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PREFACE

In response to a request from the Government of the Republic of Ghana, the
Government of Japan decided to conduct a basic design study on the Project for Rural
Electrification and entrusted the study to the Japan International Cooperation Agency (JICA).

JICA sent to Ghana a study team from February 7 to March 16, 2002.

The team held discussions with the officials concerned of the Government of Ghana,
and conducted afiled study at the study area. After the team returned to Japan, further studies
were made. Then, a mission was sent to Ghana in order to discuss a draft basic design, and
asthisresult, the present report was finalized.

| hope that this report will contribute to the promotion of the project and to the
enhancement of friendly relations between our two countries.

| wish to express my sincere appreciation to the officials concerned of the Government
of the Republic of Ghanafor their close cooperation extended to the teams.

August, 2002
A ﬁl"ﬂ .--% L
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\ B I| ﬁ| t
Takao Kawakami
President

Japan International Cooperation Agency



August, 2002

LETTER OF TRANSMITTAL

We are pleased to submit to you the basic design study report on the Project for Rural
Electrification in the Republic of Ghana.

The study was conducted by Yachiyo Engineering Co., Ltd. under a contract to JCA
during the period from February, 2002 to August, 2002. In conducting the study, we have
examined the feasibility and rationae of the project with due consideration to the present
situation of Ghana and formulated the most appropriate basic design for the project under
Japan’s grant aid scheme.

Finally, we hope that this report will contribute to further promotion of the project.

Very truly yours,

Masatsugu Komiya

Chief Consultant

Basic design study team on the
Project for Rural Electrification in
the Republic of Ghana

Y achiyo Engineering Co., Ltd.
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SUMMARY

The Republic of Ghana (hereinafter referred to as “Ghana’) located in central western Africa
between 4° and 11° north latitude, and 3° west and 1° east longitude, faces the Gulf of Guinea
to the South, and is bordered by Togo to the east, the Republic of Cote d’Ivoire to the west,
and the Republic of Burkina Faso to the north. The population of Ghana is about 18.4 million
(FY 2000) and has increased at a rate of 2.6% annually over the past 10 years. Its territory is
approximately 238,000 km? — about 0.6 times of the area of Japan — and is amost
completely flat land less than 300 meters above sea level. Its climate is tropical and humid
throughout the year with an annual average temperature of about 27C° to 30C°. The dry
season extends from October to March and the rainy season from April to September.
However, annual rainfall varies considerably from region to region, for example, 1000mm in
the north and more than 1900mm in the southwest.

Ghana, or Gold Coast as it was known during colonial times, gained its independence in 1957
and became the Republic in 1960. From 1966 however, its economy began to decline due to
political instability and short-lived socialist ideology. Then, in the late 1980s the government
of Ghana achieved annual economic growth of 5% by promoting economic liberalization in
accordance with the structural adjustment policy initiatives of the International Bank for
Reconstruction and Development (IBRD) and the Internationa Monetary Fund (IMF).
However, poverty in rural areas, accounting for approximately 60% of the total population, is
still amajor concern. As more and more people from comparatively poor rural areas flock to
the cities of the south, slums in urban centers such as the capital Accra continue to grow.

Accordingly, in order to promote sustainable economic growth, poverty reduction, and
democratic ideology, long-term comprehensive development guidelines in 1995 entitled
“Vision 2020 and in 2002 a final draft of the Ghana Poverty Reduction Strategy Paper
(GPRSP) were announced publicly. In addition, the government of Ghana places a high
priority on a scheme to supply electricity to rural areas in order to improve the living standard
of residents in rural communities and to alleviate poverty. In promoting the project, in 1989
Ghana's Ministry of Energy (MOE) formulated the National Electrification Scheme (NES) as
a goal to supply electricity to all communities with a population of 500 or greater by 2020.
Through this scheme, the initiatives of the World Bank, and other donors including Japan,
achieved its goal of supplying electricity to al 110 district capitals and other bigger towns by
1998. Furthermore, the Ghanaian government has also promoted the Self Help Electrification
Project (SHEP) alongside the NES in order to address the urgent needs of towns and villages
who wish to advance year of implementation ahead of the planned date indicated in NES.



However, higher electricity rates (charges) do not cover the increasing cost of supplying
electricity due to lower exchange rates or sudden rises in the price of crude oil. In addition,
government authorities are concerned about the financial burden and electricity payments |l eft
in arrears. Consequently, the electrification rate among households in the metropolitan region
(Greater Accra) is approximately 62%; whereas, the average rate in local regions is only
about 20%. Therefore, the redress of disparity between urban and rural communities has
become an urgent task. Moreover, the Electricity Company of Ghana (ECG), which is
implementing an electricity distribution project in six southern regions under the supervision
and direction of the Ministry of Energy (MOE), is apprehensive about non-technical losses
accounting for 15% of the total distribution loss (approximately 25%) due to surreptitious use
of electricity and payments in arrears. Therefore, an appropriate system to collect electricity
charges in order to minimize non-technical losses is urgently needed. Under these
circumstances, as a part of the NES and after requesting grant aid from Japan in 1998, the
Ghanaian government proposed electrification projects for three districts (Nyinahin Area in
Ashanti Region, North Assin District in Central Region, and Samreboe District in Western
Region) where significant economic growth from agricultural products such as cacao and
cassava is anticipated.(hereinafter referred to as “the Project”)

In response to this request, in April 2001 the Government of Japan dispatched the Project
Formulation Study Team. As a result, since EU aid for Samreboe District in Western Region
had been already allotted the following was confirmed. It was requested that Amansie West
District in Ashanti Region become a substitute target district and cost of the beneficial effects
in the three target areas would be high in Nyinahin Area, Amansie West District and North
Assin District. In due consideration of the report by the said Study Team, JICA dispatched the
Basic Design Study Team to Ghana between February 7 to March 16, 2002 to reconfirm the
contents of the request and to hold discussions with concerned parties. At the same time, a
project survey was carried out and related materials were collected. After returning to Japan,
and after carefully examining the need, the socio-economic effects and appropriateness of the
Project based on a detailed field survey of the three areas requested, Nyinahin Area and
Amansie West District where the beneficial effects of e ectrification are expected to be high
were selected and a basic plan and implementation plan in relation to an optimum plan for
both areas were compiled in the Basic Design Study Report. In order to clarify the Basic
Design Study Report, JICA dispatched the Basic Design Study Report Explanation Team to
Ghana between June 2 and 12, 2002.

In keeping with the goal of the GPRSP which isto “improve the living standards of the poor”,
the Project designed with the purpose of carrying out electrification in Nyinahin Area and
Amansie West District, important agricultural producing areas in Ashanti Region and the



largest regional population in Ghana, was announced through the National Electrification
Scheme (NES) in the interest of “improving the standard of living of local residents and
revitalizing local industries’. It will provide residents in each target town and village access to
electricity for lighting and radio equipment necessary to daily life. At the same time, the
living conditions of local residents will be improved through the use of electrical equipment at
public welfare facilities such as educational and medical institutions. The scope of target
cooperation in the Project includes the procurement and installation of equipment and
materials utilizing existing 33kV transmission lines and booster stations, and the procurement
of equipment and materials for low voltage distribution lines necessary for electrification in
each town and village.

An overview of the Basic Plan based on afield survey and discussions with the Ghanaian side
as compiled by the Basic Design Study Team upon its return to Japan is outlined in the

following table.

Overview of the Basic Plan

Project

)]
5]

Nyinahin Areain Ashanti Region

Amansie West District in Ashanti Region

Equipment and Materials Procurement
and Installation Plan

Procurement and installation of equipment and
materials for 33kV transmission lines and booster
station
(1) Booster station

«Installation of new 33kV booster (5MVA)

Procurement and installation of equipment and
materials for 33kV transmission line
(1) 33kV transmission line
*From existing 33kV transmission line terminal
(Abrense Village) to Antoakrom Village:

(Bibiani City): 1 set approx. 31km
(2) 33kV transmission line (2) 33kV/433-250V distribution transformers
«From new booster station (Bibiani City) to 1) 50kVA:  3units

Anyinamso Village: approx. 60 km
(3) 33kV/433-250V distribution transformer
1) 50kVA: 8 units
2) 100kVA: 16 units
3) 200kVA: 13 units

2) 100kVA: 3 units
3) 200kVA: 8units

Equipment and Materials Procurement Plan

Procurement of equipment and materials (for 24
towns and villages)

(1) LV trunk line (extended): 393.4km

(2) Service drop wires for each household (extended

Procurement of equipment and materials (for 10
villages)

(1) LV trunk line (extended): 113.6km

(2) Servicedrop wires for each household (extended

length) length)
1) 10mm* 175.0km 1) 10mm*  70.1km
2)16mm*  23.2km 2)16mm*  9.4km

(3) kWh Meter (with MCCB)
1) Single phase 5(20)A: 3,499 units
2) Single phase 15(60)A: 310 units
3) Three phase 20(80)A: 77 units
(4) Spare parts and maintenance tools for
procurement of equipment and materials
(5) Vehicles for maintenance and control
3t truck with crane: 1 vehicle

(3) kWh Meter (with MCCB)

1) Single phase 5(20)A: 1,402 units

2) Single phase 15(60)A: 127 units

3) Three phase 20(80)A: 30 units
(4) Spare parts and maintenance tools for

procurement of equipment and materials
(5) Vehiclesfor maintenance and control

3t truck with crane: 1 vehicle




In the case of the implementation of the Project with grant aid provided by the Government of
Japan, the cost to be borne by the Ghanaian side is approximately ¥98 million. The main
component of the work to be conducted by the Ghanaian side will be the installation work of
the equipment and materials for LV distribution system which will be procured by the
Japanese side. The total length of the Project will be approximately 28.5 months for both
Nyinahin Area and Amansie West District, including the detailed design period.

The Ministry of Energy (MOE) will act as the responsible ministry in the implementation of
the Project and the Electricity Company of Ghana (ECG) will carry out operation and
maintenance of equipment and materials upon its completion as the implementing agency.
ECG is a de facto state-run monopoly in southern Ghana with 4,026 employees (FY 2000).
Since the specifications for transmission and distribution facilities to be supplied will not
exceed the scope of equipment supplied on three previous occasions through Japan’s grant
aid, ECG is judged to be technically competent to oversee the installation of equipment and
materials, and operation and maintenance necessary to the Project. Furthermore, the
maintenance and management conditions of Japanese-manufactured transformers are
acceptable, so no specific problems associated with the technical competency of either party
Is anticipated during implementation of the Project.

The following direct effects are expected from the Project.

* Electric power will be newly supplied for nearly 55,000 residents of Nyinahin Area (approx.
39,000 residents) and Amansie West District (approx. 16,000 residents) after
implementation of the Project.

* There are 48 schools, 1 hospital and 9 clinics in Nyinahin Area and 20 schools, 2 clinicsin
Amansie West District to be served electricity through the Project.

 Kerosene for household lighting is expensive (about US$25 annually/household) and is an
economic burden for poor residents. However, the average cost of electricity after
electrification is estimated to be US$13 annually/household, thus reducing the cost of
energy for residents.

Moreover, the following indirect effects are expected.
* From the hedth and sanitation aspects, the use of electricity will make it possible to

introduce medical equipment and refrigerators for pharmaceuticals, improving health and
sanitation conditions for local residents.



» From the educational standpoint, by introducing vocational training equipment and lighting
in school classrooms, educational activities will be stimulated. Accordingly, the disparity in
education standard between rural and urban areas will be alleviated as well asimproving the
literacy ratein rural areas.

» From the aspect of daily life, a stable supply of electricity will mean electric pumps can be
used by local residents to obtain safer, higher quality drinking water. Also it will lead to a
reduction of the burden on women and girls presently utilizing hand pumps daily to draw
water.

* From the agricultural standpoint, it will be possible to utilize more efficient electric
machines which are less costly to run than diesel generators currently being used as a power
source for corn mills, promoting modernization and advancements in agriculture and greater
agricultural production.

If the target areas are electrified through the Project the major effects mentioned above can be
expected. At the same time, it will contribute extensively to improving the basic living
conditions of residents, confirming the importance of Japan’s grant aid for such projects.

Furthermore, in the interest of the Project, Ghana must ensure that the responsibilities, such as
the installation of low voltage distribution facilities, tree clearing on roads aongside
transmission and distribution lines, tax exemption and customs clearance are carried out to
completion.
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CHAPTER 1
BACKGROUND OF THE PROJECT

Since the late 1980’s, the Government of Ghana has achieved about 5% economic growth
annually by promoting a policy of economic liberalization in accordance with a structural
adjustment policy first introduced in 1983. However, the industrial structure is greatly
dependent on agriculture and underground mining resources (gold, aluminium and diamonds),
so its economy, which relies greatly on international market prices for imports and exports,
remains unstable. Furthermore, with approximately 60% of the total population earning less
than US$1 per day and still faced with extreme poverty, and cash crop production in difficulty
particularly in the northern savannah, slums in major urban areas such as the capital Accra
continue to grow due to an outflow of the population to these areas. Consequently, disparity
between the living standards of rural and urban areas has become a serious social concern.

Therefore, in order to reduce poverty in the early stage and ensure sustainable economic
growth for the future, Ghana is endeavouring to expand its social infrastructure, including the
electricity sector, and social resources development in areas such as education and medical
services. Above dl, the government is counting on its rural electrification project as one way
to redress regional disparity between urban and rura areas. Accordingly, by promoting the
National Electrification Scheme (NES) and the Self Help Electrification Project (SHEP)
formulated in 1989, the final goal is the electrification of all towns and villages with a
population of 500 or more by 2020. However, the average electrification rate of rural
households in Ghana is extremely low at about 20%, which has become a major hindrance
toward social development.

Under these circumstances, the Government of Ghana has selected three areas for
electrification (Nyinahin Areain Ashanti Region, North Assin District in Central Region, and
Samreboe District in Western Region) where economic growth from agriculture (such as
cacao and cassava) is expected as a part of the NES and Japan’s grant aid requested in 1998
for the purpose of improving transmission and distribution networks. (hereinafter referred to
as “the Project”)

In response to this request, in April 2001 the Government of Japan introduced the Project
Formulation Study. As a result, since aid from the EU for Samreboe District in Western
Region has been aready alotted, the following was confirmed. It was requested that Amansie
West District in Ashanti Region become a substitute target district and cost of the beneficial
effects in the three target areas would be high in Nyinahin Area, Amansie West District and



North Assin District. The Basic Design Study was implemented based on these results.
Although Nyinahin Area and Amansie West District will benefit significantly from
electrification, since project target sites in North Assin District in Central Region are
dispersed over four regions and the beneficial effects are relatively low compared with the
other two areas, through discussions it was agreed that these sites would not be included in
the Project.
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CHAPTER 2
CONTENTS OF THE PROJECT

2-1 Basic Concept of the Project

Despite annual economic growth of about 5% since the late 1980s through economic
liberalization in accordance with the structural adjustment policy initiatives of the World
Bank and IMF, more than 30% of Ghana s GDP remains dependent on agriculture, forestry
and fisheries, so that poverty in rural communities is still a serious concern. Furthermore,
since a further decline in economic performance, social conditions including extensive
poverty in rural areas, and a lagging socia infrastructure is expected, the Government of
Ghana is placing a high priority on the electrification project as a means of redressing the
disparity between urban and rural areas through direct application of the Ghana Poverty
Reduction Strategy Paper (GPRSP) and formulation of “Vision 2020” as a nationa
development plan.

To promote the rural €electrification project, in 1989 the National Electrification Scheme
(NES) was formulated with the goal of supplying a stable supply of electricity to all
communities of 500 residents or more by 2020. Accordingly, the Ministry of Energy (MOE)
in Ghana is moving ahead with its plan to supply €electricity to preferred un-electrified areas
and important commercial centers of prime investment potential, and is currently promoting
electrification in rural core cities and important agricultural producing regions. In addition,
the Self Help Electrification Project (SHEP) was introduced in response to urgent requests of
towns and villages omitted from the NES. Through the initiatives of local residents
electrification projects are being planned. However, due to a shortfall in foreign aid and a
household electrification rate in rural communities of only about 20%, economic disparity and
living standards between urban and rural areas continues to pose a major problem.

Under the supervision and guidance of MOE, a distribution project is being implemented in
six southern regions in Ghana including the Project sites. The Electricity Company of Ghana
(ECG), the agency in charge of operation and maintenance of the Project is apprehensive
about total distribution loss (approximately 25%) and non-technical loss such as the
surreptitious use of electricity (approximately 60% of total distribution loss) and electricity
payments in arrears. As one step toward management improvement, ECG is promoting the
collection of appropriate electric charges by reducing the non-technical distribution loss,
particularly through the eradication of surreptitious use of electricity.



Through these steps, the goal is to contribute to “improving the living standards of the poor”
which is the am of GPRSP, and contribute to “improving the living standards of rura
residents and revitalizing local industries’ as declared in the NES. To accomplish these goals,
existing 33kV transmission lines are being branched and extended. The Project is designed to
improve distribution networks in Nyinahin Area and Amansie West District which are
important agricultural production areas in Ashanti Region, and the most densely populated
areayet to be electrified in Ghana.

By ensuring a stable supply of electricity as an important part of the social infrastructure of
relevant areas, improvements to the social economy and local standard of living are expected.
Faced with these conditions, Japanese assistance was requested in the supply and installation
of equipment and materials for 33kV transmission lines, low voltage distribution equipment
and materials, and distribution equipment and materials such as kWh meters for each
household.

2-2 Basic Design of the Requested Japanese Assistance
2-2-1 Design Policy
2-2-1-1 Basic Concept

In the Project, the scope of the requested Japanese assistance is the procurement and
installation of equipment and materials for new 33kV transmission lines to extend existing
33kV transmission lines to the Project sites, and procurement of low voltage equipment and
materials necessary for electrification in each town and village.

In addition, to deal with voltage drops expected in five years due to power demand, a booster
station is to be constructed at the starting point of the above-mentioned new 33kV
transmission lines.

2-2-1-2  Natural Conditions

(1) Temperature

The temperature at the Project sites is constant 20C° to 33C° throughout the year with the
hottest month being March and the coolest August. Humidity is over 85% year round, so
itis hot and stuffy.



Since the booster station for the Project will be outdoor closed-type distribution panels,
the structures should be able to maintain a normal operating temperature, protect the
distribution panels from the outside air temperature and direct sunlight, and prevent any
disruption in operation and maintenance. In particular, humidity within a closed
distribution panel is major concern. In order to prevent dew condensation caused by a
drop in temperature, the introduction of space heaters should be examined.

(2) Rainfal and lightening damage

Average monthly rainfall during the rainy season (April to September) is approximately
206mm and there are occasional thunderstorms. Therefore, in order to prevent any
disruption in operation and maintenance, the booster station should be installed with
proper water drainage.

In addition, since the number of annual thunderstorms exceeds 100 days at the Project
sites, sufficient protection from direct lightning strikes or incoming surges from
transmission lines should be installed.

2-2-1-3  Social Conditions

Since the socia infrastructure of towns and villages along the new 33kV transmission line
routes in Nyinahin Area and Amansie West District is still insufficient, accommodation for
Japanese engineers is unavailable. Accordingly, a plan is being implemented to secure safe
accommodations for the Project work period and to supply communication devices to ensure
contact in case of an emergency.

It is important to note that Project sites are located near the second largest city in Ghana,
Kumasi, located only three and a haf hours from Accra by car. The city has many
accommodation facilities where foreigners can stay for extended periods of time and
restaurants, etc. In addition, medical facilities and telephones have been improved. Cellular
phones can be used in Kumasi City and Bibiani City where a booster station is scheduled to
be installed. However, pick-pocketing and other types of robbery are common in some areas,
so caution should be taken at night and the use of cellular phones is recommended.

2-2-1-4  Construction and Procurement Conditions
In larger cities such as Accra and Kumasi, the construction industry is flourishing. Many new

commercia office buildings are being built by only a handful of genera contractors,
including electric firms. So work conditions are favourable. However, in rural areas of the



Project sites, since the infrastructure has fallen behind and implementing conditions are bad,
when formulating a construction plan, adequate consideration should be given to the method
of transporting construction equipment and materials from both cities, and the environment in
which afield office is to be built.

In addition, concerning equipment and materials to be supplied in the Project, booster stations
and transmission line equipment have already been introduced at existing facilities. Therefore,
since the Ghanaian side is accustomed with the operation and maintenance of
Japanese-manufactured equipment and materials, such equipment will be mainly examined.
For the purpose of promoting local industries, wire and other construction materials should be
supplied on-site whenever possible.

2-2-1-5  Effective Use of Local Construction Companies

Since the on-site procurement of workers, transportation vehicles, construction work
equipment and materials within Ghana is relatively easy, the foundation work for 33kV
transmission lines and the booster station will utilize local contractors effectively.

2-2-1-6  Operation and Maintenance Capacity of Project Implementation Body

In addition to the rural electrification project through Japan’s grant aid, Ghana has had alot of
experience in similar-scale projects. Since the specifications of al distribution equipment to
be improved and supplied under the Project is expected not to exceed the scope of equipment
supplied through previous grant aid, ECG in taking charge of operation and maintenance of
the Project is deemed to have the competency to install, operate and maintain existing
transmission equipment.

However, the existing transmission and booster stations are in very poor condition. For
example, there is a shortage of spare parts and superannuation associated with ECG’'s
financial difficulties and nonconformity. In addition, engineers and operators at ECG may not
fully understand the latest booster station technology. Therefore adequate consideration
should be given to ensure that facilities to be constructed will be more effectively and
efficiently operated through on-the-job training by Japanese engineers on the operation and
maintenance of relevant facilities during the construction period of the Project. Moreover, by
providing the necessary spare parts, testing devices, maintenance tools, manuals on operation
and maintenance, proposals on the operation and maintenance system after commencement of
regular operations can be received.



2-2-1-7  Scope of Facilities and Equipment and Grades

In due consideration of the various conditions mentioned above, the scope of procurement and
installation of equipment and materials and technical level will be formulated as the following
basic policy:

1)

2

Scope of facility, equipment and materials

Since the target year of the Project is regarded to be five years after completion, the
minimum but necessary configuration and specifications of equipment for construction of
33kV transmission lines, booster stations, and the procurement of equipment and
materials for low voltage distribution lines to supply stable electricity to local residents
of Nyinahin Area and Amansie West District, which are the Project sites and important
agricultural producing areas of Ashanti Region, and social/public facilities such as
hospitals and schools.

To ensure an economical design, the specifications of equipment and materials will be
based on international standards. The types of equipment and materials will be kept to a
minimum in order to facilitate the compatibility of equipment and materials as much as
possible.

Grades

In designing the 33kV transmission lines, the booster station and low voltage distribution
lines to be installed or procured under the Project, specia attention will be given not to
exceed the technical capacity of ECG which will be responsible for the operation and
maintenance of these facilities after completion of the Project. In particular, as
distribution equipment and materials for each household such as low voltage distribution
lines and watt-hour meters (kWh meters) will be installed by the Ghanaian side, the
equipment and materials used for such work should comply with the technical capacity
of Ghana.

2-2-1-8 Procurement and Construction Period

The electrification project will be implemented for two areas in Ashanti Region, Nyinahin
Areaand Amansie West District. However, it is preferable to bisect the construction schedule,
and start with Nyinahin Area as shown below in taking the situation of each area, urgency,
project scale and effectiveness into consideration.

Nyinahin Areain Ashanti Region



Amansie West District in Ashanti Region

2-2-2

2-2-2-1

Basic Plan (Equipment Plan)

Preconditions

(1) Power Demand Forecast for Project Sites

The demand for electricity at the Project sitesin 2009, five years after commencement of
the electricity supply service, was forecasted in the following manner based on the
population and the number of current households, basic consumption units and annual
increase.

1)

2)

Calculation of Population and Number of Households

Although Ghana conducted a census in 2000, the results have yet to be publicly
announced. Consequently, based on the materials presented by MOE, the number of
potential electricity users under the Project was compiled after confirming through
interviews, a questionnaire survey and field investigation at the Project sites.
Furthermore, with respect to the number of general households, a lot of compound
housing exists in rural areas, implying than two “households’ constitutes a single
“house’. Therefore, even though an average “household” is considered a single unit
in power demand forecasting at the Project sites, the total number of households was
determined by average household size (5.1 persons in Ashanti Region) and village
population. For public facilities other than general households, power demand
forecast for schools, hospitals and well pumps, etc. at night (18:00 to 22:00) during
peak utilization time was taken into consideration.

Increase Rate in Maximum Demand

The increase in rate of maximum demand in the Rural Electrification Project may be
examined by classifying the increase in power demand per single demand unit by

the entry rate of consumers to be connected to the electricity system after
commencement of the electricity supply service,  the growth rate of population at
the Project sites, and the increase in power demand per single demand unit
mainly resulting from the income effects after electrification.

Entry Rate of Consumers

In rural electrification projects (NES and SHEP) in Ghana, when applying for
electricity supply service 18 months or more after electrification in the Project



sites, a consumer is required to pay 1 million Ghana Cedi per single household
(approximately ¥1,900; for three phase 2 million Cedi) for a connection charge
(for an application for connection within 18 months, 5,000 Ghana Cedi or
approximately ¥80). In the past results of rural electrification projects, the
majority of consumers applied for electricity supply services immediately after
the implementation of electrification. Accordingly, even in power demand
forecasting for the Project, it is estimated that all consumers (100%) will have
applied for electricity supply service by the year 2004, which will mark the
commencement of common use of facilities. As a matter of fact, the entry rate
of consumers was underestimated in the past rura electrification projects in
Ghana. Consequently, problems such as overloading of pole-mounted
transformers less than a year from the start of construction and shortages in the
procurement of kWh meters have been pointed out.

Natural Increase Rate in Population at the Project Sites

The average annual increase in population of 3.4% in the Ashanti Region (2000
statistics) will be applied to an increase in households associated with the
population increase from the present (2002) to the commencement of the
electricity supply service (2004) of the Project.

Increase Rate of Power Demand After the Commencement of Electricity
Supply Service

The increase rate of maximum demand (results of long-term demand forecasts
up to 2010) at existing substations to which transmission lines are scheduled to
be connected during the Project will be applied to the increase rate of power
demand after the commencement of electricity supply service in the following
manner.

* Nyinahin Area (existing Asawinso Substation) Annual rate 7.4%
* Amansie West District (existing Kumasi Substation)  Annual rate 6.5%

3) Units of Maximum Power Demand Forecast

Units of maximum power demand forecast are as follows. Although the said units
are based on those adopted in previous ECG rura electrification projects, ailmost all
similar units are adopted in rural electrification projects of other African nations and
are therefore judged to be appropriate. The average demand rate will be 85%.



4)

 Unit demand electricity (including demand and diversity factors):

Genera households : 250W/household

Schools : 1kW/building
Hospitals (Nyinahin) : 30kW/building
Clinics : 5kW/building

Other public facilities: 2kW/building

In addition, as for the breakdown of the above-mentioned load for general house
from the results of an interview survey at the Project sites, the following electrical
appliances necessary to daily life and feasible for use immediately after
electrification are anticipated.

» Breakdown for electrical appliances of general housing (per single household)

Lighting : 80W (40Wx2)
Iron . 750W
Radio cassette recorder :  20W
Total 850W

If 40% of the demand factor and 1.3 of the diversity factor are applied to the above
total load, general housing load becomes 250W/household (850Wx0.4+1.3=261
250W).

Power Demand Forecast for the Target Y ear

As the target year of the Project is regarded to be 5 years after completion of
construction works for transmission and distribution system in Nyinahin Area,
various conditions are taken into consideration in power demand forecasting for the
Project sites, such as the number of households for electrification at the Project sites
and the increase rate of power demand as shown in Table 2.2.2.1-1 and Table
2.2.2.1-2. In these tables, since the maximum power demand for the Project site is
estimated to be approximately 4.6MW 5 years from the commencement of joint
utilization, by the end of 2001 approximately 0.3% of the generated output is
required. Therefore, on a national scale the Project is considered to have an
extremely small impact on the balance of electricity demand-supply.
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Table2.2.2.1-1

Results of Estimated Electricity Demand in Nyinahin Area

(Unit: kW)
Increase rate in population Increase rate in electricity demand
Numb Public Welfare Facilities, etc. 2004 9
No Site Name Population u(r)r; e ' - 2001 2002 2003 Co(r:n?;lz'?m 2005 2006 2007 2008 ( +79 209@ 2010 2011
Households | Schools | Hospitals | Clinics | Others (+3.4%) | (+3.4%) of o e (+7.4%) | (+7.4%) | (+7.4%) | (+7.4%) Target year (+7.4%) | (+7.4%)
facilities
1| Aduenkyia 150 29 0 1 124 12.8 13.2 13.7 14.7 15.8 16.9 18.2 195 21.0 225
2 | Nzema Nkwanta 200 39 1 10.8 11.2 11.6 11.9 12.8 138 14.8 159 17.1 18.3 19.7
3 | Kuffuor Camp 890 175 2 45.6 47.2 48.8 50.4 54.2 58.2 62.5 67.1 721 774 83.1
4| Antwi-Adjei Nkwanta 600 118 1 304 314 325 33.6 36.1 38.8 417 4.7 48.0 51.6 55.4
5 | Kensakrom 637 125 1 32.2 333 345 35.6 38.3 41.1 441 474 50.9 54.7 58.7
6 | Akotaa 896 176 1 2 48.9 50.6 52.3 54.1 58.1 62.4 67.0 720 77.3 83.0 89.1
7 | Takoradi 900 176 1 1 2 54.1 56.0 57.9 59.8 64.3 69.0 74.1 79.6 85.5 91.8 98.6
8 | Barniekrom 430 84 1 1 271 28.0 29.0 29.9 322 345 371 39.8 42.8 45.9 49.3
9 | Otaskrom 1,680 329 4 1 4 994 102.7 106.2 109.8 118.0 126.7 136.1 146.1 157.0 168.6 181.0
10 | Akurabuokrom 520 102 1 1 3 375 38.8 40.1 41.4 445 47.8 51.3 55.1 59.2 63.6 68.3
11 | Nyinahin 22,890 4,488 15 1 10| 1,187.1| 1,227.4| 1,269.2 1,312.3| 1,409.4| 1,513.7| 1,625.7| 1,746.0| 1,8752| 2,314.0| 2,163.0
12 | Akentensu-Nkwanta 115 23 1 1 11.6 120 124 12.9 138 14.8 15.9 17.1 184 19.7 21.2
13 | Y awbarimakrom 41 86 0 21.6 224 231 239 25.7 27.6 29.6 318 34.2 36.7 394
14 | Agogosu 899 176 3 47.1 48.7 50.3 52.0 55.9 60.0 64.5 69.2 74.4 79.9 85.8
15 | Adiembra 2,179 427 3 7 123.8 128.0 1324 136.9 147.0 157.9 169.6 182.1 195.6 210.1 225.6
16 | Adumasa/Amangoase 500 98 1 1 275 28.4 29.4 30.4 327 35.1 37.7 40.5 435 46.7 50.1
17 | Mmmoframfadwen 200 39 0 2 13.8 14.3 14.8 15.3 16.4 176 189 20.3 21.8 234 252
18 | Nkrumah 750 147 3 1 3 50.8 525 54.3 56.1 60.3 64.7 69.5 74.7 80.2 86.1 92.5
19 | Betinko 891 175 1 5 54.7 56.5 58.5 60.4 64.9 69.7 74.9 80.4 86.4 92.8 99.6
20 | Kwanfinfi 732 144 4 3 45.9 474 49.1 50.7 54.5 58.5 62.8 67.5 725 77.8 83.6
21 | Kentenkyiren 160 31 1 12.8 133 13.7 14.2 15.2 16.4 17.6 189 20.3 21.8 234
22 | Serebuoso 894 175 1 448 46.3 47.9 49.6 53.2 57.2 61.4 65.9 70.8 76.0 817
23 | Anyinamso No. 2 1,000 196 2 3 57.0 59.0 61.0 63.0 67.7 727 78.1 83.9 90.1 96.7 103.9
24| Anyinamso No. 1 500 98 1 1 3 36.5 37.8 39.0 40.4 433 46.6 50.0 53.7 57.7 61.9 66.5
Total 39,054 7,656 48 1 9 48 2,133 2,206 2,281 2,359 2,533 2,720 2,922 3,138 3,370 3,620 3,887
[Basic Indexes)
Increase rate of maximum electricity: 1.074 Maximum electricity consumption per single consumer (kW)

Number of average constituent members per single household (Ashanti Region): 51 For households: 0.25

Increase rate of population 1.034 For schoals: 1.0

For hospitals: 30

For clinics: 5.0

Others (such as wells): 20

Number of households = population + (Average number of constituent members per single household: 5.1)
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Table2.2.2.1-2

Results of Estimated Electricity Demand in Amansie West District

(Unit: kw)
Increase rate in population Increase rate in electricity demand
Numb Public Welfare Facilities, etc. 2004 9
No Site Name Population u(r)r; e ' - 2001 2002 2003 Co(r:f;lz'?m 2005 2006 2007 2008 ( +79 209@ 2010 2011
Households | Schools | Hospitals | Clinics | Others (+3.4%) | (+3.4%) of o e (+7.4%) | (+7.4%) | (+7.4%) | (+7.4%) Target year (+7.4%) | (+7.4%)
facilities
1| Nsiana/Besease 2,000 392 2 100.0 103.4 107.0 110.6 117.8 125.4 133.6 142.3 1515 161.4 1719
2 | Antoakrom 4,000 784 2 1 7 217.1 224.5 232.1 240.0 255.6 272.2 289.9 308.7 328.8 350.2 372.9
3| Yawhemenkrom 202 40 9.9 10.2 10.6 10.9 11.7 12.4 13.2 14.1 15.0 16.0 17.0
4 | Omanadwaree/Saf okrom 300 59 3 3 23.7 245 25.3 26.2 279 29.7 317 337 35.9 38.2 40.7
5 | Akropong 1,250 245 2 63.3 65.4 67.7 70.0 745 79.3 84.5 90.0 95.8 102.1 108.7
6 | Dome 1,200 235 1 3 65.8 68.1 704 72.8 715 825 87.9 93.6 99.7 106.2 1131
7 | Abodon 1,200 235 2 60.8 62.9 65.0 67.2 716 76.3 81.2 86.5 92.1 98.1 104.5
8| Mim 2,500 490 2 1245 128.8 133.2 137.7 146.6 156.2 166.3 177.1 188.6 200.9 214.0
9| Min Dome 550 108 3 30.0 31.0 320 331 353 37.6 40.0 42,6 45.4 48.3 515
10 | Ankam 2,500 490 3 1 130.5 135.0 139.6 144.3 153.7 163.7 174.3 185.7 197.7 210.6 224.3
Tota 15,702 3,078 20 0 2 13 826 854 883 913 972 1,035 1,103 1,174 1,251 1,332 1,419
[Basic Indexes)
Increase rate of maximum electricity: 1.065 Maximum electricity consumption per single consumer (kW)

Number of average constituent members per single household (Ashanti Region): 51 For households: 0.25

Increase rate of population 1.034 For schoals: 1.0

For hospitals: 30

For clinics: 5.0

Others (such as wells): 2.0

Number of households = population + (Average number of constituent members per single household: 5.1)




(2) Electrical System Plan

1) 33kV Transmission System Plan

2)

By using 120 mm? All Aluminum Conductor (AAC) for all new33kV transmission
lines for the Project, the lines will be extended from the existing 33kV transmission
system by branching or extending the terminal to each target site through the method
shown in Table 2.2.2.1-3, and electricity for low voltage consumers will be
distributed by a pole mounted transformer (33kV/433-250V). Since 33kV
transmission lines involve a radial system with no connection spot, by installing a
load break switches on-route taking line extension and load capacity into account,
the electrical system design should make it easy to locate fault points and to
interrupt the system. Furthermore, if lateral lines exceed 3km from the trunk line,
though it is normal procedure to install a breaker fuses at branch points, lateral lines
at the Project sites will be extended from 200 to 600m making such fuses unsuitable.
Therefore, only primary breakers will be installed on the primary side of
pole-mounted transformer.

Table2.2.2.1-3 Connection Method between New and
Existing 33kV Transmission Lines

Project Site Connection Method

T branch by raising underground cable from new booster station to
the existing 33kV transmission tower (No. Bibiani-115). ECG
implements final connection between cable terminal and transmission
lines.

Nyinahin Area

Extension from the dead-end of the existing transmission line

Amansie West District (Abrense Village)

Measures for Voltage Drops

Measures for voltage drop are indispensable because one of the Project sites,
Nyinahin Area, is far from akey power substation (161/33kV), and many consumers
receive electricity from existing transmission lines. Material 8 and Table 2.2.2.1-4
gives the results of voltage drops at each Project site as analyzed by computers by
applying the results of power demand forecast mentioned in the preceding paragraph
(2). Incidentally, no particular problems were encountered in Amansie West District.
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2-2-2-2

Table2.2.2.1-4  Voltage Drop Calculation Results

. : Line End Voltage Voltage Drop (kV)
Project Site (kV) Potential drop rate in rated voltage
Nyinahin 24.7 -8.3 (-25.0%)
Amansie West 31.0 -2 (-6.1%)

Note: Tolerance for voltage fluctuation of 33kV system based on ECG standardsis 7.5%.

As illustrated in the above table, the potential drop rate of transmission line end in
Nyinahin Area is 25.0%, greatly exceeding the 7.5% tolerance for voltage
fluctuation, so measures for voltage drops should be taken. Extension of
transmission lines from the existing 33kV transmission tower (No. Bibinani-115)
through T branch is planned during the Project. However, steps will be taken to
maintain voltage at the transmission end within appropriate limits by installing
automatic voltage regulators (boosters. 5SMVA) at relevant locations and by setting
the voltage fluctuation of on-load tap changers (OLTC) within +0 -30% (13 taps).
Incidentally, athough the automatic voltage regulators (boosters) are an outdoor
variety, in the interests of facility and safety, 33kV vacuum circuit breakers (VCB)
and low voltage circuit breakers and protective devices should be instaled in each
cubicle.

General Plan

The flowing conditions have been set to determine the scope and specifications of facilities,
equipment and materials for the Project.

(1) Climatic and Site Conditions

Nyinahin Area Amansie West District

() Altitude: Site average 230m 202m

(b) Climate: Dry season October to March October to March
Rainy season April to September April to September

(c) Ambient temperature: Maximum 33°C 33°C

(d) Relative humidity: Maximum 98% 98%

(e) Rainfal: Monthly average 124mm 124mm
Rainy season maximum 206mm 206mm

(f) Foggy days annually 30 days 30 days
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(g) Average wind direction
Northwest
Southeast

(h) Gust

(i) Thunderstorm daysannually (IKL)

() Seismic factor

(k) Long-term allowable bearing

capacity

(2) Electrical System

Transmission voltage:
Distribution voltage:
Frequency:
Interrupting capacity:

Earthing system:
Basic insulation level:
(BIL)

Creepage distance:

Line capacity (per cable):

Color coding:

September to March ~ September to March

April to August April to August
120km/h 120km/h
113 days 113 days

Not considered Not considered
10ton/m? 10ton/m?

33kV, three phase/three wire (maximum: 36kV)
433-250V, three phase/four wire (maximum: 438-253V)

50Hz

33kVsystem

Low voltage system
33kV system

Low voltage system
33kV system

Low voltage system

20mm/kV

33kVtransmission line

25kA (1sec)

6KA (1sec)

effectively earthed system

effectively earthed system

BIL 170kV (Commercia frequency
withstand voltage of 70kV)

- (Commercial frequency

withstand voltage of 3kV)

15MVA

Low voltage distribution line 50kVA
|EC standards (red, yellow, blue, black)

Insulator quality and color: Ceramic, brown
Protection class and plate thickness for switchgear panels

Table2.2.2.2-1  Protection Class and Plate Thickness for Switchgear Panels

Plate Type

Plate Thickness

Protection Class

Outdoor use

Not less than 2.3mm

P43
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Safety factor

Table2.2.2.2-2  Safety Factor for Transmission and
Distribution Equipment and Materials

Target Item Safety Factor
Supports, support foundations 20
Conductors, crossarm 25
Insulators, connectors and terminals 2.0

Note: Based on ECG standards

Clearance for transmission and distribution conductors

Table2.2.2.2-3  Clearance for Transmission and Distribution Conductors

Item 33kVTransmission Line LV Distribution Line

1. Minimum Clearance

1) Phase to phase 370mm 300mm

2) Phase to earth 320mm 200mm
2. Minimum Height

1) Road Crossing 7.0m 6.0m

2) Roadside 6.0m 5.0m
3. Clearance for Joint PoleH & LV lines 1,500mm

Note: Based on ECG standards

(3) Applicable Codes/Standards and Units

In regard to the Project design, as shown below, taking into consideration the conformity
with existing facilities in Ghana, relevant international standards such as IEC and SO
and Japanese standards will be applied to maor equipment and facilities. As for
procurement of equipment and electrical works, the latest ECG standards revised in 1998
which are currently valid in ECG will be applied. The International System of Units (S)
will be used.

International Electrotechnical Commission (IEC): Applied to main equipment
functions of electrical goodsin generd

International Standardization Organization (1SO): Applied to evaluate performance
of industrial productsin genera

Japanese Industrial Standard (JIS): Applied to industrial productsin general

Japanese Electrotechnical Commission (JEC): Applied to industrial products in
generd
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Standards of Japan Electrical Manufacturer’ s Association (JEM): Same as above

Japanese Electrical Wire and Cable Marker’s Association Standards (JCS): Applied

to eectrical wire and cables

Other related Japanese and international standards. Applied to electrical work in

general

Standards of Ghana Standard Board: Same as above

Electricity Company of Ghana (ECG) Standards. Same as above

British Standards (BS): Applied to part of electrical equipment

(4) Overview of the Basic Plan

Overview of the Basic Plan of the Project based on the above-mentioned basic design
concept described (Refer to 2-2-1) isshown in Table 2.2.2.2-4.

Table2.2.2.2-4  Overview of the Basic Plan

Project

)]
5

Nyinahin in Ashanti Region

Amansie West in Ashanti Region

Equipment and Material s Procurement
and Installation Plan

Procurement and installation of equipment and
materials for 33kV transmission lines and booster
station
(1) Booster station

* Installation of new 33kV booster (SMVA)

(Bibiani City): 1 set

(2) 33kV transmission line

» From new booster station (Bibiani City) to

Procurement and installation of equipment and
materials for 33kV transmission line

(2) 33kV transmission line
* From existing 33kV transmission line terminal
(Abrense Village) to Antoakrom Village: approx.
31km
(2) 33kV/433-250V distribution transformers

Anyinamso Village: approx. 60 km 1) 50kVA: 3 units
(3) 33kVV/433-250V distribution transformer 2) 100kVA: 3 units
1) 50kVA: 8 units 3) 200kVA: 8 units

2) 100kVA: 16 units

3) 200kVA: 13 units

Equipment and Materials Procurement Plan

Procurement of egquipment and materials (for 24
towns and villages)

(D) LV trunk line (extended):  393.4km
(2) Service drop wires for each household (extended

length)

1) 10mm* 175.0km

2) 16mm? 23.2km
(3) kWh Meter (with MCCB)

1) Single phase 5(20)A: 3,499 units

2) Single phase 15(60)A: 310 units

3) Three phase 20(80)A: 77 units

(4) Spare parts and maintenance tools for
procurement of equipment and materials
(5) Vehicles for maintenance and control
3t truck with crane: 1 vehicle

Procurement of equipment and materials (for 10
villages)

(1) LVtrunk line (extended): ~ 113.6km
(2) Service drop wires for each household (extended

length)

1) 10mm* 70.1km

2) 16mm* 9.4km
(3) kWh Meter (with MCCB)

1) Single phase 5(20)A: 1,402 units

2) Single phase 15(60)A: 127 units

3) Three phase 20(80)A: 30 units

(4) Spare parts and maintenance tools for procurement
of equipment and materials
(5) Vehiclesfor maintenance and control
3t truck with crane: 1 vehicle
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2-2-2-3 Equipment and Materials Plan

(1) Booster Station Construction Plan

Construction for a booster station to be implemented by the Japanese side under the
Project is a site a Nyinahin Area in Ashanti Region. The contents of equipment and
materials to be utilized in the construction work will be selected in accordance with the
following basic issues and outline of facilities.

1) Basiclssues

In selecting facilities, equipment and materials necessary to constructing a booster
station, the facility and safety of operation and maintenance of facilities after the
completion of the relevant facilities should be taken into account. At the same time,
in order to promote a shorter installation period for these facilities, equipment and
materials, and extra-high voltage switchgear panels for outdoor will be adopted.
Substation facilities will be monitored and operated on-site by ECG maintenance
personnel. Therefore, appropriate outdoor lighting facilities for monitoring will be
installed.

Meteorological conditions at the Project sites should be taken into account in the
design of automatic voltage regulators (boosters) and extra-high voltage switchgear
panels. In addition, in order to protect substation facilities from lightning, lightning
arrestors should be installed at receiving and distributing sections at 33kV substation
facilities. However, overhead grounding wires will not be applied to 33kV
transmission lines in accordance with ECG standards. Furthermore, in due
consideration of the safety of local residents, fences around the booster station will
beinstalled.

2) Overview of Automatic Voltage Regulator (Booster)
Capacity

The capacity of Automatic Voltage Regulator (Voltage Booster) to be installed
at a booster station under the Project will be 5,000kV A after taking into account
the power factor of the load based on the maximum power demand forecast in
the target year of the Project.
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Function

In due consideration of the lowest voltage (28kV) ever recorded at existing
transmission terminal substations, the voltage adjusting limit of the automatic
voltage regulator will be 33kV  0%to 30% 2.5%x13 taps

3) Overview of 33kV Incoming Facilities

The power source is derived from the existing 33kV transmission tower (No.
Bibiani-115) via underground power cables. In order to protect equipment from
lightning, lightning arrestors and circuit breakers (vacuum circuit breaker, 36kV,
600A, 25kA) will be installed. In addition, in order to supply power in the facilities,
and to monitor and protect the system, station transformer, disconnecting switches,
measuring instruments and protective relays will also be installed and housed in
cubicles. A re-closing system will be adopted for 33kV distribution feeders to
improve the reliability of the power supply. Circuit breakers on the distribution side
will throw automatically a second time even in a minor grounding fault. The
switchboard is a 5-sided cubicle configuration housing equipment as shown in Table
2.2.2.3-1 and Table 2.2.2.3-10.

ECG is responsible for confirming the intensity of the existing transmission tower
and work to connect cables to transmission lines.

Table2.2.2.3-1  Outline of Configuration of Switchboard

No. Cubicle Name Equipment

Station transformer (25kVA), AC power supply panel,

1 | Auxiliary Panel DC power supply panel

Vacuum circuit breaker, lightning arrestor, current
2 Circuit Breaker Panel transformer, auto re-closing relay, ground relay, voltage
detector

3 Isolator Panel (by-pass) 36kV by-passisolator

36kV isolator, voltmeters, ampere meters, integrating
4 Isolator Panel watt-meters, maximum demand Watt-meter (effective),
maximum demand Var-meter (reactive)

Voltage Transformer &
5 Current Transformer Panel
for measuring instruments

Current transformers, voltage transformers, voltage
control relay, under voltage relay
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4) Overview of Station (House) Facilities

Auxiliary facilities inside the booster station (such as outdoor lighting) to be
constructed under the Project should be of energy saving type. In addition, to deal
with a leakage of insulation oil in a booster emergency, the environmental
consequences should be fully taken into account by installing an oil separation tank
a the station. Appropriate drainage facility should also be instaled. The
specifications for high voltage cables between transformers and existing
transmission facilities are as follows.

Table2.2.2.3-2  Specifications for Inside Booster Station and Connecting Cables for
Existing Transmission Lines

Interval Cable Specifications Remarks
Between 33kVtransmission lines and 19/33k.\/’ Alu.m| num conductor, To meet aline capacity of
: XLPE insulation, PV C shesth,
33kV switchboards 5, . i 15MVA
240mm° (single core) with armor
Between 33KV distri bgtlon switch Same as above Same as above
panels and booster (primary)
Between booster (secondary) and
33KV distribution switch panels Same as above Same as above
Between 33KV distribution panels
(feeder panels) and 33kV take-off Same as above Same as above
pole

Note: XLPE: cross-linked polyethylene insulated wire; PV C: polyvinylchloride

(2) 33kV Transmission Line Plan

In procuring and installing equipment and materials for 33kV transmission lines to be
implemented by the Japanese side during the Project, the design will be based on the
following basic issues and overview of equipment and materials.

1) Basiclssues

Facilities will be designed in accordance with ECG standards. In addition, whenever
possible specifications for equipment and materials to be procured by the Japanese
side should be compatible with existing equipment owned or utilized by ECG in
order to ensure unified management.
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2) Overview of the Transmission Line Plan

Selection of Routes

After examining a preliminarily Route Map of Transmission Line and Map,
routes for each transmission line were determined through actual field surveys
together with ECG engineers and by confirming obstructions, target objects and
special local conditions. In particular, since 98% of all transmission lines
parallel major trunk roads in Nyinahin Area, in order to prevent faults from
broken wires caused by large-scale vehicles, spot crossings will be kept to a
minimum. The basic routes are shown in Attachment TL-01.

Selection of Spans

Although the line size will determine the pole span, the line tensile load and
intensity of electric poles, etc., wooden poles based on ECG standards and
manufactured in Ghana will generally be used. Accordingly, the design will
incorporate the spans in accordance with ECG standards.

* Standard span for 33kV electric pole: 100m
» Standard interval arrangement for intermediate connecting poles: every 10
spans

Type of Conductors for Overhead Transmission Lines

With respect to the specifications for conductors used for overhead transmission
lines in the Project, All Aluminum Conductor (AAC) of the following size will
be adopted based on ECG standards.

« 33kV transmission line: AAC 120mm?

With respect to the quantity of conductors for overhead transmission lines, the
quantity of equipment and materials plan will be determined by multiplying the
plane distance (design quantity) to be forecasted through the drawings by 1.13
of the margin rate (line sag length: 3%, construction supplementing quantity
rate: 10%). Incidentally, the quantities for installation of 33kV transmission
lines as a Japanese responsibility will be determined by multiplying the design
quantity by 1.03 of the margin rate. Accordingly, the quantity of conductors for
overhead transmission lines to be constructed or procured in the Project is
shown in Table 2.2.2.3-3.
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Type and Shape of Electric Poles

Wooden poles manufactured in Ghana complying with the latest standard of
ECG (year1998) will be generally used. The length of wooden poles will be
11masa33kV class standard.

Since the target construction sites are not susceptible to salt damage, standard
20mm/kV will be adopted for surface leakage distance of pin insulators and
suspension insulators used for 33kV transmission lines. In addition, iron
L-shape galvanized cross arms for installing insulators under ECG standard
specifications will be adopted.

Types, application and quantity of electric poles are shown in Table 2.2.2.3-4.

Capacity and Quantity of Distribution Transformers
() Selection of Capacity and Quantity

Distribution transformers will be installed in order to lower the voltage of
33kV transmission lines to a low distribution voltage for connecting to
individual consumers at the Project sites. Assuming that the maximum
power demand for the target year will be satisfied, the capacity and number
of transformers to be procured in the Project will be selected from ECG
standard transformer capacity. In addition, distribution transformers should
be located as near as possible to areas with high load density, in particular
public facilities such as schools and hospitals with a large power load in
order to ensure a supply of high quality electricity.

Incidentally, in order to maintain the voltage fluctuation for low voltage
consumers within +7.5%, distribution transformers to be procured for the
Project will have £2.5% and +5% taps (switching over during no voltage)
on the primary side while the secondary (low voltage) side will use a three
phase, four-wire system for economic and distribution efficiency.

The capacity and number of distribution transformers at the Project sites

are shown in Table 2.2.2.3-5. Total number of distribution transformers to
be procured for the Project is 51.
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(b) Installation Method

All distribution transformers will be installed in a pole-mounted method on
the H-type electric poles.
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Table2.2.2.3-3

Quantity of Conductors for 33kV Transmission Lines

Item Nyinahin Amansie West Total
Transmission line extension 60km 31km 91km
33kV transmission lines Design quantity (three phase x 3 180km 93km 273km
[AAC 120mm’] Quantity for procurement plan ~ x 1.13 204km 106km 310km
Quantity for installation work plan x 1.03 186km 96km 282km
Table2.2.2.3-4  Quantity by Type of Polesfor 33kV Transmission Lines
Nyinahin Amansie West
Pole Pole Pole Number of Procurement Standard span: 100m Standard span: 100m Number of sets
T Application : length | polesper set | rate by application Design Supplementary Subtotal Design Supplementary |  Subtotal Number of poles
ype Material : . . ) . )
(m) (unit) quantity quantity (Set) quantity quantity (Set) in( )
{C /7 )x } ( x0.1) {C /7 ) } ( x0.1)
A | Intermediate pole (0-49) 1 65% 357 36 393 186 19 205 598 (598)
B |Light angle pole (4-20°) 1 13% 72 8 80 38 4 42 122 (122)
C | Medium angle pole (20-60°) 1 8% 44 5 49 23 3 26 75 (75)
D |Heavy angle pole (less 60 — 90°) 2 4% 2 3 25 12 2 14 39 (79)
E | Section pole (90°) 1 Actual quantity 1 1 2 1 1 2 4 (4)
F | Double anchor pole Wood 11 1 10% 55 6 61 29 3 32 93 (93)
G | T-off pole 1 Actual quantity 5 1 6 1 4 10 (10)
H | Termina pole 2 Actual quantity 1 4 1 12 (24)
| LBSpole 2 Actual quantity 1 4 1 7 (14)
J1 | Transformer pole 50kVA 2 Actual quantity 8 1 3 1 4 13 (26)
J2 | Transformer pole (100,200kVA) 2 Actual quantity 29 3 32 11 1 12 44 (88)
Total 602 66 668 312 37 349 1,017 (1,132)

Remarks:

The design quantity was calculated by applying the relevant rate to the actual total quantity of E, G H, I, Jby pole type subtracted from the total number of sets.




Table2.2.2.3-5 Capacity and the Number of Distribution Transformers for Procurement
(Unit: Unit)
Site Name Requested for Number of Distribution Transformers to be Procured
Area | No e
Electrification 50kVA 100kVA 200kVA
1 | Adienkyia 1
2 | NzemaNkawanta 1
3 | Kuffuor Camp 1
4 | Antwi-Adjel Nkawanta 1
5 | Kensakrom 1
6 | Akota 1
7 | Takoradi 1
8 | Barniekrom 1
9 | Otaakrom 2
10 | Akurabuokrom 1
11 | Nyinahin 11
§= 12 | Akentensu-Nkwanta 1
é 13 | Yawbarimakrom 1
f‘ 14 | Agogosu 1
15 | Adiembra 1 1
16 | Adumasa/Amangoase 2
17 | Mmmoframfadwen 1
18 | Nkrumah 1
19 | Betinko 1
20 | Kwanfinfi 1
21 | Kentenkyiren 1
22 | Serebuoso 1
23 | Anynamso No.2 1
24 | Anynamso No.1 1
Subtotal 8 16 13
1 | Nsiana/Besease 1
2 | Antoakrom 2
3 | Yawhemenkrom 1
B 4 | Omandwaree/Safokrom 2
= 5 | Akropong 1
-% 6 | Dome 1
é 7 | Abodon 1
< 8 | Mim 1 1
9 | MimDome 1
10 | Ankam 1 1
Subtotal 3 3 8
Total for Both Areas 11 19 21
Grand Total for Both Areas 51
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Installation of Load Break Switches

For maintenance and inspection of 33kV transmission lines at the Project sites,
load break switches to allow a break in the current will be installed at an
appropriate distance for long-distant lines, at the connecting points and junctions
for the existing 33kV transmission lines. The locations subject to installation are
asfollows.

(8 33kV Transmission Linesin Nyinahin
* In Kensakrom Village (No. 5) on route to Akotaa Village (No. 6)

* Near the National Hospital in Nyinahin Town (No. 11) on route to
Akentensu-Nkwanta (No. 12)

* Immediately after the T-off branch point in Nkumah village (No. 18) on
route to Betinko village (No. 19)

(b) 33kV Transmission Linesin Amansie West
» Connecting point with existing 33kV transmission linesin Abrense

 T-off branch point in Antoakrom Village (No. 2) (west line side)

Installation of Primary Cutout Switches

Primary cutout switches will be installed in order to protect circuits from
overloading transformers and short-circuit faults, and to open the primary circuits
for maintenance of distribution transformers to be procured for the Project.

Installation of Lightning Arrestors

Lightning arrestors will be installed on the 33kV side to protect the distribution
transformers from lightening strikes.

(3) Low Voltage Distribution Lines Plan

In procuring equipment and materials for 433-250V low voltage distribution lines to be
implemented by the Japanese side, the design will be based on the following basic issues
and overview of equipment and materials.

1) Basiclssues

The equipment should be designed in accordance with relevant ECG standards, and
whenever possible the specifications of equipment and materials to be procured by the
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Japanese side should be compatible with existing equipment owned or used by ECG
for uniformity of management.

2) Overview of Distribution Lines Plan

Selection of Routes

As a result of examining the Route Map of Transmission Line and Map
preliminarily prepared, routes for distribution lines per town and village (34
locations in total by combining both districts) were decided by actualy
conducting afield survey together with ECG engineers and by confirming density
of houses, obstructions, target objects and special features of local natural
conditions.

Selection of Spans

Although pole spans will be determined by the conductor size, itstensile load and
intensity of electric pole, etc., wooden poles based on ECG standards and
manufactured in Ghana will be used in principle. Accordingly, the design will be
made by adopting the spans in accordance with ECG standards.

 Standard span of low voltage distribution poles:  46m

» Standard interval arrangement of intermediate connecting poles: every 10
spans

Type and Shape of Electric Poles

Wooden poles manufactured in Ghana conforming to ECG standards will be used
in principle. The length of wooden poleswill be 9m for low voltage class.

Standard 20mm/kV will be adopted for the surface leakage distance of shackle
insulators and spool insulators used for 33kV transmission lines. The type of
clamps for insulators should conform to the relevant ECG standard specifications
and hot-dip galvanized mild steel will be adopted for materials.

The rate by application of each electric pole as grounds for determining the type

and quantity of equipment and materials for electric poles is shown in Table
2.2.2.3-6.
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Table2.2.2.3-6  Rate of Procurement of Various Low Voltage Electric Poles

Low Voltage Electric Pole Type Rate of Procurement by Application

1. Intermediate pole (straight route) 40%
2. T-off pole 30%

(A type) (10%)

(B type) (10%)

(Ctype) (5%)

(D type) (5%)
3. Termina pole 30%

Type of Conductorsfor Low Voltage Overhead Distribution Lines

With respect to the specifications and ECG standards of conductors used for
overhead distribution lines, All Aluminum Conductor (AAC) and the following
size will be adopted.

« Low voltage distribution lines:.  AAC 50mm?

With respect to the quantity of conductors for low voltage overhead distribution
lines, the quantity of equipment and materials plan will be calculated by
multiplying the plane distance (design quantity) to be forecasted on the drawings
by 1.13 of the margin rate (line sag length: 3%, construction supplementing
guantity rate: 10%). Incidentaly, the quantity of installation work plan of low
voltage distribution lines to be procured by the Japanese side will be calculated
by multiplying the design quantity by 1.03 of the margin rate. Accordingly, the
guantity of conductors for LV overhead distribution lines to be procured by the
Japanese side and the quantity of LV poles to be procured by the Ghanaian side
areshownin Table 2.2.2.3-7.
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Table2.2.2.3-7

Quantity of Equipment and Materials for Low Voltage Distribution System (Low Voltage Distribution Lines, Electric Poles)

(12)

Number of Units of

Quantity of LV

Town and Village Distribution Transformers by Lengthof | . o ion Lines Breakdown of Quantity by Application of LV Distribution Poles (Unit) **
No. Requested for Capacity (Unit) LV letnrlegutlon Procurement2 Plan XV, XV
Electrification AAC50mm-) (m _ - - - - .
SOkVA | 100kVA | 200kVA (m) o | intermediate | £ Tt LY T LY T LY PO Terminal | Tota
Pole Pole
Nyinahin District
1 |Adienkyia 1 506 2,290 5 1 0 1 0 5 12
2 | Nzema Nkwanta 1 1,472 6,660 11 5 0 3 1 13 33
3 | Kuffuor Camp 1 2,944 13,310 26 11 1 5 1 18 62
4 | Antwi-Adjei Nkwanta 1 2,300 10,400 20 12 0 1 2 15 50
5 | Kensakrom 1 2,898 13,100 25 15 0 2 0 21 63
6 | Akotaa 1 2,760 12,480 23 7 0 7 1 23 61
7 | Takoradi 1 1,886 8,530 7 9 0 2 8 15 41
8 |Barniekrom 1 1,702 7,700 21 3 0 3 0 11 38
9 | Otaskrom 2 6,578 29,740 53 31 2 6 4 47 143
10 | Akurabuokrom 1 2,806 12,690 16 14 0 4 3 24 61
11 | Nyinahi n? 11 36,320 164,170 316 79 79 40 40 237 791
12 | Akentensu-Nkwanta 1 736 3,330 5 1 0 2 2 7 17
13 | Yawbarimakrom 1 1,104 4,990 4 6 0 1 3 10 24
14 | Agogosu 1 3,220 14,560 27 12 1 2 9 20 71
15 | Adiembra 1 1 2,392 10,820 25 5 0 3 3 12 48
16 | Adumasa/Amangoase 2 3,036 13,730 37 6 3 1 5 14 66
17 | Mmmoframfadwen 1 782 3,540 4 3 0 1 1 8 17
18 | Nkrumah 1 1,610 7,280 15 7 0 0 4 9 35
19 | Betinko 1 2,116 9,570 11 9 0 2 8 16 46
20 | Kwanfinfi 1 1,426 6,450 12 5 0 1 4 10 32
21 |Kentenkyiren 1 1,564 7,070 6 10 0 0 4 14 34
22 | Serebuoso 1 1,748 7,900 12 6 0 2 5 13 38
23 | Anyinamso No. 2 1 3,588 16,220 27 15 0 5 4 27 78
24 | Anyinamso No. 1 1 1,518 6,870 13 5 0 1 4 10 33
Subtotal 8 16 13 87,012 393,400 721(72)| 277(28)] 86(9)| 95(10)| 116(12)| 599 (60)| 1,894 (191)
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Number of Units of

Quantity of LV

Town and Village Distribution Transformers by Lengthof | . o ion Lines Breakdown of Quantity by Application of LV Distribution Poles (Unit) **
No. Requested for Capacity (Unit) LV Dﬂ?nrgunon Procurement2 Plan XV, XV
Electrification AAC50mm-) (m _ - - - - .
SOkVA | 100kVA | 200kVA (m) o | intermediate | £y T LY T LY T LY P01 Terminal | Tora
Pole Pole
Amansie West District

1 |Amansie West District 1 3,220 14,560 14 14 1 6 5 30 70
2 |Nsiana/Besease 2 5,014 22,670 55 15 2 2 11 23 108
3 | Antoakrom 1 966 4,370 6 4 0 2 0 9 21
4 | Yawhemenkrom 2 2,760 12,480 18 16 0 1 4 21 60
5 | Omanadwaree/Safokrom 1 2,346 10,610 11 12 0 1 9 18 51
6 | Akropong 1 1,012 4,580 4 0 0 5 2 11 22
7 |Dome 1 2,668 12,060 29 9 0 1 6 13 58
8 | Abodon 1 1 3,082 13,930 15 15 0 2 12 23 67
9 |Mim 1 1,058 4,790 8 4 0 0 3 8 23
10 | Mim Dome 1 1 2,990 13,520 30 6 0 6 3 21 66
Subtotal 3 3 8 25,116 113,570 190 (19) | 95 (10) 3(1) | 26(3 | 55(6) | 177(19) 546 (57)
Total 11 19 21 112,128 506,970 911(91) | 372(38) | 89(10) | 121(13) | 171(18) | 776(78) | 2,440 (249)

(Remarks) *1: The quantity of low voltage distribution poles in the Table is the design quantity (excluding reserve quantity), and numerical figuresin () indicate the reserve

quantity based on the design quantity.

The Ghanaian side is responsible for procuring low voltage distribution poles; whereas, the Japanese side is responsible for procuring materials for electric poles.
*2: The quantity of low voltage distribution polesin Nyinahin Town was calculated by the rate in the preceding Table 2.2.2.3-6.




Equipment and Materials for Service Drop Wires for Low Voltage Consumers

(8 Quantity of Procurement of Equipment and Materials for Consumers Service
Drop Wires

The quantity of service drop wires, watt-hour meters and molded case circuit
breakers (MCCB) to be procured as equipment and materials used for
consumers service connections shall be 50% of the total households in the
target areas.

(b) Typeand Standard Length of Each Service Drop Wire

The following two types will be adopted for conductors used for each service
drop wire in the Project according to contract capacity.

« 600V PVC insulated, copper conductor, 10mm? and 16mm?

The standard length of service drop wire to each household will be 25
m/phase.

(c) Molded Case Circuit Breakers (MCCB) for Incoming Service Drop Wires

In order to protect customer wiring from current surges, molded case circuit
breakers (MCCB) for incoming service drop wires will be installed near the
first anchor point of service drop wire. The said breaker should be installed
in the primary side of a watt-hour meter in accordance with relevant ECG
standards. Three types of breakers will be adopted, 2P5A 2P10A 3P30A

depending on the consumer’ s contract capacity.

(d) Watt-hour Meters (kWh Meters)

In accordance with ECG standards, 3 types of watt-hour meters will be
adopted and used depending on the consumer’ s contract capacity.

 Single phase 5(20)A: For general consumers (small [oad)
 Single phase 15(60)A: For general consumers (medium load)

* Three phase 20(80)A: For commercial and industrial load consumers

(e) Percentage of Procurement of Equipment and Materials

The combining method and procurement rate of equipment and materials for
service drop wires for each low voltage consumer are shown in Table
2.2.2.3-8.
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Table2.2.2.3-8  Combining Method of Equipment and Materials for Service Drop
Wiresfor Low Voltage Consumers

Item A Type B Type C Type
Service Drop Wire Size 10 mm? 16mm? 16mm?
Type of kWh Meter Single phase 5 (20)A | Single phase 15 (60)A | Three phase 20 (80)A
Capacity of Molded Case
Circuit Breaker (MCCB) 2PSA 2P 10A 3P 30A
Procurement Rate 90% 8% 2%

Remark: The procurement rate is based on the actual results of the ECG Rural Electrification Project.

Furthermore, the quantity of equipment and materials for service drop wires
for low voltage customers mentioned earlier in (&) to (d) is shown in Table
2.2.2.3-9.
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Table2.2.2.3-9  Quantity of Equipment and Materials for Low Voltage Distribution System (kWh Meters and Service Drop Wires)
(1/2)
A: Number of [grgzzrax;i;im)] D: Molded czzzen(i:i)rcuit breakers E: Low voltage service dropwire m F: Clamp for service drop wires (bolted type) (pieces)
all households | , , - ,
subject to ?étzoorﬁjz;;e Service Service Service Service | service Alugérr:r;rl/vwre Aluminum wire| Aluminum wire AIL:;:Lr;um AIL:;:LZum
. . . . . . 2 2,
No. Project Site Name consumption of housaholds! Single | Single | Three | MCCB | MCCB | MCCB | dropwire | dropwire | drop wire drop wire | dropwire | copper wire SOmm coppzer SOmm ! coppzer somm?l | sommd
(general houses (Ax 50%) phase | phase | phase | 2PSA | 2P10A | 3P30A | 10mm? 16mm? 16mm? 1omm? | 16mme? Tomm? wire 16mm wire 16mm ) }
and public | o = |° " | 52O | 15(80)A | 20(80)A |(applied to[(applied tol(applied tof (25mx 2) | (25mx 2) | (25mx 4) mm mm , om o | @piecesfor | (4 piecesfor Co‘ige”"’z”e °°';Ze””2”e
facilities) | (U ) ) ) | (aoplied to | (applied to | (applied to (h?m;% each household, |each household, —— " mm
(Household) foove | 8% | [2% ) ) ) Totd | Tota |0 'UEOY liedto ) | appliedto ) | Tota Total
appliedto )
Nyinahin
1 |Adienkyia 30 15 14 1 0 14 1 0 700 50 0 700 50 28 2 0 28 2
2 |NzemaNkwanta 40 20 18 2 0 18 2 0 900 100 0 900 100 36 4 0 36 4
3 |Kuffuor Camp 177 89 80 7 2 80 I 2 4,000 350 200 4,000 550 160 14 8 160 22
4 |Antwi-Adjel Nkwanta 119 60 54 5 1 54 5 1 2,700 250 100 2,700 350 108 10 4 108 14
5 |Kensakrom 126 63 57 5 1 57 5 1 2,850 250 100 2,850 350 114 10 4 114 14
6 |Akotaa 179 90 81 7 2 81 7 2 4,050 350 200 4,050 550 162 14 8 162 22
7 |Takoradi 180 90 81 7 2 81 7 2 4,050 350 200 4,050 550 162 14 8 162, 22
8 |Barniekrom 86 43 39 3 1 39 3 1 1,950 150 100 1,950 250 78 6 4 78 10
9 |Otaakrom 338 169 152 14 3 152 14 3 7,600 700 300 7,600 1,000 304 28 12 304 40
10 |Akurabuokrom 107 54 49 4 1 49 4 1 2,450 200 100 2,450 300 98 8 4 98 12
11 [Nyinahin 4,514 2,257 2,031 181 45 2,031 181 45 101,550 9,050 4,500 101,550 13,550 4062 362 180 4062, 542
12 | Akentensu-Nkwanta 25 13 12 1 0 12 1 0 600 50 0 600 50 24 2 0 24 2
13 |Yawbarimakrom 86 43 39 3 1 39 3 1 1,950 150 100 1,950 250 78 6 4 78 10
14 |Agogosu 179 90 81 7 2 81 7 2 4,050 350 200 4,050 550 162 14 8 162 22
15 |Adiembra 437 219 197 18 4 197 18 4 9,850 900 400 9,850 1,300 394 36 16 394 52
16 |Adumasa/Amangoase 100 50 45 4 1 45 4 1 2,250 200 100 2,250 300 90 8 4 90 12
17 |Mmmoframfadwen 41 21 19 2 0 19 2 0 950 100 0 950 100 38 4 0 38 4
18 |[Nkrumah 154 77 69 6 2 69 6 2 3,450 300 200 3,450 500 138 12 8 138 20
19 |Betinko 181 91 82 7 2 82 7 2 4,100 350 200 4,100 550 164 14 8 164 22
20 [Kwanfinfi 151 76 68 6 2 68 6 2 3,400 300 200 3,400 500 136 12 8 136 20
21 |Kentenkyiren 32 16 14 1 0 14 1 0 700 50 0 700 50 28 2 0 28 2
22 | Serebuoso 176 83 79 7 2 79 7 2 3,950 350 200 3,950 550 158 14 8 158 22
23 |Anyinamso No. 2 201 101 91 g 2 91 8 2 4,550 400 200 4,550 600 182 16 8 182 24
24 |Anyinamso No. 1 103 52 47 4 1 47 4 1 2,350 200 100 2,350 300 94 8 4 94 12
Subtotal 7,762 3,887 3,499 310 77 3,499 310 77 174,950 15,500 7,700 174,950 23,200 6,998 620 308 6,998 928
Remarks:  The procurement rate of watt-hour metersis 50% of the number of total households in the target areas (private homes and public facilities).
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(22)

A: Number of C: kwh Meter (Unit D: Molded case (.:i reuit breakers E: Low voltage servicedropwire m F: Clamp for service drop wires (bolted type) (pieces)
all households [Procurement rate ] (Unit) : : : :
subject to ?étzoorﬁjz;;e Service Service Service Service | service AIUZ(I):;ZIWI re Aluminum wire| Aluminum wire AIL:;:Lr;um AIL:;:LZum
. . . . . . 2 2,
No. Project Site Name consumption of housaholds! Single | Single | Three | MCCB | MCCB | MCCB | dropwire | dropwire | drop wire drop wire | dropwire | copper wire SOmm copp;ar SOmm ! coppzer somm? | sommd
(general houses phase | phase | phase | 2PSA | 2P10A | 3P30A | 10mm? 16mm? 16mm? 5 , wire 16mm wire 16mm ) }
. (Ax 509%) . . ] 10mm 16mm 10mm? ) ) copper wire{copper wire|
and public 5(20)A | 15(60)A | 20(80)A |(applied to|(applied to|(applied to| (25mx 2) | (25mx 2) | (25mx 4) A (2 piecesfor (4 piecesfor ) 5
L (Household) ) . . (2 piecesfor 10mm 16mm
facilities) ) ) ) (applied to | (applied to | (applied to each household, |each household,
each household . }
(Household) [90%) [8%] [2%) ) ) ) Total Total ) appliedto ) | appliedto ) Total Total
appliedto )
Amansie West District
1 |Nsiana/Besease 394 197 178 16 4 178 16 4 8,900 800 400 8,900 1,200 356 32 16 356 48
2 |Antoakrom 794 397 357 32 8 357 32 g 17,850 1,600 800 17,850 2,400 714 64 32 714 96
3 |Yawhemenkrom 40 20 18 2 0 18 0 900 100 0 900 100 36 4 0 36 4
g |OmanadwaresiSafokro 65 33 3 3§ 1 30 3 1 1500 150 104 1500 250 60 6 4 60 10
5 |Akropong 247 124 112 10 2 112 10 2 5,600 500 200 5,600 700 224 20 8 224 28
6 |Dome 239 120 108 10 2 108 10 2. 5,400 500 200 5,400 700 216 20 8 216 28
7 |Abodon 237 119 107, 10 2 107, 10 2 5350 500 200 5,350 700 214 20 8 214 28
8 |[Mim 492 246 221 20 5 221 20 5 11,050 1,000 500 11,050 1,500 442 40 20 442 60
9 [MimDome 1171 56 49 4 1 49 4 1 2,450 200 100 2,450 300 98 8 4 98 12
10 |Ankam 494 247 222 20 5 222 20 5 11,100 1,000 500 11,100 1,500 444 40 20 444 60
Subtotd 3,113 1,559 1,402 127 30 1,402 127 30 70,100 6,350 3,000 70,100 9,350 2,804 254 120 2,804 374
Total 10,875 5,446 4,901 437 107 4,901 437 107 245,050 21,850 10,700 245,050 32,550 9,802 874 428 9,802 1,302
Remarks:  The procurement rate of watt-hour meters is 50% of the number of total households in the target areas (private homes and public facilities).



(4) Basic Specifications of Equipment and Materials

Equipment and materials used in the above-mentioned (1) to (3) are shown in Tables
2.2.2.310t02.2.2.3-12.

3

(4)

©)
(6)

(")
(8)

Current transformer (CT) for
measuring instruments

1) Type

2) Rating

Voltage transformers (VT) for
measuring instruments

1) Type

2) Rating

Earthing switch (ES)

1) Type

Disconnecting Switch (DS)
1) Type

2) Rating

Primary cutouts

33KV station transformer

1) Type

2) Rating

Indoor use, molded type
100/5A

Indoor use, molded type

3phase, 33kV/y3 110/y3 110/3V
Manual operation

Motor operation

3 phase, 36kV, 600A

36kV

Indoor oil-filled type
3 phase, 50Hz, 33kV/415-240V, 25kVA

Table2.2.2.3-10  Booster Station Plan (Procurement and Installation)
No. [tem/Equipment Specifications Quantity
B-1 | Construction of Facilitieson Premises | (Area: 12mx 24m (288 ))
(1) Gravel
(2) Fence and gate door 1set
(3) Cable pits and rainwater drainage, 1set
etc. 1set
(3) Earthing mesh
(4) Outdoor lighting (Mercury lamps: 2) 1set
(5) Foundations of equipment 1set
(6) Oil/water separator 1set
1set
B-2 |33kV automatic voltage regul ator 1 unit
(1) Applicable standard IEC
(2) Type Outdoor type, oil-filled self cooling (ONAN) on
load tap changer (OLTC)
(3) Number of phases Three phase
(4) Rated frequency 50Hz
(5) Rated primary voltage 33kv
(6) Rated secondary voltage 33kVv
(7) Rated capacity 5,000kVA
(8) Tapvoltage 33kV +0% to -30%
(9) Number of taps 13 taps
(10) Step voltage 2.5%
B-3 | 33kV switchgear panels 5 cubicles
(1) Panels
1) Type Outdoor use metal-enclosed cubicle type with
space heater
2) IPlevel P43
(2) Circuit breaker (CB)
1) Type Vacuum circuit breaker (VCB), draw-out type
2) Rating 3 phase, 36kV, 600A, 25kA
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No. Item/Equipment Specifications Quantity
(9) Auto voltage regulator 5kVA
(10) DC power supply unit
1) Battery cell
() Type Nickel cadmium alkaline
(b)Rating 10AH, DC125V
2) Battery charger
() Type 10A, DC125Vv
3) Circuit breaker
() Type Molded type
(b)Rating 3-poles, 660V
(11) Measuring instruments and control | Ampere meter, voltage meter, voltage detector,
devices control switch, fault indicator, demand meter
(effective, ineffective), KWh meter
(12) Protective relay - Over current relay
- Earth fault relay
- Voltage regulating relay
- Under voltagerelay
- Auto re-closing relay
(13) Lightning arrestor
1) Applicable standard IEC or equivalent
2) Type Indoor use, gapless metal oxide type
3) Nominal voltage 33kv
4) Rated voltage 36kV
B-4 |33kV power cable and accessories
(1) 33kV power cable 450m
1) Applicable standard IEC or equivalent (3 phase)
2) Type 19/33kV XLPE insulation, Aluminum conductor
with armored cable PV C sheath
3) Size 240mm?
(2) Cabletermination materials
1) Type - Outdoor use, heat shrinkable type (line side) 7 sets
- Outdoor use, heat shrinkable type (Tr, SWGR)
B-5 |Low voltage power and control cables
(1) Low voltage power cables 1set
1) Applicable standard IEC or equivalent
2) Type 600V XLPE insulation, PV C sheath, copper cable
(2) Control cables 1set
1) Reference standard IEC or equivalent
2) Type 600V PV C insulation, copper cable, shielded with
copper tape screen
B-6 | Madification on existing 33kV
transmission tower (No. Bibiani-115)
(1) Station post insulators 6 pieces
1) Applicable standard IEC or equivalent
2) Type Porcelain glazed brown
3) Nominal system voltage 33kv
4) BIL 170kV
(2) Cabletermination (Heat Applicable cable: 19/33kV XLPE insulation, 1 set
shrinkable) Aluminum conductor with armored cable PVC
sheath
(3) Structures and brackets Hot-dip galvanized steel 1 set
(4) Other fittings - Cable bracket: non-ferrous material
- Protective pile for cable: PV C pipe with armor 1 set
B-7 |33kV take-off poles
(1) Electric poles 2 units

1) Material
2) Length

Wood
11m
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No. Item/Equipment Specifications Quantity
3) Type Terminal pole (H type)
(2) Lightning arrestor 3 units
1) Applicable standard IEC or equivalent (1 unit/phase)
2) Type Outdoor use, gapless metal oxide type
3) Nominal system voltage 33kV
4) Rated voltage 36kV
(3) Other fittings - Stay wire assembly 1set
- Cable support: non-ferrous materials
- Protective pile for cable riser: :PVC pipe
B-8 | Earthing materials
(1) Earthingwire 38 100mm? bare copper wire or equivalent 1set
(2) Earthing rod Copper clad corerod, lead terminal, D14mmx 1set
L 1,500mm or equivalent
Table2.2.2.3-11  33kV Transmission Lines Plan (Procurement and Installation)
No. [tem/Equipment Specifications Quantity
Nyinahin | Amansie West
H-1 | 33kV Transmission line poles
(1) Materia Wood
(2) Length 11m
(3) Type
1) A: Intermediate pole Lineangle: 0-4deg. 393 sets 205 sets
2) B: Light angle pole . 4-20deg. 80 sets 42 sets
3) C: Medium angle pole 20-60 deg. 49 sets 26 sets
4) D: Heavy angle pole 60-90 deg. H type 25 sets 14 sets
5) E: Cross pole . 90 deg. 2 sets 2 sets
6) F: Section pole Installed in every ten (10) spans 61 sets 32 sets
7) G: T-off pole 6 sets 4 sets
8) H: Terminal pole H type 7 sets 5 sets
9)l: LBSpole H type 4 sets 3 sats
10) J1: Transformer pole H type: 50kVA 9 sets 4 sets
11) J2: Transformer pole H type: 100,200kVA 32 sets 12 sets
H-2 |33kV overhead line conductor 204 km 106 km
(1) Applicable standard IEC or equivalent
(2) Type Hard drawn, All Aluminum Conductor
(3) Size (AAC)
120mm?
H-3 |Insulators
(1) Pininsulator 1set 1set
1) Applicable standard IEC or equivalent
2) Type Porcelain glazed brown
3) Nominal system voltage 33kV
4) BIL 170kV
(2) Straininsulator 1set 1set
1) Applicable standard IEC or equivalent
2) Type Porcelain glazed brown, disc type
3) Nominal system voltage 33kV
4) Creepage distance 320mm / disc
5) Dry impulse withstand 110kV
H-4 | Polefitting materials
(1) Crossarm 1set 1set
1) Materia Mild steel
2) Coating Hot-dip galvanized
3) Section shape L-shape
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No. [tem/Equi pment Specifications Quantity
Nyinahin | Amansie West
(2) Anchor shackle 1set 1set
1) Type Bolt type
2) Materia Steel
(3) Ball clevig/ball eye & socket 1set 1set
link
1) Material Ductileiron or steel
2) Coating Hot-dip galvanized
(4) Dead end clamp 1set 1set
1) Material Body: Spheroidal graphite iron casting
Holder: Aluminum alloy casting
2) Conductor size 120mm?
(5) Stay wire 1set 1set
1) Material Stranded galvanized steel
2) Size 45mm? (2.90mmx 7) or equivalent
(6) Stay insulator 1set 1set
1) Line voltage 33kVv
2) Material Porcelain glazed brown
(7) Stay plate/anchor 1set 1set
1) Material Concrete block or steel plate or driving
type
2) Draw force 6 tons
(8) Turnbuckle 1set 1set
1) Materia Mild steel
2) Coating Hot-dip galvanized
(9) Kicking block 1 set 1set
1) Material Wood or concrete
2) Application For section poles
(20) Indication plates Danger plate 1set 1set
H-5 | Load break switches (LBS) 3 units 2 units
(1) Applicable standard IEC or equivalent
(2) Type 3-poles, 600A, outdoor use, manual
operation
(3) Nominal system voltage 33kVv
(4) Rated voltage 36kV
(5 BIL 170kV
H-6 | Lightning arrestors 120 units 48 units
(1) Applicable standard IEC or equivalent (1 unit/phase) | (1 unit/phase)
(2) Type Outdoor use, gapless metal oxide type
(3) Nominal system voltage 33kVv
(4) Rated voltage 36kV
H-7 | Primary cutout switches 111 units 42 units
(1) Applicable standard IEC or equivalent (1 unit/phase) | (1 unit/phase)
(2) Type Outdoor use 100A
(3) Nominal system voltage 33kVv
(4) Rated voltage 36kV
H-8 | Pole mounted transformers
(1) Applicable standard IEC or equivalent
(2) Type Oil immersed, outdoor use
(3) Phase - Three phase three wires (HV side)
- Three phase four wires (LV side)
(4) Fregquency 50Hz
(5) Capacity - 50kVA 8 units 3 units
- 100kVA 16 units 3 units
- 200kVA 13 units 8 units
(6) Rated voltage 33kV/433-250V
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No. [tem/Equi pment Specifications Quantity
Nyinahin | Amansie West
H-9 | Earthing materialsfor LA and
transformers
(1) Earthingwire 38mm? bare copper wire or equivalent 1set 1set
(2) Earthing rod Copper clad core rod with lead terminal, 1 set 1set
D14mmx L1, 500mm or equivalent
H-10 | Transformer primary and secondary 1set 1set
materials
(1) Primary
1) Primary drop conductor 22mm? XLPE insulation, copper wire
(PDC)
(2) Secondary
1)LV cable 70mm? X LPE insulation copper cable
2) LV fuse cutouts
() Applicable standard BS or equivalent
(b)Type Porcelain type
(c) Fuse Cartridge fuses
H-11 | Connector and binding wire for O/H 1set 1set
line
(1) Connector
1) Type Bolted type
2) Material Aluminum alloy casting
(2) Straight sleeve AAC 120 mm? application
(3) Binding wire
1) Material Aluminum
2) Size 4.0mm diameter or equivalent
(4) Jumper wire
Table2.2.2.3-12 Low Voltage Distribution System Plan (Procurement)
No. | tem/Equi pment Specifications Quantity
Nyinahin | Amansie West
L-1 |LV overhead line conductor 393.4 km 113.6 km
(1) Applicable standard IEC or equivalent
(2) Type Hard drawn, All Aluminum
Conductor (AAC)
(3) Size 50mm?
L-2 |Insulator 1set 1set
(1) Shuckleinsulator
1) Applicable standard IEC or equivalent
2) Type Porcelain glazed brown
3) Wet withstand voltage 3kV
L-3 | Polefitting materials 1set 1set
(1) Wire supporting clamp assembly
1) Material Mild steel

2) Coating
Stay wire

1) Material

2) Size

Stay insulator
1) Line voltage
2) Material

@)

©)

(4) Stay plate/anchor

1) Material

Hot-dip galvanized

Standard galvanized steel
38mm? (2.60mmx 7) or equivalent

425V
White glazed porcelain, tensile
strength 6 tons

Concrete block or steel plate or
driving type
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No. | tem/Equi pment Specifications Quantity
Nyinahin | Amansie West
2) Draw force 6 tons
(5) Turnbuckle
1) Material Mild steel
2) Coating Hot-dip galvanized
(6) Indication plates Danger plate
L-4 |Earthing materials 1set 1set
(1) Earthingwire 22mm? PV C insulated copper wire or
equivalent
(2) Earthing rod Copper clad core rod with lead
terminal, D14mmx L1, 500mm or
equivalent
L-5 | Connector and binding wire for LV 1set 1set
O/H line
(1) Connector
1) Type Bolted type
2) Material Aluminum alloy casting
(2) Straight Sleeve AAC 50 mm? application
(3) Binding wire
1) Material Aluminum
2) Size 4.0mm dia. or equivalent
(4) Jumper wire
L-6 | Servicedrop wires
(1) Applicable standard IEC or equivalent
(2) Type 600V PV C insulated stranded copper
conductor
(3) Size -10mm? (for single phase kWh 175.0km 70.1km
meter: 5(20)A)
-16mm? (for single phase kWh 23.2km 9.4km
meter: 15(60)A and three phase
kWh meter: 20(80)A)
L-7 |Insulator for service drop wires 1set 1set
(1) Coach screw insulator Porcelain glazed brown
(2) Spool insulator Porcelain glazed brown, double
groove spool type
L-8 |Fittingsfor service drop wires 1set 1set
(1) Connector
1) Type Bolted type
2) Material Aluminum alloy casting
L-9 |kWh meter
(1) Applicable standard IEC or equivalent
(2) Type Conventional type
(3) Rated current - Single phase: 5A(20A) 3,499 pieces | 1,402pieces
- Single phase: 15A(60A) 310 pieces 127 pieces
- Three phase: 20A(80A) * 4-wire 77 pieces 30 pieces
type
L-10 |Molded casecircuit bresker MCCB
(1) Applicable standard IEC or equivalent
(2) Type Indoor use, molded type
(3) Current rating (Interrupting - 2P 5A (7.5kA) 3,499 pieces | 1,402pieces
capacity: Min) - 2P 10A (7.5kA) 310 pieces 127 pieces
- 3P 30A (7.5kA) 77 pieces 30 pieces
(4) Rated voltage 400/230V
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2-2-3 Basic Design Drawings

The basic design drawings for the Project are as follows.

(1) 33kV Transmission Line Route and System Drawings

Drawing No. Title Scae

TL-01 Rout Map of 33k_\/T_ransmission Line for the project [Nyinahin and As shown in
Amansie West District] the drawing

TL-02-1 33kV Transmission Line System Drawing [Nyinahin (1/2)]

TL-02-2 33kV Transmission Line System Drawing [Nyinahin (2/2)]

TL-03-1 33kV Transmission Line System Drawing [Amansie West (1/2)]

TL-03-2 33kV Transmission Line System Drawint [Amansie West (2/2)]

(2) Bibiani Booster Station

Drawing No. Title Scae

BS-01 Single Line Drawing

BS-02 Equipment Layout 1/200

BS-03 Arrangement of Outdoor Switchgear Cubicles

BS-04 Arrangement of Perimeter Fence and Entrance Gate

BS-05 Outline of the Existing 33kV Transmission Line Connection 1/100

(3) Assembly Drawings for 33kV Transmission Lines and Low Voltage Distribution Lines

Drawing No. Pole Type Title Scale
TPA-A A 33kV Intermediate Pole (Line Angle 0 to 4 deg.)
TPA-B B 33kV Light Angle Pole Line Angle 4 to 20 deg.
TPA-C C 33kV Medium Angle Pole (Line Angle 20 to 60 deg.)
TPA-D D 33kV Heavy Angle Pole (Line Angle 60 to 90 deg.)
TPA-E E 33kV Cross Pole (Line Angle 90 deg.)
TPA-F F 33kV Section Pole
TPA-G G 33kV T-off Pole
TPA-H H 33kV Terminal Pole
TPA-I I 33kV LBS Pale
TPA-J1 J1 33kV Transformer Pole (50kVA)
TPA-J2 2 33kV Transformer Pole (100,200kVA)
TPA-K K HV and LV Combination Pole
TPA-LA LA LV Intermediate Pole
TPA-LB LB LV Termina Pole
TPA-LCA LCA LV T-off Pole A
TPA-LCB LCB LV T-off Pole B
TPA-LCC LCC LV T-off PoleC
TPA-LCD LCD LV T-off Pole D
(4) Low Voltage Distribution Equipment and Materials Installation Plan Drawing
Drawing No. Title Scae
LV-G01 LV Distribution Equipment and Materials Installation Plan Drawing
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From Asawinso S/S

Existing33kV Transmission Line To Bibiani

Scope of the Project

A | _ A Connection work to the existing lines by Ghanaian side
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Single Line Diagram

S/S

Legend: |50/51| Over Curent Relay

Over Current Ground Relay

516 ] (Earth Fault Relay)

Voltage Regulating Relay
Under Voltage Relay
Auto Voltage Regulator
[ VD_] Voltage Detector
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Note:
Capacity of Voltage Regulator : Max.5000kVA
Exsting 33kV Earth System : By Earthing Tr.
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Existing Tower, No.115
(33kV Bibiani line)

Cable Bracket

Protective cover

Dwg.No.BS-05: BEFR33kV ik AR Hfi
Outline of the Existing 33kV Transmission Line Connection
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PARTNO. DESCRIPTION QTY
TA" | Wood Pole TTm A 1lm T
2G _[33kV Pin Insulator 3RVEVEND 3
2H | Preformed Top TicC for AACI20 AR A ANCI20H 3
3A  [Crossarm L100x75x7tx2500 T4z LI00x75x7x2500 1
3C [ Crossarm Brace Pipe type ATT—=hF4 2
6A | Bolt&Nut M16x50(Crossarm/Bracc) [ *R/VFF v~ MIbx50 7
6D [Bolt&Nut M16x250(Pole/Crossarm) RVET IR MIox250 1
6F ] Bolt&Nut M16x350(Pole/Brace) FAVRT o Mi6x300 1
6] | Square Washer AR 4
10 [Nail 57 q
T7 | Danger Plate TERFE AL I

Dwg.No. TPA-A 33kV 5| UAE (0 ~4) [FE7]A]
33kV Intermediate Pole (Line Angle 0—4deg.) [Type A]

ARTNOJ DESCRIPTION QTY
1A~ | Wood Pole TTm RiE 1Im 1
2G " [33kV Pin Insulator IRV E/FNL 3
2] | Preformed Side Tie for AACIZ0 77 AACI20H 3
3A " | Crossarm L100x75x7tx2500 T4, L100xT5x7x2500 1
3C | Crossarm Brace Pipe type AT T—h7A 2
SA [ Stain Plate SHEEY T
5B [Dead End Grip For Pole 45 ZF7 Ty 7 A EHAGsq.mm) 1
SC | Déad End Grip For Thimble 43 ENTUTT V0T O 5sg.mm 1
5D [Dead End Grip For Insulator 43 BTV T b mm 2
SE | Stay Wire 45sq.mm D o E R Bbse 15
SF [ Stay Insufator 33KV SHRET 1
5G  {Turmbuckfe Ve rlid 1
SH [ Stay Rod SR T
5] | Stay Plate TETV=F T
6A | Bolt&Nut MI6x50({Crossarm/Brace) [ #/V T MI6x50 2
6D | Bolt&Nut M16x250(Polc/Crossarm) Ry M16x250 1
6F | Bolt&Nut M16x350(Pole/Brace) VTN M16x350 1
6] | Square Washer A 7
10" [ Nail il 8
11 [Staple ATV ]
12 |Danger Plate TERFGRIL T

Dwg.No. TPA-B 33kV M Bk (4 ~20%) [FE5B]

33kV Light Angle Pole (Line Angle 4-20deg.)[Type B]
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Dwg.No.TPA-C 33kV " EEFE (20 ~60E) [FE5IC]
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{

FARTRO. | DESCRIPTION 7
TA™ [Wood Pole TTm AEE 1lm T
7K | Disc Tnsulator BEROL 13
2B | Anchor Shackle TRy IV [
7C | BallEye [ 6
2D | Socket Eye Irob T4 6
2E | Dead End Clamp Tor 33KV {(AACIZ) (517707 33kVE
7F | Dead Bad Clamp Adaptor SIS TTE T [
2G" [ 33KV Pin Insulafor JRVELENL 3
2] | Preformed Side Tie for AACI20 TIERZA AACIZ0H 3
3A | Crossarm LT00x75% 762500 Th% L100x75x7x2500 2
3C | Crossarm Brace Pipe type IATT=bEL [}
SA | Strain Plate TREET 2
5B { Dead End Grip For Pole 45 BTy 7 KFEF4sq.mm 7
3C | Dead End Grip For Thimble 45 BT 7V 7 W RBsq mm 2
5D [Deéad End Grip For liisulator 45 BT U7 T Fdbsq.mm T
3E [ Stay Wite 455q.mm TRFAS) - EHIPRY BR455q 10
3F | Stay Insulator 33kV TR F 2
5G| Turnbuckle BRI 7
5H [ Stay Rod TR 3
57 [ Stay Plate XHTU—F 7
6A | Bolt&Nut MI6x50(Crossarm/Brace) | /v FF o F M16x50 q
6D i Bolt&Nut MI6x250(Pole/Crossarm) | RARF o M16x250 3
6F | Bolt&Nut M16x350(Pole/Brace) WIVNF Y M16x350 T
67| Square Washer BER 4
TA | Bolt Type Connector RS X75 ARCI20/AACIZ0 |6
10 [ Nail & 12
T [ Staple AF 9T L]
12 |Danger Plate faBRIoRAL 1

33kV Medium Angle Pole (Line Angle 20-60deg.)[Type C]

PARTNO. | DESCRIPTION q

TA™ [Wood Pole TTm KFE Tim 2
7A | Disc Insulafor EEROL 18
2B | Anchor Shackle T =% In [3
2C | BallEye P—NTA 6
7D [SocketEye 2PNl 6
2E | Dead End Clamp for 33kV (AACTZ0) ~ | 51757 33kVH 6
2F | Dead End Clamp Adapfor BRI 7 /T T T = [
2G| 33kV Pin Insulator PRV EL/BENL 3
2] | Preformed Side Tie for AACI20 5 A AACIZ0H 3
3A | Crossarm LT00x75x7tx2500 T L100x75x7x2500 z
JC [ Crossarm Brace Pipe type FATT—BFA 4
5A | Strain Plate THRLED 4
SB[ Dead End Grip For Pole 45 E7 57 R 45sq.mm [
SC | Dead End Grip For Thimble 43 ERT Ty 7> T e idbsqmm g
5D | Diead End Grip For Insulator 43 R V7 B ibsqmm 3
SE | Stay Wire 45sq.mm TR > = WA Absq.mm 60
5F | Stay Insulator 33kV XHAwET 4
5G| Tumbuckle F=URGII 4
SH [ Stay Red pEa 4
3T | Stay Plate g7 V—FK 4
6A | Bolt&Nut MI6x350{Crossarm/Brace) | R/LFFvF MI6x50 4
6D | Bolt&Nut MI6x250(Pole/Crossarm) | R A R~ F M16x250 4
6F | Bolt&Nut MI6x350(Pole/Bracc) AANF R M16x350 2
6] | Squate Washer ARE 4
7A™ | Bolt Type Connector FENTTRIZR7 5 AAC120/AACT20 [
10 | Nal i 70
T | Staple ATyTI I

12 [Danger Plate FARE AL 1

Dwg.No.TPA-D 33kV 58 ¥ (60 ~90& i) [FE5HD]

33kV Heavy Angle Pole (Line Angle 60-90deg. ) Type D]
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PARTNO. | DESCRIPTION Q
TA~ [Wood Pole TTm KE 1l 1
@@ 7A | Disc [nsulator TEEFL m
7B~ ] Anchor Shackle Ty [
g 2C |BallEye K= TA 6
D 2D [ Sockel Eye TTINTA [3
2E | Dead End Clamp Tor 33kV (AACTZ0y |51 770 733kVH 6
i 7F | Dead End Clamp Adaptor SIBITTTE T~ 3
6 76 [33kV Pin Insulator BV ETRAL 4
! SCYSDYSE Y5R 27 [Preformed Sidc Tic for AACI20 W% A AAC120H 4
oY Ys JA | Crossarm LT00X75%7tx2500 Fi 4 1.100x75x7x2500 4
3C | Crossarm Brace Pipe type AT T —bEA 3
SA | Strain Platc THREED 2
! ) 5B~ | Dead End Grip For Pole 45 BT 77 KFER46sq.mm 2
4 5C | Dead End Grip For Thimble 45 BITT V777 W d5sq.mm 2
= 3D [Dead End Grip For Insulator 45 BT Ty 7157 Fibsq mm 4
3E [ Stay Wire 45sq.mm TR > IRPA)FRA0sq.mm 30
, m 5F | Stay Insulator 33kV TENEF 7
m@ 5G| Turnbuckle =Ry 2
SH | Stay Rod ThE 2
5T | Stay Plate THETV =P 2
6A | Bolt&Nut MI6x30(Crossarm/Bracc) | /b7 v~ M16x50 3
' ' 6D | Bolt&Nut MI6x250(PolefCrossarm) | R/L T~ Mi6x250 6
6F | Bolt&Nut MI6x350(Pole/Brace) RAPF o M16x350 2
61| Square Washer AR 3
7A | Bolt Type Connector I hTiax2% AACT20/AACI20 6
aL ) [ 10 | Nail 7 i2
T |Staple AT9T )
e el 12 [Danger Plate falkdearil 1
E
= , ,
Dwg.No.TPA-E 33kV [EAZHE (905) [F#)IE]
33kV Cross Pole (Line Angle 90deg.)[Type E]
PARTNO.| DESCRIPIION Q1Y
TA | Wood Pole TTm AE 1lm 1
7A | Disc Insulator WEIL 18
28 [ Anchor Shackle ToA=ryin 6
2C | BallEye r—NTA 6
2D |SockefEye TR T A 6
2E | Dead End Clamp for 33kV (AACTZ0Y | 5TR 77 7 33kVA [
2F | Dead End Clamp Adaptor SETTVT TR T H— 6
2G [ 33kV Pin Insulator BV ELBNL 3
27| Preformed Side Tie for AACI20 T Z 4 AAC120H 3
JA~ | Crossarm LTI00X75%7tx2500 % L100x75x7%2500 2
3C [ Crossarm Brace Pipe type RATT—hE4 4
3A | Strain Plate IATT—EFS 4
5B | Dead End Grip For Polc 45 BTy 7 KR Dsq.mm A
g 3C | Dead End Grip For Thimble 45 BRIV 77 7 0 45sq.mm S
5 5D | Dead End Grip For Insulator 45 EL TV TR Babsq.mm 8
SE | Stay Wire 43s5q.mm B E U RA5sq.mm 60
. @ . SF | Stay Insulafor 33KV SRR §
@v@ 5G| Tumbuckle = RyJ 4
SH [ Stay Rod Pt 4
5T | Stay Plate TR —h [
, , 6A " | Bolt&Nut M16%50(Crossarm/Brace) | R/ R ok MIBx50 4
6D [Bolt&Nut MI6x230(Pole/Crossarm) | R/LFF ok Mi6x250 3
6F | Bolt&Nut MI6x350(Pole/Brace) BN R M16x350 T
[ Square Washer BES 4
7A~ | Bolt Type Conncctor WATER77 AACI20/AAC120 [ 6
GL ’ ' 10 [Nail 3T il
N7 N | N7 T [ Staple AT 9TV 16
12 |Danger Plate fERFRAL 1
11
E | )

Dwg.No. TPA-F 33kV i 3|84 OAE[FERIF]
33kV Section Pole[Type F]

-54 -




1200

. 1200

900 1500 \]

9170

GL

1830

C;

GL

I

Dwg.No.TPA-H 33kV #&¥FE(FERIH]
33kV Terminal Pole[Type H]
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PARTNO.] DESCRIPTION Q1Y

TA [Wood Pole TTm AFE 1im I

7A | Disc Insulafor FERVL 9

28 | Ancher Shackle TUA=VvyaN 3

2C | BallEye R’=ATA 3

§ 2D |Socket Eye TrovTA 3
z @ 2E | Dead End Clamp for 33kV (AACTI0) | 518777 33kVH 3
JF [Dead End Clamp Adaptor SIS TTETT— 3

ko 7G| 33KV Pin Insulator B2 A )

[ 21 [Preformed Side Tie for AACTZ0 TERZA ANCI20H 4
O YGE XS K[ Crossarm LI00¥ TS Tix2500 Tt 110075742500 3
SeYCHYS 3C | Crossarm Brace Pipe type I ATT—LEL 6

5A " | Strain Plate IHEZEW 2

3B | Dead Bnd Grip For Pole 43 BR7I7 RERDsq.mm 7

3C | Dead End Grip For Thimble 43 ER 7707 VRAssqmm z

3D | Dead End Grip For Insulafor 45 BTy 75 45sq.mm 4

SE | Stay Wire 455¢.mm WD - E R RS mm 30

SF | Siay Insulafor 33KV KBTS 7

5G| Tumbuckle = gg N 2

SH | Stay Rod THE 2

5T Stay Plae TET—T 7

6A [Bolt&Nut MI6x50{Crossarm/Brace) | A2 /L 17 M16x50 [

6D | Bolt&Nut M16%Z50(Pole/Crossarm) | Rk M16x250 4

6F | Bolt&Nut MT6x350(Pole/Brace) BT vk M16x350 2

7 [ Square Washer AlES 8

TA" | Bolt Type Connector B HaX7% AACI20/AACIZ0 | 6

10 [Nail & 2

1T | Staple ATIT IV 8

N7 12 |Denger Plate falpRirtl 1

Dwg.No.TPA-G 33kV I FE(FERIG]
33kV T-off Pole[Type G]

PARTNO. | DESCRIPTION Q1Y

TA™[Wood Polc [Tm FKE 1Im Z

7A | Disc Tnsulator TERGL v

2B | Anchor Shackle TRV u I 3

2C  |BallEye R=NTA T

2D | Sockel Eye ITIvTA 3

7E "~ | Dead End Clamp fot 33KV (AACTZ0) [B177 7 33kVI] 3

7F | Dcad End Clamp Adapfor ST/ TTETT— 3

' 3A [Crossarm LI00X75%Ttx2500 i L100x75x7x2500 Z
5| 3C [ Crossarm Brace Pipe fype PLTT =554 g

il 5A | Stram Plate XRZED Z

= 5B Dead End Grip For Pole 45 BTy 7 AR 45sq.mm 7z

! g 5C { Dead End Grip For Thimble 43 BTV TV 7 v AT5sg.mm 7
5D | Dead End Grip For Insulator 45 BN TOT 157 Fdbsq mm 7

SE | Stay Wire 45sq.mm TR - R F45sq.mm 30

5F Stay Insufafor 33KV TRAET Z

\ 5G| Tumbuckle B—V R gJ Z
S| Sfay Rod TR Z

57| Stay Plate XHETV—F 7

6A [ Bolt&Nut M16x50{Crossarm/Brace) | 7R/L MM M16x50 4

. 6D | Bolt&Nut MI6250{Polc/Crossarm) | /U1~ MI6x250 7
6F | Bolt&Nut MI6x350(Pole/Brace) FIVEF oM MI6x350 z

SN 61 | Square Washer RIEZ 4
T | Nail 57 12

g T [ Stapk AT yTIV g

-L 1 17 | Danger Plate fEBRFERA 1
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Dwg.No.TPA-I 33kV
B B P g R E A1

33kV LBS Pole[Type I

11000,

i

PARTNO.{ DESCRIPTION QTY
1A |Wood Pole lIm AHE 1lm 2
2A | Disc Insulator BEHNDL 18
2B | Anchor Shackle T =i 6
2C  |BallEye A= T4 6
2D |Socket Eye STobTA 6
2E | Dcead End Clamp for 33kV (AACI120) | 31777 33kVH 6
2F | Dead End Clamp Adaptor s8I TTIT 6
3A | Crossarm L100x75x7tx2500 4 L100x75x7x2500 2
3C | Crossarm Brace Pipe type PALTT—hFA 4
SA | Sirain Plate SRS 6
SB | Dead End Grip For Pole 45 &7y 7 AFER45sq.mm 6
5C  {Dead End Grip For Thimble 45 BTy T V7 0V HdBsq.mm 6
5D | Dead End Grip For Insulator 43 AUy 7 B Bdbsg.mm 12
5E | Stay Wire 45sq.mm T > 2 FRBRD R 45sq.m 90
SF | Stay Insulator 33kV XENET 6
5G| Turnbuckle A aarrlid 6
SH |Stay Rod THk 6
5] |Stay Plate XRTV—h 6
6A | Bolt&Nut M16x50(Crossarm/Brace) | B/ Mok M16250 4
6D | Bolt&Nut M16x250(Pole/Crossarm) | /v Mok M16x250 4
6F | Bolt&Nut M16x350(Pole/Brace) RNy R M16x350 4
6] | Square Washer AR 4
7A | Bolt Type Connector it Al 304 AACI20/AACL20 [3
7D | Boli Type Connector BRI 225 AAC120/PDC22 3
8A | Ground Rod 14x1500 M 14x1500 20
8B | Lead Wire Terminal Y—RiE 7 10
8C | Compression Connector(38/38) 3% 38-38 12
8D [ Grounding Wire Cu 38sq.mm HEHIR38sq.m 32
8E | PVC Protection Pipe L=4.0m EHRRE 17 2
8F | Stainless Band L=1200mm AT AV AN/E L1200mm 18
10 |Nail §7 28
11 |Stple XF TN 1
12 |Danger Plate fulR &AL 1
13A | Trasfommer Primary Conductor PPC Usqm BEBIRME T Y —F8 22sq.mm| 6
14 |33kV Lighting Arrester 33KV EER 3
15 |33kV Load Break Switch 3V EFERE 1
PARTNO.[ DESCRIPTION QTY
1A | Wood Pole 11m AFE Llm 2
2A | Disc Insulator BEFVLL 9
2B | Anchor Shackle TYA—=sx9) v 3
2C  [BallEye F—-nTA 3
2D |Socket Eye JirybT A 3
2E | Dead End Clamp for 33kV (AAC120) | 51877 733kVA 3
2F | Dead End Clamp Adaptor BIRI7 T TETH— 3
2G  |33kV Pin Insulator 33KV EVBNL 3
2K | Aluminum Bind Wire 4.0mm TR A 0m 12
2L | LV Shackle [nsulator BE VBN, 4
3A | Crossarm L100x75x7tx2500 4 L100x75x7x2500 2
3B | Crossar for Pin Suppot LIOOX ToXTex 2500 | i T- Ml L100x75x7x2500 2
3C | Crossarm Brace Pipe type RATT—hI4 16
3D |LVRack (B2 4
4A | TrSupport(A) 75x75x3.21 x3000 T BEE(A) 75x75x3.2x3000 2
4B | Tr.Support(B) 75%75x3.271x1500 AR E (B) T5x75%3.2x1500 4
SA | Strain Plate TRLeH 6
5B | Dead End Grip For Polc 45 7Yy 7 KEB155q.mm 6
5C | Dead End Grip For Thimble 45 BTy Ty T IV ABsq.mm 6
5D | Dead End Grip For Insulator 45 A7)y 7 B R45sq.um 12
SE | Stay Wire 45sq.mm Ui XD Rd5sq.mm 90
5F | Stay Insulator 33kV KRR 6
5G| Turnbuckle vl 6
5H | Stay Rod X 6
5] | Stay Plate EH7L—b 6
6A | Bolt&Nut M16x50(Crossarm/Brace) | RN wh M16x50 4
6B | Bolt&Nut M16x150(LV Rack/Spool) | H /v M16x150 16
6C | Bolt&Nut M16x200(Tr.arm A/B) FhF ok M16x200 8
6D | Bolt&Nut M16x250(Pole/Crossarm) | F vk M16x250 4
6E | Bolt & Nut M16x300(Pole/LV Rack) | F/V bk M16x300 4
6F | Bolt&Nut M16x350(Pole/Brace) FbFoh M16x300 6
6G | Bolt&Nut M16x430 F Tk M16x450 15
6] | Squarc Washer HES 36
7D | Bolt Type Connector FH R R AACL120/PDC22 6
7E  |Bolt Type Connector FrHTEa 27 4CVI0/AACHD 4
8A | Grouund Rod 14x1500 MR 1441500 20
88  [Lead Wire Terminal - 10
8C | Compression Connector(38/38) JEff%0F 38-38 14
8D | Grounding Wire Cu 38sq.mm P38 5q.m 27
8E [ PVC Protection Pipe L=4.0m HEiRRE 7 2
8F | Stainless Band L=1200mm AF VA8 /F L=1200mm 18
9 [IBTBand BAESUE 4
10 [Nail § 28
11 |[Staple ATy T 24
12 | Danger Plate filR zemkL 1
13A | Transformet Primery Conductor PPC 22sqmm | BB RBE TR —F# 225q.m | 24
13B | Transformet Secondary Conductor CVisgmm | ZERR2IRANY — & CV70sq.mm 48
14 [33kV Lightning Arrester 33KV B A 3
16 | 33kV Fused Cutout Switch 33kV Ea—XAy b UM 3
17 | Transformer parEs 1
1§ | LVFuse Cutout BIrea—2Ay 77k 3

Dwg.No.TPA-J1 33kV 25 F Stk [FERJ1]

33kV Transformer Pole(50kVA)[Type J1]
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FART.NO.] DESCRIPTION QTY
1A~ Wood Pole |1m A Um 2
2A | Disc tnsulator BRENNL 9
2B | Anchor Shackle Toh—vesin 3
2C  |Ball Eye =74 3
2D | Socket Eye e 3
2E | Dead End Clamp for 33kV (AAC120) | 51875 733kVH 3
2F  |Dead End Clamp Adaptor BT/ TTH T~ 3
2G| 33kV Pin Insulator 33kV BV 3
2K | Aluminum Bind Wire 4.0mm T VAR A.0m 24
2L |LV Shackle Insulator RV y o2V R 3
34 | Crossarm L100x75x7tx2500 B4 L100x75x7x2500 2
3B | Crossarm for Pin Support LI00X75x702500 H T BA 1100x75x7x2500 2
3C | Crossann Brace Pipe type RATT—b54 16
3D |LVRack RET»7 8
T 4A | Tr.Support{A) 15X 75X 3.2 X 3000 | AL EEER(A) 75x75x3.2%3000 2
@@ 4B | Tr.Support(B) 75X 75X 32X 1500 | B EBIEA(B) 75x75x3.2x1500 4
= SA | Strain Plate TRAeY 6
o SB[ Dead End Grip For Pole 45 A7)y 7 AR 4dbsq.mm 6
5C | Dead End Grip For Thimble 45 BTV 7 T VR4Bsqanm 6
@ @ 5D | Dead End Grip For Insulator 43 A7)y 78 Hdbsg.mm 12
®A® SE | Stay Wire 45sq.mm D oD 45s5¢.mm 90
@Vwa 5F | Stay Insulator 33kV XBRE 6
5G| Tumbuckle el 6
SH |Stay Rod Fhire I3
51 | Sty Plate TRV 6
6A | Bolt&Nut M16x50(Crossarm/Brace) | /v vk M16x50 4
6B | Bolt&Nut M16x150(LV Rack/Spool) [Fb vk M16x150 20
6C | Bolt&Nut M16x200(Tr.arm A/B) FVy b M16x200 8
g 6D | Bolt&Nut M16x250(Pole/Crossarm) | ARk M16x250 4
E 6F | Bolt&Nut M16x350(Pole/Brace) Fovb ok M162300 6
6G | Bolt&Nut M16x450 ARy b M16x450 15
6G 6] 6] Square Washer fipEe 40
8A | Grouund Rod 14x1500 ek 14x1500 20
8B |Lead Wire Terminal i 10
8C | Compression Connector(38/38) U5 38-38 14
8E | PVC Protection Pipe L=4.0m R E (7 2
8F | Stainless Band L=1200mm AT A AR L=1200mm 18
9 IBT Band BIE SR 4
10 |Nail ] 28
> 11 [Staple ATy T 24
12 | Danger Plate g #R L 1
g 13A | Transformer Primary Conductor PPC Dsqmm | ZEERE LIS T 7 AU — K 22sq.m | 24
i 13B | Transformer Secondary Conductor CV70sqnm | EES2KMY —FR CV70sq.mm 96
14 133kV Lightning Arrester 33V EEES 3
16 | 33kV Fused Cutout Switch 33KV Ea—X Ny Tk 3
17 | Transformer LR 1
18 | LV Fuse Cutout BEE2—ZH TR 6
Dwg.No.TPA-J2 33kV 2 ERRFE[FER]2]
33kV Transformer Pole(100,200kVA)[Type J2]
I
PARTNO] DESCRIPTION QTY
A® 1A~ [Wood Polc [Tm AFE TIm T
0O 7G| 33KV it Insulator ERAPZAN 3
' 2H | Preformed Top Tie Jfor AACI20 TR Z A AACTI0M] 3
2K [Aluminum Bind Wire 4.0mm TV AP 4 0mm 12
2L [LV Shackle Tnsulator EEZ Ay IVRNL ]
3A [ Crossarm LT00X75xTtx2500 T2 L100x75x7x2500 1
3C_[Crossarm Brace Pipe type RATT—EFA 2
: 3D [LVRack BEZy7 []
6A | Bolt&Nut MI6x50(CrossarmvBrace) — [F/VRF v+ MT6350 p]
N7 PNZ 722N 6B |Bolt&Nut MI16xI50(LV Rack/Spool)  [R/-FF o F MI6x150 4
6D |Boli&Nut M16x250(Pole/Crossarm) | v /VFF I M16x250 i
6F | Balt&Nut M16%350(Polc/Bracc) SFAVRT YR M16x350 5
\ 6] | Square Washer HEE 8
10 [Nail 57 4
12 [Danger Plate TERERIL 1

Dwg.No. TPA-K @i 2884 [FE 51 K]
HV and LV Combination Pole[Type K]
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Dwg.No. TPA-LB &£/ s EFE R | LB]
LV Terminal Pole[Type LB]
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PARTNO] DESCRIPTION QY
' 18 [ Wood Pole IM AH I 1
IK_| Alyminym Bind Wire 4.0mm T A FE A 0m )
2L | LV Shackle Insulator BEV Yy 7LD
3D | LVRack EE7y7 1
6B | Bolt&Nut M16x150(LV Rack/Spool) | 7S FF v~ MI6xI50 4
7 6E | Bolt&Nut MI6x300(Pole/LV Rack) | F/V 1T 7k MI6x300 ]
6] | Squarc Washer TES [}
10 | Nail kil 4
12 | Danger Plate FETRZTAL T
Dwg.No. TPA-LA IK/E5 B UAEFERILA]
LV Intermediate Pole[Type LA]
OO0
2|
'
ARTRO] DESCRIPTION i
[ 1B [ Wooed Pole SM ATE 9m i
7K | Aluminum Bind Wire 4.0mm TNTA /R 2. 0mm 12
2L | LV Shackle Tnsulafor BE %y 7L 4
3D | LV Rack REZy 4
SA | Stram Plate bR 1
| 5G| Turmbuckic =T T
SH | Stay Rod X I
57 Stay Plate b3 VA% 1
SK | Dead End Grip For Pole 38 BTV 7 KER38sq.mm T
SL | Dead End Grip For Thimble 38 BT 0977V 38samm |
, SM_| Dead End Grip For Insulator 38 BT 7T F T 38sqmm 7
SN | Stay Wire 3855q.mm D > E IR Ba8sq.mm 2
5P | Stay Insulator LV EiFT 1
6B | Bolt&Nut M16x150(LV Rack/Spool) RN MI6x150 4
6E | Bolt&Nut M16x306{Pole/LV Rack) RN M16x300 4
N 6] | Square Washer PR 4
10 | Natl ] 3
1T [ Staple ATYT IV 4
12| Danger Plate TERE AL 1
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Dwg.No.TPA-LCA {&JE/ I AEAFERILCA]

ARTNO] DESCRIPTION Q]
1B [Wood Pole OM AT Im 1
2K Al Bind Wir¢ 4.0mm TAIAA/FE 4.0mm A
2L |LV Shackle Insulator EEV v VRN 3
3D |LVRack BEFYT 4
3E [Strap ANT 77 8
SA" | Sirain Plate TRIEW 1
5G| Turmbuckle F—=V X9 1
SH [Stay Rod P )
55 |Stay Plate XHETV—F 1
SK_|Dead End Grip For Pole 38 BT 7 AN 3850.0m 1
5 |Dead End Grip For THimble 38 BTy 7 V7 A F3Rsq.mm T
5M_|Dead End Grip For Insulator 38 BT 7 38sq.mm 7
SN[ Stay Wire 38sq.mm TED >EFERR) Ao8sq.mm 12
5P [Stay Insulator LV FEF 1
6B | Bolt&Nut M16x150(LV Rack/Spool) FRTF o MI6xI50 []
6E [ Bolt&Nut M16x300(Pole/LV Rack) FIVFF YR MI6x300 4
6] [Square Washer RS [
7B | Bolt type Connector (LVILV) A Ta A 77 AAC50/ARTA0 4
10 [Nail il 8
1T [Staple AT 9TV 4
12" | Danger Plate TeRRE AL ]

LV T-off Pole A[Type LCA]

PART.NO] DESCRIPTION QTY
18 [Wood Pole OM K 9m 1
2K ]Al Bind Wire 4.0mm TR 4.0mm 36
2L [LV Shackle Insulator BE vy IV TL 12
3D |LVRack BTy 12
SA | Strain Plate XHEEER 1
5G| Turmbuckle F—= 9N 1
SH |Stay Rod AR 1
5] [Stay Plate BRIV —F 1
5K | Dead End Grip For Polc 38 BTy 7 R 38sq.mm 1
SL|Dead Ead Grip For Thimble 38 BRTT 777 L Bsq.mm T
SM_[Dead End Grip For Tnsulator 38 BT 7 BT F38squm 2
5N |Stay Wire 38sq.mm EED e PR)FR38sq. mm 12
5P | Stay Insulafor LV R 1
6B | Bolt&Nut MI6*T30{LV Rack/Spool) Ry MI6x150 12
6E | Bolt&Nut M16x300(Pole/LV Rack) FIVET v R M16x300 12
6] | Square Washer AR 12
7B | Bolt type Connector (LV/LV) A= R73 AAC50/ANCA0 12
10" [Nail il g
11 Staple AT 9T 4
17 {Danger Plate JERFRIL 1

Dwg.No. TPA-LCB &/ E 43I+ BFEHILCB]
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ARTNO] DESCRIPTION Q1Y
! 1B~ [Wood Pole IM AIE Im 1
2K_|Aluminum Bind Wire 4.0mm TV 4 0mm A
2L |LV Shackle Insulator BES Yy IV U 3
30 |LVRack BETYT [
6B | Bolt&Nut MI6x150(LV Rack/Spocl) TN MI6x150 g
NP7 E [ Bolt&Nut MI6<300(Pole/LV Rack) | F/VFFvF M16x300 3
6] | Square Washer AR g
10 |Nail kil 4
12 |Danger Plate fiE i T
Dwg.No.TPA-LCC &£ 43It ECHERILCC]
LV T-off Pole C[Type LCC]
= PARTNO] DESCRIPTION QY]
1B {Wood Pole 9M A 9m T
2K TAI Bind Wire 4.0mm T A /R A Onm 43
2L LV Shackle Insulator WEV Y97V 16
3D {LVRack BETY7 i6
5A  |Strain Plate IEIE 4
535G [Turmbuckle =V RyTl q
SH{Stay Rod EE 7
5T {Stay Plate THTUF )
, 5K |Doad End Grip For Pole 38 ET Ty 7 AR 38sqmm q
5L | Dead End Grip For Thimble 38 BRI Ty7 V7 W 38sqinm 4
5M | Dead End Grip For Insulator 38 BT 7 B+ F38sq.nm 8
SN__| Stay Wirc 38sq.mm TED > E TR Bxa8sq.mm 43
5P | Stay Insulafor LV TR [}
, 8 [ Bolt&Nut MI6x150(LV RackiSpool) | FR/VFF T MIGxI50 13
6E | Bolt&Nut M16x300({Pole/LV Rack) FRFoR M16x300 16
6] | Square Washer FIEE 16
7B |Bolt type Conneclor (LVILV) B TSR AAC07AACED 16
10 [Nail kil 20
PANRNZ] 11 {Staple ATITIV 16
T2 | Danger Plate JAREAIL 1

Dwg.No. TPA-LCD {&E 43I AEDFESILCD]

LV T-off
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detail of A

! ! Wooden plate will be

prepared by Ghanaian side
for water proof -~ L—Lu

MCCE
oetall of B

PAKTNO, DESCRIPTION T
2F [ Copper Bind Wire 1.6mim Insulated 374V FHR1 bun (%) 12124
2ZM | Coach Screw Insulator I—F AN 2—BVL
2N T Spool Insulafor{Double Groove) AT = NN (2
3D [LVRack 797

6B | Bolt&Nut MI6xT50{LV Rack/Spool} |[FAFTvF MI6x150
6E | Bolt&Nut MI6x300(Pole/LV Rack) — | F/AFFF MI6x300
6] [ Square Washer HIES
7C | Bott type Connector (LV/Service Drop) | §ii vf = A7 ZAAC 50/Cull-16

b 02 1o foa [ro 0o
NI N FN PN T I

Dwg.No.LV-G01: {5/ EBCE SR R 51 mE

LV Distribution Equipment and Materials Installation Scheme Drawing
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2-2-4 Implementation Plan

2-2-4-1 Implementation Policy

The Project will be implemented within the framework of Japan’s grant aid cooperation
scheme and, therefore, its implementation will only take place after approval of the Project by
the Government of Japan and the Exchange of Notes (E/N) between the Government of Japan
and the Government of Ghana. The basic issues and points to note in the process of
implementing the Project are described below.

1)

2

3)

Project Implementation Body

The organization responsible for the Project on the Ghanaian side is the Ministry of
Energy (MOE). Although the Electricity Department of the MOE will be directly
responsible for the Project, the Electricity Company of Ghana (ECG) will oversee the
construction, operation and maintenance of relevant facilities after the commencement of
electricity supply services. It will, therefore, be necessary for the Electricity Department
of the MOE to maintain close contact and to consult with Japanese consultants and
subcontractors and to select a person responsible for the Project to ensure its smooth
progress.

The person responsible for the Project at the MOE will be required to explain fully the
contents of the Project to staff members of the MOE, ECG and local residents of the
Project sitesin order to facilitate their understanding of the Project and to encourage their
cooperation in its implementation.

Consultants

A Japanese consultant will conclude a consulting services agreement with the MOE and
will provide detailed design and work supervision for the Project to realize the planned
procurement and installation of equipment and materials. The consultant will also
prepare tender documents and provide necessary assistance for MOE, the Project
implementation body, to conduct tenders.

Equipment Supplier

In accordance with the Japan’s grant aid cooperation scheme, a Japanese equipment
supplier selected by the Ghanaian side through competitive tendering will carry out the
procurement and installation of equipment and materials. The supplier will be required to
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submit the implementation schedule to the Ghanaian side and coordinate such matters as
the schedule before the commencement of site construction work.

Asit is deemed necessary that the contract to provide after-services, including the supply
of spare parts and an appropriate response to breakdowns, the equipment supplier must
pay proper attention to adequate communication channels with the Ghanaian side after
handing over the equipment and materials.

(4) Necessity for Dispatch of Japanese Engineers

The Project isto be implemented in a short period of time and will be complex, extensive
work that will include 33kV transmission line installation, foundation work and
construction of a booster station including installation of boosters such as transformers
and switchgear panels. Consequently, careful coordination of all types of work is
essential. Since much of the various types of work will be conducted simultaneoudly, it is
essential that a site manager capable of controlling and guiding all works in an integral
manner be dispatched from Japan to ensure work progress, quality and safety.

Since highly skilled engineers are required for adjustment and testing when installing the
equipment and materials at substation facilities and after installation, it will be difficult to
effectively utilize local companies other than workers. Accordingly, engineers must be
dispatched from Japan to ensure quality, technical guidance and schedule control.

2-2-4-2  Implementation Conditions

(1) State of the Construction Industry in Ghana and Technology Transfer

As previously mentioned in 2-2-1-4, there are afew general contractors and electric firms
in Accraand Kumasi cities, so it is possible to place orders at local companies for on-site
recruitment and procurement of workers, transportation vehicles, construction work
equipment and materials within Ghanafor transmission lines construction and foundation
work for the booster station under the Project. However, given the fact that the Project is
being made possible through grant aid cooperation of the Government of Japan under
stringent terms, and that the quantity of locally procured wooden poles, etc. may not be
completely satisfactory, the dispatch of Japanese engineersis vital to scheduling, quality
and safety control.

For now, there are few cases of substation installation work and the equipment

installation work, trial operation and adjustment after installation will demand
well-experienced engineers. As it will be difficult to utilize local companies effectively,
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2

3)

(4)

except for the recruitment of workers, the dispatch of Japanese engineers by the Japanese
equipment supplier is preferred when recruiting workers and procuring the required
installation equipment from local companies. These Japanese engineers will provide
on-the-job training (OJT) for the Ghanaian engineers during the relevant installation
work period to transfer knowledge.

Effective Use of Local Equipment and Materials

The local procurement of aggregate, cement and reinforcing bars, etc. for foundation
work, conductors and wooden poles, etc. in the installation of transmission and
distribution lines is available in Ghana even though quality guidance and work progress
will be needed to meet the delivery terms. In fact, such items have been procured in
Ghana for many similar projects. Accordingly, the work plan utilizes locally available
equipment and materials as much as possible. However, since locally manufactured
products are unavailable Ghana is depending on importation of Japanese equipment and
materials for the Project.

Security Measures

Public unrest in Ghana is relatively rare and the Project sites have good access from
Kumasi City, the second largest city. Therefore, the Project sites are situated in the
locations where monitoring, etc. can be easily carried out. However, special attention will
still be necessary to prevent theft of equipment and materials and to ensure the safety of
work-related personnel since some areas of Ghana are out of range of cellular phones.
Although the Government of Ghana has promised to take the necessary steps to ensure
safety, the Japanese side will also provide the following.

The 33/33kV booster station will be constructed in Nyinahin Area and temporary
equipment and materials yard will be at the same location. Therefore, the Japanese
side will also provide a gate and fencing to protect local residents from any
accidents.

A liaison system with work-related personnel will be created.

Tax Exemption

The procedure for tax exemption (including VAT) of equipment and materials to be
procured under the Project in the Ghanaian side is as follows. After a subcontractor
submits an application for tax exemption to the MOE, the MOE requests a letter for tax
exemption from the Ministry of Finance, which is sent to customs (copies are issued
simultaneously to the MOE and the subcontractor). When equipment and materials arrive
at a port or an airport in Ghana, the subcontractor presents the prescribed shipment
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documents with an attached copy of the above-mentioned tax exemption letter to
customs. Tax is then exempted. Therefore, it isimportant to pay specia attention to the
process of acquiring tax exemption in order to prevent any delays which may have a
negative impact on the progress of the Project.
2-2-4-3  Scope of Works
As for the work demarcation between the Japanese side and the Ghanaian side, the Japanese
side will conduct procurement of equipment and materials with installation works for the new
booster station and 33kV transmission lines under the Project, in consideration of engineering
and fiscal capability of the Ghanaian side. Also the Japanese side will conduct the
procurement of equipment and materials for al LV distribution lines, 50% of consumers
service drop equipment such as service drop wires, watt-hour meters and MCCBs, whereas
the Ghanaian side will procure the rest half of consumers' service drop equipment as well as
install those equipment and materials. Accordingly, the Ghanaian side will be responsible for
the procurement and installation of electric poles for said wires. A detailed description of the

work demarcation between the Japanese and Ghanaian sidesis shown on Table 2.2.4.3-1.

Table2.2.4.3-1 Work Demarcation between the Japanese and Ghanaian Sides
Procurement Installation Remarks
Work Item
Japan | Ghana | Japan | Ghana

1. Common Requirements

(1) Bush clearing along the proposed
transmission & distribution lines before
installation work for poles
(Estimated area: 10mx 91km = 0.91km2)

To be completed prior to
commencement of Japanese
construction.

(2) Providing storage yard for materials &
equipment prior to delivery to the site

To be prepared prior to the
arrival of equipment and
materias

(3) Assuring worker security at the site

(4) Managing any disputes from consumers
regarding power outage caused by
construction work (including compensation
for consumers)

Especially when the new
lines are connected to the
existing lines.

(5) Public notice of scheduled power
interruptions for existing consumers during
the implementation stage when necessary

(6) Removal of trees and bushes around
transmission & distribution lines to protect
poles from bushfires after commencement of
operation

To be implemented
periodically.

2. Construction of New Booster Station

(1) 33kV voltage regulating transformer

(2) 33kV switchgear panels

o

(3) Station auxiliary supply

(4) Equipment & materials required for
connection of (1) through (3) above
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Procurement Installation Remarks
Work Item
Japan | Ghana | Japan | Ghana
(5) Civil engineering, foundation & exterior o ° Premises only, including
work required for (1) through (4) outdoor lighting
(6) Jumper connection between existing 33kV (Note) The Ghanaian side is
transmission lines and underground cable ° responsible for connection
terminals o o (Note) work between cable
terminals and existing
electric wires
(7) Spare parts, testing equipment & Spare parts. one-year supply.
install ation/maintenance manuals ° Test equipment &

o o (Storage) mai ntenancg t00|SW.i|| be
used for the installation work
by the Japanese side

(8) On-site testing before handing over (Note) AC dielectric test and
o protective relay test will be
carried out by the Ghanaian
side
(9) OJr o
(Guidance)
(10)Construction of perimeter fence & gate o o
(11)Site leveling (northwest corner shall be To be completed prior to the
considered the base level) & access road o o commencement of Japanese
construction
(12)Guard house o o
(13)Drainage system for access road o o
3. Construction of 33kV Transmission Lines
(1) Conductor, lightning arrestors, insulators,
cross- -arms, load break switches, fused o o
cutouts, fixing metal-ware & accessories
(2) Distribution transformers o o
(3) Electric poles o o
(4) Civil engineering work (foundation, o 5
excavation, refilling work, etc.)
(5) Installation/maintenance manual o o
(6) Test equipment & tools o Test equipment & tools will
O @) . .
(Storage) | be used for installation work
(7) On-site testing before handing over o o
(8) Removal of obstructions (including trees) To be completed prior to the
o commencement of Japanese
construction
4. Construction of LV Distribution Lines
(1) Conductor, service drop wires, insulators,
cross-arms, fixing metal-ware, kWh meters o o
& MCCBs
(2) Wooden boards (for the above-mentioned ° °
kWh meters & MCCBs)
(3) Electric poles o o
(4) Installation/maintenance manuals o o
(5) Test equipment & tools o o
(6) On-site testing before handing over o o
(7) Technical guidance o
(Guidance)
(8) Spare parts o o
(9) Removal of obstructions (including trees) 0

(Note)

indicates the side responsible for necessary work/procurement.
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2-2-4-4  Consultant Supervision

The consultant will organize a reliable project team to conduct detailed design and work
supervision to ensure smooth implementation of the Project taking the objectives of the basic
design into consideration and in accordance with the Japan's grant aid scheme. Given the
dispersion of the Project sites, the planned parallel implementation of the 33kV transmission
line installation work by the Japanese side and low voltage distribution line installation work
by the Ghanaian side, the consultant will appoint at least one full-time site engineer during the
work period to supervise schedule control, quality control, and commissioning test and safety
control. In addition, the consultant will dispatch other engineers in line with the progress of
the equipment installation, trial operation and adjustment and completion testing, etc. to
supervise relevant work conducted by the equipment supplier. Furthermore, the consultant
will assign Japanese experts to observe factory and pre-shipment testing of equipment
manufactured in Japan so that any problems on the equipment after arrival in Ghana can be
prevented in advance.

(1) Basic Principles of Work Supervision

The basic principles behind the work assigned to the consultant include supervision of
the work progress in order to ensure completion within the established schedule, to
ensure quality, quantity and delivery dates of equipment and materials specified in the
contract, and to supervise the subcontractor so that the site work is carried out safely.

Important points to note for work supervision are described below.

1) Schedule Control

The implementation schedule planned at the conclusion of the contract and actual
state of progress will be compared monthly or weekly to ensure that the equipment
supplier meets the handing over date specified in the contract. If any delay of work
is anticipated, the consultant will issue a warning to the subcontractor and will
request that the subcontractor take steps to improve the situation so that the work is
completed within the contract period. The above comparison is mainly conducted by
confirming the following items.

Quantity of work completed (Quantity of equipment manufactured at the
factory, and equipment for completed civil work on-site)

Quantity of equipment and materials delivered (substation, transmission and
distribution equipment and materials for civil engineering work)
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State of temporary work and preparation of construction machinery

Actual number of engineers, skilled workers and laborers and their ratio
compared to the original plan

2) Quality Control

The consultant will carry out the items listed below to ensure that the equipment and
materials manufactured, delivered and installed and the facilities installed meet the
quality and specifications set by the contract. If any doubt exists with regard to their
quality or specifications, the consultant will immediately ask the equipment supplier
to rectify, ater or improve the situation.

Checking of shop drawings and specifications of equipment and materials

Observing factory inspection of equipment and materials or checking factory
test results

Checking of packing, transporting and temporary on-site storage methods
Checking of equipment installation drawings and instructions

Checking of manuals on test operation, adjustment, testing and inspection of
equipment

Supervision of equipment installation work and observing of trial operation,
adjustment, testing and inspection

Checking of civil work drawings, factory fabrication drawings, and checking
as-built drawings and products against original drawings

3) Safety Control

The consultant will conduct safety supervisions to prevent site accidents involving
workers and/or third persons during the installation period through consultations and
cooperation with subcontractor's site representatives. The following points
regarding on-site safety control should be carefully noted.

Enforcement of safety control rules and appointment of a safety control
manager

Prevention of faults through regular inspection of construction machinery

Clear explanation of travel routes for work-related vehicles and construction
machinery and strict enforcement of safe driving speeds on site
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Enforcement of welfare measures and work holidays

(2) Project Implementation System

The relationship between those involved in the implementation of the Project, including
the work supervision stage, is shown in Figure 2.2.4.4-1.

Exchange of Notes
Government of Japan [« »| Government of Ghana

f !

« Confirmation of Detailed Design -

. . 9 Ministry of Energy (MOE)
« Confirmation of Tender Documents i
* Verification of Agreements /
« Receipt of Reports on Work
Consulting Services
Agreement

L !

Progress, Etc. Equipment Supply Contract

Work Supervision
Japanese Consultant ¢ | Japanese Consultant
* Preparation of Detailed « Procurement of
Design Diagrams Equipment
* Preparation of Tender * Transportation of
Documents Equipment
« Acting as Tender Agent « Installation of Equipment
* Implementation of Work « Site Testing and Handing
Supervision Over
 Implementation of OJT

Note: The consulting services agreement and the equipment supply contract must be verified by the
Government of Japan.

Fig. 2.2.4.4-1  Project Implementation System

(3) Supervising Engineers

Apart from the 33kV transmission line construction, booster station construction work
and necessary civil engineering work, the equipment supplier will employ local
construction companies in Ghana in accordance with the contract agreements. Since it
will be necessary for the equipment supplier to fully understand the contents of the
subcontract regarding the work schedule, work quality and compliance with the
specifications and safety measures, the equipment supplier will dispatch Japanese
engineers with oversees experience similar to the Project to provide guidance and
training for the equipment supplier.
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Given the scale and contents of the planned booster station installation under the Project,
the equipment supplier should dispatch full-time at |least those engineers listed in Table
2.24.4-1.

Table2.2.4.4-1

Engineers Dispatched by Equipment Supplier

Type of Engineer No. Assign Work Assignment Period
Overall work management, consultation and coordination
! with related organizations and obtaining of necessary Entire installation
Site Manager 1 . . . .
permits, etc.; OJT, supervision, equipment procurement period
control, customs clearance, personnel control, accounting
E ectrlcql Engmeers 2 | Installation supervision of 33kV transmission lines Rel evant.mstal lation
(Transmission) work period
Nyinahin | Electrical Engineers 5 Installation supervision of transformer, switchgear panels, | Relevant installation
Area (Substation Equipment) cabling, etc. work period
o . Supervision of civil engineering work and foundation Relevant civil work
Civil Engineer 1 . . .
work for substation equipment period
Testing and Adjustment 1 Testing and adjustment and OJT of transmission linesand | Relevant testing and
Engineer (Transmission) circuit breakers, etc. adjustment period
Testing and Adjustment 1 Testing and adjustment and OJT of transformers and Relevant testing and
Engineer (Transformer) switchgear panels adjustment period
Overall work management, consultation and coordination
) with related organizations and obtaining of necessary Entire installation
Site Manager 1 . ) . ) .
permits, etc.; OJT, supervision, equipment procurement period
Amansie control, customs clearance, personnel control, accounting
West ) ) . -
District Electrlcgl FTnglneers 2 | Installation supervision of 33kV transmission lines Rele\/ant_lnstallatlon
(Transmission) work period
Testing and Adjustment 1 Testing and adjustment and OJT of transmission linesand | Relevant testing and
Engineer (Transmission) circuit breakers, etc. adjustment period
2-2-4-5  Procurement Plan

The substation equipment (including pole mounted transformers and fuses) to be procured and
installed under the Project will not be manufactured in Ghana. Accordingly, all substation
equipment and related materias, including transformers and switchgears, etc. will be
imported from a variety of sources, such various European nations as the UK, France, Italy,
the Netherlands and Germany and Japan due to the funding background of various projects.
Although some European substation equipment manufacturers have agents in Ghana, few
manufacturers provide local aftercare service or spare parts, etc. for high voltage substation
equipment. Consequently, during the selection of supply sources for the substation equipment
and materials for the Project, it is necessary to carefully examining the current situation when
selecting sources. To be more precise, the ease of operation and maintenance of the
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equipment by the Ghanaian engineers and the availability of aftercare service and availability
of spare partsin Ghana, etc. must be taken into consideration.

ECG, which will be responsible for operation and maintenance of the equipment and
materials after the completion of the Project, is quite familiar with the operation and
maintenance methods of Japanese equipment as Japanese-made transformers and other
distribution transformers previously procured are still functioning well. ECG is confident in
the performance of the Japanese-made main substation equipment and aftercare service
provided by Japanese manufacturers. Therefore, they have requested Japanese substation
equipment and materials for the Project through the grant aid project of the Government of

Japan.

Also 33kV All Aluminum Conductors which have been procured in the third country under
the past grant aid projects by the Government of Japan will be procured from the third country
because they have not experienced any major problems after installation at sites, and the unit
price is more competitive than the Japanese one.

Based on the above, the equipment and materials required for the Project will be procured in
the following manner.

(1) Equipment and Materials to be Procured in Ghana
1) Civil Work and Materials to be Procured in Ghana

Cement, sand, aggregate for concrete, concrete blocks, bricks, reinforcing bars,
timber, petrol, diesel oil, work-related vehicles, cranes, trailers, equipment and
materials for temporary work

2) Equipment and Materials for Transmission and Distribution Lines

Wooden poles, LV Aluminum conductors, and kWh meters

(2) Equipment and Materials to be Procured in Japan
1) Substation Equipment and Materials

Equipment and materials for transformers and 33kV switchgear

2) Equipment and Materials for Transmission and Distribution Lines

Equipment and materials for electric wires, distribution transformers, insulators,
lightning arrestors, load break switches, primary cutout switches and others
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(3) Equipment and Materials to be Procured in the third country

33kV All Aluminum Conductors

For the transportation of the products procured from Japan, adequate packaging will be
employed to ensure safe transportation during the long marine voyage, port landing, land
transportation to the Project sites and storage.

Tema Port appears to be the most convenient port of landing as its major loading and
unloading facilities are best suited for equipment to be procured under the Project. The
paving conditions of major trunk roads from Tema Port to the Project sites are good.
Although the branch roads to Amansie West District are unpaved, they are still accessible
by trailer at low speeds.

2-2-4-6  Implementation Schedule

The recommended project implementation schedule based on the Japan's grant aid
cooperation schemeis shown in Fig. 2.2.4.6-1.

Nyinahin Area

Month

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Detailed Design

I (Ficld Survey)
(Work in Japan)
I (Field Confirmation)

('ll'otal: 3.(|J months)

Equipment Procurement &
Installation

I [
| (Preparation ?f Dramii ngs; Olbtai ni ngl; of Appl)roval)

| (Equipment Procuremerllt & Mal\nufactulre)

(Marine & Inland Transportation)
| I

(Civil engineering Work &
Installation of Booster $tation)

(33kV Transmission Line (Stringing Work)

Pole Construction)

(ToltaI: 14.(|) monthls)

(Telﬂi ng anld Adj u?tment)

[ JworkinJopan I Site Work

<4+“—>
Rainy Season
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Amansie West District

Mo | 1 2 | 3] 4] 5|6 7] 8] 9 [w|un]|]w]w3]u4]is]16

— (FieIdISurvey);
(Work in Japan)

mm | (Field Confirmation)

Detailed Design

(Total: 3.0 months)

<4

I
]| (Preparation of Drawings; Obtai nin? of ApTrovaI)

I | (Equipment Procurement & Manufacture)

(M ari ne & | nIand Transportatl on)

Equipment Procurement &
Installation

(33kV Transmission Line (Stringing Work)
Pole Construction)
(Total: 15.5 months) (Telsting anld Adj uTmmt)
l l 1
[ 1workinJapan | Site Work
‘Jap .
Rainy Season

Fig. 2.2.4.6-1  Project Implementation Schedule

2-3 Obligations of Recipient Country

During the implementation of the Project, apart from the work responsibilities of the
Ghanaian side as outlined in 2-2-4-3 (Scope of Work), the Ghanaian side will be responsible
for the following items.

(1) To provide necessary data and information for the Project

(2) To ensure speedy unloading, customs clearance and tax exemption of goods for the
Project at ports and/or airports

(3) To accord Japanese nationals whose services may be required in connection with the
supply of products and services under verified contracts for necessary entry and stay in
Ghanatherein in the performance of work

(4) To exempt Japanese nationals from customs duties, local taxes and other fiscal levies
which may be imposed in Ghana with respect to the supply of products and services
under verified contracts

(5) To bear commissions to a Japanese bank for banking services based on banking
arrangements
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(6) To bear al expenses other than those borne by grant aid necessary in the implementation
of the Project

(7) To assign exclusive counterpart engineers and technicians for the Project to transfer
operation and maintenance knowledge under the Project and to observe and confirm
construction/installation work and quality of equipment and materials when inspections
are carried out

(8) To use and maintain appropriately and effectively all equipment and materials provided
through Japan’s grand aid
(9) To provide proper disposal sites for excavated soil, wastewater and waste oil discharged

during the construction period

(10) To provide proper instruction and education for the safety of local residents

2-4 Project Operation Plan
2-4-1 Basic Concept

Proper operation and maintenance (O & M) of transmission and substation equipment and the
preservation of a proper working environment are essential to improving the reliability of the
electricity supply system for the purpose of providing stable electricity supply services for
consumers at the Project sites. Appropriate preventive maintenance aimed at reducing the
fault rate and improving reliability, safety and efficiency of substation, transmission and
distribution equipment is strongly recommended.

Appropriate Maintenance of Substation,
Transmission and Distribution Equipment

Improved Reliability Improved Efficiency Improved Safety

* Improved quality of electricity * Protection from natural * Improved maintenance
* Prevention of faults disasters efficiently
* Minimization of fault damage * Protection from human error * Improved work efficiency
* Quick recovery from fault

damage
* Preventive maintenance for

deterioration

Fig. 2.4.1-1 BascModé for Substation, Transmission and Distribution Equipment Maintenance

Figure 2.4.1-1 represents the basic maintenance model. Based on the basic maintenance
model described above, emphasis for procured and installed equipment and facilities under
the Project should be on preventive maintenance to avoid failure.
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Implementation of OJT for operation and maintenance of relevant substation (booster station)
equipment is planned by engineers to be dispatched by the Japanese equipment supplier
during installation work, testing and adjustment work periods. At the same time, necessary
spare parts, testing devices, maintenance tools, operation and maintenance manuals will be
provided by the Japanese side and an operation and maintenance system to be implemented
after commencement of electricity supply services is proposed. Therefore, it will be possible
to sufficiently display its effects.

In addition, the number of ECG staff in charge of operation and maintenance after
implementation of the Project will be increased by 5 field maintenance workers (currently 6)
and 2 tariff collectors (currently 2) mainly at the Bibiani Office in the Western Region which
has jurisdiction over Nyinahin Area. Therefore, an organizational and personnel system for
appropriate electricity business operations can be expected.

2-4-2  Regular Inspections

(1) Regular Inspection of Substation Equipment

Standard inspection items for substation equipment to be procured and installed under the
Project are shown in Table 2.4.2-1.

As shown in the table, substation equipment inspections are classified as “patrolling
inspections” which are daily hands-on checks for abnormal heat or sounds, etc. from the
equipment, “standard inspections’ which supplement daily patrolling inspections and

include the checking of equipment bolt tightness and the cleanliness of/or damage to the
surface of insulated items, etc., and “detailed inspections’ to check the proper
functioning of interlocking mechanisms between equipment and the accuracy of
instruments, etc.

Standard inspections are carried out every one or two years while detailed inspections are
conducted approximately once every four (4) years. Regular replacement of certain parts,
either during standard or detailed inspections, is desirable after the characteristics are
confirmed and the frequency of use of such parts. These include fuses, measuring
instruments and relays, etc. installed in the switchgear panels and others susceptible to
deterioration in performance, including insulation performance, abrasion of contact
points and changes in characteristics.
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Table2.4.2-1

Regular Inspection Items for Standard Substation Equipment

Subject

Inspection Item (Method)

Patrolling
Inspection

Standard
Inspection

Detailed
Inspection

Equipment
Condition

Switchgear indicator and indication light

Abnormal sound or odor

Thermal discoloration of terminas

Cracks, damage or staining of bushing and insulator

Rust on casings and frames

Abnormal temperature (thermometer)

Fastening of bushing terminals (mechanical check)

Operating
Apparatus and
Control Panel

Correct indication by various instruments

oOlojo|O0O|]O|O|O|O

Counter indication

Condensation, rust and damage inside console and panels

State of oil supply and cleaning

Fastening of cable terminals

State of switchgear indication

Air leakage and oil leakage

Pressure before and after operation (such as air pressure)

Working of instruments

Rust, deformation and/or damage to springs

Abnormality of fastening pins

Auxiliary switchgear and relays

clo|jojo|lojo|jOo|O0Oj]O|lO|J]O|lO|JO|lO|O]O|O|O|O

ojlojo|jo|O0O|O|O|O|]O|O|O|O

DC control power source

M easurement/
Testing

Measurement of insulation resistance

Measurement of contact resistance

Breaking of heater cable

Testing of relay function

O|O0 |0 |O

(2) Regular Inspection of Transmission and Distribution Lines

One important consumer service is the maintenance of transmission and distribution lines
by detecting breakdowns and damage through regular patrols and immediate repair. In
addition, if short-circuiting or any other fault is anticipated due to transmission or
distribution lines coming in contact with trees, etc., preventive measures must be taken,
even if it involves felling of trees. The maor items for patrol inspections are listed

below.

Breakdown of conductors

Damage to insulators

Contact between conductors and trees
Damage to poles

Straightness of poles

Positioning and oil leakage from distribution transformers
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Operational status of circuit switches

(3) Spare Parts Procurement Plan

Spare parts for the substation, transmission and distribution equipment include
replacement and emergency parts required during a breakdown, etc. The procurement of
spare parts should be carried out if necessary after the Ghanaian side examines the need

during regular checks described earlier.

The procurement of a one-year supply of spare parts and maintenance tools is planned
under the Project as a minimum requirement and is listed in Table 2.4.2-2. The Ghanaian
side will be responsible for appropriating the necessary funds for the procurement of
additional spare parts by the end of thefirst year after the completion of the Project.

Table2.4.2-2  Spare Parts and Maintenance Tools to be Procured under the Project
. Quantity
Item unit Nyinahin | Amansie West
1. Spare Parts i
1.1 Booster Station
(1) For voltage regulating transformer
1) 33kV bushing piece 1
2) Silicagel for dehumidifier set 1
3) Variouslamps % 100
4) Variousfuses % 100
5) Various MCCBs set 1
6) Variousrelays set 1
7) Thermometer set 1
8) Qil gauge set 1
9) Space heater (with thermostat) set 1
10) Packing for repair set 1
11) Pressurerelief plate piece 1
12) Lightning arrestor (single phase) piece 3
(2) For switchgear cubicle
1) Vacuum circuit breaker set 1
2) Variouslamps % 100 !
3) Various fuses % 100 :
4) Various MCCBs set 1 :
5) Various protective relays set 1 i
6) Various auxiliary relays set 1 :
7) Space heater (with thermostat) set 1
8) Variousinstruments (V, A, kW, kVar and Wh meters) set 1
9) Various current transformer for instruments set 1
10) Various voltage transformer for instruments set 1
11) Various switches set 1
(3) For DC Power Source System
1) Variouslamps % 100
2) Variousfuses % 100
3) Various MCCBs set 1
4) Variousauxiliary relays set 1
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. Quantity
Item Unit Nyinahin ! Amansie West
5) Various switches set 1 :
(4) For Outdoor lighting i
1) Lamp piece 5 :
2) Ballast piece 1 :
3) Photocell piece 1 ;
4) Lamp cover piece 1 :
1.2 33KV Transmission Lines :
(1) For Load Break Switch
commonly
1) Various contacts set 1 : used at both
; sites
2) Load Break Switch set 1 i -ditto-
(2) Lightning arrester (single phase) piece 9 : 6
i commonly
(3) 33kVCable Termination Materials (indoor/outdoor) set 3 i used at both
: sites
(4) Primary Cutout piece 3 5 3
(5) Fusesfor Primary Cutout piece 9 i 6
(6) LV Cutouts piece 3 i 3
(7) Fusesfor LV Cutouts piece 18 : 9
2. Testing Equipment/Tools 5
:  commonly
(1) Insulation oil tester unit 1 i used at both
i sites
(2) Analogue-type tester piece 1 : -ditto-
(3) Phase rotation meter piece 1 : -ditto-
(4) Voltage detectors (high and low voltage use) piece 1 : -ditto-
(5) Insulation resistance tester (megger) 500V set 1 : -ditto-
(6) Insulation resistance tester (megger) 1000V set 1 : -ditto-
(7) Portable earth resistance tester set 1 : -ditto-
(8) Digital-type multi-meter set 1 : -ditto-
(9) Clip-on meter set 1 : -ditto-
3. General Maintenance Tools :
1) Hydraulic compression tool (with dice) set 1 : 1
2) Hydraulic termination pliers (10 — 120mm?) set 1 : 1
3) Cable cutter set 1 ! 1
4) Ring anger set 1 : 1
5) Bolt cripper set 1 : 1
6) Wire stripper et 1 : 1
7) Portable earth set set 1 : 1
8) Primary cutout switch operating stick piece 1 : 1

2-4-3  Operation and Maintenance Vehicles

Although the total number of consumers at the Bibiani Office which has jurisdiction over
Nyinahin Areais 3,680 households as of March 2002, approximately 7,600 consumers will be
added in Nyinahin Area after completion of the Project. Consequently, the total number of
consumers will be approximately 3 times the current figure. Therefore, in the case of the
appropriate maintenance of transmission and distribution equipment, new arrangements for
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operation and maintenance vehicles should be prepared. The Project sites extend over a wide
area, so if an outage resulting from a fault in the transmission or distribution lines occurs, safe
and urgent recovery work is necessary. Accordingly, 3-ton crane truck will be provided for
Bibiani and Kumasi offices for the purpose of equipment maintenance during the installation
of transmission and distribution lines, and after al work is completed. The basic
specifications of operation and maintenance vehicles to be procured under the Project are
shownin Table 2.4.3-1.

Table2.4.3-1  Operation and Maintenance V ehicles to be procured under the Project

Number of vehicles procured
Nyinahin Amansie West

Vehicle Item Specifications

Approximately 10m length x3m

Baseveticle | "\ \ide x3m high

Crane
Truck Hoisting load | Approximately 3 tons

Load capacity | Approximately 8tons

2-5 Other Relevant Issues

ECG isresponsible for operation and maintenance of the Project and has implemented similar
rural electrification projects under the Japan’s grant aid cooperation scheme on three previous
occasions. Therefore, operation and maintenance after installation of 33kV transmission line
facilities is considered to be feasible through their own initiative. However, based on specific
conditions listed below, the method of business operation after commencement of electricity
supply service should be taken into account.

 Since the rate of surreptitious use of electricity (non-technical loss) can reach 15% of the
total electric energy (2000) in the distribution networks within the jurisdiction of ECG,
illegal service drop wires and illegal measurement of kWh meters by consumers has become
aconcern.

» As for an issue of third party responsible in the Project, although molded case circuit
breakers (MCCBs) should be installed in the primary side of kWh meters, the said
equipment has not yet been procured under the past grant aid cooperation scheme, so its
conformity during installation of kKWh meters should be supervised.

* Past rural electrification projects were carried out in the areas of relatively large population,
such as district capitals; whereas, the sites for the Project are small-scale rural communities.

-79 -



Consequently, it is feared that local residents with little knowledge of electrical facilities
may become involved in accidents.

* The Ghanaian side should complete the installation of low voltage distribution lines 5
months after low voltage equipment and materials are delivered in order to display the
prescribed effects at the completion of the Project. In addition, cooperative efforts during
the construction at Project sites, which are scattered over a number of areas, should be
supervised.

For the reasons above, with respect to the installation of low voltage distribution equipment
and materials to be implemented by the Ghanaian side, technical instructors will be
dispatched by the Japanese consultant to ensure the quality, to make sure that the construction
work is completed on schedule, and to provide guidance on installation and operation of
service drop wires and kWh meters (including MCCBS).
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CHAPTER 3

PROJECT EVALUATON AND RECOMMENDATIONS

3-1 Project Effects

The following effects are expected from the Project.

(1) Direct Effects

Current Situation and Problems

Remedial Measures under the
Project

Positive Effects and Degree of
Improvement

1.Although Ghanais promoting the
National Electrification Scheme
(NES) and the Self Help
Electrification Project (SHEP) as
arural electrification project, the
electrification rate (about 20%)of
householdsin rural areas still
remains lower than in urban areas
(about 60%), which indicates a
disparity in living standards.

33kV transmission lines will be
extended in Nyinahin Area (24
sites, approx. 39,000 residents)
and Amansie West District (10
sites, approx. 16,000 residents) in
Ashanti Region where and
pole-mounted transformers will be
installed. At the same time, low
voltage distribution equipment and
materials will be procured for each
consumer.

Dueto €electrification in 2 areas, the
electrification rate of householdsin
Ashanti Region (approx.3.2 million
residents) will increase from about
32% to about 35%.

2.At Nyinahin town, electrification
was partially implemented
through diesel generators.
However, the cost of fuel was so
high that currently they are not
being used. In addition, kerosene
for household lighting is also too
expensive (about US$25 annually
/ household) and is an economic
burden for poor residents.

Same as above

The cost of electricity for residential
customers is estimated to be about
US$13 annually/household after
electrification, thus energy-related
expenditures of poor residents will
be reduced approx. 48%.

(2) Indirect Effects

Current Situation and Problems

Remedial Measures under the
Project

Positive Effects and Degree of
I mprovement

1.There are national hospitals and
clinicsin the Project sitesthat are
utilized by residents. Although
some medical institutions have
installed sterilizers and medical
treatment equipment, except for
national hospitals, most
institutions have not been
eectrified, so there is a sanitation
problem.

33kV transmission lineswill be
extended to Nyinahin Area (24
sites) and Amansie West District
(10 sites) in Ashanti Region where
pole-mounted transformers will be
installed. At the sametime, low
voltage distribution equipment and
materials will be procured for each
consumer.

It will be possible to introduce
medical equipment and refrigerators
for pharmaceuticals with electricity.
Therefore, improvement in public
health and sanitation will be
promoted.
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Current Situation and Problems

Remedial Measures under the

Positive Effects and Degree of

Project Improvement
2.From the educational aspect, the | Same as above It will be possible to introduce
national average literacy ratein vocational training equipment and
Ghanaiis about 46% which islow. lighting in school classrooms. That
In particular, thisis ahindrance to will stimulate educational activities,
women who are forced to engage accordingly, the disparity in
in domestic labor to participate in educational standard between rural
primary education. and urban areas will be adleviated as
well asimproving the literacy ratein
rural areas.
3.Women and girls must carry water | Same as above A stable supply of electricity will

by utilizing hand pumps at Project
sites, which isamajor burden for
local residents.

make it possible to utilize electric
pumps so that local residents can
obtain safer, higher quality drinking
water. At the same time, it will help
alleviate female labor for drawing
water.

4.From an agricultural standpoint,
expensive diesdl fud is utilized
for corn millsto grind corn, which
isamajor source of income for
local residents. This has become
an economic burden for residents.

33kV transmission lineswill be
extended in Nyinahin Area (24
sites) and Amansie West District
(10 sites) in Ashanti Region where
pole-mounted transformers will be
installed. At the sametime, low
voltage distribution equipment and
materials will be procured for each
consumer.

Since many residents will be able to
utilize agricultural production
equipment with inexpensive and
stable power, productivity is
expected to improve and farming
operations will be modernized and
enhanced.

3-2 Recommendations

This Project is expected to have many wide-ranging benefits as earlier described, while
helping to improve Basic Human Needs (BHN). Accordingly, the Project can be implemented
more smoothly and effectively if the following recommendations are accepted by the

Ghanaian side.

(1) In line with work schedule of substation equipment and 33kV transmission lines to be
procured and installed by the Japanese side under the Project, procurement and
installation of equipment and materials for low voltage distribution equipment (including
service drop wires and kWh meters) borne by the Ghanaian side should be carried out
smoothly. Therefore, the Ghanaian side should promote construction efficiency by
formulating a schedule plan, personnel plan and equipment and materials procurement

plan.
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3)

(4)

()

Although the stability of electricity supply to consumers under the Project will be
improved, in due consideration of future expansion in power demand, the Ghanaian side
should consider to improve living standards and redress regional disparity by reviewing
the installation plan for low voltage distribution lines and by expanding service areas as
the occasion arises.

In order to reduce transmission and distribution line faults and to ensure a stable
electricity supply system, the Ghanaian side should take preventive measures by
implementing periodical field patrols and maintenance and tree clearing aong
transmission and distribution line routes.

In order to establish afair system for collecting electricity payments, the Ghanaian side
should install individual kWh meters on the premises of all consumers and appropriately
operate areliable customer billing information system (CBIS) through meter reading.

In order to ensure sound and sustainable operation for electric power industry, the

Ghanaian side should establish appropriate tariff system in accordance with the ongoing
national plan to revise the current price of electricity.
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