricity generated is usually for private 
consumption; sometimes surpluses are fed into the local 
grid. The same applies to bagasse residue from sugar 
cane processing.

Biomass-based power systems are being promoted 
inter alia in India where a handful of companies are in-
stalling them. One such company, Husk Power Systems, 
started in 2007, operated around 80 rice husk-based 
mini-grids in 2013, ranging from 32-100 kW in capacity, 
providing electricity to over 200 000 people across 300 
Indian villages and hamlets (ADB, 2013). Bangladesh 
also uses biomass and has a target of 450 biogas-based 
power plants (average 20 kW) and 30 rice husk-based 
power plants (average of 200  kW per plant) by 2016 
(IDCOL, 2013).

Industrial off-grid systems

Many large-scale industrial plants and complexes 
produce their own electricity for two reasons: 1) local 
electricity production is cheaper than electricity from 
the grid; and 2) reliability and the need for uninterrupted 
power supply is a priority. In many cases, electricity is 
produced in a combined heat and power plant (CHP). 
CHP systems are concentrated in the paper and pulp 
industry (20%), chemical industry (40%) and petroleum 
and refining industries (15%). CHP plants are sourced by 
waste streams (i.e., paper and pulp industry) and often 
gas as well. The total capacity is unknown, but large 
chemical complexes like Chemelot or the BASF site in 

Table 6: Global status of off-grid solar home 
system markets (IRENA, 2013c)

Year Solar Home 
Systems

Bangladesh 2014 (July) About 3 200 000
India 2012 (March) 861 654
China 2008  >400 000
Kenya 2010 320 000
Indonesia 2010 264 000
Nepal 2012 229 000
South Africa Est. 150 000
Sri Lanka 2011 132 000
Morocco Est. 128 000
Zimbabwe Est. 113 000
Mexico Est. 80 000
Tanzania Est. 65 000
Total ~ 6 million

NB:	� The information is only indicative; data gaps prevent 
reliable analysis of the number of SHSs deployed 
globally.
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Ludwigshafen, Germany are able to generate a great 
deal of their own electricity through gas-fired CHPS 
with capacities of 231 MW and 390 MW, respectively.

Several African countries, such as Tanzania, Kenya, 
Uganda and Cameroon, have significant technology 
knowledge and agro-industry experience in CHP co-
generation and gasification technologies and their 
utilisation in agro-industries for power self-generation 
and sales of excess power to the grid or surrounding 
mini-grid area. Selling the leftover power to the grid 
could be attractive, given extra investment and a good 
Power Purchase Agreement (PPA), as is the case in 
India, Thailand and Brazil (IED, 2013). At the same time, 
solar PV systems are integrated into existing industrial 
plants to mitigate power outages, as is the case for a 
one MW solar PV system for an Indian cotton mill and 
a MW-scale PV system for a chrome ore mine in South 
Africa (ARE, 2013).

Individual Electrification Systems (IESs for 
productive use)

In India, which currently has about 650 000 telecom 
base stations (averaging 3-5  kWe each and requiring 
1-3 GWe of capacity in total), some 40% of the power 
needed comes from the grid and 60% from diesel gen-
erators. The government has mandated that 50% of 
rural sites be powered via renewables by 2015. In 2013, 
9 000 towers were operating with renewable electricity. 
By 2020, 75% of rural and 33% of urban stations will 
need to run on alternative energy (Scientific American, 
2013). Bangladesh has 138 solar power telecom towers 
(IDCOL, 2014).

In Africa, there are currently more than 240 000 telecom 
towers of which an estimated 145 000 are located 
in off-grid sites. Only 4 000 of these sites deploy re-
newable energy sources (e.g., solar, wind or hybrid 
combinations). In 2020, these numbers are expected 
to grow to 325 000 and 189 000, respectively (GSMA, 
2014). Furthermore, many of the grid-connected sites 
suffer from black-outs and unreliable electricity supply 
and thus have to rely on back-up diesel generators. 
Renewables-based power generation could significantly 
improve the economics of these sites, as diesel fuel 
often costs as much as USD 1.6 per litre.

Renewables can help to reduce fossil fuel expenses and 
reduce outages at industrial sites. Projects are being 
developed in Western Australia (15 TWh needed in the 
coming years), northern Chile and Western Africa. A 
wind-diesel hybrid system has also been developed for 
a mine in Mauritania.

Remote, secure, independent, flexible, non-flammable 
power generation is ideal in a military context. For 
example, in addition to field deployment, more than 
40  United States military bases now have mini-grids, 
either in operation or planned.

Africa has had wind-driven water pumping systems for 
decades. Around 400 000 such systems are in operation 
across Africa (IRENA, 2014b). Some systems use the 
wind force directly to drive a mechanical pump while 
others work with electricity as intermediate energy 
carrier. India installed 1 417 wind-driven water pumps in 
the fiscal year 2013/2014 (MNRE, 2014b). Bangladesh 
had 150 solar PV-driven water pumps installed in July 
2014 and targets 1 550 pumps by 2017 (IDCOL, 2014). 
However, the use of wind pumps has stalled with the 
emergence of low cost solar PV pumping systems.

Lighting is another sector with high potential and 
already enjoys a rapidly growing deployment of renewa-
bles. The size of the overall commercial outdoor lighting 
market is estimated at USD 11 billion. Within this sector, 
there has been a pronounced shift to LED technologies. 
In 2012, for example, 54% of the two million luminaires 
installed along roadways and tunnels around the world 
used LED lights for outdoor area and street lighting 
(Strategies Unlimited, 2014). Another forecast from 
Navigant Research predicts shipments of smart, LED-
based street lights will top 17 million by 2020 (Navigant 
Research, 2013). It should be noted that these figures 
are not consistent. A single US company had installed 
more than 60 000 systems in 60 different countries, 
representing more than 10 MW of solar capacity as of 
November 2013 (Clancy, 2014).

In the health sector, two million domestic gas and 
kerosene refrigerators are operational worldwide, plus 
100 000 vaccine coolers. The average consumption is 
300 litres of kerosene per year. PV systems have been 
designed to replace these systems (IRENA, 2013a).
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This working paper also listed a number of key metho
dological issues in the development of better statistical 
data for off-grid applications with renewable energy.

To effectively address these issues, this working paper 
proposes a number of concrete methodological im-
provements. The following are needed:

1.	 A consistent categorisation of off-grid renew-
able energy systems across all application and 
resource areas. Such a categorisation allows for 
a more consistent assessment of what kind of 
off-grid systems should be included, how they 
relate to one another and how they differ from 
grid-connected, renewable power generation.

2.	 The categorisation of off-grid renewable energy 
system by uses, customers, system components 
and size to differentiate the different systems.

3.	 The identification of a number of key indicators 
to evaluate, compare and aggregate global data 
on off-grid renewable energy systems. This paper 
also proposes a categorisation of mini-grids, 
micro-grids, nano-grids and off-grids with as-
sociated, clearly defined indicators and upper 
limits. The renewable power generation capacity 
connected to such off-grid systems could be the 
primary indicator for tracking progress; however, 
it is important to use additional indicators to 
provide a clearer understanding of the impact of 
off-grid renewable energy systems for individual 
users, grid services and productive use.

4.	 Country statistics on off-grid renewable energy 
systems need to be improved but will require 
the engagement of local development agencies, 
utilities, end-users and technology providers. 
Furthermore, they should be augmented with 
marketing reports to ensure coverage of indus-
trial/commercial applications of renewables in 
off-grid systems.

Despite more than twenty years of renewable energy 
deployment in off-grid systems, the future prospects 
for such systems are not yet evident. However, based 

4	� CONCLUSIONS AND NEXT STEPS

This working paper has sought – based on an overview 
of existing literature on off-grid renewable energy 
systems – to identify a number of methodological 
challenges, and propose methodological improvements. 
The results show that renewables deployment in off-grid 
systems are only a small percentage of the total installed 
renewable power generation capacity. In terms of off-
grid systems, especially in mini-grids electrification 
systems, diesel generators still dominate. However, 
there are a number of areas where the rapid growth 
of off-grid renewable energy systems is expected. A 
significant market exists to hybridise or replace existing 
diesel grids, on a scale of hundreds of GW. This includes 
community mini-grids and industrial plants. The rapid 
growth of individual electrification systems, both in 
developed and developing countries, is also feasible, but 
will be starting from a very small base.

This round-up of data suggests that significant work is 
needed to develop a single accurate dataset. Given the 
growing market size, this effort is seen as warranted. 
There is also an urgent need to improve the statistical 
basis for off-grid systems, including more insight into 
available definitions and improved data consistency and 
comparability. This includes both mini-grids and indi-
vidual electrification systems. Until that happens, it will 
not be possible to adequately track progress in off-grid 
systems for electricity access and other applications. In 
addition to data collection on the capacity of off-grid 
systems, data on their investment and operational costs 
will also remain limited. Efforts should also focus on col-
lecting such data that would facilitate the creation of a 
robust business case. For example, the Rocky Mountain 
Institute (RMI) has used a software programme called 
HOMER to evaluate when off-grid, solar PV deployment 
of renewables will become economically more advanta-
geous than staying connected to the grid (RMI, 2014). 
The Reiner Lemoine Institut has also developed some 
techno-economic optimisation models to evaluate 
hybrid mini-grids (Huskens and Blechinger, 2014), and 
the IEA Photo-voltaic Power Systems Programme (IEA 
PVPS) has developed some life cycle cost assessments 
for solar-based water pumping (IEA PVPS, 2012).
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on previous experience and research, certain key bar-
riers have been identified and both technological and 
economical solutions are being developed to overcome 
them. Furthermore, the declining cost and increased 
performance of off-grid renewable energy systems 
is gradually rendering them more cost-competitive 
compared to alternatives, especially on islands and in 
rural areas. While there is rapid growth in many places, 
some mature markets have actually seen a reduction of 

off-grid systems due to their integration into the main 
grid. Further cost declines for renewable energy genera-
tion and electricity storage technologies, including the 
development of dedicated control systems for mini-
grids, may change this situation in the near future. From 
this perspective, it is important that methodological 
improvements to collect, aggregate and track progress 
are developed before the expected rise in deployment 
in the next decades.



Off-gr id  Renewable  Energy Systems 25

ADB (Asian Development Bank) (2013), “The future of 
mini-grids: from low cost to high value. Using demand 
driven design to maximize revenue and impact”, Asian 
Development Bank, April 2013, www.energyforall.info/
wp-content/uploads/2012/07/The-Future-of-Mini-
Grids.pdf.

AECOM (2014), “Australian Remote Renewables: 
Opportunities for Investment”, www.austrade.gov.au/, 
accessed: December 2014.

ARE (Alliance for Rural Electrification) (2011), “Hybrid 
mini-grids for rural electrification”, www.ruralelec.
org/fileadmin/DATA/Documents/06_Publications/
Position_papers/ARE_Mini-grids_-_Full_version.pdf.

ARE (2013), “Best Practices of the Alliance for Rural 
Electrification”, Alliance for Rural Electrification, 
www.ruralelec.org/fileadmin/DATA/Documents/06_
Publications/ARE_Best_Practises_2013_FINAL.pdf.

ASEAN Centre for Energy (2013), “ASEAN Guideline 
on Off-grid Rural Electrification Approaches”, http://
aseanenergy.org/media/documents/2013/04/11/a/s/
asean_guideline_on_off-grid_rural_electrification_
final_1.pdf.

Benkhadra, A. (2011), “Le programme Marocain 
d’electrification rurale globale. Une experience a 
partager”, Initiative Climate “Paris Nairobi”, 21 April, 
www.developpement-durable.gouv.fr/IMG/pdf/
Presentation_Morocco_Mrs_Benkhadra.pdf.

Bertheau, P. (2012), “Global Analysis of the Utilization 
of Diesel Generators for Remote Power Supply”, www.
reiner-lemoine-institut.de/en/projects/global-analysis-
utilization-diesel-generators-remote-power-supply.

Bertheau, P., et al. (2012a), “Geographic, technological 
and economic analysis of isolated diesel grids: 
Assessment of the upgrading potential with renewable 
energies for the examples of Peru, the Philippines 
and Tanzania”, 5th International Conference on 
Integration of Renewable and Distributed Energy 
Resources, 4-6 December 2012, Berlin, Germany, 
www.reiner-lemoine-institut.de/sites/default/files/

bertheau2012_paper_geographic_technological_and_
economic_analysis_of_isolated_diesel_grids_5thired_
berlin.pdf.

Bertheau, P., et al. (2013), “Geographic, technological 
and economic analysis of isolated diesel grids to assess 
the upgrading potential with renewable energies. A 
case study of Tanzania”, 2nd International Conference 
on Micro Perspectives for Decentralised Energy Supply, 
28 February – 1 March, Berlin.

Blechinger, P., et al. (2014a), “Global PV and wind 
power potential of small island hybrid mini-grids”. 
7th International Conference on PV-Hybrids and 
Mini-Grids, Bad Hersfeld, April 10th/11th, 2014, www.
reiner-lemoine-institut.de/sites/default/files/bad_
hersfeld_2014_02_28_blechinger_islands.pdf.

Blechinger, P., et al. (2014b), “Assessment of the Global 
Potential of Renewable Energy Storage Systems on 
Small Islands”, 8th International Renewable Energy 
Storage Conference and Exhibition, Energy Procedia, 
Vol. 46, pp. 294-300. www.sciencedirect.com/science/
article/pii/S187661021400201X.

Breyer, C. (2012), “Identifying Off-Grid Diesel-Grids on 
a Global Scale for Economic Advantageous Upgrading 
with PV and Wind Power”, 5th ARE Workshop 
Academia meets Industry, 27th PVSEC, 25 September 
2012, Frankfurt, www.ruralelec.org/fileadmin/
DATA/Documents/07_Events/PVSEC/120925__
ARE_Breyer2012_IdentifyingOff-gridDiesel-Grids_
AREworkshop_27thPVSEC_Frankfurt_final_pdf.pdf.

CIF (Climate Investment Funds) (2014), “Renewable 
Energy Mini-grids and Distributed Power 
Generation”, CTF Project/Programme Approval 
Request, www.climateinvestmentfunds.org/cif/sites/
climateinvestmentfunds.org/files/140508%20ADB%20
CTF%20Proposal%20-%20RE%20Mini-Grids%20
Program%20PUBLIC_1.pdf, accessed December 2014.

Clancy, H. (2014), “When (and Where) Solar LED 
Lighting Makes Sense”, Forbes, 11 February 2014, 
www.forbes.com/sites/heatherclancy/2014/02/11/

REFERENCES

http://www.energyforall.info/wp-content/uploads/2012/07/The-Future-of-Mini-Grids.pdf
http://www.energyforall.info/wp-content/uploads/2012/07/The-Future-of-Mini-Grids.pdf
http://www.energyforall.info/wp-content/uploads/2012/07/The-Future-of-Mini-Grids.pdf
http://www.austrade.gov.au/
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.ruralelec.org\fileadmin\DATA\Documents\06_Publications\Position_papers\ARE_Mini-grids_-_Full_version.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.ruralelec.org\fileadmin\DATA\Documents\06_Publications\Position_papers\ARE_Mini-grids_-_Full_version.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.ruralelec.org\fileadmin\DATA\Documents\06_Publications\Position_papers\ARE_Mini-grids_-_Full_version.pdf
http://www.ruralelec.org/fileadmin/DATA/Documents/06_Publications/ARE_Best_Practises_2013_FINAL.pdf
http://www.ruralelec.org/fileadmin/DATA/Documents/06_Publications/ARE_Best_Practises_2013_FINAL.pdf
http://aseanenergy.org/media/documents/2013/04/11/a/s/asean_guideline_on_off-grid_rural_electrification_final_1.pdf
http://aseanenergy.org/media/documents/2013/04/11/a/s/asean_guideline_on_off-grid_rural_electrification_final_1.pdf
http://aseanenergy.org/media/documents/2013/04/11/a/s/asean_guideline_on_off-grid_rural_electrification_final_1.pdf
http://aseanenergy.org/media/documents/2013/04/11/a/s/asean_guideline_on_off-grid_rural_electrification_final_1.pdf
http://www.reiner-lemoine-institut.de/en/projects/global-analysis-utilization-diesel-generators-remote-power-supply
http://www.reiner-lemoine-institut.de/en/projects/global-analysis-utilization-diesel-generators-remote-power-supply
http://www.reiner-lemoine-institut.de/en/projects/global-analysis-utilization-diesel-generators-remote-power-supply
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.reiner-lemoine-institut.de\sites\default\files\bertheau2012_paper_geographic_technological_and_economic_analysis_of_isolated_diesel_grids_5thired_berlin.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.reiner-lemoine-institut.de\sites\default\files\bertheau2012_paper_geographic_technological_and_economic_analysis_of_isolated_diesel_grids_5thired_berlin.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.reiner-lemoine-institut.de\sites\default\files\bertheau2012_paper_geographic_technological_and_economic_analysis_of_isolated_diesel_grids_5thired_berlin.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.reiner-lemoine-institut.de\sites\default\files\bertheau2012_paper_geographic_technological_and_economic_analysis_of_isolated_diesel_grids_5thired_berlin.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.sciencedirect.com\science\article\pii\S187661021400201X
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.sciencedirect.com\science\article\pii\S187661021400201X
http://www.ruralelec.org/fileadmin/DATA/Documents/07_Events/PVSEC/120925__ARE_Breyer2012_IdentifyingOff-gridDiesel-Grids_AREworkshop_27thPVSEC_Frankfurt_final_pdf.pdf
http://www.ruralelec.org/fileadmin/DATA/Documents/07_Events/PVSEC/120925__ARE_Breyer2012_IdentifyingOff-gridDiesel-Grids_AREworkshop_27thPVSEC_Frankfurt_final_pdf.pdf
http://www.ruralelec.org/fileadmin/DATA/Documents/07_Events/PVSEC/120925__ARE_Breyer2012_IdentifyingOff-gridDiesel-Grids_AREworkshop_27thPVSEC_Frankfurt_final_pdf.pdf
http://www.ruralelec.org/fileadmin/DATA/Documents/07_Events/PVSEC/120925__ARE_Breyer2012_IdentifyingOff-gridDiesel-Grids_AREworkshop_27thPVSEC_Frankfurt_final_pdf.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.climateinvestmentfunds.org\cif\sites\climateinvestmentfunds.org\files\140508 ADB CTF Proposal - RE Mini-Grids Program PUBLIC_1.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.climateinvestmentfunds.org\cif\sites\climateinvestmentfunds.org\files\140508 ADB CTF Proposal - RE Mini-Grids Program PUBLIC_1.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.climateinvestmentfunds.org\cif\sites\climateinvestmentfunds.org\files\140508 ADB CTF Proposal - RE Mini-Grids Program PUBLIC_1.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.climateinvestmentfunds.org\cif\sites\climateinvestmentfunds.org\files\140508 ADB CTF Proposal - RE Mini-Grids Program PUBLIC_1.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.forbes.com\sites\heatherclancy\2014\02\11\when-and-where-solar-led-lighting-makes-sense\


Off-gr id  Renewable  Energy Systems26

when-and-where-solar-led-lighting-makes-sense/, 
accessed December 2014.

CLUB-ER (2013), “Hybrid Systems“, Club of National 
Agencies and Structures in Charge of Rural 
Electrification, 18-22 July 2011, Bamako, Mali, www.club-
er.org/index.php/en/ressources-et-forum/ressources-
documentaires/viewcategory/14-hybrides-07-2011.
html..

Coelho, S. (2009), “Energy Access in Brazil”, 
October, Santiago, www.cepal.org/drni/noticias/
noticias/6/37496/Coelho.pdf.

Deshmukh, R., et al. (2013), “Sustainable Development 
of Renewable Energy Mini-grids for Energy Access: 
A Framework for Policy Design”, Lawrence Berkeley 
National Laboratory, www.cleanenergyministerial.
org/Portals/2/pdfs/Sustainable_Development_of_
Renewable_Energy_Mini-grids_for_Energy_Access.pdf.

Diesel and Gas Turbine (2013), “37th Power Generation 
Order Survey 2013“, www.dieselgasturbine.com/images/
customdata/2844_2.pdf, accessed December 2014.

E4D (Energy for Development) (2013), “Community 
Progress within the First Year Operation of the Solar 
Rural Electrification Project in Kenya“, 4 October, www.
energy.soton.ac.uk/e4d-first-year-operation/.

EATON (2013), “Blackout Tracker Annual Report 2013”, 
www.eaton.com/Eaton/OurCompany/NewsEvents/
NewsReleases/PCT_1044447.

EC (European Commission) (2014), “Renewable 
Energies Rural Electrification Africa”, European 
Commission, Joint Research Centre, Institute for Energy 
and Transport, http://re.jrc.ec.europa.eu/re2naf.html.

EPIA (European Photovoltaic Industry Association) 
(2014), “Global Market Outlook for Photovoltaics 
2014-2018“, www.epia.org/fileadmin/user_upload/
Publications/EPIA_Global_Market_Outlook_for_
Photovoltaics_2014-2018_-_Medium_Res.pdf, accessed 
December 2014.

EPRI (Electric Power Research Institute) (2013), 
“Grid-Integrated Microgrids”. Power Delivery and 
Utilization Advisory Meetings. Baltimore, Maryland, 
9 September 2013, www.eei.org/about/meetings/
meeting_documents/mcgranaghan.pdf.

EUEI-PDF (2013), “Mini-grid Policy Toolkit: Mini-Grid 
Opportunities for Rural Development in Africa”, AEI 
Workshop, Mark Hankins, 5 September 2013, www.
euei-pdf.org/sites/default/files/files/field_pblctn_file/
MGPT_Arusha5SEP13MHankinsFinal_0.pdf, accessed 
December 2014.

EWID (2014), Dezentrale Energiespeicher: Grosses 
Potenzial für Energiewende deutet sich bislang erst an, 
Issue 24, pp. 5.

Gerlach, A.-K., et al. (2013), “Comprehensive Country 
Ranking for Renewable Energy Based Mini-Grids 
Providing Rural Off-Grid Electrification”, 28th European 
Photovoltaic Solar Energy Conference, 30 September 
– 4 October, Paris, www.reiner-lemoine-institut.de/
sites/default/files/5do.13.2_gerlach2013_paper_
compcountryrankingre-basedmini-gridsprovruraloff-
gridelec_28theupvsec_5do.13.2_paris_preprint.pdf.

Government of Canada (2011), “Status of Remote/
Off-Grid Communities in Canada”, August 2011. www.
bullfrogpower.com/remotemicro-grids/presentations/
status_of_remote_off_grid_communiites_in_
canada_2013-118_en.pdf, accessed, December 2014.

Greacen, C. et al. (2013), “A Guidebook on Grid 
Interconnection and Islanded operation of Mini-Grid 
Power Systems up to 200  kW”, Lawrence Berkeley 
National Laboratory, Schatz Energy Research 
Center, April 2013, www.cleanenergyministerial.org/
portals/2/pdfs/a_guidebook_for_minigrids-serc_lbnl_
march_2013.pdf.

GSMA (2014), “Tower Power Africa: Energy 
Challenges and Opportunities for the Mobile Industry 
in Africa”, September 2014, www.gsma.com/
mobilefordevelopment/wp-content/uploads/2014/11/
Africa-Market-Report-GPM-final.pdf

Hansen, U.E., M.B. Pedersen and I. Nygaard (2014), 
“Review of Solar PV market development in East 
Africa”, UNEP Risoe Centre, Technical University 
of Denmark, Series no. 12. March 2014. http://orbit.
dtu.dk/en/publications/review-of-solar-pv-market-
development-in-east-africa(32dc689b-abe2-477b-
bdc4-e567b6ef392d).html.

Howe, E., et al. (2013), “Analyzing drivers and barriers 
for renewable energy integration to small islands 
power generation – tapping a huge market potential 

file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.forbes.com\sites\heatherclancy\2014\02\11\when-and-where-solar-led-lighting-makes-sense\
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.club-er.org\index.php\en\ressources-et-forum\ressources-documentaires\viewcategory\14-hybrides-07-2011.html
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.club-er.org\index.php\en\ressources-et-forum\ressources-documentaires\viewcategory\14-hybrides-07-2011.html
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.club-er.org\index.php\en\ressources-et-forum\ressources-documentaires\viewcategory\14-hybrides-07-2011.html
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.club-er.org\index.php\en\ressources-et-forum\ressources-documentaires\viewcategory\14-hybrides-07-2011.html
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.cepal.org\drni\noticias\noticias\6\37496\Coelho.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.cepal.org\drni\noticias\noticias\6\37496\Coelho.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.cleanenergyministerial.org\Portals\2\pdfs\Sustainable_Development_of_Renewable_Energy_Mini-grids_for_Energy_Access.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.cleanenergyministerial.org\Portals\2\pdfs\Sustainable_Development_of_Renewable_Energy_Mini-grids_for_Energy_Access.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.cleanenergyministerial.org\Portals\2\pdfs\Sustainable_Development_of_Renewable_Energy_Mini-grids_for_Energy_Access.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.dieselgasturbine.com\images\customdata\2844_2.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.dieselgasturbine.com\images\customdata\2844_2.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.energy.soton.ac.uk\e4d-first-year-operation\
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.energy.soton.ac.uk\e4d-first-year-operation\
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.eaton.com\Eaton\OurCompany\NewsEvents\NewsReleases\PCT_1044447
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.eaton.com\Eaton\OurCompany\NewsEvents\NewsReleases\PCT_1044447
http://re.jrc.ec.europa.eu/re2naf.html
http://www.epia.org/fileadmin/user_upload/Publications/EPIA_Global_Market_Outlook_for_Photovoltaics_2014-2018_-_Medium_Res.pdf
http://www.epia.org/fileadmin/user_upload/Publications/EPIA_Global_Market_Outlook_for_Photovoltaics_2014-2018_-_Medium_Res.pdf
http://www.epia.org/fileadmin/user_upload/Publications/EPIA_Global_Market_Outlook_for_Photovoltaics_2014-2018_-_Medium_Res.pdf
C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.eei.org\about\meetings\meeting_documents\mcgranaghan.pdf
C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.eei.org\about\meetings\meeting_documents\mcgranaghan.pdf
http://www.euei-pdf.org/sites/default/files/files/field_pblctn_file/MGPT_Arusha5SEP13MHankinsFinal_0.pdf
http://www.euei-pdf.org/sites/default/files/files/field_pblctn_file/MGPT_Arusha5SEP13MHankinsFinal_0.pdf
http://www.euei-pdf.org/sites/default/files/files/field_pblctn_file/MGPT_Arusha5SEP13MHankinsFinal_0.pdf
http://www.reiner-lemoine-institut.de/sites/default/files/5do.13.2_gerlach2013_paper_compcountryrankingre-basedmini-gridsprovruraloff-gridelec_28theupvsec_5do.13.2_paris_preprint.pdf
http://www.reiner-lemoine-institut.de/sites/default/files/5do.13.2_gerlach2013_paper_compcountryrankingre-basedmini-gridsprovruraloff-gridelec_28theupvsec_5do.13.2_paris_preprint.pdf
http://www.reiner-lemoine-institut.de/sites/default/files/5do.13.2_gerlach2013_paper_compcountryrankingre-basedmini-gridsprovruraloff-gridelec_28theupvsec_5do.13.2_paris_preprint.pdf
http://www.reiner-lemoine-institut.de/sites/default/files/5do.13.2_gerlach2013_paper_compcountryrankingre-basedmini-gridsprovruraloff-gridelec_28theupvsec_5do.13.2_paris_preprint.pdf
https://www.bullfrogpower.com/remotemicro-grids/presentations/status_of_remote_off_grid_communiites_in_canada_2013-118_en.pdf
https://www.bullfrogpower.com/remotemicro-grids/presentations/status_of_remote_off_grid_communiites_in_canada_2013-118_en.pdf
https://www.bullfrogpower.com/remotemicro-grids/presentations/status_of_remote_off_grid_communiites_in_canada_2013-118_en.pdf
https://www.bullfrogpower.com/remotemicro-grids/presentations/status_of_remote_off_grid_communiites_in_canada_2013-118_en.pdf
http://orbit.dtu.dk/en/publications/review-of-solar-pv-market-development-in-east-africa(32dc689b-abe2-477b-bdc4-e567b6ef392d).html
http://orbit.dtu.dk/en/publications/review-of-solar-pv-market-development-in-east-africa(32dc689b-abe2-477b-bdc4-e567b6ef392d).html
http://orbit.dtu.dk/en/publications/review-of-solar-pv-market-development-in-east-africa(32dc689b-abe2-477b-bdc4-e567b6ef392d).html
http://orbit.dtu.dk/en/publications/review-of-solar-pv-market-development-in-east-africa(32dc689b-abe2-477b-bdc4-e567b6ef392d).html


Off-gr id  Renewable  Energy Systems 27

for mini-grids”. 2nd International Conference on Micro 
Perspectives for Decentralized Energy Supply, 28 
February-1 March 2013, Berlin, Germany. www.reiner-
lemoine-institut.de/sites/default/files/howe2013_
paper_analyzing_drivers_and_barriers_0.pdf.

ICSHP/UNIDO (United Nations International Center 
on Small Hydro Power/ United Nations Industrial 
Development Organization) (2014), “World Small 
hydropower report. Executive Summary”, www.
smallhydroworld.org.

IDCOL (Infrastructure Development Company, Ltd.) 
(2013), “IDCOL’s Renewable Energy Initiatives”, Energy 
for All organizes workshop on Access to Renewable 
Energy in Bangladesh, www.energyforall.info/wp-
content/uploads/2013/04/IDCOL.pdf, accessed 
December 2014.

IDCOL (2014), IDCOL Solar Home System Program, 7th 
Meeting of Asia Solar Energy Forum, 16-17 October 2014, 
Seoul, Korea.

IEA PVPS (International Energy Agency Photovoltaic 
Power Systems Programme) (2012), “Policy 
Recommendations to Improve the Sustainability of 
Rural Water Supply Systems”, International Off-grid 
Renewable Energy Conference, http://iorec.org/
pdf/1_Session%205.pdf.

IEA PVPS (2013a), “Trends in photovoltaic applications 
2013“, Survey Report of Selected IEA Countries between 
1992 and 2012, Report IEA-PVPS T1-23:2-013. www.
iea-pvps.org/fileadmin/dam/public/report/statistics/
FINAL_TRENDS_v1.02.pdf.

IEA PVPS (2013b), “Rural electrification with PV 
Hybrid systems”, Club-ER, July 2013, www.club-er.
org/index.php/en/ressources-et-forum/ressources-
documentaires/finish/53-documents-thematiques-
mini-reseaux-hybrides-pv-diesel-pour-l-electrification-
rurale/396-rural-electrification-with-pv-hybrid-systems.
html.

IEC (International Electrotechnical Commission) (2006), 
Recommendations for small renewable energy and 
hybrid systems for rural electrification, Part 9-2: Micro-
grids. IEC/TS 62257-9-2., Geneva.

IEC (2013), “Recommendations for small renewable 
energy and hybrid systems for rural electrification, 

Part 1: General introduction to rural electrification”, IEC/
TS 62257-1, http://webstore.iec.ch/webstore/webstore.
nsf/artnum/048704!opendocument.

IED (Innovation Energie Développement) (2013), “Low 
Carbon Mini Grids. Identifying the gaps and building the 
evidence base on low carbon mini-grids”, Department 
for International Development (DfID), United Kingdom, 
Final Report, November 2013, www.gov.uk/government/
uploads/system/uploads/attachment_data/file/278021/
IED-green-min-grids-support-study1.pdf.

IEG (Independent Evaluation Group) (2008), “The 
Welfare Impact of Rural Electrification: A Reassessment 
of the Costs and Benefits”, An IEG Impact Evaluation, 
IEG, World Bank, http://siteresources.worldbank.org/
EXTRURELECT/Resources/full_doc.pdf, accessed 
December 2014.

IFC (International Finance Corporation) (2012) 
“Lighting Asia: Solar Off-Grid Lighting”, www.ifc.org/
wps/wcm/connect/311790804b5ca8d783fbc3bbd57
8891b/Lighting-Asia-off-grid-lighting-Report072512.
pdf?MOD=AJPERES.

IRENA (International Renewable Energy Agency) 
(2013a), “International off-grid renewable energy 
conference. Key findings and recommendations”, IRENA, 
Abu Dhabi, www.irena.org/DocumentDownloads/
Publications/IOREC_Key%20Findings%20and%20
Recommendations.pdf.

IRENA (2013b), “Smart Grids and Renewables: A 
Guide for Effective Deployment”, IRENA, Abu Dhabi, 
November 2013, www.irena.org/DocumentDownloads/
Publications/smart_grids.pdf.

IRENA (2013c), “Renewable energy jobs and access”, 
IRENA, Abu Dhabi, December, www.irena.org/rejobs.
pdf.

IRENA (2013d), “Pacific Lighthouses: Renewable 
Energy Roadmapping for Islands”, IRENA, Abu Dhabi, 
August 2013, www.irena.org/DocumentDownloads/
Publications/Pacific-Lighthouse-Roadmapping.pdf.

IRENA (2013e), “Statistical Issues: Bioenergy and 
Distributed Renewable Energy”, IRENA, Abu Dhabi, 2013. 
www.irena.org/DocumentDownloads/Publications/
Statistical%20issues_bioenergy_and_distributed%20
renewable%20_energy.pdf.

file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.reiner-lemoine-institut.de\sites\default\files\howe2013_paper_analyzing_drivers_and_barriers_0.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.reiner-lemoine-institut.de\sites\default\files\howe2013_paper_analyzing_drivers_and_barriers_0.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.reiner-lemoine-institut.de\sites\default\files\howe2013_paper_analyzing_drivers_and_barriers_0.pdf
http://www.smallhydroworld.org
http://www.smallhydroworld.org
http://www.energyforall.info/wp-content/uploads/2013/04/IDCOL.pdf
http://www.energyforall.info/wp-content/uploads/2013/04/IDCOL.pdf
http://iorec.org/pdf/1_Session 5.pdf
http://iorec.org/pdf/1_Session 5.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.iea-pvps.org\fileadmin\dam\public\report\statistics\FINAL_TRENDS_v1.02.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.iea-pvps.org\fileadmin\dam\public\report\statistics\FINAL_TRENDS_v1.02.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.iea-pvps.org\fileadmin\dam\public\report\statistics\FINAL_TRENDS_v1.02.pdf
file://C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.club-er.org\index.php\en\ressources-et-forum\ressources-documentaires\finish\53-documents-thematiques-mini-reseaux-hybrides-pv-diesel-pour-l-electrification-rurale\396-rural-electrification-with-pv-hybrid-systems.html
file://C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.club-er.org\index.php\en\ressources-et-forum\ressources-documentaires\finish\53-documents-thematiques-mini-reseaux-hybrides-pv-diesel-pour-l-electrification-rurale\396-rural-electrification-with-pv-hybrid-systems.html
file://C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.club-er.org\index.php\en\ressources-et-forum\ressources-documentaires\finish\53-documents-thematiques-mini-reseaux-hybrides-pv-diesel-pour-l-electrification-rurale\396-rural-electrification-with-pv-hybrid-systems.html
file://C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.club-er.org\index.php\en\ressources-et-forum\ressources-documentaires\finish\53-documents-thematiques-mini-reseaux-hybrides-pv-diesel-pour-l-electrification-rurale\396-rural-electrification-with-pv-hybrid-systems.html
file://C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.club-er.org\index.php\en\ressources-et-forum\ressources-documentaires\finish\53-documents-thematiques-mini-reseaux-hybrides-pv-diesel-pour-l-electrification-rurale\396-rural-electrification-with-pv-hybrid-systems.html
file://C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.club-er.org\index.php\en\ressources-et-forum\ressources-documentaires\finish\53-documents-thematiques-mini-reseaux-hybrides-pv-diesel-pour-l-electrification-rurale\396-rural-electrification-with-pv-hybrid-systems.html
http://webstore.iec.ch/webstore/webstore.nsf/artnum/048704!opendocument
http://webstore.iec.ch/webstore/webstore.nsf/artnum/048704!opendocument
http://siteresources.worldbank.org/EXTRURELECT/Resources/full_doc.pdf
http://siteresources.worldbank.org/EXTRURELECT/Resources/full_doc.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.ifc.org\wps\wcm\connect\311790804b5ca8d783fbc3bbd578891b\Lighting-Asia-off-grid-lighting-Report072512.pdf%3fMOD=AJPERES
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.ifc.org\wps\wcm\connect\311790804b5ca8d783fbc3bbd578891b\Lighting-Asia-off-grid-lighting-Report072512.pdf%3fMOD=AJPERES
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.ifc.org\wps\wcm\connect\311790804b5ca8d783fbc3bbd578891b\Lighting-Asia-off-grid-lighting-Report072512.pdf%3fMOD=AJPERES
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.ifc.org\wps\wcm\connect\311790804b5ca8d783fbc3bbd578891b\Lighting-Asia-off-grid-lighting-Report072512.pdf%3fMOD=AJPERES
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.irena.org\DocumentDownloads\Publications\IOREC_Key Findings and Recommendations.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.irena.org\DocumentDownloads\Publications\IOREC_Key Findings and Recommendations.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.irena.org\DocumentDownloads\Publications\IOREC_Key Findings and Recommendations.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.irena.org\DocumentDownloads\Publications\smart_grids.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.irena.org\DocumentDownloads\Publications\smart_grids.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.irena.org\rejobs.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.irena.org\rejobs.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.irena.org\DocumentDownloads\Publications\Pacific-Lighthouse-Roadmapping.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.irena.org\DocumentDownloads\Publications\Pacific-Lighthouse-Roadmapping.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.irena.org\DocumentDownloads\Publications\Statistical issues_bioenergy_and_distributed renewable _energy.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.irena.org\DocumentDownloads\Publications\Statistical issues_bioenergy_and_distributed renewable _energy.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.irena.org\DocumentDownloads\Publications\Statistical issues_bioenergy_and_distributed renewable _energy.pdf


Off-gr id  Renewable  Energy Systems28

IRENA (2014a), “A Path to Prosperity: Renewable 
Energy for Islands”, IRENA, Abu Dhabi, September 2014, 
www.irena.org/DocumentDownloads/Publications/
IRENA_Renewable_Energy_for_Islands_2014.pdf..

IRENA (2014b), “Renewable energy for productive 
uses”, IRENA, Abu Dhabi, www.irena.org (forthcoming)

IRENA (2014c), “REmap 2030: A Renewable Energy 
Roadmap”, IRENA, Abu Dhabi, June, www.irena.org/
remap.

IRENA (2014d), “Renewable Energy Prospects: China, 
REmap 2030 analysis”, IRENA, Abu Dhabi, November, 
www.irena.org/remap.

IRENA (2014e), “Rethinking Energy”. IRENA, Abu Dhabi, 
UAE, September 2014, www.irena.org/rethinking/.

Jochem, F. (2013), “Mini-grid Implementation. 
Experience as an EPC Contractor”. Juwi International 
GmbH. www.giz.de/fachexpertise/downloads/2013-en-
jochem-pep-informationsworkshop-mini-grids.pdf,

Julius, E., et al. (2014), “Challenges of sustaining off-grid 
power generation in Nigeria rural communities”, African 
Journal of Engineering Research, Vol. 2, pp. 51-57, www.
netjournals.org/pdf/AJER/2014/3/14-020.pdf.

LBNL (Lawrence Berkeley National Laboratory) (2013), 
“Sustainable Development of Renewable Energy Mini-
grids for Energy Access: A Framework for Policy Design”, 
LBNL-6222E, March 2013. www.cleanenergyministerial.
org/Portals/2/pdfs/Sustainable_Development_of_
Renewable_Energy_Mini-grids_for_Energy_Access.pdf.

Lighting Africa (2013), “Lighting Africa market trends 
report 2012”, www.lightingafrica.org/wp-content/
uploads/bsk-pdf-manager/5_Market-Brief-Report-
ElectronicREV-1.pdf

MEM (Ministère de l’Energie) (2013), “Presentation des 
20 villages solaires dans le Sud Algérien”, MEM, Algeria, 
www.mem-algeria.org/fr/enr/energie%20solaire/
pres_20-villages.htm.

MNRE (Ministry of New and Renewable Energy) (2014a), 
“Physical progress (achievements)”, Ministry of New and 
Renewable Energy, India, http://mnre.gov.in/mission-
and-vision-2/achievements/, accessed December 2014.

MNRE (2014b), “Chapter 3: Power from Renewables 
– Grid Interactive and Off-Grid Renewable Power“, 
Annual Report 2013-14, Ministry of New and Renewable 
Energy, India, http://mnre.gov.in/file-manager/annual-
report/2013-2014/EN/power-renewable.html.

Nordman, B., K. Christensen and A. Meier (2012), 
“Think Globally, Distribute Power Locally: The 
Promise of Nano-grids”, IEEE Computer Society, 
September 2012, http://nordman.lbl.gov/docs/
nordmanGreenITsep2012IEEEcomputer.pdf, accessed 
December 2014.

Nordman, B. (2013), “Networked Local Power Distribution 
with Nanogrids”, 2nd Military and Commercial Micro-
grids workshop, 29 April, http://nordman.lbl.gov/docs/
micro-gridMAY2013.pdf.

Norplan AS (2012), “Rural electrification. Policy brief 3: 
The potential of solar PV off-grid systems”. December, 
2012, http://norplan.com/files/2013/05/Policy-brief-3-
Solar-off-grid-systems-NORPLAN-FINAL-Dec-2012.pdf.

Navigant Research (2013), “LED-Based Street Lighting 
Market to Surpass $2 Billion by 2020”, 27 February, 
www.navigantresearch.com/newsroom/led-based-
street-lighting-market-to-surpass-2-billion-by-2020, 
accessed December 2014.

Navigant (2014), “Micro-grid deployment tracker 
2Q14. Executive Summary”, Pike Research, www.
navigantresearch.com/wp-content/uploads/2012/11/
MGDT-4Q12-Executive-Summary.pdf

Ondraczek, J. (2011), “The Sun Rises in the East (of 
Africa): A Comparison of the Development and Status 
of the Solar Energy Markets in Kenya and Tanzania”, 
Working Paper FNU-197, 16 December 2011, http://kerea.
org/wp-content/uploads/2012/12/111216_The-Sun-
Rises-in-the-East-of-Africa_Working-Paper-2_Final.pdf.

Palit, D. (2012), “Renewable energy mini grids 
– Indian experiences”. DANIDA and the UNEP Risø 
Centre Sustainable Energy for All: Powering Africa, 
24 September 2012, Copenhagen, www.unepdtu.org. 
accessed: December 2014.

Peng, W. and J: Pan (2006), “Rural Electrification in 
China: History and Institution”, China and the World 
Economy, Vol. 14, No. 1, pp. 71–84, http://iis-db.stanford.

file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.irena.org\DocumentDownloads\Publications\IRENA_Renewable_Energy_for_Islands_2014.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.irena.org\DocumentDownloads\Publications\IRENA_Renewable_Energy_for_Islands_2014.pdf
http://www.irena.org
http://www.irena.org/remap
http://www.irena.org/remap
http://www.irena.org/remap
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.irena.org\rethinking\
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.cleanenergyministerial.org\Portals\2\pdfs\Sustainable_Development_of_Renewable_Energy_Mini-grids_for_Energy_Access.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.cleanenergyministerial.org\Portals\2\pdfs\Sustainable_Development_of_Renewable_Energy_Mini-grids_for_Energy_Access.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.cleanenergyministerial.org\Portals\2\pdfs\Sustainable_Development_of_Renewable_Energy_Mini-grids_for_Energy_Access.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.mem-algeria.org\fr\enr\energie solaire\pres_20-villages.htm
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.mem-algeria.org\fr\enr\energie solaire\pres_20-villages.htm
http://mnre.gov.in/mission-and-vision-2/achievements/
http://mnre.gov.in/mission-and-vision-2/achievements/
http://mnre.gov.in/file-manager/annual-report/2013-2014/EN/power-renewable.html
http://mnre.gov.in/file-manager/annual-report/2013-2014/EN/power-renewable.html
http://nordman.lbl.gov/docs/nordmanGreenITsep2012IEEEcomputer.pdf
http://nordman.lbl.gov/docs/nordmanGreenITsep2012IEEEcomputer.pdf
http://nordman.lbl.gov/docs/microgridMAY2013.pdf
http://nordman.lbl.gov/docs/microgridMAY2013.pdf
http://norplan.com/files/2013/05/Policy-brief-3-Solar-off-grid-systems-NORPLAN-FINAL-Dec-2012.pdf
http://norplan.com/files/2013/05/Policy-brief-3-Solar-off-grid-systems-NORPLAN-FINAL-Dec-2012.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.navigantresearch.com\newsroom\led-based-street-lighting-market-to-surpass-2-billion-by-2020
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.navigantresearch.com\newsroom\led-based-street-lighting-market-to-surpass-2-billion-by-2020
http://kerea.org/wp-content/uploads/2012/12/111216_The-Sun-Rises-in-the-East-of-Africa_Working-Paper-2_Final.pdf
http://kerea.org/wp-content/uploads/2012/12/111216_The-Sun-Rises-in-the-East-of-Africa_Working-Paper-2_Final.pdf
http://kerea.org/wp-content/uploads/2012/12/111216_The-Sun-Rises-in-the-East-of-Africa_Working-Paper-2_Final.pdf
http://www.unepdtu.org
http://iis-db.stanford.edu/pubs/22224/Rural_Electrification_China_Peng.pdf


Off-gr id  Renewable  Energy Systems 29

edu/pubs/22224/Rural_Electrification_China_Peng.
pdf,.

PV Magazine (2013), “Off-grid 2.0“, Storage and 
Smart Grids, December 2013, www.pv-magazine.
c o m /a r c h i v e /a r t i c l e s / b e i t r a g /o f f - g r i d - 2 0 -
_100013593/572/#axzz3Gy9lVNsN, accessed December 
2014.

PV Tech/Solar Media (2014), “West African Solar 
Opportunities”, Solar and Off-Grid Renewables West 
Africa, http://solar-media.s3.amazonaws.com/assets/
documents/west-african-solar-opportunities.v4.pdf, 
accessed December 2014.

RMI (Rocky Mountain Institute) (2014), “The Economics 
of Grid Defection: When and where distributed solar 
generation plus storage competes with traditional utility 
service”, http://www.rmi.org/electricity_grid_defection.

Schnitzer, D. et al. (2014), “Micro-grids for electrification: 
A critical review of best practices based on seven 
case studies”, UN Foundation, Washington, DC, 
http://energyaccess.org/images/content/files/Micro-
gridsReportFINAL_low.pdf.

Scientific American (2013), “Why Cellular Towers in 
Developing Nations Are Making the Move to Solar 
Power”, 15 January 2013, www.scientificamerican.
com/article/cellular-towers-moving-to-solar-power/, 
accessed December 2014.

SDC (Swiss Agency for Development and Cooperation)/
TARA (2014), “An overview of technical aspects of 
mini-grids”, Embassy of Switzerland, New Delhi, India, 
www.eda.admin.ch/content/dam/countries/countries-
content/india/en/resource_en_224456.pdf.

Sierra Club (2014), “Clean Energy Services for All: 
Financing Universal Electrification”, S. Craine, E. Mills, 
J. Guay, June 2014, http://action.sierraclub.org/site/
DocServer/0747_Clean_Energy_Services_Report_03_
web.pdf?docID=15922, accessed: December 2014.

Sovacool, B.K. (2012), “Deploying Off-grid Technology 
to Eradicate Energy Poverty”, Science, Vol. 338, No. 5, 
October, www.sciencemag.org/content/338/6103/47.
summary.

Strategies Unlimited (2014), “Strategies Unlimited 
Forecasts LED Street Light Installations to Grow by 

400% in the Next 5 Years”, 13 January 2014, www.
strategies-u.com/articles/2014/01/strategies-unlimited-
forecasts-led-street-light-installations-to-grow-by-400-
in-next-5-years.html, accessed December 2014.

Szabo, S. et al (2011), “Energy solutions in rural 
Africa: mapping electrification costs of distributed 
solar and diesel generation versus grid extension”, 
Environmental Research Letters, Vol. 6, No. 3, http://
iopscience.iop.org/1748-9326/6/3/034002/pdf/1748-
9326_6_3_034002.pdf.

The White House (2014), “FACTSHEET: Power Africa: 
Increasing Access to Power in Sub-Saharan Africa“, 
Office of the Press Secretary, 5 August 2014, www.
whitehouse.gov/the-press-office/2014/08/05/fact-
sheet-powering-africa-increasing-access-power-sub-
saharan-africa, accessed December 2014.

UN DESA (2014), “A Survey of International Activities 
in Rural Energy Access and Electrification”, United 
Nations Department of Economic and Social Affairs, 
March 2014, http://sustainabledevelopment.un.org/
content/documents/1272A%20Survey%20of%20
International%20Activities%20in%20Energy%20
Access%20and%20Electrification.pdf.

Werner, C. and C. Breyer (2012), “Analysis of Mini-Grid 
Installations: An Overview on System Configurations“, 
27th European Photovoltaic Solar Energy Conference, 
24-28 September 2012, Frankfurt, Germany, www.
rl-institut.de/sites/default/files/5do.9.6_werner2012_
paper_analysis_of_mini-grid_installations_27thpvsec_
frankfurt_preprint.pdf.

World Bank (2014), “Scaling Up Access to Electricity: 
The Case of Bangladesh”, www.wdronline.worldbank.
org/bitstream/handle/10986/18679/887020BRI0Live0
0Box385194B00PUBLIC0.pdf?sequence=1.

WWEA (World Wind Energy Association) (2014), “Small 
Wind World Report 2014”, March 2014, Bonn, http://
small-wind.org/wp-content/uploads/2014/03/2014_
SWWR_summary_web.pdf.

http://iis-db.stanford.edu/pubs/22224/Rural_Electrification_China_Peng.pdf
http://iis-db.stanford.edu/pubs/22224/Rural_Electrification_China_Peng.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.pv-magazine.com\archive\articles\beitrag\off-grid-20-_100013593\572\
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.pv-magazine.com\archive\articles\beitrag\off-grid-20-_100013593\572\
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.pv-magazine.com\archive\articles\beitrag\off-grid-20-_100013593\572\
http://solar-media.s3.amazonaws.com/assets/documents/west-african-solar-opportunities.v4.pdf
http://solar-media.s3.amazonaws.com/assets/documents/west-african-solar-opportunities.v4.pdf
http://www.rmi.org/electricity_grid_defection
http://energyaccess.org/images/content/files/Micro-gridsReportFINAL_low.pdf
http://energyaccess.org/images/content/files/Micro-gridsReportFINAL_low.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.scientificamerican.com\article\cellular-towers-moving-to-solar-power\
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.scientificamerican.com\article\cellular-towers-moving-to-solar-power\
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.eda.admin.ch\content\dam\countries\countries-content\india\en\resource_en_224456.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.eda.admin.ch\content\dam\countries\countries-content\india\en\resource_en_224456.pdf
http://action.sierraclub.org/site/DocServer/0747_Clean_Energy_Services_Report_03_web.pdf?docID=15922
http://action.sierraclub.org/site/DocServer/0747_Clean_Energy_Services_Report_03_web.pdf?docID=15922
http://action.sierraclub.org/site/DocServer/0747_Clean_Energy_Services_Report_03_web.pdf?docID=15922
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.sciencemag.org\content\338\6103\47.summary
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.sciencemag.org\content\338\6103\47.summary
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.strategies-u.com\articles\2014\01\strategies-unlimited-forecasts-led-street-light-installations-to-grow-by-400-in-next-5-years.html
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.strategies-u.com\articles\2014\01\strategies-unlimited-forecasts-led-street-light-installations-to-grow-by-400-in-next-5-years.html
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.strategies-u.com\articles\2014\01\strategies-unlimited-forecasts-led-street-light-installations-to-grow-by-400-in-next-5-years.html
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.strategies-u.com\articles\2014\01\strategies-unlimited-forecasts-led-street-light-installations-to-grow-by-400-in-next-5-years.html
http://iopscience.iop.org/1748-9326/6/3/034002/pdf/1748-9326_6_3_034002.pdf
http://iopscience.iop.org/1748-9326/6/3/034002/pdf/1748-9326_6_3_034002.pdf
http://iopscience.iop.org/1748-9326/6/3/034002/pdf/1748-9326_6_3_034002.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.whitehouse.gov\the-press-office\2014\08\05\fact-sheet-powering-africa-increasing-access-power-sub-saharan-africa
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.whitehouse.gov\the-press-office\2014\08\05\fact-sheet-powering-africa-increasing-access-power-sub-saharan-africa
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.whitehouse.gov\the-press-office\2014\08\05\fact-sheet-powering-africa-increasing-access-power-sub-saharan-africa
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.whitehouse.gov\the-press-office\2014\08\05\fact-sheet-powering-africa-increasing-access-power-sub-saharan-africa
http://sustainabledevelopment.un.org/content/documents/1272A Survey of International Activities in Energy Access and Electrification.pdf
http://sustainabledevelopment.un.org/content/documents/1272A Survey of International Activities in Energy Access and Electrification.pdf
http://sustainabledevelopment.un.org/content/documents/1272A Survey of International Activities in Energy Access and Electrification.pdf
http://sustainabledevelopment.un.org/content/documents/1272A Survey of International Activities in Energy Access and Electrification.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.rl-institut.de\sites\default\files\5do.9.6_werner2012_paper_analysis_of_mini-grid_installations_27thpvsec_frankfurt_preprint.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.rl-institut.de\sites\default\files\5do.9.6_werner2012_paper_analysis_of_mini-grid_installations_27thpvsec_frankfurt_preprint.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.rl-institut.de\sites\default\files\5do.9.6_werner2012_paper_analysis_of_mini-grid_installations_27thpvsec_frankfurt_preprint.pdf
file:///C:\Users\sclarke\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SLDZ4J6O\www.rl-institut.de\sites\default\files\5do.9.6_werner2012_paper_analysis_of_mini-grid_installations_27thpvsec_frankfurt_preprint.pdf
https://www.wdronline.worldbank.org/bitstream/handle/10986/18679/887020BRI0Live00Box385194B00PUBLIC0.pdf?sequence=1
https://www.wdronline.worldbank.org/bitstream/handle/10986/18679/887020BRI0Live00Box385194B00PUBLIC0.pdf?sequence=1
https://www.wdronline.worldbank.org/bitstream/handle/10986/18679/887020BRI0Live00Box385194B00PUBLIC0.pdf?sequence=1
http://small-wind.org/wp-content/uploads/2014/03/2014_SWWR_summary_web.pdf
http://small-wind.org/wp-content/uploads/2014/03/2014_SWWR_summary_web.pdf
http://small-wind.org/wp-content/uploads/2014/03/2014_SWWR_summary_web.pdf


Off-gr id  Renewable  Energy Systems30



P.O. Box 236, Abu Dhabi  
United Arab Emirates

IRENA Innovation and 
Technology Centre

Rober t-Schuman-Platz 3
53175 Bonn

Germany

www.irena.org

IRENA Headquarters



www.i rena.org

Copyright © IRENA 2015


	List of Figures
	List of Tables
	LIST OF ACRONYMS
	EXECUTIVE SUMMARY
	1	Introduction
	2	Methodological issues
	2.1	�What are off-grid renewable energy systems and why do they matter?
	2.2	�Where are these systems used, and what are their components?
	2.3	�How can off-grid renewable energy systems be compared?
	2.4	�What data sources are available for off-grid renewable energy systems?

	3	�Statistical data on off-grid renewable energy systems
	3.1	Global statistics
	3.2	Country statistics
	3.3	Statistics by resource

	4	�Conclusions and next steps
	References
	Figure 1: Renewable mini-grid and off-grid systems, status 2012/13
	Figure 2: Data sources for off-grid renewable energy systems
	Figure 3: Ratio of off-grid versus grid-connected solar PV deployment between 1993-2012 (IEA PVPS, 2013a).
	Table 1: Proposed categorisation of off-grid applications
	Table 2: Proposed grid categorisation
	Table 3: Off-grid renewable energy projects in Bangladesh (IDCOL, 2013; IDCOL, 2014).
	Table 1: Overview of isolated diesel grid operators (Bertheau, et al., 2013)
	Table 4: Small Hydropower Operational Capacities below 10 MW for 2011/2012 (ICSHP/UNIDO, 2014)
	Table 5: Global status of off-grid solar home system markets (IRENA, 2013c)

