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From The Editor

Dear Members and Friends of WWEA,

Welcome to the new edition of the WWEA Quarterly Bulletin! 

The year 2013 has started with encouraging news: the market for both large and small wind turbines 
performed better than expected, as shown by our recently published statistics. 

In spite of the boom in some markets, we know well that the wind sector in general is in a challenging 
situation: there are still significant policy uncertainties in major markets, and many wind companies are 
struggling with the general economic situation. 

Renewable energy is on the agenda of most political decision-makers, but often not yet at the center 
of their interest. Too often, renewables are still seen only as complementary energy sources, although 
renewables have proven that they can provide 100 % of the renewable energy supply. 

Hence it is very important to focus the public debate on strategies regarding how to reach 100 % 
renewable energy. Stefan Schurig from the World Future Council has outlined such an approach in brief in this 
bulletin. 

Also the article by Eric Martinot from REN21 is focused on the very broad picture: what is the potential 
future of renewable energy? It seems obvious, in particular when reading the article in light of the preceding 
one, that the future is also a matter of our decisions: which future do we want, and are we willing to work 
toward? 

The regional focus of this edition is on three countries: Argentina, Ethiopia and Canada – specifically on 
the Canadian province of Ontario. All three regions are diverse, they all have huge wind and renewable energy 
potentials, and they all have their specific opportunities and challenges. 

A major focus of this bulletin lies on "small" wind, a technology whose actual importance is often 
underestimated. WWEA's Small Wind World Report, however, reveals that already today small wind turbines 
are supplying hundreds of thousands of families with clean electricity. 

Small wind still faces major challenges, however, mainly in terms of quality control and manufacturing 
costs. Two articles in this Bulletin reflect on how some of these problems can be tackled. If the small wind 
sector manages to cope with these challenges, following a path of innovation and best quality, then it too will 
have an important role in our renewable energy future. 

With best wishes

Stefan Gsänger
Secretary General World Wind Energy Association
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The Copper 

Plaque 

presented to Mr. 

Anil Kane.

Dr. Anil Kane 
Receiving the 
Felicitation 
from the Vice 
Chancellor Madam 
Dr. Mrunalinidevi 
Puvar of the M.S. 
University

The President Emeritus 
of WWEA Mr. Anil Kane 
was felicitated for his 
outstanding work on 
January 5, 2013 at the 
Maharaja Sayajirao 
University of Baroda, 
India.

Personal
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His Alma Mater PSG 

College of Technology, 

at their alumni meet 

attended by thousands 

of alumni in December 

2012 has decorated 

him with a plaque.

Karpagam University of 
Coimbatore conferred 
Doctorate Honoris 
Causa (D.Sc) on Mr. 
K. Kasthurirangaian 
in recognition of the 
services rendered by 
him to the industry and 
society.

Notes
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The world's leading scientists have made it 
clear that we must change our energy system to a 
sustainable one based on conservation, efficiency 
and renewable energy,or risk losing planetary 
habitability. The energy transition is not a lifestyle 
choice. It is an essential way to combat climate 
change and save our planet. Fukushima and BP’s 
Deepwater Horizon catastrophe are only two of 
many reminders of the hazards of our current 
energy system. Energy infrastructure is outdated 
and much of the world’s power generation 
capacity is nearing the end of its life. Major 
investment decisions to modernize the world’s 
energy system are unavoidable, and they will 
decide our energy landscape for the next decades.  
Now is the time for the energy transformation. 

To move toward a fossil free energy system, 
one of the first paradigm shifts needs to take place 
in our understanding of the problem: the world’s 
climate and energy crisis is not connected to 
energy per-se, but rather to the fuel we are using - 
or should we say burning. Essentially, our system 
must shift from fuel-based to infrastructure-
based energy. In a fossil fuel free society we must 
pay for the built infrastructure with an up-front 
investment, but after that the“fuel” – the sun, wind, 
and water – is free, and ongoing running costs are 
minimal.The focus of a plan for a 100% renewable 
energy system must therefore be on energy 

Elements of a Strategy towards
100% Renewable Energy
By Stefan Schurig, World Future Council Foundation, Germany

It is a fact that non-

renewable energies will, by 

definition, run out. It is also 

a fact that in the meantime, 

dependence on these energy 

sources is causing multiple 

existential global crises. 

If human beings are to 

preserve modernity and 

planetary habitability, we 

must soon shift to 100% 

renewable energy in all 

sectors. A fossil-free energy 

system is the only way 

forward, and will result in 

socio-economic development 

and regional value creation. 

This article highlights 

different elements of an 

implementation strategy to 

realize 100% renewables.
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services rather than energy consumption. 
The real paradigm shift that needs to take 
place is that the provision of energy must be 
understood as an investment, rather than as a 
running cost. 

However, converting our energy system 
is about more than replacing fossil fuels with 
sun and wind as new energy sources. This is 
where the true transformation starts, and with 
it a battle. Our current fossil fuel based energy 
system is characterized by complex centralized 
infrastructures where a) the fuel is transported 
to the plant and b) energy production and 
distribution is in one hand. The supply chain 
is vertical and the benefits are shared only 
among a few stakeholders. The required 
transformation towards 100% renewable will 
change this. By its nature, renewable energy 
technology is decentralized, has a horizontal 
supply chain above the ground and requires a 
completely different infrastructure and market. 
As a result, new actors and stakeholders enter 
the system, claim a right to participate, and 
have direct impacts on the future of our energy 
system. 

Looking at countries like Denmark 
that are successfully moving towards 100% 
renewable energy, we can see that high citizen 
participation and regional value creation from 
decentralized renewable energy production are 
the key success factors. Denmark is the only 
European country that has committed itself to 
100% renewable energy in the electricity, heat 
and transport sector by 2050. Since the first 
oil crisis in 1973, the main objectives of Danish 
energy policy have been the security of energy 
supply, diversification in use of energy sources, 
environmental and climate aspects of the use 
of energy, and the cost effectiveness of energy 
supplies. 

In this small Nordic country, € 16 million 
from local residents are being invested in 
renewable energy facilities.  Over 100 wind 
turbine cooperatives together own three-
quarters of the country’s turbines. The price 
per kWh for electricity from community-
owned wind parks is not only competitive with 
conventional power production, but is actually 
half the price of electricity from off-shore wind 
parks.  

Moreover, Denmark has also found an 
answer to the key challenge of integrating 
wind energy fluctuations: its solution is to 
combine heat and electricity generation (CHP) 
and implement decentralised district heating 
infrastructure, thus tripling energy efficiency 
and achieving decentralised storage. Solar and 
wind therefore do not stand alone. The Danes 
have managed to combine and integrate district 
heating and cooling, CHP and renewables to 
create truly autonomous systems. Along with 
community participation, energy efficiency 
becomes the second pillar of the transformation 
process towards 100% renewable energies. 

If we are to see this sort of development 
elsewhere in Europe, the importance of 
national policies cannot be overstated. Whereas 
the private sector enables development by 
providing appropriate technologies, it is 
policies that determine when and how energy 
investments make a profitable business 
case. Policies are therefore the facilitator to 
moderate the transformation towards a future 
energy system. There are best policy solutions 
implemented across Europe that kick started 
an incredible development in countries like 
Germany, Denmark and Austria. Feed-in tariffs 
are widely recognized as a key connecting 
policy that enables the necessary linkages 
among people, theirenergy, and theeconomy.
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The right policy framework also enabled 
the Danes to create their success story. Two 
policy elements were key for engaging people 
and decentralizing the Danish energy system: 
1) only local public companies can obtain 
permission and access to sites for wind 
turbines for collective supply, 2) income from 
local wind power can be spent only by the local 
green foundation for energy-related purposes 
that are in thecommon interest.

Powering a region with 100% renewable 
energy has likely been technically and 
economically feasible for a long time, and 
Denmark, Germany and Austria provide 
encouraging case studies showing that this can 
become a reality all across Europe today. Our 
task now is to adapt policy frameworks on all 
governance levels to this reality and to further 
develop best policies, like feed-in tariffs, 
because enabling policy frameworks on the 
national level trigger citizen participation and 
action on the local level. 

In order to set the scene for 100% 
renewables, the following policy principles are 
needed: 

- create a level playing field between 
the renewable energies sector and fossil fuel 
industry 

- provide market access for newcomers, 
including local communities and citizens 

- provide investment security to enable 
people to put their money on the right 
technology

- ensure direct benefits to communities 
that host projects

- increase the efficiency of the energy 
system by implementing CHP and other 
technologies

To that end, knowledge transfer and 
exchange between policy makers are vital. 
Networks between trailblazing countries 
must be established all over the continent, 

and beyond, to realize the implementation of a 
European energy transition to 100% renewable 
energies. Despite numerous good practices and 
successful policy instruments, this message 
does not always get through to policy makers 
in governments. We need to facilitate dialogue 
so that countries can learn from the invaluable 
experiences of others in order to make the 
most of scarce resources.Because there is 
only one certainty in this, perhaps the biggest 
transformation process that humanity has ever 
faced: the future of energy is not a continuation 
of the past. 

About the author:

Mr. Stefan Schurig is the director of Climate Energy 

of World Future Council Foundation.

About the World Future Council

The World Future Council brings the interests of 

future generations to the center of policy making. It 

consists of up to 50 eminent members from around the 

globe who have already successfully promoted change. 

The Council addresses challenges to our common future 

and provides decision-makers with effective policy 

solutions. In-depth research underpins advocacy work for 

international agreements, regional policy frameworks 

and national lawmaking and thus produces practical and 

tangible results. For further information please visit our 

website: www.worldfuturecouncil.org
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Small Wind World Market 
sees Strong Growth

The world market for small wind 
has seen further strong growth: As of 
the end of 2011, a cumulative total of 
at least 730,000 small wind turbines 
were installed all over the world 
(excluding two major markets as 
India and Italy), 74,000 of which were 

1: Some of the countries only provide rough data that contains uncertainties.

newly erected that year. During 2011, 
the number of installed small wind 
turbines grew by 11 %. 1

China continues to overshadow 
all other major markets, including the 
USA and the UK, with its cumulative 
installed units of over 500,00, which 
represents 68% of the world market in 
terms of total as well as new installed 
units. According to estimations, 

This is the summary of the Small Wind World Report 2013 as published by WWEA in 
March 2013. The full version can be purchased from WWEA: www.wwindea.org

around half of the turbines continue to 
produce electricity in China given that 
this market started already in the early 
1980s.

27% Increase in Global 
Small Wind Capacity – 
Increase in Average Size

The globally installed small 
wind capacity has reached more than 
576 MW as of the end of 2011. China 
accounts for 40 %, and the USA for 
35% of this capacity. 

More than 120 MW of new 
small wind capacity was added in the 
year 2011, a global capacity increase 
of 27%. In terms of new installed 
capacity, this represents almost a 
doubling of the market size, as the year 
2010 saw only global sales of 64 MW. 

Globally, an increase in the 
average size of small wind turbines 
can be observed: In 2010, the average 
installed size was 0.66 kW, and in 
2011, it has already reached 0.77 kW. Figure 1  Total Cumulative Installed Small Wind Units Worldwide
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Turbines installed new in the year 
2011 had an average size of 1.6 kW. 

China’s average installed size 
increased from 0.37kW as of the end of 
2010 to 0.45kW in 2011.

The USA yielded in average 1.31 
kW per installed small wind turbine 
(after 1.24 kW in 2010) and the 
average small wind turbines in the UK 
had a capacity of 3.3 kW (2.0 kW in 
2010). 

Due to increasing fossil fuel prices 
and increasing electricity demand, 
the interest in small wind turbines is 
large, in industrialised as well as in 
developing countries. 

In particular in the developing 
countries, off-grid and mini-grid 
applications prevail. Small wind, 
in areas without access to the 
national electricity grid, would 
often be economically competitive 
and poses a true rationale in 
substituting the existing expensive 
and environmentally damaging diesel 
generation.

Also in the countries with good 

Figure 2  Total Cumulative Installed Small Wind Capacity Worldwide

infrastructure, small wind turbines can 
generate electricity at affordable cost 
and can contribute to substitute fossil 
or nuclear energy sources. 

However, in both areas there 
are major regulatory and financing 
challenges, and in general, the small 
wind market remains fragile today. 
Still only a handful of countries offer 
sufficient support schemes which are 
necessary to bypass the main barrier 
for many potential small wind users: 
the upfront investment.

Small Wind Turbine 
Manufacturing

Five countries (Canada, China, 
Germany, the UK and the USA) 
account for over 50 % of the small 
wind manufacturers. By the end 
of 2011, there are over 330 small 
wind manufacturers that have been 
identified in the world offering 
complete one-piece commercialised 
generation systems, and an estimate 
of over 300 additional firms supplying 

parts, technology, consulting and sales 
services.

Based on the world distribution 
of turbine manufacturers, the 
production of small wind remains 
concentrated in few world regions: in 
China, in North America and in several 
European countries. Developing 
countries continue to play a minor 
role in small wind manufacturing. It 
is obvious that the tremendous wind 
resources of Africa, Southeast Asia and 
Latin America, where many regions 
are ideally suited for small wind 
application, have not yet lead to the 
establishment of domestic small wind 
industries and it would be worthwhile 
joint efforts of these countries and 
the international community to set up 
international programmes to change 
this. 

However, in general the 
small wind industry has already 
demonstrated remarkable growth 
in the past decade, as consumer 
interest was increasing and many 
new companies have entered the 
sector. Figure 4 illustrates the rise of 
the small wind industry in the past 
decade: More than 120 new small 
wind manufacturers were established 
between 2000 and 2010 worldwide. 
China alone has an exceptional 
manufacturing capacity of more than 
180,000 units per annum (as of 2011). 

This impressive size illustrates 
how large the small wind sector could 
become also in other world regions 
and on the global scale. Compared with 
its global potentials, the small wind 
industry outside China is still very 
small.
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Figure 3  Small Wind Manufacturers Map Distribution Worldwide as of the End of 2011

Figure 4  Worldwide SWT Manufacturer Establishment Timeline

Technology and Major 
Applications

Actually, what is seen today as 
“Big Wind” started in the size which is 
today defined as small wind. Until the 
1970s and 1980s, most wind turbines 
had a capacity of less than 100 kW. In 
rural, isolated areas e.g. in China or 

USA, such small wind turbines were 
very common for residential and 
farming needs, including for water-
pumping stations, still a common 
technology in many developing 
countries. Today, common applications 
of small wind turbine include:

• Residential 
• Commercial and industrial

• Fishery and recreational boats 
• Hybrid systems 
• Pastures, farms and remote 

villages
• Potable systems for leisure 
• Pumping
• Desalination and purification 
• Remote monitoring
• Research and education 
• Telecom base stations
The early HAWT technology has 

dominated the market for over 30 
years. Based on the study of 327 small 
wind manufacturers as of the end of 
2011, 74 % of the commercialised 
one-piece small wind manufacturers 
invested in the horizontal axis 
orientation while only 18 % have 
adopted the vertical design. 6% of 
the manufactures have attempted 
to develop both technologies. As the 
majority of the vertical axis models 
have been developed in the past 5 
to 7 years, the scale of market share 
remains relatively small. The average 
rated capacity of VAWT is estimated to 
be 7.4 kW with a median rated capacity 
of merely 2.5 kW. In comparison 
with the traditional horizontal axis 
orientation, the average and median 
rated capacity are much smaller. Out 
of the 157 models of vertical turbines 
catalogued in this report, 88 % of 
which are below 10 kW and 75 % are 
below 5 kW. This corresponds well 
with the actual market demand, as 
the average unit sold in 2011 had a 
capacity of 1.6 kW. 

Despite a market trend that leans 
towards a grid-tied system with larger 
capacity, off-grid applications continue 
to play an important role in remote 
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Figure 5  SWT Orientation Statistics by 2011

Table 1  VAWT worldwide

VAWT Statistics

Total Number of VAWT Manufacturers 60

Total Number of VAWT Models<100kW 157

Average Rated Capacity 7.4kW

Median Tated Capacity 2.5kW

Percentage of Turbines ≦ 10kW 88.5%

Percentage of Turbines ≦ 5kW 75.8%

Table 2  HAWT Statistics Worldwide

HAWT Statistics

Total Number of HAWT Manufacturers 242

Total Number of HAWT Models<100kW 717

Average Rated Capacity 10.8kW

Median Tated Capacity 3.0kW

Percentage of Turbines ≦ 10kW 78.1%

Percentage of Turbines ≦ 5kW 66.2%

areas of developing countries. Off-grid 
applications include rural residential 
electrification, telecommunication 
stations, off-shore generation, and 
hybrid systems with diesel and solar. 

Over 80 % of the manufacturers 
produce stand alone applications. In 
China, off-grid units comprised 97 % 
of the market in 2009, and 2.4 million 
households still lack electricity. For this 

reason off-grid systems will continue 
to play a significant role, in China and 
in many other countries with non-
electrified areas. 

In recent years, the market for 
larger, grid-tied systems, has increased 
in particular in some industrialised 
countries, e.g. in the USA, UK or 
Denmark. 

As of the end of 2011, 25 small 
wind manufacturers in the world have 
the capability to fabricate turbines 
between 50 kW and 100 kW.

Driving Factors

The future of the small wind 
industry depends on the cost of 
the technology, the enactment of 
supportive policies and economic 
incentives, fossil-fuel prices, investor 
interest, consumer awareness, 
certification and quality assurance, 
permitting processes and regulations, 
and wind evaluation tools. Financial, 
wind, and energy experts anticipate 
high growth rates for the production of 
SWTs if consumer demand increases.

Costs
Cost remains to be the one of 

the main factors and challenges in the 
dissemination of small wind. 

In the USA, the installed cost 
estimates of top ten small wind turbine 
models in 2011 ranged between 
$2,300/kW and $10,000/kW, and the 
average installed cost of all SWTs was 
$6,040/kW, an 11% increase from 
2010. The Chinese small wind industry 
yielded, in comparison, a significantly 
lower average turnover of 12,000 
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Yuan/kW (1,900 USD – 1,500 EUR). 
The small wind industry is still 

under development and without doubt 
economies of scale will help to reduce 
manufacturing cost in the future. 
However, in order to achieve such cost 
reductions, it is important that the 
small wind markets will see further 
growth, which requires appropriate 
legal frameworks and support 
schemes. Hence political incentives 
continue to play a key role for the 
wider deployment of small wind.

Policies
Like most other renewable 

energy technologies and in particular 
the market for “big wind”, the success 
of the small wind market depends 
on stable and appropriate support 
schemes. Today, feed-in tariffs, net 
metering, tax credits, and capital 
subsidies are the major energy 
policies geared specifically towards 
small wind. The small wind sector has 
especially benefited from the growing 
global trend of feed-in tariffs (FITs). 
Unfortunately, only few countries have 
yet implemented specific FIT schemes 
for small wind which can be seen 
as the best tool for grid-connected 
small wind. Whenever the wholesale 
electricity prices are sufficiently high, 
net-metering has also been an effective 
incentive, e.g. in Denmark. Additional 
policies that encourage the use of 
renewable sources of energy also play 
an important role in the growth of the 
small wind industry. 

However, tax credits and capital 
subsidies may not be as effective as 
production based incentives because 

they promote directly the sales of 
the hardware, but not the energy 
generation itself, and hence may not 
encourage sufficiently investment in 
efficiency.

Standards & Certification
Like most other renewable 

energy technologies and in particular 
the market for “big wind”, the success 
of the small wind market depends 
on stable and appropriate support 
schemes. Today, feed-in tariffs, net 
metering, tax credits, and capital 
subsidies are the major energy 
policies geared specifically towards 
small wind. The small wind sector has 
especially benefited from the growing 
global trend of feed-in tariffs (FITs). 
Unfortunately, only few countries have 
yet implemented specific FIT schemes 
for small wind which can be seen 
as the best tool for grid-connected 
small wind. Whenever the wholesale 
electricity prices are sufficiently high, 
net-metering has also been an effective 
incentive, e.g. in Denmark. Additional 
policies that encourage the use of 
renewable sources of energy also play 
an important role in the growth of the 
small wind industry. 

However, tax credits and capital 
subsidies may not be as effective as 
production based incentives because 
they promote directly the sales of 
the hardware, but not the energy 
generation itself, and hence may not 
encourage sufficiently investment in 
efficiency.

Wind Resource Assessment
The basic condition in order 

to harvest wind power successfully 
is of course the availability of wind: 
Hence the accurate prediction of the 
wind speed is essential to calculate 
the electricity output of a small wind 
generator, representing the basis for 
its economic performance. 

As wind assessment tools are 
costly in relation to the cost of a 
small wind turbine, this evaluation 
currently presents a real challenge for 
the small wind industry, however, it is 
important to underline the importance 
of such data at the site where the wind 
generator is supposed to be installed.  

Special challenges can be found 
in urban environments: The shading 
and turbulence effects of surrounding 
obstacles may produce complex wind 
patterns that are difficult to predict. 
Traditional wind resource maps prove 
inadequate as wind conditions are 
evaluated at a greater altitude of 50 m 
while most SWTs do not reach above 
30 m. As a result, the vast demand for 
inexpensive and efficient methods of 
predicting and collecting local wind 
data is another key driving factor that 
requires further innovation and cost 
reduction in the technology.

World Market Forecast 2020

The increasing demand for 
clean and affordable energy all over 
the world will without doubt lead 
to an increasing demand for small 
wind. In particular in the developing 
countries, small wind can easily and 
fast contribute to electrify millions of 
people in rural areas. Governments 
and international organisations such 
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as IRENA have started to understand 
this potential and are now more and 
more including small wind in their 
renewable energy programmes. 
Also several industrialised countries 
have ambitious small wind targets 
and corresponding policies in place. 
In general, political support can be 
expected to increase the installed 
capacity of small wind in the upcoming 
years. 

Increasing fossil fuel prices, 
global warming and the ever-growing 
electricity demand will continue to 
be the three long-term drivers of the 
small wind industry. However, for the 
small wind technology to mature, it 
must be driven by supportive policies 
and standards.

The forecast is based on opinions 
of industry experts, growth pattern 
of the large wind industry, and the 
historical growth trend of the solar PV 
renewable industry for the past decade 
that shares many characteristics in 

common with the small wind industry. 
Accordingly, the small wind industry 
can be expected to follow similar 
growth patterns of the large wind and 
solar industry until 2020. 

Recent trend of the small wind 
industry has shown an aggressive 
annual 35 % increase in the new 
installed capacity for the past years. 
The growth trend is anticipated 
to continue until it reaches an 
annual installation of 400 MW of 
SWTs by 2015. Within this time 
frame, individual countries and the 
international small wind community 
will be able to establish more rigorous 
and structured standards and policies 
to regulate the market and support 
investments. Based on a conservative 
assumption, the market could 
subsequently see a steady compound 
growth rate of 20% from 2015 to 2020. 
The industry is forecasted to reach 
approximately 1,000 MW of newly 
installed capacity added annually 

Table 3  Small Wind Feed-in Tariff Pricing Worldwide

Country/Region Size Limit EUR/kWh Country/Region Size Limit EUR/kWh

Chinese Taipei 1-10kW 0.185 Japan <20kW 0.500

Canada ≥20kW 0.200

Ontario <10kW 0.104 Lithuania <30kW 0.110

Nova Scotia <50kW 0.386 30-50kW 0.100

Cyprus <30kW 0.220 Portugal <3.68kW 0.261

Off-grid 0.190 After 8th year 0.120

Greece <50kW 0.250 Switzerland 0.180

>50kW 0.090 UK <1.5kW 0.443

Off-grid 0.100 1.5-15kW 0.343

Italy <20kW 0.291 15-100kW 0.309

20-200kW 0.268 USA

Israel <15kW 0.254 Indiana 5-100kW 0.130

<50kW 0.326 Hawaii <20kW 0.123

20-100kW 0.105

Vermont <100kW 0.193

in 2020 and achieves a cumulative 
installed capacity of 5 GW by 2020.

Definition of Small Wind

There is still no globally 
unified definition of small wind. 
Originally, small wind was defined 
by its characteristics to produce 
small amount of electricity for 
house appliances or to cover various 
household-based electricity demand. 
However, this definition does not 
make sense on a universal level as 
energy consumption patterns are 
very different in the different parts of 
the world: While an American family 
would need a 10 kW turbine to cover 
its full consumption, a European 
household demands a 4 kW turbine 
while an average Chinese household 
requires as small as a 1 kW turbine. 

Technically, there are several 
definitions of small wind turbines: 
The most important international 
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standardisation body, the IEC, defines 
SWTs in standard IEC 61400-2 as 
having a rotor swept area of less than 
200 m2, equating to a rated power of 
approximately 50 kW generating at a 
voltage below 1,000 V AC or 1,500V 
DC. In addition to this standard, 
several countries have set up their 
own definition of small wind. The 
discrepancy of the upper capacity 
limit of small wind ranges between 
15 kW to 100 kW for the five largest 
small wind countries. The major 
pattern of today`s upper limit capacity 
leans towards 100 kW. This is largely 
caused by the leading role of the North 
American and European market. Over 
the past decades, a growing average 
size of the small wind capacity has 
been observed. This pattern is largely 
caused by the increasing interest in 
larger grid-connected systems and 
a comparatively diminishing market 
of standalone systems. Nevertheless, 

Figure 6  SWT Installed Capacity World Market Forecast 2020

Photo 1  Small Wind Turbines

Photo: Zhang Haijie
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in order to create a standardised and 
healthy small wind market share, an 
agreeable definition of small wind 
should be agreed upon. This report 
intends to bring forward the discussion 
on the definition of small wind and 
aims to create eventually a unanimous 
international classification system 
of small wind accepted by all parties 
of the industry. For the purpose of 
generating comparable graphs, figures 
and charts in this report, 100 kW is 

Table 4  Small Wind Definition of Canada, China, Germany, UK and USA

Department/Association
Turbine 

Classification
Rated Cap.

kW
Additional Remarks

International

International 

Electrotechnical

Commission

Small Wind

turbines
≈50

IEC 61400-2 defines SWTs as having a rotor swept area of less than 

200m2, equating to a rated power of approximately below 1000v AC or 

1500 V DC

Canada

Natural Resources 

Canada (NRCan) 

Canadian Wind Energy 

Association (CanWEA)

mini Wind Turbine 0.3-1
Adopted in the Survey of the Small Wind by Marbek Resource 

Consultants
Small Wind Turbine 1-30

China

Renewable Enery 

& Energy Efficiency 

Partnership (REEP)

Small Wind Turbine <100
Adopted in the recent National Policy, Strategy and Roadmap Study for 

China Small Wind Power Industry Development

Germany
Bundesverband 

WindEnergie (REEEP)
Small Wind Turbine <75 Adopted in the recent BWE-Marktübersicht spezial-Kleinwindanlagen

United 

Kingdom

Renewable UK

Micro wind 0-1.5 0.5-5m Height/Up to 1000kWh Annual Energy Production

Small wind 1.5-15 2-50m Height/UP to 5000kWh Annual Energy Production

Small-medium wind 15-100 50-250m Height/UP to 5000kWh Annual Energy Production

Microgeneration 

Certification Scheme 

(MCS)

Micro & Small Wind 

Turbine
<50

Only turbines smaller than 50kW qualify for the MCS feed-in tariff 

programme in UK

USA
American Wind Energy 

Association (AWEA)
Small Wind Turbine <100

Adopted in the most recent AWEA Small Wind Report 2010 and the 

AWEA Small Wind Turbine Global Market Study

chosen as the temporary reference 
point. The definition, however, requires 
further discussion until a globally 
harmonised agreement is reached In 
practise, the major pattern of today’s 
upper limit capacity leans towards 
100kW, although the IEC defines a 
limit of equivalent to 50 kW. In order 
to create a standardised and healthy 
small wind market share, an agreeable 
definition of small wind should be 
agreed upon. This report intends to 

bring forward the discussion on the 
definition of small wind and aims 
to create eventually a unanimous 
international classification system 
of small wind accepted by all parties 
of the industry. For the purpose of 
generating comparable graphs, figures 
and charts in this report, 100 kW is 
chosen as the temporary reference 
point. The definition, however, requires 
further discussion, until a globally 
harmonised agreement is reached. 
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Highlights for
Renewables Global 
Futures Report

T
he future of 
renewable energy, 
given technology and 
economic trends. 
is fundamentally a 

choice, and not a foregone conclusion  
The context for that choice includes 
the present situation—high levels of 
current investment and more than a 
decade of dramatic market growth, 
proliferation of support policies, and 
cost reductions for renewable energy. 
The context also involves a growing 
diversity of motivations, such as energy 
security, climate and environment, 
industrial and economic development, 
financial risk mitigation, flexibility, and 
resilience.

Cost comparisons between 
renewables, fossil fuels, and nuclear, 
and the role of future policy for 
all technologies are of course key 
elements of the context for future 

By Eric Martinot
Senior Research Director, Institute for Sustainable Energy 
Policies, REN21

energy choices. However, choices also 
depend on how cost comparisons are 
made, and on changing paradigms for 
energy systems and services, mobility, 
and buildings.

This report paints a mosaic of 
the possibilities ahead, grounded in 
the opinions of 170 leading experts 
and the projections of 50 recently 
published scenarios.

Many existing energy companies, 
especially those with a vested interest 
in the status quo, project conservative 
future shares of renewable energy and 
emphasize cost hurdles and variability 
challenges. These companies 
continue to believe that the future 
will be dominated by fossil fuels. Such 
“conservative” outlooks project the 
share of renewable energy in global 
energy supply remaining below 20% in 
the future, not much higher than today 
(See Figure 1).

“Moderate” expert outlooks and 
scenarios project renewable energy 
shares of 30–45% by 2050, including 
electricity, heating/ cooling, and 
transport. In these outlooks, renewable 
electricity is integrated into power 
grids at high shares (i.e., 50–80%) 
using a variety of options such as 
demand-response, balancing with 
natural gas, new market structures 
for balancing services, and some 
energy storage. Transport employs 
modest but growing amounts of 
biofuels, along with electric vehicles 
and plug-in hybrids, partly charged 
from renewable electricity, and some 
modal shifts of freight to moreelectric 
options.

“High renewables” outlooks 

In January 2013, REN21 (the 
Renewable Energy Policy Network 
for the 21st Century)published 
the Renewables Global Futures 
Report. This pioneering publication 
summarizes the range of credible 
possibilities and integration 
challenges for the future of 
renewable energy. Into just 40 pages, 
the report packs the insights from 
interviews with over 170 leading 
experts around the world together 
with the projections of 50 recently 
published scenarios. The report was 
authored by Dr. Eric Martinot and is 
the product of a unique collaboration 
between REN21 and the Institute 
for Sustainable Energy Policies in 
Tokyo. The report is available as a 
free download at www.ren21.net/gfr. 
Following is an executive summary.
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project 50–95% renewable energy 
shares by 2050. these shares are cited 
by many experts, and are projected 
in several scenarios, typically those 
of public advocacy organizations, 
but also in recent scenarios of the 
International Energy Agency (IEA), 
which has traditionally published 
more conservative projections. "High-
renewables" projections typically 
show some combination of significant 
and continued renewable energy cost 
reductions, along with aggressive 
and long-term support policies 
for renewable energy, and major 
transformations in energy markets and 
infrastructure.

“High renewables” projections 
show up to 100% shares of just 
renewable electricity alone (not 
counting heating or transport; 
see Figure 2). These high shares 
come from a portfolio of renewable 
technologies, along with balancing 
and grid-strengthening measures, 
energy storage, and evolved electricity 

market rules. In transport, large shares 
of biofuels and electric vehicles are 
projected, even for freight transport, 
such as biodiesel and electric trucks 
and electric rail (See Figure 3). 
The use of electric vehicles for grid 
balancing purposes is enhanced 
through smart-grid interactions and 
“vehicle-to-grid” (V2G) and “vehicle-
to-home” (V2H) concepts. Buildings 
are designed, constructed, and heated/
cooled in a different paradigm. The 
use of renewables-integrated building 
materials becomes ubiquitous, “low 
energy” or “passive” buildings with 
high energy efficiency and low heating 
requirements become standard, and 
many forms of renewable heating 
and cooling are used, including solar 
thermal, geothermal, and biomass (See 
Figure 4).

One common attribute of many 
high-renewables scenarios is a future 
carbon emissions constraint. Such 
high-renewables carbon-constrained 
scenarios typically model aggressive 

energy efficiency improvements, 
sometimes model carbon capture and 
storage for fossil fuels, and typically 
allow for little or no nuclear power. 
Such scenarios may also include some 
type of carbon price incorporated into 
energy markets.

According to some views, the 
challenges of integrating renewable 
energy into utility power grids, 
buildings, transport, and industry 
are not fundamentally a technical 
issue—although a variety of technical 
issues certainly need to be worked 
out. Rather, the challenges relate 
to practices, policies, institutions, 
business models, finance, aggregation, 
and cross-sectoral linkages, along 
with changes in professional practices, 
education and training.

The finance challenge is key. Many 
new sources of finance are possible 
in the future, such as insurance funds, 
pension funds, and sovereign wealth 
funds, along with new mechanisms 
for financial risk mitigation. And many 

Figure 1  Conservative, Moderate, and High-Renewables Scenarios to 2050
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new business models are possible for 
local energy services, utility services, 
transport, community and cooperative 
ownership, and rural energy services.

Some projections of annual 
investment in renewables by 2020 are 
US$400–500 billion, up from $260 billion 
in 2011 (See Figure 5). Projections of 
average annual investment subsequent 

decades range between $300 billion 
and $1 trillion. Public support for 
renewables, in both direct and indirect 
forms, estimated by the IEA at about 
$90 billion in 2011, is also projected 
to increase through the 2020s in a 
growing number of countries, although 
it is also projected to remain much 
lower than public support for fossil 

fuels.
Strong visions for the future of 

renewable energy are proliferating 
at the local/city level. Many regions, 
cities, and towns around the world are 
planning renewable energy futures. 
In addition to a variety of planning 
approaches, specific support policies 
for renewable energy can be found 

Figure 2  National and EU Electricity Shares from Renewables, 2010-2030

Figure 3  Global Share of Transport Fuel to 2050
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in hundreds of cities. Such policies 
can include targets, subsidies, public 
investment, innovative financing, bulk 
procurement, green power purchasing, 
building codes, transport fuel 
mandates, municipal utility regulation, 
and many others.

Local governments and 
stakeholders are creating new 
approaches to urban planning that 
incorporate renewables, including 
low-energy buildings, heating and 
cooling infrastructure, district heating 
networks, “smart” approaches to both 
electricity and heat, and innovations 
in urban mobility that integrate 
renewables. Growing numbers of 
regions, cities, towns, and communities 
are envisioning “100%” renewable 
energy futures for themselves in the 

long term.
At the national level, at least 30 

countries around the world already 
have shares of renewable energy above 
20%. Some 120 countries have various 
types of policy targets for long-term 
shares of renewable energy, including 
a binding 20% target for the European 
Union by 2020. Some countries have 
long-term policy targets that will put 
them squarely in the “high renewables” 
domain by 2030 or 2050, such as 
Denmark (100%) and Germany (60%). 
Outside of Europe, a diverse group of at 
least 20 other countries target energy 
shares in the 2020–2030 time frame 
that range from 10% to 50%, including 
Algeria, China, Indonesia, Jamaica, 
Jordan, Madagascar, Mali, Mauritius, 
Samoa, Senegal, South Africa, Thailand, 

Turkey, Ukraine, and Vietnam. 
National renewable energy 

markets are projected to grow strongly 
in the coming decade and beyond, 
as shown by current policies and 
targets, and by scenario and expert 
projections. Snapshots of markets and 
policies in Europe, the United States, 
Japan, China, and India show many 
emerging and possible developments. 
For example, Europe’s policy targets, 
national policies, and EU-level 
directives are projected to accelerate 
the adoption of heating and transport 
from renewables through 2020, as 
well as support continued growth in 
renewable electricity. In the United 
States, state-level policies imply 
continued markets even with national 
policy uncertainty. China’s wind power 

Figure 4  Buildings: Integration Opportunities
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market has become a world leader, and 
projections show the continuation of 
trends, along with growing markets for 
solar hot water and solar photovoltaic 
(PV). India has ambitious targets for 
solar power, both grid-tied and off-
grid, along with aggressive projections 
for wind power and rural use of 
biomass.

Projected markets in a much 
greater number of developing 
countries on a bigger scale will 
create a diverse geographic base for 
renewables. Beyond existing “BRICS” 
leaders Brazil, China, and India, 
experts believed that expansion will 
accelerate through 2020, particularly 
in leading developing countries such 
as Argentina, Chile, Colombia, Egypt, 
Ghana, Indonesia, Jordan, Kenya, 
Mexico, Nigeria, the Philippines, South 
Africa, and Thailand. Beyond 2020, 
renewables markets will become even 

broader-based in a larger number of 
countries, as developing countries 
take increasing leadership. Unique 
opportunities for renewable energy 
exist in future development, including 
new electric power infrastructure, 
diesel generator replacement, new 
settlements, new power-market rules, 
regional cooperation frameworks, local 
manufacturing, and rural (off-grid) 
energy services.

With the dramatic growth of 
renewable energy markets over the 
past decade, along with manufacturing 
economies of scale, have come 
dramatic technology improvements 
and cost reductions. Recent growth 
rates reflect a “take-off” phase that 
has seen many renewable energy 
technologies become mainstream 
investments and undergo dramatic 
advances in performance, cost, and 
scale. Hydropower, geothermal, and 

biomass power and heat are the most 
mature, and most projections show 
continued growth that reflects their 
mature status. (See Table 1 for global 
market projections to 2030.)

Among other renewables, onshore 
wind power is closest to commercial 
maturity, with many examples of 
unsubsidized wind power already 
competitive with conventional energy (in 
specific locations), and many projections 
of further technology and cost evolution. 
Offshore wind power is more expensive 
than onshore, but has large (although 
uncertain) potential for cost reductions, 
not just for turbines, but also for 
logistics and long-term operations and 
maintenance costs.

Solar PV has seen dramatic cost 
reductions in recent years. Projections 
show continued cost reductions, 
many possible technology advances, 
and full competitiveness with retail 

Figure 5  Annual Investment Flows to Renewable Energy in Scenarios
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electricity prices without subsidies—
so-called “grid parity”—occurring in 
many jurisdictions soon (and already, 
according to some), and in many more 
places around the world by 2020. 
Solar thermal power (CSP) still has a 
large cost-reduction potential, with 
future opportunities for bulk power 
supply, for dedicated applications 
such as industrial heat supply and 
desalination, and for power grid 
balancing using multi-hour and multi-
day embedded heat storage.

While debates about the 
sustainability of so-called “first 
generation” biofuels continue, 
many projections show large future 
markets for “advanced” biofuels from 
agricultural and forestry wastes, 
and from crops grown on marginal 
or otherwise-unproductive lands. A 
wide variety of new approaches to 
using biomass is also projected, such 
as growing international commodity 
markets for wood pellets and bio-
heating oil, greater use of biogas in 
a variety of applications, new types 
of “biorefineries” in agriculture and 

forestry, and greater use of biomass in 
heat supply.

This report suggests that future 
policies will evolve over time and will 
remain an essential part of renewable 
energy's future. Experts point to a 
range of future policies to support 
renewable heating and cooling in 
buildings. They also point to new 
policies for electric power systems 
integration, including market rules for 
balancing services, demand response, 
net metering, consolidation of grid 
balancing regions, transmission 
planning and access, and others. 
Experts also point to many other 
policies for transport, industry, and 
rural energy that will be key to future 
integration of renewables. And finance 
experts point to policies that adopt 
risk-return perspectives in supporting 
energy investments, rather than 
traditional cost-benefit perspectives.

“Transformational change” is 
implied by many of the scenarios 
and expert opinions presented in 
this report. Experts made clear 
that such change is not just about 

technology and infrastructure, but 
about models of social, institutional, 
business, and policy change. 
Transformational change is implied 
by future needs for technical and 
institutional restructuring of power 
systems, by much-less-homogeneous 
transport systems with a multitude of 
fuel types and vehicle types powered 
by renewables, and by new building 
design and construction practices 
and renewables-integrated building 
materials. Ultimately, transformation 
means more than just renewables 
fitting into existing energy systems.  
Rather, it will be a matter of all energy 
technologies evolving together, with 
different and complementary roles, into 
fully transformed energy systems. 

About the author:

Dr. Eric Martinot is 

the report author of REN21 

Renewables Global Futures 

Report.
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T
he winds of change are 
currently blowing strong in 
Ontario.  After being in power 
since 2004, and winning three 
elections, Premier Dalton 

McGuinty decided in late 2012 to hand power 
over to a new leader.

Amongst his key accomplishments, 
Premier McGuinty was responsible for 
pushing coal-fired generation out of the 
electricity sector of Canada’s largest and most 
industrialized province. His government also 
enacted, in 2009, a progressive renewable 
energy law (the Green Energy and Green 

Econorny Act) that introduced the most 
comprehensive feed-in tariff legislation of 
North America.1

Premier McGuinty’s campaign promise to 
ban coal generation was met with widespread 
incredulity in 2003 and has faced stiff 
opposition for years. When Mr. McGuinty 
became Premier, coal provided close to 25 
percent of the electricity used in Ontario. Today, 
in 2013, coal generation represents less than 
3 percent of total annual electricity generation 
and it is scheduled to be completely phased-out 
by 2014. 

The significant climate mitigation 
accomplishment of dethroning “King Coal”was 
accompanied by the enactment of the Ontario 
Green Energy and Green Economy Act of 2009 
(GEA), which was the result of years of work 
by a diverse group of politicians, academics, 
environmentalists,healthcare compaigners and 

By Jose Etcheverry,  York University, Canada

Paradigm Shifting in Canada’s
Largest Province

1: The Ontario FIT program has two components, the micro-FIT program for projects up to 10 kW and the FIT Program for 
projects above 10 kW. Rules and details of both programs can be found at the Ontario Power Authority site: http://www.
powerauthority.on.ca
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sustainable energy activists (to name but a 
few).2

The main component of the GEA was 
the implementation of the Ontario Feed-in 
Tariff (FIT) Program, which organized the 
rules for a domestic renewable energy market 
and brought forward a comprehensive and 
sophisticated incentive system to develop the 
renewable energy sector in Ontario.

Without the GEA and the 2009 FIT 
program the Ontario wind and solar sectors 
would have remained marginal players in 
North America. Instead these sectors have 
experienced significant growth, massive 
investment, and have become among the most 
powerful anywhere in Canada.

The market response to the Ontario FIT 
program has been massive with applicants 
eager to develop more than 18,000 MW of 
renewable energy (truly remarkable for a 
provincial system with an installed capacity of 
about 36,000 MW, half of which is supplied by a 
nuclear fleet approaching its retirement age).

Although Mr.McGuinty should be very 
proud of the aforementioned accomplishments 
he leaves behind a number of issues that 
need to be resolved by his successor, Premier 
Kathleen Wynne.

Premier Wynne was selected by the 
Ontario Liberal party as Mr. McGuinty’s 
successor on January 26, 2013 and her first act 
as a Premier was to announceher new cabinet 
of ministers on February 11, 2013.

The new Ontario Minister of Energy, 
Mr. Bob Chiarelli, inherits a file that has been 

plagued by controversy over the cancellation 
of natural gas plants; however, the biggest 
unresolved challenge is what to do with the 
costly and ageing Ontario nuclear fleet.3

Nuclear reactors in Ontario are currently 
allowed to generate about 55-60 percent of the 
total annual electricity used in the province 
and have proven to be a very prohibitive 
proposition. Every nuclear plant built in 
Ontario has experienced reactor failures that 
have demanded costly repairs. 

Repairs to the Pickering, Bruce and 
Darlington nuclear reactors have all gone 
grossly over their original forecasted budgets 
by the billions of dollars. In addition, the 
Ontario nuclear lobby has managed to convince 
the government that the province needs to 
build a new reactor (at the Darlington nuclear 
plant site), even though electricity demand is 
significantly down due to the recession and as 
a result of provincial energy conservation and 
efficiency programs.  

If allowed to continue to reign 
unchallenged, the Ontario nuclear sector will 
continue to create technological lock-in for 
decades, which will do much to hinder further 
growth in the wind sector and the entire 
domestic renewable energy market.

The 2003-2004 decision to eliminate 
coal power created a market opening of about 
7,500 MW in Ontario. Renewable energy and 
natural gas developers have taken advantges of 
that market window to gain a foothold in the 
Ontario electricity sector. However, allowing the 
continuation of the status quo of the nuclear 

2: For a short description of the GEA see Paul Gipe’s site at http://www.windworkspower.com/Articles/green_energy_act/
Green%20Energy%20Act%20Alliance.pdf and for a more detailed description see Etcheverry, J. (2012). Chapter 9: From 
green energy to smart growth: practical lessons from the renewable energy movement for agricultural land protection and 
sustainability activists in MacRae, R.J. and E. Abergel (eds). Health and Sustainability in the Canadian food system: Advocacy 
and Opportunity for Civil Society. Vancouver: UBC Press.

3: Spears, J. (2013). Darlington nuclear refit will have two outside overseers. Toronto Star (Sunday January 20 2013). Available 
at http://www.thestar.com/business/2013/01/20/darlington_nuclear_refit_will_have_two_outside_overseers.htm
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sector will stop the sustained growth of the Ontario 
renewable energy market.

Figure 1 illustrates the current predominance 
of the nuclear power sector, which unless it is 
retired will marginalize further growth of the 
Ontario renewable energy sector.

The Ontario experience indicates that, in 
addition to being characterized by massive cost 
over-runs, the nuclear sector is not able to provide 
proper technical support for the natural variability 
of wind and solar energy. 

Nuclear plants are not capable of following 
the variable generation of wind power and are 
vastly inferior to combined heat and power (CHP) 
facilities, which can use multiple fuel sources 
and be located precisely where energy is needed 
(to provide distributed generation and district 
energy for heating and cooling of buildings), and 
can quickly balanceand smooth out the short-term 
variability of renewable energy sources.  

Ontario’s experience with CHP and district 
energy, although not yet as developed as world 
paradigm leaders such as Denmark, is nevertheless 
growing rapidly. this experence is proving the 
many local and regional advantages of producing 
electricity, heating and cooling in a network 
of distributed generation plants versus power 
generation using inflexible centralized electricity 
systems.

If dealing effectively with the costly nuclear 

file and creating an innovative technical and 
policy framework to ensure that wind and other 
renewable energy sources can continue to grow 
was not enough work for Premier Wynne and the 
new Energy Minister, those challenges are further 
compounded by organized opposition to wind 
power projects-opposition that since 2010 has 
mushroomed in many parts of rural Ontario.  

On that last point, policy improvements are 
needed 1) so that communities eager for wind 
power can see prompt development and 2) to 
ensure that the multiple environmental, financial 
and employment benefits of renewable energy can 
become a tangible reality for local people. 

Ontario has already innovated in those 
areas by implementing community power FIT 
incentives (“adders”), establishing community 
power and First Nations funds, and most recently- 
by introducing a points system that aims at fast-
tracking FIT projects with strong community 
support.

Although these crucial first steps should 
be considered as “works-in progress” they 
nevertheless are important policy measures 
to ensure that the benefit of renewable energy 
projects are better appreciated throughout Ontario.

Much work remains to be done during 2013 
to enable the people of Ontario to realize the vast 
potential of the Province's domestic renewable 
energy sector and –most importantly-to ensure 
that local citizens and community organizations 
become partners in and owners of innovative and 
socially-responsible projects. 

Figure 1  
Annual Ontario 
Electricity Generation 
(reproduced from 
Independent Electricity 
System Operator see 
www.ieso.ca)

About the author:

Mr. Jose Etcheverry  is the Co-Chair  of 
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In the late 1990s, Argentina’s Law n°. 
25, 019 was enacted, declaring that solar 
and wind based energy generation was to be 
considered a matter of national interest. This 
statement propelled research into renewable 
energies as a result of different incentives such 
as VAT reductions, 15 year investments, tax 
exemptions and legal stability, as well as the 
creation of a renewable energies trust fund, 
which would be managed and controlled by the 
Argentine Federal Council for Electrical Energy 
(Consejo Federal de la Energía Eléctrica, or 

CFEE). Finally, Argentina’s provinces were 
invited to adopt a tax exemptions regime to 
benefit solar and wind power generation.  Only 
a small number of cooperatives reacted by 
installing small wind farms. 

Law n° 26,190 was launched in 2006, 
and three years later its Regulatory Decree 
n°562/2009 sought to ensure its contribution 
to reducing greenhouse gas emissions. The 
main goal of this Law was to encourage the use 
of renewable energy sources and to confirm 
their development as being a matter of national 
interest. Specifically, its aim was to see 8% of 
the nation’s total energy demand met from 
renewable resources within a 10-year period. 
Significant tax benefits were to be granted 
to new investors, as well as payment for 
each kilowatt hour actually generated by the 
different sources offering their energy in the 
Wholesale Electrical Market (Spanish acronym 

By Ing. Erico Spinadel, President of Argentinean Wind Energy Association

General Aspects of the Argentina
Power Market that Impact on 
the Wind Market

1 Argentinean 
environmental conditions. 
Advantages and 
disadvantages. Incentive 
systems and targets.
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MEM), or being directed to provisioning public 
service.

Most operating wind farms up until 2008 
were launched by electric cooperatives, which 
would supply a local captive network of user - 
clients of those cooperatives acting as both local 
distributors and dumping surpluses into the 
network.

The GENREN Programme (Generation 
of Electric Energy from renewable sources) 
emerged in 2009 in order to comply with the 
law, and a tender-based process was initiated. 
This Programme consists of a tender by ENARSA, 
Energía Argentina’s Public Stock Corporation, for 
the purchase of 1,000 MW to be produced from 
renewable energy sources, of which 500 was to 
come from wind power. While this program is 
advantageous in terms of the environment and 
diversification of the Argentinean energy matrix, 
its success will depend on favourable financing 
conditions and measures that can attract both local 
and foreign investment.

As a result of GENREN, carbon dioxide 
emissions are expected to decline substantially, 
by 2,900,000 tonnes per year from 2008, and the 
program is also expected to be a significant source 
of employment in the country..

The GENREN Programme’s main aims were 
as follows:

• ENARSA would sell energy to the Electricity 
Market by means of contracts for 15 years.

• Investment would be estimated at USD 
2,500 millions.

• More than 8,000 Jobs would be generated.
• Green House gas (GHG) emissions would be 

reduced.
• Impacts at both the Federal (Grid) and 

distribution level would be seen.
• Environmental friendly energies would be 

developed.
• The national energy matrix would be 

diversified.
• Regional and national industries would be 

promoted.

Once the allocation processes was over, 
electricity generation programmes with non-
conventional sources could enter into Wholesale 
Electrical Market supply contracts within the 
framework of Resolution 108/2011.

These supply contracts are entered into with 
CAMMESA at the direction of the Department of 
Energy, and they set a price for energy according to 
the total project costs, which include installation, 
maintenance, and operation costs, while providing 
for a reasonable return on investment.

Among its key features, the most 
remarkable are the following:

• USD fixed price for each MWh delivered to 
the Argentine Grid Connection System (Spanish 
acronym SADI) thoughout the life span of the 
project.

• Free circulation, that is to say, wind energy 
would be treated the same as pass-through hydro-
power generation.

• Costs and charges Pertaining to the 
connection and use of the networks reintegrated to 
the wind farm owners.

• Costs for new electrical transmission lines 
and capacity expansions for linkage to the national 
Argentine Grid Connection System are to be borne 
by the Project developer.

• Revenues generated though the sale of 
Certificates of Emission Reductions (CERs) would 
be considered income of the porject developer.

• Developers may access a Promotional 
Accelerated Depreciation Regime so as to reduce 
the financial impact of the 35% Income Tax in 
Argentina.

The holder of the project is considered to be 
in position to earn the maximum supplementary 
remuneration settled in Law N° 26, 190 (15 $/
MWh, adjusted by the rate of quarterly updating, 
Spanish acronym CAT).
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During 2009, the Argentine electricity 
market’s demand was 104.592 GWh, 38% of which 
came from residential consumption, 32% from 
medium and large commercial and industrial 
customers, 26% from general commercial use, 
and 4% from public lighting. The system had 
thirteen million clients of which eleven million 
were from  the residential sector, one million from 
the commercial sector, and the rest were divided 
among industry, public bodies, and other users.

Residential, commercial, and small and 
medium industries’ consumption was supplied 
by 75 distributors, while large industries and 
commercial and service users received electricity 
directly from the generators. The largest Argentine 
distributors were EDESUR and EDENOR, which 
supply the metropolitan area of Buenos Aires.

The province and the city of Buenos Aires 
together represented 52% of the national demand, 
followed by Santa Fe’s 10%, Córdoba’s 8%, and 
Mendoza’s 5%.

The highest annual per capita consumption 
was 4.57 MWh in Chubut, followed by Neuquen 
amounting 3.86 MWh, and Santa Fe's amounting 
3.16MWh. The low per capita consumption rates 
were reported to be in Salta, Jujuy, and Santiago del 
Estero as 1.13, 1.10, and 1.04 MWh, respectively.

Electric power does not have a standard 
quality, but each service has specified quality 
parameters, such as quality, frequency, 

interruptions and tension level, among others. 
These parameters are outlined in transporters’ and 
distributors’ concession contracts. The system is 
based on constant frequency with slight variations 
of voltage.

The turbines must adapt the generation of 
electricity to a constant 50 kHz frequency, and a 
tension that, although standardised, has minimum 
network variations.  This adjustment is made in 
order for energy to be injected into the network 
without putting the system at a risk, rather than to 
achieve a given quality.

The National Executive Branch, through 
the Department of Energy, was responsible for 
implementing the aims set out in Law 24,065. 
A Wholesale Electrical Market was created 
under conditions of competition, devoted to 
the generation market. Concession contracts 
were established for transport and distribution 
businesses, due to their monopoly features.

The Wholesale Electrical Market supplied 
93% of the Argentinean electricity system demand. 
The Patagonian system, which was not linked to the 
former, supplied 6% of demand, while 1% of the 
remaining energy requirements were supplied by 
small isolated systems, far from large consumption 
centres.

The Wholesale Electrical Market was 
connected to the Argentine Grid Connection 
System with nearly 8,000 km of 500 kV lines that 
covered nearly the entire country, except for the 
Patagonia Region. The establishment of this Market 
created an ideal setting for wholesale electric 
power transactions, as well as an objective and 
transparent price setting so as to reflect production 
costs. Regulations were set by the Department of 
Energy to regulate the sale of energy, as well as the 
services supplied by professionals and terms of 
pricing per hour.

2 Electrical energy 
demand and selling price’s 
development.

3 Requirements regarding 
the energy generated and 
its compatibility with the 
network demands.

4 Management of 
electricity networks.
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CAMMESA was created in July 1992 on the 
basis of the National Control Office, and among 
its main responsibilities were coordinating 
dispatch operations, setting wholesale prices, and 
administrating economic transactions conducted 
through the National Interconnected System 
(Spanish acronym SIN), a private management 
company with a state purpose.

Provincial Regulation Bodies were in charge 
of distribution concessions within their respective 
provinces. The National Electricity Regulatory 
Agency (Spanish acronym ENRE) was an autarchic 
body in charge of regulating electrical activity and 
managing compliance with the obligations entered 
into by EDENOR and EDESUR within the regulatory 
framework and the existing concession contracts.

Some notable features of the structure of 
the electricity market: 

• Fragmented electrical business: generation, 
transmission, distribution.

• Classification of consumers: large 
consumers, or market agents, and final consumers, 
or users.

• State's regulatory role, rather than the role 
of an entrepreneur.

• Terminal market and spot market destined 
to energy selling.

• Quarterly updated prices for generators.
• Possibility of selling energy according to an 

hourly rate spot price.
• Setting prices according to the generation 

cost for the different providers of the system 
(nuclear, hydro, open-cycle turbines, combined-
cycle turbines, among others).

• Setting of marginal hourly spot prices 
according to the cost to supply the following unit of 
demand, when the open cycle or carbon generators 
are needed.

• Transport remunerated according to 
connection and capacity fixed charges, subject 
to losses and line error probability; total 
remuneration not variable.

• Wholesale Electrical Market opened for 
exchange with neighbour countries, therefore 
promoting import and export of electricity through 
contracts entered into by private companies that 
fulfil the presumed hourly requirements.

Law N° 24, 065, adopted by Congress in 
January 1992, settled the regulatory framework 
for the Wholesale Electrical Market to serve a 
public purpose but to be operated by private 
agents; this framework also vertically disintegrates 
the electricity industry, therefore creating the 
following branches:

5.1 Generators:
The cost of electricity generation of a turbine 

linked to the Wholesale Electrical Market is given 
by operation and node-to-market transportation 
costs. Costs rise according to load centres' distance 
and transporters' reliability.

Generators receive remuneration for power 
made available to the system, either operating or as 
standby cold reserve. Remunerations will include, 
in order to insure the operability of the system, 
paying for additional services such as frequency 
regulation and tension control.

Generators without a contract sell their 
entire output to the Spot Market, and receive 
remuneration according to the hourly market price. 
Generators with supply contracts entered into 
with distributors or large users are paid per hour 
for their output, which is taken into account in the 
Terminal Market up to the generators’ assignment 
level.

5 Electricity market. 
Determination of prices 
and those responsible. 
Producers, transporters, 
and distributors.  
Operators and controls. 
Subsidies.
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5.2 Transporters:
Transporters electrically link nearly every 

Argentine Grid Connection System’s node, that 
is to say, they electrically connect the power 
capacity with its demand. The Transport 
Technical Function (Spanish acronym FTT) is 
defined as the linking service that is part of the 
Argentine Grid Connection System, and that is 
provided by generators.

The open-access principle governs every 
installation that fulfils the Transport Technical 
Function. This is not a minor matter, as the 
model established in the country is based upon 
competition, openness of the economy, and 
privatisation of every electrical sector of the 
business. Market actors must compete with each 
other in all the different branches of the business.

It is important that those who want to 
connect with the Argentine Grid Connection 
System have the possibility to do so only if they 
fulfil every requirement.

The open-access principle allows any 
Wholesale Electrical Market agent directly 
or indirectly connected to the Argentine Grid 
Connection System to be able to buy assured 
electrical power disposal and energy from 
anyone selling it in the above mentioned Market.

When it was privatised, the Argentine 
Grid Connection System was divided into seven 
transporters’ companies, and each one of these 
entered into a concession contract with the 
State. These contracts describe the general and 
particular conditions of such concessions; their 
main features are the following:

• The exclusive provision of public transport 
of electrical power within the specified area was 
the subject matter of the contract.

• Such exclusivity means that the State, the 
concession grantor, shall not allow third parties 
or itself to provide such services within the 
specified area.

• Such concession is granted for 95 years, 
which are divided into management periods, 

with the first one being a fifteen-year period, and 
the subsequent ones, ten-year periods.

Once a management period terminates, 
the National Electricity Regulatory Agency must 
promote an international competition in order 
to sell the entire share parcel as well as to set the 
tariff regime for the upcoming years. Upon its 
occurrence, the current holder of the largest share 
parcel shall give a valuation price for their share 
parcels in sealed envelope. If that value equals or 
exceeds the best financial offer, the current holder 
will retain his share parcel. If that value is less than 
the best offer, the share parcel will be awarded to 
the latter.

5.3 Distributors:
Concession contracts are crucial to the Market 

development, as distributors are considered agents 
of the Wholesale Electrical Market. It is their duty 
to ensure adequate levels of supply in order to 
meet the demand, and they are subject to penalties 
upon failure to do so.

Such security can be obtained through 
temporary contracts, in which quantity conditions 
and prices are freely agreed with producers. 
Such contracts are not subject to contractual 
relationships in the terminal market, but are rather 
channelled through a quarterly updated seasonal 
price. In addition, these contracts provide greater 
stability to producers’ future actions, therefore 
encouraging their generation and transport 
capacity.

Seasonal Prices are updated every three 
months so as to moderate the volatility of the 
Spot Market’s prices, and to reflect the demand-
supply variations in a less abrupt way. This update 
is based upon the projected evolution of the Spot 
Market’s prices, aimed at purchases made by 
Distributors.

There are two possibilities:
1. The Distributor enters into a supply 

contract with the Generator.
2. The Distributor does not enter into a supply 
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contract with the Generator
If there exists a supply contract, Seasonal 

Prices will be applied to the whole supply.
If there is a contract entered into with more 

than one Producer, the price hour per hour is 
considered as follows:

1. Supply is taken into account in the Terminal 
Market up to the generators’ assignment level.

2. If such supply is either more or less than 
the prices set in the contract, such differences will 
be priced as follows:

a. For the selling of the surplus in the Spot 
Market, current Spot Market values are applied.

b. For the purchase of the shortfall, Seasonal 
Prices are applied.

5.4 Major Users:
Major power consumers can buy electrical 

energy in two ways:
1. Through a traditional way, from their local 

distributor.
2. Directly from a generator or a recognised 

marketer.
If the consumer decides to purchase energy 

from the generator or marketer, he must fulfil 
the requirements needed to enter the Wholesale 
Electrical Market as an agent.

There are three well defined categories within 
Major Users: 

1. Great Major Users (Spanish acronym 
GUMA)

2.nGreat Minor Users (Spanish acronym 
GUME)

3. Great Particular Users (Spanish acronym 
GUPA)

5.5 Sellers:
As sellers were not present in the law, they 

had to be later introduced to the market.
Provincial Governments, or even distributors, 

grant subsidies to electrical service. The 
beneficiaries must fulfil certain personal and 
financial conditions, such as being retired and 
having a determined minimum asset, being 
unemployed, being indigent, living in a marginal 
area, consuming a determined amount of kWh per 

month, and others.
Each situation must be thoroughly analysed 

in order to determine whether or not the subsidy 
should be granted.

Law 25,551 passed in November 2001, 
promotes the use of national components and 
materials. Here “national” means, according to 
Section 2, goods produced or extracted in the 
territory of the country, provided that the cost of 
raw materials, inputs, and nationalised imported 
materials shall not exceed the 40% of the gross 
production value.

Furthermore, Law 18, 875, within the scope 
of Decree-Law Nº 5,340/63 and complementary 
dispositions, fosters the purchase of national 
materials, components, and products as well as 
the hiring of local construction companies or 
utilities and providing agencies, apart from a series 
of exemptions provided by this Law. In addition, 
it seeks to prevent accessing credits or eventual 
guarantees or securities’ inequalities that might arise 
between local Argentinean-capital and local foreign-
capital companies, and it tends to boost hiring local 
professionals and consulting firms, except where 
otherwise provided by this Law. Nevertheless, due 
to the lack of legal continuity, foreign investors have 
been reluctant to participate in the Programme, 
therefore hindering its progress. 

6 Requirements for 
local components in 
installations. Conditions 
regarding the import of 
wind turbines.
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By Wolde-Ghiorgis, W., Department of Electrical and Computer Engineering, Addis Ababa 
Institute of Technology, Addis Ababa University

Prospects and Challenges in
Advancing Wind Energy
Developments in Sub-Saharan
African Countries: The Case of
Ethiopia (Part II – Limited Community–Based Wind Power

and Other Renewable Developments)

Continuing from Part I, where the focus was 
laid on wind power generation for grid integration 
in Ethiopia, Part II  of the contribution briefly 
presents proposals for, and challenges in advancing 
community based small and medium scale wind 
power developments in Ethiopia and other Sub-
Saharan African (SSA) countries. Endowed with 
potentially rich but undeveloped renewable energy 
resources, until recent years, Ethiopia has failed to 

improve on its traditional and well-established 
agricultural economy, cottage industries and 
household energy requirements. Still, over the 
last forty years or so, great attempts have been 
made by the Government with the support of 
concerned national and international bodies to 
introduce significant changes in energy policy and 
developments. Covering an area of 1.14 million 
sq. km, and with a rising population (estimated 
at 85- 90 million circa 2011), Ethiopia urgently 
needs modern energy services and technologies, 

Executive Summary
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especially aimed at its growing industrial and agricultural 
development. The country also urgently needs modern 
energy services and technologies for its rural population 
estimated to be over 80% of the total population of settled 
farmers and pastoralists. Together, both communities 
are yet to be introduced to modern fuels and renewable 
energy technologies, except for uses of limited kerosene 
oil for lamps, and some application of diesel-powered 
water pumping practices for growing some rotational 
crops.  Household energy requirements are mostly met by 
the burning of continually depleting biomass resources, 
exasperating problems with indoor air pollution. 
While attempts are being made to provide universal 
electrification, access to continuous electricity supply in 
most rural areas, be it for lighting, heating/cooking, or 
motive power. Energy for broader productive activities 
and traditional cottage industries (e.g. blacksmithing, 
sawing, and knitting) is mostly derived from laborious 
and inefficient human power. 

Based on the above background, this contribution 
attempts to address the pressing need for wind energy-
based and other renewables for rural development in 
Ethiopia at community-based centers. The challenges of 
rapid transformations and socio-economic improvement 
are multi-dimensional. Methods for affordable wind-
power-based water pumping and storage will need to be 
considered with multi-bladed wind turbines. Following 
older practices and new trends, horizontal-axis turbines 
will need to be promoted first. Electricity generating 
units could also be considered with hybrid renewable 
energy combinations of wind power and photovoltaics 
with storage batteries. Horizontal-axis turbines are 
being proposed with standard three-or-multi-bladed 
horizontal-axis units of 1kW to 10kW small-to-medium 
capacity units with 4m to 6m rotor diameters, mounted 
on 8m to 12m high poles supported by guyed wire 
fastenings. To reduce and minimize major costs,   all units 
would preferably be adapted from imported or used-and-

abandoned wind turbines from the developed countries. 
Those approaching interested donors and mobilizing or 
organizing the beneficiary rural communities will also 
need to know about experiences of both the developed 

and advanced developing countries. There could be 
additional issues to be considered regarding raising 
initial financing, the provisions of minimum training 
and capacity building schedules for local artisans and 
technicians for assembling or mounting the imported 
wind turbines, and then depending on the windiness 
of a selected site (with mean wind speeds greater 
than 5m/s), the formation of viable community-
based organizations, appropriate energy uses and 
maintenance costs will again to be appraised.   

Finally, this contribution presents preliminary 
recommendations and concluding remarks by 
stressing needs for urgent energy knowledge-
technology transfers  with financial supports, 
particularly for community-based wind energy 
developments in   SSA countries. Clearly, such 
supports will need to be thought of and accomplished 
comprehensively, in line with standard financial 
norms and within applicable practices or possible 
ranges in the current highly turbulent international 
scenes. While no special favors will need to be offered 
to countries in the above-mentioned sub-region of 
Africa, there are still “not-so-costly” opportunities for 
doing so. Due to various reasons (e.g. lack of focus on 
science and technology transfers and developments),  
there are particularly obvious gaps in capabilities 
of local assembling and manufacturing facilities 
or capacities, or  even in traditional wind power 
technologies in the sub-region in general. Basic and 
modern energy technologies are visibly missing 
from community-based developments and ventures.  
If SSA countries could be helped and to benefit 
equally from the high priority being devoted to the 
achievements of the millennium development goals 
(MDGs), needed socio-economic transformations 
could also be attained. Then, hopefully much could 
be achieved in implementing community-based wind 
energy and other renewable developments (e.g. also 
including uses of solar photovoltaics), all in line with 
the new universal trends leading to climate-change 
resilient developments. 
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1.1 An Overview of Limited Community-
based Wind Energy and Renewables 
Developments in Ethiopia and the Horn of 
Africa  

An overview is presented of limited 
“Community-Based Wind Energy and Renewables 

Advancement for Rural Development” in 
Ethiopia and the Horn of Africa." While in 
many sub-Saharan African countries, modern 
energy services and technologies are still 
lacking and underdeveloped; the problems 
are more serious and pressing in a less 
developed country like Ethiopia. Endowed with 
potentially rich but undeveloped renewable 
energy resources, the country lacks modern 
energy services for improving its ancient 
and traditional agricultural economy, cottage 
industries and household energy requirements.  
Some attempts were made by the Government 
with the support of concerned national and 
international bodies to introduce changes 
since the mid 1970s. However, covering an 
area of 1.14 million sq. km, and with a rising 
population (estimated at 82- 85 million circa 
2010), Ethiopia urgently needs modern energy 
services and technologies, especially for its 
rural population estimated to be over 80% of 
the total population. The challenges are further 
compounded by the peaceful co-presence of 
settled farmers in the highland areas of the 
country, and by pastoralists in the lower altitude 
regions of the country. Both communities 
have yet to be introduced to modern fuels and 

renewable energy technologies, except for 
use of limited kerosene oil for simple lamps. 
Traditional agriculture practices are dependent 
on rain-fed water supplies.  Household 
energy requirements are met by the burning 
of continually depleting biomass resources, 
exasperating problems indoor air pollution. 

A Brief Literature Review on Modern 
Energy and Renewable Needs for Less 
Developed Economies:

Needs for rural energy developments 
in less developed and developing countries 
have been extensively investigated during 
the last two or three decades (AFREPREN, 
1990; 2000; Barenes, 1988; Bhagavan and 
Karekezi, 1992). As well known, wind power 
and photovoltaics applications have been also 
studied (GIPE, 2004; Golding 1956 and 1975; 
Rajsekhar and others, 199; Foley, 1995; Lew, 
2000; Wolde-Ghiorgis, 1988).). Broadly, the 
energy issues facing less developed countries 
have also been throghtly researched (Hislop, 
1992; Hurst, 1990; Johansson and others, 
1985; Wolde-Ghiorgis, 1995; Wolde-Ghiorgis, 
2000; Wolde-Ghiorgis, 2004)).   Electricity in 
most rural areas in Ethiopia, if and when it 
could be afforded, is in limited use for lighting, 
heating/ cooking, and motive power. Modern 
energy services are rarely in use in productive 
activities and traditional cottage industries 
(e.g. blacksmithing, sawing, and knitting) which 
depends on laborious, inefficient and tedious 
human power.  Other studies and appraisals 
have also been extensively undertaken by the 
World Bank and other investigators, as noted 
in the selected list of references.  With the 
above experiences, the present contribution 
henceforth attempts to address and recognize 
the envisaged goals and benefits of community-
based wind power initiatives and other 
renewables for rural development in Ethiopia.

1 Introductory Overview 
of Challenges in Advancing 
Limited Community-based 
Wind Energy Developments 
and Renewables  in 
Ethiopia and the Horn of 
Africa
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1.2 Background: Needed Linkages 
Between Community-Based Wind Power 
and Other Renewable Energy for Rural 
Development 

Since the early 1970s, almost universally, 
there has been a growing interest in harnessing 
and building realizable benefits from the 
development of renewable energy resources. 
Renewable energy resources (i.e. wind and 
solar energy, as well as hydropower sources) 
have been developed and expanded.   Wind 
energy uses and applications, although built 
initially on ancient practices, have been 
tremendously expanded from water lifting, 
milling, grinding and sailing applications, to 
immense grid-integrated power generation 
technologies. The physics of solar cells have 
also been greatly advanced to produce and 
manufacture affordable photovoltaics. This 
has been a general trend of usable energy 
development on planet Earth, irrespective of 
the levels of industrialization, development, or 
poverty. 

For most Sub-Saharan African countries 
though, between the tropics of Cancer (about 
23 degrees north) and Capricorn (about 
23 degrees south), more than 700 million 
Africans are still yearning to be blessed with 
the benefits of modern energy services. 
This is the sub-region of Africa commonly 
referred to as Sub-Saharan Africa (SSA), and 
in which countries like Ethiopia   are found. 
As well known and fully documented, in the 
SSA countries, modern energy services are 
well below average standards in the world. 
It is also widely acknowledged that energy 
services are absolutely necessary for socio-
economic development. At the least, these 
would (or possibly should) include basic needs 
like minimally comfortable lighting, accessible 
heating, and motive power. 

Extensive research and studies on the 

Ethiopian energy scene have shown, however, 
that modern energy initiatives in rural 
Ethiopia are few. Almost total dependence 
on traditional biomass energy sources has 
led to the depletion of the forest coverage 
in the country from 40% to 3%-4% over 
four to five decades.  This in turn has had 
visible adverse environmental impacts on 
the most fragile eco-systems of the country, 
particularly in the northern regions. Still, no 
substitutes or supplements for the dwindling 
traditional energy sources are in sight.  While 
impact assessments due to lack of modern 
energy services, as well as experiences in 
the prioritizations and disseminations of 
renewable energy technologies are yet to be 
finalized, locally and externally available data 
strongly appear to show strongly negative 
trends and conclusions. These key findings 
could be summarized as follows: 

• Productive activities in rural areas have 
been found to be barely dependent on energy 
supplied by the national utility only, and some 
diesel-powered electricity supplies.

• Decentralized and private supply 
options are beginning to be noticeable, but 
at lesser scales in comparison with those 
provided by the public sector options.

• Attempts have been made to provide 
rural energy supply options to rural towns 
and semi-rural settlements by a decentralized 
public electric system using diesel generation, 
but without renewable energy technologies, 
i.e. without small-scale wind-energy 
developments and photovoltaics.

• Distribution of kerosene supplies from 
private centralized depots has been reaching 
rural areas through private and decentralized 
distributors, but prices are continually 
increasing.

• Although briefly and qualitatively 
considered, impacts of centralized or 
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decentralized rural energy options on gender 
issues appear to be insignificant. without 
community-based energy organizations, the 
implementation of the millennium development 
goals (MDGs) could be difficult. 

• The use of modern water pumps 
powered by windmills is yet to be promoted 
in either centralized or decentralized ways are 
practically, and unknown in most of the rural 
areas of Ethiopia.

• Past trends show that there is very little 
interest on the part of the public and private 
sectors for either centralized or decentralized 
electricity supply options for rural areas. 
Consequently, future directions for the rural 
energy sub-sector in SSA countries are still 
uncertain, although new rural electrification 
programs  have been launched based on the 
extension of the centralized grid-system,  and 
the installation of diesel generator sets for off-
grid rural towns.

• In the absence of data on the impact of 
modern energy services on income-generating 

activities for the rural poor in Ethiopia, resort 
had to be made to the experiences of other 
developing countries on the impacts of modern 
energy services in rural areas. Impacts of the 
dissemination of modern energy services 
in rural areas in Ethiopia are deduced to be 
insignificant for both productive activities and 
household uses (see Table 1).

Adverse Impacts of Lack of Energy for 
Development in Rural Ethiopia:

The rural energy scene in Ethiopia has 
been addressed in great detail (Wolde-Ghiorgis, 
2001; 2002a; 2002b; 2004). The key findings 
drawn from the previous studies can be 
summarized as follows:

• The uses of clean and modern energy 
supplies and services in the rural areas 
of Ethiopia are practically negligible and 
practically unknown. Mostly, these are 
restricted to uses of kerosene for lighting, and 
other petroleum products in the few public and 
private road transport systems.  A few well-to-
do households possess dry cell batteries for use  

Table 1  Estimated Disseminations in Ethiopia    of Renewable Energy Technologies 
(with power ratings & number of units): Source: Wolde-Ghiorgis, 2004.

Technology/Energy Source (MW, no. of  Units) Total disseminations

Small hydroelectric plants (MW) 3-10

Photovoltaics (kW) ≈ 2000

Solar water heaters (units) <5,000

Solar cookers (units) <10,000

Windmills for water pumping (units),

mainly initiated and managed by volunteer  non-

government organizations, but no community-based units 

or projects 

<500

Wind generators for grid integration

Ashegoda Wind Farm  Total capacity – 120 MW in three 

phases with 30 MW in Phase I; 45 MW in Phase II; 45 MW 

in Phase II  (under construction) with 10-MW and 1. 5-MW

           Adama I: 51-MW, commissioned in December 2012; 

New wind farms with 151 MW to 300 MW capacities to be 

started very soon in 2013

Biogas digesters < 350

Medium-to-large hydropower (MW) 
8,000 MW -10,000 MM: under construction and to be 

constructed soon

Pilot geothermal power plant (MW) 4 MW to 30 MW under expansion program
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in portable radios. Water supply and irrigation 
technologies belonging to donor-driven 
projects are beginning to be introduced slowly.  
Indigenous cottage crafts are all dependent 
on age-old practices as there are no modern 
workshops. Activities such as weaving, knitting 
and basket making are done by hand. The 
relatively huge rural population of the country 
(exceeding 51 million) has thus remained for 
far too long dependent on traditional energy 
source for both domestic energy requirements 
and indigenous productive activities.  

• Until recently before the Universal 
Electrification Access Program (UEAP) was 
launched in 2005, rural energy initiatives in 
Ethiopia by public enterprises (e.g. the national 
utility, EEPCO) were greatly lacking in terms of 
extent and vigor.

• Modern energy services and renewable 
energy technologies (RETs), and so-called 
alternative energy services are yet to be widely 
promoted and disseminated for productive 
uses in both on-farm and off-farm activities. 

• Despite the increasing depletion of 
traditional energy sources (i.e. biomass fuels), 
other potential and available renewable energy 
sources (e.g. hydropower resources) have 
remained mostly untapped. 

• Provisions of modern energy services 
to the rural productive communities are highly 
limited due to interrelated economic and 
technological constraints. 

• Petroleum products have been and are 
being imported, taking a significant share of 
the foreign currency earnings of the country.  
Distributions are concentrated in urban 
centers, with most rural villages being supplied 
by small traders.  

• Provisions of modern energy services 
and cleaner energy technologies for income-
generating activities (IGAs) in rural areas have 
thus remained minimal and impacts on poverty 

reduction targets are yet to be seen.
Absence of Decentralized and 

Community-based Energy Organizations in 
Ethiopia:

In many developed and advanced 
developing countries, community-based 
energy organizations have been successfully 
and beneficially organized. This is because 
decentralized, private sector energy 
productions and distributions has had 
better success than centralized public sector 
initiatives in delivering modern energy to 
rural households and for income generating 
activities. Experience has shown the validity 
of having such schemes because income 
generating activities have greater impacts 
with community-based and participatory 
involvement in benefiting commonly from 
modern energy services and renewable energy 
technologies (RETs).  Components crucial to 
the prioritization and dissemination of RETs 
have therefore been successfully promoted and 
developed in many countries and regions of the 
world for productive rural activities, as well as 
the associated socio-economic developments. 

Provisions of reliable modern energy 
services can increase income generating 
options for rural people (Winrock International, 
1998). Small-scale or home-based enterprises 
can extend the range of options available to 
rural people for improved income-generating 
activities. Relatively small amounts of modern 
energy services (i.e. mechanical and electrical 
power and improved heat delivery systems) 

2 Proposals for 
Community-based Wind 
Energy and Renewables 
Developments in Ethiopia 
and the Horn of Africa
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can add significant values to rural products -- 
whether mechanical or electrical power runs a 
sewing machine or provides energy for water 
pumping for drinking and irrigation. Reliable 
modern energy services can change the 
structure of rural economies, especially when 
access to credit allows people to buy labor-
saving or product-enhancing equipment.

Rationale for the Country and Sub-
Regional Proposal on Community-based 
Wind Energy Developments:

Based on Table 2, the rationale behind 
the proposal for introducing modern energy 
services to income generating activities for the 
rural poor in Ethiopia on community-based 
wind energy development is based on three 
basic justifications: 

• Firstly, it is necessary to initiate and 
promote the provision of unattained renewable 
energy services from community-based wind 
power developments (and photovoltaics) for 
improved methods of production in Ethiopia, 
and in the process to contribute to ecological 
and environmental improvements. 

• Secondly, under an earlier Agriculture 
Development Led Industrialization 
(ADLI) strategy, and the new Growth and 
Transformation Plan (GTP) of the Federal 
Democratic Government of Ethiopia (FDRE), 
energy development will significantly 
contribute towards poverty alleviation. This 
will be in line also with the aims of donor 
governments, organizations and financial 
institutions for provisions of modern energy 
services. 

• And thirdly, it will be beneficial to all 
to raise the awareness of the rural population 
about the benefits and uses of modern energy 
services and technologies, as their uses will 
need to be introduced into the rural areas.

Still, additional questions can be raised to 
include the following related concerns about 

the promotion of modern energy services 
and technologies based on active community 
participations:

• Within five to ten years, what innovative 
dissemination strategies can improve the 
provision of clean energy technologies to the 
rural poor for income-generating activities?

• Given the current state of non-use of 
modern energy services, could the private 
sector not be engaged in dissemination 
strategies within a medium-term period?

• Will provisions of cleaner energy 
services have any significant impacts on 
poverty reduction strategies in rural areas 
within the next ten to twenty years in Ethiopia 
and the other Horn of Africa countries?

• Because of the need for subsidies and 
additional supports, as shown in Table 2, 
an open comparison of community-based 
decentralized and centralized energy options in 
less developed countries like Ethiopia  remains 
unsettled.

2.2 Envisaged Outcomes of the 
Proposal on Community-based Wind Energy 
Converters and other RETs in Ethiopia 

Three beneficial outcomes are envisaged 
to be obtained from implementation of the 
proposed community-based wind power 
developments in Ethiopia and other SSA 
countries.

• First, the proposal envisages the 
enhancement of community-based wind energy 
converters (with hybrid utilizations of PV-
lead acid batteries) could ultimately improve 
access to modern energy investments by rural 
communities in Ethiopia in the following types 
of institutional facilities:

• Secondly, traditional agricultural/
farming communities and Health Centers 
remote from the grid could be rapidly 
introduced to modern energy services and 
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technologies. Farming communities and 
pastoralists, as well as to schools remote from 
the central grid will be the main beneficiaries.

• Thirdly, remote water supply schemes 
for rural and semi-small towns where the water 
table and level of water demand are suitable 
and for water points in pastoral areas will be 
enhanced and developed.

On the Viability of Community-based 
Wind Energy Developments and Renewable 
Energy Advancements in Ethiopia: 

As envisaged and proposed in the 
present preliminary study, community-based 
wind energy and renewables advancement 
for rural development in Ethiopia is going to 
require facing demanding challenges in the 
short, medium and long term.  Still, with the 
necessary foresight and commitment, they are 
all seen to be manageable and achievable as 
discussed below.

The implications of the proposed 
community-based wind and other renewable 
energy technologies   stress on pressing needs 
for minimizing continued reliance on land and 
labor so that human and animal power can 

be applied more productively.  This means, 
first, that labor needs to be freed from non-
productive competing activities and, second, 
its efficacy (its efficacious employment) 
has to be improved.  To free labor for more 
productive application, access to energy for 
reproductive activities has to improve, which 
basically requires better access to cooking 
fuels for domestic uses, less water fetching 
and grain milling time for women through 
mechanized means of services.  On the other 
hand, enhancing the productivity of humans 
and livestock with low capital and non-
labor-substituting technologies would mean 
transformation of agricultural production 
techniques mainly through intermediate 
technologies but also using modern energy.  
The technology choices in agriculture are (i) 
transitional technologies – more effective 
application of human and animal power with 
intermediate technologies, which basically 
means upgrading of current technologies; and 
(ii) mechanization and modern energy – diesel 
and tractors for cultivation, harvesting and 
threshing. 

Table 2  An open comparison of community-based decentralized and centralized 
energy technology options

Attributes of renewable  energy 
technologies for rural development

Community-based decentralized 
technology options

Public/private centralized 
technology 

Technical complexity Simple manufacturing and metal working
Often complex with “turnkey” 

installations

Investment 
Small investments for

individuals or groups

Large and long-term investments by 

utilities and private firms

Foreign exchange

requirements
Generally low Often high

Modularity Available at desirable size Often large-scale

Accessibility High, short lead time Limited, long lead time

Labor requirements:

• per plant

• per unit energy generated

Often low

Often high

Often high

Often high

Source:  Wolde-Ghiorgis, W. and other authors, with Mapako and Mbowe (Eds),2004:  Renewables and Energy for Rural 

Development in Sub-Saharan Africa, Zed Books.
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 2.3 On Needs for Technical-Managerial 
Supports for Promoting Wind-Power and 
Rural energy Developments in Sub-Saharan 
Africa (SSA) Countries 

The rural energy problem in Ethiopia is 
very complex for three basic reasons. First, 
there are rural energy policy issues to be 
addressed and clearly recognized (Karekezi 
and Mackenzie, 1993). Then there are 
also technological gaps since most energy 
technologies are unknown to farmers and 
artisans in Africa in general (Karekezi and 
Ranja, 1997). Thirdly, there is the serious lack 
of financial resources urgently needed for 
sustainably dunding energy projects for income 
generating activities. As indicated above, the 
short-term options are mainly needed for 
arresting the onslaughts of drought, and to 
provide a breathing space for confronting the 
food supply crisis.  At the same time, off-farm 
productive activities can be promoted with the 
provision of modern energy services.  A close 
partnership between the public and private 
sectors has been proposed, with the lead share 
to be borne by the public sector.  In the long 
run though, unless the private sector is actively 
and profitably involved, it will be impossible 
for the government to handle the rural energy 
problem. Otherwise, the crux of the energy 
problem could become more intricate and 
irreversibly complex. So, it is necessary to 
consider planning for dissemination strategies 
during a medium-term period, i.e. on the basis 
of a five-to-ten year span.

The proposed dissemination strategy will 
involve four components, namely (i) bridging 
rural energy policy gaps and barriers; (ii) 
provision of energy education, training and 
capacity building; (iii) building of community-
based organizations specifically around energy 
projects; and (iv) building international support 
for a viable rural energy development program, 

in line with the national energy policy.

3.1 On Short-term Assignments: 
Forecasting and Planning of Community-
Based Wind Power Developments 

To proceed with the envisaged direction 
of advancement, the starting point should 
be a critical awareness of the diminishing 
traditional energy sources in rural areas, and 
the potential of wind power development 
to provide modern energy services.   This 
step will need to be essentially and strictly 
characterized as forecasting and planning of 
distributed rural energy needs. Many studies 
have long established how similar energy 
shortages were being addressed before and 
after the advent of the industrial revolution 
in many industrialized countries.  With or 
without systematic economic and qualitative 
assessments, it was almost universally found 
necessary to substitute for traditional biomass 
energy sources, and to find substitutes   
forms of coal, oil, electricity and natural gas.  
Otherwise, the massive energy consumptions 
(then and now and in billions of giga-watt 
hours) could not have been possible for 
residential, industrial and commercial sectors.  
For less developed countries like Ethiopia, 
what has been traditionally done is to prescribe 
pressing needs  to improve the efficiencies of 
three-stone and closed fuel wood stoves.   It 
is absolutely true that actually, similar steps 
and trends were also implemented in the giant 
advancing nations of Asia, and South America.  
Still, the latter countries have been able also 
to include and to switch to modern fossil fuels 
and large-scale generation of electricity.   There 

3 Concluding Remarks 
and Preliminary 
Recommendations 



Regional Focus

43  

ISSUE 1  March 2013

are of course the emerging concerns about 
effects of pollutions all due to green house gas 
emissions, and the adverse impacts on climate 
change.

In the process, however, it is becoming 
obvious that the less developed SSA 
countries like Ethiopia are the ones that are 
facing economic hardships compounded by 
inherited poverty and scientific-technological 
backwardness.  They are having less 
dependable sources of biomass energy, both for 
daily routines and for needed socio-economic 
improvements.  So,  one can easily dare to 
recommend that there are indeed pressing 
reasons to recommend the forecasting and 
planning of rural energy supplies before the 
traditional energy supply problems (i.e. mainly 
based on depleting biomass sources)  become 
more serious.  Besides, one wonders why 
energy supply problems are not seen as among 
the dangerous consequences of the so-called 
“adverse climate changes” that are also related 
to the rural energy problems.  Of course, 
there are the great ideas of “adaptation” and 
“mitigation” which will hopefully lead to what 
is becoming known as the “climate resilient 
green energy” development. One can simply say 
“let us hope so”,   but with many reservations, 
especially between 2012 and 2015 when new 
climate changes are yet to be addressed. 

In the mean time, it is being proposed that 
within the above indicated short-term period, 
leading thinkers (i.e. of course the financing and 
developed countries) will hopefully address 
somewhat theoretically the issue of rural 
energy developments for SSA countries.  This 
was seriously done in the early 1970s, followed 
in the 1980s, and greatly advanced in the last 
decade of the 20th century for many countries 
in Asia, North Africa and South America. Such 
concepts and methods as “reference energy 
systems” were formulated and applied for the 

above regions, but SSA countries are apparently 
waiting for such opportunities. Of course, the 
explorations for oil can and should continue as 
being pursued aggressively and systematically 
in many these countries, including in Ethiopia.

While the forecasting and planning of 
rural energy development for SSA countries 
are understandably preliminary, it is favorable 
that the concerned SSA countries are looking to 
upgrade and revise their energy policies.  This 
could be done by giving equal priority to energy 
for development for industrial expansion, urban 
development, and commercial activities, as 
well as for modern and traditional agricultural 
advancements.  Actually, there are (and there 
have been) traditional, active cottage industries 
(e.g. basic textile activities, blacksmithing, 
pottery and so on), with water requirements 
for irrigation.  The water required (e.g. from 
underground) could be pumped with either 
electric motors or mechanical wind pumps, 
and therefore wind energy converters.  So, 
each country in SSA will need to assess its 
renewable energy sources (e.g. potential wind 
energy distributions, in conjunction with 
other renewable energy sources).  Then if the 
needed support is from deemed obtainable, 
and the national energy planners are giving just 
attention to rural energy developments, then 
the needed preliminary steps will be instituted 
and coordinated. 

3.2 Medium-term Steps: Organizing 
the Community-based Wind Energy 
Developments in Rural Areas

In this step, it is foreseen that there 
are going to be challenges to be overcome 
regarding lack of experience, and lack of 
technological capacities. Obviously, scarcity 
financing resource is being also seen as a major 
constraint. Still, despite many shortcomings, 
it is believed that rural communities in SSA 
countries could learn much from the vast 
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experience of many countries in Asia and 
South America.  Within this context, it is also 
proposed that rural energy problems need to 
be commonly addressed and solved not just 
by scientists, engineers and  economists,  but 
also with active participations of sociologists, 
geographers and historians. 

Learning again from the experiences  in 
the advanced developing countries in Asia in 
particular (e.g. India and China), it is contended 
that the sociologists will have significant 
or  critical roles to play in establishing rural 
organizations to address and solving their 
common energy problems jointly and as active 
participants. There are numerous studies that 
have been undertaken in this regard, but not 
many in SSA countries.  Actually, the colonial 
past perhaps is, or has been, helpful in most of 
the countries, but not in Ethiopia.  The country 
has had many traditional practices and trends 
that are/were powerful during emergencies of 
external aggressions, but perhaps not so much 
in undertaking joint ventures like overcoming 
for envisaged medium-term technological 
development.  In any case, geographers 
and historians could be helpful in outlining 
and organizing the participatory roles of 
communities in districts and sub-districts. 
In any case, it is foreseen all outstanding 
challenges could be easily overcome, and the 
beneficiaries could be organized within legal 
requirements and obligations. 

 During the formation of the community-
based organizations, the issues of acquiring 
financial resources will need to be addressed 
and recognized as a most critical challenge. 
This concerns the involvement of dedicated 
energy economists who would be determined 
to work with the needed engineers and 
technologists, lawyers and accountants.  
Fortunately, the international financing and 
development organizations, in association 

with universities and energy research centers, 
can easily resolve the attendant direct and 
indirect issues, as well as hidden requirements 
and details. Immense experience has already 
been accumulated in developing energy, 
agricultural and health services. So, the needed 
practices and structures could also be easily 
extended to integration of rural energy for 
development, since provisions of RETs involve 
substantial up-front costs, there are managerial 
and technology transfer issues that will be 
of concern to those experts involved in the 
decision processes. There could be concerns 
about the effective usability of the types to be 
acquired, although wind energy converters 
are relatively much cheaper when compared 
with PV systems of equivalent power rating. 
Any foreseen or unforeseen problems that 
may arise could still be manageable within a 
two-to-five year medium-term period. Again, 
the successful realization of the medium-term 
stage on the forecasting and planning stages as 
discussed earlier

3.3 Long-term Engagements in 
Community-based Wind Energy and 
Renewable Energy Advancements 

Assuming that the short-term and 
medium-term steps in organizing community-
based wind energy and renewable energy 
advancements can be resolved successfully, 
the long-term engagements could be both 
more challenging and more complex. There are 
also going to be wider issues to be considered 
in conjunction with overall national energy 
goals, strategies, policies, programs and 
projects.  The rural population will be growing 
and continuing to move to urban centers. So, 
focusing on the integration of rural energy  
and renewables, preferably or especially 
based on  wind energy converters, long-term 
priorities could be considered for technology 
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transfer, training, increased demonstrations, 
and local assembling/manufacturing.  Then, 
in line with the national energy policy and 
programs, energy research and developments 
and innovations (R&D&I) could or will 
need to be incorporated.  Again, the biggest 
challenge will still be in comprehending the 
trends and implications of the national energy 
development for all communities. 

There are undoubtedly going to be gaps 
in implementing and devising the future 
developments of the community-based wind 
energy organizations as outlined above.  Still, 
if the rational for the proposal is accepted, 
there will be continuous developments that 
will require additional inputs on top of training 
and financial commitments.  Loans from local 
financial sources (e.g. banks) will have to be 
repaid and replenished in line with standard 
banking practices. Grants and supports 
will need to be secured, again with national 
financial practices and regulations.  Then the 
community-based energy organizations may 
need to be upgraded and expanded. There are 
sure many lessons in this regard that can be 
learned from the experiences of the advanced 

developing countries.  
In closing the paper outline, it has to be 

stressed that the envisaged experience is going 
to be very challenging to a less developed 
country for three main reasons. First and 
foremost, while Ethiopia’s experience with 
RETs (e.g. hydropower and grid-integrated 
wind power generation) is now well 
established around its interconnected power 
system, the uses of wind converters and PVs are 
still practically unknown in the rural areas of 
the country. Still, and secondly, it is in the rural 
areas of the country where most of the country’s 
population is residing and actively engaged 
in traditional   farming-economic activities.  
Thirdly, RETs, including energy converters, 
are characterized by rugged technological 
components that are mostly new to the rural 
population.  So, there are plenty elements 
mixing between energy issues, technology 
transfers and financial constraints.  Ultimately, 
it is clear that the experience in having and 
building community-based energy developers 
aiming at harnessing an intermittent source of 
renewable energy like wind is not going to be 
straightforward. 
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There are thus fundamental questions 
that will be raised from various angles.  For 
example, it could be simply asked:  How could 
community-based wind power developments 
be recommended and initiated for rural 
populations in a less developed country? The 
simple answer that can be provided is that 
it appears to be a viable solution, and most 
likely the only solution to a growing rural 
energy problem.  Then, it could also be argued 
that RETs, including wind energy converters, 
especially those needed for electricity 
generation, are not that simple.  Then, what 
could be said is that in any case there are 
pressing needs for modern energy services and 
technology transfer, and therefore community-
based organizations appear to be ideal units for 
doing so.  Finally, leaving financial constraints 
aside, there are possibly cultural problems that 
would hinder community—based renewable 
energy-development organizations in SSA 
countries.  

Main Recommendations:
In Part I of the contribution from Ethiopia, 

focus was laid on wind power generation for 
grid integration. Fortunately, it was outlined 
that reasonable levels of success are being 
achieved in this respect. In Part II of the 
present contribution, a preliminary attempt 
has been made only to outline pressing needs 
for initiating and advancing community-based 
wind power developments.  However, the 
challenges to be faced appear to be formidable 
due to many inherited constraints and 
limitations in SSA countries in general. 

Still, wind energy technology has been 
developing fast, and turbines are becoming 
cheaper and more powerful, bringing the cost 
of renewably-generated electricity down.  Two 
main recommendations could henceforth be 
posed for preliminary consideration.  First, one 

can suggest that perhaps the WWEA could soon 
sponsor preparations of studies and documents 
for use by international organizations and 
donors interested in initiating wind-based 
energy developments in Ethiopia and the other 
neighboring countries in the Horn of Africa. 
There are definitely prospects for advancing 
and using both old wind power technologies 
and newer developments, as being also 
followed in the implementations of wind power 
generation for successful grid integrations. 
As a less developed economy dependent on 
imported oil, but still targeting  renewable 
energy developments (notably the new and 
big hydropower projects), Ethiopia will still  
need to opt for expanding the mix of renewable 
energy sources for increasing access to modern 
energy services urgently needed for sustainable 
development and poverty reduction. 

Secondly, Part II has also been endeavored 
to sketch out the needed developments for 
small-scale and medium scale wind power 
developments in Ethiopia and also in other 
SSA countries.  Clearly, these will have to be 
based on community-based and distributed 
generation schemes.  Above all, there are 
pressing needs for, community-based 
wind power and as for renewable energy 
development in many SSA countries, including 
Ethiopia. Despite well-known intermittency, 
and also despite the colossal lack of timely 
knowledge-technology transfers (actually 
many, many centuries old!), both traditional 
and modern wind energy developments 
are urgently and definitely needed in SSA 
countries.  There are of course massive cost 
considerations and issues of rapid technology 
transfer to be considered and decided upon by 
interested donors, as fully explained in Paul 
Gipe’s outstanding book on wind power (Gipe, 
2004). 
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Technical Possibilities
and Economic Success
of Small Wind Turbines

supporting Off-Grid
Energy Systems 

In order to obtain a general understanding how small wind turbines can suc-

cessfully support off-grid hybrid systems an example is used to illustrate the planning 

process. The short introduction to small wind turbines (SWT) is followed by a 

calculation of the energy demand for an off-grid system. The wind regime, the choice of 

potential turbines and the annual energy yield with these turbines are presented. The 

article ends with a calculation of profitability and gives results and conclusions.
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1 Energy Demand and Supply

Every electric energy-consuming entity has a 
specific demand, a current supply, and also methods and 
techniques to optimize both. The following subsets are 
describing the aspects: demand, supply and optimization.

1.1 Demand
To determine the consumption of electric energy 

demanding systems there are basically three different 
methods:

(1) If there is a central electric meter for the overall 
system (house, hut, lodge) the necessary data (annual 
and daily energy demand) can be easily read from the 
meter. An sufficient amount of daily data sets from every 
season should be taken to calculate the mean daily energy 
demand.

(2) If the system is only served by a single diesel 
combustion engine, the energy consumption can be 
calculated from the diesel consumption per day and 
per year. in modern devices the operating hours are 
displayed on the operation panel directly at the engine. 
The operation hours per day, multiplied by the specific 
diesel consumption per hour (in this case: 9.1 litres per 
hour), the lower heating value, and the electric energy 
conversion efficiency, gives the maximum electric energy 
capacity per day.

    

The calculation is dependent on external boundary 
conditions like: the number of operating hours in full load 
versus partial load, temperature, altitude above sea level, 
the quality and the lower heating value of the fuel that is 
used. This value ranges between 9.6 to 10.0 kWh per litre 
of diesel consumed.

A very simple verification is to trust the 
manufacturer's data and take the rated power times 
the operating hours. The verification gives only a little 
difference and the calculation can be considered as valid.

     

In this work a Genset for combined heat and 
power (CHP) of nominal 25 kW electric and 45 kW 
thermal power is used. The electric and thermal 
loads are produced with an overall efficiency of about 
86% according to manufacturer data (kW, 2009, S. 
1). An electric efficiency of 30 % was assumed as an 
industry standard CHP efficiency for modern motors. 
That means with a yearly consumption of 12 000 l of 
diesel the following amount of electric energy can be 
generated:

This is certainly only the case if the motor is not 
oversized and running always at its optimum operating 
point which is not always the case as the figure below 
shows. The generator is only running with a partial load 
of 6 kW while the rated power is 25 kW.

This was because the fully charged batteries could 
only serve the basic energy demand for 3 hours. After 3 
hours the generator started automatically to charge the 
batteries for three hours. This alternating charge and 
discharge was observed during three days.

(3) If there is no meter and the diesel consumption 
is unknown, or if there is a photovoltaic/diesel hybrid 
system that gives some uncertainties, the demand is 
difficult to estimate. In this case a calculation by electric 
appliance and hours of normal usage is recommended. 
This requires a detailed list of all consumers and the time 
of usage assuming normal operating characteristics (see 
Table 2).

After reducing unnecessary electric loads, the energy 
demand of the house should be at 99 kWh/day during the 
summer season (Deubler, 2009, S. 17) (Gehling, 2012, S. 
55). This mean value is the ideal compromise between 
maximal efficiency and only slightly reduced comfort 
considering also the largest number of guests. This leads 
to the calculation of the annual energy demand which 
is 99 kWh times 287 days in operation is 28 413 kWh/
a. If the reduction target will not be reached the annual 
energy demand is 46 523 kWh/a.
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1.2 Current Energy Supply and Possible 
Modifications

The current energy supply has two different 
generators. The backbone of the entire system is a 
25kWelectric combustion engine. It is optimized for the 
combustion of rapeseed oil with a very good water hazard 
class (WHC). This is an advantage in nature conservation 

areas that deserve special attention. The lower heating 
value (LHV) is the same as the LHV of diesel fuel . The 
above depicted combined heat and power system (CHP) 
represents a reliable solution even if all other renewable 
sources fail. Next to this combustion engine there is 
a photovoltaic generator. All generated energy  first 
supplies the current consumers, and if it is not needed the 
energy is stored in lead gel batteries.

The batteries are connected to battery power 
converters. These devices consist of inverters to convert 
the DC current to AC current and vice versa. Secondly the 
converter is working as a charge controller. This regulates 
and smoothes the charge current for the batteries to 
maintain as many cycles of charge and discharge as 
possible to gain a longer battery life. The example project 
is using a bank of lead acid gel cells. The charge controller 
is set to leave a depth of discharge (DOD max) not less 
than 40% of the battery load. The controller also guards 
the dynamic charging process of the generators and 

Table 2  Energy demand by listing electric appliances and hours of normal usage

Zone

Place

Room

Name

Consumer

Nomina Power

Watt

[ W ]

Daily

Operating Hours

[ h ]

Power Demand

Normal Usage

 [ W ]

Energy Demand

Daily Normal

 [ kWh ]

Energy Demand Daily Demand

Daily Reduced per Zone

[ kWh ] [ kWh ]

Kitchen

Dining Room

Dishwasher  4000 3 1500 4.5 4.5  

Microwave  3160 1 3000 3.0 3.0 7.50

Light Bulbs 200 3 200 0.6 0.4  

Radio 20 1 20 0.02 0.02 0.42

Total 7.92

Table 3  Electric energy demand by example of 
the Rotwandhaus

Zone

Place

Room

Nominal

power

(kW)

Daily energy

demand

(kWh)

Reduced energy

demand

(kWh)

Kitchen 32.2 48.8 40.0

Wastewater treatment  3.9 6.5 6.5

Electric lighting  31.6 17.3

Ventilation 2.5 44.1 16.9

Cooling 5.1 31.1 18.3

Total, daily demand  162.1 99.0

Table 1  CHP genset at Rotwandhaus three days in January 
2011 (Deubler, 2009, S. 1)
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prevents overcharging.
The photovoltaic modules are normally supplying 

an annual energy of 5000 kWh. They are connected to the 
3-phase AC grid. Due to the aging of PV modules, today 
the maximum photovoltaic power is only about 3500 
kWh/a. (Deubler, 2009, S. 25)

The daily energy demand of 99 kWh determines 
the size of batteries and the size of generators. For the 
moment there are 24 lead gel cells of 2 V and 1700 Ah 
installed. As Deubler showed, the current theoretical 
maximum energy storage of new cells should be at 
81.6 kWh (Deubler, 2009, S. 26) (Gehling, 2012). As the 
batteries should not be discharged under 40% the battery 
bank is capable to supply 48.96 kWh, which only gives 
a theoretic autonomy time of half a day. That means the 
system can run with the buffered energy about 0.5 days. 
As Table 1 shows, the actual autonomy time is even lower 
(3 hours) due to the aged battery cells.

This is not sufficient to meet the recommendations 
of Bopp(2002). He shows that a system that demands 
more than 25 kWh a day should have a battery autonomy 
time of 1 day and a 25% solar coverage rate. If there is no 
sun and no wind the backbone of the system is in any case 
the CHP generator. According to Bopp (2002, S. 26) the 
rated power sum of all generators should correspond to 
the sum of all absolutely necessary loads . In this case it is 
a 25 kWel CHP engine and a 5 kW photovoltaic generator.

Bopp states also that an additional small wind 
turbine should not exceed one third of the total energy 
supply for the entire system. A possible plan for the 
future is to lower the consumption of fuel by modernizing 
the existing hybrid system (see Figure 1) and replacing a 
portion of the supply with generation from a small wind 
turbine.

2 Wind Energy

This chapter describes the measurement of the 
wind potential, the choice of a small wind turbine and the 
method of energy yield estimation.

2.1 Wind Potential
Successful small wind energy projects require a 

good understanding of local wind potential. It is therefore 
essential to do a proper site assessment considering all 
possible impacts. The measurement costs of wind energy 
are strongly dependent of the measurement height and 
the devices that are used. In the current project it was 
assumed to have measurement costs between 3% and 
7% of the complete project budget. Typical for small and 
micro wind projects, here a very low budget solution was 

Figure 1  Three-phase AC-coupled modular hybrid-system

Figure 2  Position of anemometer (photo M. Gehling)

Figure 3  Combined: Anemometer and wind vane
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chosen. For that reason there could be some uncertainties 
in data interpretation.

For the current site assessment the measurement 
system “Power predictor” was mounted at the nacelle of 
the H-Rotor (see Figure 2). The H-Rotor was the old wind 
turbine dismantled in October 2011. At this position , 
disadvantageous turbulence airflows may disturb the 
accuracy of the measured data as will be discussed later. 

 Measurement Device: Power Predictor at 6.30m height
 Measuring Period: 26.02.2011   to   19.06.2011

Wind data measurements began in December 2010. 
After solving an electronic problem with the anemometer, 
the first valid measurements started on the 26th February 
2011. The measurement period continued until 19th June 
2011 when the battery was changed. Although the paln 
was to measure the wind for 365 days, the anemometer 
was destroyed when the H-Rotor was dismantled in 
October 2011. The SD-card with the stored date up to 
October was unfortunately stolen. At least the wind of 
a winter and a summer season was measured. For this 
reason the author assumed an annual distribution 
and mean wind speed by synthetically stretching the 
collected data to a one year period. Based on this 
assumption the mean wind speed was calculated from 
115 instead of 365 days to give the following energy 
yield estimation.

The wind speeds for exactly the 
same period were verified with data 
from the German Meteorological 
Office (DWD) weather station at 
the hilltop of Wendelstein, some 
12 km northeast of Rotwandhaus. 
This DWD weather station is the 
reference site to evaluate all further 
calculations. A custom Excel tool is 
used for calculation and illustration 
of the wind distribution and the 
energy yield with a specific turbine. 
The results of the Excel tool are 
verified with a free version of WAsP 
10.1 from the Technical University of 

Denmark (DTU). The Weibull fit was done with Gnuplot. 
The final energy output estimation was also verified with 
the “Small Wind Turbine Yield estimator” of Fraunhofer 
IWES.

The validation showed that the measured data 
corrected quite well with the reference site. The log 
wind profile calculation of the mean wind speed at 
Rotwandhaus was 5.26 m/s and at Wendelstein 5.52 m/s. 
With some uncertainties due to roughness and sheltering 
effects of a mountain ridge, the data could be considered 
as valid. The wind rose is showing the sheltering effect 
of the Rotwand peak but even more the north-sided 
masking effect of the mast of the old H-Rotor (see wind 
rose Figure 5 and Figure 6). The natural wind direction 
distribution should normally look like Figure 7. However 
the comparison of wind speed distribution at both sites 
gave similar results (see Figure 7). All in all the collected 

Figure 4  Wind speed at Rotwandhaus Januar to June 2011

Figure 5  The WAsP report of the observed wind climate
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data set is not perfect due to the described circumstances,  
but it should be sufficient for a first wind site assessment.

According to the NREL: Dynamic Maps, GIS Data, 
and Analysis Tools - Wind Data Details (2013) the 
Rotwandhaus wind power density at a mean wind speed 
of 4,2 m/s is only 100 W/m2. The measured power 
predictor anemometer data text file was imported into the 
Excel tool and into WAsP and also WAsP showed a very 
low wind power density in the same range (84 W/m2) at 
hub height. The site Rotwandhaus should be considered 
as low wind area that is according to NREL “generally not 
suitable” for large wind projects.

2.2 Selecting the Right Wind Turbine
Selecting a small wind turbine is not an easy task, 

and there are more than 200 manufactures worldwide. 
Since the industry is not yet developed, a number of 
low quality turbines are available on the market. The 
best option for the consumer is to trust in established 
certification systems.

2.2.1 Certificated Models
For the moment there are worldwide three 

certification systems: MCS – Microgeneration Certification 
Scheme (UK), SWCC Small Wind Certification Council (US) 
and the testing procedure according to IEC 61400-2 - (DK) 
that allows non-accredited certifying bodies to carry out 
the certification if approved by the Danish Energy Agency,  
and if the rotor surface is less than 5 m2 (Parliament, 
2008, S. 6). At least one certificate is sufficient to support 
a buying decision. All of them prove that the wind turbine 
is manufactured according to international standards in:

• Performance
• Noise
• Safety
The following list from the year 2012 shows all 

manufacturers that have at least one certified model. 
2.2.2 Sizing
As stated above, up to a third of the yearly demand 

may be covered by a small wind turbine. However, this 
requires sufficient wind conditions and a turbine that is 
adapted specifically to these conditions.

For the Rotwandhaus project an appropriate small 
wind turbine has about the same coverage rate as the 

Table 4  Manufacturers with at least one certified 
small wind turbine

Manufacturer with certified Small Wind Turbines

Aircon Evance Southwest Windpower

Bergey Windpower Co. Evoco Thy Møllen

Bornay Danmark Gaia Wind Vejby Energi

C&F Green Energy HSWind Vindby

Cirkel Energy
Kingspan / Proven 

Energy
Westwind 20 kW

EasyWind KVA Diesel Xzeres

EcoWind LS Stoker Zeteco Energy

Energytech Consult Quietrevolution

Figure 6  Wind distribution and wind direction at Rotwandhaus

Figure 7  Wind distribution and wind direction at Wendelstein

Figure 8  Wind speed distribution: Rotwandhaus: red, Wendelstein: blue
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photovoltaic modules, which are for the moment at 8%. 
This gives an annual electric wind energy demand of 3 
700 kWh/a. In this work the small wind turbines were 
divided into two classes that can probably cover the 
demand. One class is the 5 kW, the other is the 10 kW 
class.

2.3 Annual Energy Yield Estimation
According to Table 4, in each class only certified 

turbines were chosen. The Gaia turbine is suitable for low 
wind sites like the Rotwandhaus region because of the 
large rotor surface in relation to the generator. It shows 
the best coverage in the area of low wind speeds (green 
bars in wind speed distribution histogram, see Figure 9) . 
To have reliable values all power curves were corrected to 
the altitude of 1 737 m above mean sea level (1,024 kg/
m3).

All wind speed classes have been fitted to a Weibull 
curve to gain the most probable natural wind distribution 
values. The frequency of wind speed classes with the 
power curve values and the hours of one-year results in 
the annual energy yield. Operating failures, losses and 
an uncertainty factor for weak wind years have been 
considered and the annual energy yields for the three 
turbines are summarized in Table 5. The same calculation 
was done with two smaller turbines. The only un-certified 
turbine was the KD Promekon 5. This is the only vertical 
axis small wind turbine in this report.  

The desired goal to cover 8% of the annual energy 
demand of 46,523 kWh can be reached with the turbines 
from Easywind and KD Promekon. The turbines of the 
10 kW class deliver far more than needed and are closer 
to the one third coverage recommended by Bopp. The 
question of which turbine works most economically is 
discussed in the next chapter.

3 Economic Feasibility – Wind versus
   CHP

In this chapter the economic feasibility of a small 
wind turbine is shown in relation to a CHP engine for the 
current project and the current wind conditions.

For the CHP engine, the investment costs were 

44,500 EUR.  The rapeseed oil price was at 1.08 EUR/
l and the lower caloric value was calculated with 9.7 
kWh/l.  The required investment for the wind power 
plants was between 25,500 EUR and 46,000 EUR.  An 
average operating life for CHP was set to 15 years. This 
same operating life was assumed for all the small wind 
turbines. The variable costs were: the above noted fuel 
costs, operating costs of 0.01 EUR/kWh, annual auxiliary 
energy (CHP) 2%, and annual insurance 1% of the 
investment costs. 

The most efficient turbine for the low wind site is 

Figure 9  Wind distribution at Rotwandhaus and power curves 
of three turbines

Table 5   Annual energy yield of three 10 kW 
class turbines

10 kW Small Wind Turbine at 

Rotwandhaus
kWh/a Energy Coverage Rate

Bergey Excel 10   9 013 19.4 %

Aircon 10 S 11 193 24.0 %

Gaia 133-11 19 638 42.2 %

Table 6   Annual energy yield of three 5 kW class 
turbines

5 kW Small Wind Turbine at 

Rotwandhaus
kWh/a Energy Coverage Rate

Easy Wind 6  4 466 9.6 %

KD - Promekon 250 - 5  2 807 6.0 %

Gaia 133-11 19 638 42.2 %



Small WindISSUE 1  March 2013

55  

by far the two-bladed Gaia 11 kW turbine with a rotor 
diameter of 13 m. The classic three-bladed upwind 
turbines of Bergey and Aircon were still a little more 
favourable than the CHP-engine. Exceeding by far the 
average cost range of well-established turbines was 
Promekon with the highest electricity production costs.

4 Concluding Remarks and Outlook

The evaluated location can be considered as a low 
wind site, which requires that determines to find a special 
small wind turbine be found for these conditions.

The only one that was found was the Gaia turbine 
that is slightly oversized and is one of the most expensive 
turbines of all calculated. However the lowest investment 
is needed for the Easywind turbine. Both turbines were 
the most efficient turbines in their classes for this location 
and therefore also have the lowest electricity production 
costs.

The current small wind industry is very 
heterogeneous. There are a small number of 
manufacturers that are constructing and offering very 
good turbines for a reasonable price., but the vast majority 
is still in the development stage. It is thus difficult for a 
normal consumer to find the right turbine for his project. 
Most candidate sites have poor wind conditions, subject 
to disturbing turbulence from buildings and insufficient 
low hub heights.

The challenge for the consumer is to find a model 
that meets high quality standards and works efficiently 
at the specific location. For the moment only a few 
manufacturers can meet these expectations. With the 

Table 7   Costs per kWh electric energy at 
location Rotwandhaus

Class Manufacturer EUR / kWh

25 kW KW-Energie CHP 0,55

10 kW Bergey 10 0,45

10 kW Aircon 10 0,46

10 kW Gaia 11 0,28

5 kW Easywind 6 0,67

5 kW KD - Promekon 5 1,50

current market situation there is still a long way to go to 
establish small wind turbines as a serious player in the 
transition process towards renewable energy. 
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The Small Wind Turbine 
Field Lab Extensive 
Field Tests for Small 

Wind Turbines
 

Abstract: This paper describes the research possibilities at the Small Wind Turbine Field Lab 

and the involved research groups of Ghent University, covering different aspects of a small wind 

energy system. In contrast to large and medium-sized wind turbines, small wind turbines are 

still plagued by relatively high production and purchase costs, and low reliability and energy 

yield. Furthermore, most of them have not been subjected to a field test program. Power-Link, 

the energy knowledge platform of Ghent University, has for three years operated a modest field 

test site for small wind turbines, that drew the attention of a lot of manufacturers of small wind 

turbines. In response, Ghent University decided to launch the Small Wind Turbine Field Lab (SWT 

Field Lab), to subject small wind turbines to more extensive field tests. Now not only the energy 

yield is tested, but also topics such as grid integration, structural strength, noise propagation, 

generator and drive train design and tower construction are studied. All of these parameters are 

correlated with meteorological data measured on-site.
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1 Introduction

The implementation of small wind turbines in rural 
and industrial areas allows for a distributed production 
of renewable energy, considerably reducing the impact 
on the transmission network. While the benefits are 
clear, there is still a lot of opposition against small wind 
turbines. The reasons for this opposition are manifold. 
Small wind turbines face a variety of legal, economic, 
spatial, technical and social aspects and constraints 
(LESTS) that need clarification from an applied research 
as well as strategic point of view. 

As low carbon principles gradually penetrate into 
business clusters and industrial parks, they unfold new 
stakeholder dimensions that benefit from a pentadisciplinary 
assessment, called the LESTS concept [1]. It is noted that 
small and medium wind turbines meet characteristic 
technical (T) aspects such as noise generation and grid 
coupling as well as non-technical aspects such as legal (L), 
economic (E) and spatial (S) complexity. They moreover 
suffer from a critical social (S) acceptance. 

To tackle these multidisciplinary barriers, Ghent 
University, together with special interest group 
Tecnolec, set up the ‘Windkracht 13’ (Eng: Wind force 
13) project within the framework of the Flemish New 
Industrial Policy, ‘Factory of the Future’. By supplying 
technical advice and recommendations to companies 
and individuals interested in locally generating power 
through wind energy and identifying new potential sites 
for placement, ‘Windkracht 13’ acts as a leverage for 

the market introduction of small to medium-sized wind 
turbines.

Defining the legal context of decentralised energy 
production [2], balancing the economic gain of concerted 
actions, rewriting the spatial planning policy in view of 
clean technological development with industrial, urban 
and rural impact, as well as promoting social embedding 
of newtech installations, etc. add to the technical research 
of the SWT Field Lab. The potential and shortcomings 
of small to medium turbines in rural areas and off-grid 
locations is a welcome side-track of the engineering 
research focus.

To improve the (social) acceptance of small wind 
turbines numerous requirements must be met. End users 
expect to buy an appealing turbine with a high benefit-
cost ratio, a low cut-in speed, producing no (or only a 
limited amount of) noise and having a long lifespan. It is 
up to manufacturers to try to meet these requirements. 
However most small wind turbines are produced by 
small companies with limited budgets for research and 
development. Therefore, many of the small wind turbines 
currently on the market have  a limited field testing(or 
none at all). In terms of technological maturity, small wind 
turbines still have a long way to go compared to e.g. big 
wind turbines or photovoltaic panels. Experience gained 
from the previous field test program by Power-Link and 
similar experiments at the Dutch test site Schoondijke [3] 
show that the technological weaknesses these small wind 
turbines are currently facing are frequently related to 
the inverter and grid connection. In addition to this, the 

Figure 1  The SWT Field Lab
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durability of the drive train components is still uncertain. 
Last but not least the noise produced by some rotor 
blades  is problematic. 

The infrastructure and expertise available at the 
SWT Field Lab [4] and the involved research groups aims 
to tackle these challenges. The SWT Field Lab is located 
in Ostend, Belgium, on the Ghent University Science Park 
Greenbridge [5]. 

The emphasis of the SWT Field Lab is on small 
wind turbines. As a definition, small wind turbines are 
installations not exceeding a tower height of 15 meters, 
with an electric power generating capacity limited to 10 
kVA. The SWT Field Lab has ten concrete foundations for 
placement of these small wind turbines.  The generator 
phases of each turbine are individually connected to a 
measurement board inside a measurement cabin, placed 
next to the test site. The cabling has been dimensioned 
in such a way that resistive influence can be neglected. 
The converters are also placed inside the cabin, and 
connected to the generator phases. This setup enables 
easy simultaneous measurements on both the turbine 
generator and the converter. These measurements are 
performed by a National Instruments PXI acquisition 
instrument containing up to one hundred simultaneously 
sampled measurement inputs. For experimenting with 
grid integration, the converters can be connected to a 
fully programmable, four quadrant Spitzenberger & Spies 
PAS 15000 grid simulator.

Furthermore, a meteorological tower has been 
placed in the direct environment of the wind turbines. 
The meteorological tower enables both wind speed 
and wind direction measurements. The wind speed is 
measured on five different heights (6, 9, 12, 15 and 18 
meters), in order to obtain an overview of its variability 
in function of the height. Other parameters such as air 
temperature, air pressure and  air moisture are measured 
to determine the amount of wind energy.

Six of the ten foundations in the Field Lab are 
reserved for scientific research by Ghent University. The 
remaining four foundations are available for academic 
services offered by Ghent University towards companies 
wanting to test their (prototype) wind turbine, certain 

components thereof or grid interaction. A motor-
generator test bench is available for generator and drive 
train testing.

The research activities deployed on the Field Lab by 
Ghent University compromise several subjects, including 
technical aspects such as the design of the blades, 
generator, tower and converter, but also non-technical 
features such as social acceptance or legal aspects of 
small wind turbine installations. 

2 Mechanical Behaviour and Noise

In order to characterise the mechanical behaviour 
of the mast and/or blades, in-situ monitoring focused 
on three types of measurements will be performed at 
the SWT Field Lab: (a) measurements of global motion 
and vibration, (b) local strain measurements and (c) 
acoustical measurements.

(a) Global motion and vibration
A first obvious monitoring is the visual inspection. 

With the help of digital high-speed cameras, the global 
motion of the mast and/or blades can be followed. There 
are three digital high-speed cameras available, each with 
a maximum frame rate of more than 100,000 fps. Till 
3000 fps, they have a full resolution of 1024 x 1024 pixels. 
External trigger signals (e.g. rotation frequency) can be 
used to capture the images.

Combination with a stroboscope could be considered 
to better visualize certain motions. This has been done 
successfully in the past on small vertical axis wind 
turbines.

A second important parameter is the vibration. This 
can be measured by accelerometers or a laser vibrometer. 
The accelerometers measure a local acceleration along a 
certain axis. The laser vibrometer measures the velocity 
of the surface point to which the laser beam is pointed.

Different accelerometers can be read out with a 
transient digital oscilloscope at a rate of 200 kHz for each 
separate signal. There is channel-to-channel isolation of 
the grounds, and as such, no cross-talk is possible.
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(b) Local strain measurements
For local strain measurements, either classical 

electrical strain gauges can be used, or optical fibre 
sensors. Optical fibre sensors are basically the optical 
counterpart of the electrical strain gauge, but have many 
advantages: (i) they are not sensitive to electromagnetic 
interference, (ii) the strain measurements are absolute 
and no drift appears with long-term measurements, (iii) 
in case of composites, the optical fibre sensors can even 
be embedded in the material itself, (iv) several strain 
measurements can be multiplexed into one single optical 
fibre cable (like in telecommunication).

The strain gauges (quarter, half or full Wheatstone 
bridge) can be read out with a maximum sample rate of 
50 kHz each, again with channel-to-channel isolation. It 
has to be taken into account that classical electrical strain 
gauges are not suited for long-term measurements. If the 
strains are not small enough, the strain gauges will fatigue 
themselves, and over time, the signal of the strain gauges 
will start to drift away (no reference signal anymore).

The optical fibre sensors can be read out at 
a maximum sample frequency of 10 kHz. Their 
measurement is absolute, which means that the read-
out equipment can be decoupled and coupled on later, 
without any loss of the reference signal.

In both cases, care has to be taken for temperature 
fluctuations, so temperature compensation is always 
necessary.

(c) Acoustical measurements
Sound production by large wind turbines has been 

extensively studied. In modern large wind turbines, 
the mechanical noise produced by the generator and 
gear box has been largely suppressed either by design 
or by encapsulating the noisiest components, leaving 
the aerodynamic noise as the most important source of 
disturbance. Moreover, most large wind turbines use an 
upwind rotor which reduces the interaction of the blades 
with the wake of the mast.

For small wind turbines the situation is quite 
different in many aspects. Firstly it should be mentioned 
that these small wind turbines generally produce a lower 

sound power than their bigger counterparts, but at the 
same time they are placed much closer to the listener 
and thus may produce high sound pressure levels. 
Secondly, the balance between efficient – and thus cheap 
– production and aerodynamically optimal blades often 
tilts towards higher sound power per energy production 
balance. Thirdly, small wind turbines operate well inside 
the atmospheric boundary layer which implies varying 
and highly turbulent inflow and a matching very specific 
sound signature. 

At the SWT Field Lab, both the sound generation 
mechanisms and the resulting sound pressure levels can 
be assessed. For the former, a microphone array (acoustic 
camera) is available that allows to spatially locate the 
sound sources and distinguish between aerodynamic 
interaction between blade and air, generator noise, 
unstable airstream interacting with the blades, etc. 
For the latter, long term monitoring of meteorological 
conditions, energy production, and sound are available. 
This allows studying the long term average sound 
exposure, which may for small wind turbines be a more 
accurate way to assess annoyance and disturbance than 
maximal sound power used for larger wind turbines. 

3 Drive Train

At Ghent University Campus Kortrijk, a test bench 
has been modified specifically for the validation and 
characterization testing of the drive train of a small wind 
turbine with respect to energy efficiency and energy 
yield.  The purpose of the test bench is to determine the 
energy efficiency of the  drive train-consisting of the 
electric generator (and if required the power electronic 
converter), the bearing configuration, couplings between 
the mechanical parts, and the gearbox if present. In its 
current configuration, the set up allows the testing of 
turbines with a power rating of 6 kW and rotor blade 
speeds down to 200 rpm.

A dedicated, highly dynamic electric motor is used 
to apply mechanical torque to the drive train to be 
tested. Several torque transducers are available to obtain 
accurate measurement results (50 Nm, 100 Nm, 200 Nm 
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and 1000 Nm, 0.1% accuracy). The generated electric 
output of the system is measured by means of a dedicated 
power analyser. A  control system based on a dSpace 
1103 controller is used to generate the required torque 
input. Both steady-state torques and typical wind spectra 
can be used for testing the drive train. In the latter case 
measurement data (wind speeds versus time) is gathered 
on the SWT Field Lab in Ostend or elsewhere.

The first type of tests that can be performed  is the 
determination of the energy efficiency of the individual 
components of the drive train. The electric generator 
is most important. The generator can be measured and 
its iso-efficiency contour map is generated(see figure 
2). This contour map shows the efficiency values for 
different rotor speeds and input torque values. It is based 
on steady state measurements (fixed speed and torque 
for each measurement point) and the reproducibility is 
guaranteed by means of a well described measurement 
plan including temperature control of the generator and 
torque transducers. The measurement accuracy of this 
test is 1%. Generators up to 15 kW can be tested. The use 
of contour maps allows a good comparison of different 
generator types and is a powerful tool to select good 
pieces of equipment when building new generations of 
small wind turbines.  In case the generator is connected 
to the grid by means of a power electronic converter, 
the effectiveness of the converter and the implemented 
generator control scheme (MPPT for example) on the 
energy yield can also be measured and shown in the 
contour map.

The second test comprises the entire drive train. 
Again an iso-efficiency contour map for steady state 
conditions can be measured by applying fixed input 
torque and speed. When testing with realistic wind 
profiles, contour maps can no longer be measured 
because of the transients involved. In this case the total 
energy yield for a given wind profile over a predefined 
window of time is determined. Again, this allows the 
comparison of different technologies with and without 
integration of the control scheme and power electronics.

So far the test bench is used for efficiency 
measurements. In the future, it will also be used for 

other purposes such as the design of improved MPPT 
algorithms for small wind turbines, the analysis of 
vibration and sound levels related to the drive train and 
condition monitoring techniques.

Figure 2  Iso efficiency contour of a 11 kW 
1500 rpm IE3 induction generator

Figure 3  Test bench at Ghent University 
Campus Kortrijk
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4 Generator

(a) Generator design
At Ghent University, a lot of research into the design 

of generators for small wind turbines has already taken 
place. This research has four goals: 

• A first goal is to optimise the geometry to have a 
maximal annual energy output for a given mass of the 
generator. The total energy output per year is important 
because it determines the financial yield of the turbine.

• A second goal is to increase the operating range 
of wind speeds, to allow operation at lower wind speeds, 
hence machines with a low cogging torque will be studied.

• A third goal is to build up insights in the thermal 
design. In small wind turbine applications, the generator 
is most of the time in a transient working condition, and 
moreover, it may be exposed to extreme conditions of 
temperature and humidity. This makes the thermal design 
a much bigger challenge than for drives in steady state. 

• The fourth goal is to implement current research 
about condition monitoring of Permanent Magnet 
Synchronous Generators (PMSGs) to one or more turbines 
in the SWT Field Lab. The condition monitoring can 
detect among other things excessive temperatures in the 
magnets or eccentricity problems.

Concerning the generators, the goal is to study 
three types of direct drive - hence low speed -  electrical 
machines that have inherently good characteristics for 
application in small wind turbines:

• A radial flux permanent magnet synchronous 
machine with outer rotor has a higher torque to mass 
ratio than conventional radial flux machines with inner 
rotor. 

• A dual rotor axial flux permanent magnet 
synchronous machine with stator core in laminated iron 
is a machine with very high torque to mass ratio and 
high efficiency for the low speed and high torque wind 
application ( Figure 4).

• A dual rotor axial flux permanent magnet 
synchronous machine with ironless stator is often 
described in literature as the preferred machine for wind 
energy applications. The absence of iron in the stator 

completely eliminates cogging torque, so that the self-
starting of the turbine at very low wind speed is not 
hindered. Another benefit is the weight reduction.

Another research topic is the adjustment of 
generator design for maximising annual energy output, 
based on the Weibull distribution. The optimisation 
will be run using the Weibull distribution giving the 
probability to have – at a given geographical location – a 
given wind speed during the year. The chosen approach 
will ensure the best overall operation of the generator 
over the entire operating range defined by the Weibull 
distribution. This means that the total energy output per 
year is optimised. This energy is obtained as the integral 
of the power distribution function over the entire wind 
speed range. This in contrast to the state-of-the-art 
optimisation which takes into account only the nominal 
working conditions of speed and torque.

The procedure that will be followed is as follows: 
from the Weibull distribution and from the mechanical 
efficiency of the turbine blades, a relation can be 

Figure 4  The axial flux PM generator 
consisting of rotor - stator - rotor [6]

Figure 5  The stator designed and built 
at Ghent University [6]
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established between the mechanical power on the shaft 
of the generator, and the probability (i.e. the number of 
hours per year) that this power occurs. In this phase an 
ideal maximum power point tracking system is assumed 
(see below). For each wind speed, the electrical power 
is found as the product of the mechanical power and 
the efficiency of the conversion at that speed. The total 
energy output per year can be found by integrating the 
product of electrical power and wind probability over the 
total wind speed range.

Additionally,  research into the thermal design is 
done based on Computational Fluid Dynamic simulations. 
Appropriate cooling techniques can be studied for the 
three types of machines mentioned. For the thermal 
design, it is important to know the typical load and speed 
patterns of the generator. Therefore, a measurement 
campaign of the wind speed at low height is being done 
at the SWT Field Lab. The data will be combined with 
thermal models of the generators in order to study the 
thermal behaviour.

Finally, condition monitoring will be done by 
measuring the voltages and currents of the generator, 
and combining these data with models of the generator. 

By analysis of the measured data, it is possible to detect 
local demagnetisation of magnets (e.g. due to too high 
temperature), or eccentricity because of mechanical 
overload on the shaft or bearing damage. 

5 Power-Electronic Converter

The power-electronic converter converts the raw 
power from the generator into voltages and currents 
suitable for injection into the grid. Furthermore, the 
converter performs the Maximum Power Point Tracking 
(MPPT) to ensure a maximal power coefficient of the 
turbine.

In the SWT Field Lab, several aspects of the 
converter will be investigated, e. g., the performance of 
the MPPT, the interaction between the converter and the 
grid and the impact of the converter on the generator 
efficiency.

The goal of the MPPT is to control the shaft speed of 
the turbine proportional to the wind speed to maximize 
the power coefficient. Previous research has shown that 
there is room for improvement in the performance of 
these MPPT algorithms [7]. Poor performance of the MPPT 

Photo: Qu Xiaofeng
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results in less capture of renewable energy and thus a 
reduced energy yield. The SWT Field Lab will be used to 
experimentally evaluate the performance of the MPPT of 
the different converters. Due to the modular setup of the 
lab, the regular converters can be replaced with newly 
developed experimental converters. Several new MPPT 
algorithms will be implemented on these converters 
which will allow us to a comparison of  their performance 
with the standard MPPT algorithm of the original 
converter. The goal is to improve the yearly energy yield 
of the turbine.

The interaction of the converter with the power 
quality of the grid is another aspect which will be 
investigated. With the PAS 15000 mains simulator, a 
three-phase distribution grid can be emulated including 
several power quality issues such as voltage waveform 
distortion, voltage dips, unbalance or flicker. In a realistic 
distribution grid, all these power quality issues can occur. 
Therefore, the converter should be robust enough to 
survive these issues to a certain extent. In the SWT Field 
Lab, the operation limits regarding power quality of the 
converters will be measured and evaluated. This allows 
the identification of possible shortcomings in current 
commercial converters, which can then be tackled by 
focusing our research on these crucial aspects.

Finally, the impact of the converter on the generator 
efficiency will be investigated. The circuit topology 
and control strategy of the rectifier stage has a strong 
influence on the losses in the generator. More specifically, 
the use of passive diode rectifiers results in a current 
waveform with a large harmonic content and a low power 
factor, resulting in high losses in the generator. In the SWT 
Field Lab, measurements of the current waveforms will be 
performed to estimate the impact on the generator losses. 
Possible solutions will be implemented on experimental 
converters, which will then be deployed in the SWT Field 
Lab to measure the efficiency improvement in real-life 
conditions.

6 Conclusion

The SWT Field Lab described in this paper allows 

for extensive and multidisciplinary research to be done 
on small wind turbines. The academic service offered by 
Ghent University provides a direct link to the industry, 
allowing manufacturers of small wind turbines to take 
advantage of the research infrastructure and expertise 
to develop new or improve existing small wind turbines. 
It is the authors’ belief that the SWT Field Lab and 
the research performed there will close the gap in 
technological maturity between small wind turbines and 
other renewable energy technologies such as large wind 
turbines and photovoltaics, hopefully leading to a higher 
degree of public acceptance and rate of adoption. 
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