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SUMMARY
Locally manufactured small wind turbines provide a very promising technological approach which can
support sustainable rural electrification applications for remote parts of the world. Through such
design approaches, highly flexible, reliable and scalable technologies are developed which provide
low cost products that are easy to maintain and repair, and are well adopted to the social and
environmental systems in which they operate.
The case study of locally manufactured small wind turbines is described in detail while its evolution
into open source hardware is highlighted. The Wind Empowerment network, a global association for
the development of locally built small wind turbines for sustainable rural electrification, is presented,
while reference is made to many wind energy projects from all the continents organized by its member
organizations. The construction and installation process of such a small wind turbine are briefly
described, while an estimation of the total cost for typical wind energy battery charging system is
presented.
The assessment of open source technologies by the Rural Electrification Research Group (part of
SmartRUE) of the NTUA is described. This includes laboratory experimental results on locally
manufactured axial flux generators for determining their efficiency and power production, while hand
curved wooden blades are tested in a wind tunnel for measuring the aerodynamic efficiency of the
rotor. Filed tests on a typical battery charging wind energy system using a locally manufactured small
wind turbine are included, obtained from the coastal small wind turbine test site of NTUA in Rafina.
The power curve and the efficiency of the complete system are presented along with and estimation of
the annual energy production for different mean wind speeds.
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The case study of a 3m rotor diameter locally manufactured wind turbine is presented, which has been
installed by the Wind Empowerment association, the Mercy Corps NGO, the Rural Electrification
Research Group of the NTUA and V3 Power (UK) in a rural community close to Jijiga in Ethiopia in
order to provide electricity for a local business. The wind turbine has been constructed in cooperation
with the students of a local technical college in Jijiga, while the installation has been conducted along
with the users of the turbine. This case study provides evidence of the appropriate nature of such a
technology to provide for productive uses of electricity at a local context, while also providing
educational added value. installed by the Wind Empowerment association, the Mercy Corps NGO, the
Rural Electrification Research Group of the NTUA, the Nea Guinea NPO and V3 Power in a rural
community close to Jijiga in Ethiopia in order to provide electricity for a local business. The wind
turbine has been constructed in cooperation with the students of a local technical college in Jijiga,
while the installation has been conducted along with the users of the turbine. This case study provides
evidence of the appropriate nature of such a technology to provide for productive uses of electricity at
a local context, while also providing educational added value.
In conclusion, the advantages of this open technological style are highlighted and also its
appropriateness for the sustainable electrification of rural communities in remote areas.
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Introduction
According to the International Energy Agency's (IEA) world energy outlook on electricity access, it
was estimated that in 2009 the number of people without access to electricity was 1.3 billion or almost
20% of the world’s population. According to the same study, 585 million people without electricity
access were located in Sub-Saharan Africa and another 493 million people in South Asia, of whom
85% live in rural areas. The rural electrification rate in 2009 for Sub-Saharan Africa was 14.2% and
for South Asia 59.9%, which indicates that the process of providing energy access to rural
communities is a major engineering and social challenge.
Access to electricity, signifies an overall improvement of living conditions for rural communities.
Educational processes are typically enhanced, since lighting can provide studying time in the evening,
and basic medical infrastructure is developed such as small rural clinics, which may require energy for
refrigeration or sterilization. Communication infrastructure is established such as satellite internet and
mobile phones, while educational activities and community entertainment is enhanced with projection
facilities. The manual labour of women in rural communities can be reduced with access to electricity,
typically for daily tasks such grinding or washing, while drinking water can be pumped from a clean
water source, such as a well, with the use of an electric pump.
Other aspects of rural electrification include the creation of income generation activities that can
support and strengthen local economic networks. Small scale workshops for daily rural activities such
as wood-working and iron-working can be provided with electricity to drive the necessary tools.
Agro-processing activities can be enhanced locally, such as the grinding of crops and at the same time
support smaller scale commercial activities such as general shops that need refrigeration and lighting.
Charging centres are also typical in rural areas, for mobile phone charging or car battery charging in
order to be transported to remote areas for very small scale applications such as LED lighting and
radios.
The activities mentioned, can bring significant changes in the perception of a remote rural area to the
eyes of the local people and at the same time empower the community, by increasing its
self-sufficiency and reducing dependency on larger urban centres. Especially for youths, an
electrification project, may prevent migration to an urban centre or abroad in search of income and a
modern life style.
Characteristics of rural electrification applications
Electrification of remote rural areas is a complex process which involves technical, economic, social
and cultural aspects, which all have to considered and properly balanced, if the applications is to be
designed and installed with success and to be maintained in operation for the years to come.
Typically access to such areas is limited, either due to the lack of infrastructure, such as roads or dirt
paths, or due to seasonal weather conditions that deteriorate the condition of local dirt roads. This
implies increased installation costs due to specific transport requirements for materials and also
increased maintenance costs for the transportation of technicians and equipment. Communication
infrastructure is usually limited, ranging from non-existent to adequate if there already exists a small
solar or diesel powered satellite system. Long periods of no communication can be an obstacle to the
design and implementation phases of the application or even to maintenance procedures after the
completion of the project. This increased possibility of lacking transportation and/or communications,
can cause a long down time in the electrification system in case of a failure and may delay
maintenance inspections, supply orders and replacement of parts or equipment. So rural electrification
applications in remote areas need to achieve a high level of operational up time, and thus provide
secure energy access to the community, improving its living conditions and allowing for acceptance of
the electricity production technology installed. The use of renewable energy sources (RES) in rural
electrification applications is very common, as nowadays most RES technologies are mature
technically and commercially, and as typically there exists an abundance of such energy sources
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(wind, solar, hydro, biogas, biomass etc.) in remote rural areas. Environmental benefits are also
achieved in this manner, with the reduction in diesel consumption when RES are used, in already
existing remote electrification projects. RES technologies need to be very robust, as these kinds of
applications require a high level of up time, low maintenance for a long service life and need to adapt
to a variety of environmental conditions, thus providing a challenge for the materials used and RES
system's operation.
As remote electrification systems need to provide a high level of technical quality in order to satisfy
the aforementioned requirements, at the same time they need to be of low cost. Financial barriers are
among the most frequent in the implementation of a rural electrification project. The economic
resources of the community itself are limited, making self-finance of the project by the community
vary rare. Typically, such projects are implemented with the use of micro-credit institutions or the
support of non-governmental organizations (NGO). In some cases, were many successful project have
been implemented, government funding may also occur. In many cases though this financial support
occurs only in the beginning of the project for purchasing and installing the equipment and not for
maintenance, and installations end up degrading as time passes and eventually stop functioning after
some years, while the equipment installed has not even reached close to the end of its service life. For
this reason, among others already mentioned, the creation of local economic activities provided by the
production of electricity, is essential for the operation of the project and the inclusion of the
community in the process.
Community involvement is a corner stone for the success of a rural electrification project and needs to
be implemented from the initial stages of the process, overcoming cultural and educational barriers.
The technology itself has to be accepted by the local community, in the sense that it will have to prove
its ability to meet their needs and secure that all the community effort to be placed into implementing
and maintaining the project will not be wasted. Unsuccessful projects can discredit otherwise very
useful technologies, and thus limit technological choices for future projects in the area, possibly
resulting in more expensive or less adapted technologies. Appropriate community involvement and
adequate training of community members may also lead to operation and maintenance procedures to
be conducted locally by community members themselves. This can increase significantly the
operational time of the installation and reduce future operation and maintenance costs. In order for this
to achieved though, many educational and communication barriers need to be overcome. Illiteracy
levels might be high which will require operation manuals with pictures and simplicity in describing
basic concepts of the technology used, and while many manuals for installation and maintenance are
of western type, this might not necessarily conform with local reading and learning processes. Finally,
language can pose a barrier, as many remote rural areas are populated by indigenous peoples, were
typically many indigenous languages and dialects are used.
Locally manufactured small wind turbines
Low cost renewable energy technologies can make small scale electricity production more accessible
to rural communities. The local manufacturing of such technologies [1] can significantly reduce initial
costs with the use of locally available materials, tools and manufacturing techniques and at the same
time it can reduce maintenance costs by providing appropriate training to the user community. Open
designs [2], which can be adopted to local needs and can be supported by a global technology
network, have provided successful examples of appropriate technology applications for the past 40
years, such as small and pico hydroelectric rural electrification systems in Nepal [3].
One of the first applications of locally manufactured small wind turbines in developing countries for
rural electrification, was initiated by the Intermediate Technology Development Group (ITDG), now
called Practical Action. In 2000, a collaboration with Hugh Piggott of Scoraig Wind Electric was
initiated, to produce a design manual, namely 'The Permanent Magnet Generator (PMG): A manual
for manufacturers and developers', which was aimed at the local production of a 200W permanent
magnet generator for small wind turbines in developing countries. Hugh Piggott later produced a more
developed manual, namely the 'Wind Turbine Recipe Book: The Axial Flux Windmill Plans' [4],
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which described the process of constructing and designing small wind turbines of rotor diameters from
1.2m up to 4.2m, Fig.1. Since then, this design manual has been a reference guide for locally
manufactured small wind turbines and has proven to be a valuable tool in spreading this knowledge.
Rural electrification has been an obvious application of this technology, so many NGOs and groups
have used this design manual and locally constructed community small wind turbines in developing
countries, while construction seminars for DIY enthusiasts are organized by several groups in the
world. It has been estimated that more than one thousand locally manufactured small wind turbines
have been constructed based on the Hugh Piggott design, and currently many of them are in operation
around the world.

Fig.1 : Locally manufactured small wind turbines following the design manuals of Hugh Piggott
Locally manufactured small wind turbine technology is developed through a bottom-up innovation
process, which is quite unique and resembles an 'open-source hardware' (OSH) community in the
making. In such bottom-up innovation processes research and development is typically conducted by
the users themselves, with an open-design approach. This increases the reconfigurability of the end
product, while modifications of manufacturing techniques and the design itself, are made faster and
more effectively. In addition, in such projects support to users and designers is offered by the OSH
community itself through Internet forums and/or online tools. This allows for a technological
application, for example locally manufactured small wind turbine technology, to enable a vast social
support network to assist all installed small wind turbines of this type.
Locally manufactured small wind turbine technology is developed through different hubs of
information exchange. The largest online forum of locally manufactured small wind turbine users and
designers exists within Fieldlines.com, the discussion board of the Otherpower group in the United
States, with 6615 members since its was set up more than a decade ago, in order to exchange
information on off-grid renewable energy systems. Further to this, there are online forums, relevant
blogs and websites, such as Hugh Piggott's blog where information on this technology is posted, and
the websites of several NGOs installing locally manufactured small wind turbines on all continents.
Finally, university research groups in TU Delft, UC Berkeley, UP Catalonia, HTW Berlin and NTU
Athens, who have been working on rural electrification, and also research centres such as KAPEG
Kathmandu, have all included locally manufactured small wind turbine designs in their research
activities.
Wind Empowerment
Since 2012, the Wind Empowerment association, has managed to network most of the organizations
involved with locally manufactured small wind turbines in the world, aiming at building the financial
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and human resources needed for the activities of these organizations, and at performing joint technical
research while sharing technical information.
The association was created in 2011 following a meeting of several organizations grouped around the
theme of self-constructed wind turbines at the World Social Forum in Dakar, Senegal. Wind
Empowerment is a global association of 40 member organizations in 28 different countries. The
membership consists of universities, research institutions, NGOs - Non-Governmental Organisations,
social enterprises, co-operatives and more, as well as over 1,000 individual participants. Wind
Empowerment aims to support the development of locally manufactured small wind turbines for
sustainable rural electrification by strengthening the capacity of its members through collaboration and
knowledge exchange. Wind Empowerment bridges the geographical gap between its members by
providing a global platform for knowledge sharing, with the overall aim of empowering more people
across the globe to be able to harness the power in the wind and provide access to electricity to those
that really need it.
The 2nd Wind Empowerment conference held in Athens at the NTUA in November 2014 has been the
latest achievement of the network, with over 40 participants from all continents exchanging
experiences from the field while organizing working groups to tackle issues surrounding locally
manufactured wind turbines under the themes of technology, market assessment, delivery models,
maintenance, education and measurement.
Some examples of organisations that provide electrification services in rural areas of developing
countries are descried in order to provide a sense of how local manufacturing of small wind turbines is
applied in different social contexts.
The NGO Comet-ME is active in the middle east and specifically in Israel. Their mission is to
facilitate social and economical empowerment in the poorest and most marginalised communities in
the occupied Palestinian territories through material support and capacity building. The core of the
their activity is the provision of basic energy services for off-grid communities using solar and wind
power, in a way that is both environmentally and socially sustainable. These energy services include
the required hardware and the local capacity to maintain and install existing and additional systems.
Although the money and know how come from the outside the ownership of the project is local in that
the entire decision making is done by the community’s local committee. Comet-ME is a joint initiative
of Israelis and local Palestinians communities who believe that barriers of hostility can be overcome
by joint, concrete, work aimed at demolishing the walls of segregation and racism.
The NGO 'I Love Wind-power' is active in Africa and specifically in Tanzania, Malawi and Mali. The
goal is to train locals to manufacture locally small wind turbines, to be able to service and maintain
them and start their own businesses in the future. In order to achieve this goal, training centres have
been set up in these countries.
Constructing and installing a small wind turbine
The small wind turbines discussed in this article are typically part of rural off-grid hybrid systems with
installed capacity of renewable energy sources (RES) of up to 10kW. These systems usually consist of
a PV generator, whose size will depend on the available wind resource, a flooded lead-acid battery
bank, an inverter/charger and possibly a diesel generator for backing up the renewable energy system.
The small wind turbine itself requires a rectifier to feed its alternating current directly into the battery
bank and also a diversion load charge controller with a resistive load for diverting excess energy when
the battery bank is fully charged. Locally manufactured small wind turbines constructed for these
applications, range in rotor diameters from 1.2m to 7m and are able to produce power from 200W to
4kW respectively at 10m/s wind speeds.
The small wind turbine is a variable speed machine which consists of a three blade wooden [5]
horizontal axis rotor of constant pitch angle, of a coreless axial flux permanent magnet generator [6] -
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[9] with a double rotor single stator configuration and Neodymium or Ferrite magnets, utilizes a
passive mechanical furling tail system for rotor speed regulation and yawing to the appropriate wind
direction. A metal frame supports an auto-mobile wheel hub on which the blades and the generator's
rotor are mounted, while also supporting the generator's stator and the furling tail. In addition, the
metal frame provides a simple yawing mechanism without using a bearing or brushes for connecting
to the power cables running down the tower, that directly feed energy to the battery bank. The wind
turbine is usually installed on top of a tower, typically made out of steel water pipes, at a height of
12m or more, though this will depend on the location and the surrounding obstacles. The tower is a
guyed mast consisting of steel wire ropes and four anchors in cement or bedrock, and is usually
erected using a gin-pole and a wire rope hoist.
The construction of the wind turbine is achieved with simple tools that one would encounter in a rural
workshop for wood and metal working, and with the use of simple techniques which do not require
skilled labour. Most of the materials used can be sourced locally, while some specific materials like
Neodymium magnets can be ordered online, which only requires an internet connection and a postal
service within reach.
An estimation of the total cost for construction, installation and connection of a typical battery
charging small wind turbine of this type, with respect to rotor diameter, can be seen in Table 1. All the
cost estimations of Table 1, refer only to materials and the labour required for the construction and
installation of the small wind turbine is considered to be provided by the users. Typically a 2.4m rotor
diameter small wind turbine will require 450 working hours to be completed, with 50% of the total
time allocated to carving the rotor blades. This is one of the main reasons that manufacturing open
source small wind turbines is usually a group process. Finally, considerable amounts of labour are also
required for manufacturing the tower and installing the turbine, activities which may even require as
many working hours as for constructing the turbine itself, especially for larger rotor diameters.
Rotor diameter (m)

1.2

1.8

2.4

3

3.6

4.2

SWT cost (Euro)

300

400

650

750

1000

1200

12m Tower (Euro)

150

200

300

350

500

600

Power cable and
electronics (Euro)

300

300

550

550

650

650

Table 1 : Estimation of the total cost of connecting a locally manufactured small wind turbine to the
48VDC bus of an already existing off-grid RES system
Assessment of locally manufactured small wind turbines
The Rural Electrification Research Group (RurERG), which is part of the Smart grids Research Unit
(Smart RUE) of the National Technical University of Athens (NTUA), has been assessing the
technology of locally manufactured small wind turbines since 2009, as a part of a wider validation
process of open source hardware renewable energy technologies used for sustainable rural
electrification. The necessary experimental infrastructure for testing this small wind turbine
technology according to international standards has been designed and implemented in the laboratories
of the NTUA and includes an axial flux generator bench testing facility using a DC motor drive, an air
foil and rotor blade testing facility using a wind tunnel, and an outdoor test site located in the nearby
windy coastal area of Rafina.
The 2.4m HP small wind turbine with neodymium magnets has been assessed for performance and
robustness in the laboratories of NTUA, as it is the size of wind turbine that is most frequently
manufactured and installed. This type of wind turbine was constructed in a student workshop during
the spring of 2009, following the 2005 design manual of Hugh Piggott for charging a 48VDC battery
system.
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Laboratory experiments
Several bench tests have been conducted on the axial flux generator of the small wind turbine in
question, using the DC motor drive bench testing facility. Some of the most important of these tests
are mentioned, which describe aspects of the performance of the generator, but also the impact that the
manufacturing techniques used during its construction have on its operation. The efficiency of the
generator has been measured while connected to a 48V battery, Fig.2, at varying rotational speed and
varying line currents, by measuring the input mechanical power using a torque meter and the output
electrical power using an oscilloscope and probes. Typically the maximum efficiency of a coreless
axial flux permanent magnet generator is high, 0.88 in this case, and occurs for lower currents and
RPM, which correspond to low wind speeds, which are more frequent in rural applications.

Fig.2 : The efficiency of the generator when connected to to a 48V battery bank
The operation of the generator under load has been measured by measuring the phase voltages and line
currents at different rotational speeds above cut-in RPM. When the actual power cable, in terms of
length and conductor size, that will be used in a typical installation to connect the generator to the
battery bank, has been included in the set-up, the power curve of the complete electrical system can be
measured, as in Fig.3. This can then provide information on the efficiency of the complete system,
from the kinetic energy of the wind to the electrical energy flowing into the batteries, when combined
with measurements made in the wind tunnel for the aerodynamic efficiency of the rotor blades.
Several wind tunnel tests have been conducted on the rotor blades of locally manufactured small wind
turbines in order to determine the efficiency of the rotor [10]. Due to the size of the wind tunnel,
experiments have been conducted with a set of 1.2m diameter rotor blades. Experimental results have
shown a maximum aerodynamic power coefficient of 0.38 to 0.40 for a tip speed ratio of 5.5 to 6, for
wind speeds ranging from 8 to 11m/s, as seen in Fig.4. At lower wind speeds of 4 to 6 m/s, which are
more frequent in rural applications, the aerodynamic power coefficient had a lower value at 0.35,
which is still close to the typical value of 0.4 for horizontal axis small wind turbines. The design tip
speed ratio of the 1.2m rotor diameter blades has a value of 5 according to the design manual, while its
optimal value was found to be close to 5.75 during the experiments.
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Fig.3 : The power curve of the generator when connected to to a 48V battery bank

Fig.4 : The aerodynamic power coefficient of the rotor blades
with respect to the tip speed ratio
Outdoor experiments
The performance of a typical battery charging wind energy system using a locally manufactured small
wind turbine has been monitored in the coastal small wind test site of NTUA in Rafina . The
measurements have been conducted according to the standard of the International Electrotechnical
Commission IEC 61400-12-1: 'Power Performance Measurements of electricity producing wind
turbines', and specifically Annex H which refers to small wind turbine testing.
The 2.4m HP small wind turbine has been installed in a 12m guyed tower and connected to a 48VDC
battery bank with a 75m long power cable of 4mm 2 cross-sectional area. A meteorological mast is
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positioned a few meters away, equipped with an anemometer at hub height and a wind direction vane,
along with several other sensors for determining the density of air which measure temperature,
humidity and pressure. All meteorological and electrical data, such as currents and voltages, are
measured and logged in order to provide one minute averages, which can then be grouped according to
different wind speeds, using the “method of bins”.
The power curve of the 2.4m HP locally manufactured small wind turbine for the aforementioned
set-up, can be seen in Fig.5. The cut-in wind speed is at 3m/s, a typical value for most horizontal axis
small wind turbines while, maximum or rated power is reached at 10.5m/s with a value of 525W and
uncertainty of +/-11.2W. The furling system commences operation at 6.5m/s, by introducing a small
angle between the plane of rotation of the rotor and the horizontal wind direction, which increases to
20° at wind speeds of 9 to 10m/s, and thus provides adequate rotor speed and electrical power
regulation for the wind turbine. A capable furling system mechanism is essential for every small wind
turbine and will protect the axial flux generator from overheating at very high wind speeds. At wind
speeds higher than 10m/s the furling angle increases more and achieves a significant reduction in
power production.

Fig.5 : The power curve of the 2.4m HP wind turbine
The efficiency of the whole wind energy system, from wind power to electrical power fed into the
batteries, is described by the power coefficient (Cp), Fig.6. System efficiency peaks at 0.31 at 5m/s,
while it has values of above 0.3 for wind speeds ranging from 5 to 6.5m/s, which is the most
frequently occurring wind speed range in rural applications. At higher wind speeds, for example while
the wind turbine is operating at rated power at 10m/s, the system's efficiency drops to 0.18 due to
power regulation by the furling system. During windy conditions though, the battery bank manages to
achieve a full charge much faster, resulting in the rejection of most of the energy produced to the heat
producing resistances of the dump load, which makes a high system efficiency in high winds less
significant.
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Fig.6 : The power coefficient of the complete wind energy system for the 2.4m HP wind turbine
The annual energy production (AEP) predictions for the wind turbine in question and for sites with
mean wind speeds ranging from 4 to 10m/s, using a Rayleigh wind speed distribution, are shown in
Table 2. The uncertainties in the AEP estimations are presented in both kWh and as a percentage. For
mean wind speeds greater than 8m/s, the increase in power production is small due to the effect of the
furling system, which would classify this small wind turbine as a design for low wind speed areas. For
a typical rural installation with 5m/s mean wind speed, the 2.4m HP wind turbine would be expected
to produce 1271kWh per year with an uncertainty of +/- 111kWh, which would amount to an average
of 106kWh per month, although this prediction will depend on the constancy of the mean wind speed
during the different seasons of the year.
Mean wind speed (m/s) AEP (kWh) Uncertainty (%)
4
751.61
9.9
5
1270.85
7.94
6
1747.85
6.76
7
2124.21
6.05
8
2392.87
5.62
9
2569.72
5.34
10
2673.97
5.13

Table 2 : Estimation of the annual energy production of the 2.4m HP
wind turbine according to the mean wind speed
Electrification of a local shop in Ethiopia using locally manufactured small wind turbines
During January 2015, the Rural Electrification Research Group of NTUA along with V3 power (UK)
and Nea Guinea (Greece) joined Wind Empowerment and Mercy Corps Ethiopia, in order to
implement a rural electrification project in Jijiga, in Ethiopia’s Somali region. The project’s main goal
was to provide productive uses of energy from off-grid renewable energy systems using locally
manufactured small wind turbines and solar panels, as part of Mercy Corps’ program PRIME
(Pastoralists’ Areas Resilience Improvement through Market Expansion) sponsored by USAID.
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Fig.7 : The rural settlement of Handew
In this context, the local shop of a rural settlement in Handew, Fig.7, 15km away from Jijiga, was
electrified using a 3m rotor diameter locally manufactured small wind turbine, installed at 12m hub
height, and 300W of solar panels in order to provide electricity for mobile phone charging, lighting
and refrigeration of beverages in the shop. The off-grid electrical system, Fig.8, consists of a 500W
inverter, a 24V 300Ah battery bank and a diversion load charge controller. A data logger has been
installed along with the system in order to measure the wind speed, using an anemometer on the wind
turbine tower, and the current provided to the shop loads. The shop’s load profile will be logged and
then the power curve of the wind turbine.

Fig.8 : The inside of the shop after electrification and the electrical system with the battery box.
The small wind turbine used in the installation was manufactured locally at the Jijiga Polytechnic
College during a 7 day course with 22 participants. Graduates, students and teachers of the college
participated in the course which included theoretical lectures on small wind turbine technology and
applications and practical workshops on small wind turbine construction, Fig.9. The practical sessions
were organised in three working groups. The woodworking group was carving the three blades of the
rotor out of wood, the metalworking group was fabricating the steel frame of the generator and the
furling tail, and the generator manufacturing group which winded the coils of the stator and fabricated
the magnet rotor disks.
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Fig.9 : Students engaging in manufacturing activities of the stator coils and of the rotor blades.
The wind turbine was then installed with the course participants in the rural community of Handew,
along with the solar panels and the electrical system, Fig.10.

Fig.10 : The wind turbine and the solar panels on the roof of the shop
The project met its goals of increasing the quality of life for the Handew village by providing
electricity to meet basic needs such as mobile phone charging, lighting and refrigeration. The shop
keeper with the additional electrical power and can increase his income which will be spent on the
local markets, thus further increasing the economic development of the local area. In addition, a
capacity building process of knowledge and skill transfer on wind energy systems implementation has
been gained by the local technical college of Jijiga. Awareness of renewable energy and wind power
technologies has increased in the region, not only for the students and the residents of the village, but
also for the Somali region as a whole, since the project was covered by local TV. Finally, the students
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of the college have been trained and specialise in wind energy and hopefully this will empower them
to create a local business in the field.
Conclusion
Locally manufactured small wind turbines, and open source hardware technologies in general, provide
a very promising technological approach that can support sustainable rural electrification schemes for
remote parts of the world. Open source technologies are developed by communities of designers and
users, with the distinction between the two often being non-existent. Through such design approaches,
highly flexible, reliable and scalable technologies are developed which provide low cost products that
are easy to maintain and repair, and are well adapted to the social and environmental systems in which
they operate.
In this paper the assessment of locally manufactured small wind turbines has been descried with
satisfactory results that can be compared with many commercially manufactured w ind turbines in the
market. The application of these wind turbines and their manufacturing process has been shown in the
case study of the Ethiopian village of Handew, where a 3m small wind turbine was successfully
constructed by the students of the local technical college and installed with the assistance of the Wind
Empowerment association.
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