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Abstract: Tariffs and tariff structures has been changing eveeriod of time all over the world. This haseacas a key factor
which limits development in third world country. iShproject therefore seeks to detemine the beastmaodel that can be used in
kenya to improve on the electricy consumption rdsearch explores all the factors which affectcibsting of electrical energy.
The tariff model is developed considering fuel psicthe economic factors such as inflation andoti@hasing power of the
consmers ,and the other factors asssociated vigimsyosts ie capital cost and running costs ablbtieese it seeks to elliminate
the electricty energy poverty by encouraging masnyscmers to connect to the grid. In additon, saznent developments and
significant trends in distribution and pricing tietelectrical enegy such as pre-paid meterings.dkpected that this will help
Kenya to develop better tariff structures and mieessonable charging rates. The research usestthprdaided by the KPLC to
analyse the consumer puchasing trends and andhgsearrent tarrif sytem as a reference to see lbest/the power company
can supply the energy to the country at a cost lwhidalanced and which encourages industrial dpweént. The resaerch
develops a tarrif model which is gradual in natame one which excludes the fixed changes but thewuers are charged on a

gradual basis where the price will increase withititrease of the Kwh consumed.

Keywor ds. Kenya Power Integrated Tariff Structure, UsingudkBasic Programming and Excel

1. Introduction

Poor electricity tariff system in Kenya due to ladfkproper
integrated tariff model has led to few number odgle using
electricity in Kenya therefore this has led to sleeonomic
growth for the nation.

The current electricity tariff system used in efity
billing does not balance the factors especiallygbenomical
factors for both the consumers, the power and g¢ingr
companies in electricity generation and distributiand
therefore this makes tariffs to be very poor andriendly
compared to other developing countries Africa. Thdeed is
a problem which needs to be addressed for the cotmt
realize it millennium goals. The method used by plosver
company to review the tariff every time is punitied cost
ineffective to consumers thus many people has texbub
using alternative sources of energy since they aaaifford to
purchase the one provided by KPLC. The researcblves
the analysis of the factor s which influence thitirsg of the
price of the electricity and the best way to depelan
economical tariff for the power energy for all cansers

The research looks at the best formula which causbked to

come up with the affordable amount of money peowkiltt,
this is done by analyzing the current retail prigk the
electricity and the amount of fixed charge moneydifferent
consumers.

The analysis of the retail cost is answer the dgoiesbf
which is the best price for the electricity whichllwbe
economical for the industrial and economic growththe
country. Its purpose is limited to providing infaatiron and
analysis to shed light on the sources of elecyriatail price
movements in Kenya in recent years. Nonetheless, th
analysis involves discussions about the effectissrad the
extent of retail electricity market in Kenya.

The research seeks to develop the proper returtbddhe
generating stations(KenGen), power company(KPL@)tha
consumers this is done by fixing tarrif for eachedafic
consumer the research take the account of the edoab
value of the tariif.

The research explores all the other ways which Ishbe
used to ensure that the cost of electricity is pheansumers
are encouraged to use power during off peak hous a
penalised for high loads demanded at system peahkabiyng
provision for higher demand charge.
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1.1. Factor Affecting the Cost of Electricity in Kenya

Electricity generation costs vary according to
technology; a feed-in tariff design
technology-specific tariff levels. The following d@rs
influence the power generation costs and theréfsteuld be
taken into account when the tariff levels are deieed:

* Investment for the plant

* Other costs related to the project, such as expeiose

licensing procedures

* Operation and maintenance (O&M) costs

* Fuel costs ( eg: in the case of biomass and biagds

other green energy plants)
* Inflation rates
* Interest rates for the invested capital
* Profit margins for investors. (Bustos, M. (2004)
According to the expected amount of electricity eyaed
and the estimated lifetime of the power plant, \elef the
cost can be fixed.
Most countries that apply feed-in tariffs use tlmeept
based on electricity generation costs to deterrttieetariff
level.
Besides the electricity generation costs, othetofa¢ such
as the avoided external costs, can be considered ¥ixing
the level of cost of the electrical energy. Extérasts arise
"when the social or economic activities of one group of
persons have an impact on another group and when that
impact is not fully accounted, or compensated for, by the first
group" (European Commission 2003,).
Electricity producers and distributors receive anthty
payment that is calculated by a special formula &lements
of the formula represent different factors thatuaehce the
costs avoided due to the electricity energy reguiat
commission. The following factors are included inhet
formula:
A fixed contribution on the plant capacity to reflehe
investment for conventional power plants that woidde to
be built, variable contribution per kWh of elecityogenerated
that corresponds to the power generation costsho$et
hypothetical conventional power plants
* An environmental parcel corresponding to the cémts
CO2 emissions prevented due to electricity germmati
multiplied by a technology-specific coefficient.

 Different tariff levels for electricity generatedrihg day
and night time

* Adjustment to inflation.

A factor that represents the avoided electricaddssn the
grid. (Krewitt) the growing rural population. Theris
significant potential for solar energy to be exgddiin most
parts of Kenya which experience up to over 6 hofidirect
sunlight a day. Substantial research has been degiethe
years on exploiting the huge solar energy resource.

In Kenya, only 1.2% of the households utilize indual
solar P.V. panels for smaller loads, i.e. lightargl powering
T.V sets and radios. But most of this are standal®.V
installations. Photo voltaic panels have showpdtential as a
technology for decentralized rural electrificatiamd as a

th
should provide,
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means to improve access to electricity in ruralasref
developing countries. Over the last 3 years, thebar of

%ome systems installed has grown at an averag®,60@

units per annum and demand projected to reach 22 GW
annually in the year 2020. [2]. Given that there amillion
households in rural Kenya alone, the demand forgodvas
grown tremendously by the day.

Photovoltaic (PV) systems are composed of intereotau
components designed to accomplish specific goalsging
from powering a small device to feeding electridityo the
main distribution grid. More specifically, P.V dees convert
sunlight into DC electricity. Such energy is trarséd to the
load or to the utility grid by means of a subsyst§sh

There are two main classifications;

¢ Stand-alone systems

¢ Grid connected systems

The main distinguishing factor between these two
categories is that in stand-alone systems the smiargy
output is matched with the load demand. When ayBtém is
interconnected with the main grid, it might delivexcess
energy to the grid or use the grid as a backugsysh case of
insufficient photovoltaic generation. Stand-alogstems are
mostly used in the cases of rural electrificatidh.

Currently Kenya generates a total of 1533 MW of pow
from various sources. The peak demand however stahd
1680 MW with numerous efforts being made to meét th
rising demand. Core of these demands is the neeghfergy
generation sources that are environmental friendiljable
and efficient at the same time. This narrows dowsadiar and
wind energy sources. This paper proposes a basy stu
Laikipia County precisely focusing on Nanyuki arda.
experiences direct normal irradiance levels of 5K\&/and
has a population density of about 35,000 people.

Solar mini-grids are an ideal alternative to gfet&ricity in
remote villages that do not have grid connectiviféynd
because mini-grids are independent entities, tl@yatso be
controlled and managed without presenting threatghe
conventional grid [5]. Such distributed energy eyt also
provide more reliable electricity, as any outages o
interruptions to electricity supply can be quicktientified
and corrected. Additionally, having the site of mow
generation closer to the load also reduces trassmisand
distribution losses.

Power transmission and distribution in rural argfasenya
(arid and semi-arid) is currently constant but @awsgrowth
rate, hence lagging economic and social developmegch
areas with regards to vision 2030

Generally this project work aims at helping the pow
generating and distributing companies have altamat
options for power generation for rural electrificat program
(R.E.P) as they seek to increase the supply capacit
expand power connections to every household thrdaagh
grid and off-grid systems hence proposal for arsoiai-grid
development.

In the event of a needed back-up or an alternatipply to
the region, a diesel generator is proposed to gypmlver to
the region. This paper has three distinct objeststated as
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follows;
1.2. Objectives

* Analysing the cost of capit@thvestimen in generating,
transmiting and distributingquipment:

* Establishing the actual cost efectrica energy and
returns on investiments when thenewable energy
sources are considered.

* Develop a formular which is useddalculat the cost of
power for all consumers.

2. Modeling and Simulation

2.1. Calculating the Most Levelized Economical Electrical
Cost

Calculation of electrical energy is dohg considering the
levelisation of electrical energy pricegich is the price at
which electricity must be generated fr@nspecific source to
break even over the lifetime of tipeoject It is an economic
assessment of the cost of the eneggperatin system
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including all the costs oveits lifetime: initial investment,
operations and maintenanems of fuel, cost of capitgl and is
very useful in calculatingthe costs of generation from
different sources.
The formula used taalculatc the most economical and
levelised electrical energy castgive by:
it
LEC = e

Lat=1 {‘]_-H--)E

D0+ Ey
(1+r)f

Where

* LEC= Average lifetimelevelisec electricity generation
cost

e I;= Investmenexpenditure in the year t

» M= Operations ananaintenanc expenditures in the
year t

* Fi= Fuel expenditures ithe year t

* E,= Electricitygeneratio in the year t

» 1= Discount rate thigalue is assumed to about 3.5% of
the capital cost

* n= Life of the system

Table 1. Costsfor generating electrical energy

U.S. Average daily L evelized Cost for Plants Entering Service in 2013 (K SH/MWh)

Plant type . L evelised Fixed Variable cost of Transmission . .
Capacity factor capital cost cost fuel investments Variable operating cost

Conventional -

Combustion Turbine 85 65.7 4.1 29.2 1.2 7.32

AL 52 78.1 4.1 6.1 2.1 3.20

generators

Conventional Coal 5 442 27 80.0 34 3.70

system

MIEEREETEENT g 83.L 116 7% 11 6.00

stations

Biomass gene rating g, 53.2 14.3 42.3 1.2 4.61

station

Geqthermal generating 92 76. 12.0 0 3.2 0

stations

Wind wrbine 34 70.2 13.1 0 32 6.45

generating stations

Solar PV systems 25 130.f 9.9 0 4 0

Solar thermal systems 20 214. 41.4 0 5.9 0

Wind (tidal) systems 37 193.1 22.4 0 5.7 21.18

Efficiency curve of integrated electricgéneratin plants

Efficiency Curve
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Figure 1. Efficiency Curve

3. Simulation Results
3.1. Cost Benefit Analysis for the Renewable Energies

soooklectricenergy generation per year
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Figure 2. Electricity generation from the renewable sources
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This section presents the results and analysisasubtthe
benefit of the using of the renewable sources efgas of
simulations of the TRIST and the EXCEL. Initiallget site
can produce the 400MWh/year and then reaches aipdiad
year 2017, all the costs is dollars.

3.2. Comparison of Renewable Energies Connected to the
Grid

Both the optimized grid connected systems havepiant
installed system which add up to 10MW installedazay. In
graph below the other parameters are compared.e@/¢hsit
the urban and the rural are very similar exceptagperation
and maintenance cost. This is expected becauke digtance
this plant will be from any regular maintenancetesu
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Figure 3. Comparison between rural and urban networks.

4. Conclusions

This Renewable energy sources have by far mar@]

advantages than the fossil fuels since they araralit
available. The study of electricity tariffs and thevelopment
of the best tariff which is affordable and one whidliminates
electricity poverty, the biggest problem is on hthe tariffs
are structured and how they inco-oporate varioesnehts
like fuel prices, voltage levels and new staionditt@h was
carried out successefully bringing out the salieatures of
electricity tariffs in Kenya.Where it was found ththe
electricity in Kenya is still high compared withwries like

South Africa and Egypt.The government of Kenya #thou

start encouraging the use of the renewable enewdgoene up

with policies which can lead toincoparation of tlemeable
energies in the national grid for the reductionetdctricity
costs in kenya.We can therefore conclude that biective of
the project in comparing the renewable energies ted
convetional was met and it was established thatehewable
sources are comparattively cheap.
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