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ABSTRACT

According to state reports only 453% of Nigerian populations have access to electricity
and only 10% of rural dwellers have access electricity. 24% of the population and vast
developmental polentials are in the rural areas of Sates such as Ovyo, justifving the need of this

study,

The aim of this study is to assess the transmission capacity of the existing rural prnimary
feeder network (33 kV) and to determine wavs of reinforcing the 33 kV network by thermal and
vultage requirement for adequate distribution of electricity in view of prospective full scale
electrification and power demand ol the rural areas of Ovo State. The translations of results are

expected to be usetul tor electrification planners.

This work is done by wsing data of maximum power demand allocations 1o fully
electrified areas of the State to compute expected range of power demand per capita, and
applving normal mede simulations and calculations by lterative approximation and direct

methods {matnix ) solutions of the equations of state

The following conclusions were made from an analysis of the results;
I'he load densities per capita range from an expected 0.011 KW to 0.094 kW; expected potential
load demand for the whole state is about 534 MW (this is huge compared to the total 103.7 MW
supplied by the utlity); at 33kV the capacities of these networks are inadequate due 1o
overloading of hines (53%) and critical bus voltages (82%); the total injection substation capacity
1225 MVA) 15 inadequate lor meeting the potential demand of Ovo State, including
electrification of the rural areas: and upgrading the voltage of the existing network will improve
the distribution capacity significantly and solve overloading and voliage problems.

Conseguently, the following recommendations were made: the 33 kV network should be
reinloreed by upgrading to 132 kV; the total substation capacity in Ovo State should be increased
by installing more 132 kV substations to relieve the existing fully loaded ones. Utherwise, this
will serve as a constraint to any full scale rural electnification development in Qyo Siate

intending to feed from the national grid. =
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ABSTRACT

According 1o state reports only 453% of Nigenan populations have access to electricity
and only 0% of rural dwellers have access electricity. 24% of the population and vast
developmental potentials are in the rural arcas of Sates such as Ovo, justifying the need of this
study

I'he aim of this study is to assess the transmission capacity of the existing rural primary
feeder network (33 kV) and to determine ways ol reinforcing the 33 kV network by thermal and
voltage requirement for adequate distribution of electricity in view of prospective full scale
electrification and power demand of the rural areas of Ovo State, The translations of results are

expected to be useful for electrification planners.

This work 15 done by using data of maximum power demand allocations 10 fully
clectrified arcas of the State to compute expected range of power demand per capia, and
applying normal mode simulations and caleulations by iterative approximation and direct

methods (matrix ) solutions of the equations of state,

The following conclusions were made from an analvsis of the results:
The load densities per capita range from an expected 0,011 kW 10 0,094 kKW expected potential
load demand for the whole state is about 334 MW (this 15 huge compared to the total 103.7 MW
supplied by the wtility); at 33KV the capacities of these networks are inadeguate due 1o
overloading of lines (35%) and critical bus voltages (82%); the total injection substation capacity
(225 MVA) is inadequate for meeting the potential demand of Oyo State, including
electrification of the rural areas; and upgrading the voliage of the existing network will improve
the destribution capacity significantly and solve overloading and voltage problems.

Consequently, the following recommendations were made; the 33 kV network should be
reinforced by upgrading to 132 kV; the total substation capacity in Oyo State should be increased
b installing more 132 kV sobstations (o relieve the existing fully loaded ones. Otherwise, this
will serve as a constraint to any full scale rural elecwification development in Ove Staste

mtending to teed from the national gnd.
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CHAFPTER ONE |
INTRODUCTION '

L1 Geopolitical Characteristics of Oyo State

Chvar State is an inland state in South Western Nigeria, with its capital & Ihadan, It is
bounded in the north by Kwara State, in the east by Osun State, in the South by Ogun State and
in the West by Ogun State and the Republic of Benin, The State covers an area of 2.560.950m7
Historically, the population of the state was about 3,488, 789 and 5,591,389 in 199] and 2006
respectively (60.27% increase). More than half of the population, 6%%, live in the rural srcas,
Fig. 1.1 shows the map of Ovo State and its 33 Local Government areas.{ Departmient of Macro-
Statistics and Research, Ministry of Finance, Budget and Training, Ovo State, Ibadan, 2006}

The population distribution for the Local Government Areas of Oyo State between 199

and 2006 are present in the tables 1.1 and 1.2 respectively,
Lha Stawe Local Government Areas divided into three categories by level of

development or urbanization. i.e. urban areas, semi-urban areas, and rural areas
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lable 1.1 Population Distributions for the L.G.As of Oyo State in 1991 and 2006 Censtis

Estimates
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Table 1.2: Ovo State Local Government Profiles
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iransporter

Apricublune-and Livestock sotivities
Farming predominanl. catthe soarng
Farming wotlvities

Agriculiure activithis

Farming predominani, Staie furm

selilemeni-llora

0.0240.19 Agriculire activities



(Source; Department of Macro-Statistics and Research, Ministry of Finance, Budget and
Fraiming. Ovo State, [badan)

Analysis and Conclusion: From these profiles above, it seen that all these areas have hi gh
potential economic development prospects if adequately supplied with electricity.

1.2 Present Configuration and Level of electricity distribution network and
development In Ovo State
In Oyo State, at present, the primary distribution is ot 33 kV and secondary distribution - 11 kY.

The load centres of the LGAs receive electricity at 33 kV, from where it is distributed to 11 kV
laad centres. There are three separate Injection substations feeding the 33 kV distribution
networks. They are; Avede 132 KV33 kV/1TKY; Isevin 132 kV/33 kWY 1IEV: Hordn 132 kV/33

KV 11 kV. These are radial networks.
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Historical problems of Rural Electricity supply in Oyo State

The historical probiems of Rural Electrification in Ovo Sute to daw include the
fallowing:

Large distances make grid extension unfeasible requiring huge funds.

I'he capacity of power lines inefficiently used because of low population,

Densities dand demand levels are low,

lL.ow business activities and low imcomes limit power consumption to an extant that
econdgmic operation of power plant is difficuit,

Low income limits money available for paving electricity fees.

Poor feed roads and madequate road network between the rural areas o transport
electricity materials for constructing distribution network,

Poor constructed network with substandard materials.

Delays of Tunding payvments 1o the contractors Land vse interference

Incremental extension of the grid (rather than extension to optimize o minmazed losses)
ciauses lines to be string haphazardly, resulting in greater losses and often the terminal
voltages are poor.

Political interference.

Vandalization, and pilfering/thefi of construction line.

Unfair regulations. The insccessibility to services like electricity in rumal arcas is also
aggravated with onfair regulations that discriminate against technologies that are
especially sued 1o rural areas,

Capital costs are relatively high and réevenues are  frequently poor transmission and

distribution 1o rural areas,

I



1.4 Aim and Objectives of project
The aim of this project is to identify the problems and prospects of roral electrification in
Oyo State) to look ahead to opportenities for electricity supply to rural and remote areas, and 1o
translate the results into recommendations that can be useful to decision makers. In Tme with this
the pbjectives of this work wre o
e assess the transmission capacity of the rural primary feeder network (33 kKV) i view
prospective electrification of rural arcas by thermal and voltage requirement;
o determine ways of reinforeing the 33 kY network for adegquate distribution of electricity
in view of prospective rural power demand.
1.5 Research Methodology and Scope of Work:

o Assesment of existing 33kV leeder network capacity in Ovo Stateé rural areas wis
undertaken 1o facilitate of the study, The information needed for the research has been
obtained from;

o Data collected on Ovo State and its 33kY  network;components and mode
parameters. values, power loads, populstion,

o Normal mode computations using direct methods of misde caleutation

o Comparative analysis of results with theoretical and practice standards.

The scope of this work comprises the assessment of transmission capacity of the existing
JIKV Network{ Rural Primary feeder Network), This includes:
« Computation of Relevant network parameters.
. i'¢1l'l'||1u1E|Ii~.‘.nr|..{rl' expected maximum demand range,
= Computation and analyvsis of Normal mode operation parameters.
s [Determination of power transter capacity of network by thermal and volinge

requirement.



Table 1.3: LGA Load densities based on Peak Load Supply and Population of Existing Rural

Feeder-Network (33kv) of Chao State
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1.6 Research justification
The justification of this research is the necessity of the extension of the benefits of

electrivity applications for improved standard of living of the rural dwellers of Chywo State. and

significance of development of the economic potentials of the rural areas,



1.7 Contribution to knowledge
The research work is expected 1o contribute ta:
al the planning and development of rural electrification in Cvo State; and
by awdreness of the typical condition of the existing primary distribution networks of Ovo
State and Nigeria as a whole in view of full electrification prospects that includes rural
conmunilies.
1.8 Reasons and expected benefits of Rural Electrification in Oyo State
Bringing electricity to the people 15, in itself, not a contribution to reducing poverty nor does
it automatically fead 1o rural development. However, electricity will enhance rural development
{human development) in the following areas:
Iy Economic development,
2} Heaith. Reasons
3} Educational Reasons
4) Media and Information Access
51 Salety Rensons
6) Agriculture and Livestock
Ty Palitical Reasons
An elabortion of these benefits are presented in Table 1.3

l'able.1.5: Reasons and Expected Benelits of Rural Electrification in Ovo Stale

(SN [ Reasons | Applicationdnm “Henelit

L Economic Reasons | Electrical Equipment T workshop wmd Ineressed income and
pgriciluraliineluding lighting and pomps) emiphoy e
Establishment of smail-seale industries. Incressed elficiency i small
Establishment of new business and! or | busingss
cxpanding
Lluirent oncs.

el Health Reason mprovements W health Tacilithes: Latss dependence of cooking on
cooking, lighting, snd heating applionses, kerosens,
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Impreved heglth knowledoe through
increased agoess Lo television,

Hewer muarition from improved knowledge
amnad storage facilies from refrgeration
Better naricien and knowledge of health and
family planning reduce ill healih

Culture ¢f bealts lving
Health educatks via radio and
teleyisiomncund {amily plasming.
Retenton of skilled sl

Livestock,

meehun iation
Transfer agriculiaral and health cane
dirgetions | Through Drosdcasting and

Lelesiinn wll vver the sl

3. Iuscational Improving the guality of schools and other the
Heasuns facilifies electricity- dependent equipment) | Increased study time a1 home snd
Time allvcated al bome for sudy, dihial,
Increasing teacher quuntity and quality. Reduced the evestrmbn simmany
Improve warmen quality of life. wssogiated with ysing candie
&eheroniene lomps.
Reduce coy irpamental humm
Retentbon of skilled sl
a4 | Sulety Reasons Cnnmmaunity lighting (Public wnd owdie Improve Segurly CFhell
lighung) Protecing citizens from
I danperous animals e g smiil b
River social fife
5 | Media and Tmiprovwved livinmg condition Cireater comfor enteriainmen
indirmation Betler social facilities with betber equipnent creale mure
Accetuiiradio, TV | Extension of Rural Telephone Awareness of current political
atul ih sorld evesity
Vet [on/wie Extents Aocess to ruml ielephone
condithonlng I reases.
Facilities) Irprowiing lvimg conadition
fi ! Agrigeliure and : Vertical und horizomal exiension of opgicul Enhonee the rural inhabiiants

health conditicn
Inereia (i amimad bealth

Froelilicn! Reasons

Provwasivn ol sovial benefis eg. improyved
feulth education,

| SHocinl cobesion

Promote political sabilig,
resbuce ilfiercy

Incrense sockal pmeniisis
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2.1 Concept of Rural Electrification

According to Jiahua (2004) the word rural is a regional concept, referring to country
level and below Country Township (made of streets) and rural townships (mainly made of rural
villages}, Cities with large share of urban/non agricultural population is not included. Cities at
country level with large population are counted as “rural”. According to Encarta dictionary. a
Rural Area means an area located outside of designated urban area or an area with & low
population density,

In Migerian policy { Ngadda,2005), and according to Power Sector Reform Act of Migeris
(2005, rura] arcas under the policy in Nigeria will be determined based on the following factors
which is a relative concept but sufficiently flexible to allow for local interpretation:

I, Population size and density;

| S

Hemoteness and aecessihility { o urban  areas.given distance lerram and existing
transport infrastructure);
3. Availability of or proximity (o basic infrastructure services;
4, Significance of agriculture to the Jocal economy; and
50 sochal-economy indicatorsdncluding income.education and health

Fomer (2(0)3 pgs 42-45) descnbed Rural Electrification as referring to two categories of user
groups: country townships and the rest of the country, mainly rural villages, Or the availability
ol electncity Tor use in rural communities. regardless of the form of generating. Or Rural
Electrification comprises all activities aimed at enabling users situated outside major cities

have access 10 eleciricity.

A



L1 Definition of Electrification.

Primary indicator is access o electricity, with detail measurement including quantiny of
supplied { frequency of eut-off, voltage, 1ransmission lossesy: price of electricity. Under Nigena
policy.the un-clectrified localities will be defined as arcas that do not conform 1o the following
definitions (Ngadda, 2005 )

2.1.2  Grid-connected. A locality or village shall be considered electrified it :

basic Infrastructures such as distribution transformer and lines are provided in the inhabited
areasiand electricity is provided 1o public places{e.g.schools. local government
headquarters,worship centers.hiealth centers.dispensaries.community centers etc)

213 Offgrid:

A locality or village shall be considered electrified if :Electricticity 15 provided to public
(e.gschools local government headguuriers.worship centers.health
centers,dispensarics.community centers etel.for local networks there should be a power source
and distribution netwaerk in the community. In the case of low power battery-based and stand-
alone (such as solar PV systems.the minimum guality ol service standards should be suthicient

for.at a minimum_ligting one main room and powering o radio.

2.1.4 Feature of Rural Electricity Supply Areas. From the energy point of view, there are
impoertont differences between urban and industrialized arens and the rural nreas. Urban and
industrizhieed areas feature o substantial higher encrgy density and market opportumities for both
heat and power relative 1o rural and remote areas. Linked with these differences are the methods
and opportunitics appropriate to satisfy the energy needs. The features of urban and
indusirialized areas make it economically more attractive to develop and operate connections to
0 local, regonal or even o nation power system, efficiently deploy combined heat and power
units, and to provide adequate services, These circumstances offer opportunities 1o prepare heat

and power at reasoniahle price. Rural areas show other features. Scattered clusters of premises

i



can for instance, characterize them. In most developing countries rural elect svstems are

characterized by dispersed consumers with olten-limited consumption. a low load factor and

relatively low quality of power supply. Dispersed consumer requires long supply line and/or

diese] based or other generating units (Zomer (2005 pgs 42-43).

Ihere are three major reasons suggested for a distinetion between rural and urban power supply:

3

L

Rural electrification schemes generally ¢osl more on a per connection basis because of
dispersed loads, the rather low consumption and the poor load factor.

Rural electrification should be integrated or co-coordinated with other rural developmem
programmed,

Urban and industrial power supply and rural power supply need different marketing and

technical approaches.

The combined effects of the specific features of rural power system and their more

problematic operation and maintenance, make the marginal costs of eleciricity supply 10 rural

consumers high relative to that of consumers in urban areas (Nggada, 2005).

y |

Aims and Objective of rural electrification project

The main objectives ol rural electrilication programs are Lo

(1) support agricultural, imdustrial and commercial development, including irmigation,

{2) reduce migration from rural 1 urban Areas;

(3) substitute for more costly and less convenient energy sources for cooking efc such as

kerosene, charcoal efc;

i4) mprove gquality of life and timesavings through such means television. rdio, and phone

tacilities;

(51 provide for lighting and use of domestic electrical appliances;

16} enhapce security, political stability andfor correction of regional disparities;

{7) improve the standard of living of the rural dwellers:

(¥} alleviate urban/rural disparitics



These objectives can theoretically be grouped inte four calegories: economic. social,
political, and environmental objectives, In practice, however often two or more objectives ocour
simultaneously and are interrelated (Mgeada, 2005},

2.3 Types of Roral Electrification
There are two types of Rural Electrification in Nigeria. They are ( Nggada 2005 )

(1] Township Distribution Network, (TDN); and

{2} Inter- Township Connection;(11C)

Moreover, there are three options for Teeding Rural Primary Feeders. They are as tollows(Rao
=0

i1} The main receiving substation feeders of the nearest city;

(2} from nearest distribution substation feeders: and

(3} from rural substation feeders.

I'he main receiving Station or Distribution substation steps down the voliage from 33kV 10
[TEY and feeds the rural primary feeders. Alternatively, 33KV limes mayv feed the rurad
substation, and step-down Transformers in the rural substations may feed the rural primary
feeders at 1 1kV.The distribution system of rural arcas may be of any one of the following rypes:

a) Simple radisl distribution system.{single,double and triple radial)

bl Improved radial distribution  svstem.

¢) Imerconnection distribution systems.

Radial Svstem separate feeders radiate from a single substation and feed the distributiors at one
end only,

I'he ndvantages of the radial svstem are:

. Economy in large sub-transmission circuits.
il.  Several substations from each transmission circuil permils wse of small multiphe
substations and short distribution feeders.

. The system takes maximum advantage of diversity factor between loads,



1¥ The system permat transter of load and thus allow maximum use of existing facilities

Addition of load in small increments is possible and so the system offers considerable

freedom in the location of additional capacity,

vi.  Easy to protect.and low in cost.
2.4 Typical Metwork Elements of a Rural Electrical Networks

A typical Network of a Rural Electric networks comprises the following major elements

[ Bathia s L2004
(i) Conductor
ib) Supporns
() Insulators
id} Overvoltnge Protective devices:{ Lighining Arresters, D-Fuse:Earthing)
(e} Distribution transformers {main substation type; pole mounted tyvpe: ground mouted
pee)
An overhead line comprises mainly (i) conductor, (i1) supports, (i) insulators and pole fittings.
Fhe function of overhead lines is W transmit electrical energy, and the imporiant charscieristics
which the line conductors must have are;
() high electrical conductivity
(b} high tensile strength
(ch low density and
(] b et
The metals which posses the above properties are copper, aluminium and steel, which are
used cither alone or in combination.
2.4.1 Type of Conductors

I'he principal materiats used as conductors in the construction of overhead lines are:

(i Hard-drawn copper.



(i)
(i1}
v
(vl
(i

(i}

All-aluminium conductor (AAC)

Aluminium conductor, steel reinforeed, (ACSR).
Cadmium copper.

Steel

Aluminium alloy conductor

Hard drawn copper:

Ihe most commeon conductor used for transmission is hard-drawn copper, because it is twice

as strong as soll drawn copper and it stretches to o much lesser extent than soft-drawn copper,

The merits of this metal as a line conductor are:

Iy.

i}

copper

It has a best conductivity in comparison to other metals. The conductivity of copper,
however depends upon the percentage of impurities present in it, the more the impurities
the lesser will be the conductivity, The conductivity of copper conductor also depends
upin the method by which it has been drawn.
It has higher current density. so for the given current rating lesser cross sectional ares to
wind loads.
I'he metal is quite homogeneous
It his low specific resistance
It has durable and has a higher scrap value

All-Alumininm Stranded Conductor (AAC)
AAL s used for urban and rural distribution where short spans are involved. Next 1o

aluminium is the conductor used in order of preference as far as the conductivity is

concernad. 15 merits and demerits are

It is cheaper than copper

[t is lighter in weight



il

vl

¥ii,

vili.

.

{iin

It s second in conductivity (among the metals used for transmission), Commerceal hard-
drawn aluminium wire a1 standard temperature has  approximately 606 percent
conductivity in comparison (o standard annealed copper wire.

For same ohmic resistance. its diameter i€ about |27 times that of copper.

At higher voltages it causes less corona loss,

Since the diameter of the conductor is more, so it is subject 1o greater wind pressure duc
to which greater is the swing of the conductor and greater in the sag.

Since the conductors are linble 1o swing, so it requires larger cross arms.

As the melting paint of the conductor is low, so the short circuit ete. will damage it
ltining of aluminium s much more difficult than that of any other material.

For the same resistance and voltage drop. aluminium cenductor has 1.6 times the cross-
section of copper but due o low density, the weight is only 0.48 times, which is a big

advantage in faveur of alumimium,

Aluminium Conductor Steel Reinforced,

An aluminmm conductor having a central core of galvanized steel wires is used for high

violtage transmission purposes. This is done o incréase the tensile strength of aluminium

conductor, The galvanized steel core is covered by one or more strands of aluminium wires.

The steel conductors used are galvanized in order 1o prevent rusting and electrolvtic comosion

(sinee #ine s pear e aluminium and there 15 no electro-chemical action between the two

metals), The cross-section of the two metals are in the ratio 1: 6, but in case of high strength

conductors their ratio 15 12 4. Thus the steel reinforced aluminium conductor has less sag and

longer span than the copper conductor line since it has high tensile strength.

The aluminium steel conductor has a larger diameter than any other type of conductor of

SAM4 resislance.



For nll calculation purposes, it is assumed that the current is passing only in the alumini
sechion,
() Cadmivm Copper. Addition of 1% cadmium to copper has the effect of
Doubling its tensile strength and reducing its conductivity by 15%, Because of this,
cadmium-copper is use as conductor in very long spans, and on tower lines for
commurnication circuits and earthwire, ACSR conductors has replaced cadmium copper al

tor the reasons given in the preceding paragraph.

(v)  Steel.

Mo doubt it has been got the greater tensile strength, but it is least used for transmission
electrical energy as it has got high resistance. Bare steel conductors are ot used since:
deteriorates rapidly owing to rusting, Generally galvanized steel wires are used, It has |
following properties,

I 1t ds kowest in conductivity

& I has high imternal reactance.

3. Ivis much subjected 1o eddy current and hysteresis loss,

4. Ina damp stmosphere it is rusted,

4.2 Supports for Overhead Lines
Ihe principal tvpes of supports used for erecting overhead lines are:

i Wooden poles

(i} Reinforced concrete (R.C.C) poles.

() Steel whular poles

vl Steel towers
The chief requirements tor such supports are;
I They must be mechanically strong with factor of safety of 2.5 10 3,
i They must have light in weight withowt the loss of strength.
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iii.  They must have least number of paris

. They must be cheap

v, 'hey maintenance cost should be minimum
vl, They must be easily accessibly for point and erection of line conductors.
Wil ey must have longer life.

viil.  They must be of pleasing shape

The different tvpes of poles, which can be used as, line supports

L. Waooden Poles. This use of such pales as line supports is limited 1o low voltages and
are generally used for distribution purposes. Initially these poles are cheap and provide
an insulating property. The poles preferably must be straight, strong with gradual taper
und free tfrom knots, The main disadvaniage of such poles are that they are elastic and
tend to rot, hence their life is short. The portion of the pole which is buried in the
ground must be treated with a creosote oil or with any other preservative.

it Reinforced Conerete Poles, In the moderm davs. the reinforced concrete poeles have
almost replaced the wooden and are attractive to look al. Such poles are quite heavy, 5o
transportation  cost increases; but their mamntenance cost 15 quite low and are
mechanically very strong and hence have longer life.

i, Steel Tubular Poles. The wooden poles may be substituted by by steel whular poles.
Sinee these poles are stronger than wood, so with the help of these poles increase the
life of poles, they must be galvanized or painted regularly, For safety purposes, they
must be earthed to increase the longliudinal strength of he pole, by steel rope guys.

iv.  Steel Towers. The poles are used lor distribulion purposes, but the towers are useful
lor long trinsmuission lines, 1t is not o hard and fast rule; even wooden poles may also

sometimes be used for transmission purposes depending upon the need and

"
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circumstances, Generally very strong and have long life. It is said that If its design is
given a proper care, the steel wwer is good indefinitely. Due to robust construgtion,
lomy spans can be used and are much useful for crossing fields valleys, railway lines,
rivers (Bathia, 512004,

243 Cross- Arms

i, Cross-Arms of painted hard wood {shisham) or creoasoted soft wood (fir) are used
on wood poles. The usual cross-section is 90 mm., X 120mm. They need
replacement due 1o decay after five to seven years, depending upon the weather

conditions. Wood is now both scarce and expensive,

ii, Steel cross-arms are stronger and last much longer, M5, angle-iron size
txttbebmm and 753x75x6mm and channel-iron sizes 75x40mm and [(Hx50mm are
generally used for the purpose. smaller sections are used for communication

cirelils,

The shape and length of the cross-arm depends upon the desired configuration of

comductors {{ Bothia, S 2004 .

Length of the Span, The transmission line for the purpose of economy is required 1o be
constructed al the lowest possible cost and to achieve this span of the line must be optimum.
This will reduce the number of poles and other fixtures thereby reducing the overall cost of the
line, There is noe definite mathematical expression which directly gives the length of the
economical span. While deciding the length various factors as voltage, maximum tension on the
poles during any part of the vear, public safety snd regulations imposed by government must be

kept in mind. The usual spans are:-

(ir with woaden poles 40 - 50 meters

(it} with steel twbuldr poles 30 - B0 meters
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(hi} with R.C.C. poles 80 - 100 meters
(v} with steel towers D — 300 meiers
it should be remembered that
{1 the wires expand in the summer season and contract in the winter season, thereby
decreasing and increasing the tension respectively,
tid  In order to keep the insulation cost minimum the span is kept greater with the
increasing voltages.

244 Insulators (Bathia, 512004},
I'hese are made of glazed porcelain or tough glass and are used for supporting conductors,

I'he principal type of insulators are;

{i} Pin insulators. (ii) Shackle insulators,
(i [Yise insulitors, {iv]  Strain insulators,
(v} Post insulators

The chief requirements for the insulators are;-
(i} They must be mathematically very stronp
{iiy  Their dielectric strength must be very high,
inip  They must provide very high insulation resistance to the leakage currents.
(ivp  They must be free from the internal impurities or Maws,
(v)  They should not be porous
{vi)  They should be impervious 1o the entrance of gases or liquids into the materials,
ivith  They should not be alfected with change in femperature

iviii)  They must have high ratio of puncture stremgth of flash over voliage



The main cause of failure of insulstors is due o fash over or puncture. The Pash over may
ocgur between the line conductor and the earth ie. the pin of the insulator, and due 1o production
ol extreme heat produced by the arc the insulator may puncture.

{i)  Pin insulators. are manufactured for the voltages up to 33kY, and are cheaper than the

other types.

Pin insulators, OF dimensions 100 x 65 mm and 105% 8B0mm are used for medium
valtage work { Voltage below [000Y j Smaller insulators are used for wlecommunication

circuits,

(il Shackle Insulator or Spool Insulators. The shackle insulator or the spoel insulator is
muosthy used for low voltage distribution lines. Such insulators can either be used im a horzontal
position or in a verlical position. represent a shackle insulator, The conditions in the groove are
fixed with the help of soft binding wires.

(iii)  Dise Insulators . Disc insulators made of glazed porcelain or tough glass are used as
msulators on high-voltage suspension lines. They can be assembled on Form string-assemblies 1o
suit any voltage .

The smaller disc insulator 15 used for voltages upto | 1kY,

Dise insulators are provided with “ball and socket® or “tongue and clevis® type fttings. Either
type is suitble forany application. A suspension clamp is ssed to support the conductor

iv. Strain Insulators. When there 15 a dead end of the line, or there s corner or a sharp
curve or the line crosses river etc. the line is 1o withstand great strain. For low voltage lines
shackle insulators can be used, but for high voltage transmission lines, strain insulator consists
of an assembly of suspension insulator

vl Past Insulators are used for supporting bus bars in switchgear snd mn the manufacture

of .V, switches.



2.4.5 Overvoltage Protective devices ( Bathia, 5. L. 2004).
Mhe following devices sre used to protect rural netwerk equipment against possible
damages causes by lightning surges due to direct strokes to the station or transmission hines;

a} Lightning Arresters,

b} D-fuse.
These devices are functioning as following:
i) Lightning Arresters,

A lightning arrester limits the voltage of the circuit by conducting current,just as & valve
limits the pressure within ‘a boiler by blowing off steam.lt 15 capable of absorbing enough
transient energy 1o prevent dangerous reflections and to cut off the Now of current 4t the first
current zerg after the discharge of the transient.

by D-Fuse
High voltage explusion type “IF fuses are used extensively for the protection of Teeders
and transformers because of their low cost: The fuses are operated by a special operating rod
from the ground below. A blown fuse can be readily spotted from o distance as the fuse-
carrying barrels drop down whe the fuse blows,
2446 Ruoral Distribution Transformers
I'he distribution transformers receive power from T-offs to the main radial primary
feeders. The distribution transformers are located near the Group Loads or Unit Load(=10kW L
Distribution ransformers are located far away from Main Distribution Substation useally 3
o B0 km away from the Main Distribution Substation feeding the primary distribution feeders,
Distribution  transformers are  necessary near  service  point  near each  remote

village/consumer group or unit load Norminal Voltage and Applications are shown in table 2.1

]
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Table.2 | Relerence values of Nominal Vohage Levels and Applications.

3-Phase, AC, a1 30Hz Primary

3-Phase AC. at 50Hz

-'i-l‘hnm.ﬁ{f-ﬁinglu Phase at

SNOL | Nominal  Yoliage -"T:r-pe of Metwork Twpe Phase
Levels
IR EEY Distribution HY
|2 kY Distribution HV
3 A15V.230V o | Distribution LV
240V Secondaries ard S0Hz
Service Loy
Custormers

Mouwnting of Distribution Transformers:

il lmmersed Structure Mounted Distribution Transformers are used (or Rural Distribution. The

transtormer 5 mounted o

ial Pole Mounted Transformer Substations.In rural areas where the load density is low and

overhead are wsed, pole-mounted substations vre patural choice Single stout pole or H-

pile and 4-pole structures with suitable platforms are emploved for trunsformers of

capacity below or upto 100KV A.AL the eguipment is of outdoor type and mounted on

the supporting structure of ht distribution line. Triple Pole Mechanically Operated

switch is used for switching “on™ and “oft” of ht transmission line.HT fuse unit i

install for protection of h side, To control It side iron clad low tension switch of suitable

capacity with fuses is installed. Lightning Arresters are installed over ln line 1o profect

the transtormer from the surges. Substation is earthed at two or more places,

{h) Foundation Mounted Substations, These substations are built entirely in the open and in

such substations all equipment is assemble into one unit usually enclosed by a fence

from the point of view ol safety.Substations for primary and secondary transmission

and for secondary distributiontabove 100kVA) are foundation mounted outdoor type.
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25 Equivilent Circuit Maodels of networks of economic voltage < 33KkV(Short Lines)

In @ short transmission line the shunt conductance and shunt capacitance are neglected
and so only the series resistance and inductance reactance are to be considered, I line length is
less than 80kmi 50 miles), the line is known as a short line. The equivalent circuit is then just a
resistance in series with an induetance

The resistance and inductive reactance are calculated by multiplying the per kmi mile) values by
the length of the line.
ABC D Model for 4 Shart Line

Is= Iy
—— N
Vi =Ry + jXuo Vi

hig. 2.1 Equivalent circuit of shor line

s - Sending voltage Uy - Receiving voltage , 2 = R, + /X, (Impedance)

Iy = input current;ly = output current

Ve = A Vi+ Bilp=Ve=1L2.
h=8=LC.W+ h=k
For a Short line: A=1, B = Zyine and
=0, B}



2.6 Method of Successive Approximations

6.0  Local distribution neiworks

Analvsis of Local distribution network is done by the first approximation:
I determination of the largest voltage loss on the condition that veltage in all the nodes of

the network equals the nominal;
2.6.2  Dsiric distribution neiworks

In radial distribution nerworks { with shaort fines or Unom <=33 &V ). normal and steady
network mode can be calculated in two stages:

|, first approximation-power distribution and losses in the network are determined:

2. second approximation-the determination of niede voltages if the sending end voltage

18 given.

In conducting the second approximation,the successive determination of voltage losses in
every section of the network is begun from the node where voltage is given,
lhe voltage U; at the beginning of a line section, having active resistance r and reactance
s.during nctive power transfer,is determine.given powers and voltage Pu. 0, .and (5 at the end of

the section by the following formula:

Firs 2 i
o= (v B + () @
O Uy, = (U;+ a0 + (8U)7, (2.7

where ALY and 8L - direct and quadrature components of vollage
drop in the given section.
Analogicallyv, Uy a1 the end of the section can be determined, given data st the beginning of the

segtion by the following formula:

Uy = J[:Ul - ."LL‘.':"_'@H}E + [in;'i'u 3 (&3]

iy iy

ElH



Losses in this section of line will be

z 2 L
AP, = "‘u:’f’ rowh 7 Lo (2.4
i 4
T At + 2.5
afl = e B e (2:%)

In spproximate calculation of power losses in the equations above the nominal veltage U, is
substituted for the actual voltages ot the beginning and the end of line.

In Loval distribution networks the voltages ag the nodes are determined without considering the
quadrature component, In such situation the voltage losses is calculated for the whole network

and not by the sections:

BU =V3(Z] s ha®y + )i X)) = 11-..1 (L1 9 Ry + Eluiq; &), (2:6)

nn
Where iy, . f,.p; g, - active and reactive components of current and power load:R;.£, -
active resistance and reactanee of line from the point 1o the point where j =™ power load is
applied {connected).
In order 1o find the power flow in a double-end feed network with points A and B at the
ends ef the network.or ina loep network.calculation in the first stage is done without

considering power losses.Power flow at the end sections are determine by

. Im=1¥mg. &

e (2.7)
- Ih=i4 Fin A

by = i ima (2.8)

Where 5y, -load power.Z e -1otal impedance of all the sections: Z,,,4 . Z,,g-impedances from the

point where load is connected 1o the points A and B,
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2.6.3 Voltage Regulation. Voltage regulation is a measure of line voltage drop and depends on
the load power factor. Voltage regulation will be poorer at low lagging power factor loads.
Percentage voltage drop in a feeder (or a line) with respect to receiving end voltage is

% Voltage regulation = IB.JU_T”E' % 100 (2.9

Where Uy = Sending voltage Uy = Receiving voltage = Nominal Voltage
Mhe Tollowing conclusions can be drawn [rom the above equation (2.9):

i when the load p.fis lagging or unity or such leading that U, ]| > [Ug).then voltage
regulation is positive i.e.receiving end volege [Ug| will be less than the sending end
vltage |U. ],

i, Foragiven |Uyg| and J.the voliage regulation of the line increases with the decreases in
p.ltor lagging loads.
i, When the load p.L is leading to this extent that that || = |U,|.then volapge regulstion
is negative Lethe receiving end voltage |Ug| is more than the sending end voltage |4, ].
v,  Foragiven |Ugl| and 1 the voltage regulation of the line decreases with the decreases in
p.Clor leading loads.(Metha V. K.and Metha R, 2005 pg223).
2.7.1  Variable and Bus Type
Four varinbles are associated with each bus, They are:
. Voltage magnitude |U]
2. Phase angle &
1. Real power P
4. Heactive power ()
The svstem buses are generally classified imto three tvpes and-these are :
Slack Bus: It is reference bus, where the magnitude and phase angle of the voltage are
specified. This bus makes up the difference between the scheduled loads and generated power

that are caused by the losses In the network.



Load Bus: At these buses the active and reactive powers are specified. The magnitude
and phase angle of the voltage are unknown. These buses are called P-(Q buses.

Regulated Buses(Generator Buses): These buses are the generator buses. These are also
known as voltage controlled buses. At these buses.the real power and vollage magnitude are
specified. The phase angle of the voltages and the reactive power are to be determined. The limits
on the value of the reactive power arealso specified, These buses are called P-V buses,

18 Case Examples of Rural Electrification Practice in other Countries

A briefl on the characteristics of rural electrification networks in some loreign countries
are presented below:

Australia

Phe network types and parameters are: high voltage - 11KV and 22kY with number ol
phases and neutral mode - 3-phase, and solidly earthed respectively; high voliage - 12.7kV and
19 0kV with single wire carth return; Distribution transformer winding configuration -
Delta’Sar: Low  voltage  systems - 415240 ¥V J-phase 4 wire  solidly  carthed
neutral: 24HVA50V Single-phase 2/3 wire,

Ching

High vollnge systems: [0kY, 3-phase.dwire impedance earthed, Distribution transformer
- Slar/Star. Low vollage system - 380/220V 3-phase. 4wire earthed neutral.

Fiji
High voltage system - 11 k¥, 3-phase,solidary earthed; distribution transformer - Delta/Star;

Low valtage system - 415240V, dwire solidly earthed neutral

Imcdia
India is an agricultural country with over 95 percent population living in villages with electrical
energy consumplion around 35%, Prosperily of [ndia is linked with improving standard of living

of masses. providing eleciricity for lighting, irrigation pump sets, agro-based industrics,

i3



cpmmunication facilities, education ete. and economic growth of rural India. Hence rural
electrification has been give high priority in the five vears plans. The rural loads must be also be
cregted, The per capiral encrgy consumption of India is lowest and around 298 K'Wh per year
(20000} as apainst 10, 000 kWh per vear in developed countries.

As per 9" and 10" five vear plans of India. the average per capita energy consumption of rural
sector and is to be raised to 350 kWh'vear by 2003 AD and 1o 500 kWh/year by 2008 AD, The
rural electrification plans were initiated with the first 5 year plan (19530} Rurl Electnfication
corporation of India. a Govt. of India undertaking was sel up during [988. The village loads in
India are growing. Rural electrification will need modemnization and rencvation during the 1"
five vear plan (2004 — 2009) with reference to higher voltage and astomation. Rural distribution
requirements vary from state 1o state depending upon the nature of available and prospective
loads in villages.

Rural Electrification planning in most of these countries is progressively on Lhe increase

{Ceelkski E.Qunali A Alssa M. Dunkerlev 1.},

L0
s - %
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CHAPTER THRE

ot

METHODOLOGY .

31 Preamble

I'he methods emploved in carrving out the objectives in this report include the
followingzdata collection on Oyo State and its 33KV network: components and mode
parameters, values, power loads, population; Normal mode computations using numerical
miethods {iterative approximation methods): Comparative analysis ol results with theoretical and
pragtice standards
31 Data Collection On Oyo State And lts 33 kY Distribution Network

For this work relevant data or information obtained include the gecpaolitical and
economic activities of Cho state; single line diagram and parameters of the distribution network:
population of each Local Government Area; and maximum demand of each load center,

The geopolitical and economic activities of Oyo state are presented in chapter ene, This
information was obtained from the relevant ministrics of the state government as indicated. The
single ling diagram of the state’s distribution network and 1ts quantities, and maximum power
demand at each load center were obtained from the electricity wility, Power Holding Company
of Nigeria (PHCN), and presented in fig.1 2-1.4 and tables].d for 2006. The quantities or
network and mode parameters include the following: type and size or rating of line conductors;
length of lines: and line voltages.

32 Normal mode computations
321 Calculation of using iterative approximation method

In this thesis, & radial configuration was considered and the normal mode parameters

computed by using iterative approximation methods and validating the results afierwards using

direct method ( Matrix)
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In order W do this, the equivalent circuit {impedance) diagram of the 33 kY network is drawn
figs 3.4-3.6. The maximum power demand (Fun) for each load center 15 obtumed by the
following formula:

P

= population{i}x I (3.0) where Fona

miw Y
expected maximum power demand per capita,

» |
‘I'IIEJLJ_EN‘”'_ Pz LT . 132) where N

P ; e
| populationi|) popualaion(2}  popudation{ N} |

iy [
node Analogically, minimum power demand per capita can be caleulated by the equation

Pm;.\ v Is maximum power supplied 1 node N (see table 1.3 or section{]) with population{i)
Preiri i = B o P v P N (3.3)

3
Where Fm -expected minimum power demand per capita
321 determination of line parameters
In iterative approximation (AP, AQ) the line notive and reactive losses are calculated by the

following equation ( Wadhwa C.L.,2005);

LA,
l!lﬂu.u,_l-'r—r'l—u*l"? R[J- 1_?!*”
Al =AM 15

sy = i il 133}

Active and reachive resistance of line:
Rij =%y, a1 (3.5)
Xy =25, #1 (3.6)
Where i- index of sending end,
j-imdex of receiving end
Ini the lirst successive approximation U, = U .0

Fhe voltage drops ave caleulated by the following formulae
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33 Determination of Line Currents and Bus Voltages Using Direet Method (Matriy)

The operating mode is formulated as a system of linear algebraic equations based on
current balance in matrix form. Consequently. equation of state is as follows {Gangadhar, 2006,

and Sadaat H, 2002

For n bus system,the node-voltage eguation in matrix form is

Tous = Fﬁu-&}"rl;lr.'r ( 3.8)
Where Ju, is the vector of the mjected bus currents (ie.external current sounces).
The current is positive when flowing towards the bus.and negative il Mowing eway from the bus.
U g 15 the vector of bus voltages measured from the reference node(l.e.node voltages).

Y b 15 known as the bus admittance matrix.
FI I et - F]r:
Yis = {nodal bus admittance matrix} (3.9)

Far  womiinan Fnrl

Mote thot the elements of matrices will include all shunt elements 1o ground

Zni= Yous (3.10)
/;

fhics Je [frees cwrrent vector) (3:.11)
Ju



Upe =4 {bus voltage vector) {3.12)
Uy
Mote that the elements of matrices will include all shunt elements to ground.
The nodal current equation is & vector equation composed of n scalar equations,
In practice.the bus current is replaced by injected bus power §,,
S5 Aty (3.13)
It may sometimes be useful to write the bus current eguation in the inverted form viz
s = Loy Sous (3.14)

Where the nodal bus impedance matrix Zp,,, is obtained from ¥y,

E|_1_ m z]n
"-':.'.l L= 'Fh_u'. = i 3.15)
Zn e e
Determmimation of line curren
=y % U, (3.16)
Branch potential difference
Yy = MT %y, (3.17)

where MT = Transpose of the bus incidence matrix
U, = Voltage drops in buses with respect to refrence bus or balancing rode.

iy = Bus voltage
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Uy = Upat — Upus (3.18)
Estimation of most economical valtage of lines
The result of line currents with respect 10 existing distribution voltage demands selection
of new distribution vohliage. This is calculated using the formula (Pabia, 2003 and Gupta

B.R, 1998):

- ||L £ 4]
=550 PR i3.1%)

where L —distance, km; ' = active load, MW



CHAPTER FOUR - -
i o
RESULTS AND ANALYSIS )
o) - ¥ 5
4.1 Level of Rural Electrification in Ovo State :-.-*F oY
o,

Estimates of population rates {%o) living in the rural ares u!'ﬂ}-u-ﬂta'[e based on
classifications of LGAs (Table 1.1 ) and resulis of population census (2006 estimate) are

presented in Table 4.1,

Table 4.1 Populations with access w electricity in Ovo State (2006 Estimate )
Level TPopulation.% Population with Electriciiy
Lirhan 34 T
Semi-Lrhan 42 | Not determined
Rural 24 Not determined

| —

4.1 Estimation of Expected Maximum Demands in the Network
The expected P, for each load node of the 33 KV network is calculmted by (3.1) (3.2
Using (3.2) Puw o = 0.094 kWp. Analogically, Puge = 0.001 kW pisee Table 1.3}

For example:

For N = Jobele . (Headquater of Afijio Local Government Area of Ovo Staie)

(34 073 = 0080
1212 &t
12612 MWH

i~

[

Anglogically, Pe is caleulated for other nodes and the resulis presenied in table 4.2
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Table 4.2 Expected Maximum Demand at the 33KV Load Centres

I Ui State Progralaticn | 2004 est) Lothel ethitds | Piais | Pires | P | P |
I [REr [y Females | Males | Total Km™ KW kWip | kW | kW
. Alifin Jobele RO | BI5T0 | 134,07 GR40S TO0TT | B | 1476 | 13812
Akinyele Moniva 105726 | 108637 | 21135 | dodsus ?IJ.-:HIILH:FM 3335 | |UKDE
Lgheds Fgbeda 143775 | 138298 | 281573 | 485308 n.:‘rnin.fm W97 | 26464
Ihadan nic 1di ape 66774 | 16362 | 330399 | 81260 0011 0.094 | 3634 | 31058
[hadan north Bodifa 153756 | 133039 | 306795 | 132300 [0.011] 0094 | 3375 | 28839
Thadun niw Onircke 77533 | 75310 | 152834 | %9001 | €.000] 0094 | 1681 | 14366
Ibadan s Mapi 130577 | 135469 | 26604n | SBZ51 (0001 | dmd m?‘-l'ﬂmﬁ
Thudin sw Huyole 470 | 139515 | 282585 | 133500 (0000 | 04md | 3108 | 26563
[harapa cast Fruwa SKIRZ | 60044 [ 118226 | 905316 [0011 [ 0094 | 130 | 111183
1 lddo | SI750 | SIS0 | 103261 | LOMOGS6 (0001 | 0094 | 11306 | 9707

Saki east Agoamodn | 84315 | 56004 | 110233 | T4E4.543 0011|0004 | 1212 | 10361
Saki west Saki WOTTT [ 137231 | 278007 | 202739 | 0001 | 0083 | 305K | 26132
Tnexin Iseyin 126778 | 130148 | 230926 | 1341760 | 0011 | 0094 | 2820 | 24151
Kajola Okeho I1584 | WAS3 | Z00%T | 646340 0011 0084 2210 | 185
vt Twere-ile 30678 | 32305 | 1020RO | 2397404 [ 0000 0094 | 1133 | sesn
Atishuo Tede 4306 | S6ass | 110793 | 2439417 |0.011 | 0.094 | 1219 | 10414 |
lreps Kis 60349 | 62204 | 122353 | 972306 0011 0094 |388 | 11520
Clforunsos Ighetii 40373 41286 | B1750 | 4070206 [001] 0094 290 | ToHS |
Chrelope Ighoho SI291 | 33150 | (04441 | 93,082 (0011 0094 | 1149 | 9R17 |

| Ogbomoson, | Sabe u:-qm_ 103319 | 198720 | 207,978 nﬂl_.u.w-l 210 | 15680
{laboimes’s, Aol Juses | 51249 | [DOWIS] 196741 BT B0ed | 110 | T

o e Teowi 74293 | 333 | 159628 | 1908504 (00011 0094 | 1750 | 13008
Surulere Iresadu BOTTR | 72394 | 14200 | B3L.91T |00l | 0.093 | 1361 | 133%
Ugoeoluwa Ajawi F2008 | 33176 | 65184 | 415851 o001 | 0094 | TIT | 0127 |
Adiba Ofi-metn #3ee | WS30e | 160U | LAZOHIS 0011 odud| (ka7 | 18082
Tissaby Do 63036 | 05616 | [ZR652 | 1,246,233 | 0011 0,094 | 1415 | 12095
Uy el Koaohin GI334 | 62312 | (23846 | 176825 |0.011) 0.094 | 1362 | 11642
Uyo west Chongbodu | B7225 | 69011 | 136236 | 519377 D011 0094 | (499 ET
Oni-ira Akanran 133588 | 131471 | 265088 | 435944 (D011 0094 | 2906 | 249106
Huyole Idayunre | 100505 | 102220 | 202,725 | 635,384 | 0,000 | 0094 | 2230 J'muf
Lagelu Iyana-ofa AT | 74915 | 197597 | 310850 0001|0094 | 624 | 136 |
[harapa central Ighoora 5760 | 32219 | 102979 | 480422 [0.001] 0084 | 1133 | 9680
b north Avele J9aKT 1400 | ey 1,137,762 (0000 [ G004 | 1103 | 9403




4.3 Estimation OF Network Line Parnmeters

The network line parameters of the 33 kY distribution network of oyve State are presented in

Table 4.3,
Table 4.3 33 kV Line Parameters: active and reactive resistances
Coale line Fumm'’ Ivpe N Lok M LM kM CRE KO
nl4-14 Avede-Avrg 150 ASCR I L] {1528 ih4 M i
11522 AyededHuyole I 5t ASCR. 1 1 {s 182K 4 071 Lb
nl5-17 pede-Miadio 155k ARCH | 144 1828 i 263 3.0
nl7-18  Omiadiosldd 150 ASCR 1 264 1828 4 L83 1036
nl?-1% Miadio-Eruwa it ASCR | .5 01828 4 Q.05 9.8
1920 Eruws-lghora 1561 ASCR 1| 175 | 0183 0 3.20 7
n20-21  lghoora-Avele | 500 ASCR | 1 158 {1828 0.4 183 f2
ndi-24 Huwrin-lgbetti 130 ASCR | 56 0, 1R2% 04 1024 224
fdd-24 luberii-kishi 150 ALCR i 475 [ 4 LR L
2 5-26 K ishi-1gbaho 130 ASCR 15 . 1828 0.4 157 1
-k Iseviin 130 A5CHR | 145 L 142K 0.4 FRLES L
nleT Iseyin kaka 15100 ASCR 1 4L 0, 1625 04 (3 X
n7-# {Mako-nu 130 ASCR | &2 . 1428 .4 1,03 148
18- Ot Ulksho 150 ASCR 1 2485 i IH28 0.4 454 994
ni= 10 ke ho-Pwene 130 ABCR [ | 3479 11828 4 e R
nr-11 L BN TR 150 AR I 2040% N e 4 1T HALE
nli=12 Agoare-Tede k) ASCR | 0.4 02713 14 257 37
ni2-13  Tede-Ago-amadu 11 ANCR | 184 (L2733 hd R TH4
all-14 Agoare-saki W 15tk ASCR | 2j. 78 LlE2E L4 AN a7l
nl-2 Lsiy in-Ov ol 0 158 ASCR | 4z 01828 04 T8 16,8
nl-q EhENI-IND 150 ASCR ] I 0828 ind s 12
ats EREHT T e "L S x & AR a5 £ F
n2-3 Ol R s ) 150 ASCH i i O [HXE (4 (ML 4

4.4 Estimation of mode parameters
The loadlow parameters of the 33 kY networks were determined using eqgns (3.4) o
(3. 18). Leonomic voltages for transferring power in each line was estimated using eqn (3.19).
Based on these, mode simdation of network using 132 KV for distribution rather than 33 KV was
done and ity nacsmeters calculated  The resulis for the two scenarios are proseoicd in Jables 4.3

o A0
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Table 4.4 Avede 132KVi33 KV Transmission Substation: Distribution at 33 kY
L. Ursemrt] Urine | Ui W 0005 Wiy T80, ] I i Feisa
Eroay | T LA mJ sl o il SR Wt R N emurk _
km | KV | &V | RV [ kY | % mm2{ | -A kW
Vi Li
Ayede Idlnmmt!s.:r-l3?.3'-| 1| 33 | 36.3 [31.35|30.3 | =51 | 156 1 | 400 [1.09undervuliage] OL | ni.45
Ayede | Oluyole [40[587.86) 2 [ 33 | 363 (3035|345 46 [ 1501400 [L47] normal | OL | 6947
Avede [(hmi-adio 14 A8T8.61] 3 | 33 | 36.3 [33.35(26.7 |-19.2] 150 | 1 | 400 [220ndervalage] OL | 8537
mie | o
il Iddy  [26.4(213.50 4 A3 35,3 |31,35(224 |=32.2] |50 i (0,53 fmider Vil jsge normal | 46 95
Ll
Oomi- | ™
: Eruwa (49566506 5 | 33 | 363 |30.35] L6 (952 150[ 1 [ 400 | Lo underVoluage, OL [ 7904
Ay
Eruwa | Ighooea [IT5427.12 & | 33 | 363 (3035 -4 ”;4 154 1| 400 | 10T nderVoluage, L | 61,17
Ighoora) Avele 15520556 7 | 33 | 33 |T13% -6h "'-EI’ 150 4 H.ﬂrndﬂ"ﬁ"nhugﬂ narml |- 4.7
- o |
Table 4.5 Avede Transmission Station 132kv/33 Kv: Distribution at 132 kV
t" 1-Irl-ll I-Iﬂlll Llrl'lﬂ'l I"II'NFL vl ¥ u#' Ilp THIYT I""I
From | To LA Hu;l - M Le Remark 2
kin kvl kY | kY | kY | % fmm2] | A : kY
Vx| LD
Awtde [|diavenne 15000935 1| 132 | 1086 1254] 144 | 2.0 [ 130 ] 1 [ 400 pa7joveryoltage normal |
J‘L':"El.‘lﬂ Ciluyorde 4.0 G 2| 132 1386 | 1254 1448 | %7 [ 1546 1 | didd rl..'I-T Urverolge | nornmnal |
Avede JOmi-adic| |4 A219.68) 3 | 132 | 138.6|1254] (428 | B3 | (30| 1 | 400 f3sOvervoltage| normal |
Uhmi-
o lddo (3645339 4| 132 [ 13861254 1407 | 74 | 150 1 | 400 03 OverValuge| norml
adi
Chii-
- Eruwa AW S 1h0:2H & 132 | 13&6 (1254 1365 | 3.4 | 150 | 1 |90 Kk4X  nommal normil
il
Lruw | Igboora | 17510678 6 | 132 [ 1386 (1254 135.1 | 23 [15G| 1 |40 027, nomal | moemal
Ilghooral Avele [15,5]53.3%9] 7| 132 [138a 1254 1385 | 19 [ 1506] 1] 4 nun.t.=|1|i normal | normal




Tabfe 4.6 Iseyin [32kv/33 Ky Transmission Station: Distribution at 33 kY
U] Ui | Ve | V08 | Vi, [ 22 | i [ Vi
rom | To [Lom] Lo [mus| ] e e "3 MU e | Rema e
kY [ kv [ kv | kv | % |mm2| | A | kY
Ve | 'LE |
Inevin | Town | 045 | $49.3 | | | 33 | 36.3 |31.35| 360 | 5 | 150 |1] 400 [1.02] OV | 0L | 5697
Tseyin | Okaka 3315 1629.9] 2 | 33 | 363 (3108 .0 F1I8.S] 190 |1 400 [447] UV | QL ‘T|'niﬂ"i
TOkiha | Oty | 620 | 75221 3 | 33 | 36.3 |31.35] -26.2 179,53 150 (1] 400 [1.68] U¥ | 0L | 7828
i
| Ouu | (heha [24:85] 8726 | 4 | 33 | 363 [3133] 343 F20a9] 150 (1] 400 [208] UV | OL | #6328
Iwere-
Okeho |~ |3479| 7373 | § | 33 | 363 | 3138 -367 L3082 150 |1 400 (1L49) UV | OL | 8180
¢
Aguos
btk | 20,081 5328 | 6 | 33 | 300 (3035220 Fiass] 150 (1] 400 |133) Uv | oL | agoe
| are
b
Fede | 040 | 1804 | 7 ) 33 | 363 3135|280 1877 100 |1] 308 (080 UV | normal | 4023
Wre
=
T IB.60) a86.6 | B | 23 | 363 [31.35]-35.0 F064] 100 (1] 308 |1S8 UV | DL | &8l0
L amudi
Mgl )
Sakl {21.78] 386 | 9| 33 | 363 |3E35{-3000 L1912 150 [ 1] 400 (067 UV | neem. | $9.00
e
Tseyin |Oyopss [42.00[ 1527 |10 | 33 | 36,3 30387 327 | A8 [ 150 [1] 300 [038] UV | noem, | 4830
=TT | |
| Crynjss O o0 [2sme | 11 | 39 | e [anssl ana | e | is0 (1] e () | el | newn, | 44,30
WKl
Orvoges, Atiba-| 800 [ 2970 [ 2] 33 [ 363 [31.35] 309 [ -6.2 | 150 [1] 400 [0:;74] UV | norm. | 5024
T '
Uhvnjss fdbd | 3bed | 13| 33 [ 303 [3LAE[E0E | <38 | 150 (1] 200 (54| normnd | norm; | 4290
L'.'.'d.‘il I
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Table 4.7

lsevin Transmission Station 132kv/33 KV Distribution At 132 kY

L 1. Vs Wi [Wmina [VDOS. [V 828, K T
rom [To LA [Bus igf LE [Remark
*m kv kV kW we  mml L kv
"Flllp- |\II1.|.|. IL I
| !
Isevin| Town | 045 |1123) | | 132 |138.6|1254] 1452 | 10 | 130 | 1 | 300 (628 OV | mwmal 5997
Lsexin |Okaka{34 (5075 2 | 132 [1386]1254] 1356 | 2 | 150 | | | 400 [1.02] nomal | QL 116,89
Cikaka! U [6H.200) TRR i 132 'IJE:tl 1254 1296 | =18 | 150 | Jikh kAT ol | normal | TE.2S
i (OkehoH B5ZIEZ] 4 [ 132 |138.6[1254 1275 | -34] 150 | 1 | 400 [0.55] narml friz| | B6,26
Tiwere-| |
EHeher ; G4 71893 5 [ 132 (138600254 1272 |36 | 150 | 1 | 200 (047 normad | normal (B84
{11
o =
CHkaka 20051331 & | 132 1384800234 1305 | <12 150 [ 1 [ 200 (023 aormal | doreea) (68,45
are
Ay | :
Fede [0.40|45.0 | 7 | 132 [138.6)125.4] (280 |-24 | 1%0 | 1 | 400 |.11] normal | pormal | 40,23
are
M En- 1
e IRAIZLAl B | 132 (1361254 1274 | <35 [ 150 | 1 | 200 [i30) normal | normal | 6508
amuicdu |
[ Ager | T
Saki 217809651 9 | 132 |138.61254) 1286 | -26 | 150 | | | 400 [.24] normal | ocmal |$9.11
arg
Iseyin|Ovopssdzonl 4827 10 | 132 [138.6[1254] 1443 [ 93 [ 150 | | | 400 [013] OV | normal [48.31
[t —
by e 'L S0 507 10| 132 [IaRe| 1254 1442 [ 92 [ 150 ) | 400 0050 OV | normal (44,31
gty |
Uhyoss Atiba (8007431 12 [ 137 [1380[1354] 1439 | & [ 150 1 [ 400 (019 OV mmuliﬁtl.zi
by {
u:.-u';sa[m eS| E3 | 132 |E386|E2540 1440 [ 9.0 [ 150 1 | 400 |0a] OV | normsl (42,91
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Table 4.8

Horin Transmission Station 132kv33 Ky Distribution At 33 Ky

i : “__JLm:lm. Limas,|Umin, Volureg, | size. | [lpmaer Remark | Vo, |
Frovm Te (L km| LA |[B W bus k] L
Ky kv, | kv %% mm” A K
W] 1
I i.5
[forim | Eghbetti | 36000 6020 i 33 | 363 (3135 06 | 678 | 150 [ )| 400 | v | 0, | ThA9
. N | L0 )
Iphetai| Wisi 4700 42703 ) 3 13 ) 383 | F1¥E| 48 | -l1des | BS50[0 | 400 4 Ly | OL [6337
! 1.8
Bl ;Inhl'lm 300 1356 |3 i3 | 363 (3135 B9 -127 130 | 1| 400 : LIV ioemul| 4667
Table 4.9 Horm transmission station |32kv/33 kV: distribution st 132 KV
.I-il fir 1 ar LI| = Hife. ]. . "ﬁ'm.
From| Te |lokm] LA H-u;] e il Al R R PTLel Remark
kY | kY | KW imma A kv
W | AL
llorin | Ipbeni | 36,0 |5'15(II65| L] 132 1386|1254 114.8 5.1 150 (| ] ik F!3E (41 Hfrrﬂ'r-nll
Ighestl) Kisl | 47.0 1ﬂl‘.‘|.'i"'.'".ll.'-7" 2 132 13BG( 1234 1349 "4 1500 | || s P.Iﬂﬂunﬁnl[NnrmalE
Kisi | lghoho | 25.0 153 389835) 3 | 132 | 138.6[1254] 1339 Ld 1501 JIHI-ItLHiNnmminnrrmI}_
| x
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AYEDE TRANSMISSION 13240/ 33KV:DISTRIBUTION AT 336V
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ISEYIN TRANSMISSHON 1326V IIRVDISTRIBUTION AT 33KV
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ILORIN TRANSMISSION 13ERW 33K DISTIRIBUTICN AT 33KV
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Fabie 4. 10 Summary of bus voltage and Line Load distribution conditions at 33KV

— Boumber of buses Mumber ul'_ilm: L]
Mormnlvioltage Unidervoliags Chervolinge Mormal fonding Crverloading
Aede [ e fuur o ihree three
lseyin e e e Six seven
o o three noEe e T

Table 4.11 Summary of bus voltage and Line Load distribution conditions at 132 kV

— : Mumber of buses Number of line 5
| Mommalvobspe Undervolings Cvervilioge Mormal Iooding | Owerbaading
Avede Three P Four SEven nine
[=e3in Eight Momg Five Twelve e
Harin L i one threc Tone
Fable 4,12 Total sum of Transformers Capacity at 132/33kV Substations
| B Hubuttion Trunsformer Total Capacity for | Expected Demuond | Expecied Demard
Capacity 13233k Y G EN W 132kY
132/33kY
[ Avede KEELN RN 1200 Y A TE9 02 MY A 114268V A
X Ivos, 6OMVA |
B lorin BOMY A BOMY A TH L3NV A T OTEEMYA
3 Esevin 438V A 4506V A 1901 2986 A 1B SUHMY A
['wtal I MVA XMW A JRT 06 YA FHLIGMYA

{Hourees: MO, C.Osopha)

Analysis of results on existing and potential bus losds, and mode parsmeters of Ovo state

reveals the following:

a) 24% of the population, 5391389 (2006 estimate). reside in the rural areas; the average

annual growth rate is 42,232

b} the load densities per capita range from an average minimum of 0.071 KW to a maximum

of 0094 KW. The maximum coresponds 0 the most energized local government

{Oluyele), theugh semiurban:

- __t_tﬁh
..ﬁ



w)

d)

£)

Expected potential load demand for the whole of Ovo state is about 334 MW (2006
estimate). This is huge compared to 103.7 MW, being the sum rotal supplied by the
electricity utility, PHCN,

In Oy state 33 kY networks, only 4 load buses have permissible voltage levels, 17 load
buses have undervoltages, 1 load bus has overvolage. Only 10 out of 22 lines have
permissible loading coeffiscients, Consequently. the capacities of these networks mre
inadequate and require remforcements in view of prospective rural electrificaton.

The economic voltages of virtually all lines of the existing network are significantly
above 33 KV, This implies that an upgrade of distribution voltage is necessany.

The wral 132 kV/33 kY subsmtion capacity is 225 MVA(Tabled,11), which is
insuffiscient  for the potential load demand of ove state, e, including Rural

Electrification.
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CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS
o
¥

Conclusions:

In this study on the adequacy of the existing 33 kV network [or prospective rural

electrification in Oyo State. the following conclusions can be made;

¥i

5.1

(1

(2]

24% of the population. 3591589 (2006 estimate), reside in the rural areas; the average
annual growth mate is 42,232,
the lond densities per capita range from an average minimum of 4.0 11 kW to a maximum
of 0094 kW, The maximum ¢orresponds to the most energized local government
iCMuvale), though semiurban;
Expected potential load demand for the whole of Ovo staie is abour 334 MW (2006
estimate). This is huge compared to 103.7 MW, being the sum total supplied by the
electricity utility, PHCN.
In Cyostate 33 kY networks, only 4 load buses have permassible voltage fevels, 17 foad
buses have undervoltages, | load bus has overvaltage, Only 10 owt of 22 lines have
permissible loading coeffiscients, Consequently, the capacities of these networks are
ingdequate and require reinforcements in view of prospective rural electrification,
Upgrading the voltage of the existing network will improve the distribution capacity of
the existing network significantly and solve overloading and voltage problems,
The total substution capacity is inadequate for meeting the potential demand of Ovo
State. including electrification of the rural areas,
Recommendations:
Based on the conclusions made in this study, the following recommendations are musde:

The 33 kV network should be reinforeed by upgrading to 132 kV:

I'he total substation capacity in Ovoe State should be increased by installing more 132

kV substations to relieve the existing fully loaded ones.
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Feeder Substation Jan. Feb. March Apeil May June
Iseyin/Saki 124 07 1l 1.2 W7 7.8 I
Iseyin/Oye 136 0.7 136 126 16 9.7
Axede/Ouyole ii 19 18 15 15 16 14
AyedeTdi-Ayvunre il 14 )] 14 135 0n
Ayede/Lanlate 85 g 9 7 1" 4
Ayede/Apotu & 11.5 13 12 11 10
Horin/Kisi-lgboho 14 149 15 14.5 14 Tl

Table Ab.|: (Source: Ayede & Horin Control Cenire)

| 20
: 18
: 1H = .._._-.__.H;I.
14 5 Il il
12 | Ayede/Oluyole i
19 Ayedelidi-Ayunre
8}  AyedelLaniate
L AyedelApata
2
a

Frz. A6, 1: Monthly Load Demand Curve (Jan.-June 2007
{ Source: Author)
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APPENDIX-II

LIST OF ACRONYMS

HY = High voliage

OV = Owervoltage

UV = Under voliage

Ol = Overload

UL = Under load

REN = Rural Electrification Network

MV = Medium vohage

LY =Low valtage

AAC=AN- Aluminam Conductor

ACSE = Aluminum Conductor Steel Reinforcement
PHCN = Power Holding Company of Nigeria Ple
FMP = Federal Minisiry of Power

EDMN-Electricity Distribution Network



