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Abstract:
Kenya is a rapidly industrializing nation in Africa and envisions transforming itself into a newlyindustrializing, middle-income country by 2030, with a globally competitive and prosperous
economy. This is envisioned in a long-term development strategy of the country, Vision 2030
(Kenya, Kenya Vision 2030, 2007). One of the prominent focus areas of the Government of
Kenya is to harness the country’s wind potential and the vision is to install 2036 MW of wind
energy by 2030. To achieve this objective of scaling up wind energy development in Kenya, the
Government of Kenya through Ministry of Energy & Petroleum, Kenya commissioned
WinDForce to conduct a research study for ‘Wind Energy Data Analysis & Development
Programme’ under ‘Energy Sector Recovery Project’. The objective of this study is to attain indepth understanding of the long term wind resource prevailing in the country and to see
establishment of large utility scale wind farms deploying modern wind turbine technologies. The
study describes a methodological framework to harness wind potential of the country, and
presents feasible policy interventions from technical and economical terms to scale up the wind
sector in the country. A detail assessment of wind resource at national level is undertaken
leading to the development of Wind Atlas and Maps followed by identification, selection and
energy estimation of viable potential sites for prioritizing wind-farm development using different
wind turbine models. This concludes that Kenya has abundant wind energy resource that can
fulfill power requirements for the whole country as the study estimates 1604 GW potential in
wind speed Class III, while 642 GW of potential in wind speed Class II and 4.6 GW in wind
2

speed Class I respectively. At 80m height, 64 km of potential area has annual wind speeds
higher than 7.5 m/s. The study addresses the key challenges faced by Kenya’s wind energy
sector and lists recommendations for the Government of Kenya which will suitably address
concerns of various stakeholders. The study also lists out recommendations to develop Kenyan
wind energy sector include development of Wind Energy Policy document after assessment of
existing policies and bringing expansion and stabilization in Kenya’s power grid network. The
Government of Kenya’s consideration to these aspects would instill confidence to the investors
about the Government’s commitment to Wind energy development and the supporting
framework in terms of financial, institutional, regulatory and security to wind investments in the
country.
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1.

INTRODUCTION:
Electricity has become an indispensable pre-requisite for enhancing economic activity and

improving human quality of life. The continuously increasing dependence on electricity is
leading to a steep increase in demand for power across the globe. Kenya, located on the
eastern part of African continent has a total effective generation capacity of ~1,600 MW with
peak demand of ~1500 MW, which is shared by only 18% of total households in Kenya as more
than 80% of households remain without access to electricity.
The main sources of energy in Kenya are wood fuel, petroleum and electricity accounting
for 69%, 22%, and 9% of the total energy use respectively. More precisely, 67.5% of the
electricity is generated using renewable energy sources, which is predominantly Hydro with a
47.8%, Geothermal with 12.4% and wind by 0.3% shares respectively, while 32.5% of the
electricity generated is from fossil fuels. Kenya’s electricity sub-sector is facing challenges of
rapidly growing demand for electricity, high dependence on hydroelectric power and high cost of
supply. Against these challenges, the Government’s strategy for expanding infrastructure in the
sector is to promote equitable access to quality energy services at least cost while protecting
the environment. Renewable energy development especially wind and geothermal are expected
to play an important role in overcoming the country’s power problems (Macro Planning
Directorate, 2008).
At present, the country has an installed wind capacity of 5.1 MW wind-farm operated by
KenGen at the Ngong site near Nairobi though there are some large capacity wind projects in
pipeline including the 300 MW Lake Turkana Project. In order to achieve this vision of installing
above 2 GW of wind capacity by 2030, the Government of Kenya is encouraging independent
investment in the wind sector and has introduced an attractive feed-in tariff (Ministry of Energy,
2012).
In 2008, the Government of Kenya initiated a research study for ‘Wind Energy Data
Analysis and Development Programme’ in Kenya under Energy Sector Recovery Project (ESRP)
supported by the World Bank with an aim of establishment of large utility scale wind farms in
Kenya deploying modern wind turbine technologies. In this exercise, the Government of Kenya
through Ministry of Energy & Petroleum, Kenya installed 95 wind met masts across different
parts of the country. This research is an outcome of the project awarded by Ministry of Energy &
Petroleum, Kenya to WinDForce to determine country’s wind potential and identify potentially
viable wind sites for utility scale wind-farm deployment in Kenya. This study estimates wind
potential and develop wind atlas of the country at varying height. This is followed by
identification of potentially viable wind sites for pre-feasibility analysis using pre-feasibility
assessment. The Wind Resource Assessment carried out establishes that over 73% of the total
area of the country experiences wind-speeds more than 6 m/s at 100 m above ground.
In spite of high wind potential assessed in this study, the wind energy development in
Kenya on a utility scale has not taken place for various reasons such as insufficient wind
resource data, lack of financial resources, inadequate infrastructure and non-availability and
instability of grid network. The research study also recognises various existing policies to
accelerate the facilitation of renewable energy sources and puts forward guiding principles,
objectives and targets, priority sectors, and policies and measures for medium and long-term
wind energy development in Kenya.

2.

LITERATURE REVIEW:
The research work involved a detailed study of the historical backgrounds pertaining to

wind atlas development and wind data analysis in Kenya. This literature review section
highlights the most relevant studies undertaken of similar nature in the past:
Solar and Wind Energy Resource Assessment (SWERA), an UNEP project led by Mr.
Daniel Theuri in the year 2008 conducted Kenya’s wind resource assessment including data
capturing and analysis, computation and mapping using GIS & other relevant technologies to
produce Kenya’s wind atlas (UNEP, 2008). This work produced Wind Atlas map at 50m height
for Kenya using 10 stations at 10m height (Hammond, 2011).
A project on Wind Energy Assessment and Utilization in Kenya, lead by Christopher Oludhe,
Department of Meteorology, University of Nairobi presents wind speed estimates for the country.
The study concludes that Kenya has huge wind energy potential which is capable of driving
various types of wind energy machines (Oludhe, 2010).
A study conducted by College of Architecture and Engineering highlights the Wind Regime
Analysis and reserve estimation for Kenya at three sites - Ngong, Kinangop and Turkana. The
study concludes that Ngong site exhibits high variability with mean wind speed of 11.5 m/s
whereas Kinangop indicates a lesser variability compared to Ngong and Turkana with mean
wind speed of 9.96 m/s (Barasa M, 2013).
3.

METHODOLOGY FOR WIND ATLAS DEVELOPMENT
The wind atlas development of Kenya at 80m height has been carried out using wind mast

datasets, NCEP/NCAR Reanalysis data, SRTM Digital Elevation Model and Global Land Cover
(GLC 2000) datasets for entire Kenya as a region of interest. The key elements of methodology
for the examination of existing wind datasets development of Wind Atlas/Map are:
•

Extraction of NCEP/NCAR Reanalysis global data on wind for Kenya (Kalnay,
1996);

•

Extraction of NASA’s Shuttle Radar Topography Mission (SRTM) Digital elevation;

•

Extraction of Global Land Cover for Kenya;

•

Development of a long term wind speed model for Kenya (Hossain J. &., 2011); and

•

Assessment of wind speed and wind power density at 80m (Hossain, 2013).
2

The task involves setting up of a grid of 1 km resolution over region of interest and the use
of measured wind data for computing mean annual wind speed and the NCEP/NCAR reanalysis data for computing long-term means. The monthly mean wind speed from
NCEP/NCAR dataset from January 1948 to December 2012 has been used to arrive at long
term mean annual values. The NCEP/NCAR Reanalysis data and the measured wind speed
data from 41 sites along with GLC 2000 dataset, SRTM Digital Elevation Model is used as an
input to a model based on boundary layer theory. The mean annual wind speed at 80m is
recomputed from the model using surface roughness derived from LULC data. The
methodology for development of meso-maps is described below.

Figure 1: Meth
hodology followed for the development of Meso M
Map
The meso-scale map devvelopment led to the identification of high potentiial wind farm sites
across the country out of whicch 8 high potential sites for wind farm production assessment were
selected after a detailed anallysis. The parameters such as high wind speed assessed at 80m
height, remoteness to nation
nal parks and reserved areas, distance from existing
e
grids, site
accessibility by road, wind sp
peed existing terrain conditions have been criticcally examined for
short listing the high potential sites and further recommending these for mast in
nstallation.
The wind-farm energy production assessment for 8 selected sites is carried out as per IEC
standards WTGs ranking co
onsidering the input parameters of annual mean wind speed,
turbulence intensity etc. and tthe energy has been modeled using 05 selected different WTGs of
2 MW platform. The net prod
duction is estimated considering all kinds of reassonable factor that
may reduce the gross energy output such as air density correction factor, array losses, Machine
& Grid Availability, Transmission Losses.

4.

WIND RESOURCE IN KENYA
In this assessment, the wind speed for entire Kenya is categorized as Class I (>7.5 m/s),

Class II (< 7.5 m/s & > 6.5 m/s), and Class III (< 6.5 m/s & > 6.0 m/s).
The study has estimated Kenya’s potential area at various intervals of wind speeds at 80m
2
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height. At 80m height, 64 km is categorized into Class I; 23,019 km into Class II and 151,723
2

km into Class III.

Figure 2: Potential Area with Wind Speed classes at 80m height
The study has assessed wind power density (WPD) for entire Kenya at each 1 km

2

2

resolution and at 80m height. The density is categorized as poor (< 150 Watt/m ), fair (150 ~
2

2

2

250 Watt/m ), good (250 ~ 350 Watt/m ), or excellent (> 350 Watt/m ).

Figure 1: Potential Area with Wind Power density classes at 80m height
The study has developed wind speed map of Kenya at 80m height for development of wind
Atlas for Kenya. The study observed that Marsabit in Eastern Province has the largest potential
2

area of 75,596 km with a maximum value of mean annual wind speed of 8.47m/s and minimum
wind speed of 4.96 m/s. The table below highlights some of the high potential provinces with
potential area and assessed minimum and maximum value of mean annual wind speed.

No.

1
2
3
4

Province

Eastern
Rift Valley
NorthEastern
NorthEastern

Long term Wind Mean Speeds at 80m
(m/s)
Minimum value of
Maximum value
mean annual wind
of mean annual
speed
wind speed
4.96
8.47
2.73
6.6

County

Potential
Area
2
(km )

Marsabit
Turkana

75,596
68,314

Wajir

53,413

5.64

6.53

Garissa

44,459

5.77

7

38,610

5.32

7.02

24,881
21,102

5.8
5.49

6.84
6.57

12,310
10,942

5.29
4.8

7.41
6.3

5

Coast

6
7

Eastern
Rift Valley

Tana
River
Isiolo
Samburu

8
9

Coast
Rift Valley

Kilifi
Baringo

Table 1: High wind potential regions in Kenya assessed from the Meso-map study
The wind speed map of Kenya at 80m height for development of wind Atlas for Kenya is
shown below.

Figure 4: Wind Speed Map of Kenya at 80m height
The study has also assessed wind potential capacity with average PLF that can be
harnessed using Vestas 2 MW Platform wind turbine. The wind potential is assessed for Vestas

2 MW platform over entire area of the country assuming Machine Availability (MA) of 95%, Grid
Availability (GA) of 95%, Transmission Loss Factor (TLF) of 95%, and Wake Losses of 80%. In
2

arriving at potential assessments, we have assumed 7.5 MW per km in accordance with the
Industry norms for turbine spacing. The potential capacity which can be harnessed from wind
resource in Kenya is highlighted in the table below.
Wind Class

Wind Speed Range
(m/s)

Potential Capacity
(GW)

I

6.50 < WS > 6.00

612

4.59

30.3%

II

7.25 < WS > 6.50

85,720

642.90

22.2%

III

7.75 < WS > 7.25

213,908

1,604.31

17.6%

2

Area (km )

Average PLF

Table 2: Potential Capacity with average PLF
It is evident that Kenya has huge wind potential capacity of 1,604 GW in wind speed Class
III, while 642 GW of potential is observed in Class II and 4.6 GW in Class I respectively. Further
to this assessment, identification of 8 wind sites potentially viable for generating electricity using
different wind turbine models was conducted. The selection of appropriate sites involved
consideration of many aspects such as distance from transmission system, terrain, logistics,
environmental issues etc.
WRA models developed by WinDForce have been used for carrying out energy estimates
for a capacity of 50 MW wind farm for each site. Annual energy output is derived for each windfarm sites to arrive at optimal layout of the Wind-farm with minimum spacing of 7D and 5D as
per industry accordance. The optimal layout of the Wind-farm is based on WRA optimization
2

model considering a maximal boundary area of 65 km near to the site and mast locations
respectively. Air density correction factor and Machine Availability of 95%, Grid Availability of
95%, Transmission Loss of 5% were accounted to arrive at net annual energy output.
Distance
UTM Zone
Average
Measured
from
Mast
Wind Speed
Mast
proposed
Elevatio
Eastin
at 40m
Northing
Zone
locations
wind farm
n (m)
g
height (m/s)
site (km)
2,53,84
Baragoi
1,97,457
37 N
15
5.42
1,250
2
5,79,39
Garissa
99,57,889
37 M
24
5.72
225
1
5,54,76
Habasweni
1,11,534
37 N
13
6.33
207
8
6,14,29 98,33,744
Hola
37 M
25
5.05
66
2
3,67,19
Liasmis
176,467
37 N
24
5.18
585
2
7,81,62 98,78,219
Narok
36 M
15
5.55
1,964
9
3,52,37
Maikona
2,86,391
37 N
40
7.06
405
3
6,30,45
Ras Ngomeni
96,65,665
37 M
62
5.61
11
0
Table 3: Identified 8 potential sites for Wind Resource Assessment
The study has computed PLF results for these 8 sites with 5 WTG models including
Gamesa 97 with 78m hub height, Sinovel82 with 80m hub height, Suzlon97 with 90m hub
height, GE103 with 80m hub height and V100 with 80m hub height. Surface roughness Map,
Contour Map, and Wind Resource Grid are developed as a part of the study.

WTGs Model >>

SL82

S97

Annual
Mean Wind
Speed at 40
m (m/s)

Average
Site
Elevation
(m)

Net AEP
(GWh/
year)

Net PLF
(%)

Net AEP
(GWh/
year)

Net PLF
(%)

Baragoi

5.42

1288

124.0

28.6%

130.0

30.7%

Garissa

5.72

204

135.4

31.2%

138.6

32.8%

Habasweni

6.33

217

162.2

37.4%

164.3

38.8%

Hola

5.05

78

106.5

24.6%

108.9

25.7%

Liasmis

5.18

619

119.6

27.6%

130.2

30.8%

Narok

5.55

1957

99.0

22.8%

102.3

24.2%

Maikona

7.06

404

159.7

36.8%

157.4

37.2%

Ras
Ngomeni

5.61

1

161.2

37.2%

163.2

38.6%

Site Name

Table 4: Net Annual Energy Output using SL82 and S97 WTGs Model for 8 selected sites
With Plant Load factors for 2 WTG models for short-listed sites ranging between 25-38%;
the 500 MW wind capacity estimate over next 3 years by the Government of Kenya looks like an
achievable objective.
5.

POLICY AND REGULATORY FRAMEWORK FOR WIND PROJECTS IN KENYA
The Government of Kenya recognizes implementation of renewable energy sources (RES)

to enhance country’s electricity supply capacity and bring in diversification of generation sources
(Funds, 2011). The main policies concerning RES are:
•

Kenya Vision 2030 - the National economic development blueprint defining long term vision
targets as 5,110 MW from geothermal, 1,039 MW from hydro, 2,036 MW from wind, 3,615
MW from thermal, 2,000 MW from imports, 2,420 MW from coal and 3,000 MW from other
sources in order to meet the increased electricity demand (Kenya, Kenya Vision 2030,
2007).

•

The Ministry of Energy established a Feed-in Tariff policy (FiT) in 2008 covering wind, small
hydro and biomass sources. It provides investment security and market stability for
investors from RES whilst encouraging private investors to operate their power plants
prudently and efficiently to maximize returns. The FIT policy provides for wind generated
electricity a fixed tariff of US $ Cents 11.0 per kWh of electrical energy supplied to the grid
(Ministry of Energy, 2012). This attractive FiT is intended to attract private sector
investments in setting up wind-farms in Kenya.

•

Development of National Climate Change Response Strategy in 2010 to strengthen and
focus nationwide actions towards climate change adaptation and GHG emission mitigation
(Kenya, 2010);

•

The Government has approved zero-rated import duty and removed Value Added Tax (VAT)
on renewable energy, equipment and accessories (Ministry Of Energy, 2012).

6.

RECOMMENDATIONS FOR DEVELOPMENT OF WIND ENERGY SECTOR IN

KENYA
The study lists key recommendations to the Government of Kenya to suitably address
concerns of various stakeholders and develop a clear strategy to harness the country’s
immense wind potential. A few of these recommendations are highlighted below:
•

Formulate “Medium and Long-term Development Plan for Wind Energy in Kenya”: The plan
should put forward the guiding principles, objectives and targets, priority sectors, and
policies and measures for the development of wind energy in Kenya.

•

Improve the market environment: Proper coordination and integration between planning and
implementation agencies related to Power sector would help Kenya a long way in improving
its market environment and development of the sector.

•

Establish sustainable and stable market demand: Market mechanisms providing creditability
and support to regulators in enforcing new tariffs and technical standards will strengthen the
position of Independent Power Producers (IPPs) in the market.

•

Expand and stabilize Kenya’s power grid network: In order to meet the electricity demand of
entire nation, it is essential to establish a more efficient and highly networked centralized
grid as the high potential wind areas like Turkana and Marsabit are far away from national
grid.

•

Increase accessibility to potential wind sites by improving roads and highways network:
Accessibility to a wind farm site is important for construction, operation and maintenance of
the wind farm.

•

Assess & review wind power policies: Given the present situation of wind sector in Kenya, it
becomes imperative to create a concentrated umbrella Wind Energy Policy document. The
document should bring clarity to the market and relevant stakeholders about Government’s
commitment to Wind energy development in terms of the financial, institutional and
regulatory supporting framework to wind investments in Kenya.

7.

CONCLUSION
The study shows that the immense wind energy resource in Kenya has the potential to fulfill

power requirements for the whole country at an affordable price. It appears that with 2250 GWs
of potential across wind speed classes I, II and III; the 0.5 GW wind capacity estimate over next
3 years by the Government of Kenya looks like an achievable objective. The study emphasizes
that to implement this solution efficiently, Kenya will have to adopt a suitable framework which
attracts investments from public and private sectors to develop various wind power projects in
the country. The Government of Kenya needs to come up with a concentrated umbrella Wind
Energy Policy document considering the issues and challenges faced by various stakeholders
involved in the development of Kenya’s wind energy sector.
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