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Abstract

The Kenyan Government is committed to promoting electricity generation from Renewable Energy
Sources (RES) with priorities in solar, wind, hydros, biomass and geothermal. In this study, the potential of
solar energy as a local source of clean and renewable resource for Nakuru was investigated. Global daily
radiation intensity covering period 1986 to 2010 and air temperature records from 1960 to 2008 for Na-
kuru obtained from archives of the Kenya Metiorological Department (KMD) were subjected to a number
of statistical analyses that included: Quality control and Homogeneity tests, temporal, time series as well as
empirical statistics. The characteristics examined for the resource include diurnal; seasonal and annual power
expectations. Results revealed that Nakuru is a moderate to high solar energy potential region, with an average
daily insolation of 6.9kWh/m2. It was also revealed that the energy reaching the surface in this area is season
dependant with December-February season receiving the highest amount of 678 kWh/m2 and September-No-
vember season receiving the least amount of 602.6kWh/m2. The study concludes that Nakuru is endowed with
abundant solar energy resources, favorable for tapping at both small and medium scale levels. These levels
are quite convenient, particularly for isolated households in the rural and pre-urban settings of the town. The
solar energy potential revealed by the study is bound to go a long way in fulfilling the vision of Kenya energy
policy as elaborated in sessional paper No4 of 2004.

Keywords: Solar Energy Potential, Resource Characteristics, Energy Policy, Nakuru.
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Introduction

In Kenya, the demand for energy for both in-
dustrial and domestic activities continues to rise. The
energy for the industries and urban areas is derived
largely from petroleum and hydropower. Wood fuel is
however the major source of energy for most domes-
tic activities in the rural areas. Use of these energy
sources has invariably assumed in-exhaustible stable
supplies. In practice, the supplies exhibit a complex
structure. Demand for wood for instance impacts the
natural ecosystems through fuel harvesting and dis-
ruption of the natural nutrient cycling. Indoor air pol-
lution from traditional cooking methods has serious
health implications. High levels of wood smoke ex-
posure have been linked to acute respiratory infection
(ARI) in particular pneumonia, eye infections and
burns (Mbuthi, 1998). There is also a limitation to
the future use of wood in Kenya given that over 80%
of the country is either arid or semi-arid.
Extreme rainfall events have significant impacts on
the available annual petroleum products since they
are imported using foreign exchange earned mainly
from rain fed agricultural products. On the other
hand, environmental pollution associated with the
utilization of petroleum products is currently a global
issue. Greenhouse gases from the use of fossil fu-
els have the potential of changing the climate as has
been reflected in many global fora such as the United
Nation Framework Convention on Climate Change
(UNFCCC). Debates in such fora center on how
green house gases emission from fossil fuel utiliza-
tion should be reduced over a specified period.

Hydroelectric power depends on rainfall to-
gether with other meteorological and hydrological
factors like droughts, floods, stream flow and silt-
ation. Power rationing is common in the country
when stream flow falls below certain critical river
flow levels (Mbuthi, 1998). Hydro energy sources
also require construction of reservoirs which often
flood valuable farmland, displace people from their
homes and spread water borne as well as water-rated
diseases such as malaria, schistosomiasis and bilhar-
zia (Biswas, 1978, Jones and Rogers, 1976, Marigi,
1999).

Due to a ten-fold increase in the prices of
imported oil, the cost of oil based energy imports is
now putting a crippling burden on Kenya’s economy
(Asplund, 2008). Further, these fossil based sources
are finite and are therefore likely to be depleted with
time. The uncertainty regarding the future availabil-
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ity of oil based products (fossil fuels) as well as the
negative impacts of their utilization on the environ-
ment have therefore led to a growing need to search
for cheaper, renewable and environmentally friendly
alternative energy sources.

The development and promotion of renewable en-
ergy resources, specifically targeting the rural com-
munities, may provide an alternative, sustainable and
promising energy option that will alleviate problems
related to deforestation, desertification, environmen-
tal degradation, green house gas emissions, global
warming as well as potential climate alteration and
over dependence on fossil based fuels among many
other socio-economic problems.

Based on the importance of the Renewable
Energy Resources (RES), the Kenya Government
National energy policy as enunciated in Session pa-
per No 4 of 2004 and operationalized by energy Act
no 12 of 2006 emphasizes implementation of RES
(GOK, 2008: GOK, 2004; GOK, 2006; GOK — Min-
istry of Energy, 2010) to enhance the Country’s elec-
tricity supply policy in order to achieve the targeted
economic growth by 2030 for Kenya to be a “middle
—income” country (Kenya Govt., vision 2030).

With the current population pressure and escalating
demand for energy, it is apparent that Kenya is likely
to face some energy and environmental crises unless
urgent measures are taken to develop and exploit al-
ternative local and clean renewable energy resources.

This paper presents the results of the study
carried out to investigate the potential of Solar En-
ergy in Nakuru-Kenya, and its implications on the
Country’s energy policy. The temporal characteristics
of solar energy in Nakuru are also presented in this

paper.
Area of Study

This study was undertaken in Nakuru town
(figure 1). The town is located between longitudes
350 28’ and 350 36’ East and latitudes 0o 12’ and 1o
10° South. Its altitude is 1859m above the sea lev-
el and it is within the Great Rift Valley region. The
town was founded in 1904 as a railway outpost 160
km from Nairobi. The town lies along the east-west
transport route that links the Kenyan Coast with Lake
Victoria and Uganda.
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Solar energy insolation

Figure 1

Kenyan map showing location of Nakuru

Nakuru’s population has been growing steadi-
ly. From a population of 17,625 in 1948, 38,181
in 1962, the population reached 163,927 in 1989;
289,385 in 1999 (GOK, 2005) and 443,424 in 2009.
Before Kenya attained independence in 1963, the
movement of the indigenous African population into
Nakuru, then a ‘White Man's’ town was ‘restricted’.
After independence, the town was opened up to all,
resulting to its steady population increase.

It is, therefore evident that the town is growing at
alarming rate while provision of the basic facilities
does not expand proportionately. Energy supply is
one of such basic facilities required for a decent life,
hence the need to investigate Solar Energy potential
in the town. The paper utilizes all the available global
radiation data to determine the spatial and temporal
characteristics of the resource.

Methodology
This research was conducted in Nakuru with

assistance of the Kenya Meteorological Department.
Most of the dataset was for Nakuru Meteorological

station and covered a period of 24 year dating back to
the 1980°s. This climatolgical dataset was manually
extracted from the Kenya Meteorological Department
Headquarters’ archives.

The methods used to study solar energy po-
tential in Nakuru include those which were used in
the determination of the quality of climatological data
for Nakuru Meteorological station as well as tempo-
ral characteristics of the resource. Highlights of the
methods are provided in the sub-sections that follow.

Quality Control Tests

Most of the meteorological elements observa-
tions including radiation are collected and recorded
manually by trained personnel deployed in all the me-
teorological observatories spread all over the country.
These data is then transmitted in coded form to the
Headquarters in Nairobi for decoding and process-
ing to generate required products. There are therefore
chances of errors arising in some parts of this chain
before the data arrives at the Headquarters. The major
sources of error in such data are generally associated
with: Instrumentation; Station condition; Observation
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and recording; Transmission; Coding, entry and de-
coding.

The instrumentation errors are generally re-
lated to the conditions and intrinsic accuracy of the
instrument. These errors generally increase with time
as the instrument ages. Variation in the station condi-
tion like exposure may change the microclimate of
the station thereby inducing errors in the observed
data. Observation and recording errors are associated
with misreading of scales, failure in the sensors and
misinterpretation of the standard units of measure-
ments. Transmission errors on the other hand result
from the corruption of the telementary data and other
errors connected with the transmission systems. Cod-
ing errors originate from mistakes arising from the
coding and decoding of the records while entry errors
are from wrong data inputs.

It is on the basis of the aforementioned that
the quality of climatological records including radia-
tion records must be tested before they are used in any
study. Quality control is concerned with the detection
of errors in the data to ensure that the data sets and
archives are error free, complete and have been re-
corded according to international standards.

Many statistical methods that may be used to
test the quality of climatological records exist. These
range from the use of simple graphical methods based
on mass curves to complex methods involving both
parametric and non-parametric methods like the
Runs-Test. Details of such methods may be obtained
from WMO(1981) and Ogallo (1986, 19991). Brief
accounts of the Range validation, Mass curves and
one sample runs tests methods that were adopted in
this study are given in the next sub-sections.

Range Validation

For any given meteorological observatory, the
climatological means, maximums, minimums and the
ever recorded extremes (historical highest and lowest
values) for each element exist from long term obser-
vations dating back to the time each observatory was
established in the country. Range validation simply
compares the recorded values against the historical
largest and lowest values at individual observatories
in order to ensure that the records are within the ex-
pected physical or logical limits. This is represented
by the following expression for good quality records:
X1<Yi<X2
Where by X1 and X2 are the historical lowest and
highest values respectively ever recorded at the ob-
servatory and Yi is the observed value at the station
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for a given day and year. If the observed Yi values
fall outside these limits, the quality is considered
questionable and the data interrogated further. The
Nakuru observatory radiation data was therefore sub-
jected to this test to ascertain its quality for use in the
study. This was accomplished by appropriate manipu-
lation of the data in Microsoft Excel software.

Mass Curve Analysis

The method uses cumulative values of observations
(in this case, radiation observation) plotted against
time as indicated in the table 1

Xt — represents observed radiation values Yt —rep-
resents cumulated values of the observations.

The plot of Yt against t gives the mass curves for
the location. For homogeneous records (good qual-
ity records), all Yt values will cluster about a single
straight line. More than one line can be fitted to the
Yt scatter diagram if the Xt values are heterogeneous
(questionable quality). In this study, mass curves were
generated for mean monthly radiation records for the
Nakuru Meteorological observatory.

One Sample Runs Test

A run is defined as the persistence of consecutive val-
ues above or below a given threshold value; where,
the threshold is the median value of a set of ordered
(either increasing or decreasing order of magnitudes)
observations.

For purposes of generating the runs in this study, any
value equal to or above the threshold value was rep-
resented by a dummy 1 while any value below the
threshold value was represented by a dummy 0. This
is clearly illustrated in the chain diagram below:
11111111011100000011110000010000111110001111
0111110000000000001111111000000

From this chain diagram, it can be observed that there
is persistence of 1’s seven (7) times and 0’s six (6)
times.

In the Runs theory, the number of runs above or be-
low the median value of a sample of observations can
give some indications of homogeneity (good quality
data) or heterogeneity (questionable quality data) in
a time series of observations. In this study, a statistic
“Z” was calculated from Equation 2 (Marigi, 1999;
Kirui, 2006).
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Table 1

Mass curve analysis

Solar energy insolation

Time, T(years) T, |T, T, N T,
Value, X, X | X X, N X
XX =Y, X, | X +X, X XX, XAXAXAX, | Xt X

Characteristics of the Solar Energy Resource

The characteristics examined in this respect
include the diurnal; seasonal and annual power ex-
pectations as well as resource reliability.

Diurnal and Seasonal Solar Energy and Power
Computations

The values of (x) as collected from the Kenya me-
teorological Department archives were all in Mega
joules per square meter per day (MJ m-2d-1). These
were, therefore, converted to the widely used standard
units of energy (kWh) for ease of use. The following
expression was applied (Duffie and Beckman, 1991;
Kirui, 2006):

2n, n,

n, +n2

= !
\/2711”2 (2n1n2 -n - nz)

(nl +n2)z(n1 +n, _1)

Where: 1 is the total number of observed runs (i.e.
nl+ n2), nl and n2 are the number of runs above
or below the median. In this case, nl represents the
total number of runs above the median and n2 the
total number of runs below the median for the entire
dataset used. In applied statistics, it is always a norm
that for large sample sizes (N>40), the Z approxi-
mates to a standard normal distribution (mean zero
and unit variance). The significance of the calculated
Z is determined with reference to a standard normal
table. |Z|>1.96 at 5% level of significance indicates
heterogeneity (questionable quality) or otherwise in
the records. The monthly radiation records for the
Nakuru Meteorological observatory were therefore

subjected to this test to determine their quality for use
in this study.

Once the quality of the radiation data for Nakuru Me-
teorological observatory had been ascertained, the
data was further subjected to various other analyses to
determine the potential of the solar energy resource as
described in the following subsections.

The mean daily solar energy ( X ) available in Nakuru
was determined as the ratio of the daily summations
of the energy observed to the total number of days in
the given month. This is given by the expression:

X =DM e (4)

whereby di is the radiation observation on day i and n
is the total number of days in the month.

The total available solar energy (ET) on a unit area of
horizontal surface for Nakuru in a given season was
then obtained as a product of the number of days (N)

in the season and the daily mean energy ( X ) value
for the season. The cumulative energy value (AE) for
the four seasons represented the annual value. These
is given by expressions,

ET=XxN andAE=ETXx4 ...................... (%)
respectively.

Tues showed that the radiation records used were
consistent and within the logical limits. These obser-
vations signified their good

Tues showed that the radiation records used were
consistent and within the logical limits. These obser-
vations signified their good

Temperature Trends

The annual trends of temperature in Nakuru
were investigated through a simple time series plot of
the observed data. This was necessary since tempera-
ture is an indicator of environmental pollution (global
warming) as a result of increased consumption of fu-
els, and also has implications in installation and op-
eration of solar energy systems.
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Results and Discussions
Results from Quality Control Tests

Range validation techniques showed that the
radiation records used were consistent and within the
logical limits. These observations signified their good

quality for use in the analysis. Results from homo-
geneity tests are discussed in the subsequent subsec-
tions.

Results from the Mass Curve Analysis

Figure 2 presents the pattern of the mass curve
obtained from the cumulative values of annual aver-
age radiation records for the entire period of study. It
is evident that only one straight line could be fitted.
This indicates that the data samples were from the
same statistical pyranometer and therefore homoge-
neous.

Results from one Sample Runs-Test

A summary of the results of the test is given in the
table 2.

It is evident from the table that |Z| values are
less than 1.96 at 5% level of significance for all the
months thus indicating that the series were all homo-
geneous, further confirming the high quality of data
used.

Temporal Characteristics of Solar Radiation
From the insolation values as measured for Nakuru
municipality (table 3), it is observed that the mini-
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mum ever recorded monthly value is 4.8kWh/m2/day
in November, 1997 and maximum value ever record-
ed is 9.8kWh/m2/day in February the same year.

It is also noteworthy that December —February sea-
son is generally a dry hot season and therefore de-
void of any significant clouds. A lot of solar radiation
therefore penetrates the earth’s atmosphere during
this season. On the other hand, September — Novem-
ber season is the short rain season in the region with
abundant and significant clouds. The penetration
of solar radiation through the earth’s atmosphere is
therefore partially inhibited. This had been amplified
by the EL-Nino phenomena that prevailed during that
period, hence the lowest radiation value which was
observed during that month (Okoola et al, 2008).

Figure 3 presents the inter-annual variation of global
radiation received on a horizontal surface in Nakuru.

Figure 3

From figure 3, it is evident that the amount of global
radiation reaching the surface was increasing till 1996
then followed by an exponential drop (1997- Kenya’s
last El Nino year) in the consecutive years thus lead-
ing to an overall gradual decrease. This confirms a
Scholarly literature suggesting that the amount of so-
lar radiation reaching the surface of the earth has re-
duced significantly in the past few decades (Stanhill
and Cohen, 2001; Liepert, 2002) and in particular, the
period from 1961 to 1990 — the so-called “global dim-
ming” phenomenon. .

Figures 4 and 5 present monthly and seasonal avail-
able solar energy trends in Nakuru.

000
001

~
nn2
)

00
00
004
003
006
007

,
.
.
.
.
2003
.
.
2008
.
.

2 1998
1909
009
010

=1997

34



Table 2

Monthly computed Z-values

Solar energy insolation

Month Jan Feb Mar Apr May Jun

Z - Value 0.9913 0.9923 0.9912 0.9899 1.0125 0.9898

Month Jul Aug Sep Oct Nov Dec

Z - Value 1.0253 0.9915 0.9899 0.9956 0.9914 0.9913

Both figures are important with regard to the appro-
priate months to maximally harvest the solar energy
resource.

The Kenyan micro-climate is divided into four
distinctive seasons that include: December-February,
dry hot season; March-May, long rains season; June-
August, dry cold season and September-November,
short rains season (Okoola et al, 2008). It is evi-
dent from figures 4 and 5 that the month of January
and December-February season receive the highest
amount of isolation of 234.4kWh/m2 and 678kWh/
m2, respectively. The seasonal values reduce gradu-
ally attaining their minimum during the September-
November season.

This can also be used to establish relationship between

Table 3

Inter-annual insolation value averages

insolation and rainfall in a region, since after any dry
spell depending on its magnitude; it is preceded by a
proportional rainfall.

Surface Temperatures Trends in Nakuru

Temperature is generally an indicator of en-
vironmental pollution (global warming) and also de-
termines the design characteristics of the solar energy
capturing devices. In this study, therefore, the annual
trends of temperature in Nakuru were investigated
through a simple time series plot of the observed data.
Figure 6 shows the observed trends in annual tem-
perature.

The figure reveals a general trend of temperature rise

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Yr Av Min Max

1986 7.9 7.8 6.4 5.8 6.5 59 6.5
1987 7.6 8.1 7.6 7.1 6.6 6.6 7.9
1988 7.5 8.3 7.1 5.7 7.0 7.3 6.4
1989 8.1 8.5 8.1 6.5 7.0 7.6 6.8
1990 8.2 7.3 6.7 6.6 7.4 7.8 7.5
1991 8.7 8.9 7.9 7.1 6.8 7.3 6.3
1992 8.0 8.7 79 7.2 73 72 7.3
1993 6.6 8.2 8.5 72 72 7.0 7.1
1994 8.7 8.5 8.1 72 7.1 7.0 6.9
1995 9.0 8.5 7.6 72 7.4 7.8 6.7
1996 9.0 8.8 8.0 83 72 6.5 7.0
1997 8.8 9.8 7.8 6.7 79 7.6 6.9
1998 5.6 7.4 7.2 6.0 6.2 6.0 5.7
1999 73 7.4 6.4 6.3 6.5 6.6 6.3
2000 7.7 7.4 6.9 5.9 6.1 6.4 5.8
2001 6.1 7.4 6.3 5.5 6.3 6.2 6.2
2002 6.8 7.7 6.8 5.4 6.4 6.5 6.7
2003 7.4 7.3 6.9 5.8 5.5 6.2 6.2
2004 7.6 79 6.9 6.4 6.6 6.7 6.4
2005 7.3 7.7 6.7 5.8 6.5 6.6 6.3
2006 6.9 7.2 6.6 5.8 6.4 6.2 5.8
2007 7.3 6.9 6.9 6.0 6.4 5.5 5.6
2008 6.8 7.5 6.5 6.2 6.3 6.2 5.7
2009 7.0 7.1 73 6.5 6.3 6.9 6.6
2010 7.1 6.7 6.4 6.5 6.3

IXIvonthly 76 719 72 64 67 67 65

Max value 9.0 9.8 8.5 8.3 7.9 7.8 7.9
Min value 5.6 6.7 6.3 5.4 5.5 5.5 5.6

7.0 7.1 7.3 6.2 7.0 6.8 5.8 79
7.5 79 7.6 6.1 7.9 7.4 6.1 8.1
6.8 6.5 7.5 6.4 7.2 7.0 5.7 8.3
73 7.5 6.8 6.2 7.1 7.3 6.2 8.5
7.3 8.0 7.0 6.8 7.5 7.4 6.6 8.2
7.3 8.1 72 6.3 7.5 74 6.3 8.9
7.1 7.4 6.7 72 72 7.4 6.7 8.7
8.2 8.2 7.5 7.3 7.6 7.6 6.6 8.5
72 8.0 6.9 6.0 7.7 7.4 6.0 8.7
8.0 7.3 6.8 7.3 7.4 7.6 6.7 9.0
7.6 8.0 8.0 6.3 8.8 7.8 6.3 9.0
8.1 8.6 6.4 4.8 6.3 75 4.8 9.8
6.0 6.7 6.5 5.8 7.6 6.4 5.6 7.6
6.5 6.7 6.3 53 6.2 6.5 53 7.4
6.2 6.7 6.3 6.0 6.5 6.5 5.8 7.7
6.5 6.4 6.2 5.4 7.0 6.3 5.4 7.4
6.0 6.2 5.6 5.7 5.7 6.3 5.4 7.7
5.6 6.4 5.8 5.6 6.9 6.3 5.5 7.4
6.9 6.9 6.3 6.1 6.9 6.8 6.1 79
6.6 6.1 6.1 6.0 7.2 6.6 5.8 7.7
6.2 7.0 6.1 4.9 5.8 6.3 4.9 7.2
6.0 6.2 6.2 6.1 6.7 6.3 5.5 7.3
6.1 6.3 5.9 6.7 7.3 6.5 5.7 7.5
6.7 6.4 5.6 6.6 6.3 6.6 5.6 73

6.6 6.3 7.1
6.9 7.1 6.6 6.1 7.1 6.9

8.2 8.6 8.0 73 8.8
5.6 6.1 5.6 4.8 5.7
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over time. This can be explained in terms of the ob-
served global warming that is majorly attributed to
the increasing levels of green house gases such as,
among others: water vapor and carbon dioxide, which
are mainly by products of industrialization.
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Figure 3

Insolation trend for Nakuru for the period 1986-2010

radiation reaching the surface was increasing till 1996
then followed by an exponential drop (1997- Kenya’s
last El Nino year) in the consecutive years thus lead-
ing to an overall gradual decrease. This confirms a
Scholarly literature suggesting that the amount of so-
lar radiation reaching the surface of the earth has re-
duced significantly in the past few decades (Stanhill
and Cohen, 2001; Liepert, 2002) and in particular, the
period from 1961 to 1990 — the so-called “global dim-
ming” phenomenon.
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In order to curb the fore mentioned, the solar
energy which is abundant within the region can be
utilized to improve the living standards of people and
in the process lead to reduced consumption of fuels
thus preserving the environment.

Since the Kenyan Government is committed
to promoting electricity generation from Renewable
Energy Sources (RES) (GOK, 2008; GOK, 2004;
GOK, 2006; GOK-Ministry of Energy, 2010), the
results discussed in this paper provides prerequisite
information in tandem with accuracy in policy imple-
mentation. This means that solar energy projects can
be initiated within Nakuru region with the expected
power output calculated from month to month and
season to season since basic information is now avail-
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Monthly solar energy availability in Nakuru
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Figure 5
Seasonal solar energy availability in Nakuru 1986 to 2010 averages.
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able from the research reported in this paper. Due to
the time which was available for the study, other RES
like wind, biomass, small hydros, geothermal, biogas
and municipal waste energy were not investigated but
priority will be given to them in future.

The Government is currently setting up a
Green Energy Fund Facility to ensure Accelerated
Development of Green Energy and whose purpose is
to lend funds to viable Renewable Energy projects at
concessional rates.

To encourage wider adoption and use of re-
newable energy technologies and thereby enhancing
their role in the country’s energy supply matrix, Gov-
ernment is also designing incentive packages to pro-
mote private sector investments in renewable energy
and other off-grid generation. Government is also
providing requisite support for research and develop-
ment in emerging technologies like cogeneration, so-
lar and wind energy generation. Cogeneration in the
country’s sugar belt will be promoted through an at-
tractive bulk tariff regime that recognizes the need to
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reduce oil based thermal generation to tap the current
potential.

Conclusion

From results of this study, Nakuru is endowed
with abundant energy resources from the sun, which
can favor both large scale as well medium and small
scale tapping of the resource. This is very convenient
particularly for isolated single and stand alone utili-
ties such as households in the rural and pre-urban set-
ting which in general consume substantial amounts of
wood fuel for their energy requirements.

The solar energy potential revealed by the
study is bound to go a long way in fulfilling the vi-
sion of Kenya energy policy as elaborated in sessional
paper No4 of 2004.
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Figure 6

Observed annual temperature trends for Nakuru 1960-2008
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