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ABSTRACT

This study examined the relationship between renewable energy generation excluding hydro
and economic growth. It employed a multivariate approach hence other vamahleed in

the study were financial development, export of goods and services, and carbon emissions. The
study was prompted by the ambitious energy plan and the declining reliability of hydro power
due to changing climaie Kenya To ensure robustnessthe outcome, the study used Cobb
Douglas production function,-Bound test, and Vector Error Correction Model in achieving

the objective of the study using tirseries data from 1980 to 2014. There was evidence of a
long run dynamic relationship betwemmewable energy generation excluding hydro and the
other variables. The study discovered tivathe long run1% rise ineconomic growttwould

lead to 3.424% increase irenewable energy generation excluding hydrRenewable
electricity is also seen asmultifaceted development carrier as, in the fang 1% increase

in RE influences financial development (0.44% increase), export of goods and services
(0.352% decrease in value) and carbon emissions (1.06% decfidessjudy advocates for
extensive reewable energy generation developniraludingimprovemenenergy efficiency

and energy saving regulations as reduced energy demand would not impact negatively on the
economy. Such measures also lead to improved energy conservation and environmental

protection through reduced emissions

Keywords: Renewable generation, Electricity SuppgBobbDouglas



R®s um®

Cette étude a examiné la relation entre la production d'énergie renouvelable, a I'exclusion de la
croissane ®conomi que et deonslstte®uneappocima naultivaried @au u d e

| e c hoi wariablésacluses darss I'étude dontdéveloppement financier, I'exportation

de biens et services et les émissionsatbone. L'étude a été justifipar le plan énergétique
ambitieux et la biase de la fiabilité de I'nydroélectricité en raison de I'évolution du climat au
Kenya. Pour assurer la robustesse du résultat, I'étude a utilisé la fonction de production de
CobbDouglas, le test4Bound et le modele de correction d'erreur vectorielle ptteindre
I'objectif de I'étude en utilisant des séries chronologiques de 1980 a 2014. Il y avait des preuves
d'un long terme relation dynamique entre la production d'énergie renouvelable hors
hydroélectricité et les autres variables. L'étude a rév@gaglong terme, 1% de la croissance
économique entrainerait une augmentation de 3,424% de la production d'énergie renouvelable,
a I'exclusion de I'hydroélectricité. L'électricité renouvelable est également considérée comme
un porteur de développement altiples facettes car, a long terme, une augmentation de 1%

de linfluence des RE un impacturle développement financier (augmentation de 0,44%),
I'exportation de biens et services (baisse de 0,352%) et les émissions de carbone (1,06%
diminution). L'étwle préconise un développement étendu de la production d'énergie
renouvelable, y compris I'amélioration de l'efficacité énergétique et des réglementations
d'économie d'énergie, car la réduction de la demande d'énergie n'aurait pas d'impact négatif sur
I'écanomie. De telles mesures conduisent également a une meilleure conservation de I'énergie

et a la protection de I'environnement grace a des émissions réduites.

Mots-clés Production renouvelable, Approvisionnement en électricité, Callylas
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CHAPTER 1
INTRODUCTION

1.1 Background Information

Energy is a crucial element for the growth of an econokegording toSathaye et al.

(2011) there exists a strong correlatitbetweenincreasd energy useand economic
developmeniThe study also findsorrelatiorbetween increased energy use gretnhouse

gas emission. In the recent years, there have been calls for sustainable develogment
necessitates the use of secure, accessible, affordable, and sufficient supply of energy
(Alexander Roehrl, 2009; Kaygusuz, 2012; Meadowcroft, 2009; Sathaye et al., 2811)
economies continue to grow, more and more energy is demabdeeloped economies

have high electricity consumption rates compared to the devglapiteast developed

countries.

As more economies aim at improving the level of their economic growthartkrfor
electricity is likely to increase on a global scale. As illustrdigd-igure 1-1 from the
International Energy Outlodk0186 electricity is the fastest growing form of ende energy

in the worldexpected to increadsy 69%to 36.5 trillion kilowatthours (kwh)by 2040
from 21.6 trillion kWh in 2012s per reference case projectiohise norOrganization for
Economic Cooperatioand Development (ne@ECD) countries are expected to have the
largest share of the growth, witheir world share of electricity generation increasing to
61% by 2040 owing to continued strong economic gravi&A, 2016)
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Figure 1-1 OECD and nofOECD net electricityeneration, 199@040 (trillion
kilowatthours)Source:lEA (2016)

The world gross domestic product (GDP) from the IEO 2016 reference case projections is
expected to grow at an average of 3.3% per year from 2012 to 2040. However, much of the
growth is expeied to occur in noi®ECD countries with a GDP growth averaging 4.2% per
yearcompared to 2.0% average growth rate per year for the OECD co\jlE#e2016)

The continuedkxpected growth in electricity demand especially in emerging economies has
raised issues with regards to the sustainability and security of Sémil\y Muneer, 2007,

Kruyt, van Vuuren, de Vries, & Groenenberg, 2009; Winzer, 204@)ording tolEA (2016),

carbon dioxide emissions are expected to increase from 32.2 billion metric tons in 2012 to
432 billion metric tons in 2040 from the reference case scenario. Much of the increase is
expected to occur in developing countries thatprogected to continue heavily relying on
fossil fuels to meet the fagrowing energy demand. Such development wdalll to
increase in emissions by 51% for emerging economies compared to about 8&dralop
economies (IEA,2016).

There is growing consensus on the neegrtdect the environment by limiting electricity
generation from sources thaggravate climatehange throgh emission of carbon dioxide
(Hansen, Sato, & Ruedy, 2012)here isalso growing need to use alternative sources of
electricity sources in order to avoid aggravating issues of climate cli@hg®n & von
Wouehlisch, 2013) Renewable energy sources are an attractive alternative in ensuring
sustanable energy that can lead to the achievement of world energy security through reducing

dependence on fossil fuelBhe development of renewable energy resources is as a result of



improving costcompetitiveness, policy initiatives, improvement in #ueess of financing,
growing demand for energy, environmental concerns and teeé fug access to modern

energy.

The market for both centralized and distributed renewable energy are emerging globally
Global energy is under transiti@s the renewable emgr share in the global final energy
consumption stood at 19.2% in 20(REN21, 2016h)The year2015 witnessed the highest
annual increase ever in renewable energy power capacity with an addition of 147 gigawatts
(GW) (REN21, 2016h)Despite the fall in crude oil prices that were withessed in 2014, global
investment in renewable energy continued to rise surpassing net investment in fossil fuel
power capacity additions. The main drivers weoacerns for global warming as well as
continueddecline in per unit cost of solar photovoltaics (PV) and wMdreover, 2015
witnessed the signing of higirofile agreement following the UN Climate Change

Conference COP21 in Paris aimed at limiting glaterming b well below 2 degrees Celsius.

In Europegcountries such as Germany, Sweden, Dennitatl, Belgium Spainand Portugal
have made huge investments in renewable enémgye region,Germanywas leadingn
totalrenewable energyeneration cagcity with or withoutincluding hydraby end 2015The
country was leadingn biopower generation, solar PV capacity, and wind power capacity.
Spainand Turkey were leading Europe concentrated solar powand geothermal heat
respectively during the same periREN21, 2016h)In Asia and the Americaghinaand

the United States faired strongly in terms oétatapacity of renewable power.

The United States was leadiimgtotal bioenergy generation and geothermal capacity while
China led inhydro, solar PV, and wind power capacit{®&N21, 2016h)Other countries
such as India, Japan, Philippines and Brazil have also invested heavily in rieneneigy
generation in order to aid dependence on fossil fuglad ensure sustainability in supply as
well as securitylndia has extended its investmentsatar PV as the country believes that it

will provide more energy in future compared to otRE&rsources.

Developing countries have also increased investment in renewable éhgpgly of energy

lags demand in most of Africa approximately600 million people lack access to electricity

and about 730 million depend on traditiohedmasqIRENA, 2015) As the economies grow

at unprecedented speed in Africa, the major challenge has been energy. Modern renewable
technologies were only contributing around 5% of the final energy consumption in 2013

(IRENA, 2015) The renewable energy technologies witnessing largest deployment in the



African continent are solar power, hydropower, wind, and modern biomass for cooking.
Generally, most governments in developing countries keayated regulatory policiesnd
incentivesthat have led to an increase in the deployment of renewable energy

Kenya isin the East African regioand have improved itslectrification ratefrom 23%in
2013 to 65% in 2017 (KPLC, 2017he combined GDP of the region is increasangraging
6.2% in 2014 way above the s@aharan African average of 4.48th Kenya increasing its
GDP fivefold sincethe 2000dREN21, 2016a)Although agriculture has been the largest
economic sector in the regiometEast African Community has begun diversifyimgo
service and industrial sectors. This has led to increase in energy demand in avitbgam
estimatectlectricity demandjromth estimatedo remainat 5.3%6 annuallyuntil 2020

Electricity sector is based mainly on hydropower that accounts for approximately 65% of the
total installed grieconnected power with the remaining contributed largely by thermal
sourcefREN21, 2016a)Although hydropower is the predominant energy source, it is being
affectedby the changing climate that has reduced its reliability prompting the region to
diversify the energy sourc@/ith a GDP of$66 Billion USD, Kenya has the largest economy

in East and Central Africa and the seventh biggest in Africa. The country has atioopoi

48 million people and has withesse@&DP growth rate averaging/®o per yearThe country

has witnessedrowth inthe service sector as well as in telecommunaatimanufacturing,

and finance.

As il lustrated i n t hepmenbprogran coviering theipsriod2008 2 0 3 0,
2030, the country hopes to improve the quality of life of its citizgngdustrializing the

economy while maintaining a clean and secure environrmiéet.country has an installed

electricity capacity of about 2.@8W. Approximately 75% of the installed capacity comes

from renewable resources with hydro and geothermal dominatidghe remaining from

fossil fuel mainly diesel generato’ss demonstrateih the Least Cost Power Development

Plan 20112031, the countriiopes to increase the installed capacity to 22.7 GW.

There existshigh potential in renewable energy in meeting the high dentémaever, there

is slow uptake of renewable within the domestic energy mix other than geothermal which can
only supply a fraction of the total generation intended by 2030. Despite the low Ufs#aka,

is ranked second to South Africa for investment in clean energy in Ainidaixth globally.

In terms of geothermal energy generation, Kenya is thiagest producer of geothermal

energy. The renewable energy potential of the country is vast. The country has also developed

4



favorablepolicies that promote renewable energgeyation such as t1&9-yearfeedin-tariff

and removal of import duty teon renewable equipment.

Apart from hydro and geotherméthere arether renewable energy resources that are largely
untapped such domass, biogas, wind and sol@he renewablgrowth is expected at utility
scale, commercial and industrial scale, and also hgradfsolution.Given the huge financial
implication of the expecteidvesment n energygeneration, this study considered dependent
variablesthat affectelectricity geeration from renewable energy resourdd®e identified
variables arexports, foreign direct investmericonomic growth, and financial development.
Otherfactorsthat are likely to influencéhe deployment of renewable energglude wealth,
income level, availability of RE resources, technological advancement, and the need to reduce
on carbon dioxide emission to the atmosphere. sthdy will attempt aproviding policy

insights that will influence further development of RE generations.

1.2 Kenyan Economy

Among the East African countries, Kengaconsidered the economic, financial and transport
hub. The countries real GDP has remained on an average of 5 percent for since 2008. The
country also attained the status of a loweddle-incomecountry from 2014fter its GDP

per capita crossed the threshold set by the World Balthkough Kenya is experiencing a
steady growth and a growing entrepreneurial middle class, the growth trajectory could be
hampered by corruption and weak governance. The Corruptioed®ercindex provided by
Transparency International (T1) put the country among the most corrupt countries ranking at
139 out of 168 countries. Although actual figures are not available, issues of unemployment
and unde'employment remain extremely high aace estimated at about 40 percent of the
population.The Kenyan economy remaihgghly dependent on agriculture. As of 2015, the
industry contributed over 2 5accpuntsfar ebout75 of t he
percentof the labor force. The bulk of the agricultural output is from sisedle, rairfed
agricultureandlivestock production.

The major export commodities for the country amainly agricultural products witlea
horticultural producteing the most impontd. Other export items incluamffee, petroleum
products, fishtobacco, iron and steel produgtetroleum productsand cementThe main

export countries are UK, Netherlands, Uganda, Tanzania, United States and Pakistan.
K e n yeapdrof goods and seizeshas ber on the increas@t a constant value 20U5$)

as shown irFigure1-2. The value increased from about 2.6 billion dollars (2083$) to 9.5



billion US dollars (constant 2010) (WDI, 201&).terms of contribution to GDP, the export
of goods and services contributed about 29.52 percent of GDP in 1980 with the share declined
to 16.92 perent of GDP in 2014 (WDI, 2016).
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Figure 1-2 Export of goods and servicasconstant 2010 U3

The economic growth of the countDP hasbeen growing over theesearch period from

1980 to 2014. As illustrated Figurel-3, the value of GDP moved from around 14.6 billion
dollars (constant 2010 USD) in 1980 to around 49.4 billion dollars (constant 2010 USD) in
2014.This shows that the economy expanded by athowae and a half times its value in 1980

by the year 2014. The GDP annual growth rate was highest in 1986 and 2010 with rates
reaching 7.1 and 8.4 percent respectively (WDI, 2016). The lowest growth rate was actually
a negative value at abotfl.8 percenthat was witnessed in 1992. This was largely affected

by the political turmoil that affected the country as a result of the rising multiparty democracy.
Despite the growth, the GDP per capigs remained nearly stagnant over the research period.
The valie was about 838 USD in 1980 (constant 2010 USD) and rising only slightly to about
1101 USD in 2014 (constant 2010 USD) (WDI, 20T®#je increase in GDP per capita is only
about 31 percent from 1980 to 2014 compared to the rise in the GDP by nearly &sir tim
over the same period. This was due to the increase in population growth. In 1980, Kenya had
a population totaling about 16.2 million. By 2014, the figure had risen to about 44 million.
The population growth rate remained abou@ fégom 1980 to around 94, with the highest
growth rates recorded in the early 1980s averaging about 3.8 (WDI, Z0t6).1994 up

until 2014, the population growth rate remained at an average of 2.6.
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Figure 1-3 Gross Domestic Produfidr Kenyain constant 2010 USD

As is the case in most countries in the East African region, electricity supply for Kenya was
widely dominated by hydro. The general supply mix includes hydro, geothewimal,
thermal, and imports. However, due to the increasing unreliability of hydro sources due to
climate change, the country is increasing its faougher sources includingatural gasgoal,
nuclear, and scaling up windnd geothermal. Solar is n@tdely considered in the national
energy plan for Kenya despite the huge potenfialillustratedby Figure 1-4, the country
hasexperienced variations in the share of electricity output from renewables with the value
rising as high as 96 percent in 1993 and dropping to as low as 46 percent of #leduieal
generation outpuin the year 2000.The access to electricity has also risen fiaout 5.6
percent in 1990 to about 36 percent in 20MDI, 2016) With therising demand promoted

by extensive rural electrification program and the neetblow through with the Paris
climate agreement, it will be essential for the country to focus its attention on renewable
electricity generation excluding hydrdhe generation potential of RE excluding hydro has

increased over the years as showhigurel-4.
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Figure 1-4 Electricity production from renewable sources excluding hydroelectric (kwh)

The country was producing about 140 GWh of electricity from renewable sources excluding
hydro in 1980 with the figure rising to about 4,234 GWh in 2014. The rise has beenust a res
of investment in geothermal, wind, and use of biomass. However, geothermal is has the
largest share contributing about 44 percent of the total electrical energy in the country (KPLC,
2017).The first geothermal generation plant was commissioned in d498lkaria and had a
capacity of 15MWMost geothermal developments have taken place after 2000 supported by
multinationalsmainlyfrom Germany, the United States and the World B¥¥ikd generation
capacityhas also grown frorthe two turbines that werastalled in Ngong Hills in 1993 to a
wind farm with a capacity of 5.1 MW in 2009. The wind farm capacity has been further
increased to 25.5 MW and is currently the onhe connected to the national grid. The
ongoing wind projects include Turkana Wind RaKipeto Energy Wind Park, Kinangop
Wind Park, Expansion of the Ngong Wind Park, and Mount Meru Wind Rérd power
capacity is expected to increase to 931 MW by 2024 (ERC/LCPDP, 2016).

The development of the Kenyan economy has also been contributeddayrtbstic credit to

private sector as a percentage of GDP that has risen over the study period from around 22
percent in 1980 to 34 percent in 2QHgure 1-5). Thevaluesindicate the extent of private
sector development and investment. This is essential in tapping the private sector potential
for socially useful purposebat are critical in reducing poverty. Investment in the private
sector especially in an increasing competitive market like Kenya has tremendous potential to

economic growth. The investments lead to productivity growth creating jobs and higher
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incomes. Ashe government plays a complementary role by providing regulation and service
The private sector has remained instrumental in providing basic services and conditions such

as improving education, health, and infrastructure.
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Figure 1-5 Financial Development: Domestic credit to private sector (% of GDP)

With regards to carbon emissions, the countrywiasessed a generally growing trend of
carbon emissions as shownRigure 1-6 from about 6197 kilotons in 1980 to about 13300
kilotons in 2013. This can be attributed to the growth in the use of fossil sources of energy in
the country due to the rising industrial adgivas well as transportation. Considering the
figures with regards to carbon emission per capita, the values have been reducing from 0.38

metric tons per capita of carbon emission in 1980 to 0.30 metric tons per capita of carbon
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However, considering plans enhance energy access with the plan including fossil fuels such

as coal, the share of carbon emission from electricity generation that has averaged 20 percent

over he years is likely to increase (WDI, 2016).
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Figure 1-6 Carbon DioxideEmissions (kilotons)

The countryds effort to improve its annual
hugely affected bynadequate infrastructure. There has been increased external investment
for infrastructure development. For instance, the Standard Gauge Railway aims to link Kenya
with Uganda, Rwandand SouttSudan with possibilities of connectimgth central African
countries.After the promulgation of a new constitution in 2010, Keagapted a devolved

system of governance in 2013 with the creation of 47 county governments. The intension of
the new system of governance is to devolve state revenues and responsibitigesounties.

It is also intended at strengthening governance institutioasiding addressing other
challengessuch adand reforms and securityp improve economic and social outcomes,
accelerate growth and ensure equity in the distribution of ressuThe devolved system of
government will also work at reducing extreme poverty and youth employfrenémphasis

on energy efficiency and enhanced exploration of renewable energy is likely to substitute
fossil fuel generated energy. Geothermal eleityrcurrently supplies over 40 percent of the
countryb6s energy demand with hydro providing
providing 3 percent and the rest from thermal energy using fossil fuel (ERC, 2017). The
ongoingwind projects, solar ahexplorations into biomass/biogas is likedyse the share of
renewable energy even further. Therefore, it is essential to study renewable energy generation

excluding hydro and growth nexus for the Kenyan economy.
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1.3Kenyan Energy Sector

1.3.1Institutional Aspects

The Kenya power sector has been undergoing reforms since its establishment in 1922 as the
East African Power and Lightening Company (EARGpvernment of Kenya, 2011Apart

from name change to Kenya Power and Lightning Company Limited (KPLC) in 1983, the
structural adjustment programs of the 1990s were critical in the liberalization of the sector
with the formation of the Keny&lectricity Generating Company Limited (KenGdhat was
responsible for generation assets while KPLC took charge of transmission and distribution.

The period also saw establishment of the Electricity Regulatory Board.

Further reforms have occurred in the power sector in Kenya especially through thg Ene
Act of 2006 that led to the establishment of Energy Regulatory Commission as well as the
Rural Electrification Authority. The developments in geothermal energy also led to creation
of the Geothermal Development Company (GDC) whose purpose is to dgeelttyermal
resources. The Kenya Electricity Transmission Company (KETRACO) was also formed in
order to carry out transmission (plan, design, construct, and own high voltage transmission of

132kV and above) leaving the Kenya Power Company to take caigrdfudion.

1.4 Policy Measures on Renewable Energy in Kenya

The Kenyan National Energy policy has undergone a number of changes brought about
through sessional papers, regulations and Acts of parliament. The sessional Paper No. 4 of
2004 led to changes thargeted the introduction of multiple renewable energy resources into
the energy generation mix. The objective of the energy policy is ensuring adequate, quality,
cost effective, and affordable energy supply while protecting and conserving the environment.
Renewable energy resources were identified as vital in meeting the objective. However, the
sessional paper identified a number of challenges influencing theaduation in the

generation mix.

The challenge that affected solar energy was lack of fawdlregulatory framework that

would enable creation of an enabling environment to accelerate the development and
utilization of the technology in the country. The government was also promotinegveisel

hybrid systems in remote areas far from the natignd. However, there still existed the
challenge of attracting substantial investment by the private sector in wind energy generation
in upscaling it to become si gMinistiyof&merngy, i n t
2004)
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The Energy Act of 2006 encouraged the development of multiple renewable energy resources
but not limited to biomass, geothermal, solar, wind, small hydropawenjcipal waste,
biomass and biogas. The energy act allowed for the formulation of a national strategy that
would promote research and provision of an enabling environment for the use of renewable
energy. The support policy included economic instrumerds as fiscal incentives and tax
relief. This also included development of a national energy efficiency and conservation
program that would further push for the use of renewable energy.

The establishment of the Energy Regulatory Commission in July 20@p@ated under the

Energy Act of 2006 was a milestone in the growth of renewable energy. It led to the formation
of the Renewable Energy Department whose mandate is to assist in developing and
monitoring regulations and standards for all forms of reneavaiérgy. The department was

also mandated to work with other statutory bodies such as the Kenya Bureau of Standards and
Kenya Forest Services. In addition, the department would use available energy data to prepare
an indicative energy plan for renewable well as promoting energy efficiency and
conservation in all sectors, and carrying out relevant research activities aimed at improving

the use of renewable energy.

In 2008, the Ministry of Energy introduced femdtariffs for electricity generated from
renewable energy resources. The operators of the national grid were obliged to connect plants
generating from renewable energy sources and guarantee priority purchase. A power purchase
agreement was also developed outlining the capacities and the mavanttita be paid. The
renewable energy sources that were considered under the arrangement were wind, biomass,

and hydro energy sources.

The Energy Regulation 1009 on Biodiesel Licensing targeted the production and
commercialization of biodiesel. It estadiied mandatory requirements such as the need to
have environmental impact assessment, safety and health standards compliance and a detailed
report on the source of biodiesel, projected production output, as well as quantity sold. The
intention of the regaltion was to ensure food crops or farmlands are not used in the
production of the biodiesel. The 208812 Kenyan Biodiesel Strategy relates to the 1009

regulation with an aim of sourcing biodiesel from Jatropha plant.

The revision of the feeth tariffs in 2010 was aimed at providing investment security to
renewable electricity generators, reducing transaction and administrative costs, and

encouraging more private investors to ventum® irenewable energy. The newTlFalso

12



expanded the number of renewaddeirces to include solar, geothermal, and biogas generated
electricity. The enacted tariffs were also specific on the plant capacity and the renewable
resource in use and were all valid for a period of 20 years. For instance, an investor in solar
power wil need to have a plant capacity of between 0.5 M¥0 MW with maximum feed

in tariff of 0.2 USD/kWh for a firm generator and 0.10 USD/kWh for-fiom generator.

The Least Cost Power Development Plan 2PQ31 that came into force in March 2011
projected h e ¢ 0 u ndost gnérgy geinezasion plan for the following 20 years that would

be updated yearly. The plan estimated that peak load by the year 2031 would be 13 times
from the value in 2011. Geothermal was identified as the-tess$tchoice in memg the
countryod6s growing energy demand and woul d
peak demand by 2031. Wind and hydro were the other renewable sources that were considered

in the plan with capacities of 9% and 5% respectively by 2031.

Second reision of the FIT for renewable energy was adopted in December 2012 taking effect
in January 2013. The revision led to the introduction of standardized templates for power
purchase agreements (PPAs) that would form basis for negotiations. The revisatsoact
included guidelines for undertaking grid connection study for all sscale renewables

including a standardized application form and progress reporting and monitoring framework.

The Kenyan government introduced tax incentives for renewable ener29lbk as an
economic instrument targeting solar, hydropower, wind, and solar thermal. With regards to
solar PV, the new policy offers an exception from value added tax (VAT) and import duties
for solar modules imported and are not equipped with batterig®ades. In addition, solar

PV semiconductor devices including PV cells and ligimitting diodes are subject to 5%
import duty. Although the tax incentives make it possible for increased supply of solar PV
modules through importation, energy storagdesys that require the use of batteries that
form an essential part of home solar systems are left out increasing the cost of the entire
system. For this reason, the tax incentive is seen to largely favorslzapegrid connected

solar PV systems excludjrmini-grids and solar home systems that heavily rely on batteries

as energy storage systems.

After the promulgation of the New Constitution in 2010, the government of Kenya has set to
review the energy sector through policies and legislation that wifLsteer development of
renewable energy. For instance, establishment of anrmtesterial Renewable Energy

Resources Advisory Committee (RERAC) was among the proposals made under the Kenya
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power sector medium term plan 262620. The body advises thaliinet Secretary on areas
entailing development and licensing of renewable energy generation such as geothermal,
wind, and hydro(Government of Kenya, 2015¥here are plans to transform the Rural
Electrification Authority (REA) into the National Electrification and Renewable Energy
Authority (NERA) that will take charge of developing renewable energy resources other than
large hydro and geothermal power plants. The reforms show the importance wéiglect
generation from renewable energy sources in order to protect environmental issues and also

in ensuring energy security for Kenya.

1.4.1Electricity Supply
As of March 2015, Kenya had a total installed capacity of 2177 MW that consisted of 820.6
MW of hydro, 588 MW of geothermal, 717 MW of thermal, 25.5 MW of wind, and 26 MW

from cogeneration. Isolated grid had a total capacity of 26 MW.

Table 1-1 Interconnected Capacity by Technology

Installed Effective Contribution
Hydro 820.60 797.50 37.7%
Geothermal 588.00 563.30 27.0%
Thermal (MSD) 633.00 614.50 29.1%
Thermal (GT) 54.00 54.00 2.5%
Temporary Thermal (HSD) 30.00 30.00 1.4%
Wind 25.50 25.50 1.2%
Solar 0.00 0.00 0.0%
Cogeneration 26.00 21.50 1.2%
Interconnected System 2177.00 2106.00 100%
Off grid 26.00 20.70
Total Capacity 2203.00 2127.00

Source (KPLC, 2015)

The Feedn-Tariff (FiT) Policy of 2008 has made it possible for the development of
renewable energy resources such as wind, small hydro, and biomass. The policy has attracted
private investors leading to diversification of the national power sourcesingremergy
security, as a well as employment. The Policy also obligates thmakeif to prioritize
purchase of electricity from renewable energy sources for a predetermined fixed tariff over a
given period of time. The revision of the policy in 2010 2ad2 allowed for the introduction

of off-grid solar and grid tie solar respectively. By 2015, more than 80 projects were approved

utilizing renewable energy technologi@overnment of Kenya, 2015)
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Table 1-2 Renewable Energy Technologies (Government of Kenya, 2015)

Wind Biomasé Small Solar Geothermal | Total
Biogas Hydro

With PPA 4 2 12 0 0 18
approval
PPA negotiations 2 2 5 7 0 16
underway
Doing feasibility 6 6 18 18 1 49
studies
Total number of 12 10 35 25 1 83
approved
proposals
Total Capacity 554.2 121.85 162.27 758.1 15 1611.42
(MW)

Currently,the FiT for electricity generated from the various renewable energy technologies
is categorizedlepending on the amount of generation and is also specific according to the
source Table1-3 andTable 1-4 shows €ed in tariff for projects less than 10 Mad more

than 10MW respectively.

Table 1-3: FiT for RE projects less than 10MW

Duration Installed Standard Percentage Max
Capacity FIT scalable Capacity
(MW) USD$/kWh portion of (MW)
the tariff

Wind 0.57 10 0.11 12% 10

Hydro 0.5 0.105 8% 10
10 0.0825

Biomass | 20 years 0.571 10 0.10 15% 10

Biogas 0.27 10 0.10 15% 10

Solar 0.57 10 0.12 8% 10

(Grid)

Solar 0.57 10 0.20 8% 1

(Off-

Grid)
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Table 1-4: FiT for RE projects more than 10MW

Duration Installed Standard Percentage Max
Capacity FIT scalable Capacity
(MW) USD$/kW portion  of (MW)
h the tariff
Wind 10.1 7 0.11 12% 500
50
Geotherma 351 70 0.088 20%  for 500
I first 12
20
years and
Years
15% after
Hydropow 10.1 7 0.0825 8% 200
er 20
Biomass 101 71 0.1 15% 200
40
Solar 10.1 7 0.12 12% 100
(Grid) 40

SourceLCPDP 20112031

Considering the planned future power capacity for Kenya, it is likely to be dominated by
geothermal, nuclear, coal, and impo®s. illustrated in the least cost power development

plan, the electricity installed capacity by type for theebasse is ashown inTable1-5.
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Table 1-5 the electricity installed capacity by type for the base case by 2031

Type Installed Capacity (MW) Contribution
Hydro 1039 5%

Nuclear 4000 19%

MSD 1955 9%

Import 2000 9%
Cogeneration 0 0%

GT-NG 2340 11%
Geothermal 5530 26%

Coal 2720 13%

Wind 2036 9%

Source: LCPDP 2012031

1.4.2Electricity Demand

Kenya is witnessing an improved trend in both demand and supply. For instance, electricity
generation in 2013/2014 was 8840 GWh, which was 9.3% higher than that generated in
2012/2013 at 8087 GWGovermment of Kenya, 2015)The growth was attributed to normal
growth of increased connections to wurban

transforming into an industrialized country as indicated in Vision 2030.

The number of customers connecteth national grid increased from 2,330,962 in 2013 to
2,766,441 in 2014 representing an increase of 18.7%. Electricity sales to
industrial/commercial customer increased marginally by 11% over the same period from 3440
GWh in 2012/13 to 3819 GWh in 2013/20 In addition, domestic consumption, both rural

and urban, increased from 1254 GWh in 2009 to 1777 GWh in 2014 with the urban consumers

taking up about 80% of the total domestic consumption.

1.4.3Electricity Retail Tariff

Electricity tariff in Kenya incorpotas cost of generation, transmission, and distribution. The
structure of retail tariff includes fixed charge, demand charge and energy charge. The Fixed
charge is meant to meet customer related costs such as metering, inspection, meter reading,

customer amounting, and maintenance billing. The Demand charge entails the costs
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associated with transmission and distribution and are calculated from long run marginal cost
of the transmission and distribution network. Both fixed and demand charges are constant but

vary with the customer category.

The Hectricity charge is calculated per kWh and is derived from long run marginal costs tariff
rates that are adjusted in accordance to the revenue requirement of KPLC. The charges vary
per kWh and also on different custer categories. There are other additional inclusions in

the retail tariffs structure whose costs uncertain and out of control of the utility. They are fuel
oil cost adjustment (FOCA), the foreign exchange rate fluctuations adjustment (FERFA), and
inflation adjustment (INFL). As the tariff policy allows the regulator to pass on the cost of

fuel to the consumers, they remain exposed to adverse fluctuations in prices.

1.4.4Electricity Balance

Kenya has been witnessing an increase in electricity demand as welirdk in the supply.

For the period 2009 to 2014, total electricity generated has rose from 6458 GWh to 8753
GWh while supply increasing from 6462 GWh to 8801 GWh over the same period. However,
there has been an increase in system losses from 16.36%%6. I®e increase in losses has

been as a result of system weaknesses and increased rural connections at low voltage

(Government of Kenya, 2015)

1.5Renewable EnergyLandscape in Kenya

Kenya is a growing economy with growing energy demantt hasan ambitious plan to
increase supply of modern eneitpyoughextension of the national grid as well as increase
generation capacity.he Sustainable Development Gaahdvocate$or affordable, reliable,
sustainable, and modern energy access for all. This requires increase in the use of renewable
energy sources as well as improvement in energy efficiddthyoughKenyais still grappling

with inadequate power and high cqstds yet to harness the full potential of its renewable
energy resourcdhe energy development plan for the couhigremained slow in adopting

most renewable ener@yto the generation miEnergy is critical in all sectors of the economy
affecting jobsfood production, security, climate change, affecting health and/or increasing
incomes.Sustainable energy is an opportunity to transform lives, the Kenyan economy, and

the entire planet.

1.5.1Biomass
Traditional biomass such as wood and charcoal are the main source of energy supply used for

cooking and heating at both household and institutional levels. The share of traditional
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biomass in the final energy use is approximated at 75% in Kenya and 80# East African
Region (REN21, 2016a)Biomass provides more than 90% of the energy needs in rural
households (ERC, 201Biomass is also widely used in industrieKienya such as in tea
factories as wood fuel to provide heat, and in brick burn@iarcoal industry in Kenya
employs approximately 1 million people across the value chain on-aapdrtulttime basis
contributing about USD 1.3 billion to the nationabromy.The regulation of the biomass
sector is esséial in ensuring sustainability. However, attempts to have-tagél policy
support have not been possible due political sensitivity of the matter. In addition, the
government agencies required to speaththe process lack coherence making it difficult to

develop a comprehensive regulatory framework.

There is increasing exploitation of biomass for power generation agdrnaration of heat
and power.There issubstantialpotential for power generation ing forestry and agro
industry residuesSugarcane bagasse has been the main source of biasra$s/product of
sugar production with MumiaSugar Company (Independent Power Produkaring an
installed capacity of 35 MW, feeding 26 MW of the generatedgr to the national grid
(RENZ21, 2016a) The government estimates the total potential for cogeneration using
sugarcane bagasse at 193 MW (ERC, 20d@dwever, sugar factories have estimated the
potentialat about 300 MW.

1.5.2Biogas

Biogas potetial is also large in Kenyavith Africa having a potential of 18.5 million
installationgREN21, 2016a)However, its development is more complex compared to other
forms of renewable energyhe low technology awareness has led to overall slow uptake of
biogas. There is are no enough technicians as well as inadequacyimspaiktion support
leading to poor management and maintenakKesya has utilized the services of African
Biogas Partership Program (ABPP) that helps lower investment cogisotoote the use of
domestic biogas cookinddowever, the country still has no subsidies domestic biogas
digestersUnder the ABPP program, the country managed to install about 16¢I26stic
biogas digesters with a few commeresited digesters installed in several institutions, farms
and abattoirgREN21, 2016a)There is still significant potential in domeshmgas industry

in Kenya. The largest impediment is lack of clear regulatory framework, technical and

financial support, and limited access to water supply.
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There exists potential in the use of biogas powtarough CHP systems imdustrial and
agriculturd sectors especially tse dealing in agrprocessinguch as flower, tea, fruits, and
vegetable industrieI.he government estimates the number of domestic biogas installations

at 8000. However, it argues that the situation is amorphous as the datgams drieduction

is not consolidated making it a challeig®w d et er mi ne t he countryds
2017).

The government has identified biogas poterisiimated at between-231MW in municipal

waste, sisal and coffee producti@iven the laclof clarity on the actual potential of biogas

in the country, biogas standards are currently being developed in order to pave way for
formulation of relevant legislations. The overall potential is estimatedest 1000 MW.

1.5.3Solar

Kenya has a huge solar patialwith daily insolation averaging-@ kwh/n? with an average

of 5-7 peak sunshine houfBigure1-9). Electricity generation potential in Kenya from solar
PV is far greater than what is consumed yearly from the nationgRyse, Stoner, & Pérez
arriaga, 2017)However, much of the development has been lefvffegrid solar markethat

is well-developedcompared tather East African countrie&\s shown inFigure 1-8 solar

PV development started in the mi®80s driven by the demand for lighting and television
from high-end customergurrently,market development is mainly driven by entrepreneurial
initiative, government progranmdonor activity angbrivate sectomvestment. Mre than 30%

of the population without access to the national grid us@radf solarPV solutions.The
innovative financing and distribution models such as thegsapu-go (PAYG) systems has
driven the uptakeThe system has been successful due to the use of mobile technology as
well as the reduction in the price of solar modules. For instapt@eln 2010 and 2014he
saleof quality-verified pico solar productdom Lighting Global in Kenya increased-141d
(Figure 1-7) (REN21, 2016a)
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Figure 1-7:Reported sales of Lighting Global quatigrified pico solar products in Kenya,
20102014
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Figure 1-8: Overview of offgrid solar PV market development in Kenya, 1985 to present

There are hindrances to the increased deployment of solar PV especially for domestic use.
For instance, théax incentive on importation is only specific for solar modules. Other
balance of system equipment such as charge controllers, batteries, invertesslaand

mounting systems are subjected to taxation raisingptaécost of installation.

Apart from soar PV, ®lar thermal water heating has the potential to lower the demand of
electricity. In Kenya, it is estimated that residential water heating consumes about 820
gigawatthours (GWh) of annual electricit¢aiven the high solar potential in the regidme t

use of solar water heating (SWH) reduces the power demand especially in the morning and
night hours when it is at peak 2012, the Kenyaic o v e r n @aan Waies Heating
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regulation led to increased installation to 140,000 by 2015. The installatepsogected

to increase to 800,000 by 20@®EN21, 2016aHowever, there is increasing resistafare
buildings constructed before 2012 as the grace period to have the retrofits with SWHSs that
expired in 2017 has not been implemented. This was largely dd@iliarain the regulation

that was supposed to make a follaw on theretrofitting progresgBusiness Daily, 2017;

Daily Nation, 2015)
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Figure 1-9 Direct Normal Irradiation for Kenya

1.5.4Geothermal
Kenya has a huge geothermal electricity potential inRtieValley averaging between
7,000 and 10,000 MWThe exploitation of geothermal started in 1981 when a 15 MW plant
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was commissioned in Olkaria. The resouisebecoming increasingly viable and an
essential source of grcbnnected electricity in Kenya as a laiggale electricity sourcét
providesa reliable source of baseload power and has relatively low cost and can be put up
in relatively inhabitable areas. Kenyads

the country the eighth in the worldterms of operational capacity.

There has been a continuous increase in geothermal power contribution to the generation
mix rising from 13% in 2010 to 26% in 2015, then 47% in 20RBN21, 2016a)This has

led to a reduction on reliance on hydropower that has proved unreliable due to changing
climate. The government has played a crucial role in the geothermal development as it
operates the Geothermal Development Company that does the exploration of geothermal
resources while KenGen owns and operates about 80% of the geothermal power capacity.
The explorations on geothermal eneigythe highpotential areas is still egoing. The

government hopes to have a total geothermal installed capacity of 5000 MW by 2030.

1.5.5Wind
Kenya has some excellent wind regime areas with potential output depending on the turbine
CF, 22,476 TWh/year X20%), 4,446 TWh/year (>30%) or 1,739 TWh/year (>40%)
(Figure 1-10). The windiest areas are found in northwest of the country and the edges of
the Rift Valley with winds speeds of abou¥B/s at 50mKenya is the only country in the
East African Community ith grid-connected wind powelVind has comparably low
electricity production costs and a potential capacitgvar 1,000 MW.The existing wind
farms are located in Ngong Hills near Nairobi with a total installed capacity of 25.5 MW.

There are a number of projects that are expected to come online includiad¢iBurkana

wind power project with a capacity 810 MW, which construction began in 2015. There

is alsoa planned 400 MW wind farm in Meru County with the French Developmgeney

(AFD) signing a EUR 60 million (USD 67 million) loan with KenGen April 2016
(REN21, 2016a)The funds were for construction of the first phase of the projée.
planned 60 MW Kinangop Wind Park project experienced a setback following the
withdrawal of investors due to resistance from local governments and residents as well as

delays in procurig the necessary documentations.
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Figure 1-10 Simulated Annual Wind Power Density (W/m2) at 50m above ground

Grid-connected renewable power is providagyowing share of final energy consumption.

The Kenyan government has already provided numerous PPA to different renewable energy
projects. However, most of the projects have not gone online due to implementation
difficulties. There are still no clear rdeand procedures preventing investors from
becoming more actively involved. For instance, withdrawal of investment from the
61MW Kinangop Wind Park project that already had a PPA in 2013 indicates the extent of
the implementation challengeBhere arealso challenges of securing a generation license
even with a PPA.

1.6 Mini -Grids

In 2005, the government begun distributed generation program aimed at providing basic

electricity to public facilities such as health facilities and boarding schools in remase are
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led to increase in demand for PV panels by over 200 kilowatt peak. At the time, there were
about 3000 eligible institution&igurel-11). In thelast 10 years, only about 750 have been
equipped with PV systems with a combined capacity of 1.65 MW peak by KPLC. Apart
from KPLC, private companies such as Powerhive and Talek Power Company have been
licensed to develop and operate rgnids in Kenya opning the market to the private
sector. The Talek is a pilot project implemented by GIZ meant to demonstrate the financial

feasibility and business model for solar hybrid rgnds.
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Figure 1-11: Existing and Potential Minagrid areas in Kenya

The development followed the Rural Electrification Master Plan of 2009 that recognizes
the role of renewable energy in electrifying areas far from the national grid. As at 2015,
about 5 offgrid stations hadeen equipped with the hybrid system with a combined
capacity of 210 kW. An assessment of the pilot projects has indicated that they are
economical with Internal Rate of Return (IRRs) of about 20% (Government of Kenya,
2015). Apart from economic benefitbe use of solar PV also has environmental benefits

as it reduces emissions associated with the use of fossil fuels such as diesel in the generation

of electricity.
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The use of distributed generation systems especially home solar systems has led éalincreas
access to modern energy. There are about 400 thousand solar home systems throughout the
country. The systems are of capacities between 25 to 30 W.

Although gridconnected systenege well covered through FiT policiebetdevelopment
of distributedrenewable energyeneratiorsuch as mini grids and staatbne systemiacks
clarity on how they contribute to the renewable energy targatsat 2014, Kenya had an
estimated 19.2 MW of mirgrid installed capacity with about 5% of the capacity being
from renewable sourcdREN21, 2016a)The only support given to distributed generation
is the tax incentives that affects importatimosts Given thatrenewable technologgosts
are on the declinghere is need to expand local technical capaspecially on nofinydro
renewable energy sources in order to ensure continued growth of the share of renewables in
the energy mixThis means that it will be possible to run on walele energy without
dependence on the grat the use of fossil fuel for lightingdowever, themediumterm
power development pla20152020does not reflecthe emphasis on renewable eneggy
indicated inFigure 1-12.
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Figure 1-12 Installation of Renewable energy for the 202920 Period

Source(Government of Kenya, 2015)

The projected development of renewables has focused more on geothermal and wind
with little or no emphasis put on other renewable sources of eneogyinstance, the
Kenyan government is aiming to install an additional 500 MW of solar PV to the grid while
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hoping for an additional 300,000 domestic solar systems by 2030. The projections are low

compared to a total potential for solar PV installaticstgveated at 23,046 TWh/year.

1.7 The Effects of Fossil Fuels

Kenya is a country in need of modern energy to promote the growing economy. Given that
the electrification rate stands at around 50% (KPLC, 2016), most of the population still have
a problem of gettig access to clean and affordable energy. The use of kerosene for lighting
IS common in most rural areas that lack access to electricity. In addition, the generation mix
of the country has a significant contribution from fossil fuels with diesel generators

accounting for about®» of total installed capacity.

There are a number of costs associated with the generation of electricity that often go
unnoticed. The costs are indirect and tend to affect third parties than those involved in the
generation and coamption of electricityApart from global instability in fossil fuels, there

are other factors that increase the costs that are external to the production dmat use.
instancea study on the use of kerosene lamps for lighting has indicated other costs no
considered when pricing the fuel such as the risk of respiratory illness and lung cancer
(Appleet al, 2010)

With regards to the use of diesel generators for electricity generation, a study conducted in
Nigeria showed the continued use of the generators led to air poltiothe release of

toxic substances such as carbon monoxide, NO2, andNB®@} & Chimelu, 2014)Kenya

is still working on having more electricity from diesel generation in the coming years with
capacitiescontributing about 30% of thetal generation mixThe negative externalities
associated with generation of electrigiged to be considereiring policy formulation as

the costs to third parties are rarely considered. There is need to address such impacts through
development of corrective actions. The authorities in the Kenyan energy sector should still
aim at ensuring every person has access to modern energy whédesairté time reducing

on the negative external effects.
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CHAPTER 2
LITERATURE REVIEW

The demand for modern energy services is on the rise given its contribution to economic
development as well as the wbking of humansThe energyeconomicgrowth nexus is
increasingly becomin@n essential tool for policymakers, not just econgnaise to its
significant policy implicationsGlobally, about 1.3 billion people are without access to
electricity, of which more than 95% are found in SdhararAfrica anddeveloping Asia

(Muok, Makokha, & Palit, 2015)Although SubSaharan Africa is very poor in energy
suppl, it is very rich in terms of energy resources. Africa has numerous renewable energy
resources. The predominant renewable energy source has been hydropower accounting for
about 15% of total generatigiRENA, 2016) However, there still exist opportunities in

the exploration of biomass, biogas, wind, and solar as additional sources of renewable

energy.

It was not until in the 1970s that studies into causal relationship between energy
consumption and ecomic growth became commddamil & Ahmad, 201Q)The first

study to look into causal relationship between energy consumption and economic growth
was done by Kraft and Kraft (1978) in the United States. The findings of the study indicated
a strong unidirectional causal relationship running from economowth to energy
consumption. The findings led to numerous empirical studies aimed at replicating the causal
relationship between energy consumption and economic growth in different countries and
regions across the glol§dkarca & Long, 1980; Alshehry & Belloumi, 2015; Apergis &
Payne, 2011; Hamdi, Shia, & Shahbaz, 20%gm, Shahbaz, Alam, Ahmed, & Alam,
2013; Magazzino, 2014; Mozumder & Marathe, 2007; Narayan & Smyth, 2009; Rafindadi
& Ozturk, 2016; Soytas & Sari, 2003; Yu & Choi, 1985)

The studies were significant given the interaction between energy consumption a
economic growth was considered essential to successful policies that would stimulate
economic growth. For instance, if the findings of causal relationship reveal a unidirectional
causality running from energy consumption to economic growth, any pestyations that

would affect energy consumption would also have a detrimental effect on the economic
growth. On the other hand, if the causal relationship reveals a neutral causal relationship
between economic growth and energy consumption, then puwlitgtives aimed to

conserve energy may result in little or no impact on economic growth.
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The findings of the existing empirical studies do not indicate any strong consensus of the
causal relationship between energy consumption (electricity) and economib gegardless

of the studies being country specific, focusing on regions, as well as multiple countries. This
makes it a challenge in providing reasonable policy recommendations for energy,
environment and/or economic growfhhe studieson causal relatinship between energy
consumption and economic growth sded to two sets of outcomes. One school of thought
argued that energy was an essential requirement for economic growth since it complemented
other factors of productiofAsafu-Adjaye, 1999Wwhile others argued that there was a neutral

relationship between energy consumption and economic g{@etftas & Sari, 2003)

The two schools of thought led to numerous other studies whose findings were viewed to be
largely dependent on the time series data and the method of aaalifsy lacked uniformity
(Mabea, 2014)The commonly used models in the identified studies were multivariate and
bivariate models. However, they employed different time series, methodologies, and
countries. The variables were also selected d#pgron their appropriateness to a given
country.For instance, the comprehensive literature survey perform@dtoykand Acaravci
(2010)and Peyne (2010) on the enemgonomic growth nexus consistently indicated that
the major factors for theontinued ambiguity in the research findings were: omission of
relevant variables, flaws in the methodology, and variation in the time series ethfanhe

study.

Karanfil and Li(2015)argued that changing the time period for analysis was not a sufficient
contributionto the literatures or for policymakers flrmulate effective policiesThe study
suggested exploring othemariableswith the potential to affect the relationship between
energy (electricity) consumption and economic growimat explains why various studies
have evaluated theelationship between energy and economic growsing various
parameters. There astudies that have focused on aggregated energy consurffkiamca

& Long, 1980; S. muhammad and hooi hooi Lean, 2011; Raza, Shahbaz, & Nguyen, 2015;
Soytas & Sari, 2003)pthers considering electricity consumpti@itor Ciarreta & Zarraga,

2007; Khatun & Ahamad, 2015; Menyah, Nazlioglu, & Woetdéael, 2014; Squalli &
Wilson, 2006)some studies looked into electricity generati®eung Hoon Yoo & Kim,

2006) others considered energy (&hali & El-Sakka, 2004; Islam et al., 201@hile others
looking into domestic electricity consumption alofMabea, 2014)Given the growing
concern about global warming, there is increasing interest on research on alternative sources

of energyincluding variables of climate change
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Following the reasons in the studhy Aitor Ciarretaand Zarraga2007) studies have
explored the inclusion aifther variables such as carbon dioxide (CO2) emis¢Maregaki,

2011) exportg(H. Lean & Smyth, 2010; Raza et al., 201a9pulation (Ismaett al, 2013),

labor and/or employmeriDogan, 2016; Menegaki, 201 X)nancial developmerislam et

al., 2013) energy pricgAsafu-Adjaye, 1999; Chandran, Sharma, & Madhavan, 2010; A
Ciarreta & Zarraga, 2010)capital (Bekhet and Harun, 2012; Soytas and, S407),
industrialization $hahbaz and Lean, 2012), income (Charfeddine and Khediri, 2016 Asafu
Adjye, 2000) urbanization (Charfeddine and Khediri, 201dde opennessShabazt al,
2013),and foreign direct investment (Kivyiro and Arminen, 20Tdng, 2009; Masi and
Masih, 1997. There is also inclusion of specific sources of energy in certain studies in order
to analyse their impact on economic growBome of the variables used in such studies
include: nonrenewable energy consumption and realel energy consumptidishahbaz,
Zeshan, & Afza, 2012)xrude oil and coal consumpti¢Bloch et al, 2015; Carainkt al,

2015). Various apsects of GDP have also been considered leading to various sets of variables
used in investigating energyowth nexus. They include real values of G{Bekhetand
Othman 2011; Ziramba, 2015)GDP per capitgdAlshenry and Belloumi, 2015;bli and
Youssef, 2015)GDP value adde¢{Husaini & Lean, 2015)and GDP gross outpuBékhet

and Harun2012).

In determining a causal relationship, the result of the causality test can lead to three possible
relationships; bidirectional, unidirectional, or neutr@he findings, depending on the
identified relationship, are then used to inform politigere are studies that have identified

a bidirection&relationship between energy and econogrowth @loch et al, 2015; At

Mulali et al, 2013; Shahbazand Lean, 2012) This means that both energy and economic
growthaffect each other. The implicatiam policy is that there should be more emphasis on

the development and deployment of renewable engrgyder to sustain the economic
growth. Renewable energys thus identified as an alternative energy source whose

exploration and use could enhancegbstained growth of the economy.

Unidirectional causal relationship can either be from economic growth to energy consumption
or from energy consumption to economic growthere are those studies that have found a
unidirectionalcausatelationshigrom economic growthto energyconsumptionklusainiand

Lean, 2015; Jebland Youssef, 2015Leanand Smyth, 2010 Soytasand Sari, 2003. The
findings of the studies indicate that energy demand may not have a significant impact on
economic growth.This implies that a country can reduce on policies that affect energy
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demand without affecting economic growtbuch a scenario is eminent where a country
develops policies on energy saving that reduce demand withouttingpaegatively on the
economy. Sch measures also lead to improveergy conservation anehvironmental

protectionthrough reduced emissians

On the other handhére are studies that hanentified existence of anidirectional causal
relationshipfrom energy consumption to economic growiogan, 2016; Alshehrand
Belloumi, 2015; Ziramba, 2015; Belloumi, 200%). such a scenario, policies developed
towards energy conservation have a detrimental effect on economic growth. The study by
Alshehry and Belloum{2015)on Saudi Aralathat is heavily dependent on fossil fuel is an
example of how suchunidirectional causatelatiorship emerge. Increased emphasis on

energy conservatioled to a negative effect on the growth of the national economy.

There are also studies that have revealed absence of a causal relationship between energy
consumption and economic growtaranfil andLi, 2015; Kivyiro and Arminen, 2014Yu
andChoi, 1985). The study on Zimbabwe by Kivyiro and Arminen (2@idiyatedno causal
relationship betweeenergy consumption and economic grofdhdata collected between
1971 and 2009This was also the caserfa study conducted on seventeen African countries
with results for Algeria, Congo Republic, Kenya, South Africa and Sudan indicated no causal
relationship between electricity consumption and economic growthr&sults for a number

of identified studieson bidirectional unidirectiona] and neutralcausal relatioship are
presented in Tabl. It is evident that some studies have been carried out omitting critical
variables as they have only examined the engrgwth nexus in a bivariate framewoikhe
studies that have used bivariate settinge a challenge of finding ce@gration and longun

causality meaning that the method is not accurate.
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Table 2-1:Studieson Bidirectional, UnidirectionglandNeutral Causal Relationship

Country Reference Method Findings
China Blochet al, 2015 Multivariate YO OO06P &
Germany Rafindadi and  Ozturk Multivariate YO &

(2017)
80 countries Apergis and Payne (2012) Multivariate YO &
Ukraine Wolde-Rufael(2006) Bivariate ®P 00
Tunisia ShahbaandLean, 2012 Multivariate O6P ©
Malaysia HusainiandLean, 2015 Multivariate WL &BOD
Tunisia Jebliand Youssef, 2015 Multivariate W HYO
Hungary Caraini et al. 2015 Multivariate @O YO
Turkey, France, Soytasand Sari, 2003 Bivariate 060 @
Germany, Japan
Turkey Dogan, 2016 Multivariate YO &
Saudi Arabia Alshehry and Belloumi, Multivariate ‘060 ®

2015 _
South Africa Ziramba, 2015 Multivariate 006 Il ®
Tunisia Belloumi, 2009 Bivariate ‘006 PO R
Sub-Saharan Africa Karanfil andLi, 2015 Bivariate 00 ®
Zimbabwe Kivyiro andArminen, 2014 Multivariate 06 ®
UK, USA, Poland Yu andChoi, 1985 Bivariate 06 ®
European Countries Menegaki, 2011 Multivariate ® YO
Algeria, Congo Wolde-Rufael (2006) Bivariate 00 ®
Rep., Kenya, South
Africa, Sudan

Y :GDP, Yva: GDP value added;C :energy consumption, ECcr: crude oil consumption,
ECpc: Energy consumption per capita, ECng: natural gas consumption, EL: electricity
consumptionRE: renewable energy consumptién, P and represent undirectional

causality, bidirectional causalityand neutral causality, respectively

The elasticity relationships also crucial in determining the interaction between economic
growth and energy consumptioBeveral studies havexamined the response between
economic growth and energy consumption smghe studies have found that consuopbf
renewable energy does not impact positively on the economic g¢awtulali et al, 2013;
MarquesandFuinhas, 2012 eanandSmyth, 2010)The major impediment of the renewable
energy is the associated coseeded to develop a renewable energy plant especially solar
and windthat have affected their influence on the economic growth. However, the costs are
on the decline. In additiothere are countries that have experience positive influence in the

economy as result of investment in renewable energy. The presence of both positive and
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negative responsmdicatesa mixedeffect in the use of renewable energy. In developed
economies, the consumption of renewable energy has a higher likelihood of pesjivese

as the countries tend to put more emphasis on environmental protection. The high per capita
consumption of electricity has influenced development of policies that favor the use of
renewable energy such as taxes on-remewable sources of electtjic However, the
developing countries are working towards improving consumption of energy per capita

leading to subsidies that make renewable energy uneconomical.

From the reviewed literaturetudies that look into causal relationship can be broadly put into
two categories. The first category entails studies that have focused on multiple countries and
the second category are studies that have been country specific. The results from e studie
show that findings of the causal relationships have been med.of the studies was
conducted byroo (2006)that involved examination of causality between economic growth
and electricity consumption in four ASEAN countries: Indonesia, Singapore, Malaysia, and
Thailand. The findings of the study showed a bidirectional causalitilalaysia and
Singapore. The remaining two countries, Indonesia and Thailand, had a unidirectional causal

relation running from economic growth to electricity consumption.

A more recent study by Yoo and Kwak (2010) used cointegration and Granger gausalit
techniques by Hsiao (1981) to investigate the economic grovellectricity consumption
nexusfor seven South American countries. The result indicated that a majority of the
countrieshad a unidirectional relationship running from electricity consumption to economic
growth. Those were Argentina, Brazil, Chile, Colombia, and Ecuabwe. results for
Venezuelandicateda unidirectional relationship running from economic growth to etgtri

consumption while Peru had a bettional causal relationship.

An investigation intoll OPEC countries was carried out $gualli (2007) investigating
electricity consumptioreconomic growth nexus using the bound testing approach to
cointegration and Granger causality test followingda andyamanoto (1995) The study
found longrun dynamic relationship among the variables in the selected OPEC countries.
With regards to causality, the study found a bidirectional causal relation between electricity
consumption and economic growth in Qatar, lkad Saudi Arabia. There was unidirectional
causal relation running from economic growth to electricity consumption in Algeria, Iraq,
Kuwait and Libya. In addition, the study found unidirectional causal relation running from
electricity consumption to ecomoc growth for Nigeria, Indonesia, United Arab Emirates,
and Venezuela.
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Narayan and Smyth (2009) investigated the causal relationship between economi¢ growth
exportand electricity consumption in Middle Ealsat included théollowing countriesiran,

Israel, Kuwait, Oman, Saudi Arabia, and Syria. The findings of the study showed
unidirectional causality running from electricity consumption to economic growth. In
addition, economic growth was found to Grangause exports only in the shouin. Ozturk

and Acaravci(2010) did a study investigating lomgn causal relationship between economic
growth an electricity consumption four European countrie.he countries were: Albania,
Bulgaria, Hungary, and Romania. The findings indicated a bidirectionahlcalationship
between economic growth and electricity consumption for Hungary while the remaining

countries had no causal relationship between economic growth and electricity consumption.

Apart from studies that have used multiple countries, there anenous other studies that

have carried duresearch on single countrida. a study conducted bayne(2009) the
researcher suggested grouping the studies based on four types of hypothesis in order to
enhance clarityThe hypotheses are: growth, conservation, feedback and neuftfélay
growth hypothes follows thatrenewable energy generation excluding hydas a direct
contribution to the economic growth. The findings are supported by the hypothesis if the
results indicate a unidirectional Grangawusality running fromenewable energy generation

excluding hydrato economic growth.

The conservation hypothesis indicates that energy conservation policies will not have an
effect on the economic growth. This is witnessed when results indicate unidirectional
Grangercausality running from economic growtthrenewable energy generation excluding
hydro. The feedback hypothesis indicates that economic growth and electricity consumption
are interdependent and complement each other. This occurs where there is a bidirectional
Grangercausality between economic growth amshewable energy generation excluding
hydro. Lastly is theneutrality hypothesis where there is no Grangmrsality between

electricity consumption angtnewable energy generation excluding hydro
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Table 2-1 highlights some of the studies that have been specific to a given country with

findings supporting either of the hypothesis.

For the case of Kenya, there &neited studies that have explored #lectricityconsumption
and economic growth nexas shown inTable1-1. One of the studies was conducted by
Odhiambo(2010) and includedthree countries in the SuBaharan Africanamely Kenya,
South Africa and Congd he study used a multivariate approaath the methodology using
ARDL and Granger Causalityith the following variables: energy consumption per capita,
real GDP per capita, and consumer price index in evaluating causality between energy and
economic growth. The findings of the study indicated a unidirectional caelasibnship
running from energy consumption to economic growth for Kenya and South Affioa.
resultssupportthe growth hypothesis meaning thextergy conservation policies are likely to
negatively affect the economWolde-Rufael (2006) did a study or7 lAfrican countries
using the bivariate approach to test the lomg and causal relationship between electricity
consumption per capita and real gross domestic product (GDRjp&x for the period 1971
2001.

The study employedPesaran, Shin, and Smith(2001) bounds testing approach to
cointegration in gamining the presence of lomgn relationship. For causality test, the study
used the test suggested by Toda and Yamamoto (1995). The findings of the study indicated
existence of cointegration in only nine countries out of the seventeen; Kenya not among t
nine. The results for Kenya showed no causal relationship between electricity consumption
and economic growthl he bivariate study did not find cointegration and long causality
implying that electricity consumption and economic growth do not affetit other. This can

allow the implementation of energy conservation policies as they do not affect economic
growth However, economic growth was found@angercause electricity consumption in
Cameroon, Ghana, Nigeria, Senegal and Zimbabweeakelectricity consumption was
found to Grangecause economic growth in Congo, the Democratic Republic of Congo,
Benin, and Tunisia. Countries that had a bidirectional causal relationship were Egypt, Gabon
and MoroccqWolde-Rufael, 2006)

Country

Reference Method Findings
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Kenya, South Odhiambo (2010) | Multivariate approach 06° ©

Africa and Congo

Kenya and 16 Wolde-Rufael Bivariate approach 006 ®

other African (2006)

countries

88 countries Apergis and Multivariate approach OO ©
Payne (2011)

Table 2-2 Studies on relationship between Electricity Consumption and Economic Growth for

Kenya

There arestudies that have looked at different economies accordimgameclassification

The study by Apergiand Payne (20)1lexamined the relationship between electricity
consumption for 88 countries thfatlowed the world bank categorizatiomhe results were

thus put in two classe$he variables used for the study were: electricity consumption, labor,
and ral GDP.The first class looked into high income and uppéddle income countries

that indicated a bidirectional causal relationship between electricity consumption and
economic growth. The second class, was the lowiddle income countries panel and the
low-income countries that produces a unidirectional relationship running from electricity
consumption to economic growth. However, bidirectional causal relationship occurred for the
lower-middle income panel in the longn. As Kenya iswithin the lowermiddle income

country level, the findings can be related to that of the country.

There are also studies that have focused onSaltaran Africasuch as Karanfil and Li
(2005). The study used bivariate econometric technique and findings indicated thaitglectri
consumption had a neutral relationship with economic growth. However, specific results for
individual countries varied from the findings. For instance, a study on Malawi employing
multivariate econometric technique revealed a bidirectional causaityebn electricity
consumption and economic growtbumbe, 2004)Another study in Zimbabwe revealed
employing multivariate econometric technique found a neutral relationship between energy
consumption and economic growKivyiro and Arminen, 2014)The study, which focused

on Zimbabwe, was more recent compared to the previous studies and employed multivariate
econometric technique using the following variables: carbon emission (CO2) per capita,

energy consumption per capita, GDP per capita, andyfodérect investment. The variation
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in the research findings indicate the need to focus on one country in order to evaluate the local

conditions.

With regards to the relationship betweenewablesnergy and economic growth, studies in

the recent past havfocused on investigating the relationship between renewable energy
consumption and economic grow#pergis & Payne, 2012; Ben Jebli & Ben Youssef, 2015;
Bloch, Rafiq, & Salim, 2015; Carani, Lungu, & Dascalu, 2015; Cerdeira Bento & Moutinho,
2016; Dogan, 2016; S. muhammad and hooi hooi Lean, 2011; Menegaki, 2dhayugh

the findings are not uniform across the studies, it is essential to investigate the developments
in Kenya with afocus on the direction of causalities and the elasticities with regards to
renewable energy generation excluding hydro and economic growth of the country.

Recent energy developments in Kenya has also seen increased investment in renewable
energy with gedtermal providing the largest share of generation mix at about 44 percent of
the total electrical energy (ERC, 2017). The changing clima®also seen a decline in
hydropower share of the generation mix to about 21 percent. This has led to increased use o
thermal power contributing about 32 percent of the total electrical energy in Ksisy@wn

in Figure 2-1 (ERC, 2017). Wind generation and imports contribute the remaining three
percent. There is still huge potential for other renewable sources such as solar and biomass
that are yet to be fullyxploited. For this reason, it is essential to investigate the impact of
investing in other renewable sources for electricity generation other than hydro. Most of the
identified studies have focused on energy consumption or electricity use. As per itigsfind

of this research, no study has focused on renewable ehegpynomic growth nexus. Few

studies have focused on renewable energy.
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Figure 2-1 Electricity Consumption by Share as at July 2017

Due to thanconsistency causality evidences and the declining hydro potential in KRisya, t
study attempts to examis¢he generation of electricity from renewable energyKenya
excludinghydrg asa dependent variablghile analyzing its relationship witlhe economic
growth (GDP per capita) (Y) while considerirgher determinants (expodf good and
services (Ex), carbon dioxide emissionfCO2), and financial development (FDh a
multivariate approachThe identified potential variablesvoid the omitted variables bias
exhibited in studies utilizing bivariate econometric technique. Therefore, the results of the
study are more robust, reliable and oriented towards policy as the variables are put into one
model.The study utilizes an augmentesbguction functionThe methodology involves the

use of CobkDouglas production function,-Bound test, and vector error correction model
(VECM) in determining the shorun and longrun equilibrium relationship between
renewable generation excluding hydeconomic growth, financial development, carbon
emissions, and export value in Kenyae Granger causality test will verify the direction of

the causality between the variables of interest and hence influence policy recommendations.
The following hypothsis are essential in the achievement of the study objective:

First Hypothesis: there is a short and long run dynamic relationship between generation of
electricity from renewable energxcluding hydroand itsdeterminantsgEx, CO2 Y, and
FD) in Kenya.
Second Hypothesis: there are short and long run elasticities between generation of
electricity from renewable energxcluding hydroand its determinant&x, CO2 Y, and
FD) in Kenya.
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[ll.  Third Hypothesis: there is a short and long run causality betweeratjenesf electricity
from renewable energgxcluding hydroand its determinantéEx, CO2 Y, and FD)in
Kenya.

The augmented ColbDouglas production function andidound test are essential in examining

the dynamic relationships and elasticities betweeremggion of electricity from renewable
energy and its determinantx( CO2 Y, andFD) in Kenya. The vector error correction model
(VECM) will be essential in analyzing the causal relationship between the variables. The result
of the findings will then beised to develop policy implications on deployment of renewable

electricity other than hydroelectric in Kenya.
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CHAPTER 3
METHODOLOGY

3.1 Data and Method Development

The study used secondary annual d#tat was sourced from th&/orld Development
Indicators (WDI) databaselt included economic growth in GDP (constant 2010 USD),
Renewable electricity production excluding hydroelectric in kilowatthours (kWh), Export of
goods and servicegonstant 2010 USD), Financial development (FD) given in terms of
domestic credit to private sector (% of GDP), aadbon CO2) emissions in kilo tons (kt).
Thestudy covered sample perié@dm 1980 to 204.

The CobbkDouglas (GD) production functionhas been widely used in the analysis of
empirical and theoretical growth and productivityrepresenting the relationship between
outpus andinputs The method was proposed by Knut Wickesell (188026)and tested
against statistical evidence by Charlebfand Paul Douglas in 192Bumar, Sharma, &
Joshi, 2016) The use of the production function in energy by S{@¢893) enabledanany
researcherexamine theelationship betweeaconomic growth (Y)energy(E), capital(K),

andlabor(L). The augmented-© production function is as shown in equation (1).

w 00 v O Q)
The economic growtlY represents the total production influenced by energy, capital, and
labor inputs A represents the total factof productivity, whilel ,| , and are the output
elasticities ofenergy capital and labor. The elasticities are tbheed to determine the
responsiveness of output to a change in levels in either energy, capital, ofl tedyerare a
number of researches that have used this approach (Ghali -&akKz, 2004; Soytas and
Sari, 2007; Yuaret al, 2009). Other studies have included other variables such as coal, oil
and renewable energy as inputs in the production fun@Btoch et al., 2015yvhile others

have examined energy consumption from both renewable angnewable sources (Arbex
andPerobelli, 2010).

The concerns about global warming has led to crucial attention to renewable energy especially
with its potential in economic growth as well as enhancing environmental proté¢dnya

is also upscaling the growth of its renewable energy potential although hurdles still exist that
affect optimum exploitation of the resourc€ven the stagnatiom the deelopment of

hydroelectricity, there is a strong focus towards developing other renewable sources of
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electricity such as geothermal and wirthis has influenced the inclusion of renewable
electricity productionn the augmented production functiercluding hydrelectricity, thus,
replacing energy Bs shown in equation 2.

®w O0YOu 0 2
Although A has been considered as a constatie, there are studies that used financial
development (FD) (Shahbag al, 2013). The authors argued that FD was essential in
enhancing domestic productibence affecting other variables included in the study such as
value of export, carbon dioxide emissions, and energy production needed to boost the
economic growthHowever, tlere are studies showing variation in causality patterns across
countries between FD and economic gro(@emetriades, P., & Hussein, 199%he study
on subSaharan African countrie&Kivyiro and Arminen, 2014)revealedthe dangers of
statistical inference resulting from treating different economies as a homogeneous entity.
There are studies that have indicated that FD enhances confidence of local as well as foreign
investors(Sadorksy, 2010) while others have pointedlmoited support fofinanceled and
tradeled hypothesisienyah, NazliogllandWolde-Rufael, 2014)lt is essential to examine
the Kenyan situatioby using the value of FD to represéniThis can be represented in the

production functioras illustratedn equation 4.

0o | 00 (3)

®w |'YOU 0 OO 4)
The demand for electricity will continue growing with the economic groWis is expected
to result in increased generation of electricity to satisfy the growing demand. A number of
factors are also likely to be affected. The carbon dioxide emissions for instance, will be
influenced by the energy sources. Moreover, the stateonomic growth will depend on FD
and will be illustrated by the value of exports among other parameters. For these reasons,
examination otausality issues, elasticities, atghamic relationshipwill involve a detailed
investigation of how the variéds influence renewable energy productioGiven the
influence of climate on hydroelectricity in Kenya, it will be excluded from the renewable
energy sources under consideration. Therefore, the study uses renewable electricity
production excluding hydro as dependent variable following other studies (Dogan, 2016;
Shahbazet al, 2015; Yoo and Kim, 2006). The economic growth(Y) becomesthe
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independent variable flanked with other factors; expbgood and service€02 emissions

andFD. The models thuswritten as in equation ()

YO |® Ow 60 OO (5)

In order to facilitate efficient analysis of the data, the variables are transformed into natural
logarithms formBy using natural logarithm, it gossible to obtain stationarity in the variance
covariance matrix Hatai et al, 2004; Changet al, 2001). The transformation enables
linearizationthat reduces heteroscedasticity resulting in more consist&uits (Shahbaand

Lean, 2012)In addition, it makes it possible to determine the elasticities of the dependent
variable(RE)with respect to the independent varialffésEx, CQ, FD)usingthe coefficient

estimateg h| ,| ,| ,l ).

DVOYQ | 00O 00w | 0UVAD

N (6)
| 00O f

The valud represents the timgeries data in years andepresents the stochastic error terms
that is assumed to be normally distributed including white noise that occurs in discrete time.
EViews statistical software@ersion 9.5was used for the analysi3he software offers
econometrics package for tinseries analysis useful for this research.

3.2 Methodology

The first analysis will involve investigatinthe basic features of the daaad existing
relationships between the variables by conducting a descriptive analysis of thesidgta
common sampleshe test reveals the nature of the data such as normal distrilfertoon.
the distribution statistics JarcBeraTest is usedo confirm normality as it teshatches the
kurtois and skewness of daféhis is followed by caelation analysis in order to t@mine

inter-relationship.

The second analysiavolve unit root test that will help deterngirthe quality of datdor
regressionThe test appliedarethe Augmented Dickey and Fuller (1979) aRdthilips and
Perron (191) for all variables bottat levels|(0) andfirst differencel(1). The Augmented
Dickey Fuller st (ADF) eliminates the problem of autocorrelation as would have been the
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case with the Dickey Fuller Test. Tiesthas three shapes that are usadeach variable
considering intercept only, trend and intercept, and when there is no trend iuercept.

The lag selection for the ADF test wastomated andbased on Schawarz Information
Criterion.The PhillipsPerron (PP) Test is a ngrarametricést when compared to ADF test.

The asymptotic distribution assumption makesuitable for large sample$he spectral
estimation method under PP was left under default (Bartlett kernel) and the bandwidth was
put on automatic selection following New&yed Bandwidth criterionin the EViews

software

The third analysis will look into the first objective of the studifie examination of the
dynamic relationship among variableshe long and shorun relationshipsemploys the
Autoregressive Distributed L§\RDL) model There are a number of assumptions guiding
the ARDL approachARDL does not work well with variables in second difference, %

lag lengths need to be optimalrors mustlsobe serially independerthe model itself need

to be dynamicdy stable, the ARDL approach can be applied if variables are stationary at
level or at first differencedn addition, theARDL model can be used in a mixture stationary

where variables argtationaryat level and first difference.

There are a number of aaivages of ARDL approach over the conventional cointegration
techniquesOne of them is that the bound iagt approach can be applied to the model
irrespective of whether the variables are all level or a mixture of level and first difference.
The second advantage is that The Monte Carlo analysis has shown that the ARDL
cointegration approach performs bettersmall samplegPesaran, M. H., Shin, 1999)
Thirdly, the ARDL procedure makes it possible to find the estimation even when the
explanatory variables are endogenous (Atard Quazi, 2003). Endogeneity is also less of a
problem under the ARDL as long as the model is free of residual correlBtiere is also an
advantage of the ARDL approaebhen compared to Engle and Granger (1987), which is a
single equation cointegration analysis that suffer from problems of endogeneity. The ARDL
approach is unique compared to Engle and Granger in that it can distinguish between
dependent and explanatory variables. MoredARDL method can yield consistent estimates

of the longrun parameters that are asymptotically normal irrespective of whether the

variables are at levels, first difference or mutually integréfegaran, M. H., Shin, 1999)

The Fbound ARDL test helped in identifying theshortrun and longun dynamic

relationship among the variables. The test is essential for the study as it eliminates the

endogeneity problems assuming all the variables are endogenous that occur when using the
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Engle Grangermethod(Al-Mulali, Fereidouni, Lee, & Sab, 2013lt also well suited for
small samples, 30 O t O 80, and allows the
variables. The test also makes it possible to have diffeggimal lags of the variables. The

model for the test is as follows:
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WhereY is the first difference operator andepresents the intercepts; | and s represents
the long and shorrun coefficients respectively; t is the time perigdthe lag order

selection; k represents optimal lag lengths; and u represent the residuals.

The Fbound test for the study will require the determination of optimal lag lengths to
facilitate the analysisThis was done by running vector autoregressive (VéRglelusing
unrestricted VAR on the endogenous variable$ OGRE, LOGY, LOGFD, LOGEX, and
LOGCO?2 for the sample length 1980 to 2014. Constant C was taken as an exogenous
variable From the autoregressive estimates, the lag structure was selectethas##R

lag length criteriaThe lags selectiowas based on the Schawarz information crite(t8@),

Akaike information critewn (AIC), final prediction error (FPE),HannarQuinn
informationcriterion(HQ), and sequential modified LR test statistic (e@st atc% level)

Various lag specifications are triedtihre model irorder to find the optimal that is common

among all criterions.

In the analysis of the loAgun relationship, the significance of theSkatistics on the lagged

level explanatory variable is applied. The process compares thel{{ppand lowerl(0)
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critical bound of the small sample size. It allows the testing of thehyppothesis of no
long-relationship against the alternative hypothesis of a-tangelationship. If the F
Statisticvalues exceed the critical value, the decision would be to reject the null hypothesis
of no longrun relationship. On the other handthé Fstatistic values are below the lower
critical value, then the decision is not to reject the null of no-lomgrelationship. In the

event that the {statistic values lie between the lower and upper critical bound, then no exact
conclusion can be nda as the test is uncertain. In such a case, the result may be based on
previous literature that made similar findings. There are studies that have suggested the use
of error correction as a way of determining dynamic relationship (Ma@Bekhet, 2015;
Boutabba, 2014)n their findings, he determination of ahsertrun relationshipccurs if

the null hypothesis of no shemin relationship is rejected.

The elasticities oRE Electricity production excluding hydroelectric considers that the use
of RE hasan influence on other determinants including economic growth. The ARDL
approach is used in the determination of both slaod longrun elasticities.The result of
the process helps achieve the hypothesis for short and long run elastatitiestb REand

its determinants.

Determination of causal relations will require the use of vector error correction model
(VECM). This helps in detecting the direction of causaMty.illustrated in the concept of
Granger caus Xtausegp, id yafahepaxitvdlues obcan be used in
determining the changes i The vector autoregression (VAR) can be used to find the
causal relations. However, for a set of variables that ametegrated, there exists short and
long-run causality that cannotebcaptured by the standard first difference VAR model
(Granger, 1988)In order to overcome this challengéetstruatire of the modelto

implement Granger causality must have the VECM framework as follows:

45



00 0OYO0 W,
v . I“I |
11D L O %
Yiid U OQ» |@.’.

LN o IR M

u 5rod) WU
o, 06°0Y0
S LD 6o
y||| | | | | e ||0 6 “O‘@(b
mm | | [ nagh ) ooV (8)
u 1T U §rod)

S =«
o
Os
<
i I

(N
q\
e

c

WhereY is thefirst difference operator and c represents the constant valisefor the
shortrun causal relationships while represents the serially uncorrelated random error
terms. Optimal lag length is representekjiyrepresents the time period whijlepreserg

the criteria used in determining the lag length on likelihood ratio test. The use of statistical
significance of ECi1 (Error Correction Term)oefficients in a {statistic alsofurther
validates the determined lomgn relationship between the variablébe estimate ofhe
coefficients also shosthe adjustment ratéom a shorrun toward the equilibrium path in

all models The results are essential in determining the causal relapohstween

electricity production from renewable sources exiclgdydro and its determinants.

The robustness of the error tergenerated by the ARDL model wetenfirmed usinga
number of tests; serial correlation, heteroscedasticity, and normalityltestduded the

use of Ramseyd6s reset test in correcting
short run relationships was verified using cumulative sum and cumulative sum squared
tests.The use of impulse response function (IRF) investgyatev the selected variables
react to the exogenous shocks.addition, theestimation of thesariance decomposition

(VD) for RE generation and its determinaistsnade that helps determine the percentage of
forecast error variana® the dependent variable that can be explained by exogenous shocks

to the independent variable.
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CHAPTER 4
RESULTS AND DISCUSSIONS

In order to make the research robust, the study startedrbpyng out descriptive statistics.
The data set for the study consists of thfdyr years of annual observations from 1980 to
2014.The data quality tests and int@lationships resultsf the descriptive statistics and

correlation matrixareshown in

47



Table4-1. The variables RE, EX, and CO2 are negatively skewed while FD and Y (GDP)
are right skewedKurtosis statistic of the variables shdlat d variables are platykurtic
(shorttailed or lower peak) with the exception of RE that is leptokurtic (kargd or
higher peak)The JarqueBera test follows the coittbn where it assumes existence of a

null hypothesis where residuals are normal.

From the results, the probability is higher than I8%el of significancendicating that the
null hypothesis cannot be rejected. This means alatesiduals of the variablesre

normally distributedAs illustrated in the findings
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Table4-1, RE generation from nehydro sources has a significant and positive relationship
with theothervariableswhich are consistent witlxisting literaturglvy-Yap and Bekhet,
2015; Matar and Bekhet, 2015; Narayan and Smyth, 200% intefrelationships are

important to forecast the behavior of RE changing positions.
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Table 4-1: Descriptive Statistics an@orrelation Matrix

LOGRE | LOGY | LOGFD | LOGEX | LOGCO2
Mean 20.16 23.94 3.13 22.29 8.91
Median 20.06 23.93 3.13 22.31 8.93
Maximum 21.51 24.57 3.46 22.93 9.51
Minimum 18.76 23.41 2.91 21.64 8.23
Std. Dev. 0.78 0.33 0.16 0.42 0.37
Skewness -0.26 0.17 0.21 -0.08 -0.06
Kurtosis 2.4 2.17 1.92 1.83 1.83
Jarque-Bera 0.9 1.15 1.9 1.97 1.97
Probability 0.64 0.56 0.39 0.37 0.37
Sum 685.55 813.8 106.5 757.7 302.84
Sum Sq. Dev. 20.08 3.56 0.83 5.82 4.56
Observations 34 34 34 34 34
LOGRE 1
LOGY 0.95 1
LOGFD 0.69 0.81 1
LOGEX 0.92 0.97 0.77 1
LOGCO2 0.75 0.88 0.85 0.85 1

Source: Output of the Eviews Software Student Version 9.5

Following the analysis of the descriptive statistics and relational matrix, thecstndycted
unit root test on the variables to ascertain whether they were statairiamgls or at first
difference To achieve this hte researchpplied the Augmented Dickeyuller and Phillips

Perron unit root tests.
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Table4-2 shows the results of the unit root test udmgall variables bdt levelsl(0) and

first differencel(1). At level 1(0), we can accept the null hypothesis of unit roots for all
variablesThis shows that the variables are not stationary at leleslever after taking the

first difference of all the variables, the series were found to be stationary with intercept and
trend. This led to the rejection of thell hypothesis of unit roots for all variablesfast
differencel(1) at a 5% level of significanc@his means that all the variables are stationary

at first difference.
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Table 4-2: Unit Root Test Results.

ADF P-P
Order of Test Test
Variable Exogenous | Integration | Statistic | P Value | Statistic | P-Value

C -0.1997| 0.9292| 0.0549| 0.9572
LogRE CandT -2.0045| 0.5781| -2.0045| 0.5781
None 2.2758*| 0.9933| 2.6826*| 0.9975
C 1.5688*| 0.9992| 1.251* 0.9978
LogY CandT -0.30733| 0.9871| -0.8739| 0.9476
None 10) 2.883*| 0.9985 7.210* 1
C -0.3083| 0.9134| -0.2937| 0.9157
LogEx Cand T -3.4952 | 0.0575| -2.676| 0.2521
None 2.9511*| 0.9988| 3.0275* 0.999
C 0.6297*| 0.9884| -0.1928| 0.9301
LogFD CandT -3.361°F 0.0737| -3.269% 0.0885
None 1.6720*| 0.9745| 1.2261*| 0.9406
C -0.4168| 0.8948 -0.522| 0.8743
LogCO2 Cand T -2.862 0.187| -2.9165| 0.1705
None 0.9933*| 0.9117| 0.9551*| 0.9061
C -5.4681| 0.0001| -5.4191| 0.0001
D(LogRE) |CandT -5.3954| 0.0006| -5.3495| 0.0006
None -4.7435 0| -4.7397 0
C -3.3075 0.0226| -3.3073 0.0226
D(LogY) |candT -3.5056 | 0.0552| -3.584F| 0.0468
None (1) -1.5108| 0.1206| -1.4669| 0.1307
C -2.4571 0.1354| -5.7208 0
D(LogEXx) | Cand T -2.4058| 0.3696| -5.6191| 0.0003
None -1.4932| 0.1245| -4.7471 0
C -6.0324 0| -8.0906 0
D(LogFD) |CandT -6.4676 0| -8.7739 0
None -7.5723 0| -7.7044 0
C -5.6354| 0.0001| -5.6525 0
D(LogCO2) |Cand T -5.7609| 0.0002| -5.7695| 0.0002
None -5.5664 0] -5.6071 0

Test Null: the variable has unit rodtt: the variable does not have unit robést conditions

to reject nullare Test Stat¥estCritical Value, P>% level of significancg®?denotes the

statistical significance level at 1%, 5% and 10% respectively. *denotes invalid model

(having a positive coefficient for the ADF test modé€l) constant, TLineartrend,None:

no trend and intercept.

Source: Output of the Eviews Software Student Version 9.5
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The identified stationary variables were usedtesting theexistence of a dynamic
relationship among them. This was carried out using theund test that was favorable
due to the small number of observations (ol The most appropriate model for the
analysis wadound testing autoregressive distributed lag (ARDL) approach. The approach
would helpunderstandvhether the variables are-gtegrated or notBefore conducting

the bound test, it was essential to determine the optimal ldg assult was dependent on
the optimal lag selection based on a number of criteria. Thvese: Schwarz Bayesian
information criterionSC), Akaike information criterioffAIC), final prediction erro(FPE)
HannanQuinn criterion(HQ), and loglikelihood ration (LR) in vector autorgressive
(VAR) model. The criterions are essential in selecting a suitable lag length that helps in
determining the dynamic relationstap it determines selection thie best ARDL model in
estimating elasticitiesThe results of optimal lag ordéestsin Table 4-3 show that the

optimal lag length isne.

Table 4-3: Lag Length Selection Criteria for €ategration

Lag LogL LR FPE AlIC SC HQ
0 77.924 NA | 7.22E09 -4.558 -4.328 -4.482
1 210.183] 214.921*| 9.05E12* | -11.261*| -9.8873*| -10.806*
2 229.442 25.277| 1.47E11 -10.903 -8.3834 -10.066

*indicates lag order selected by the criterion. LR: sequential modified LR test statistic (each
at 5% level). FPEFinal prediction error. AIC: Akaike information criterion. SC: Schwarz

information criterion. HQ: HannaQuinn information criterion.
Source: Output of the\lkews Software Student Version 9.5

The Fbound testsvasused in determininghe dynamic relationshipgmong the variables

with one lag based on the result of the optimal Teap(e4-3). The results of the testTéble

4-4) revealthat the Fstatistic for the LogRE modiés higher than the upper bound vakte

all levels of significancemeaning that the null hypothesis of nointegration among the
variablescannot be acceptethe findings show an-Btatistic value of 5.998 for LogRE that

is higher than the lower angbper bound leading to rejection of the null hypothesis of no long
run relationship. This means that there exists atangelationship among the variables. The
computed Fstatistic for the rest of the models were less than the upper and lower bound at
all levels of significance except for LogFD that was within 5% level of significaroe dher

model that indicated emtegrationand thus longun dynamic relationshipgasLogFD. The

findings aresimilar to that found in existing literature (Shahlea#., 2015; Marquegt al,
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2014).Although theresultsled totwo vectors of dynamic relationship, the achievement of

the objectives of the current study requireuke of the first model (LogRE).

Table 4-4: Dynamic Relationship Results (BouneSEatistic)

1(0) - I(1) bound at (%)
Model F-Statistic 10 5 1 | Decision
LogRE 5.9979 | 2.45-3.52 | 2.86-4.01 | 3.74i 5.06 | Co-Integrated
LogY 1.9735 No colIntegration
LogEx 1.61 No cointegration
LogFD 3.7740 Co-integration
LogCO2 2.288 No cointegration

Critical value bound with an unrestricted intercept and no trend (k=4, T=33) as computed
by Narayan (2005¥-°as definedn
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Table4-2. RE: Renewable energy generation. Y: GDP. EX: Export value, FD: finance
development. CO2: Carbon Dioxide Emissions.

Source: Output of the EViews Software Student Version 9.5
The estimation athe longrun relationship was carried out with LOGRE being the dependent
variable.The results of longun relationship infable4-5 were sensitive to the selected lag

length in the model. The regressoxgre treated as longun forcing variables as the

coefficientswere significant for LogY and LogCO2 at 5% level of sigrance inTable4-5.

Table 4-5:Estimated Longun Coefficients using ARDL model. Dependent Varidbd@GRE

Variable Coefficient Std. Error | t-Statistic P-Value

LOGYt 3.42450% 0.760404 4.503531 0.0002
LOGFDt 0.439321 0.826836 0.531329 0.6003
LOGEXt -0.35226 0.511637 -0.6885 0.498
LOGCO2t -1.060018 0.410874 -2.57991 0.0167

abas defined in
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Table4-2. Source: Output of the EViews Software Student Version 9.5

In order to confirm existence of the lengn relationship, the Error Correctidrerm was
used.From Table 4-6, ECT:.1 is significant and having a negative sign confirming the
existence of a longun equilibrium relationship among variables as consistent with other
studies (Narayan and Smyth, 2005heTvalue of ECi1 indicates adjustment speed back

to equilibrium in the dynamic model in case of any disequilibrium (Pesaran and Pesaran,
2009). In this study, the value of EGTwas found to have a negative sign and significant
(-0.7468, 0.0000). The efficient was highly significant at the 1% level of significance
with the correct sign reinforcing the existence of loag relationship among variables.
The findings imply a high speed of adjustment from a disequilibrium situation as 74.68%
of disequiliium from the previous year can be transformed back to-longquilibrium

in the current year.

Table 4-6: The Analysis of ECM and Shertin relationship using ARDL model. Dependent
Variable DLOGRE

Variable Coefficient Std. Error t-Statistic P-Value

C -34.3422 5.783405 -5.93806 0
D(LOGY)t 4.410293 1.37104 3.21675 0.0038
D(LOGFD)t 0.256954 0.354945 0.723926 0.4764
D(LOGEX)t -0.00511 0.419095 -0.01219 0.9904
D(LOGCO2)t 0.099435 0.23216 0.428306 0.6724
ECT¢y -0.74678 0.12586 -5.93337 0

abas defined in
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Table4-2. Source: Output of the EViews Software Student Version 9.5

The resuls of the model were used in simultaneous running of the ARDL model in
obtaining the longand shorrun elasticitiesTheresults confirmed that there is a positive
and significant relationship betwe&DP and REgeneration excludingydro sources

the longrun. The relationship is elastic arige positive coefficients (3.424 in the lengn

and 4.41 in the sherun) implies that an increase (BDP variable by IJpercentwould lead

to an increase by 3.4Z¥rcentin the dependent variable R the longrun and by 4.41
percent in the shorun. The result is consistent with recent studies where increase in GDP
led to anincrease in RE (Liret al, 2016; Marqueet al, 2014; Rafiget al, 2014).

There is als@ negative and significairelasticrelationship betweecarbon emissioand
RE generatiorin the longrun at 5% level of significancdt implies that an increase RE
generation by percent would lead to a decreasel§60percent in carbon emissions in
the longrun. In the shorrun the carbon emission is positive but remaietastic in the RE

generation.

In both short and lorrgun, financial developmen{FD) has a positive response and is
inelastic to RE. One percent increase in RE is due to indieaseial developmerity 0.44
percent in the longun. In the shorrun one percent increase in RE is likely to in attract a
0.26 percenincreasdn financial developmeniThe result is consisted with other findings
where FD promotes RE generation (Let al, 2016; Pfeiffer and Mulder, 2013;
Brunnshweiler, 2010).

Exportof good and servicdsad a negative response and is east REin the short and
long-run. One percent increase in RE would lead to 0.352 percent and 0.005 percent in the
long and shortun respectively drop in expast good and serviceslue.Figure4-1 shows

a representation of the dts of the short and loagun elasticitytestfrom Table4-5 and
Table4-6.
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Figure 4-1 Short and Longrun Elasticities

Sr = shortrun elasticity, Lr = Longrun elasticity

In determining theausal relationship among the variables, the study proceeded to carry out
VECM Granger causality test. The test would reveal the direction of causality among the
variables that would help in informing policies affecting electriggneration from
renewable sources other than hydro as well as policies affecting GDP, FD, Export value,
and carbon emissionhe findings are <critical i n

growth towards the development of renewable electricity.
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The solid arrow_ represent longun undirectional causal relationships and the

dashed arrows ~ ~ represent shoiun unidirectional causal relationship.
Figure 4-2: Shortrunand Longrun causality

In the analysis of short and lomgn causalitythat is represented Figure4-2, the results
discovered existence of lang-run unidirectional relationship between GDP and RE
generation as GDP was found to granger cause RE generation. The results were consistent
with those found in other studiemconomic growth leads to increased investment in
renewable energg¥oussef, 2Q5; Carainiet al, 2015) However, there are other studies
that provided contrarfindings (Marquest al, 2016; Menegaki, 2011)he results also
show thatRE generatiorexcluding hydrogranger causes Financial Developmenthe
long-run. An increase in renewable energy investment would leadcteased domestic
credit to private sectoRE generation from nehydro sources was also found to granger
causeExport Value and€Carbon emission both in the longn. The effect on expouf good

and servicevalue was positive while that on carbon emission was negative as witnessed in
the elasticitiesThe study byKivyiro and Arminen(2014) on subSaharan Africa also

revealedhatGDP granger causes CO2 emissions.

There were also results that demonstrated unidirectionatshodausality for all models.

GDP was found to granger cause CO2, FD and EX in the-slmfThe causalelation was
unidirectional. Export value was also seen to granger cause carbon emission and financial
development in the sherunboth through unidirectional relatiofhis means that increased
production of high value expoafffected carboemissionsand domestic borrowing by the
private sectorln addition, the study detected ti@drbon emissiograngercause financial

development.

The stability of the ARDL was tested based on error correction model (ECM) using
cumulative sum of recursive residugl@USUM) and cumulative sum of squares of
recursive residuals (CUSUMSQ) as a stability testing technique (Beivat, 1975).
CUSUM and CUSUMSQ plots iRigure4-3 andFigure4-4 respectively show that all the
residuals were randomly distributecand the fitted line. The plots remain within critical
bounds at 5 percent level of significance confirming the structural stability of the ARDL
model. The results coincide with existing literature (Siial, 2014, Islamet al, 2013;
Ghosh, 20095qualli, 2007; Narayan and Smyth, 2005).
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Figure 4-3: Plot of Cumulative Sum of Recursive Residuals for LogRE model
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Figure 4-4: Plot of Cumulative Sum of Squares of Recursive Residuals for LogRE model

Table 4-7: Variance Decomposition of LogRE

Period

S.E.

LOGRE

LOGY

LOGFD

LOGCO2

LOGEX

1

0.221425

100.0000

0.000000

0.000000

0.000000

0.000000
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0.259887

78.27790

14.65773

0.593508

6.002826

0.468029

0.325431

49.94985

39.88416

0.999345

8.447546

0.719097

0.371429

39.56082

49.95778

0.771215

8.199834

1.510347

0.414484

32.49937

55.51132

1.269088

7.374720

3.345495

0.454884

27.10597

59.85086

2.237744

6.234869

4.570562

0.498891

23.12342

63.34620

3.358340

5.309931

4.862113

0.541178

19.77616

65.73961

4.420004

4.877538

5.186687

O 0N O IW|N

0.573131

17.66859

66.98345

4.992345

4.777915

5.577706

[ERN
o

0.595295

16.43889

67.46359

5.394175

5.010663

5.692688

Source: Output of the Eviews Software Student Version 9.5

The use of Variance Decomposition (VD) highlights the impact of the predicted error
variance as contributed by each variable (Shaldtead, 2015). The results of VD as
presented iTable4-7 using Cholesky ordering over 10 horizontal periods show the impact
of other variables on electricity generation from RE sources excluding Mykdindings

show that RE generation excludiigdro is largely accounted for by GDP at 67.46%
followed by itself at 16.43% thdoy Export (5.69%), Financial Development (5.39%), and
lastly CO2 emissions (5.0%). The findings show that the identified variables play a
significant role in influencing gamation of electricity from RE sourcegcludinghydro. It

also shows that the growth of GDP is the most influential determinant influencing such
developments. The information matches what the country has been striving to do over the
past few years as it strives to improve its economy to thatiddleincomeeconomies
under the Vision 2030. The reduction of the proportiorcarbon emissions per capita

overtime indicates #himpact such developments have had on carbon emissions.
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Figure 4-5: ImpulseResponse Function Results

Figure 4-5 shows line plots of the Impulse Response Function (IRF) between RE and its

determinants. The computation is done by fixing an initial shock size equivalent to the time

series average of the stochastic volatility level for each series over the sample esiod

findings are significant as they illustrate the reaction of RE genertiame standard

deviation shock in the model. As illustrated in the findings, GDP has the most effective power

of one standard deviation shock on RE generation frorhgdro urcesThe findingsshow

the primary role played by GDP growtbwards the development of RE generation from

sources other than hydrb.is alsoessential to note that RE generatextluding hydraalso

responds positively due to shocks in FD especéthr thethird-time horizonas well as CO2

after thesixth-time horizon Value of exporbf good and serviceseems to have a depleting

effect on RE generatiowith the response stagnating at negative values aftdiftthd@ime

horizon.
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CHAPTER 5
CONCLUSIONS AND POLICY IMPLICATIONS

The paper examines the relationshigtweenRenewable Energy generation excluding
hydroin kilowatt-hoursand the economy in terms GDP (constant 2010 U3. It follows

a multivariateeconometric technique incorporatimglue of &port of good and services
(constant 2010 USD)arbonemission(kilotons), andfinancial development{Domestic
credit to private sector as a percentage of the GiSRfe additional variableShe use of
augmented € production function and-bound testvereutilized in analyzing dynamic
relationship and elasticities respectively amaing mentioned variablegn determinng
causal relationship, the study us®DL time-series approacbetween the variable$he
data set wagom 1980 to 2014.

In this stidy, descriptive statistics and relational matrix were used to analyze the quality of
data. The unit root test was then applied before determining integrating properties of the
variables.The cointegration relationship that was tested using the ARDL bounds testing
approach revealed that renewable generation excluding hydro, economic growth, financial
development, export of goods and servieggl carbon emissions are cointegrated for the
long-run relationshipAs a result of the findings, the research investigated the short and
long-run elasticities as well as causal relationship among the variables.

The resuls of the elasticities and causal relatiagignified he importance of GDP (Y) in
influencing increased investment in renewable energy genemtduding hydro (RE) as
illustrated by both short and long run relationshijne causal relation indicated by
unidirectional relationship fronGDP to RE implies that economic growtlstimulates
investment in RE generation excluding hydRenewable energy investment is also seen to
reduce carbon emissiomsthe long run given the negative response. Financial development
(FD) is also another key featuess it has positive response for RE genenaexcluding
hydro in both short and loagin. This implies that increased domestic credit to the private
sector creates significant investment in RE generation excluding tgxjport value was
also seen to have influence on RE generation excluding lytr@ unidirectional causal
relationship unning from RE to Export valueherewas also feedback effect between
variablesln another related developmentpertof goods and servicegas seen to have an
influence on carbon emissions as welbaginancial developmenihe same inference was

seen between GDRaving an influencen financial developmentcarbon emission and
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export of goods and servicgSarbon emissionwas also seen to Grangeause financial

development.

The keydistinguishingfeaure betweenthis studyand the past studies on Kenya is that it
uses renewable energy generation excluding hydrokay aariable.Previous study on
Kenya havefocused on the relationship betweelectricity consmption and economic
growth in developing policy implications. This research considers the growing energy
demand in Kenya and challenges regarding environment and sustainability. It also looks at
the growing potential in renewable energy generation from othecesoother than hydro

that is affected by the changing climate. Past studies have also provided conflicting results
as some used muktountries to draw conclusions for Kenya (Karanfil andD05; Apergis

and Payne, 2011).

Studies that focused on Kenyadamulti-country studies that included Kenya also used
different econometric techniques with some using multivariate wttilers using bivariate
approaches.Considering that there are studies that have used renewable energy
consumption as a dependent vhalga the study sought to investigate the relationship
between renewable energy generation in Kenya on the ecoveyn that it only focuses

on Kenya, it avoids possible problengshcountered in mukliountry studies. The
multivariate approach ensured thia study waable to uncover the level of impact of each

macroeconomic variable on renewablerggageneration excluding hydim Kenya

Following to this, he studyfound out thain both the shortun and in the longun one
percent rise in the Kenyabds economic growth
renewable energy electricity generation excluding hydro respectivedystudy also found

out that 1.060% decrease in carbon emission was as a result of 1%eanorezrsewable

energy electricity generation excluding hydro in the lomg Additionally, a 0.352%
decrease in the value of export of goods and services was observed as a result any 1%
increase in renewable energy generation excluding hydroisiéwphined by thelecrease

in the cost of power leading to decrease in the cost of exports increasing their competition
in the global market. Renewable energy electricity generation excluding hydro was also
seen to have a positive influence on financial devek. In this instance, it was
discovered that any increase in renewable energy generation excluding hydro would
increase financial development both in the shant and in the longun by 0.257% and
0.439% respectively.
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The error correction model for thisudy established a high speed of adjustment prospects
towards longrun equilibrium in response to shockgh regards to influence of renewable
energy electricity generation excluding hydro to export of goods and services, financial
development, carbonmgssion and economic growtfihe study attributed the quick
adjustment to the speed with which renewable energy sources excluding hydro come online.
The situation makes it possible to improve exports, carbon emissions and financial
developmentKenya has eécently invested heavily in geothermal power whose effect has
been felt in the economy by the reductiorthie cost and increase in reliabilitf power.

The development has seen electrification rates improve from 23% in 2010 to 36% in 2014
and 50% by 201@iriven mainly by increased generation capacity and the rapid rural
electrification program.

The findings of the study show that economic growth granger causes renewable energy
generation excluding hydro. Similar findings were discovered in previous chstar

Hungary (Carainet al, 2015) and Tunisia (Jebli and Youssef, 20T%)e implications of

the findings to the Kenyan economy is that economic growth will continue to drive
electricity demand leading to the investment in renewable energy electrgriration

excluding hydro.This is because growth in the economy will continue to require more
energyand an efficient electricity supply will mean competitive industrial output for export.

In addition, if investment in renewable electricity generatiariueing hydro continues in

thelongr un, it wi ||l have tremendous effects on
by reducing carbon emissions, reducing the cost of producing export goods)remte

financial development.

In the shorrun there is unidirectional causality runnitay financial development from
economic growth, export of goods and services, and carbon emisBloasshows th
influence the variables have on domestic credit to private inveStugse is alsghortrun
unidirectional causality running from export to carbon emissions and financial
development. This shows that export of goods and services have an influence on carbon
emissions and financial development of the couniffrere is another shertin
unidirectional causal relationship running from carbon emissions to financial development.

This shows that domestic credit to private sector is also dependent on carbon emissions.

The policy recommendations include radically reforming the subsidies syatkewing
more investments into renewable energy generation excluding hydro. This includes clear
policy frameworks for development ofl andoff-grid renewableslectricalenergysolutions
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that include hybrid systemsnini-grids and home systems that withprove financial
development and reduce carbon emissidiss will include policies guiding the peas
you-go program that has characterized the deployment of megtidfSolar systems as
well as systems guiding rooftop solar use in most commerciahdusitrial establishments.
There should be a policy framework extending toralhewable sources of electricity

order to spur investment that will attract private investment in the sector.

The unidirectional causality running from economic growth to renewable energy electricity
generation implies that the findings supports the conservation hypothesis whereby policy
initiatives aimed at conserving energy may have less or no impact on ecgmnowtic. For

this reason, the country should ensure the regulatory framework guiding energy efficiency
is followed throughGiven that renewable energy use has little or no impact to the economy,
the government should encourage the use of renewable eaaiggnergy efficiency by
reinforcing actual implementation of energy efficiency measures and evaluating the current
regulatory frameworkthe Energy Management Regulation of 20th2) requires audits to

be conducted in industrial and commercial esthblents after every three yeafSor
instance, recommendations on energy use should include development of renewable energy
options such as rooftop solar and other renewable energy sources that are applicable to a
given establishmersuch as biogaslectricalplants for agreprocessing plants

Another policy recommendatioantailsthose aimed at improving export of goods and
services. This is a sector that requires increased industrializetttbthe use of renewable
energy to reduce emissions and encourageestic credit to private sectdiis is because
renewable energy generation reduces the value of expat® cheaper cost of power. The
export of goods and services addtects carbon emission and financial developmé@imiere
should be an elaboratérategy that would ensure energy costs relating to the export
industrial zone reduces through the use of renewable energy that will attract more private
sector involvement and reduce carbon emissiéns instanceexport industries can be
locatednear reewable energy sources such as geothermal or near ports to rechae car

emission during transport aferchandise.

There should also be an elaborate strategy highlighting the advantageswéble energy

technologyfor industrial, domestic, and commercial use in the cou@onsidering that

the biggest impediment is capacity to install and operate the prdfestga should also

look into developing renewable energy projeatsd developing capacityor its own

consumption as well aexport to the regionMoreover, recommendations for capacity
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building and renewable energy projects should aim at mapping and utilizing the renewable

energy sources such as wind, solar, biomass/biogas, and geothermal.

Financial constrainbave affected the development of renewable energy resources in the
country. For instance, in 2013, Kenya launched an ambitious plan to improve its power
capacity by an additional 5,000 MW out of which 1,900 MW would be from geothermal,
635 MW from wind, B4 MW from hydropower, and 44 MW from biomass. By the end of
2015, the country had ghnmanaged an additional 586 M\@ome of the projects like the
Kinangop wind park fell as a result of inadequate funds and lack of community engagement.
On the other handhe Turkana wind project has delayed due to the inadequate electricity
transmission infrastructure as well as community problefhere is need to develop
policies aimed atguiding project identification and implementation to avoid similar

circumstances future.

The new Draft National Energy and Petroleum Bill 2015 has mentioned about new targets
with regards to implementation of renewaldlbere is need to develop targets that reflect
the renewable energpotentialfor the country.This will lead tomore investment into
renewable energy leading to reduced carbon emission from electricity generation and
reduction in export value increasing competitiveness in the global market hence promoting

financial development.

For future research, it will be essential to include both renewable andenewable
consumption, trade openness (including both exports and imports) and carbon eragsions
well as index of globalization in order to provide a comprehensive impact obregon

growthon renewable energy generation.
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Appendixes

Data Trend
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Trend for Log
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Unit Root Test
Renewable Energy Variable

Augmented Dickey-Fuller Unit Root Test on D(RE,2)

Mull Hypothesis: D(RE,2) has a unit root
Exogenous: Mone
Lag Length: O (Automatic - based on SIC, maxlag==8)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -2.093051 00367
Test critical values: 1% level -2 639210

5% level -1951687

10% level -1.6105749

*Mackinnaon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(RE,3)

Method: Least Squares

Date: 062417 Time: 12:47

Sample (adjusted): 1883 2014

Included observations: 32 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

DIRE(-1),2) 0. 738675 0.352818  -2.093051 0.0448
R-squared 0105233 Mean dependent var 51000000
Adjusted R-squared 0105233  5.0. dependent var 3 56E+08
S.E. of regression J3TE+DE  Akaike info criterion 4213694
Sum squared resid 351E+18 Schwarz criterion 4218275
Log likelihood -673.1911  Hannan-Cuinn criter, 4215213
Dwurbin-Watson stat 1.305493

Source: Output of the Eviews Software Student Version 9.5
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Granger Causality Test
Pairwise Granger Causality Tests
Date: 06/30/17 Time: 14:15

Sample: 1980 2014

Lags: 1

Direction of
Null Hypothesis: Obs  F-StatisticProb.  Causality
LOGY does not Granger Cause LOGRE 34 5.22050 0.0293 YA RE
LOGRE does not Granger Cause LOGY 3.63912 0.0657
LOGFD does not Granger Cause LOGRE 34 2.22816 0.1456
LOGRE does not Granger Cause LOGFD 4.44660 0.0431 REA FD
LOGEX does not Granger Cause LOGRE 34 1.09753 0.3029
LOGRE does not Granger Cause LOGEX 5.93329 0.0208 REA EX
LOGCO2 does not Granger CauseGRE 33 0.09499 0.7601
LOGRE does not Granger Cause LOGCO2 10.1012 0.0034 REA CO2
LOGFD does not Granger Cause LOGY 34 0.03131 0.8607
LOGY does not Granger Cause LOGFD 12.6125 0.0012 Y A FD
LOGEX does not Grang&ause LOGY 34 0.33314 0.5680
LOGY does not Granger Cause LOGEX 5.20480 0.0295 Y A EX
LOGCO2 does not Granger Cause LOGY 33 1.88269 0.1802
LOGY does not Granger Cause LOGCO2 9.50954 0.0044 Y A CO2
LOGEX does noGranger Cause LOGFD 34 10.8383 0.0025 EXA FD
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LOGFD does not Granger Cause LOGEX 0.53113 0.4716
LOGCO2 does not Granger Cause LOGF 33 14.6428 0.0006 CO2A FD
LOGFD does not Granger Cause LOGCO2 3.06795 0.0901
LOGCO2does not Granger Cause LOGE 33 0.92349 0.3442
LOGEX does not Granger Cause LOGCO2 11.4577 0.0020 EX A CO2

Source: Output of the Eviews Software Student Version 9.5
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