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ABSTRACT

The Kenya Vision 2030 identifies electricity asevelopment enableElectricity plays a key
role in development. It facilitates technologicdvancements therefore enhancing gains
in productivity. Generally, electricity improves csal advancement and attains faster
economic growth. However the demand for electrigikceeds the supply. The study
investigates the determinants of demand for el@ttrand their current elasticities using
secondary annual time series data from 1971 to.ZDH study employed OLS and the
Error Correction Model in data analysis. The resuftdicated that in the short run
industrial production and kerosene prices were fieeyors that determine demand for
electricity. The government therefore should strive improve efficiency through
modernizing industrial technology. The governmemiudd also increase production of

electricity to match the industrial growth.
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CHAPTER ONE

INTRODUCTION

1.1 Background

Kenya uses energy from various sources includiagtetity, fossil fuels (petroleum/aill,

gas and coal) and renewable sources (National Eriaugvey, 2011). Energy from the
latter source has become increasingly significarer the years. According to National
Energy Survey, 2011, the energy sources used ity&Kane renewable sources (69%),
electricity (9%) and fossil fuel (22%). Whereas toeintryhas historically depended on
hydropower for electricity generation, there hagrban increase in investment into
alternative renewable sources, especially geotHeanthwind with an installed capacity
of 212 and 5.45 megawatts, respectively, as at 10h2 (KNBS 2012). The country also
relies on oil, a non-renewable source, to produeetrcity. The 2000 drought period
however recorded very high volumes of importedusiéd in electricity generation as it
served as the main substitute for hydropower. Tdwnty imported a total of 2452.3
tonnes of oil in that year (Economic Survey, 200Blectricity production from oll

sources that year accounted for 50.64% (World B20k?).This was in spite of risks
involved including price volatility and harmful emenmental impact. Following the

recent discovery of oil in Turkana, which is lochie the northern part of the country,
this is expected to have a tremendous impact oncthmtry’s energy sector upon

commencement of commercial production.



According to the Energy Act of 2006, the energytse@ims to provide affordable
energy to all. The sector facilitates the provis@inclean, dependable, affordable and
secure energy in terms of cost, environment frigadid availability. Energy is utilized in
various sectors such as transport, residential,noencial and manufacturing. It is also
used for street lighting and power generation. Viatials demand energy for domestic
consumption while industries demand energy as amtiof production. Renewable
sources are used to provide heat, generate elgctrad make fuel. They are plenty and
are found in every part of the country. Biomaskigely used in rural areas and part of
the urban areas. Currently the sector relies éntoe the importation of all petroleum
requirements. Wood fuel has been overexploitechak been harvested to a level of
diminishing returns due to its availability and loast. Other renewable energy resources
such as biomass, biogas, solar and wind thoughdaiminhave not been fully exploited
due to high costs, lack of appropriate technology Emited research and development

(KIPPRA 2007)

Fossil fuels comprise of petroleum and coal ressrPetroleum is used in the transport,
industrial and commercial sectors. Kenya importsleroil from Middle East. Kenya also
imports coal but has recently discovered coal dé&pos Mui basin, Kitui County.

Cement manufacturers use coal to complement hesil to generate heat.

Sources for electricity generation are many ingigdnydro, thermal (fuel), geothermal,
wind and bagasse. Electricity is used for both potidn and consumption by economic
agents. Industries use it in their production psses. Small firms use it to provide

services and households use it for domestic consamp



The energy sector has an important role in theoseconomic development of a nation.
Petroleum and electricity sources are the key siwé the economy in Kenya. (Kenya
Vision 2030) The sub sectors of greatest potemtithis regard are electricity, petroleum
and renewable energy. This study examines the dénfian electricity in Kenya.

Electricity is an engine of growth locally and gatly. Similarly electricity demand is

gaining importance because of its efficiency in duaion. The government has
embarked on measures to increase electricity ptaoiueven though there is need for
demand management so as to eliminate shortagesaridefar electricity has surpassed
production over the years mainly due to an incraasthe number of consumers as

shown in Table 1.1 below.

Table 1.1: Generated Vs Consumed Electricity in Keya, 2004/05 — 2010/11

Years 2004/05 | 2005/06 | 2006/07 | 2007/08 2008/09 2009/10 | 2010/11

Demand &
Consumer

Statistics

Electricity 5,347 5,697 6,169 6,385 6,489 6,692 7,303
Generated (GWh

Electricity Sold 4379 | 4580 | 5065 | 5,322 5,432 5,624 6,123
(GWh)

Number of 735,144 | 802,249 | 924,329 | 1,060,383 | 1,267,198 1,463,639 1,753,348

Consumers

Source: National Energy Survey 2011

Consumption of electricity has been rising with fn@mof consumers as shown in Table

1.1. Some electricity is also lost during transmissnd distribution.



Over time Kenya’'s development and economic grovwah tontinued to rise. Over the
last decade the economy has grown from 0.6% in 200@.6% in 2012 (World
Development Indicators 2012). This growth couplathwechnological innovations has
seen a rise in demand for energy particularly atett and fossil fuels. The development
projects set under Vision 2030 will increase demfmdenergy. The government is for
that reason committed to institutional reforms tlylo a strong regulatory framework,
encouraging more private power producers and sepagrgeneration from distribution
(Kenya Vision 2030). There are challenges of megetnergy needs due to the high
expectations in growth to power the economy. lttherefore imperative to design
strategies and implement investment plans to ersig&inable supply of energy to meet
the growing demand. The energy sector is consideregly segment to achieving vision

2030.

1.2 Kenya'’s Electricity Sub-sector: A Situational Adalysis

Electricity is one of energy sources widely usedha country. Kenya’s electricity is
produced from various sources that include hydragowhermal, geothermal, baggase
and wind. Hydro and thermal sources supply oveX & the country’s electricity.
Households and firms use electricity for consumptand as a factor of production.
Electricity takes part among the most importantuispfor industry and production. Per
capita electricity consumption is one of the intlica of the level of development in a
country. In Kenya, per capita electricity consuroptis also used as an indicator of the
dependability of electricity services and consumepability to pay for them (World

Energy Outlook 2011)



Electricity is a secondary source of energy produ@®m primary energy sources
specifically renewable energy sources, fossil fuetgl nuclear energy. However, in
Kenya electricity from nuclear sources is expectedcommence in 2022 with a
production capacity of 1000MW. Table 1.2 shows piign shares of the various

sources of electricity in Kenya.

Table 1.2: Sources of Electricity in Kenya

Source Percentage of Production
Hydro 47.8

Thermal 37

Geothermal 12.4

Bagasse (Co-generation) 2.5

Wind 0.3

Total 100

Source: National Energy Policy, 2011

Electricity is crucial to economic growth as it haarious uses. Access to electricity is
linked to rising or high standards of living. Kenyaion 2030 identifies electricity as a
development enabler in production activities. Thevsion of inexpensive and reliable
supply of electricity is essential in a modern ewog (WEO 2011). In terms of access,
about 16.1% of the population in Kenya is connedteelectricity much of which is

urban. Only 5% of rural population has accessdotgtity (World Development Report,

2009). The Rural Electrification Authority targetis raise rural population access to
electricity to 20% by 2015, and to 40% by 2025 (fgyeAct 2006). Access to electricity

in the rural areas has opened up small businessds as salons, milling, printing,



photocopying, welding/metal fabrication and cybafes (Ministry of Energy 2011) thus

spurring rural growth.

Globally close to 1.3 billion people lack accese®lectricity (International Energy Policy
2011). In rural areas less than 10% of the housishtmdve electricity connections. Many
health, learning and social institutions lack eiety in Sub-Saharan Africa. Increasing
population densities in rural areas have put pressa governments to provide electricity
(International Energy Policy 2011). Kenya startéé tural electrification project to

hasten the speed of rural electrificatioftUmeme Pamoja” (common electricity

connection), an initiative by Kenya Power Companpreects power to joint groups of
household thereby saving on costs. Low accesstdriglity is attributed to high costs of

connection in rural Kenya (Markandya and Abdull@)?2)

Access to electricity in Kenya is affected by fastsuch as electricity prices, high
connection costs, unavailability of funds to cdtar capital and operation expenditures
for generation, transmission as well as supply scadt electricity (KIPPRA, 2007).
Through the regulation of prices by the Energy Ratguny Commission and the
expansion of electricity distribution network inetlsountry more people have been able

to access electricity.

Electricity production undergoes various stagesteefeaching the final consumer. After

generation, it is transformed into high voltage powaccording to the consumer



requirements. It is then distributed to end usersomsumers through a huge network of

power lines and substations.
1.3 Electricity Production in Kenya

Electricity undergoes several chains before itlmeadhe consumers as depicted in Figure

11

Figure 1.1 Electricity Production Chain

Fuel/Energy Distribution >_>Gonsumptio§
Sourct

Electricity is generated from source (hydro, geotiad, petroleum or wind energy) and a

power plant converts the source energy into elsdtenergy.

The Kenya Electricity Generating Company Limitede(Gen) is the primary electric
power production company, generating about 80% le€tecity that is used in the
country, (National Energy Policy 2011). The comparses hydro, wind, thermal and
geothermal, thermal energy to generate electriddydro is the chief source of
electricity, with an established capacity of 677\8MHydro-electricity is generated from
plants found along the River Tana; Gitaru, Kindaayikiambere, Kamburu and Masinga
which have a capacity of more than 400 MW in tofairkwel Gorge Power Station
which is located in Western Kenya has a capacityo&f MW. In addition there are other
small hydro stations - Mesco, Tana, Ndula, SelbysF&anjii, Gogo Falls which were

built before Kenya gained independence. They doumiei an output of 40 MW.



Geothermal energy produced from natural steamtairedd from volcanic-active regions
in the Rift Valley. Plants located in Olkaria cabtrite about 127 MW to the national grid
Thermal energy is produced in power stations latatéNairobi and Mombasa. (National

Energy Policy, 2002)

According to the National Energy Policy, 2011, ttemaining 20% of electricity is
generated by six independent power producers (lRBs)ely, Iberafrica Power (EA)
Limited (Thermal plant), Tsavo Power Company Lirdit@hermal Plant), OrPower 4
Inc (Geothermal Plant), Mumias Sugar Company Lich{f€o-generation), Rabai Power
Limited (Thermal Plant) and Imenti Tea Factory Camp (Mini Hydro Plant). IPPs
entered the domestic market in 1997 to bridge #maahd gap. According to the Kenya
Economic Survey (2012), Kenya also imports eletyrirom Tanzania, Uganda and

Ethiopia

There has been a deficit of electricity suppliedspie the efforts made by the
government to import power from the neighbouringirddes and buy from the IPPs.
Uninterrupted and sufficient electric power supiglpne of the most crucial stimulants of
economic growth for any economy. The electricitybsector in Kenya has been
historically characterized by huge shortages arntdgms. Between the years 1999-2001
there was major power rationing. The study will toyestablish whether there are other

variables that influence electricity demand in Kemesides rising number of consumers.



1.4 Electricity Consumption

Over the years the government has recognized tipertance of electricity sector in

increasing national output. Electricity consumptiumas revealed an upward movement.
(World Development Indicators, 2012) Electricityused by a number of key sectors like
agriculture, manufacturing, trade, transport andnmmonication as well as domestic

sector.

The access rate has increased tremendously ovge#ne. The number of customers in
2010/11 financial year was 1,753,348 up from 735%,it42004/05 financial year (Kenya
Power Annual Report and Financial Statement 20TB)s can also be attributed to
government’s efforts especially through the RurgcEification Programme to increase
electricity connections in the rural areas. Eledyiconsumption has also been increasing

over time as shown in the graph below.

Fig 1.2 Electric Power Consumption in Kenya

Kenya Electric power consumption
(kWh)
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Demand for electricity may be affected by both esoit and structural variables.
According to economic theory, the economic variableay include the price of
electricity, income and prices of substitutes. Ulafion may be a key structural variable
that affects demand for electricity. Increaseleceicity prices may lead to a fall on the
demand for electricity due to the inverse relatiopdetween prices and demand. Prices
of substitutes may decrease or increase the anobetectricity demanded. This depends
on their prices relative to the price of electyciHigh incomes may increase electricity
consumption due to raised demand for electricablg@nd services. Population growth is
likely to exert more pressure on demand for eleityri Industrial production may also

increase levels of electricity consumed due to esdglectrical machines.

Elasticities show the proportionate change thauscn a dependent variable when an
independent variable changes. Elasticity of dem#ordelectricity is explained by

various factors. Different factors will determinemdand for electricity differently.

1.5 Problem Statement

Electricity plays a key role in development. It ifaates technological advancements
therefore enhancing gains in productivity. Gengralklectricity improves social
advancement and helps to accelerate economic grivviakubo, et al 2007, shows that
the national access rate in 2007 was 15%, andwass below the average of 32% for
developing countries. Insufficient electricity siypjs attributed to rising demand. The
suburbs of Nairobi have witnessed rapid constractad high rise buildings. An
ambitious street lighting program in several of i&s towns has increased the demand

for electricity. Industries have also increasedirtigroduction and consumption of

10



electricity. Industrial production increased fronshs 42.53 billion in 1971 to 247.98
billion in 2012 World Development Indicators 2012ZThe slums have also recorded a
high number of legal and illegal electricity conhees pushing the demand further up.
UN-HABITAT report estimates that 60% of Nairobi pdation lives in slums and that
every 1-5 homes have electricity connection. Eleityr has limited substitution

possibilities in most sectors.

Earlier studies have established the determinanttemand for electricity. This study
seeks to establish the income and cross elassiaifieelectricity demand in Kenya, an
aspect that is missing from studies that have lokmme. Elasticities will provide a
dynamic relationship of the responsiveness of thetofs determining demand for

electricity.

1.6 Research Questions

The study will be guided by the following reseacelestions

a) What is the elasticity of demand for electricitythvrespect to price?
b) What is the elasticity of demand for electricitith respect to income?
c) What are the cross elasticities of demand fectatity and Kerosene, and

electricity and LPG fuels?

1.7 Study Objectives

The general objective of the study is to analyzertdsponsiveness of electricity demand

to its determinants.

The specific objectives will be:

11



a) To estimate the price elasticity of electricigmand in Kenya.
b) To estimate income elasticity of electricity derd in Kenya
c) To estimate the cross elasticity of demand fectacity demand with non

electric energies of kerosene and LPG.

1.8 Significance of the Study

The study will provide a critical analysis of thesHavioral relationship between
electricity demand response to its determinant® fielationship between elasticity of
demand for electricity to changes in its price arsdsubstitutes will provide useful
information for demand management, taxation andandation of sound policies in

electricity subsector.

1.9 Scope of the Study

The study focused on the period from 1971 to 20t year 1971 was chosen because
significant electricity production amounts wereagdpd in the early 1970s following the
construction and functioning of the first dam, Kamh Electricity production in 1971
increased to 909 million Kilowatt hours (World Déwement Indicators 2012) from 513
million kilowatt hours in 1970 (Economic Survey ¥J7After the olil crisis of 1970s, the

importance of energy in production has come tautlg &ppreciated.

12



CHAPTER TWO

LITERATURE REVIEW

2.1 Theoretical Literature Review

The theoretical literature is based on the gerdgaiand theory and demand for energy.

This segment will highlight the factors that infhee demand for electricity.

2.2 Demand for electricity

This study applies the general theory of demanavels as theory of energy demand.
Electricity, just like any other good, has pricendad, income demand and cross
demand. Electricity is a consumer as well as aymwedgood. From theory, demand for
electricity may be derived demand. Demand can ladsolassified as short run and long
run demand. According to Sheffrin (2003) short demand refers to existing demand
with its immediate reaction to market changes sashprice and income adjustments
among other factors. Long run demand eventuallgtexfter the market has adjusted to
the new conditions. Short run demand is inelastie tb information asymmetry, time
factor and capital required to alter consumptiottgoas. In the short run demand for
electricity may be high but in the long run altéiv@s come up and ease the demand.
This may be through modification of the existingesror introduction on new ones which

are more efficient (Narayan et al, 2007).

2.3 Factors of Electricity Demand

Several factors contribute to demand of a commo(hitankiw 2007). Price has an
inverse relationship with demand for a good. Anréase in incomes raises demand.

Price of substitutes or complementary goods aldtuences demand. Tastes and

13



preferences also determine the quantity demanddderfisements increase demand as
consumers are aware of a product or service imaeket. Lack of information in the
market is a big impediment in efficient market @iems. If individual’'s tastes for a
good or service increase, then their quantity defedrnncreases, and vice versa. Demand
can also be influenced by expectations of futureegr prices of related goods and
incomes. When future prices are expected to isesedemand today rises. Similarly
when incomes are expected to rise, consumptionytadéikely to increase. Hunt and
Ninomiya (2003) expressed demand for energy astarfaf prices, incomes, technical

efficiency and tastes.

The factors that influence demand for electriciayy de categorized into price, price of
other energy sources, geographical location, deaptgc and environmental factors.
Other factors include lifestyles, structural changad efficiency improvement. All these
factors were important when estimating energy dehfanctions (Hunt and Ninomiya,

2003)

Income is the most significant determinant of eleity consumption. Arthur (2003)
defined income demand as the demand of a goodfetedit income levels. Demand for
a good is determined by the level of income. Whesn ihcome levels increase people
tend to demand more goods and services. A normadl g® described as that whose
demand goes up when incomes increase and demasdigee when incomes decrease.
The income level which represents economic actiaitgt standards of living is the main
factor in determining electricity’'s demand. Incomeave an impact on the living
standards and increasing incomes are the majangrferce of electricity consumption.

As an individual’'s income increases their welfalsbancreases. There is more demand

14



for entertainment, ownership of electrical applesmsuch as refrigerators, electric kettles,
electric cookers, heaters air conditioners amorgret Empirical studies confirm that
income was a significant and had direct correlati@tween incomes and electricity
consumption. Anderson (2000) , stated that ener@y mot affordable if incomes did not

rise above a certain level.

Electricity price is yet another key determinant eéctricity demand. According to
Arthur (2003), demand can be also be categorizegtias demand, is the demand of a
commodity at various prices and demand decreas#shigh prices. High prices may
decrease electricity demand in the short run. &1lmg run this may result to use of
efficient appliances and eventually a substanteduction of electricity consumed.
Consequently, it is expected that there is an @udlilink between electricity prices and
electricity consumption. Electricity prices have ehe characterized by huge
inconsistencies globally and Kenya is no exceptiDespite this, they remain an
important factor for electricity demand. The beloawf increased electricity prices and
reduced demand is also consistent with the dentfsewties in economics theory. As the
price of a normal good increases, the demand ofjdloel decreases. D’Sa et al (2004) in
their study revealed that high price constrainsrggneconsumption. Additionally,

Balabanoff (2003) presented electricity as a necggpood with an inelastic demand.

Different lifestyles can also cause a change inghtterns of demand for electricity.
There can be an increase or decrease on demanc [Bdiwiduals may opt to use
different sources of energy other than electritityexample LPG, firewood or kerosene.

Others may use environmentally and convenient rtettappliances. With the rapid
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development, many people have moved to urban ddebanization and higher incomes
have led a shift to electricity and gas from kenaseand firewood. Chipman &
Dzioiubinksi, (1999) in their study showed that amization was an important

determinant of quantity and the kind of fuel toused.

Adjustments in economic structure could bring aniigant change in electricity
consumption. Factors such as population, size efhitbusehold, climatic patterns, age
distribution have an effect on electricity consumAde group influences electricity in
that the old age people remain in their homes dutiire day thus use more electricity.
Younger people go to work. Larger households usedenelectrical appliances and

energy than smaller ones. (UNDP 2000)

According to UNDP 2000 report, other important éastincluded; price of other fuel
substitutes (gas prices, kerosene prices), popualamd urbanization, climatic conditions,
level of industrialization, capital investment agolvernment policies. Population was an
essential structural factor which influenced theeleof electricity consumption. The
higher the population, the greater is the demancelectricity. Pressure on demand for
electricity mounted as industrialization in an emay intensified rapidly. Prices of other
key substitutes were important in determining deiinas they were used as alternative
sources of energy. If the price of a substituteraased the demand of the good in
guestion also increased. If the prices of thesstgules (LPG and Kerosene) increased,
individuals consumed electricity therefore raisitgy demand. Climatic conditions also
impacted on electricity demanded. Households usa@ melectricity to warm their homes
during the cold seasons and air conditioning dutivg hot periods. However, climatic

conditions were rarely incorporated in many studies to unavailability of data. Capital
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investment on electricity infrastructure was an amant determinant as huge funding to
the sector could increase the supply so as to thedtigh demand. Government policies
could also saw prices regulated and efficiencygarations of the electricity sector so as

to meet the demand for electricity in a country.

According to Sheffrin (2003), demand could be aatoous or derived demand.
Autonomous demand is direct demand and is finain&e for consumer goods is
autonomous. Demand can also be derived from demwfwoither goods. Derived demand
normally results from usage and prices of complaargrgoods. These are goods that are
used together with the good in question. The praddbhe complementary goods go hand
in hand. An increase in the price of one of the dyowvill reduce demand for the
complementary good and vice-versa. The cross elgstif demand for complements is
negative. The demand of one good raises the demftite complementary good. A
commodity can also be said to have composite demdrah it is required for several
different uses. Hartman & Werth (1981) presentedrgy demand as derived demand

and links consumption of energy to developmentnbhstructure and capital investment.

2.4 EMPIRICAL LITERATURE REVIEW

2.4.1 Empirics of Demand for Electricity

Prices and incomes are principally the two impdrfactors as revealed by numerous
studies. Incomes reflect the standards of livingcd® capture the amount individuals are
willing to give up for the commodity. A study by Aaris (2002) on the Gulf

Cooperation Council countries which include KuwaBaudi Arabia, Qatar, Oman,

Bahrain and the United Arab Emirates (UAE) from Q%@ 1977 concluded that income
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and price were significant variables. Income andceprpolicies therefore could

successfully ease electricity demand.

A study conducted jointly by Chiang-Lee and Chul(®0used an annual panel dataset
covering the period 1978-2004 for 24 OECD countrigse countries included Austria,
Australia, Belgium, Greece, Canada, Finland, Fram@enmark, Germany, Hungary,
Ireland, New Zealand, Switzerland, Italy, Japanxdrmabourg, Norway, South Korea,
Portugal, Spain, Turkey, the United Kingdom, Sweded the United States. The results

found that income and prices were key determinaindemand for electricity.

Similar studies were also conducted in Africa. imeoand prices were also significant
according to studies done by Ekpo, Chuku and Effiaf11 in Nigeria between 1970
and 2008, Ubani, Umeh and Ugwu (2013) in Nigemafrl985-2005, Kavezeri (2009) in

Namibia from 1993 to 2006.

Income and prices were also found to be importetofs in studies conducted in Asia as
shown in the studies conducted by Khan and Qayyf@9) in Pakistan and Labandeira,
Labeaga and Lopez-Otero (2011) in Spain. The Altel Syed (2011) study covering the
period 1970-2010 affirmed that electricity was aessary good in Pakistan. A two-
period study by Lin (2003) conducted before (19928) and after economic reforms
(1978-2001) in China revealed that GDP was the nmygortant factor. Prices were also
significant although China had so many variatidresefore the author used fuel prices. A
criticism was found in the use of fuel prices as pinoxy for electricity price. The author

stated that he used this proxy as it reflected 5% 7f supply costs of generating
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electricity. This may not have captured the totif¢ct of electricity prices thus give

misleading results.

Although price and income are the key determinahtectricity demand, many studies
have also included other variables such as tempestelectricity equipment, prices of
substitutes, population densities and distance fpmwer stations. Substitutes present
cross elasticities of demand. The substitutesefectricity featuring in these studies
include LPG, Diesel and Kerosene. Bose and Shulda9) used diesel prices in their
joint study across 19 states of India. Labandéiadeaga and Lopez-Otero (2011) study
in Spain, Bekhet and Othman (2011) in Malaysia astudy conducted by Narayan et al
(2007) on a group of seven countries used natuaal priable as a substitute to
electricity. The Al-Faris (2002) study of Gulf Camation Council countries also used
LPG prices as a variable to represent substitoiesléctricity. Results from these studies
showed that electricity in the short run can besstuied by other forms of energy.
However in the long-run results indicated that &leity was a necessity due to limited
substitution possibilities. Economic units’ contalito consume it even when prices

increase.

Population growth exerts more pressure on the ddnfan electricity. There is an
increase in the number of individuals who requikcteicity for cooking, lighting and
operating small businesses. This is consistent thalstudy that was done by Bekhet and
Othman (2011) in Malaysia. Urban population waso alsed to capture structural
variables by Holtedahl and Joutz (2004) in theudgt of electricity consumption in

Taiwan. The urban elasticities were found to batpesboth in the short run and long
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run. Lin (2003) study found that population had ieect impact on the quantity of

electricity demanded from 1952 to 2001 in China.

An analysis of South East Nigeria by Ubani, Umed Bigwu (2013) for the period 1985
to 2005 found that population was a key determir@ntiemand for electricity. The

decision of whether to use urban or total poputatiaried from one country to another
depending on the electricity network of a particdauntry. Population was a significant
variable in the study done by Ekpo, Chuku and Bffig2011) in Nigeria between 1970

and 2008.

The number of electrical equipment used for redidemr industrial activities is an
important factor of demand for electricity. Equipmheraises the consumption of
electricity as seen in various studies. A studyawan by Holteldahl and Joutz (2004)
used the stock of energy-using equipment. A prokyrbanization rate was used to
capture the equipment. Results for the urbanizataie elasticity were found to be

positive and significant.

The number of imported durable electric applianees used as a suitable proxy for
electric appliances stock in Alter and Syed (20stiyly in Pakistan. The results revealed
that electrical equipment had positive and long matationship with electricity

consumption. Electrical appliances are bought oegalar basis and getting the precise
guantities may be a challenge. Choosing a suitatary becomes a challenge. Proxies

may Yield misleading results

Climatic conditions of a region also affect the @ for electricity. On cold days

individuals use more electricity for heating andslelectricity on hotter days. This was
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consistent with the study conducted by Chiang-Le& @hu using annual panel dataset
which covered the period 1978-2004 in 24 OECD coesit The countries included
Austria, Australia, Belgium, Greece, Canada, Fidlakrance, Denmark, Germany,
Hungary, Ireland, New Zealand, Switzerland, Italgpan, Luxembourg, Norway, South
Korea, Portugal, Spain, Turkey, the United Kingd@weden and the United States. The
relation between electricity consumed and tempegattevealed a U-Shape relationship
with a threshold value of 53°Farenheit. There wasdine in electricity consumed when
temperature increased in low income countries, sklabnsumption increased in high
income countries. A study by Holtedahl and Jout20@) showed more electricity is
consumed on days above 80° days as people usedngitioners to cool their buildings
in Taiwan. Labandeira, Labeaga and Lopez-Otero IRGbund climatic variables

(heating degree days, cooling degree days) to ladl bot significant in Spain.

Some studies used other variables that may haeetaff electricity consumption. Lin
(2003) used efficiency variables to determine dedn&ifficiency variable was measured
by dividing the value added by electricity consunme@n industry. The results revealed
that the variable was negative and consistent exipectations. A high efficiency level

reduces the amount of electricity demanded.

An analysis by Ubani, Umeh and Ugwu (2013) useddégree of urbanization, land
area, number of households per capita, number dftats®a number of banks per capita,
number of manufacturing industry per capita, numbér households per capita,

employment rate per capita and distance to powentphs well as electricity prices,
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population density and per capita income in Nigehlathe variables except distance and

land area were found to be significant.

Industries also use electricity as a factor of patn. Industrial output factor was found
to be significant and a major determinant of eleityr consumption in Nigeria in the
study conducted by Ekpo, Chuku and Effiong (20Myvabu et al (2011) studied the
demand of energy in manufacturing sector and fotlrad value added in industries

influenced the use of energy. The sector is thgektrconsumer of electricity.

2.4.2 Elasticity of Demand

Elasticity measures how a change in one indepengaiable influences the dependent
variable. Elasticity values that lie from 0 to 1anehat the demand is inelastic. A value
of 1 implies unit elasticity. Values greater thaaxplain that demand is elastic. The sign
for price elasticity of electricity should be negatto show the reciprocal nature of price
and demand. As price increase, demand is expeatéall.t Income elasticity is used to
categorize goods. Income and demand for a norntal gooves in the same direction and
in opposite direction for an inferior good. Peoptensume more of a good with higher
income levels. An elasticity value lower than unityplies that the good is a necessary
good while a value more than one implies that thedgis a luxury good. According to
some studies, electricity was a necessary goodoasumption did not decline with
increase in prices. Kavezeri (2009) study of Namiliabandeira, Labeaga & Lopez-
Otero (2011) in Spain and Narayan et al (2007) Tnc@untries found that electricity was

a necessary good.
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Various studies depict electricity as a necesBigyVita et al (2005) reported income and
price elasticities for electricity from South Ameaifrom the 1970s to the early 1990s.
The income and price estimates for Brazil were hii8 —0.43, and for Columbia 1.88
and —0.18 respectively. Expenditure elasticity &ectricity of 1 for middle income

countries, and a price elasticity of —0.69 wer® aéported. Alter and Syed (2011) study
in Pakistan show that aggregate income elasticitY).851 and the aggregate price
elasticity is -0.853. Fan and Hyndman (2008) fodmak the overall price elasticity in

South Australia from July 1997 to June 2008 to Bet165 showing an average

responsiveness of electricity consumption to chamgerices.

In developing countries, the expectation of prieelasticity and income elasticity was
also consistent with Gam and Rejeb (2012) studylwifisia from 1990-2007. Price
elasticity was -0.681 and GDP elasticity was 1.avézeri (2009) study on Namibia’s
electricity demand from 1993 to 2006 revealed #hettricity prices in Namibia were for
many years the lowest in the world. Another study NMamibia electricity demand
conducted by De Vita et al. (2006) from 1980 to 2@3timated the long-run demand
income and price elasticities to be 0.589 and & .2%pectively. The findings pointed
out a long-run relationship among the variablegctficity was found to be necessity as
elasticity values were less than one. Electriceyndnd was found to be income elastic
with a long-run elasticity of 1.02. The coefficiefdr price was negative but not

statistically significant.

23



Studies also compared the short run elasticitiekedong run elasticities. They revealed
that short run elasticities were less than long elasticities In the long run economic
units exercised their discretion and chose fronfledbht possibilities. Kimuyu (1988)
study conducted a structural investigation to arelggemand for commercial energy in
Kenya. The study developed fuel demand models atlewels. The first level involved
behavioral responses in terms of basic variabldgerothan structural, economy,
efficiency and conservation variables. Demand @@ fvas modeled as a function of fuel
price, price of close fuels and per unit incomee Blecond level evaluated the impact of
other structural factors on energy demand of adiiitra sectoral strategies and associated
demand to designed structural change. The study aisaultiplicative form to estimate
elasticities at dissagregated levels of domestectectity, off-peak electricity and
industrial electricity. The demand for electricityas found to be inelastic indicating that
electricity was a necessary good or had low suliitit possibilities. Price elasticities
were found to be greater in the long-run than m ghort-run because economic agents
exercised their discretion in fuel and equipmentiod in the long run. The income
elasticities were inelastic in the short run araket in the long run because in the latter

there were several options of fuels to select from.

A study by Narayan et al (2007) for a group of seveuntries (USA, Canada, Germany,
France, Italy, Japan and UK) used the firm’s proidactheory to estimate electricity’s

demand. Price elasticities ranged from -0.03 t68@&nd -1.38 to -9.32 in the short run
and long run respectively. Income elasticities eghffom 0.13 to 0.36 and 1.60 to 2.02

in the short run and long run respectively. Holtdd& Joutz (2004) in their study
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showed that the income elasticity values were @8 1.04 for short run and long run
respectively in Taiwan. Price elasticity was foutml be -0.15 in the long run.
Urbanization elasticities were found to be 1.61 &®il in the short run and long run
respectively. A study by Ekpo, Chuku & Effiong (201in Nigeria from 1970 to 2008
revealed electricity price elasticity values o#49and -0.23 in the long-run and short-run
respectively. They were found to be statisticalhsignificant due to government
regulation of prices. Income elasticity of 0.58 Irag that electricity was a normal good
that increased with income. Bose & Shukla (1998@ntbthe price elasticity ranging from
-0.04 to -0.65. Income elasticity was positive whianged between 0.49 and 0.81 in

India.

High elasticity values show that a good is a luxgopd. Individuals can do without it.
The study conducted by Khan and Qayyum (2009) &sl dy Kavezeri and Ziramba
(2012) estimated price and income elasticitiesttfier national level and for households,
industry and agriculture sectors in Pakistan. Tieeine elasticity was 4.7 while the price
elasticity estimate was -1.64. The high value efpihice elasticity implied electricity was
a luxury good but the authors justified their fings by saying that Pakistan was majorly

rural and not many of the rural area utilized eleity.

2.5 Overview of Literature

From the discussion of theoretical literature itclsar that demand for electricity is
determined by various factors. The factors includ®mme, price, price of other energy
sources, geographical location, demographic andamental factors. Studies that have

been reviewed show that income levels and elegtrigiices are indispensable when
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estimating the demand function for electricity. Téiidies have also included other
variables which have an impact on the demand aftreddy such as population and
industrial output which had a positive and sigifit effect on electricity demanded.

Studies also incorporate prices of substitutes asddPG and Kerosene.

Studies reviewed reveal the sign for price elastiof demand is negative. This implies
that the consumption decreases when electriciteprgo up in the short run. In the long
run however consumption does not decline. Econ@gents consume electricity as it is
a necessary good that they cannot do without causecit has limited close substitutes.
The studies also show that the sign for incometielgsof demand is positive. With an
increase in income levels, consumption of eledyricises. Additionally, studies show
that the long run elasticity values are higher telart run due to the discretion to choose
from different energy types and equipment. Demaordelectrical equipment rises as

incomes increase.

Scanty evidence exists on determinants of demandléatricity on developing African
countries. This study is conducted to focus on Keay one of SSA countries. This study
is expected to close that gap and estimate thefisamt factors that determine demand

for electricity in Kenya and their elasticities. .
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CHAPTER THREE
THEORETICAL FRAMEWORK

3.1 Introduction

Electricity demand can be modeled in various fordsmultivariate procedure or an
Error Correction Model procedure can be employethtestigate the general long run
model and the dynamic model. A bounds test approanhalso be applied to investigate
the long term relationship where small sample se&sinvolved. Markovian models
have been used to model residential demand fotrigiez A time varying cointegrating
model has been used to cater for the changes ffieat demand for electricity. These

models are explained below.

Multivariate cointegration procedures of Johans&888) and Johansen and Juselius
(1990) have been used to model electricity deméand.(2003) used the Johansen-

Juselius multivariate model in modeling demandelectricity in China.

The Error Correction Model was employed to establise long term relationships
between variables. These included Kavezeri (2069Namibia, Khan and Qayyum
(2009) in Pakistan and Becket and Othman in Matagsnong others. This model can
also be applied to establish the long term relatign as well as the immediate

relationship of factors determining demand for &leity.

The bounds testing approach proposed by Pesaraal €2001) has also become

increasingly acceptable in modeling energy demamattions because of its strengths
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over the other approaches. It tests for the exsstai long term relationships between
variables regardless of the order of integratiorregfressors. In addition, it allows for
simultaneous estimation of the long-run and shamtparameters. Most importantly, it is
adaptable to small sample sizes. Owing to its snpoy, Ekpo, Chuku and Effiong

(2011), Narayan et al. 2001 and De Vita et al. @Q@dopted it in modeling aggregate

electricity demand.

The bounds testing approach to cointegration wasl us the study conducted by
Kavezeri and Ziramba (2009) in Namibia. This applodoes not need the information
of order of integration or cointegration ranks. Tdygproach gives an error correction
model that has better statistical properties. Thwtsrun dynamics in the ECM are not
pushed into the residual term. The approach is ath@antageous as it is applicable
despite of the order of integration. Its limitatibowever lies in the fact that it cannot be

used where there are two or more cointegratingteans

The Markovian models were used by Rosenberg antdae011) to model the daily

home consumption in Canada. The models used anconi$ time process to cater for
sequential events. Secondly, the Markov models fingrbasis of mathematical analysis,
particularly stochastic optimization and queuingdty. The finite set of load usage from
individuals have also been modeled well in the pastg markovian models. The authors
collected the daily load measurements. They prasbad create models for different

periods of the day. The models were then testeddouracy.

28



A double- log functional form model was used tameate the demand for electricity in
the residential, industrial and commercial sectardvlexico in a study conducted by
Chang and Martinez-Chombo, 2003. A time varyinghtagrating model (TVCM) was

used. The model took care of changes that affedesdand for electricity such as
technology, habit persistency and developmentdbatir in an economy over time. The
inclusion of TVCM in the cointegrating relationsipprmits for more than one lags of the
error correction term contrary to the ECM basedaofixed coefficient cointegrating

model. This means that the TVCM has more than diiesament paths towards the long
run equilibrium. The TVCM also eliminates multidokarity observed in the usual ECM
based on fixed coefficients. However a drawback\WEM is that it reduces the levels of

estimated coefficients significantly than the fixazkfficients model.

A structural time series model was used to model farecast electricity demand in
Turkey. This was in a study conducted by Hunt arldver (2010) for the period 1960-
2008. This model broke down time series into adreamponent, irregular component
and seasonal component. Harvey (1989) describedntbdel as one which the
explanatory variable was a function of time andapseter change over time. The model
also allowed for introduction of a deterministicabstochastic trend with the latter being

more successful for deciding structural changdsrie series due to its flexible nature

Simple estimation models have also been adoptedaimy studies. OLS model has been
used widely. Ghosh, Dar and Abosedra (2009) in hebaused three modeling

techniques; OLS, ARIMA and exponential smoothingdelo The study in seven
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countries by Narayan et al and Al-faris in GCC does used OLS models. Mohammed
and Bodger (2006) used the multiple linear regogssnodels as their study considered
both economic and demographic variables. KimuywB8)uses this model since the

study incorporated both economic and structurabbées.

Having analyzed the various models, above thisysttitbse the most appropriate in
terms of sample size, variables used, aggregasuyeatisaggregated analysis and the

most appropriate approach to a time series analysis

3.2 Modeling demand for electricity

According to Varian, (1992), an individual can same two goods given a certain level
of income. Assuming an individual has a given levkklectricity expenditure (E) and
other non-electricity expenditures (N) to maximtae utility U, the individual aims to
maximize his utility subject to the limited resoescavailable. Mathematically, this can

be stated as;

B e B 3 PP 1
Subject to a budget conStrailit= PzE + PV .ooieieiiie e e e 2
L= fEN)+AY = PoE — Pyl ou oo e e e et e 3
B AP = 0 i 4
= —APy =0 5

&) By

Where isz:—i: MUg and%z MUy
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This is the demand equation for electricity goodahlhs a function of income and prices.
Where: U=Utility

E= Electricity expenditure

N= Non electricity expenditure

Y= Income

Pe=Price of electricity

Pn= Price of non-electricity

MU = Marginal Utility.

Some of the factors believed to influence consuompiof electricity include prices,
incomes, prices of substitutes and industrial ghowhe consumer tariffs include several
components; base rate, fuel cost charge rategfomichange rate fluctuation adjustment
component, inflation adjustment cost energy reverc@mmission levy, rural
electrification program levy component, value adtiedcost (Kenya Power Retail Tariff
Application, 2013) Pricing is set according to was consumers: small industrial,
households, large consumers among others. Highgae expected to decrease demand.
Incomes have an impact on the well being of anviddal. High incomes increase
electricity consumption. Individuals tend to demdod more entertainment, ownership
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of electrical appliances such as refrigeratorsstaetekettles, electric cookers, heaters air
conditioners among others, Anderson (2000). Elatrsubstitutes such as kerosene and
LPG are meant to provide a variety of choice, andepcompetition in the market such
that consumers can maximize their utility at thenimum cost. If the prices of the
substitutes to electricity are low, demand for ®&leity is expected to be low. High
population exerts more pressure on demand forraiggt(UNDP 2000). According to
Ekpo, Chuku and Effiong (2011) industrial activitidemand a lot of electricity in their
production processes. Industries comprise of theufaaturing, mining, and construction

among other activities. The study will incorportte factors above.

A study by Kimuyu (1988) modeled a log-log demanddtion of each fuel to take the
form:

InE,=h_+ hyLnUP, + holn A, + hylnM, + hylnT, + hln S, + U............... 11
Where; E is demand for fuel, UP is urban population, A, M,S are shares of GDP
from Agriculture, Manufacturing and Repair, Traodp Storage, Refrigeration and
Communication and Services sectorsistithe usual constant andare the elasticities
Kimuyu also expressed energy demand as a funcfiatis price, income and prices of
related fuel as shown in equation below

Bre = (it ¥er Z12) e oo et e, 12

The multiplicative form of the general energy deoh&mction is presented as below;
Ei = bo * Xitbl* Yth* thbS* it vt re e e e e e e e e aans 13
Where:

bo is the usual constant
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bi (i=1,2,3) are the long-run prices, incomes amdsg elasticities of demand for
electricity and eit is error term

After adjustment process towards a desired leveleshand and taking natural logs the
equation is summarized by:

LnEy, = fp T By LlnX, + BolnY, + Folndy + BalnEy 4 T R 14
Where:

Ei: = per unit desired demand for energy i in time t

Xit,= price of energy i

Y= per unit income

Z;; =price of a related fuel

Ei.1 = laggecconsumption of energy i
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CHAPTER FOUR

METHODOLOGY

4.1 Empirical Model

Adopting Kimuyu (1988) model, this study expressbd demand for electricity as
function of its price, income and prices of sulés, industrial production and
population. The model is appropriate as it was iadplo Kenya. Borrowing from this
model, the study estimated an aggregate model lemtrieity demand as shown in

equation 15.

InEleconspn = f, + B, InEtarif f + (,InRGDP + [;InP; + B,InP;, + f-InInd
Sl Y e e R =1

Where:

Eleconspn is Electricity Consumed in Kilowatt hours

Etariff is Average tariff of electricity measuread Kshs/Kwh

RGDP is Real Gross Domestic Product

P« is the Price of Kerosene measured in Kshs

P, is the Price of LPG measured in Kshs

Popn is the Total Population measured in Millions

Ind is the Industry value added measured in US$

u is the error term
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4.2 Data Sources

The study used national time series data for thme@d 971 to 2012. The variables that

used were consumption of electricity to represenbunt of electricity demanded, real

GDP to represent income levels, average tarifisl@ftricity, average prices of kerosene,

population, industrial output and the average grioe LPG. Data was obtained from

official government publications including Econon8arveys, Kenya Power reports and

tariffs booklets, Meteorological reports and Na#ibfEnergy Surveys. More data was

obtained from World Data Bank.

4.3 Definition and Measurement of Variables contaiad in the model

Variable

Measurement

Electricity

Consumption

Measured in KWh. It is the dependent variables lihe annual demar

for electricity.

Income

Incomes were measured by real GDP. This varialel@sores the
purchasing power of the population. As incomes giadividuals tend
to demand more electrical goods and services. fifl#gtdemand is

derived demand from these goods and services thresume.

Electricity

Tariffs

Measured by price per unit. Electricity prices iseg variable as it
reflects the sacrifice in monetary terms that thescimers are willing
to pay to acquire a unit of electricity. The pricesre calculated as the

average tariffs of domestic and commercial eleityrigrices.

Total

Urban population in Kenya has been increasiray the years as peoq

35

d



Population

migrate to urban areas in search of jobs. Demanelé&ztricity is alsg
expected to rise significantly. This is becauseehe demand for more
electrical goods and services. Access to elegtrinithe rural areas has
opened up small businesses such as salons, millonopting,
photocopying, welding and cyber cafes thereforereiasing the
demand. Rural electrification programme has alsoessed access o

electricity. Population has a direct link to etexty consumed

Kerosene

Prices

Measures by price per litre. Kerosene is an altermaource of fuel
When prices of kerosene increase, individuals npdyt@use electricity
if it is cheaper. This will increase demand foro#ieity particularly the
residential demand. Kerosene prices are therefapeocted to be

inelastic.

LPG Prices

Measured by Kshs per Kg. Gas can also be usedalstitute energy
form for electricity. Substitutes most likely indace electricity demand

positively.

Industry

Output

Measured by output in industry. Manufacturing sead® the third
largest use of energy and the largest consumeedtrieity. The value
added in industries is the net output after summahgoutputs and
subtracting intermediate values. A high amount afug added in
industries implies a high consumption of electyiciiThe variable

captures growth in industrial production.
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4.4 Expected Signs of Variables used in the model

Variable Measurement Expected Sign

Income Kshs The sign of the income elasticity is
expected to be positive

Electricity Price Kshs/Kwh As prices increase, dathafor
electricity will fall The price
elasticity is expected to have |a
negative sign.

Kerosene Prices Kshs/Litre The Kerosene elastisigxpected
to have a positive sign.

LPG Prices Kshs/Kg The LPG elasticity is expected t
bear a have a positive sign.

Total Population Millions The population elasticityis
expected to have a positive sign.

Industry Output Kshs The industry output elasticity |is

expected to have a positive sign.

4.5 Estimation Technigues and Econometric Tests

The model was estimated using the Ordinary Leasta®g method. To ensure

stationarity of variables, the variables were défeced. The long run equilibrium was

captured by a specification of an Error Correctidodelling. The Instrumental Variable

2SLS approach was applied in the ECM to controkfaitogeneity.

37



4.5.1 Unit Root

Time series trends tend to exhibit unit root(s)raime. Unit root test are used to test for
stationarity of variables. These tests are crubetause non stationary data yields
spurious regressions results. The results couldatesan unreliable t-statistic with no
economic inference. The value of Ray also be too high. (Granger and Newbold 1974).
In a stationary series the mean and variance doewary systematically over time.
Differencing was done to eliminate the non statiitmaHowever, this may lead to loss of
some vital long run information or partial solutsoormhis drawback is addressed through
differencing proposed by Dickey and Fuller (197#ugumented Dickey Fuller Test. It
analyses the existence of systematic and lineatiwakhip between the past and present

values of variables.

The study adopted ADF applied in the following form

AY1=B1+ B 2T+ 0Y i+ AY¢ +e

Where T is trend variables

& tis the error term which is independently andhtamlly identified

The null hypothesis states thatO in each equation, meaning there is unit root inlf

null hypothesis is accepted the presence of unitisbaccepted.

4.5.2 Cointegration Analysis

Cointegration means that the non stationary semni@ge simultaneously over time and the

difference between them is stable. The cointegyatiquation is interpreted as the long
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run relationship between the variables. It is pbddahat there is a long run relationship

between demand for electricity and the independariables.

The Johansen test for cointegration which has gamere importance in economic
applications was used to test for cointegratios the most appropriate for multivariate
models. The trace statistic and the eigen valuee weed to determine if a linear

combination of the variables reveals cointegration.

4.5.3 Diagnostic Tests

These tests are used to test the inadequacy argaf the model. The study used the
OLS method of estimation which makes a number stiaptions. The OLS method

assumes serial uncorrelation, correct specificasicthe model, homoscedastic error term
and absence of correlation between the error tenintlae regressors. The study applied
several diagnostic tests: The Wu-Hausman and Dutbsts were used to test for
endogeneity. Tests to ascertain suitability of itterumental variable were also carried

out.
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CHAPTER FIVE

DATA ANALYSIS
5.1 Introduction
This chapter presents the descriptive statisticaplgcal analysis, regression results as
well as the diagnostic test results. Descriptiaistics from tests of normality will be
used to indicate if data is normally distributeegression results from both the long run
model and the dynamic error correction model asyaed. Pre-estimation tests to check
for presence of unit root and cointegration weredufer further data interrogation. Post
estimation tests were analyzed to test for theability of the model. Discussions of the

results are presented at the end of the chapter.

5.2 Descriptive Statistics

Economic data often has clear and defined loweltditout no definite upper limits due to
presence of outliers. It is therefore importantcheck whether data exhibits normality.
Skewness and kurtosis are the major tests for rtyrmhigtributed data. Skewness is the
tilt in distribution of a series around the meamrtgsis measures the peakedness of the
distribution of a series. The Jacque Bera testwsasl to test for skewness and kurtosis.
The sign for skewness shows whether the serieegstively or positively skewed.
Normally distributed data should have a skewnedsevaf between -2 and +2. The

statistic for kurtosis should be between -3 andot$ormally distributed series.
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Table: 5.1 Descriptive statistics of electricity cosumption, electricity tariffs, prices

of kerosene, prices of LPG, industrial output and ppulation data

Variable
Statistic | Econspn | Etarifff RGDP Rainfall| P P« Ind Popn
Mean 3194.143 3.886f 839213|9 3096832 33.9838 399.7 135905.7| 24.9952
Median 3110 1.545 | 823102.7, 30408.3 15.743 9.036H 139356.5 24.9
Maximum | 6414 15.97 | 1605496 45876.1 213.02 88.073 7924 40.5
Minimum 909 0.22 309994.8 20435.4 1.915 0.626 425302 11.7
Std. Dev 1618.47 | 4.2893 347859.3 5536.401 42.018%.4832 | 52879.3§ 8.8230
Skewness 0.1816 0.0031 0.1756 0.1032 0.0000 0.00222680 0.6448
Kurtosis 0.1944 0.3010 0.4095 0.5318 0.0001 0.4000.4815 0.0062
JB Statistic| 3.72 8.42 2.68 3.26 26.06 8.60 1.83 93 6.
Probability | 0.1558 0.0149 0.2614 0.1960 0.0000 ®601| 0.4014 0.0313

Source: Own computation using STATA
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Where: Econspn is Electricity Consumption, Etariiffectricity Tariff, RGDP is Real
GDP per capita, Rainfall is the annual precipitatig is the LPG Prices,{s kerosene

prices. Ind is Industrial output and Popn represdiotal Population.

The condition for kurtosis was met. All variablesdhvalues near zero for skewness test.
The null hypothesis states that if probability ésd than 0.05, the series has a normal
distribution Several variables (Electricity tariff€ PG prices, Kerosene prices and
Population) have the p-values of less than 0.0Weaeject the null hypothesis of non-
normality and accept that the series have a nowstibution The other variables
(electricity consumption, real GDP, rainfall andduistrial output) had their median

around the mean and therefore the implicationasttiey are normally distributed.

Distributions of most zero kurtosis are referreda® mesorkurtic. This is the most
prominent characteristic of normal distributionl Aéries above range from 0.0001 and

0.5318. Skewness also ranges between 0 and 0.6¥4dng normal distribution.

5.3 Trends in electricity consumption, electricitytariffs, prices of kerosene, prices of

LPG, industrial output and population from 1971-2012

A pictorial trend to show the movement of the vialesg over time is presented in Figure

5.1
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Figure 5.1 Trends in electricity consumption, elecicity tariffs, prices of kerosene,
prices of LPG, industrial output and population from 1971-2012
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Source: Own graphing using STATA

The graph shows that electricity consumption hadupward trend almost the entire
period except between 1999 and 2000 where thereaveavere drought experienced in
the country. This led to decreased electricity gainen since Kenya primarily relied on

hydroelectric sources. Production resumed to notevalls afterwards as oil was used to

complement hydropower.

The trend in electricity tariffs has a lot of vamms and fluctuations that occur on a

monthly basis. The tariffs include several compaséimat are prone to frequent changes.
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The tariffs have continued to increase over timeerg was a sharp rise in 2001 due to

the high production costs of electricity from allbwing the severe drought in 2000.

The movement of GDP has been very inconsistent tover. However the was a sharp

increase in 1990 because of relatively high econg@rowth at the time.

The trend of prices for LPG over time has beenhanrise. This has been occasioned by

factors that influence LPG availability and use.

The shows the trend of industrial production hasnbecreasing over the years. There
has been significant increase in the industrialtsseéollowing the growth of the

economy. The sector comprises of construction, fia@twring and mining.

Population has been on the rise over for most efyars. An increase in population is
associated with an increase in supply and consompif goods and services in an

economy

5.4 Time Series Properties of electricity consumpin, electricity tariffs, prices of
kerosene, prices of LPG, industrial output and poplation data

Time series data is most often associated witlptbblem of stationarity. Non stationary
data leads to spurious regression and values witaconomic meaning. The first step
was to test for stationarity using the Augumenteck8y Fuller test. The results are as

shown in the tables 5.2 and 5.3
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Table 5.2. Stationarity Tests Of Variables Contaiad In The Model at Their

Natural Form

Variables Trend/No ADF Test | 1% 5% 10% Comment
Trend
Electricity No Trend -2.321 -3.648 -2.958 2.612 Non Stationa
Consumption : :
With Trend -2.119 -4.242 -3.540, -3.204 Non Statrgna
Electricity No Trend -0.207 -3.648 -2.958 2.612 Non Stationa
Tariff : :
With Trend -2.301 -4.242 -3.540, -3.204 Non Statrgna
Real GDP No Trend -0.720 -3.655 -2.961 -2.613 Non Stationa
With Trend -2.350 -4.251 -3.544 -3.206 Non Statrgna
Rainfall No Trend -5.445 -3.641 -2.955 -2.611 Siadiry
With Trend -5.392 -4.233 -3.536 -3.202 Stationary
Kerosene Prices No Trend -0.983 -3.648 -2.958 2.61 Non Stationary
With Trend -2..576 -4.242 -3.540 -3.204 Non Stadiy
LPG Prices No Trend -0.365 -3.648 -2.958 -2.61P Stationary
With Trend -2.223 -4.242 -3.5400 -3.204 Non Statrgna
Industrial No Trend -1.008 -3.655 -2.961 -2.613 Non Stationa
output : :
With Trend -2.270 -4.251 -3.544 -3.206 Non Statrgna
Total No Trend -2.385 -3.648 -2.958 -2.612 Non Stationa
Population : :
With Trend -1.133 -4.242 -3.540, -3.204 Non Statrgna

Source: Own computation using STATA
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The results showed that the variables are notostty in their natural form. This is a
common problem with time series data. Regressiaroofstationary data yields spurious
results. There was therefore need to differenee séries in order to make them

stationary.

Table 5.3: Stationarity Tests of Variables Contaied In The Model After

Differencing

Variables Trend/No ADF Test | 1% 5% 10% Comment

Trend
Electricity No Trend -6.023 -3.648 -2.958 -2.612 Stationary
Consumption : :

With Trend -6.557 -4.242 -3.5400 -3.204 Stationary
Electricity No Trend -6.298 -3.648 -2.958 -2.612 Stationary
Tariff : :

With Trend -6.220 -4.242  -3.540  -3.204 Stationary
Real GDP No Trend -3.872 -3.655 -2.961 -2.613 Satiy

With Trend -3.832 -4.251 -3.544  -3.206 Stationary
Kerosene No Trend -6.120 -3.648 -2.958 -2.612 Stationary
Prices

With Trend -6.093 -4.242  -3.540  -3.204 Stationary
LPG Prices No Trend -5.511 -3.648 -2.958 -2.612 ti@tary

With Trend -5.504 -4.242  -3.540  -3.204 Stationary
Industrial No Trend -11.599 -3.648 -2.958 -2.612 Stationary
output : :

With Trend -10.980 -4.251 -3.544 -3.206 Stationary
Total No Trend -5.569 -3.648 -2.958 -2.612 Stationary
Population : :

With Trend -6.267 -4.242  -3.540 -3.204 Stationary

Source: Own computation using STATA
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It is assumed that time series data are statioathey taking their first differences. The
tests results above show that the variables satgfyassumption as all the variables are
stationary of order one. The Schwarz-Bayesian in&tion Criteria (SBIC) was used to
establish the optimal lags of the variables. Iprisferable to Akaike and Hannan Quinn

criteria as it has a larger penalty term to avaidrbtting the model.

The concept of cointegration implies that if theye long run relationship between two
or more non-stationary variables, deviations fréra long run path are stationary. To
establish if cointegration exists among the vagahlohansen Test for cointegration was
conducted. Johansen test is the best for multieanmedels. This was done by regressing
the non-stationary variables in the model. Redoltghe test are presented in the table

5.4

Table: 5.4: Cointegration Diagnostic Test Results fo electricity consumption,
electricity tariffs, prices of kerosene, prices ofLPG, industrial output and
population data

Maximum Rank Eigen Value Trace Statistic 5% Critical Value
0 139.5902 124.24

1 0.69935 91.5185* 94.15

2 0.56162 58.5320 68.52

3 0.44945 34.6582 47.21

4 0.30160 20.2996 29.68

5 0.22092 10.3137 1541

6 0.19333 1.7202 3.76

7 0.04209

Source: Own computation from collected data
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Note *Represents the maximum ranks

Johansen test uses the trace statistic and eigee @ determine cointegration. For
cointegration the trace statistics should be gredtan the critical values. The null
hypothesis states that if there is no rank (r4@re is no cointegration, Johansen (1988).
The above results indicate that r=1 and therefoeergject the null hypothesis and
conclude that there is cointegration. The tractsteglicate that there is 1 cointegrating
equation. The meaning is that a linear combinatioall the seven series is cointegrated.

An error correction model therefore can be estichate

For cointegration to exist the eigen values shaldd be greater than zero. From the test

results above all eigen values are greater thantherefore the series is cointegrated.

5.5 Regression Results

Natural logs of the variables were used to lineaiize data. In estimating demand
elasticities, the study used a double log functibhe long run relationship of the
dependent variable (Electricity consumption) andependent variables (Electricity
tariffs, real GDP, LPG prices, Industrial Outputtdl population) was as presented in

Table 5.5 ,m™
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Table: 5.5 Regression Results of the variables ihe¢ Long Run model

Variable Coefficient p-value
Constant -3.292207 (0.028)
Lnetariff -0.0010124 (0.970)
INRGDP 0.4647202 (0.061)
InP« 0.0620974 (0.090)
InP_ -0.0514115 (0.163)
Lnind 0.2663128 (0.103)
Lnpopn 0.5729933 (0.004)

Source: Own Computation from STATA
From the regression results above the elasticite® represented by the coefficients of
the variables as represented in Table 5.6

Table: 5.6 Elasticity Values of the variables in th Long-Run model

Variable Elasticity
Lnetariff -0.0010124
INRGDP 0.4647202
InP« 0.0620974
InP_ -0.0514115
Lnind 0.2663128
Lnpopn 0.5729933

Source: Own Computation from STATA
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Kerosene prices were positive and significant a% 1 determining demand for
electricity. A 1% increase in the price of keroséteto 0.062% increase in consumption
of electricity. If kerosene prices increase, hoasghvill prefer to consume other forms
of energy. Kerosene may act as a substitute forutad population who use kerosene for
lighting and cooking. This may also be explainedity low levels of rural connections

to electricity,(Markandya and Abdullah 20Q7)

LPG prices are negatively related to demand foctetity. A 1% increase in price of
LPG led to a 0.05% decline of electricity consuropti Consumption of LPG as a
substitute to electricity did not yield the expectgn. This could be due to the fact that
electricity has limited substitution possibilitiesd therefore even a price reduction of
LPG does not influence the demand for electricithis is true especially where

electricity is used as a factor of production.

Demand for electricity was found to be price inBtasThis is because its elasticity was
less than 1 which is 0.001. The sign was negatsvéha expected relationship of price
and demand. An increase in price led to a declirtbeelectricity consumed. This may
be due to the fact that in the long-run consumeay adopt the use of more efficient
appliances and machines therefore reducing thed leivelemand even with a price
increase. Electricity tariffs are also is not a kigterminant of electricity demanded

because it is insignificant. Price regulations doaffect its consumption.

It is also worth noting that the coefficient foretltonstant is negative implying that
holding all other factors constant, demand for telgity is derived demand. Derived

demand for electricity is explained by the explamatariables.
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5.6 Error Correction Model

It normally takes some time for economic agentadjust to information. However the
short run relationships are important. There iotemtial problem of common trends of
spurious correlation. This problem is cured byetdéhcing the variables to make them
stationary. However, differencing leads to lossdata in the long-run. To cure this

problem a dynamic error correction was formulated adopted.

The error correction term captures the long ruati@hship. It reflects the attempt to
correct deviations from the long-run equilibriumdaits coefficient is interpreted as the
speed of adjustment or the amount of disequilibritansmitted each period to electricity

demand.

The lagged dependent variable was also added aefdhe explanatory variable in the

model to introduce dynamics in the short run model.

5.7 Selection of an Instrumental Variable

Endogeneity of variables can yield biased res@ts/eral of the explanatory variables
move together with the explained variable. The @BIP variable also moves directly
with other independent variables. This implies thia¢re is correlation among the
variables. An instrumental variable for GDP is #fere essential for unbiased results.

Suppose an equatiort’ = 5, + X + u

Z serving as an instrument for X

There are two conditions which must be fulfilledemhusing an instrumental variable.

(Wooldridge, 2009)
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. CovXu=0

This means that the instrument must be exogenous

i. CovZiu=40

This means that the instrument must be correlatgéd the endogenous explanatory

variable

The bidirectional relationship between the depehdad independent variables can yield
biased estimates. The problem of endogeneity yigldsnsistent results. Therefore an
instrumental variable was used. The two-stage legisares procedure was used in the

regression analysis.

The choice of an appropriate instrumental variableormally subjective. Validity of an
instrumental variable is based on common senseemiomic theory because there is no
unbiased estimator forup. It is unobservable, (Wooldridge 2009). Annual
rainfall/precipitation variable was used as anrimsental variable for GDP as they are
highly correlated. High amounts of rainfall are tiigrelated to high levels of GDP.
Kenya is also an agricultural dependent countryinfah amounts increased to
38878.8millimetres in 1977 from 24214.9millimetres 1976(Kenya Meteorological
Report 2012). In the same period also GDP growtbesrgrew from 2.15% to 9.4%
(World Development Indicators 2012). Rainfall amtsuimcreased from 24784.7 in 2000

to 38878.8 in 2001. GDP growth rate in 2001 staadgl 28% from 0.6% in 2000..

Considerable literature has also used rainfallnesistrument for income in analyzing the
relationship between economic growth and areas ascemocratic institutions, civil

wars and trade. Miguel, Satyanath and Sergenti4R00 their study of Sub-Saharan
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Africa overcame the causality problem of incomecsisocand civil wars by using rainfall
disparities to explain the result of economic gtowh civil wars. Bruckner & Lederman
(2012) used rainfall as an instrument for GDP papita in Sub-Saharan Africa to
estimate the response of trade openness to vasaitioGDP per capita in the country.
Bruckner and Ciccone (2011) used rainfall amoumtstidy how democratic institutions
in Africa reacted to economic shocks. The comparsathe results of the dynamic error

correction model using the instrumental variablprapch and OLS are shown in Table

5.7.
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Table: 5.7 Estimated Dynamic Error Correction Modd Results Using OLS and
Instrumental Variable Methods

Results OLS coefficients: IV-2SLS coefficients
Coefficient p-value Coefficient p-value
Dependent Variable | DInelecconspn Dlnelecconspn
Independe
Variables
Constant 0.0234426 (0.128) 0.02472 (0.077)
Dineleconspn(-1) 0.1411819 (0.391) 0.0325008 (0.893
Dinetariffs 0.0218706 (0.486) 0.0147672 (0.635)
DINRGDP(-1) -0.2063801 | (0.292) 0.1247342 (0.836)
Dinkeroseneprices 0.0553114 (0.055) 0.0616055 10.02
Dinlpgprices -0.0203969 (0.542) -0.0390453 (0.380)
DInind 0.6554282 (0.001) 0.5410966 (0.036)
Dinpopn -0.1740068 (0.525) -0.2773031 (0.367)
ECT(-1) -0.5803102 (0.001) -0.5159814 (0.004)
R 51.20% 46.54%

Source: Own computation from data

The OLS results revealed that population; real GIbE LPG prices were negatively
related to consumption of electricity. Electricitariffs, industrial output, price of

kerosene and consumption for the previous periaitipely influenced demand.
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Results using the OLS approach indicated that G@B wwersely related to electricity
demand. Economic theory and literature suggestahancrease in the levels of income
increase the demand of a particular commodity. @pleying the instrumental approach
the sign for real GDP improved to show a positiglationship between income levels
and demand for electricity. The coefficient imprdveom -0.2063801 to 0.1247342 with
the correct sign. The IV approach is thereforedtieect method to estimate the function

as it controls for endogeneity in the model. Thelgtadopted the IV results.

Table 5.6 above shows that population and LPG griwere negatively related to
consumption of electricity. They are also insigrafit. This implies that demand for
electricity in the short run is not influenced bgpoplations and price of LPG as a
substitute. Electricity tariffs, incomes, induskriautput, price of kerosene and

consumption for the previous period directly inficed demand.

Industrial output was a significant factor influerg electricity demand in the short run
and was significant at all critical levels This imegl the industrial sector was a major
driver of electricity consumption in Kenya. Kerosegprices were also a significant factor

affecting electricity consumption in Kenya and siigant at all critical levels.

The coefficient for the error correction ter®BCT (-1) indicated that approximately
51.6% of the deviations from the long run equilioni were corrected. The error
correction term had the expected sign and wasfggnt implying that the model was
useful to correct the past deviations The dRowed that 46.54% of the variations in

electricity demanded were explained by the exptayatariables in the model.
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Elasticities were measured by the coefficientshef\ariables as represented in the table

5.8

Table 5.8 Elasticities of Variables used in the mad from the IV-2SLS Approach

Variable Elasticity
DIneleconspn(-1) 0.0325008
DInetariffs 0.0147672
DINRGDP(-1) 0.1247342
Dinkeroseneprices 0.0616055
DInlpgprices -0.0390453
DInind 0.5410966
Dlnpopn -0.2773031

Source: Own Computation from STATA

Based on the elasticities of the substitutes useld study, Kerosene and LPG were not
suitable substitutes of electricity as they resmohdieakly to electricity demand. The

results also imply electricity has low substitutjpossibilities.

Electricity demand did not respond strongly to gdapan growth. Demand for electricity
responded quite strongly to industrial growth. Hogernment should therefore increase
investments in electricity to be in tandem withusttial growth rather than population

growth.

56



Electricity demand responded weakly to tariffs. sSThmplied that demand for electricity
is inelastic. This could be a source of governmextenue subject to tariffs not

discouraging investors.

The levels of incomes and amounts of electricitystomed in the previous period
responded weakly to electricity demand. This intplibat demand for electricity is

inelastic with respect to incomes and previous gorion.

5.8 Diagnostics Test

The endogeneity post estimation test was carriedaruthe model above to test if the
variables were exogenous. The null hypothesis sthta if probability is less than 0.05
we reject that variables are exogenous. The Duwstatistic had a probability value of
0.5477. The Wu-Hausman had a probability value .6D48. Since both values were

greater than 0.05, the null hypothesis that thealtes are exogenous was accepted.

Results from the first stage indicated values @408, 0.2978 and 0.0864 for the R-
squared, Adjusted R-squared and Partial R-squaesgectively. The R-squared and
adjusted R-squared explain the variations in thedehdrom fitting the first stage
regression by OLS. The partial R-squared measureccorrelation between real GDP
and the additional instrument after ignoring thfeefof other variables. (Bound, Jaeger&
Baker (1995). The F Statistic had a value of 2.93@dth a probability value of 0.0969
implying that the instrument variable was signifitat 10% as the p-value was less than
0.1. The F statistic showed the joint significarafethe coefficients of the additional
instrument. Its significance explained the powerctmtrol for the effects of other

variables
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5.9 Comparison of Long-run elasticities and IV-2SLSegression elasticities

The Industrial output had a positive and significafiect in the short-run to electricity
demand. In the long run it had a direct effect tiftonot significant. The parameter was
positive with elasticities of 0.541 and 0.266 i thort run and long run respectively.
This finding implied that the industrial sector wasmajor determinant of electricity
consumption in Kenya. The studies by Ekpo, Chukah Bffiong (2011) in Nigeria and

Mwabu et al (2011) in Kenya showed that the indalssector is a large consumer of
electricity. There is need for the government teatline policies in the industry sector
so as to ensure efficient use of machinery and pegemt. This will reduce the

consumption of electricity.

Population had a positive elasticity value of 0.5Y8e long run and a negative value of
0.277 in the short run. This shows that in theglamn increase of population drove the
consumption of electricity up. In the short run plkeoresorted to alternative sources of
energy. Population parameter was significant in Itreg-run. This finding was also
consistent with those in the study of Ubani, Umetl Blgwu (2013) in Nigeria that show

population was a significant factor in determinaigctricity demand.

The electricity tariff elasticity in the short rawas 0.015 and -0.001 in the long run. This
meant that economic agents did not reduce theiladdrneven with a price increase in the
short run. This finding was consistent with theulef Kavezeri (2009) study of

Namibia. Labandeira, Labeaga & Lopez-Otero (20h1$pain and Narayan et al (2007)
in G7 countries. This was consistent with econatméory of the exceptions in the law of
demand that electricity was a necessary good ardkihand was not be influenced by its
price. However in the long run economic agents adbp use of more efficient
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appliances and machines therefore reducing thd leivelemand even with a price
increase. They economic agents can also exeraesediscretion in choice of fuel and

equipment in the long run.

Income in the short run had elasticity values 4P6.and 0.464 in the long run. Income
was significant in the long run at 10% critical éévimplying that it was a key

determinant of electricity consumption. A 1% in@eaaised the demand for electricity
by 0.125%. Income was not significant in the shont Income policies therefore did not
have any impact on electricity demand in Kenyahie short run. Bekhet and Othman
(2011) findings of Malaysia also supported thatomes did not influence electricity
demand in the short-run. However in the long-rwwome levels had a significant impact

on electricity demand

LPG as a substitute had values of -0.039 and -0M@5%he short and long-run
respectively. Demand theory suggests that subesditsthould be positively related to the
demand of the good in question. However, from thdigs above that electricity is a
necessary good in the short run, it also follovet tHPG prices did not have any effect on
electricity consumed. Electricity has low substdat possibilities especially in
production processes. This outcome was consisteghtfinding of the study conducted

by Bekhet and Othman 2011 in Malaysia.

Kerosene prices conformed to prior expectations twedry of demand on substitute
goods. They had a positive elasticity of 0.0616 @621 in the short run and long run
respectively. Kerosene prices were a significartofain the short run and had a

significant effect on consumption of electricityadt critical levels. In the long run they
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were significant at 10% critical level. This immi¢hat kerosene could be substituted for
electricity. This is true especially in the resitahsector where households can substitute
kerosene for electricity for cooking and lightindajority of the rural population are also

not connected to electricity.

From the analysis above, the industrial outputpine, kerosene as a substitute and
population had a significant impact of the amouftetectricity consumed. Other
explanatory variables including electricity tarjffsevious consumption of electricity and

LPG prices did not significantly impact on elecity consumption.
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CHAPTER SIX

SUMMARY, CONCLUSION AND POLICY RECOMMENDATIONS

6.1 Introduction

This chapter presents a summary of the study, usiml, policy implications and
recommendations. The chapter also gives limitatioihnthe study and areas of further

research

The purpose of the study was to establish the fadt@at affect demand for electricity in
Kenya and their current elasticities. Electricipnsumption was used as the dependent
variable while electricity tariffs, income, keroseprices, LPG prices, industrial output
and population were used as the independent vasalllhe income variable was

instrumented and annual precipitation was usedasstrumental variable.

An error correction model was used to estimate éhwirical model. The findings
showed that industrial output and kerosene as stitute were the key determinants of
electricity consumption in Kenya. The variables svstatistically significant and had the
expected signs. Lagged electricity consumption alattricity tariffs, real GDP had
positive signs though insignificant. Population diG prices had negative signs and
were also insignificant factors determining elextyi consumption. In the long run
however, population and income and kerosene pneexe the key determinants of
electricity consumption. In terms of responsivenessistrial growth strongly responded

to electricity demand.
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Post-estimation results explained that the choicearel was accurate. The endogeneity
test indicates that the variables used in the madelkexogenous. First-stage results also

explain that the choice of the instrumental vagalshs appropriate.

The long-run model estimates found that electricipsumption in Kenya was strongly
determined by income, kerosene prices, and populatihile LPG prices, electricity
tariffs and industrial output did not significantipfluence electricity demand. This
implied that there was little role that substitud®sl electricity tariffs played in estimating
the demand for electricity in Kenya. However, theNE results show that kerosene and
industrial output were key determinants of elediyidemand in the short-run. In terms of
responsiveness, kerosene responded weakly whilestinal growth responded strongly
to electricity consumption. These results were dast with theory and empirical
findings of Ubani, Umeh and Ugwu (2013) in Nigeaad Ekpo, Chuku and Effiong
(2011) in Nigeria. Therefore, policies geared tadgamcreasing industrial efficiency,
increasing electricity generation to be in linehwindustrial growth and use of cheap but
appropriate substitutes should be given prioritylasnand management measures in the

electricity subsector.

6.2 Policy implications and recommendations

Electricity is a necessity to economic agents.sltof ultimate importance to both
production processes and consumption. It is thezdfaperative to put in place demand

management policies.

First, industrial output in the short run is a mdeterminant of demand for electricity.

Policies geared towards increasing efficiency aidpiction in the industrial sector would
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automatically ensure that the demand for elecyricibes not outweigh the supply.
Government can subsidize the cost of alternatieeges that could substitute electricity
in production. These measures will ensure reducadumption of electricity as well as
optimal production. Ultimately this will control ¢h demand for electricity in the

industrial sector.

Second, Energy Regulatory Commission should sutesithie prices of substitutes and
offer tax incentives of the fuels. This is becatise short run and long run elasticity
values indicated that electricity did not have elosubstitutes. Lower prices for

substitutes will ensure that more people shift alwam the use of electricity.

Third, increase in industrial growth has shownrargj response to electricity demand.
Increase in industrial growth implies a high congtion of electricity. There is therefore
need for the government to embark on policies wease electricity generation in

tandem with industrial growth.

The public sector should strive to ensure prodadsocommensurate to the demand. The
government should ensure that more funds are chlathmewards investment in power
generation. This will ensure there is sufficientatticity therefore enhanced economic

activities.

6.3 Limitation of the study

Only two substitutes, kerosene and LPG were uséderstudy. This is because data for
other substitutes such as charcoal and firewooatlwhre primarily used in the rural

areas was not available.
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6.4 Areas for further research

The key role played by electricity in the econongguires great attention from all
stakeholders. The study could include variable$ sagcpolitical stability and electricity
infrastructures which are critical factors influerg electricity production. With the
recent discovery of oil in Kenya researches caa héscarried out to study the effect of

oil discovery in electricity production.
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Appendix I: Data used

Variable

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

1995
1996

1997
1998

1999
2000

2001
2002

2003
2004

2005
2006

2007

2008
2009
2010
2011
2012

Eleconspn(Million
Kshs)

909

996
1067
1137
1220
1351
1426
1526
1640
1707
1838
1884
1946
2051
2229
2368
2645
2595
2753
2930
3061
3159
3323
3356

3490
3655

3689
3813

3625
3525

3934
4013
4310
4679
4879
5305
5582

5716
5813
6321
6273.6
6414.4

Etariff
(Kshs/Unit)
0.23

0.23
0.23
0.26
0.22
0.32
0.31
0.33
0.35
0.44
0.58
0.52
0.56
0.57
0.62
0.66
0.91
1.04
1.09
1.12
1.41
1.68
1.75

3.1

4.29
4.57

4.96
5.17

5.17
7

9.12
7.09

6.33
5.92

6.72
7.64

7.88

8.03
12.58
13.69
12.58
15.97

Py
(Kshs/Litre)
0.626

0.626
0.626
0.626
0.626
1.346

1.454
1.653
2.158
2.802
3.683
3.683

4.13
4.13
3.444
3.394
3.41
4.278
6.598
8.544
9.529

14.796

16.91

14.41
18.27

22.08
22.37

24.456
31.084

34.11
33.122

35.488
40.328

49.094
56.388

57.248

75.148
61.309
65.668
88.073
83.922

P
(Kshs/Kgs)
1.915

1.945
2.06
2.34

2.7
2.98
3.1
3.974
4,508
4.632
4.972
6.05
6.412
6.399
5.71
5.893
5.984
6.4
7.82

14.129

14.843

16.643

23.388

24.454

25.2
25.956

45
42

51
55.11

52.41
53.32

54.23
55.14

57.018
71.794

73.187

79.168
68.983
94.114
131.42
213.02

Ind(Million
Kshs)

42530.2
62327.4
67242.2
67778.5
68090.8
67832.3
76549.1
84643
87634.3
92306.6
95999.5
97621.2
98082
100171
106055
110273
116105
122328
129888
135947
139393
139320
139600
142259

147288
152289

154104
154467

150816
148053

156192
159857

169639
176548

184295
193444

207121

216820
222890
234847
241413
247979

Popn(Million)

11.7
12.1
12.5
12.9
13.7
13.8
14.3
14.9
15.3
16.7
17.3

18
18.8
19.9
20.1
20.9
21.6
22.4
23.2

24
24.8

25

26
26.8

27.5
27.4

27.1
27.9

28.7
30.2

30.9
32.2

33.2
34.2

35.1
36.1

37.2

38.3
38.6
38.5
39.5
40.5

RGDP(Million
Kshs)

309994.7
362949.4

384351
399977.2
403505.8
412197.2
451165.5
482352.3
519084.5
548111.6
568794.8
577363.6
584921.5
595188.2
620784.6
665341.8
704843.8
748566.6

783677
816529.1
828273.6
821651.6
824553.7
846262.4

883550.6
920190

924560
954980

976996
982855

1020006
1025584

1055659
1109543

1175080
1249470

1336849

1357262
1394386
1474771
1539306
1605496

Rainfall
(Millimetres)

20435.4
25730.9

23053
24296.3
25741.2
24241.9
38878.8
37887.7
34042.3
26233.1
32380.2
39620.9
30242.8
25149.1
30632.7
30771.5
26704.3
35747.8
34928.3
33424.2
28086.7
27880.3
26945.7
34341.1

30395.5
27239.9

45876.1
37209.6

30421.1
24784.7

34144.3
35846.4

31007.9
30395

25052
43605.6

32836.3

29023.7
27722.4
34247.3
33172.5

30293
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