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PREFACE

In fesbonse to the request of the Government of the Cooperative _
Republic of Guyana,_the Gévernment of japan'has éedided to conduct é.Basic‘
Desigu Study @n.thg Project for the Improvement.éf Gafaeﬁ of.Edeﬂ Pover |
Station and'entrusféd the.stuﬂy to tﬁé_Japan International Cooperation
Agency (JICA). Based on the.resuits of a_Study'on déﬁeibpment master plan,
"entitled “ELECTRIC ?owER DEVELOPMENT iN.THE'COASTAL AREA”,_which'Qaé |
carried.out from July 1988 to May 1989. - JICA conductéd a_supplementary

domestic study from June 1 to 30, 1989,
This report has. been prepared:oh the bﬁsis'bf_thg supplementary study.

I hope thdt:this report will seéerve for the devéidpment of the Project
and contribute to the promotion of friendly relations between our Ewo

countries.

1 wish td'exp:ess my deep appreciatioh to the officials concerned for

their close cooperatidn extended to the team.

July, 1989

Kensuke Yanagiya
President
Japan Internatioual Cooperation Ageacy
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SUMMARY

The Cooperative Republic of Guyana is situated in the northeastern corner

of the South American Continent facing the Atlantic Ocean between at lati-

‘tudes approximately 1° and 8° North.

The area of the country is approximately 215,000km2, and the population is
approximately 800,000, as of 1984. The nation was independent from the

United Kingdom in 1966. The capital city is Georgetoyn,

Guyana's economy is supported mainly by the production of bauxite, sugar
and rice. In particular, exports of bauxite represent 50% of the country's

total exports.

In 1985, the major economic indicators were US$473.3 million in GDP, US$215
million in exports, and US$262 million in imports. The GDP per capita was

US$493,

The Guyana Electricity Corporation (GEC) is the only public power supply
corporation inm the country. GEC was established in December, 1960 by the
Government of Guyana by means of the purchase of the assets of the Demerara
Electric Company. The installed capacity of the existing facilities in
1988, was 72.6MW; 42.6MW (59%) by diesel power gencration and 30MW (41%) by

steam power genetration,

The Demerara/Berbice power system which supplies electricity to Georgetown
and its suburbs, is the largest power system, having approximately 937 of
Guyana's power generalion facilities. There are three other small indepen-

dent systems in the country.

The Demerara/Berbice electric system consists of four diesel power plants
and one steam power plant. A total of 12 power generation units (capacity;

67.2MW, operation started from 1960 to the beginning of 1970) are operated.

However, the operation of four generation units (capacity; 19.7MW) has been
suspended as of September, 1988. In addition, the maximum output of the
operable units {capacity; 47.5MW) is restricted to 37.2MW, On the other
hand, the maximum demand had enlarged up to approximately 46MW in 1987,
thus resulted in a shortfall of approximately 9MW. The reason for this

imbalance is that the majority of generation facilities were old, which



construgted.between 1960 and the beginning of 1970, and some of them has

been obsolete due to improper maintenance and shortage of. spair parts.

In this situation, the Demerara/Berbice power system constantly enforces
scheduled load shedding at peak demand despite it receives power from the

Guyana Mining Enterprise (GUYMINE).

Concerned with this chronic power shortage {approx. 9MW), the Government of

Guyana has planned the following projects as countermeasures.

* Renovation of existing facilities
GEC is making effort to complete the renmovation of existing facilities

by 1990 with loans from the Inter-American Development Bank (IDB),

# Power development project in the coastal area
In 1989, the Government of Guyana has made a master plan for the deve-
lopment of power generation facilities in the coastal area through

technical cooperation by the Japanese Government.

As the result of the study which compiled in the '"Report of The Master Plan
on Electric Power Development Project in the Coastal Area", the imbalance
of power supply/demand was confirmed, The maximum demand and energy
requirement of the Demerara/Berbice system are estimated at 32.9 MW and

283.4 GWH in 1989, and 56.2 MW and 301.3 GWH in 1991.

A 11.2 MW shortfall in 1989 and a 14.5 MW shortfall in 1991 are respec-

tively predicted.

Consequently, the development of the Garden of Eden Power Plant and

Onverwagt Power Plant have been proposed as appropriate countermeasures.

The Government of Guyana has planned the development of the Garden of Eden
Power Plant and Onverwagt Power Plant. Due to financial difficulties,
however, the Government of Guyana requested the Japanese Goverament to
provide grant-aid fof the repladement of the o0ld unit at the Garden of Eden

Power Plant by a new diesel power generator (5.7 MW).

In response to this request, the Government of Japan decided to conduct a
Basic Design Study and Japan International Cooperation Agency (JICA)
carried out the study based on the survey results of the power development

project in the coastal area., The team studied the most optimum scale of
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development, the capability of Guyana to operate the plant when imple-

mented, and the justification to implement the project with Japanese grant-~

aid,

Studies tevgaled that if the 7.8 MW unit of Onverwagt Power Plant'ig
replaced with a mew unit, there will be a 6.7 MW shortfall in power supply
according to the projected power deﬁand/supply in 1991, To remedy the
demand/SUPpiy imbalance, the installation of a 5.7 MW diesei power genera-—
tion is planned as the permissible maximum unit capacity considering the
utilization of the existing site and foundation of diesel engine generator

at the Garden of ¥den Power Plant.
The outline of this generation unit is described below.

- Diesel engine 1 unit (8,070 ps)
+ 3-phase alternating current generator 1 unit (5,700 K¥)
* Control boards, switching apparatus,

station service transformer and others 1l set

+ Spare parts, tools, others 1 set

This power generatiom unit is to be installed in the exiéting building of
the Garden of Eden Power Plant. The existing fuel supply system, cooling
water system and overhead crane and other equipment are usable for the

operation and maintenance of the new diesel power generator.

For the implementation of the project, the construction cost to be
borne by the Government of Guyana is about G$1.65 million, that will be

mainly applied to the removal of the existing equipment,

Regarding the counstruction period, 4 months will be requived for detailed
design work, and 13 months for manufacture, installation and test operation

of the equipment.

The energy output, revenues and expenditures of the project are estimated

beibw.
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Generator output T 5.7 MW

Annmual energy genefation : 34,950 Mwh
(at generating end)

Annual energy sales : 28, 660MWh

Annual revenues G$24.hi11ion

e

Annual operation and : %23 million

maintenance costs

The operation and maintenance costs for this unit after completion cam be

covered by the revenues from the sale of energy.

The fuel for the diesel power plant is imported from Venezuela through the
Guyana National Energy Authority (GNEA), a government subsidized

enterprise. Therefore, the fuel supply presents no problems.

The principal implementing organization of this project im Guyana side is
the Department of International Economic Co-operation (DIEC), in the Office

of the President.

GEC conducts the physical work for this project under the supervision of
DIEC. Juding from the fact GEC has 15 years experience of diesel power
plant operation, no difficulties are foreseenm in the operation and main-

tenanée of this diesel power plant.

For more safe operation and maintenance of this particular diesel power
generation

unit, engineers from Japanese manufacturer will provide on-the-job
training to the GEC's staffs through the perigd from site installation to

test operation,
The expected benefits of this project are described below.
Direct effects

* Increased power generation will mitigate the imbalance in demand and
supply of electricity. The imposed load shedding will be reduced from

a few hours to approximately 1 to 2 hours during the peak demand hours.
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* The Fhermal efficiency of the new unit is estimated about 43%, which is
higher‘than thermal efficiency of 26.2% of the existing unit, resulting

in savings in fuel costs of approximately G$6.7 million annually.

* Annual energy generation of the new unit is expected to be equivalent

consumption of 12% of the total population (approx. 660 thousand) served

by the Demerara/Berbice system.
% The estimated annual revenues from the new umit is 6$24 millioun.

* Shut-down time for equipment inspection and repair is secured by the

increased power supply capability.
Indirect effect

* Stable powér'supply will serve to stabilize the daily life of the

people and enhance industrial activities.

From the abovementioned reasons, this project is fit for the '"The Master
Plan on Electric Power Development Project in the Coastal Aréa", and there
are no particular technical problems in the operation aud maintenancé of
the facility. Furthermore, the economic effects of the_project is also
viable. Therefore it is concluded that this project is justifiable for a

Japanese grant-aid program.

In order to maintain the functions of the facilities over a long period of
time, as many staffs as possible shall participate in the on-the-job
training and carry out inspection and maintenance strietly along with pro-
cedure described in manuals. It is needless to say that budget for the

procurement of parts and fuel must be permanently secured.
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Chapter 1 INTRODUCTION

Georgetown, the capital city of the Cooperative Republic of Guyana, is the
center of the nation's political and economic activities. The power demand
in the Demerara/Berbice Power System, which supplies electric power to the
area around Georgetown, accounts for approximately 96% of the total power

demand of the nation {as of 1287).

There are four diesel power plants and one steam power plant in the
Demerara/Berbice Power System, and these power plants are equipped with 12
power generation units, The total installed capacity of these uniks
amounts to 67.2 MW, and they have been commissioned during the period from
1960 to 1970. However, 4 generating units (with total installed capacity
of 19.7 MW) are shut down due to mechanical failures as of September, 1988.
The remaining units (with total installed capacity of 47.5 MW) are in such
condition that they can not work fully, and the total output of these units
is currently constrained at 37.2 MW. On the other hand, the maximum demand
of this power system is 46 MW as of 1987, and as a result power supply is

short of approximately 9 MW.

The Government of Guyana, concerned with this status of electric power
supply that is indispensable for the people's livelihood and industrial
activities, and keenly aware of the urgency of improvement measures, has
requested the Government of Japan a grant cooperation for a new diesel
power generator (5.7 MW) to replace the obsolete generating unit at the

Garden of Eden Power Plant.

Iu response to the request, the Government of Japan decided to conduct a
Basic Design Study and necessary supplemental studies for grant aid had
been conducted in Japan and basic design was made based on the "The Master
Plan on Electric Development Project in the Coastal Area'. 1n the supple-
mental studies the appropriateness of this Project was evaluated, and the

optimum plan which includes the selection of materials/equipments to be



procured, the basic design of power generation facility, the estimated pro-

ject cost, and the operation and maintenance programs is given in this

report,









Chapter 2 BACKGROUND OF PROJECT

2.1 General Situation of Cooperative Republic of Guyana-
2.1.1 Geography and Climate
(1) Geography of Guyana

The Cooperative Republic of Guyana is situated on the northeastern tip
of the South American Continent facing the Atlantic coast. The
country is situated between 1 degree and 8 degrees North Latitude,

The area of the country is 215,000 square kilometers, bordering

Venezuela to the west, Surinam to the east, and Brazil to the south,

The Atlantic coast line is a long plain having scattered swamps,
small bays and small rivers. The western and southern sides of the
coastal plain is covered with tropical forest with scattered hills,

which become higher near the boarders with Venezuela and Brazil,

Four large rivers, the Essequibo, the Demerara, the Berbice and the
Corentyne flow from south to north, and drains into the Atlantic

Ocean.

The total population is estimated to be about 800 thousand in 1984.

The annual population growth rate is about 2.1%.

Main cities are Georgetown, capital of the country, in the Demerara
area and New Amsterdam in the Corentyne area. Linden in the hin-
terland is the center of bauxite production. In the Essequibo coast

there are the main towns of Anna Regina and Wakenaam.

(2) Climate

The climate of this country is typically tropical and wet. The annual
average rainfall is approximately 2,500 mm (1971 to 1985). The maxi-
mum temperature is 30 to 31 degrees centigrade, and the minimum tem~

perature is 23 to 24 degrees centigrade (1974 to 1985).



2.1.2 General Description of Project Site

Garden of Eden Power Plant, which is the site of this Project, is approxi-
mately 22 km to the south from the center of Georgetown city, and is

situated on the eastern bank of Demerara River.

Power generated at Garden of Eden Power Plant is stepped up to 69 kV, and
transmitted to Sophia Frequency Converter Station and Linden Substation in
the Demerara Power System. In addition, this power plant plays an impor-
tant role by delivering its output to Georgetown City and international

airport by 13.8 kv distribution lines.

Heavy equipments to this power plant can be transported either by tand or
by water from Georgetown Harbor. If marine transportation is employed, an
unloading wharf, which had been used for coustruction of existing power
facility, can be utilized if it is repaired. As there are no people living
nearby, and as the power plant premise is wide, there are no environmental
problems, such as noise, vibration, exhaust gas. The site of this pdwer

plant is an ideal place for the new project.

2.2 Economic and Social Activities
2.2.1 Major Industries

The national economy of Guyana mainly depends on bauxite, sugar and rice.
Needless to say earning of foreign exchange is indispensable for steady
economic growth of this nation. According to IMF Statistics (1987), as
shown below, the composition of the nation's export in 1985 was of bauxite

(48.2%), sugar (32.2%), and rice (6.5%), and other products (13.1%).

Export Share Estimated Pro&uction
(million US$) (%) in 1986
Bauxite 421.6 48.2 1.47 million tons
Sugar 282.0 32.2 245.44 milliou tons
Rice 56.6 6.5 183.00 wmillion tons
Other Products 115.2 13.1 _—
Total 875.4 100.0

-4 -



When the Cooperativé Republic of Guyana became an independent nation in .
1966, the bauxitg industry and sugar industry were controlled by foreign
enterprises, and local private industries were engaged in . local cransac-
tions, Qistribution, agriculture and small manufacturing business, The
Government of Guyana nationalized the bauxite and sugar industries in early
1970s, and thereafter the Government pafticipated more and more in other

industrial activities,

Most agricultural activities are conducted on the coastal plain., Access to
mineral and forestry resources is difficult due to undeveloped infrastruc—

tures, such as roads and the vast hinterland is mostly undeveloped.
2.2,2 Economic Growth

Prices on the international market of Guyana's export commodities were
favorable during the early 1970s, and this made it possible for Guyana to
attain a high average growth of net national products of around 4% per

annum.,

In contrast, the econcmic growth from 1975 to 1980 dropped sharply, mainly
due to reduced ekboft price of sugar, and decrease of demands for major
export commedities in the international market, and reduced production

of bauxite and sugar, caused the nation to face an economic crisis. The
Government embarked on a economic rehabilitation program in 1980. This
program was aimed to recover economic growth, increase employment and
improve the iﬁternational trade balance by expanding export and promoting a
movement for increased use of domestic products. Despite such an effort,
the real GDP in 1982 and 1983 dropped sharply, and the GDP in 1983 was
16.5% lower tﬁan that of 1980. The producfion of bauxite and sugar was
drastically reduced due to Ibw international prices, leading to reduction

of foreign exchange earning.

From 1984, there appeared a trend of recovery in the national economy
mainly dﬁe to improved production of bauxite. The growth rate of real GDP
over the previous year was 2.1% in 1984, 0.9Z in 1985, and 0.3% in 1986.
This trend was an improvement from the declining trend during the early

1980s.



The GDP of Guyana from 1974 to 1986 are presented in the following table,

Yéar Wominal Price | - Deflator l?BO.Price
(million €$) | (100 in 1980) [ {million G3)

1974 | 955.0 68 1,400.0

1975 1,188.0 77 1,546.0

1976 1,136.0 71 1,591.0
1977 1,125.0 74 1,515.0

1978 1,268.0 85 1,489.0

1979 1,326.0 90 1,479.0

1980 1,508.0 100 1,508.0
1981 "1,697.0 101 1,576.0

1982 1,446,0 105 : 1,380.0

1983 1,468.0 117 1,259.0

1984 | 1,700.0° -- 1,285.0(estimated)
1985 1,964.0 - 1,297.0( ")
1986" 2,219.0 - 1,301.0( ")

(Source: International Financial Stistics, 1987 (IMF))

2.2.3 International Balance of Payment

The international balance of payment recorded some surplus in 1984, but

deficits continued from 1980 to 1985, as illustrated below.

(in million USS)

1983 1984 1985
Export 193.2 217.0 215.0
Import -248.3 -214.3 ~262.2
Trade Balance - 55.1 + 2,7 - 47,2
Service Balance ~100.5 -108.3 -112.3
Transfer Balance 1.0 6.2 6.5
Ordinary Balance -154.6 - 99.4 -153.0
Capital Balance - 1.7 -~ 7.8 -~ 47.6
Error and Cmission - 7.9 - 10.3 - 47.6
Total Balance . =164.2 -117.5 -178,2

{(Source: Recent Economic Development {IMF))



2.3 Sltu&t1on of Electric Power Supply in Guyana

2.3.1 Hlstory of Electrlc Utlllty

The_Guyané‘Eléctticity Corporation was established by the Government of
Guyana on December 28, 1960, by agquiriﬁg the assets of Demerara Electric
Co., Lfd.,_which‘wés-founded in the 19505 with the-bbjectiVe of supplying
power to the areas surrounding Georgetown. The total iastalled capacity of
power.plants belongingrto GEC at the time ofrestablishmeﬁt, was only 15,1
MW,-inquding Kiﬁgsfoﬁ "A" Power Plant, Ruimveldt Power Plant, and two
small diesel facilities installed in the cargo storage yard of
Transpoftatidn aud Harbor Bureau. At that time, 14 kV priméry distribution
11nes extended to the Georgetown urban dlStflCtS, to the eastern coast of
Demerara (to Better Hope) and to Diamond along the eastern bank of Demerara
River, to serve approx1mate1y 31,000 customers. Today, ‘all of these power
facilities have come to the end of their service lives, and have been

completely decommissioned.

From 1962 to 1967, three steam power generatioﬁ ﬁnits, each 10,0 MW, were
installed at Kingsfoﬁ, and this fa§i1ity was naﬁed'Kingston "B" Power
Plant. 1In 1978, two, 10.0 MW gas turbihé generators were installed in the
premises- of Kingston-"ﬁﬁ Power Plant, but these units became inoperable due
to ‘instrument failures, and have been retired from service for several

years,

in 1964, electrification was introduced into "Best' area on the western
bank of Demerara Area by a submarine cable interconnection with Kingston
Power Plant, In this area, a total of five diesel generator units were
installed from 1967 to 1972 in order to meet the increasing power demand of
- this area, and this facility was named Versailles Power Plant. This plant
has'been_ope?ated gince then, and in 1985, the facility was refurbished by
three, 2.0 MW diesel geémerator units which was supplied by a.grant coopera—

tion of the Japanese Govermment.

Between 1976 and 1977, four 5.7 MW diesel generator units were iﬁstalled
and commissioned abt Garden of Eden in order to meet the iuncreasing power
demand in'the southern districts of Georgetown. In Berbice area to the
west, electricity was first introduced by a small dlesel power plant which

‘was constructed by GEC at Onverwagt. Four 1 MW units were added to this



power plant in 1973, and another 2.5 MW unit in 1981, However, only one
2.% MW unit is in service today, and all other units were decommissioned as

their service lives ended.

In New Amsterdam and Corentyne areas, it was in 1972 that power supply ser-
vice was started by GEC, when a small diesel power plant was installed at
#53 village. 1In the following year of 1973, another small power plant was
constructed at Rose Hall. In 1979, the New Amsterdam Electric Works was-
purchased by GEC. Today, GEC supplies power to New Amsterdam and Corentyne

areas by Canefield Power Plant which is equipped with two, 5.8 MW units.

The power supply service to electrically lsolated areas such as Anna
Reglna Wakenaam and Bartica was started in the years listed below. All of

them are supplied by small diesel power plants.

Anna Regina 1964
Wakenaam 1981
Bartica 1970

2.3.2 Electric Utility of Guyana (GEC)

GEC is an governmental corporation founded by the Goverunment of Guyana, and
its role is to supply power to all areas of the nation, and develop and
operate efficient and economic power supply systems. GEC functions as an
executive branch of the Guyana State Corpdration (GUYSTAC), a governmental
organization which supervises and controls various governmental cor-

porations.

The activity of electric ukility in Guyana is supervised by various
branches of the Guyanan Government. That is, the Mational Energy Authority
(NEA), a bureau of the Ministry of Energy and Natural Resources formulates
the electric power supply program of the nation, while the Ministry of
Finance exercises various legal jurisdictions on matters related to power
supplj area, power supply liceuse, electricity rates (tariff), and control

of electric power facilities.
The organization of GEC is described below.
(1) Board of Directors

The Board is the supreme decision wmaking authority of GEC., The Board

members consists of representatives of government ministeries con-
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cerned, public corporatious such as GUYMINE, Guyana Sugar Corporation
(GUYSCO), labor unions, etc. as well as men of learning. The Board

considers and resolves matters related to GEC's business aund financial
policies, electric power developmenL programs, power system expaunsion

programs, aqd ofher important matters.
(2} Headquarter's Organization

GEC'S operations are administered by the General Manager who is
assisted by two Deputy General Managers (Technical and Finance). The
daily business activitiés are implemented by a total of 18 departments
and units. The total number of employees is 1,581 {25 engineefs,

1,556 staff members, as of March, 1988).

ORGANIZATION CHART

I Turbine Generation Dept.
— Diesel Generation Dept.

——  Transmissjon & Distribution Dept.
Deputy
~ General

Manager

AT

—— System Control Dept.

— Transport Dept,
I Flectrical Services Dept.
| Maintenance Unit

L. Project Management Dept.

—- Personnel Dept.

L fraining Dept.
General
Manager

Board

L Strategic Plamning Unit
- Office of 1DB Coordinator

~— Finance Dept.

Deputy
| General
Manager

(r)

— Commercial Dept.

L Contacts & Supplies Dept.

—— Data Processing Dept.

L—— Internal Audit Dept.

Cooperation Secretary




2.3.3 Outline of Power Facilities

(1) Power Systems
The power systems owned and operated by GEC consists of two intercon-

nected power systems, which are Demerara Power System and Berbice

Power System (the latter including Western Berbice and Coretyne), and

isolated power systems of Anna Regina, Wakenaam and Bartica. {(Refer-

to Fig 2.3.3.)

The power generation facilities of GEC, as classified according to the

power system they belong, are iilustrated below.

. Number of Installed Availéble
Power Plant Units Capacity Capacity
T W) (MW)
Demerara System
Kingston "'B" 3 30.0 25.5
Versailles 3 6.0/4.8 (Note 1) 4.2
CGarden of LEden 3 17.1 3.0
Subtotal 9 53.1/51.9 32.7
Berbice System
Canefield 2 i1.6 4.5 _
Onverwagt 1 2.5 (1.8) (Note 2)
Subtotal 3 14.1 4.5
Isolated Systems
Anna Regina 3 4.08 2.3
Wakenaam 1 0.5 0.5
Bartica 2 0.78 0.3
Subtotal 6 5.36 ' .
Total of All
Power Systems 18 72.6/71.4 40.3

Note l: 60 Hz/50 ﬁz'

2: Capacity imside ( ) means out-of-service due to mechanical

trouble
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.1) Interconnected Syétem

a)

Demerara System

In Demerara System, there is Kingston "B" Power Plant, a
steam power plant, and Versailles and Garden of Eden Power
Plants vhich are diesel power plants. The total installed
CaPSCity.of this system, as of August, 1988, is 51.9 MW, and
the available capacity is' 32.7 MW. This power system is

divided into the 50 Hz supply area and the 60 Hz supply. area.

"Kingston "B" Power Plant is a 50 Hz pdwer plant,. while Garden

of Eden Power Plant is a 60 Hz power plant.  Versailles Power

Plant is desighed for both 50 Hz and 60 Hz.operation.

For transfer of power between two power systems having dif-

ferent frequencies, Sophia Frequency Converter Statiaon,

"equipped with three, 10.0 MW rotary converters, has been

constructed in 1976, and this stations is in operation.

Frequency Installed Available

Power Plant (Hz) Capacity Capacity. Commissioned
(M) () '
Kingston "B" 50 10.0 x 3 8.5 x 3 1963 - 67
Versailles 60/50 2.0/1.6 x 3 1.4 x 3 1985
Garden of Eden 60 5.7 x 3 3.0x 1 1975
Total 53.1/51.9 32.7

Demerara System is connected to Sophia Frequency Converter

Station through Linden Power Plant (60Hz) of GUYMINE and

Garden of Eden Power Plant by a 110.4 km long 69 kV

transmission line, and the 60 Hz bus of Sophia Frequency

Converter Statiomn is connected to the West Feeder of the

Onverwagt Power Plant of Berbice System, which is described

later, by a 93 km long, 13.8 kv tfansmission line.

Between East Demerara Area and West Demerara Area, there are

submarine cables installed on the river bed of Demerara River

that flows between these two areas, and ome of the cable

circuit is for 50 Hz and another for 60 Hz.

-1} -
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b)

circuit 1is counected to Versailles Power Plant,

and the 60 Hz

circuit extends to Concervancy which is located 10 km away
from Versailles Power Plaut. However, this SQ_Hz pable c1re
cuit has been cut off by a river vessel accident in May, 1937.
Therefore, Versailles Power Plant is supplying only the loads

in West Demerara Area as of July, 1988.

‘The maxiﬁum-demand in Demerara Area in 1987 was 37.8 MW, as
agalnst the available generatlng capacity of 32.7 MW This
def1c1t has been covered by power purchased from Linden

Power Plant of GUYMINE through the 69 kV transmission line,
but the power supply capacity within GEC system is definitely
short, and scheduled load shedding is beiﬁg.enforced almost

every day.

According to an agreement between GUYMINE and'GEC,'maximum
power which GUYMINE will supply is 4 MW. However, in order
to meet the large deficit of power supply éapability of GEC's
power plants, 5 to 8 MW of power is.being suppliéd to GEC when

there is surplus capacity'at GUYMINE's pewer plant.

The power plant of GUYMINE at Liuden is a steam:power plaht
having an installed capacity of 27.5 MW.

Berbice Power System

The powef plants owned by GEC in Berbice Power System are the
two diesel power plants named Onverwagt and Canefield. The
power is supplied at 60 Hz. In this power system, Onverwagt
Power Plant, Canefield Power Plant and No. 53 Substation are
interconnected by 69 kV transmission lines haﬁing'é totatl

length of 97.6 km.

As stated in the preceding paragraph a), Onverwagt Power.Piant
is commected to Sophia Frequency Converter Station of Demerara
Power System by a 93 km long, 13.8 kV transmission line.

The total installed capacity of these two power plants is 14.1

'MW, but its available output is curreatly only 4.5 MW.
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Installed

Available

Power P%ant Frequency | Capacity Capacity | Commissioned
| -~ (Hz) (Mw) (Mw) ' '

Onvér@agt 60 2.5 x 1 (1.8) 1981

Canefield 60 5.8 x 2 | 4.5 x 1(2) 1978
Total 14,1 4.5

In the Befbice~Corgtyne districts, there are Everton Power
Plant of GUYMIRE (1.05 MW x 3 installed capacity) and Albion
EStatg Power Plant of GUYSCO (1.7 MW x 2 installed capacity),

but these plants are isolated from GEC's power system. There

is no interchange of electric power between GEC and GUYSCO.

However, power from Everton Power Plant is supplied to GEC

only when the latter is faced with a severe power supply'shor—

tage,

2) 1Isolated Systems

There are Anna Regina Power Plant, Wakenaam Power Plant and

Bartica Power Plant in the isolated power systems of GEC. Anna

Regina supplies 50 Hz po&er, and other power plants supply 60 Hz

power.
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{(2) iner-GenEration Facilities

1)

OuﬁlinE-of Facilities

As descrlbed above, all the power generatlon fac111t1es of GEC are
thermal power” plants, and there is no hydro power plant. There |
are 8 thermal power plants in the country Wlth a: total 1nstalled
capacity of 72,6 MW. They con31st of 15 dlesel unlts, with the
total lnstalled ‘capacity of 42.6 MW (59/) ‘and three steam units,
with -the total installed capacity of 30 MW (41%).' :

~All of these power genefntibn units are extremely superannuated

- except for the Lhree diesel units supplled to Versailles. Power

Plant under the grant cooperatlon of - ‘the Japanese Government, and

_they have not been repalred properly as it has been dlfflcult to

import the requ1red repair parts due to shortage of forexgn funds.

. Consequently, the -output of these units are restrained or the

unlts are out of service, In some cases, the ‘ugable parts of
shutdown units are removed and transferred to operatlonal f30111—
ties, and the out of service units are disassembled and left in

the power plants.

For this.reasnn ‘the total aVailable capacity of the rémaining
units is only 40 3 MW, or as low as 56% of the total installed

capacity. - The shortage of power supply capaclty is being made up
by the power purchased from GUYMINE (5 to 8 MW) and scheduled load .

shedding enforced in each of the service area.

The condition of these thermal power genération facility, as of

[he end of August, 1988, is presentéd in Table 2.3.3 (1).
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Table 2.3 3(1)

Exlsting Thermal Power Stations

tas of Aupust, 1988)

- s |1 \ ' ' " TUnit | Frequency Tnstatled | Available Commission-
Name of P.§ ) Type | Name of NanTacturer | wo i (ra)  Capacity(W)Capacity(W) ing year
.‘ Boiler: International | 50 10 8.5 1963
| Combustion LTD. UK |
{ Kingston Steam | Turbine: Associated 2 50 10 8.5 1964
“B” Electrical :
! _ [ndustries, UK 3 50 0 8.5 1967
i Generator: Ditte '
Bagine : Nigala vl osos0 | 2,076 L4 1985 |
g  Engineering CO.,LTD f
¢ Versailles | Diesel Japan 2 60/50 2.0/1.6 1.4 1485
| Generator; Nishishiba
i Eleciric C0., LTD. 3 60/50 2.0/1.6 1.4 1985
i Japan !
Bngine: Crossly 2 60 5.7 | %30 1975 |
: _ Pielstick, UK
gﬂarden of Diesel | Generator: GEC, UK 3 60 5.7 (3.0 1975
; Eden ' ' |
! 4 60 5.7 3.0 1976 !
Bngine: Mirriees 3 60 5.8 4.5 1978
{ Canefield Diesel Blackstone, UK
’I Generator: Brush 1 60 5.8 (4. 5) 1978
E Blectric, UK !
Onverwagt Diesel | Engine: GM, USA
i Generator: GM, USA 5 60 2.5 3% (1.8) 1981
Engine: Ruston, UK 1 50 .04 0.65 1972
Anna Regina | Diesel | Generator: AEL, UK 2 50 1. 04 0. 60 1972
4 50 2.0 1.0 1986
Wakenaam Diesel | Engine: GY, USA
; Generator: GM, USA 3 60 0.5 ¢, 50 1980
Engine: Mirriees 1 60 0. 39 0.34 1978
Bartica Diesel Blackstone, UK ' .
Generator: Brush 2 60 0.39 | 3%(0. 20) 1978
Electric, UK *
Total — — 18§ ——  [12.6/7L4] 40,3 —
Note: 3%&( ) shows generating units which are out of order af present due to traubfes.
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2)

Status of Fach Power Plant

a) Kingston "B" Pover Plant (Refer to Table 2.3.3 (1).)

b)

c)

This power plant is located near the center of the capital
city of Georgetown on the eastern side of Demerara River. It
18 the key power source in Demerara Power System, and it is

the only steam power plant of GEC,

Kingston "B" Power Plant has been completed during the period
f?Om.l9637to 1967. It is equipped with three steam power
units (available capacity of 8.5 MW x 3). These.units have
been operated for more than 20 years after commissioning. The
facilities afeAbadly superannﬁated, and currently they are

barely being kept in operation.

Versailles Power Plant (Refer to Table 2.3.3 (1).)

This power plant is located on Démefara'River on the opposite
side of the capital city'of Géorgetown, that is, on the
western side of the river. This was originally a power plant
belonging to Demerara Power'System, but it now forms an iso-
lated power system supplying only to the western Demerara
area, since the submarine cable crossing Demerara River
(operated af 50 Hz) has beea damaged by a vessel in May, 1987.

(preparation of repair work is under way.)

Versailles Power Plant was completed in 1972, but it has been
practically shut down due to deterioration of facilities.

The plant has been refurbished under a grant cooperation of
the Japanese Government in 1985 {three diesel generator units
of 2 MW/1.6 W, 60 Hz/50 Hz dual rating), and the plant is

today in service.

This district belong to the 50 Hz supply area, but the plant
equipment has dual rating according to the plan to unify the

frequency to 60 Hz in the future.

Garden of Eden Power Plant (Refer to Table 2.3.3 (1).)
This power plant is situated on the eastern side of Demerara
River, approximately 22 km to the south of the center of

Georgetown. It is a diesel power plant which has the second
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d)

e)

largest output next to Kingston NI power Plant in Demerara _
Power System among the power plants ovaed by GEGC. Gardep of

Eden Power Plant has been constfucted from 1975 to 1976.

Garden of FEden Power Plant had No. 2, No. 3, No. 4 and Wo. 5
Units (each 3.0 MW in available output). Due to trouble
including damage on crank shaft, No. 3 Unit has been shut down
since 1986, following by failure and shutdown of No. 2 Unit

in September, 1987 and No. 5 unit in 1986. No. 5 Unit has

been dismantled and only its foundation remains today.

Therefore, the only unit operated in this power plant today is

No. 4 Unit having 3.0 MW capacity.

Canefield Power Plant (Refer to Table 2.3.3 (1).)
This power plant is located in an outskirts of New Amsterdam.
1t was completed in 1979, and it is a major diesel power plant

in Berbice Power System.

Canefield Power Plant had two generating_units (No. 3 and No,
4 Units) having available output of 4.5 MW.eachf Then No. 4
Unit was shut down in January, 1987 due ﬁo a damage of crank
shaft bearing, and only No. 3 Unit (4.5 MW) is being operated
today.

Onverwagt Power Plant (Refer to Table 2.3.3 (1).)

This power plant is located 80 km Lo the east of the capital
city of Georgetown on the Atlantic Coast. It is a diesel
power plant constructed during the period from 1973 to 1981,

and it belongs to Berbice Power System.

Onverwagt Power Plant had five diesel generator units,

(No, 1, No. 2, No. 3 and No. 4 Units), each rated at 1.0

MW, plus No. 5 Unit rated at 1.8 MW. Due to crauk shaft
damage and other trouble, the first four ﬁnits.were shut down
one by one, that is, No. 1 Unit in 1979, No. 2 Unit is 1985,
No. 3 Unit in 1986 and No. 4 Unit in 1987, and all of them are
abandoned teday. - The only remaining Wo. 5 Unit has been shut

down due to trouble on June 9, 1988,



£) Anna Regina'POWer Plant (Refer to Table 2.3.3 (1).)

gl

h)

This power plant is a diesel power plaut located 60 km to the
west of Georgetown, and it is operated in an Lsolated power

system which supplies power to Anna Regina area.

Auna Regina Power Plant is equ1pped with three diesel genera-
tors, which are Ko. 1 and No. 2 Units (available capacity of

0.65 MW and 0. 6 W), plus No. 4 Unit (1.0 MW available

-capacity). These units are operated at reduced output due to

lubrication o0il leak, cooling water leak and excessive tem-

perature rise of cooling water and engiue exhaust gas. WNo. 3

Unit has been abandoned iﬁ 1985.

Wakenaam Power Plant (Réfer to Table 2,3.3 (1}.)

This power plant is. in Wakenaam Island which is approximately
40 km to the west of Georgetown, and two decommissioned power
gengration units are left iﬁ'the'prémises of the poWer.plant.
The only unit in service tédéy is No. 3 Unit which has been
installed in 1985, Power supply service was interrupted in

this island during the period 1974 to 1980.

Bartica Power Piant‘(Refer to Table 2.3.3 (13.)

This power plant is located in the center of Bartica Town
which is located about 50 km upstream from the mouth of
Essequibo River. It is a diesel power plant which supplies an

isolated power system serving Bartica area.

Baftica Power Plant has two geqerating units, No. | and No. 2
{available output of 0.34 MW and 0.2 Mw'respectively). Ho, 2
Unit has been shut down in 1985 due to a_crack on the engine,
but it isiplanned to restore this uqit back to service as soon

as a budget appropriation is secured.



(3) Transmission, Distribution and Substation Facilities

i} Transmission Facilities

The outline of GEC's transmission facilities is presented in Table

2.3.3 (2).

Table 2.3.3(2) Existing Transmission Line

{as of August,:l988)

. e Line Vo}tage Leigth | Commission—
Name of Line Section x‘No._of (km) ing year
circulls

Linden —~ Garden of Edem | 69 XV x 1 cct 81.6 1976
Garden of Eden - Sophia 60 kV x 1 cct| 28.8 1977
Onverwagt - Canefield 69 kV x 1 cct 41.6 1978
Canefield - No.53 Corentyne | 69 kV x 1 cct | 5640 1987
Total o - 208.0 -

GEC has an expansion program to construct a single circuit, 69 kV,
73.6 km long transmission line from Sophia Frequency Converlter

Station to Onverwagt Power Plant by 1990 in order to interconnect
the eastern power system and western power system. The materials

for this line is now being procured.
2} Distribution Facilities

The primary distribution voltage classes are 1] KV and 4 KV in the
50 Hz system and 13,8 &V, 11 kV, 4.16 kV, 4 kV and 2.3 kV in the
60 Hz System. GEC defines 11 kV as the standardrvoltage in 50 Hz
and 13.8 kV in the 60 Hz system. Description éf'the primary

distribution systems is presented in Table 2.3.3 (3).
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Table 2.3.3 (3) Existing Distribulion Facililies B
: - (as of August, 1988)

| Conefjeld P.5—No53 Corentyne 5.5

Name of Line.Seclion bé??age ﬁgegirs Leng{h_ éﬁﬁ;i!:jd
' {kv) ' (km). (kVA)
Kingston P, soliz) | 11 7 10 59, 125
~ Dilke 500y | 4 1 20 1,390
‘Sophia-F. ¢ (501z) 1 3. '5 215
Versailles P. § {(50112) 1 2 66 - .8,500_
| Garden of Eden P. S (60l 13.8°| 3 65 16,215
Onverwagt P.§ (60llz) | . 13.8 :2 71 __— S.BBOi—_
Canelield P, (60lz) |~ 13.8- | - 3 106 6, 398
Anna Regina P.§ (50ilz) 1 3 92 6, 850
Bartica P.S (60l12) 4.16 3 24 691
Wakenaam P. S (60H2) '13__ B 3 _ 26 740
Sophia F.¢ (6oz) | 13.8 3 s -
Linden 5. S (60iz) | 138 3 - | -
W53 Corentyne 5. S o) | 13.9 3 - ]
New Ansterdam S. S o) | n l - =
- B 2.3 4 |
Connec!iéé Line
Versailles P.S— Kingston | 11 I 25
Sophia F.C— Kingsten P.§ T8 2 n
‘Sophia F.C— Garden of Bden P.5 | 13.8 i R 24
rNew Amsierdam S.5 —Everton P.S 13. 8 N 5
CCanelicld .S — 13. 8 2 2
New Amslerdam 5.8
 Sophia F.C Onverwagl .S 3.8 |1 s
13.8 I 63




3)

There is no definite expansion program for the distribution
systems, but "Pistribution Master Plan' has been prepared in
March, 1989 in order to strengthen the distribution systems in

meeting the expected load growth after 1990.

The low voltage distribution lines and communication cables are

often strung on same pole.

The details of low voltage distribution systems is not clear

‘because the data of such systems are not properly recorded GEC

adopt the SLngle phase, three wire, 120/240 v system and the three
phase, three wire 480 V system as the standard systems, and is
endeavoring to standardize the existing large number of vo1tage
classes. The 51ngle phase, two wire (with one line grounded) 240
V . system is used for low voltage distribution, except for

Georgetown and New Amsterdam.

Transformers having a large variety of capacity are used as
distribution transformers, and many of them are equipped with no-

load tap changers (with +2.5% or +5% range).

Two circuits of submarine cables cross Demerara River. One cir-
cuit is an interconnection line between Versailles Power Plant and
Garden of Eden Power Plant, which is a 50 Hz, 11 &V liné, Another
circuit is operated at 60 Hz, 13.8 kV, which is”used.fof powef
distribution to the southern part of West Demerara Area. - The
50 Hz interconnection cable was damaged by a vessel accident

in May, 1987, and it is now out of service. A new submarine
cable for replacement has already been purchased from Venezuela.

The length of the submarine cables is 1.4 km each.
Substation Facilities

The cutline of substation facilities is presented in-
Table 2.3.3(4).
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‘Table 2.3.3(4) Existing Substation Facilities

(ae-of August, 1988)

.Name_of' Voltage ' Capacity Commissioning
_ Sobspetlon (kv) . (MVA) "~ Year
Qa?;ien_of Eden 69/13.8 2 x 16.7 1976
Linden 69/13.3 1k 16.7 1976
Sophia - _ ' 69/13.8 1 x 16.7. 1977
‘Canefield 69/13.8 1 x 16.7 1984
6nveiwagt 69/l3;8 1x 16.? .1986
No.53 Corentyne . 69/13.8 1 % 16.7 1987
New Amesterdam 13.8/2.3 | 2x 1.5
Total : : 119.9

In order to step’ down the distribution voltage from 11 kV to & kV,
there are two substation fac111t1es in Georgetown. These faoili—

- ties consist of two 2,000 kVA transformers located at two places,
and a 1,000 RVA transformer. They are ioStelied in yards

surrounded by fences.’

' There is a substation expansion program to install two, 69/13.8
kV, 20 MVA transformers at Sophia Frequency Converter Station and
two same transformers at Garden of Eden Power Plant (total of &

banks) by 1990. The time of implementation of this plan is not

yet decided.

2.3.4 Power Demand /Supply Situation

(1)

Power Consumption

The economy of the Cooperative Republlc of Guyana is based on bauxite,

sugar and rlce, as dlSCUSSEd in Section 2.2.2.

The economy of this country recorded a healthy growth duriag the

period from 1970 to 1977, ow1ng to the price rise of the nation's major

-export COmmOdltles 1n the international market. Thereafter, with the

fall of international prices, the nation's earning of foreign curvency
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declined caused a rapid deterioration of the national economy. ‘In
particular, real GDP registered a megative growth since 1981, partly
dué to the effect of the world wide recession caused by the secoud oil

crisis. (Refer to Table 3.2.1)

Naturally, such chénges.in economic trend undoubtedly, direq;lj-and
indireétly, influenced the cousumption of electrié‘power. Lﬁuring the
period from 1974 to 1977, electric power consumption increésed.ét

a rate of around 6% per year, and there after the grbwth ofiponsumpg
tion became relativeiy uneven. As indicated in Table 2.3;4 (1), the
total electric energy sales in GEC power systems was 178.9 GWh in
1987, and this was below the level of consumption in 1977 (184.7 GWh).
However, it must be noted that the recent decline of'powépfconsumption
in GEC's power systems has been caunsed mainly by the deficit ih:power
supply capability of GEC's power generation facility, rather than the
decline of mation's economic activities. As a matter of fact, since
several years ago GEC has been compelld to enforce scheduled load

shedding almost déily in order to cover the supply capability deficit.

The éonsﬂmers'qf GEC are classified into Residential.(Rate:A),

Commercial (Rate B), Industrial (Rate C) and Street Lighting (Rate E).

A study of the energy consumption of each class of consumérs'in
Demerara System and Berbice System for the ye#r 1987, reveals that
Residential was 47.3%, Industrial 31.1%, Commercial 19.62.in Demerara
System, and Residential 63.6%, Commercial 20.2% and Industrial 15.62

in Berbice System, as illustrated in the table below.
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(2)

- (as -of 1987)

~..Class’ | Energy [ Share Number of Consumption per

e : Sales (MWh) (%) Cousumers Consumer (MWh)

‘Demérara System| B o

Residential 73.281 47.3 64,860 | 1.13

Commer¢ial _ 30,379 | 19.6 6,396 54,75

‘Industrial 48,251 | 31.1 -~ 137 | 352,20

_Street Lighting 3,008 2.0 27 111.41
_,?9ta}_:1 _ 154,919 | 100.0 71,420 2.17 (average)

Residential 11,233 63:6 21,915 0.51

BéfBi@e'System

Commercial 3,569 20.2 1,314 L2472
‘Industrial . 2,753} 15,6 : 3 550.60
Street Lighting 106 0.6 5 1 21.20

Total . . 17,661 100.0 23,239 | 0.76 (average)

. (Data supplied by GEC.)

Energy Generation and Aggregate Power Loss

'The annual energy generation from power plants of GEC amounted to

195 5 GWH in 1974, and 215 0 GWh in 1987, The.maximpm energy deli-

vered in the past was 256.2 GWh in 1981. The annual energy generation

'has declined from 1985 to 1987. This trend was caused by the

following factors.

* The gas turbine units at Kingstoh and No. 5 Unit of Garden of Eden

7jwere abandoued in 1985.

* Garden of Eden No. 3 Unit -has been shut down due to trouble 51nce

1986.

'*'Gérden-of Eden'No; 2 Unit has been shut down due to trouble since

1987.
* No; 3 Unit and No. 4 Unit of Canefield were shut down due to trouble

from January to July, 1987 (No. 4 Hnit is still shut dowm today).
* No. & Unit of Onverwagt was abandoned in April, 1987.

CEC is making up its power supply Capécity shortage by purchasing
power from GUYMINE, starting from 1977 for its Demerara System and

from 1982 for Berbice System. The power purchased for Berbice System
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(3)

is very small, but the power purchased for Demerara Sstem from Linden
Power Plant has increased rapidly since 1983, accounting to 10.4% of
GEC's total power supply in 1983, 6.2% in 1984, 7.1% in 1985, 8.0% in
1986, and 10.,6% in 1987,

The total poﬁer loss factor, imcluding station—service loss and
tranémission/distribution loss is very high, and fluctuates:from_year
to year. Loss factors in each power system from 1974 to 1987 inclu-

sive are illustrated below.

Power System Total Loss Factor (%)
Demerara 27.3
Berbice 37.2
Anna Regina/Wakenaém 22.4
Bartica 25.8
Average 27.5

(Data supplied by GEC.)

The total loss factor of 27.5% is extremely high compared to values in
other nations. Such a high loss factor is thought to be caused by

uncollectable power charge or illegal power consumption (pilferage).
Peak Power Demand and Load Factor

Although Guyana experiences dry season and wet season during a year,

the seasonal temperature change is not large, and therefore the peak

. power demand does not change appreciably from month to month.

The peak demand of a day occurs around 8 o'clock P.M. in all power
systems. In Demerara System, a second peak occurs around 2?2 o'clock
P.M., vhich is approximately 90% of the evening peak. 1In other power
systems, the second peak occurs around 6 o'clock A.M., which is around

70% of the evening peak.

The maximum demand of Demerara System has increased from 33.6 MW in
1974 to 37.8 MW in 1987 (maximum recorded). The combined peak demand
of all systems has increased from 36.7 MW in 1974 to 48.8 MW

{maximum recorded) in 1987,
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The load factor of each power system did not change appreciably during

the period from 1974 to 1987. The average load factor of each power

system for this period is given in the following table,

Power System - Load Factor (%)
Demerarag : 65.9
Berbice . 40,1 i
Anna Regiﬁa/Wakenaam 45.9
Bartica o 47.1
Average _ 6l.4

(Data supplied by GEC. )
(4) Proportion of Energy Supplied by Fach Power System

The proportions of energy supply by each power system, based on data
from 1980 to 1986, are as illustrated below. '

1980 _ . 1986 : Average

Power System ' Energy | Percent Energy | Percent | Percent
(GWh) (%) (GWR) (z) (%)

Demerara 212.6 | 86.8 204.4 | B84.3 | 85.5

Berbice 23.0 9.4 29.6 12.2 10.8

Anna Regina/. 7.9 3.2 6.9 2.8 3.0

Wakenaam _
Bartica 1.4 0.6 1.6 6.7 0.7
Total 264.9 | 100.0 242.51 100.0| 100.0

(Note) As the energy supplied in Berbice System decreased abnormally
in 1986 due to failure of 3 generators, the 1986 record was

 used for all power systems.

The total enerpy sales, energy generation by GEC, energy purchased
from GUYMINE, peak demand, total loss factor, load factor, and number

of consumers are presented in Table 2.3.4(1) to 2.3.4(3),
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Table 2.3.4(1)

GEC Whole Power System

Evolution of Power Demand & supply

1.oad :

Year | Energy |- E.gene- From Total Peak System _ Numbef"EE“
(AD) | sold rated GUYMINE | Supply | load loss factor | consumers
(GWh) (GWh) (GWh) (GWh) (MW) (%) (%) S
1974 { 155.1 | 195.5 0.0 195.5 36,7 20.6 60.8 73514
19751 165.3 208.6 0.0 .208.6 | 38.6 20.8 61.7 80088
1976 | 176.2 226.9 0.0 226.9 39.9 | 22.3 64.9 81014
1977 | 184.7 244.2 5.2 2494 43.3 25,9 | 65.8 82478
19781 157.4 223.4 5.1 228.5 43.0 31.1 60.7 85840
1979 | 178.8 236.8 6.8 243.6 | 45.6 26.6 61.0 87266
1980 | 190.2 | 239.4 5.5 244.9 44.9 | 22,3 | 62.3 “80900
1981 | 180.5 256.2 ~4.3 251.9 47.5 28.4 60.6 95152
1982 | 164.2 230.5 4.6 235.1 45,5 | 30.2 59.0 89758
1983 178.9 224.3 24,6 248.9 46.7 28.1 60.9 | 82876
1984 | 162.7 235.8 13.0 248.8 | 46.3 36.6 61,41 86916
1985 | 169.5 235.8 15.3 251.1 48.4 32.5 59.3 | - 84770
1986 | 160.9 226.0 16.5 242.5 47.7 33.6 58,1 | 85546
1987 | 178.9 215.0 22.4 237.4 | 48.8 24,6 55.6 101359

Table 2.3.4(2)

Demerara System

Evolution of Power Demand & supply

Year | EFnergy E.gene- From Total Pealke System Load . | Number of
(AD} | sold rated GUYMINE | Supply | load loss factor | consumers
(Gwh) . | (GWh) (Gwh) (6wh) (MW) (%) (%)
1974 1 147 184 0.0 184.0 33.0 20.1° 63.7. . 61360
19751 155 192 0.0 192.0 33.9 19.3 64,7 63707
1976 | 163 208 0.0 208.0 34.8 21.6 68.7 65476
1977 170 222 5.2 227.2 37.6 25.2 69.0 66436
1978 | 141 200 5.1 205.1 36.9 31.3 63.5 68847
1979 159 206 9.5 215.5 36.4 26.2 67.6 67502
1980 | 166 204 8.6 212.6 36.2 21.9 67.0 54321
1981 153 213 0.0 213.0 36.1 28.2 67.4 66597
1982 138 187 2.1 189.1 34.7 27.0 62.2 60720
1983 154 184 21.4 205.4 34.8 25.0 67.4 54841
19841 136 193 12.8 205.8 34.2 ©33.9 68.7 58572
1985 145 197 15.1 212.1 37.4 31.6 64.7 . 56827
1986 | 138 188 -16.4 204.4 36.9 32,5 63.2 57052
1987 155 187 22.3 209.3 37.8 25.9 63.72 71420
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Table 2.3.4(3) Evolution of Power Demand & Supply

Berbice System

§§;§ Epergy E.gene- From Total Peak | System Load | Number of .
'(SQ¥)= rated GUYMINE [ Supply load | .loss factor | consumers
gwn (GWh) (GWh) {GWh) (M) (% (%) :
19747} 4.5 6.4 - 0.0 6.4 2.3 29.7 31.8. 8438
1975 5.9 10.6 0.0 10.6 3.2 | 4&4.3 37.8 12336
1976:) 7.4 12.2° 0.0 | 12.2 3.4 | 39.3 41.0 | 10892
1977 8.7 14.6 0.0 14.6 3.7 40.4 45.0 10946
1978 1 8.9 | 14, 0.0 14.7 3.9 | 39,5 | 43.0 11126
1979 | 12,3 216 -2.7 18.9 7.0 34.9 30.8 13857
1980 176 26,1 -3.1 23.0 6.4 | 23.5 | 41.0 20024
1981 1 20.6 34.1 -4.3 29.8 9.2 30.9 37.0 22336
1982 | 18,3 33.9 -2.5 36.4 8.5.1 49.7 48.9 22955
1983 | 18.4 30.5 3.2 33.7 8.9 | 45.4 | 43.2 | 22008
1984 | 18.5 33.5 0.2 33.7 9.4 45.1 40.9 21862
1985 18.9 32,2 0.2 32.4 9.1 { 41.7 40.6 21498
1986 | 17.3 29.5 0.1 29.6 8.3 41.6 £0.7 22006
1987 | 17.7 18.5 0.1 18.6 8.4 4.8 25.3 23239

2.3.5 Electricity Tariff

The electricity tariff of GEC is claséified into A (Résidentiél'Lightiﬁg),

B (Commercial), C (Small industrial), D (Large iﬁdustrial) and E (Street

Lighting).  The rates presented below are as of Ndvéﬁbﬁr,'lQSS.

(At offiéial exchange rate of 1 G§ = 13 yen. )

Tariff A:. Residential Lighting {excluding commercial 1oad)

- 50 kwﬁ 6r less per month:

Fixed charge

kWh charge

~ Exceeding 50 kWh:

Fixed charge

kWh: ‘charge ‘up ‘to 30 kWh

kWh charge above 50 kWh

- 2.30
0.45

2.50
.45
1.00

Tafiff.B} Consumers Receiving at 1000 V or less

Fixéd'charge

kWh charge
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1.96

GS/month

GS$/kWh .

G$/m§n£h
G5/k¥Wh
G$/kWh

G3$/month
G§/kWh




Tariff C: Consumers Receiving High Voltage but not Higher than 1000 V

32.30 G8/kVA/month
1615.00 G$/month

1.73 G§/kWh

1.49 G$/kWh

Fixed charge ﬁer maximum demand in kVA
Yinimum £ixed chérge

kWh charge up to 200 kWh/kVA

kWh charge over 201 kWh/kVA

Tariff D: Consumers Receiving High Voltage Exceeding 1000 V

30,22 G$/kVA/month
3022.00 G$/month .
1.82 G3/k¥h
1.51 G§/kwh

Fixed chhrge per maximum demand in KVA
Minimum. fi1xed charge

kWh charge up to 200 kWh/kVA

kWh charge ovef 201 RWh/kVA

Tariff E: Street Lighting

4.14 G$/month
0.90 G$/kWh

Fixed charge

kWh charge

Fnergy consumptions by each categories of consumers are presented below for

Demerara/Berbice Power Systems (for 1987).

Demerara System Berbice - System
Annual Annual
Category Share Consumption Share Consumption
(%) per Consumer (%) per Consumer
(MWh) (vwh)
Residential (A) 47.3 1.13 63.6 0.51
Commercial (B) 19.6 4.75 20.2 2.72
Industrial (G, D) 31.1 352.20 15.6 550.6
Street Lighting (E) | 2.0 111.41 0.6 21.2
Total 100.0 2.17 100.0 0.76

The average rate per unit sold during the period

presented on the following page.
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Year Average rate (G$/kWh)

1974 N &
1975 0.19
1976 0.21
1977 0.24
1978 0.27
1979 ' 0.27
1980 0.37
1981 © 0.58
1982 . 0.59
1983 - 0.59
1984 0.75
1985 0.84
1986 . 0. 84
1987 _—

The above energy price compared to the current fuel . pr1ces of

Klngston Power Plant and Garden of Eden Power Plant are as follows.

Power Plant Thermal Efficiency
Kingston: : ~ 20.5% (4,195 kCal/kWh)
Garden of Eden . 26.2% (3,282 kCal/kWh)
Fuel Priee-_ _ _
"Kingston (G-Fuel 0il) US$ 13.01/barrel
Garden of Eden (diesel 0il) US$ 21.16/berre1
Unit Fuel Price per kWh: - :
Kingston ' _ﬁS$ 0.03537_(=:.G$ 0.3537)'*
-1 Gerden_of Eden _ . Us$ 0.04977'(=;7G$‘0.4977) *

& The official exchange rate (US$'1 = G$ 10.0) was used.

The electr1c1ty tariff is composed of fuel cosL, plus operatlon and main-

tenance costs, overhead expenses ‘and capltal cost (1nterest and

deprec1at1on), and the average unit tariff of GEC is GS$ 0.84/kWh.

2.4 Probiem of Power Demand/Supply Balance and Role of This.Project

‘The problem with Demerara/Berbice Power System is that their supply capabl—
licy does not balance with the power demand, and this is caused by shortage

of power supply capacity. The reason why such shortage occurred is that

most of existing power supply facilities are obsolete, and repair of these

power plants have not been implemented because import of required parts was

difficult due to fund shortage. This lead to reduction in power facility
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output and frequent failures and plant shutdowns., In additiou, cqhstruc~
tion of new power plants could not be vealized due to fund shortage. The
superannuation of old power generation facilities has reduced the fuel
efficiency of power plants, which in turn increased the fuel consumption

rate, thereby causing a burden on the operating condition of GEC,
> Yy g

This prbject is to install a new diesel power generation_faciiity for
Demerara and Berbice Power Systems which has not sufficient supply capabi-
lities to meet the power demands. Therefore, this project will improve the
power demand/supply balance in these power systems, which in turn will

enable the old power facilities to be shut down'for_necessary inspection
and repair, and improve the rellability of existing facilities and improve

their specific fuel consumption.

2.5 Foreign Assistance to Electric Utility

The following technical and economic assistance has been extended to the
electric utility of the Cooperative Republic of Guyana in the past. These

are listed below in time sequence,
(1) GEC Phase I Expansion Program (From 1972 to 1978)

"GEC Phase I Expansion Program" was jointly financed by the‘World
Bank, ODA (Overseas Development Administration) and CIDA (Canadian
International Development Agency) from 1972 to 1978. The transmission
lines and substatjons completed under this program are described

below.

#* The 69 kV transmission line from Linden Substation to Garden of

Eden Power Plant.

* The 69 kV transmission line from Garden of Eden Power Plant to

Sophia Frequency Converter Statiom.

* The 69 kV transmission lime from Onverwagt Power Plant to Canefield

Power Plant.
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(2)

* ) - [ - 1] .
Substaﬁlon facilities of Linden Substation; Sophia Frequency

Converter Station and Garden of Eden Power Plant.

w* Expansiop_of 13.8 kV distribution systems.

The 69 kV traosmission line from Onverwagt Power Plant to Canefield
Power Plant was constructed by local contractors in Guyana, However,.
as Guyanan. contractors did not have experience on tower construction
and conductor Striﬁging for a line crossing a river, GEC awafded the
construction of transmission lines crosalng Berbice and Canje Rivers
to forelgn constructors according. to the recommendation of the World
Bank, and were completed in 1978, 1In 1979, GEC received an additional
loan from CDB (Caribean Development Bank) by arrangement made by the
World Bank for construction of a 69 KV transmission line between
quhia Frequency Converter Station and Onverwagt Power Plant, but this

project has not been impleménfe& so far.
Rehabilitation and Development of the GEC System {from 1982 to 1990)

The ijectivé of this project is to improve the supply capability and
rellablllty of power generation fac111t1es,-and fundlng by 1IDB was
agreéed in November, 1985. It was planned to complete this project by
1988, but the schedule ié delaved as dlsbursement by IDB was postponed
to beyond November, 1987, and the reliabiiity of existing facilities
continued to deteriorate, At present, GEC is reviewing the list of
parts to be procured and making effort to implement this project. The

major power generatlon transmission and distribution facilities to be

rehabilitateéd by this pro;ect are presented below.

1) Power Plants

* Kingston '"B" Power Plant:
Steam Power, avallable output' 8.5 MW x 3
(No. 1, No. 2 and No.3)
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* Garden of Eden Powey Plant::
Diesel power, available outputj 4.0 MW x 1 (No. 2)
Diesel powetr, available output; 5.0 MW x 1 (No. 3, Np. 4)

Diesel power, available output; 5.0 MW x 1 (No. 5?3; o
{Rehabilitation

cancelled)
* Canefield Power Plant
Diesel power, available output; &.5 MW x 1 (Ho. 3)
Diesel power, available output; 5.0 MW x 1 (No. &)

* Onverwagt Power Plant
Diésel power, ayailéble output; 2.0 MW x 1 {(No. 5)

Diesel power, available output; 2.0 MW x 1 (Construction
suspended. }

The rehabilitation plan has been reviewed by GEC in August, 1988,

and the above description is according to this revised plan.
Transmission and Distribution Systems

# Tmprovement of 11 kV interconnection line between Kingston

Power Plant and Sophia Frequency Converter Station

* Replacement of distribution equipment {wooden poles, transfor—

mers, insulators and meters).
* Rehabilitation of New Amsterdam distribution system.
* Installation of power factor compenéation capacitors.

* Procurement of maintenance equipment/tools such as vehicles,

parts and measuring instruments.

* Training of transmission/distribution managers and

relay/instrumentation engineers,
* Formulation of "Distribution Master Plam",

For this project, a program for reHabilitation of GEC's major
power facilities, titled "Refurbishment of Major Plant in the
Guyana Electricity Corporation System" was prepared by a British-
Consultant, the British Electricity International Ltd. (BEIL), in

January, 1985. This report recommends the reinforcement of GEC's
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power supply capability, to reduce dependence on the power

purchased from GUYMINE, to reduce service 1nterruptxon caused by

Line fallures’ and to enhance the rellablllty of power facilities.

2.6 Content of Request
(1) Objective

A'neﬁ power generating facility having a 5.7 MW_oﬁtput shall be
installed in the premises of existing Garden of Eden Power Plant in
order to mitigate the power supply shortage in Georgetown and its

Surrouﬁding areas.
(2) impiementing Organization
'_CEC shall operate and maintain the facilities }equested.
(3) Effect of Projéct

The power supply capability is increased by installation of a new
power generation facility, and the power will be supplied to customers
_in Georgetown and its surrounding areas where power supply is in shor~

tage.
(4) Requested Facilities

1) A medium speed diesel generator (one, 5.7 MW unit) and its

ancillary facilities.

2) installation of the above facilities and connection thereof to

existing facilities.
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Chapter 3 DESCRIPTION OF PROJECT

3.1 Objective of Project

The objecti b : . .
Jective of this Project is Lo urgently increase the power source in

Demerara/Berbice Power Systems so that the shortage of supply capacity is
relieved,

To be specific, No, 5 Generating Unit will be refurbished in existing
Garden of Hden Power Plant to increase the power supply capability of the
system, thereby improving the functions of Georgetown Area as the capital

city, stabilizing people's livelihoed, and vitalizing the local industries.

3.2 Study of Content of Request

The content of the request has been studies based on the projection of
future power demand, to evaluate the necessity of a new power supply
source, the optimum increment in power generation capacity, the suitable
timing of commissioning of new facility, and the operation of the power

facility to be completed.
3.2.1 Power Demand Forecast

The Study Mission has estimated the projected power demand for the period
from 1988 to 1998 based on rhe study of Coastal Area Power Development

Program which had been formulated in the previous mission.

(1) Methodology

It is widely recognized that the electric power counsumption is closely
correlated to the level of national economy which is typically repre-

sented by GDP, and this correlation is often used in projecting the

future electric power demand.

As a demand function of a commodity is determined by the income of the
consumer and the price of the commodity, such demand function for
electricity can be defined by taking the average rate per unit sold of

electricity as the second explanatory variable.

However, in mamny developing countries, the supply of electricity is

short in its absolute amount from the demand, and suppressed demand or
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potentxal demand is generally observed in such nations, In such

cases, it is difficult to establish statistical correlations. between'

the power demand and GDP or average rate per unlt 301d5

In addition to GDP and average rate per unit sold, the number of con-
sumers can be used as the third explanatory variable of demand

function.

In this survey, multiple regression models or linear regression models
were calculated by taking GDP, averagé rate per unit sold, and number
of consumers as the explanatory variable, and the model that was found

to be most realistic was used to project the future power demand.

In Demerara aﬁd Berbice Systems, there is a substantial number of
suppressed consumers who has applied ‘for power supply but not yet
responded by GEC. As these consumers will consume electricity when
the existing power facililties are refurbisﬁed and the poﬁef supply
capacity of GEC is expanded, the esfimated demands of such consumers
are added to the projected demand obtained by the regression model

discussed above.

The time series data of GDP, average rate per unit sold, number of
consumers for the period from 1974 to 1986, used in this projectiom,

are presented in Table 3.2,1,
{2) Regression Model

The regression equation calculated, based on data of Table 2.3.4(1)
through 2.3.4(3) and Table 3.2,1, are as described below. .

Symbols: Y : Annual electrie energy generation (GWh)
X¥1: GDP (in milliom G$ at 1980 price)
X2: Average rate per unit sold (G$/kWh) or number of
consumers '

X : Number of consumers
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1)

2)

Multiple Regression

a)l Explanatory variables: GDP and unit electficity price
¥ = 0.01351 X1 + 243,51041 xz + 122,02

Thls model cannot be used theoretlcally because prlce coef-

flclent shows positive (+) sign.

b} Explanatory variables: GDP and number of consumers
Y =0.03772 X1 + 0.00214 X2 - 6.36

correlétion'coefficient R2 = (.63

This model is not also suitable because correlation coef-

ficient is.very low.
Linear Regression

Explanatory variable: uumber of consumers oniy
= 41,74963 + 0.00223 X
correlation coefficient r = 0.76

15.38

i

standard deviation s

Correlation coefficient of 0.76 is not high but it is considered
that this model represents fairly the demand relationship up to

the present.

(3) Assumptions for Projection

1)

Increase in Number of Consumers

The number of consumers inéreased steadily with an annual average
rate of 3.75% from 73,514 consumers in 1974 to 95,152 consumers in
1981,.and then the number décréasea_with an irreguiar'pattern
until 1986, This means that even if the economic aétivities are

slow to some extent (as it was from 1974 to 1981), the number of

.consumers would increase at a rate as quoted above if the supply

capacity is not short. Therefore, we assumed that the number of
consumers will increase in future at an annual rate of 3.75% after
the refurbishment of existing generating facilities of GEC is com—

pelted within coming one or two years.

- 41 -



2)

3)

The Share of Each Power System in Total Demand

The electrification in the supply area of Demerara System is
fairly extensive, and probably it has already reached a saturation
point. The future demand grown in Berbice Systém will not be very
high either. H0wever,-it is expected that the new housshold will
increase in future as population grows (currently 2.13% in the
average) and there are the suppressed comsumers. Con51der1ng all
these factors, it has been judged that the proportlons of the
magnitude of demand in cach power system to the total national
demand will not change substantially in future. By this assump-
tion, we assumed that the future shares of each power system in
the total demand will be the same as those presented in Section

9.3.4, paragraph (4), that is, as given in the table below.

Demerara System 88.5%
Berbice System 10.8%
Anna Regina/Wakenaam System 3.0%
Bartica System 0.7%

Total 100. 0%

Potential Power Demand

There are substantial potential power demands (mainly, residential

demands) in both Demerara and Berbice Systems. They are as below.

Demerara System 3,510
Berbice System 4,200
(Data supplied by GEC)

The electric energy consumption per consumer in the above power
systems are currently 1.13 MWH/year in Demerara System and 0.51
MWh/year in Berbice system, as discussed in Section 2.3.4, _
paragraph (1). On the other hand, the total transmission/distri—
bution losses in Demerara and Berbice Systeﬁs are 27.3% and 37.2%
respectively as discussed in Section 2,3.4, paragraph (2).
Therefore, the required power generation whiéh correspond to these

potential power demand are estimated as follows.
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&)

5)

i

Demerara System: (3,510 x 1.13)/(1 -.0.273)
Berbice System : (4,200 x 0.51)/(1 ~ 0.372)

5.5 GWh
3.4 GUWh

1]

Load Factor

As discussed in Section 2,3.4, Paragraph (3), the load factors in
all power system changed little for the period from 1974 to 1987.
Therefore, the following average load factors for this period have

been assumed in future projection of demand.

Power System Load factor (%)

Demetrara 65,9

Berbice 40.1
System Loss Factor

The system loss factor, including the station-service power and
transmission/distribution losses, is extremely high. No symptom
has been found that this high loss factor is improving., For the

period from 1974 to 1987, the average system loss factors in

Demerara System and Berbice System were 27.3% and 37.2% respec-

tively.

It can be conjectured that such a high loss factor is caused
mainly by inabiiity.of billing the consumers or pfesence of ille-
gal power users, In an effort to reduce this high loss factor,
GEC is currently conducting a survey omn consumers, and trying to

introduce a computerized rate calculation system.

It is being planned to reduce the syétem'loss factor in Demerara
and Berbice Power System down to 24% by 1990. It is also expected
that the system loss factor can be reduced down to 18% when the

"pistribution Master Plan' under IDB loan is implemented by 1994.

Considering these possible improvement, the system loss factor in

the future demand projection was assumed as presented below.
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