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PREFACE

In_fespdﬁse ﬁo a request from the Government of the Cooperative
-Répﬁﬁlic'off¢hyana,.tﬁe Jépanese Government decided to conduct a survey on
Elpﬁfrié'Ppﬁer ﬁevelopmént Project ‘in the Coastal Area of Guyana and
entruéted_the sﬁr§éy §o the'Japén International Coopérétion Agency (JICA),

3

- JIGA sént-to-Cuyaha a surQey team headed by Mr. Masashi Koike, EPDC
Internatiounal Ltd,, from July, 1988 to March 1989.

. The team exchanged viéws with the officialé'concerned of the
‘Government of Cuyana and conducted field surveys in the Goastal Area of
‘Guyana. After the team returned to Japan, further studies were made and

 the preéeﬁt”report'ﬁés prepared,

B | hbﬁe:that_thi$'réport will contribute to the development of the
Project'and'to;the promotion of friendly relations between our two

countries.
1 wish to express myﬂsiﬁcerest.épptéciation to the officials concerned
‘of the Government offthe'Cooperative Republic of Guyana for their close

. cooperation extended to the team.

Kensuke Yanagiya
President

Japan International Cooperation Agency



LETTER OF TRANSMITTAL

Mr., Kensuke Yanagiya
President
Japan International Cooperation Agency

Dear 8Sir,

We take pleasure to submit herewith the report on Master Plan Study on
Electric Power Development Project in the Coastal Area of the Cooperative
Republic of Guyana which was prepared by a study team of EPDC
International, Ltd. under assignment from the Japan International
Cooperation Ageuncy.

The study team conducted field investigations with the cooperation of
Guyana Electricity Cooporation from July to September, 1988, following
which studies in the home office were performed up to March, 1989 to
complete this report.

The highlights of this report are as follows:

i} In order to mitigate the present shortage of supply capability,
emergency power supply enhancement measures that should be
implemented promptly is the installation of diesel engine genera-
tors at 2 existing power stations.

ii) Taking into consideration growth of demand and phased decom-—
missioning of existing power generating units, the most optimum
medium range electric power development program which covers the
next 10 years comprising among others construction of major ther-
mal power stations that were considered to be the best approach
were studied and are presented in the report.

It is the wish of the study team that the projects recommended in this
report are realized, thereby contributing to the improvemeunt of supply and
demand situation of electricity in Guyana.

In submitting this report, the study team wishes to record their deep
appreciation to the government authorities concerned of Guyana and Guyana
Electricity Corporation for their assistance and cooperation in the field
investigations and making available all pertinent data and information, the
Japanese Embassy in Venezuela, the Ministry of Foreign Affairs, the
Ministry of International Trade and Industry, and Japan Internatiomal
Cooperatieon Ageuncy for their guidance in performing the studies.

May 1989

Respectfully submitted,

4 - A“J’/'\_’/\_________,

Masashi Koike

Team Leader

Study Team of Master Plan Study on
Electric Power Development Project
in the Coastal Area of Cooperative
Republic of Guyana o
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CONCLUSION AND RECOMMENDATION

(1) Prompt Realization of Garden of Eden Unit Replacement Program

This program has been identified as the top priority project among
Emergency Measures for supply capability enhancement. It is recommended

that GEC will promptly accelerate the realization of this program.

Program Outline:

Tnstallation of a new, 5.7 MW, medium speed diesel generator. (The fun-

dation and building of existing power station will be utilized as sucha.)

Scbeduled cqmmissipning;rend of71990.

Total construction cost; apprpximately 700 million yen.

(2). Authorization of Onverwagt Power Station 3 Units Replacement

The supply capacity .of Berbice System must be expanded. by some 7 MW as the
second step of Emergency Measures -for supply capability enhancement. It
is recommended that GEC reviews the plan proposed in this Report imme-
diately, finalize the. plan, forward the plan to the Government, and take

necessary actions for realization of plan including procurement of funds.

Program Outline:

Installation of three, new, 2.6 MW, high:speed diesel generators. {(The
foundation and building ‘of existing power station will be utilized as

such. )

Scheduled commissioning; end of 1991.
Total construction cost; approximately 800 million yen.

H

(3) Preparation of Construction of New Kingston Power Station

Construction of New Kingston -Power Station.is the.key project in Power
Development Plan of Guyana. Existing Kingston B Power Statibn;is--
approaching the end of plant life. Since it is inevitable for GEC to
construct a new power station, it 1s necessary to start planning right now.

In this context, it is recommended that the feasibility stﬁdy of this pro-

ject should be started immediately.

I



Program Outline:

Installation of a new power station having low speed diesel generators with

total capacify of 52 MW.

Unit capacity; 13 'MW, 4 units
Locétioﬁ; 'prémiéé'of'bld Kingston "A" Power Station
Scheduled commissioning; Phase T, 13 MW x 2, 1993

Phase II, 13 MW x 2, 1995

Total construction cost; approximately 8 billion yen.

(4) Preparation of Hydroeiectric Development Plan

Since the Republic of Guyana 1s blessed with abundant hydroelectric power
resources, it is recommended that hydroelectric power plarts are

constructed as soon as practicable to secure energy self-sufficiency of the

nation.

Although Tiger Hill Site has not been incorporated in this Master plan as -a
realistic power supply source which can,imprové supply shortage by 1998,
this project has been verified as an excellent hydroelectric potential.
Therefore, it is recommended that GEC authorizes its willingness to take up

this project and start preparations which are recommended in this Report. -

Recommended Project Plan:

Power Station capacity; 56 MW (to be expanded to 84 MW in future)
Rockfill dam with effective storage capacity of 4220 x 105m3,

Effactive head; 36 m, maximum discharge; 186 m3/8
Generator capacity 28 MW x 2 (1 unit added in future)

Annual generation; 265 GHWh.

(5) Improvement of Operation/Maintenance Manégement

Various recommendations presented in the main text of this Report are those

that can be implemented immediately. It is advised that GEC examine these

recommendaticns carefully.



(6) Acceierating 60 Hz Conversion of Georgetown Loads

As Kingston.B Power Station, currently being operated at 50 Hz, will soon
retire, and power will be supplied by 60 Hz New Kingston Power Statlom, all
customers in Georgetown must be converted to 60 Hz. This could be a
complicated task. 5Slnce this is inevitable, however, detalled studies must

be started immediately to establish a realistic program as soon as

possible.
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CHAPTER 1 INTRODUCTION

11 AUTHORIZATION

From several years ago, electricity supply capability of Guyana Electricity
Corporation (GEC) has been in serious shortage to meet power demand due
maiﬁly to frequent troublés and deterioration of power plants, so that GEC
has been forced to execute scheduled load shedding throughout the day.
Under this circumstance, it is necessary to accelerate rehabilitation work
for super—annuated power generating facilities_and to construct new power
plants corresponding to the growth in power demand, based on an oﬁtimum

power development program.

The'deérnmeﬁt of Japan, in'responéé to the réqueét of the Government of
the Cooperative Republic of Gﬁyana, decided to conduct a Master Plan Study
and the Japan.Iqternat;onal Cooperation Agency (JICA) dispatched a study
team for a perioa of aﬁout 10 weeks from 14 July to 20 Segﬁembe; 1988 to

conduct field investigations.

1.2 SCOPE OF WORK
Scope of work of the field study and reconnaissance were:
a) Review of -previous .studies and data provided;

‘b) . Study ‘on the present power market including -imminent ‘problems of

power plant rehabilitation;

¢)  Preparation of récommendations for improvement -of . operation and

maintenance system of power plants;

d) Power demand-forecast: for .the ‘period of :10 years from 1989 to 1998
and preparatiou of demand and supply balance based on the above

forecast;'
e) Eédndmié;fankfngréthdy;of'varfgﬁsjEyPés of power plants to be
included in the power development Master Plan for the above

period;



£) ReconnaissaneehoffTiget,Hill~hydroelectﬁiﬁfpbtential site,
including surface geological investigation and preliminary

topographic survey;
g) Preliminary hydrological study; .

h} Optimization study to determlne generatlng capac1ty and annual
energy generat1on of power plant ‘to be constructed at Txger Hill

Slte-

1.3 FIELD STUDY AND RECONNAISSANCE

Prior to field study and reconnaissanée, a "Start:Meétiﬂg"’was held on 14
July at, Department of Internat10nal Fconomlc Cooperatlon, Offlce of the

President, betWeen JICA team and representat1ves of

- Department of Internatlonal Economlc Cooperatlon (DIEC).
< Guyana Natural Resources ‘Agency (GNRA) '
- Ministry of Public Utilities (MPU)

Guyana Electricity Corporation (GEC)
Based on the mutual understanding reached at this meeting,'the fallowing
field study was carried out;

(a) 1Investigation:of the Demerara and.Berbice systems

Field investigation was made by visiting the following facilities during
the period from 15 to 26 July 1988:

. Power plants ‘and frequency convertor station of GEC in ‘the Demerara

and Berbice areas.
. Captive power plants of GUYMINE in the above areas.,:
. Captive power plants of GUYSUCO in the above areas.

. Installations of bulk consumers in the west Demerara area.



(b) Preliminary visit to Tiger Hill site

On 27 July, a short visit to Tiger Hill hydroelectric potential site was
made in order to make arrangement for silte reconnaissance study to be con-

ducted by civil engineering and geclogical investigation group.
. (c) Joint general meeting .

On 3 August, a "Joint General Meeting" was held at Department of -
International Economic Cooperation between JICA team and represéntatives_of
DIEC, GNRA, MPU and GEC, and results of field study and outlook of widdle-

term Master Plan were explained by JICA team.
Aftéf‘tBiS'meeting, a'coﬁrteSy-call-Was made to His Excellency, Robert H.O.
C&rbin; Deputy prime Minister (Public Utilities) at his office, together
with GEC General Manager, and progress of stﬁdy was reported,

(d) Investigation of Isolated Systems and Transmission and

Distribution-Facilities

During thé period from 5 to 22 August ‘1988, the following installations of
GEC were visited and current conditions of power generatioh'were'investiga—

ted:

. Power plants in the isolated systems of Anna Regina, Wakenaam and

Bartica

. 69 kY, 13,8 kV and 11 kV transmission lines in the Demerara and

Berbice areas
. Sophia frequency convertor station.
(e) Tiger Hill site reconnaissance

Site reconnaissance waq—cafriédfout during the period from 17 to 23 August
1988, accompaniéd by GNRA staff, to determine the general layout of main

sﬁructures and to collect data needed for preliminary design.



(f) Data arrangement and analysis

During the period from 24 August to 20 September 1988, data arrangement and

analysis were made at GEC head office,
(g) Submission of progress report

On 21 September 1988, the JICA study team, prior to its return to Japan,
submitted to GEC the Progress Report which described in outline the middle-
term Master Plan for optimum powéf development based on the field

investigations,
(h) Submission of Interim Report

Upon return to Japan, the JICA study team conducted studies at Head Office
of EPDC International Company based on the data cdllected in Guyana, and

submitted to GEC the Interim Report on 23 January, 1989.
(i) Submission of Final Report (Draft).

The Final Report (draft) was prepared by the JICA study team
reflecting the results of discussions held with the goverament authorities

concerned of Guyara on the Interim Report.

This report was submitted to GEC on 22 March 1989.

1.4 STUDY TEAM

The JICA study team consisted of eight experts. Names and professions of

the team members are as follows:

Masashi KOIKE Team Leader: _

Tetsuro KOBAYASHI Load forecast; Economic evaluation

Akio MASUKI Thermal'power'plant:planniné & deéign
Norlyukl KOHCRI . _ Power plant des1gn (thermal & hydro)
Kunio KURODA i -Power ~system planning ‘

Minaichi TAKEOKA- ' Hydro power generating plannlng

Kaname SOBUE‘ o .-Geologlcal evaluation

Shozo YUZAWA Hydro power generating planning (in Japan)
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CHAPTER 2 BACKGROUND OF THE PROJECT

21 ECONOMIC BACKGROUND

2.1.1 Geography

Guyana is situated in the north-east corner of South America facing the
North Atlantiec Ocean and has an area of about 215,000 sq km. It lies bet~
ween latitude 1 degree North and latitude 8 degree North, and it is bounded
on the West by Venezuela, on the East by Surinam and on the South by

Brazil.

Along the North Atlantic Ocean, there are long coastal plains, partially
covered by swamps Iinterspersed with creeks and rivers. West and South of
the coastal plains are successive belts of tropical rain forest with scat-
tered hills, gradually rising up towards the boundaries with Venezuela and

Brazil.

Four large rivers — Essequibo, Demerara, Berbice and Corentyne - flow from

South to North and empty into the North Atlantic Ocean.

The climate is of typical tropical rain forest, The annual precipitation
is about 2500 mm (1971-1983). The maximum shade temperature is about
30—31°C; ahd the minimum shade temperature is about 23-24°C (1974-1985).

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 hinterland is the
center of bauxite production. In the Essequiﬁd coast there are main

towns of Anna Regina and Wakenaam.
2.1.2 Main industries

The: national economy of Guyana is primarily dependent on the production of
bauxite, sugar and rice. Needless to say, the availability of foreign
exchange 1s indispensable to secure a steady growth of national economy.

A statistic of IMF in 1987 shoﬁstthat of the total export value in 1985,
48.27% was held by bauxite production, 32.2%7by;sugar production, 6.5% by

rice production and 13.1% by other miscellaneous products as shown below:



Export amount Share ° Estimated production

(USS$ million) (%) in 1986
Bauxite 421.6 48,2 _ 1.47 million toms
Sugar 282.0 32,2  245.44 million tons
Rice 5646 6.5 183.00 million tons
Other products 115.2 13.1 —
Total . . 875.4.° . .100,0

At the time of Gﬁyana's”independencé in 1956; fhe bauxite and sugar'sectdrs
were controlled'by foreign interests, with the indigenous-private sector
involved in local trading and distribution, agriculture and some small- :
scale manufacturing. In the early 1970s, the Government nationalized the
bauxite and sugér sectors, and also has progessiyely'become the main actor

in the other economic sectors.

Most of the agriculturéi activity is concentrated along the coastal plains;
and the mineral and timber resources remain largely unexploited in the hin-

terland because access is limited due to underdeveloped ilnfrastracture.
2.1.3 Economic performance

Economic performance during the first half of the 19708 indicated real
income growth at an average rate of about 4z per annum as a result of the
rapid growth in Government expenditures and favorable prices for Guyana 5

major export commodities.

During the period from 1975 to 1980, on the other hand, there was an econo-
mic decline as a result of the fall in sugar price, the weakening in the
demand of Guyana's main export products, and the reduced output in the two

major sectors of bauxite and sugar.

Faced with the continulng economle crisis, in lééo.the Government began to
formulate an economic program which aimed at recovering economic growth,
generating employment and strengthening the balance of payments through the
development and expansion of export-generating and efficient import substi-
tuting activities. However, in 1982 and 1983, real GDP contracted signifi-
cantly with output in 1983 being approximately 16.5% lower than the level
achieved in 1980. There were significant decreases in the bauxite and
sugar prbduction due to technical, labor and managerial problems,'réducing

drastically foreign exchange earnings.



The-econdmy experienced some recovery in output In 1984 and thereafter,
primarily as a result of improvements in bauxite production. It is esti-~
mated that GDP growth measured 2.1% in 1984, 0.9% in 1985 and 0.,3% in 1986,
representing a significant improvement over the economic decline registered

in the early 1980s.
GDP registered during the period from 1974 to 1986 1s as follows:

Year Current price Deflator 1980 prices

{(GS$ million) (G5 million)
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 (Estimated)
1986 2,219.0 ' - 1,301.0 (Estimated)

Source: International Financial Statistics 1987 {(IMF)

2.l1.4 Balance of payments

The balance of payments during the period from 1980 up to present showed
deficits every year with the exception of a moderate surplus of trade

balance in 1984 as shown below:



_ o (US$ milliomn)
1983 - 1984 1985

Exports _ ' . L 193.2 217.0. - 215.0
Imports . : : . . =248,3 - =214.3 -262,2
Trade balance ~55.1 +2.7 . =47.2
Services (Balance) ~100.5 .~ ~-108.3.  ~112.3
Transfer (Balance) : 1.0 6.2 6.5
Current a¢éqnnt balance = —154.6 ©=99.4 " =153.0
Capital (Balance) -1.7 ~7.8 ~47.6
Net errors and omissions . ~7.9 ~10.3 4746
Balance of payments ~164.2 : —11?.5 -178.2

Source: Recent Economic Development (IMF)

2.2 POWER MARKET
2.2.1 Historical background

On December 28, 1960 the Guyana Electricity Corporation (GEC) was
establishaed by the Gdﬁe:hment pufchasing the assets of tlie Demerara
Electric.cbmpany, Ltd. At that time, the total installed capacity was

15,1 MWW including Kingston AM powef station, Ruimveldt power station and
two diesel generators installed in the Coods Yard of the Transport and
Harbours Department. The distribution systenm consisped'of a‘éukv_primary
network covering Georgetown, the East Coast Demerara as-far.as Befter Hope,
and the east bank of Demerara as far as Diamond, to supply electricity:.-to: -
about 31,000 consumers. All of these power stations have beén retired fron

service.

During the period from 1962 to 1967, three steam turbine generators of each
10 MW were installed to constitute Kingston "B" power station. In 1978,
two gas turbines of each 10 MW were installed in the compound of Kingston

"B" power station, but they are out of service from several years ago.

In 1964, the Best area on the west bank of Demerara was electrified via a
submarine cable from Kingston power station. In 1967 and 1972, five diesel

generating units were installed at Versailles, but in 1985, they were



replaced by 3-units of cach 2.0 MW -obtained under a grant aid scheme from

the Government of Japan.

In 1976 and 1977, four 5.7 MW diesel power station at Carden of Eden

entered service.

~In the West Berbice'atea, the first supply of electricity was made by GEC
with the.instailation of three small-scale diesel generating units at
Onverwagt. Ihié"poﬁér stﬁtipn was strengthened by the installation of four
1.0 ﬁw diésél'génefators in 1973 and a 2.5 MW diesel generator in 1981. At
present, it is only the last 2.5 MW unit which is operated for commercial

service.

The first supply of electricity by GEC to the Corentyne area was made in
1972 with the construction of small-scale diesel power station at #53
Vlllage and another statlon at Rose Hall in 1973. TherNew Amsterdam
Electrlc Works was acquired by GEC in 1979 and currently GEC supplies RNew

AmqterdaT from two 5.8 MW Canefield power station.

For the isolated areas of Anna Regina, Wakenaam and Bartica, the first
supply of electricity was made with the installation of small-scale diesel

generating units in the following years:

Anna Regina in 1964
Wakenaam in 1981
Bartica in 1970

'2.2.2 Organization of Power Sector

GEC is govermmental corporation. Its statﬁtory &dty-is to develop and
maintain an efficient and aconomical system of electrlcity supply for all
parts of ‘the country, but its financial positlon is precarious. GEC is
also an operating sub31diary of the Guyana State qupotatlon (GUYSTAC), a
'g0vernment corporation which supervises and coﬁttoié the étate interest in

public. corporations.

The organization of the power sector is controlled by different agencies of
the vaernment,> The National Energy Authority (NEA) of the Ministry of
Energy .and -Natural Resources, is responsible for formation of a hational

enefgyipplicy.—'The-Ministpy of Finance has jurisdiction over regulatory -~



matters (service areas, franchises, tariffs, and inspection of electrical

facilities,)
The organization of GEC is as follows:
(1) Board of Directors

The supreme organ of GEC is the Board of Directors which is constituted of
members representing related ministries, governmentai corporations such as
GEC, GUYMINE, GUYSUco; etc., industrial trade—unions,_professional.experts,
etc. The Board decides operational and financial policles, power develop—

ment program, system expansion program and other important affairs.

(2) GEC Headquarter

The business affairs are managed by a General Manager, assisted by two
Deputy General Managers (Technical and Financial). The daily business
operations are carried out by the following 18 Departments or Units, each

headed by Manager:

— Turbine Generation Department

~ Diesel Generation Department

~ Transmission & Distribution Department
- System Control Department Technical
- Transport Department

- Electrical Services Department
~ Maintenance Department

- Project Management Department

- Personnel Department

- Training Department

- Strategic Planning Unit

- 0ffice of the IDB Coordinator

- Financial Departiment

- Commercial Department

- Contracts & Supplies Department Financial
~ Data Processing Department '

-~ Internal Audit Department

- Corporation Secretary
2.2.3 Present status of power system
The GEC power system comprises two interconnected systems and isolated
systems. The interconnected systems serve major cities and towns in

Demerara, West Berbice and Corentyne areas, while the isolated systems

serve three areas of Anna Regina, Wakenaam and Bartica.



(i). General situation

In Ghyané, the population increased from 600 thousand in 1970 to 800
thousand in 1984 at an average.rate of 2,08% per annum. This growth rate
and actual data on the distribution of people in 1984 lead to estimate the

numbefs of population and households in 1988 as follows:

Table 2.2;3 (1) Nuﬁﬁers of households and electricity consumers

1984 1988
Power system Popula~  House— Popula—  House— Electricity
tion . _holds _ tion holds consumers
Demerara _ 378,389 75,821 411,670 72,000 71,420
Berbice 229,157 43,808 = 249,300 47,700 23,239
Anna Regina/Wakenaam . 37,284 7,066 41,290 8,100 5,498
Bartica : 6,223 1,239 6,770 1,400 1,262
Total 651,053 127,934 709,030 129,000 101,359

Note: Numbers of population and households .... Within S miles of

primary lines.

Number of electricity consumers .ss...... Data provided by GEC

The total population in 1984 is estimated to be about 800 thousand.
Therefore, the above table shows that about 70% of the total population

inhabit urban areas where electricity is supplied by GEC.

Based on the above table, the rates of access to electricity at present are

estimated as follows:

Demerara system 99.2%
Berblce system 48.7%
Anna Regina/Wakenaam system 67.9%
Bartica system - 85.6%
Average 78.6%

Although supply of electricity has not been stable in the past several
years, 78.6% of the people living in the GEC power system have access to
electricity at present (For the country as a whole, this rate will be 78.6%
x 0.7 = 55.0%}.



The GEC power system consists of 8 power stations having a total installed
capacity of 72.6 MW, of which 42.6 MW (15 units) are of diesel power plants
and 30 MW (3 units) are of thermal power plant. There is no hydro power

station.

Except for Versailles power station, which was commissioned in 1985, all of
the GEC power piants entered service many years ago and are completely--' .
super—-annuated. Some of them remain:dismantled betéuse of trdubleé'éhd
lack of spare parts., There are also some units which were retired and

available spare parts were diverted to other generating units for repair.

Thus, total guaranteed capacity at present is only 40.2 MW against:total_
installed capécity 6£'72.6 MW. The aggregate maximum power demand in the
Demetrata and Berbice'éysﬁems in 1987 was 46.2 MW against their guaranteed
- capacity of 37.2 MW. From several yedrs -ago, the shortage of supply capa—
bility of GEC power system has been covered by scheduled load shedding and
import of power (4 to 8 MW} from GUYMINE power station at Linden.

As of August 1988, the generating capacity by power system is summarized as

follows:
o Number : Installed * Guaranteed’ Peék load
Power plant of units Capacity capacity in 1987
Demerara systeﬁ: o : ' ' ‘ '
Kingston . 3 - 30,0 - 25.5 -
Versailles 3 6.0/4.8 4.2 -
Garden of Eden 3 n 17.1 _'M' 3.0 ~
Subtotal 53.1/51.9 32.7 37.8
Berbice system:
Canefield 2 11.6° ° 4.5 - e -
Onverwagt 1 2.5 (1.8) T
Subtotal 3 14.1 4.5 8.4



Isolated systems:

.Anna‘Roginé

3 4,08 2.1. 1.91

Wakonaam 1 0.5 o 0.5 0.44

Bartica 2 0.78 = 0.4 0.38

Subtotal 6 5.36 3,0 2.73
Total GEC 18 72.6/71.4 40.2 48,9

(2) TInterconnected system
a) Demerara system

GEC hoﬁéxﬁhréé power sfations in'tﬁe Demerara system, i.e. Kingston steam
power statlon, Versailles diesel power station and Garden of Eden dlesel
power station. As of August 1988 their total guaranteed capacity is
3é.7 MW again&t_total installed capacity of 51.9 MW.

Thisg poﬁéf éystem‘is-&ividéd into 50 Mz service'aréa and 60 Hz service
aféa.. Kingston power station supplies power at 50 Hz. Garden of Eden
pOWer station supplies at 60 Hz, together with Linden oower statlon of
GUYMINE. Tulbine—generators of Versailles power station are of dual type
of 506/60 Hz.

Between 50 Hz service area and 60 Hz service area;_power is exchanged
through Sophia frequenty convertor station. Tﬁis station, equipped with

' thréewrotary convertors of each 10.0 MW, was commissioned in 1976.

_ o : Installed Guaranteed Commissioning
Power plant Frequency capacity capacity year
(Hz) (MW) (MW)
Kingston 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 3.0 x 1 1975
_Total ' o L 53.1/51.9 32.7

. Of the three generating units (No. 2, Fo. 3 and No. 4) of Garden of Eden
power station, two units are out of order due to various troubles, i.e.

No. 3 unit from 1986 and No. 2 unit from September 1987.



A 69 kV transmission line runs from Linden substation to Sophia frequency
convertor station through Garden of Eden power station for a stretch of

110.4 kms From Sophia convertor station to Onverwagt power station of the
Berbice system, a 13.8 kV line runs for a stretch of about 93 km. At pre-
sent, power of about 3 MW is supplied at 60 Hz by this line from Sophia to

Onverwvagt.

The West Demerara area where Versailles power station is located is con-
nected to the East Demerara area by two submarine cables laid on the bottom
of the Demerara river. One is 50 Hz cable which connects Versailles power
station to Kingston power station, the other is 60 Hz cable which starts
from GCarden of Eden power station and extends to Concervancy point, about.
10 km before Versailles power station. However, 50 Hz cable was damaged by
ship, and répair work has not'yet been-executeﬂ. Therefore, it is only
West Deﬁerara area which is supplied by Versailles power station at -

present.

in 1987, peak load in the Demerara area was 37.8 My against guaranteed
capacity of 32.7 MW. Thé shortage of supply capébility of GEC power plants
is very large. Although the shortage is partially covered by power
imported from Lindén powef station of GUYMINE, GEC is forced to enfbtce..

load shedding throughout the day.

There is an installed capacity of 27.5 MW kgenerating 20 MW at present) of
steam generating plant of the GUYMINE bauxite undertaking at Linden. This
undertaking is not a potentiai consumer of GEC and there ié-an agreement
between GEC and GUYMINE whereby GUYMINE will subpiy up to 4 MW of demand to
GEC. However, in order to cover large shortage of supply capability of GEC
power plants, power supplied by GUYMINE to GEC during peaking hours somefi-

mes reaches 8 to 9 MW in recent years.
b) Berbice system

In the Berbice system which comprises two diesel power stations of
Canefield and Onverwagt, power is supplied at 60 Hz. A 69 kV transmission
line runs from Onverwagt power station to No. 53 substation through
Canefield power station for a stretch of 97.6 km. As stated in Section a),
Onverwagt power station 1s connected to Sophia convertor station by. 13.8 kV

line of about 93 km long.
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The total number of generating units of this power system is only 3, of
which 2 units are Canefield power station and 1 unit is Onverwagt power
station. At Onverwagt power station, there are 4 other units of each

1.0 MW, but they were already retired from service.

Total installed capacity of this power system is 14.1 MW and total
guaranteed capacity is 10.8 MW. But, the guaranteed capacity as of August
1988 is only 4.5 MW of Canefield No. 3 unit. Other 2 units are out of

order at present because of troubles.

Installed Guaranteed Commissioning
Power plant Frequency capacity capacity year
- (Hz) (MW) (MW)
Onverwagt 60 2.5 » 1 (1.8} 1981
Canefield 60 5.8 x 2 4.5 x 1(2) 1978
Total 14,1 4.5

As described later, in the West Berbice and Corentyne areas there are three
{3) captive power plants of GUYMINE (3.15 MW Everton power station) and
GUYSUCO (3.4 MW Albion power station and 2.0 MW Blairmont Estate power
station). In case of emergency, power is supplied from GEC to GUYMINE, or
vice versa. However, between GEC and GUYSUCO power supply has never been
made. Power generated (50 Hz generation) by GUYSUCO is supplied only for

their own facilities.
{2) 1Isolated Systems

In the isolated power systems there are three power stations of Anna
Regina, Wakenaam and Bartica, of which Anna Regina is 50 Hz generation and

the other two power stations are 60 Hz generation.
a) Anna Regina power station

This power station is located at Anna Regina town, about 60 km west of

Georgetown. The generating capacity as of August 1988 is as follows.
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Installed . , _Guaranteéd

Unit capacity - capacity -
S (Mw) - (M)
No. 1 1,04 (1,400 HPY . - 0.55
No. 2 1.04 (1,400 HP) 0.55
No. 4 - 2.0 (2,920 HP) o 1.0
_Total - 4.08 . 2.1

Note: No. 3 unit (2.0 MW) was retired in 1§85.

At present, power generations are limited to 0.65 MW for No. 1 unit; 0.6 MW
for Fo. 2 unit and 1.0 MW for N. 4 unit due to leakages of lubricating oil
and cooling water, and temperature'fises of cooling water and engine

exhaust gas.
b} Wakenaam power station

Ihis_powef station is located in the pfemises_of rice milling plant of the
govérhmént at Wakenaam island, about 40 km west of Georgetowﬁ. In the
powerhouse there are two generating units which were retired in.1974}. The
remaining No. 3 unit of mobile type (out-door type) was commissioned in .
1980, aﬁd has supplied power.uP to present. - Between 1974 and 1980, power
supply had not been provided.

The No. 3 unit has an installed capacity of 0.5 MW, ?or stable supply of

alectricity, construction of an additional unit is needed.
¢) Bartica power station,

This power station is 10¢éted_in the center of Barticé town, about_SO‘km ,

upstream from the estuary of the Essequibo river.



-Aé of Auguét'1988, the generat

ing capacity is as follows:

: ) _ Inséulled_ - Guaranteed
Unit capacity capacity
(MW) (MW)
Noo 1.  0.392 (490 kVA) 0.2
No. 2 0,392 (490 kVA) ' 0.2
Total 0.784 0.4

Table 2.2.3.(2) gives installe
GEC power plants as of August
1987.

d capacities, guaraﬁteed capacities'of all

‘1988, and peak load of each power system in

‘Table 2.2.3;(3) givesrgfoss and net energy generations, fuel consumption

and thermal efficiencies of power plants in 1987.

(3) Captive power plants

There are undertékingsrwho have private generation plants to supply their

ownt needs, and these can be su

(a) Bauxite‘industrj'pla
_(b). Sugar industry plant
(c) Rice industry plants

| Authorlty)

(d) Other consumers with

Linden power plant of GUYMINE
(operéting capacity at present
sumer.of GEC and there is an a
GUYMINE supply up to 4.0 MW of
serious shortage of supply cap
sometimes reached 8 to 9 MW. "

taking at Everton in Corentyne

. emergency . use.

'Sugar estates of GUYSUCO, e.g;

connected to GEC system and th

with 50 Hz generation.

mmarized as follows:-

nts af Linden and Everton (GUYMINE)
s (GUYSUCO)
(Guyana Rice Milllng and Marketing

private generation

has an.insfalleﬁ capacity of 27.5 MW

is 20;0 MW)., This undertaking is not con-
gréement between GEC and GUYMINE whereby
demand ‘to GEC. However, in order to cover a
ability of GEC, power exported to GEC
GUYMINE also operate another bauxite under-

, but Everton is not normally connected to

GEC system. . Power supply'between the two in Corentyne is made only for

Albion estate and Blairmont estate, are not

ese sugar estates are almost se1f~suPporting
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Rice industry and other industries who have own power plants are consumers

of GEC and their power plants are for stand by use,

The general characteristics of GUYMINE powef'piéhﬁs are ag follows:

Installed Commissioning ' Qpefétion records in 1987

Unit capacity year - Generation - Fuel consu. Efficiency
(MW) (MWh) _ - (T.USG.) (%)
§peam:
No. 1 (7.5) 1960 - - -
No. 2 7.5 . 1960 - L= -
No. 3 12.5 1967 . . - - -
Total 20.0 : 121,018 13,399.2 . 21.1

Diesel (Stand—by)f

2.5 1982 - - -

No. 1

No. 2 2.5 1982 - - -

Total 5.0 8,381 - =
~ Peak load in 1987: 24 MW (Inciuding-expoft to'éﬂc)

- Maximum power demand of the GUYMIMNE facilities: 18 MW

Note:

Steam No. 1 unit was used for alumina pfodudtioﬂ, and since
1984 it has not been operatéd'due to Stoppagefof alumina produ-

ctione.

T, USG. (Thousand US gallon) +... 3.785 liters

b) Everton power station

Everton power station has an installed capacity of 3.15 MW agaiust maximum

power demand of about 1.8 MW feor GUYMINE facilities, Thérefore, of the

three units in total, one (1) unit is for stand-by use.
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Iﬁscalléd - Commissioning - Operation records in’ 1987

Unit capacity = year . ~Generation Fuel consu. Efficlency
R §77) T (MWh) (T.USC.) )
No. 1 - 1.05 1968 471.4 22,618 -
No. 2 1,05 1968 55445 155,042 -
Noo 3 1.05 1968 2,911.6 1,009,843 -
Total - 3.15 - 4,207.5 1,187,566 34.7
- Lube oil consumption: - 1,840 gallons

- Lube oil specific consumption: 1.6 g/kWh
2.2.4 Evolution of power demand and supply
(1) * Energy consumption

The national economy of Guyana depends mainly on the production of bauxite,

sugar and .rice.

The ecdhdmy had steédilf developed during the pefiod from 1970 to éround
1977 butréince then up to present it has graduaily aggravated due mainly to
decline-bf interﬁational prices of major export products'of this country.
Gross domestic products (GDP) in reél term_has-father decreased year by
jear since 1981 as shownniﬁ Table 5.1 of Chapter 5 Howevér, it seems that

the economy is now turning upwards to revitalization and recovery.

The demand'for'elettricity may have been affected by this economic stagna—
tion._ Energy consumpt1on had grown at an average rate of about 6/ per
annum during the period from 1974 to 1977 but since then the growth trend
has become 1rregular. Table 2.2.4.(1) shows that energy consumption in
1987 (178.8 GWh) is smaller than ‘that in 1977 (184.7 GWh). However, atten-
tion should be paid to the fact that the decrease of'energy consumption in
regeﬁt years was caused mainly by shortage of supply capability of GEC

power systemQ In fact, GEC are cgrrently_shedding load throughout the day.

'EieétriQity,cppspmersrarg classified into 5 categories by tariff class.
i.e._resi&ential (Tariff A), commercial (Tariff B), industrial (Tariffs C
and D), and street lighting (Tariff E).

.Eﬁérgy cbhsumption in the Demerara and Berbice systems for 1987 are shown

Beldw.“ Shares’ of congumption by category in the Demerara system were 47.3%
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for residential, 19.6% for commercial, 31.1% for industrial and 2.0% for
street lighting, while in the Berbice system these were 63.6% for residen-
tial, 20.2% for commercial, 15.6% for industrial and 0.6% for street

lighting.
Energy consump-  Share Mumber of Energy per
Category tion (MWh) {2) CONSUMErs consumer (MWh)
Demerara sjstem:

" Residential 73,281 47.3 64,860 1.13
Commercial 30,379 19.6 6,396 4.75
Industrial 48,251 31.1 137 - 352.40
Street lighting 3,008 2.0 27 11t.41

Total 154,919 - 100.0 71,420 2.17
Berbice system:
Residential 11,233 63.6 21,915 0.51
Commercial 3,509 20.0 1,314' 2.72
Industrial 2,753 15,6 5 550.60
Street lighting 106 0.6 5 21.20

Total 17,661 100.0 23,239 0.76

(2) Energy generation énd system loss

Energy generation of GEC power system was 195.5 GWh in 1974 and 215.0 GWh
in 1987. The largest ammual energy generétion ever aéhieved is 256.2 GWh
in 1981. During the last three years from 1985 to 1987, energy generation
decreased every year due to shortage of supplj capébility qf GEC power

system caused by:

Retirement of two gas turbines of Kingston power station and of No.

5 unit of Garden of Eden power station;

Qut of order of two units of Garden of Eden power station, i.e.

1

No. 3 unit from 1986 and No. 2 unit from September 1987;
- Out of order of No. 3 unit of Canefield power station from 1987;

Retirement of No, 4 unit of Onverwagt power station in April 1987. .
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8ince 1977, the shortage of supply capability of GEC power system in the
Demerara area has been covered by GUYMINE power plant at Linden, and espe~.
¢ially from 1983 energy imported from Linden has rapidly increased. The
share of imported energy in the total energy supplied in the Demerara
system reached 10.4% in 1983, 6.2% in 1984, 7.1% in 1985, 8.0% in 1986 and
10.6% in 1987.

In the Berbice system, export and import of electricity between GEC and

GUYMINE has been almost negiigible.

The system loss factor including station service loss, transmission and
distribution losses is very large. The average loss factor during the

period from 1974 to 1987 is as follows:

Power sxstem System loss (%)
Demarara 27.3
Berbice 37.2
Anna Regina/Wakenaam 22.4
- Bartica 25.8
Average 27.5

This loss factor of 27.5% is extremely large, as compared with those of
other developing countries., Even if distribution loss is large because of
voltage drop due to unbalance between power demand and supply, such a large

loss factor cannot be explained by other reasons than theft and/or

accounting difficulties.
‘(3) Peak load and load factor

The climate is tropical divided into dry season and rainy season, but there

is no large seasonal variation of ambient temperature. Therefore, monthly

peak load does not vary greatly.

In each power system, daily peak load occurs at around 20:00 hours. In the
Demerara system the 2nd peak appears at around 14:00 hours, and in the

other systems the 2nd peak appears at around 6:00 hours in the morning.

In the Demerara system, annual peak load grew from 33.0 MW in 1974 to
37.8 MW in 1987 (largest so far). This brought the aggregate maximum power
demand of the whole power system from 36.7 MW in 1974 to 48.8 MW in 1987.
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There has been no large variation in load factof'from 1974 to 1987, The

average load factor of each power.system for this period 1s as follows:

Power system Loéd.féctor (Z)
Demerara 65.9
 Berblce _ 40
Anna Regina/Wakenaam 45.9
Bartica _ 47,1
Avefage . _61.4

{4) Shares of energy supplied by systenm

The shares of energy sﬁpplie& by power system in 1980 and 1986 were as

follows:
1980 1986 © Average
Power system (GWh) (%) (GWh) = (%) : (%)

Demerara 212.6. . 86.8  204.4  84.3 .. B85.5
Berbice 23.00 9.4 29.6 12,2 10.8
Anna Regina/Wakenaan © 7.9 '3.2' 6.9 2.8 3.0
Bartica 1.4 0.6 1.6 0.7 0.7

Total . 244,9 100.0 242.5° 100.0 _ 100.0

Note: Energy supplied in the Berbice system'in 1987 decreased abnor-
mally over the previous year due to“forcedioutage of 3
generating units, so that operation record for 1986 was used

for the study.

Energy sold, energy generated, import from GUYMINE, peak load,'system loss
factor and load factor of each power system during the period from 1974 to

- 1987 are shown in Tables 2.2.4. (1) to 2.2, 4 (5)
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2.2.5 Electiiéity tariff

The electricity tariff of GEC is classified into five caregories of Tariff
A (Domestic lighting}, Tariff B (Commerc1al), Tariff ¢ (Small industrial),
: Tariff D (Large industrlal) and Tariff E (Street lighting) The tariff

rates as of November 1988 are. as followa.

Tariff A (Domestic lighting)
'~ For monthly consumption of less than 50 kWh:

. Fixed charge ' ' G$ 2.30/month
" Energy.charge : "~ 6% 0,45/kWh

= For monthly consumption of more than 51 kWh:

. Fixed charge ' ' G$ 2.50/month

R Energy charge (flrst 50 kWh). _ G$ 0.45/kWh.
. Energy charge (above 50 kWh) . G§ 1,00/xuh
Tariff B~

- Abplicable to contracted pdwer of less than 1000 V:

- Fixed charge . G$ 4.14/month
. Energy charge G$ 1.96/kHw
Tariff

- Applicable to contracted power of less than 1000 V (High voltage):

« Fixed charge (for maximum demand) G$32.30/kVA/month

. Minimum fixed charge . G$1615.00/month
. Energy charge (first 200 kWh/KVA) 6$ 1.73/kWh
. Energy charge (above 200 kWh/KVA) GS$ 1.49/kWh



Tariff D

< Applicable to contracted power of more than IOOO'V‘{High voltage):

. Figéd_charge,(forrmaximum'démahd)-” o G$30.22]§VA/moﬁth

. Minimum fixed charge - G$3022.00/month
', Energy éharge_(firét'ZOO.kWh/KVA) .G$“1:82kah‘f

. Energy charge (above 200 kWh/RﬁA)'T G$ 1.51/kWh

Tariff E (Street lighting)

. Fixed charge - ' _ G$ 4.14/ﬁdnth‘
. Energy charge _ G$ 0.90/kWh

The share of energy consumption by category of usage in Demerara and

Berbice systems in 1987 was as follows:

Demerara system Berbice syéfem
Monthly con— . Monthly con-~
Share  sumption per Bhare ~sumption per
Category (%) consumer (MWh) (%)  consumer (MWh)

A. Domestic 47.3 - 1,13 63.6 0.5%
B. Commercial 19.6 - 4,75 . 20.2 ' 2.72
C,D Industrial _ 31.1 352.20 S 15.6 550.60 -

E. Street lighting 2.0 111.41 0.6 21.20

Total o ©100.0 2.17 - 100.0 - 0,76

The average rate per unit sold during the period from 1974 to 1986;for the

entire power system was as follows:

Year . Average rate {G$/kwh)
1974 . 0413
1975 0.19
1976 0.21
1977 0.24
1978 0.27
1979 0.27
1980 0.37
1981 0.58

1982 0.59
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Cles4 . 0.75
1985 0.84
1986 . 0.84
1987 -

As compéred with-the average tariff rate of 0.84 G$/kWh in 1986, the fuel
cost per klWh of-Kingston and -Garden of Eden power plants at present are

calculated as follows:
- Thermal efficiency of power plant:

. Kingston _ 20.5% (4,195 kcal/kWh)
+ Garden of Eden : _ - 26.2% (3,282 kcal/kWh)

~ Prince of fuel: "

. Bunkder C (Kingston) US$13.01/barrel
~» Diesel oil {GOE) US$21.16/barrel

- Fuel cost per kWh:

« Kingston _ U8$0.03537 (G50.3537)
. Garden of Eden - US$0.04977 (G$0.4977)

Note: (¥*) The following‘currency'exchange_rate was used:

Official rate US$1.0 = G510,0

The electricity tariff must be determined on the cost basis which allows to
cover not only fuel cost but also capital cost (amortization and interest),

operation and maintenance cost, and general expenses.

.Seen from the fuel costs at present, the current price level of electricity
(0.84 G$/kWh) is judged to be relatively low. To establish a sound finan-
cial pdsitiOn of GEC, it would be necessary to amend the tariff rates as

"soon as possible.
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Table 2,2.3.(2) GENERAL CHARACTERISTICS OF EXISTING POVER PLANTS -

_ - Installed Guaranteed Peak load Conmissi-
Power plant  Type & Unit capacity  capacity in 1987  oning year

(M) MWy (H¥)
Demerara systen S :
Kingston B (50 Hz)I e _ .
ST No.l 10:90 8.5 . 1963
ST No.2 10.0 8.5 1964
8T Noud 0 1000 8.5 - 1967
o Subtotal 30,00 25.5 28.2 S
Versailles (60/50 Hz): S ' o -
BSL Ne.l 2.0/1.8 1.4 1685
DSL No.2 2.0/1.6 1.4 1985
DSL No.3 2.0/1.6 - 1.4 g 1985
_ Subtotal 6.0/74.8 4.2 4.3
Garden of Eden (60 Hz):
DSL No.2 5.7 (3.0) : 1875
- BSL-No.4 5.7 ' 3.0 . - 1875
DSL No.3 5.7 (3.0) 1976
Subtotal 17.1 3.0 S
Systen total 53.1/51.8 32.7 37.8
Berbice systen
nvervagt (60 Hz): o ' , S :
: . DSL No.5 2.5 (1.8) 1.8 1981
Cancfield (60 Hz): :
DSL- No.3 5.8 4.5 1978
GBSl No.d4 5.8 (4.5} 1878
Subtotal 1186 4.5
Systen total . _ 14.1 1.5 8.4
Isolated systens
Anna Regina (50 Hz): ' o
DSL No.l 1.04 0.55 . o 1872
DSL No.2 1.04 0.55 - 1972
DSL No.4 2.0 _ 1.0 _ 1986
Subtotal - 4.08 7.1 ©o- 1,91
Yakenaan (60 Hz): - o : - ,
DSL Reo.3 0.5 0.5 0.44 1988
Bartica (60 Kz): : '
DSL Neo.l . 0.38 0.20 1978
“PSL No.2 - 0.39 0,20 we 1978
Subtotal 0.78 6.4 0.38 . _

GEC Whole Power System 72.6/71.4_ - 40.2 48.9
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Table 2.2.3.(3)  TUERMAL EFFIGTENCY OF EXISTING POWER PLANTS

Calerific value:
< Bunker C
"~ Diesel oil
Specific gravity:
- Bunker €
- Diesel oil

o Gross. Net Fuel Thermal
Power plant  Unit  generation generation consumption  efficiency
- - 7 (H¥h) - (HWh) (T.1.G.) (%)
Kingston . No.l.  59,668.3 - - | :
o Noe.2 = §7,120.0 - - -
No.3  26,316.9 . - -
" Subtotal ' 143,105.2 134,918.6  12,831.0 20.5
Garden of °©  No.2  3,205.5 - - : :
“Eden No. 4 19,474.0 - - -
No.bH . Co- - - -
‘Subtotal = 23,679.5 ~ 23,163.1 1,905.0 26.2
o Versailies' ANo.I. ?;d25.3 - - -
' 0 TNe.2- 8,212.8 - - -
- Neu3 - 6,212.1 - T -
. Subbotal . 19,450.2  18,595.9 .. 1,189.0 33.7
Whele Demerara . 186,231.9 _ 176,658.6__ 15,828.0 92.03
Onvefwagt No.3 - 386.7 - - -
No.5 8,315.0 - - -
Subtotal 8,711.2 8,650.4 611.0 30.5
Canefield ~  No.3~  9,336.7 : ; -
No. 4 164.1 - - -
Subtotal 9,800.8 9,644.14 617.0 33.7
Whole Berbice 18,512.0 _ 18,294.8 1,228.0 32.1
‘Demerara-Berbice —__-204,746.9_ 194,953.4  17,156.0 _ . 22.3
Note: T.I1.G.(Thousand Imperial Gallon) ... = 4.548 liters

... 18,280 BTU/Ib (10,161 kcal/ke)
... 19,500 BTU/1b (10,834 kcal/kg)

. 0.955
. 0.81
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Table - 2.2.4.(1) EVOLUTION. OF POWER DEMAND & SUPPLY

GEC Whole Power System

Year Energy E.gene~ From - - Total 'Peék System Load Number of

(AD)  sold rated = GUYMINE supply .load - loss - factor consumers
' {GWh) - (G¥h} (GWh) (GWh) . (MW (%) (%)

1974 165.1. 195.5 - 0.0 195,56 36.7. 20,6  60.8 73514
1975 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 5.2 249.4 - 43.3 25.9 . 65.8 82478
1978 157.4 223.4 5.1 228.6 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 4409 22.3 62.3 80900
1981  180.5 256.2 - -4.3° - 2561.9  47.%  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 34.6 61.4 86916
1985 169.5 2356.8 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
1587 178.9 216.0° . 22.4 . 237.4  48.8 24.6 55.6 101359
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Table 2.2.4.(2) EVOLUTION OF POWER DEMAND & SUPPLY

Demerara System

Year. Energy  E.gene- From  Total  Peak Syslem Load  Number of

(AD). sold rated  ~ GUYMINE . supply  load . loss factor consumers
(G¥h) (G¥Wh) (GWh)  (G¥h) M¥) o (%)
1974 147 - - 184 0.0 184.0 .33.0 . 20.1 63.7 G1360
1975 155 192 0.0 192.0 33.9° 19.3 64.7 63707
1976 163 208 0.0 208.0  34.8  21.6 68.2 65476
1977 170 222 5.2 227.2 - 37.6 - 25.2 69.0 66436
1978 141 200 5.1 . 20601 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 h4321
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 205b.4 34.8 25.0 67.4 54841
. 1984 136 - 193 12,8 205.8 ° 34.2 33.9 68.7 58572
- 1985 145 197 15.1 212.1 1 37.4 31.6 64.7 56827
1986 138 188 16.4 204.4 36.9 ~ 32.5 63.2 570562
1987 156 - 187 22.3 209.3 37.8 256.9 63.2 71420

Table 2.2.4.(3) EVOLUTION OF POWER DEMAND & SUPPLY

Berbice Systiem

Year - [nérgy E.gene- From - Total = Peak = System Load Number of
(AD) sold rated GUYMINE - supply load loss factor consumers
: (GWh) (GWh) - (GWh)  (GWR) (MW) (%) ()

1974 4,5 6.4 0.0 G.4 2.3 29.7 31.8 . 8438
1975 5.9 ©10.6 0.0 16.6 3.2 '44.3 - 37.8 12336
1976 7.4 i2.2 - 0.0 12.2 3.4 9.3 41,0 10892
1977 8.7 14.6 0.0 4.6 3.7 40.4 45.0 10946
1978 8.9’ 14.7 0.0 14.7 3.9 39.5 43.0 11126
1979 12.3 21.6 -2.7 18.9 7.0 34.9 30.8 13857
- . 1980 17.6 26.1 -3.1 23.0 6.4 23.5 41,0 20024
1981 . 20.6 3.1 --4,3 29.8 9.2 30.9 37.0 22336
1982 18.3 33.9 - 2.5 36.4 8.5 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  18:9 132.2 0.2 . 32.4 9.1 41.7 40.6 21498
~1986° - 17.3 29.5 0.1 29.6 8.3 41.6 40.7 22006
7 18.5 0.1 18.6 - 8.4 4.8 25.3 23239

1987 17.
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Table 2.2.4.(4) EVOLUTION OF POWER DEMAND & SUPPLY

Anna Regina & Wakenaam System

Year  Energy E.gene- From . Total =~ Peak ~“System Load Number of
{(ADY sold rated ~ GUYMINE ' ‘supply @ ‘load loss factor consumers
(GWh) (GKh) (GWh)  (GWh) M) - e G '

1974 3.0 4.2 0.0 4.2 1.2 28.6 40.0 2791
1975 3.7 5.1 0.0 5.1 1.3 27.5 44,8 3081
1976 4.9 5.6 0.0 ~ b.§ 1.4 12.5 45,7 3458

- 1erT 5,1 6.3 G.0 6.3 1.6 19.0 44.9 . 3876
1978 6.6 7.4 0.0 7.4 . 1.8 10.8 46.9 4339
1979 6.4 7.9 " 0.0 7.9 - 1.8 19.0 50.1 4486
1580 "~ 5.6 7.9 0.0 7.9 1.9 29.1 47.5 5134
1981 5.9 7.5 0.0 7.5 1.8 21.3 47.6 4798
1982 6.7 8.0 6.0 8.0 1.9 16.3 48.1 - 4745
1983 ‘-5.1 8.2 0.0 8.2 2.6 37.8 36.0 4975
1984 . 7.0 7.8 0.0 7.8 2.3 10.3 38.7 328
1985 4.5 5.1 0.0 5.1 1.6 - 11.8 36.4 5281
1986 4.5 6.9 - 0.0 6.9 2.1 34.8 37.5 - B307
1987 5.1 7.8 0.0 7.8 2.2 34.6 40.5 © 5498

Table 2.2.4.(5) EVOLUTION OF POWER DEMAND & SUPPLY

Bartica System

Year Energy E.gene- From Total Peak System Loéd: Number of

(AD)  =sold rated GUYMINE = supply ~ load -loss factor consumers
(G¥h) (G¥h) -~ (G¥h) (G¥h) - (MW) (%) (%)
1974 0.6 0.9 0.0 0.9 0.2 28.4 47.8 925
1975 0.7 0.9 0.0 0.9 0.2 24.7 46.2 - 964
1976 0.9 1. 0.0 1.1 0.3 18.6 43.0 1188
1877 0.9 1.3 0.0 1.3 0.4 - 26.2 “41.1 S 1270
1978 0.9 1.3 0.0 1.3 0.4 27.7. 4247 1548
1979 1.1 1.3 0.0 1.3 0.4  16.5 40.3 1421
1980 1.0 1.4 ¢G.0 1.4 - 0.4 26.1 43.8 1421
1981 1.0 1.6 0.0 1.6 - 0.4 - 40.5 47,7 - 1421
1982 1.2 1.6 0.0 1.6 0.4 .-.24.8 - 48.4 1338
1983 1.4 1.6 0.0 - 1.6 - 0.4 12.4 - 52.5 1252
1984 1.2 1.5 0.0 1.5 0.4 23.5 . 49.9 1154
1985 1.1 1.5 0.0 1.5 0.3 30.9 .  62.0 1164
1986 1.1 1.6 0.0 . 1.6 0.4 28.3 47.8 ~ 1181
1987 1.1 1.7 0.0 1.7 0.4 5 8 1202

- 32, 50.
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CHAPTER 3 CURRENT STATUS OF POWER FACILITIES

3.1 POWER GENERATION FACILITIES
3,1.1 Outline of facilities

The power generation facilities of Guyana Electricity Corporation (GEC)
consist solely of thermal power plants, and there is wo hydroelectric power

plant.

There are.8 thermal power plants in the country of Guyana, with the total
installed capacity of 72.6 MW. They consist of 15 diesel gemeration units,
with a total generating capacity of 42,6 MW (59%), and 3 steam generation
units with a total capacity of 30 MW (41%).

All power generation facilities, with the exception of Versailles Power
Station, which has 3 diesel generation units constructed by grant coopera-
tion of the Japanese Government, are extremely aged. These facilities have
not been properly maintained due to the difficulty of procuring spare
parts, and therefore they are either operated at reduced output or they can
not be operated, Furthermore, parts of some units have been removed when
units had faults, to have the parts appropriated to other units which need

spare parts, and such units are left disassembled in power station.

GConsequently, the guaranteed total output of these facilities is as low as
55% of the installed capacity, or 40.3 MW, at present. The deficit of
supply capacity caused by such situation is supplemented by purchaéed power
(amounting to approximately 4 to 6 MW) from Guyana Mining Enterprise
(GUYMINE), a governmental corporation, and periodical load restrictions

(scheduled load shedding) in certain regions.,

The status and conditions of thermal power plants in Guyana, as of July to
August of 1988 when the Study Mission visited each power plant, are pre-

sented in Table 3.1.1-1.
.3.1.2 Kingston "B" power station

Kingston "B" Power station is located on the eastern bank of Demerara
River, near Georgetown, the Capital City of Guyana. This is the key power
suppiy source in Demerara Power System, and it is the only steam power

plant possessed by GEC.



Table 3.1. 1 —1 BExisting Thermal Power Stations

(as of Avgust, 1988 )

\ Unit | Frequency Installed [ Guaranteed Commission-
N , : . "
anc of P.§ | Tvpe Name of Nanufacturer N0 | (Hz) - Capacity(MW)Capacity(M¥) ing year
Boiler: International ! 50 10 8.5 1963
Combustion LTD. UK '
Kingston Steam | Turbine: Associated 2 50 10 8.5 1964
“B" Elecnﬁcal
Industries, UK | 3 50 19 8.5 1967
Generator: Ditto
Engine : Nigata 1| 60/50 | 2.0/1.6 L4 1985
Engineering CO.,LTD '
VYersailles | Diesel Japan 2 60/50 “2.0/1.6 1. 4 1985
Generator; Nishishiba
Blectric €O.,LTD, 3 $0/50 2.0/1.8 1.4 1985
Japan '
Bngine: Crossiy 2 50. 5.7 2(3.0) 1975
Pielstick, UK '
Garden of Diesel | Generator: GEC, UK 4 60 5.7 3.0 1975
Eden _ ‘ o
5 60 5.7 32%(3.0) 1976
Bngine: Mirrlees 3 60 5. 8 4.5 1978
Canefield Diesel Blackstone, UK : ' :
Generator: Brush 4 60 5.8 $2(4.5) 1978
Blectric, UK
Onverwagt Diesel | Engine: GM, USA : : _
Generator: GM, USA 5 60 2.5 (1. 8) 1981
Bngine: Ruston, UK l 50 I. 04 Q.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: GM, USA
Generator: GM, USA 3 60 0.5 0. 50 1980
Engine: Mirrlees 1 60 - 0,39 0.34 1978
Bartica Diesel " Blackstone, UK o
Generator: Brush 2 60 0.39 - | 3%(0.20) 1978
Electri¢,¢UK '
Total — e 18 | — 726774 40.3 —
Note: 3%( } shows generating units which are out of order at presént due to troubles.
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Kingston "B" Power, Station has 3 steam power gemeration units, which have
been compléted one by oue from 1963 to 1967. Specifications of these units

are’as-presented below.
(1} Major equipment specifications

Boiler: Manufactured by International Combustion Co. of U.K.
Type{ Natural circulation type,.
Superheater outlet pressure: 625 psi {43.9 kg/cm2)
Boiler outlet temperaturé: 860°F {460°C)
Flow rate: 110,000 lbs/hr (49.1 t/hr)
CV of fuel required: 18,350 BTU/1b (10,194 kcal/kg)

‘Turbine: Manufactured by Associated Electrical Industries Co. of U.K,

Type: Condensating turbine.

Steam pressure: 600 psi (42,2 kg/cm2)
Steam temperature: 850°F (454°C)
Rotation speed: 3000 RPM

Generator: Manufactured by Associated Electric Industries Co. of U.K,

Type: Horizontal shaft, rotating field, 3 phase AC synchronous
generator :

Capacity: 12,500 kVA (output; 10,000 kW)
Frequency: 50 Hz
Voltage: il kV

(2) Results of on—site survey

The Study Mission visited Kingston "B" Power Station in mid-July and
mid-August of 1988, to survey the status of the plant. The followings are
the fihdings of the 8Study Mission concerning the status of power generation

facilities,

Garden of Eden power plaﬁt is the second largest power supply source in
Demerara Power System, A5 all units of Gardén of Eden Power Plant are uno-
perable, all three units of Kingéton "R Power Plants were operated at
their guaranteed output of 8,500'kw. When the Mission visited the plant,
No. 2 Unit had improper combustion, with black smoke emitting from the
stack, and No., 3 Unit wae operated.but its boiler feedwater was leaking,

There were 2 units of mobile gas turbine generating facility (with rated



capacity of 10 MW x 2, manufactured by GEC“Rdlls'Rque Co.. of U.K. in
1971), These two units were commissioned in:1978'and.1979 respectively,
and they were shut down in 1980 énd 1983 due to failurekof.instruﬁéﬁtétion
and detection systems. These units are not in operation and it looks

impossible to rehabilitate them.

Kingston "B" Power Station is loéated at the center of Georgetown, as
described before, and it is situatéd at an ideal location for power supply.
As this power plant is a predious'asset of the power'system iﬁ'the sense
that all units are operable, this level of performance must be maintained
by all wmeans for the sake of GEC which is suffering from power supply shor-

tage.
(3) Current status of plant operation and maintenance -

The operation and maintenance of Kingston "B" Power Plant is performed by a

team of 140 personnels, which consists of & eﬂgineefé and 136 crew members.

The operation and maintevance of the power plant is conducted according to

the specifications.and manuvals supplied by the manufacturers..

The maintenance systém ofrtﬁié_pdﬁer plant consists of routine daily..
patrols plus periodical inépection/maintenance;‘the jatter including anunual
inspection of boilers and turﬁine/generatof inspections which are conducted
in every 5 years. With this practice, we can assume that somewhat proper
operation and maintemance duties are being performed. However, as the
Study Mission questiomed the station manager, he told that sufficient_
repair works can not be performed as it is difficﬁlt'to procure the

necessary parts and spare parts.

There are repair shops and ﬁarehoﬁses'in the power plant'ﬁremises, but
these are old facilities tHat.surViVéd from the agé of Kingston “AM Power
Station. The shops and warehouses are narrow. In particﬁlar, the méchine
tools in the repair shops.are poor, and some attention"negd to be pliaced on

the current status of the shops, including the cbnditipns of the building.



3.1.3 Versailles power station

Ve;sailles Power Station is located to the opposite side of Georgetown on
_Demeréra.River, or on the western bank of the river,  This power plant used
to supply.the~Demerara Ppwer_System, but currently, it has been isolated
from the main power system when the submarine cable crossing Demerara Rivet
failed " (1n 1987, with o deflnlte ‘repair plan), and today it supplies only

‘the western Demerara area.

Versa111es Power Station, has been completed in 1972, and then rehabilitated
in 1985 by a grant cooperat1on program of the Japanese Government (to
supply 3 unlts of 2 MW/1. 6 MW diesel generators) Today, only these three
diesel’ un1ts are operable. Three of the four old diesel generators “had
been replaced by Japanese unlts,'and ‘the rema1n1ng No. & Unit (2,000 kW
output -manufactured by Ruston-AEI of U.K. in 1972) is left unattended
with the dlesel englne left installed on the foundation, which present con-

“ditiom is ‘such that repalr is no longer possible.

Although the power system of this area is currently operated at 50 Hz, the
equipments are designed by dual rating specification according to a plan to

unify the power sjstem freﬁuenCy to 60 Hz in future,
(l)":Major_equipment specifications

Diesel Engine: Manufactured by Nigata Engineering Co., Ltd. of Japan

Type! hfcycle,_ceﬁpression ignition, water~cooled, turbo-charged type
with charge air cooler,

Outpt: 2860/2295 PS (60/50 Hz)
Rotation speed 900/750 RPM

Generator: Maﬁufabtured_by Nishishiba Blectric Co., Ltd. of Japan.
'Type}{ 3—phsse,'synchfonous'generator. |
. Capacity: 2,500/2,000 kVA (output; 2,000/1,600 kW)
Frequency: 6b/50 Hz
:Voitageir 13;8/11 KV



(2) Results of on-site éurvey

The Study Mission visited Versailles. Power’ Statlon 1n wid-July, 1988 to
survey the status of the plant. The followxngs are the findings of the

Study Missiqn concerning the status of power’ generat;on facilities.-

The péwer plant is tddaY'operated at 50 Hz. The tiﬁe the Study Mission
visited the plant was an off-peak hour, and No. ! Unit was standing— by, and . -
No. 2 Unit and No. 3 Unlt were operating smoothly at 800 kW each (50% of

the installed capacity).

As stated before, this powér'power plant'is responsible to sﬁpplies-the
peak load of the western Demerara area which is 3.2 MW, due to fallure of -
the submarine cable CrOSSlng Demerara Rlver, but this demand is below the
capac1ty of the plant, The_status of plant equipment is good, and. there is
no need to conduct ‘an extensive repair program of rehabilitation plan,
'although it is reqﬁired,to procure spare parts for periodical- inspections,
However, substantial items of spare paft will fall short in 1989, as the

24,000 hour overhaul must be conducted in this year.
(3) Current status of plaﬁt operation and maintenance ..

The operation and maintenance duties of this power plant is béing conducted
by a team of 37 personnels, which cousists of 1 engineer and 36 crew meﬁm
bers., The premises and outside areas of the ﬁbwef plant are kept ‘clean,
and operation and maintenance of the power plant are properly performed
according to specifications and manuals supplled by the manufacturers. One
problem is that all unite have been operated for about 17 000 hours, and
reaching the time for preparation of overhauling inspection’ and repalr. _
According to the statement of the station. manager, some.spare,parté are not
currently available., Although orders have been_pléced on:these parts, they |

have not been procured due to_disagreement on payment: conditions.

There is no repair shop or warehouse in the power plant and only routlne
consumables are sLored in the power plant. The spare parts and other items

required for overhauling are stored in the Garden of HEden Power Plant.



3.1.4 Garden of Eden Power-Station

The Garden of Eden Power Station is situated_ee the eastern bank of
Demerara River, approximately 22 km to the south of central Georgetown, It
is a dieeel pewer.plant which is the second largest, next to Kingston "B"
'power‘statign, among phe pover plaﬁts belonging to Demerara Power System
and owﬁed by_GEC. The units of Garden of Eden Power Station have been
completed from 1975 to 1976, and they are important power supply source in
Demerara Power System ‘as power is supplied to the nearby international air-
port, There are 4 diesel generators, and their specifications are as pre-

sented below.
(1) - Major equipment specifieations

Dlesel Englne Manufactured by Crossly PlelSthk Co. of U K.
Type. Ancycle, compre351on 1gn1t10n, water“cooled turbo~charged type.
" output: 7,920 HP (8,030 PS)
Rotation speed:.-Sid.RPM

Gene;ator: Manufactured by GEC Co. of U. K;
Type: 3—phase, synchronous generator.
Capac1ty ' 7 170 kVA (output, 5, ?36 kW)

' Frequency :60 Hz ' '
 Voltage: 13.8 kv’

(2) Results of on-site survey

The Study Mission v151ted Garden of Eden Power Stat1on in mid-July and
m1d ~August of 1988 to survey the status of the plant. “The follow1ngs are
the flndlngs of the Study Mission concernlng the status of power generation

facilities,

,The stator w1nd1ng of No. 2 Unlt {No. l ‘Unit has not been named) had
falled, and 1t3 rotor was transferred to No. "4 Unit. Then the crank shaft
of No. 4 Unlt d1ese1 eng1ne was damaged, and this unit was disabled in
September, 1987. Preparatlon for repalr and overhaul of No. 4 Unlt has
been started at th1s tlme, and an inquiry has been placed on the manufac—
turer. through GIBBS & HILL/DRAVO SERVICES INC for the spare parts
‘required for overhaul and overhaul work will be 1mplemented as soon as

spare pq;ts_arerprocured.



No. 3 Unit has also been disabled by the end of 1985 due to damage on crank
shaft, This unit is today left at the site with usable parts deprived of,

A rehabilitation plan, to be financed by IDB loan, is being planned for
revival of Wo. 2 and No., 4 Units. It is necessary, however, to assess the
current conditions of these units to evaluate the feasibility of rehabili-

tation.

The stator coil of No. 4 Unit has also failed, and this unit is being
operated with the generator which has been transferfed from No. 5 Unit,
However, oil and water leak from many parts of this unit; and its condition
is serious from the point of view of safety as well as operational effi-
ciency. The performance of this unit was only 2,600 kW (only 46% of the
installed capacity) in terms of average output for a period from January to
June of 1988, The fuel conSumpfion.is high,_being 316 g/kWh (as compared
to 260 g}kﬂh at the time of commissioning). This unit is being.ekploited
at low efficiency due to supply shortage. It is recommended to procure

spare parts and overhaul this unit as soon as possible.

No. 5 Unit has been disabled in 1986 by damage on crank shaft which was
caused by bearing failure. Today, both main mahhines and auxiliary machi-
nes of this unit are removed. The foundation of the unit has been 5
diagnosed by a civil engineer (of a foreign consulting firm) to be in good

condition,
Auxiliary equipment

* Lubrication System: The cooling water pumps; priming pumps, etc. must be

replaced and spare parts procured,

* Cooling Water System: TIn cooling lubrication oil and supercharged air,
the river water is pumped up and supplied to heat exchangers. The engines
are cooled by recirculating clean water which is also cooled by heat
exchangers. The river water contains a lot of silt, and also sea water as
the site is mear sea shore., The silt and sea water cfeate wear, erosibn
and corrosion in coolers and pipes, which limit engine output and Qauses.
hazards such as ingress of water into lubrication oil. The.pumps, coolers

and pipes have to be replaced, and their spare parts procured.

% Puel System: The engines are so designed that diesel oils are used at

startup, and C-fuel oil is used in continuous operatiom. 1In 1984, 10 years



"after commissioning, fuel cleaners were installed to reduce the burden on
fuel purifiers (éentrifugal type fuel cleaners). The new cleaner for omnly
No. 4 unit ié operable today. As failure of fuel injectors occurred fre-
quently, diesel oils are used to avoid such troubles. Therefore, the fuei

0il cleaners are not used today. .

It is not clear whether the troubles with fuel oils have been caused by
mismatching of fuel oil characteristiecs with specification of the purifier
system; or the capécity of purifier is not sufficient. Anyway, it is
recommended to switch the system to diesel oil, which is more easily

handled, by taking the opportunity of rehabilitationm.

% Startup Air Systém: There is one unit each of motor driven and diesel
driven starters. The parts of these starters are worn out, and specified
air pressure can not be created, causing delays in startup due to insuf-
ficient startup pressure., Immediate overhauling and procurement of spare

parts are required.

* Intake and Exhaust Systems: The air intake filters, silemcers and

exhaust stacks must be replaced.
Electrical systems

* Generators: As described above, there are problems including damaged
stators. Cleaning by overhaul, spraying insulation varnish, and other

repairs are needed.

* Cenerator Control Panel; The instruments appropriated for other purposes
must be replaced with those employing modern electrical technology, and

spare parts must be replenished.

13.8 kV Circuit Breakers and House Service Switchboards: Overhauling of
No. 4 generator circuit breaker and circuit breakers of house service

switchboards must be overhauled, and related spare parts supplied.

House Service Transformer: Replenishment of insulation oil and replacement

of drier agents are required,

DC Systeﬁs: Replaéement of 48 V and 125 V batteries, and procurement of

" gpare parta of chargers of these batteries are required.



69 kV Outdoor Switchyard Equipment:  There is no specific problem at pre-:

sent,
(3) Current status of plant operation and maintenance

The operation and maintenance duties of this power plant is being conducted

by a team of 53 personnels, which consists of 3 engineer and 50 stuffs,

When ‘the Study Mission visited the ppwef‘planﬁ; the station managér'told
that No. 4 Unit is mainly ﬁsed, but-mény faults occurred, which can not be
reduced by the regular 500 hour inspection, and the unit is shut down for 2
to 3 days a week, and the plént beréoﬁnels‘ére'kept buéy with repair ﬁork;
The next overhaul had been scheduled at June, 1988, which preparation had
been startéd from Novemﬁer, 1987, but the exact timing of overhaul was not

decided yet.

The power plant building was covered with soot. FEquipments, floors, piping
ducts, etc. are soiled with oil and water. The removed crank case, genera-~
tor stator, rotor and used parts were scattered all over the place. The
switchboard room, which is the ﬁery heart of the power plant, was dark as
some fluorescent lamps had been removed, Piping_and‘ééble‘ducts of the
plant were often filled with oil or water., The operation and maintenance
duties of the plant seemed to have been conducted in a poor manner. The
conditions of this power plant must be improved to a level of decent

working place, in view of safety and equipment maintenance.

The repair shop and warehouse are lobéted in the same building with the
power plant. The repair shop is equipped with an ordinary set of machine
tools such as lathe and shaper, and the fepair.work‘of all diesel power
plants possessed by GEC is implemented here. Spare parts of Versailles,
Anna Regina, Wakenaam, Baptica, etc., as well as this power plant, are

stored in the warehouse here,
3.1.5 Canefield Power Station

Canefield Power Stationm is located at a suburb of New Amsterdam, and it ‘is
one of major power plant in Berbice Power Systém. Cdnefield Power ‘Station
is a diesel power plant completed in 1979. Two diesel generator units are

installed, which have the fo}lowing_spegificat%ons.
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(1) Major equipment specifications

Diesel_Engine: Manufactured_by Mirrless Blackstoné Co. of U.K.
Type . t 4-cycle, compression ignition, water-cooled,  turbo-
. charged type. )
Output : 8,060 HP (8,170 PS)}
Rotatioﬁ speed : 514 RPM

Generator; Manufactured by Brush Electric Co. of U.K.

Type _ -4+ 3-phase, synchronous generator.
Capacity ' : 7,230 kVA (output; 5,784 kW)
Frequency 1 60 Hz

Voltage : 13.8 kV

(2) Results of on-site survey

The Study Mission visited Canefield Power Station in mid-July, 1988, to
survey the status of the plant. -The followings are the findings of the -

Study Mission concerning the status of power generatiom facilities.
No. 3 Unit

This unit was operated at 4.5 MW (as against the installed capacity of 5.8
MW). The lubrication oil and exhaust gas were leaking, and the unit had
been operated in this condition since August of 1987. It is planned to
conduct an overhaul by IDB loan in 1989, and this overhaul should be imple-

mented,
No. &4 Unit

Operation of this unit became impossible in January, 1987 due to failure of
crank shaft. A new crank shaft has been procured by IDB loan, and other
spare parts have been ordered. It is planned to conduct an overhaul in

November, 1988, and start operatiom of this unit in January, 1989. -
Auxiliary Equipments

There is a fuel o0il purification system, but it is not currently used as

the maintenance cost is excessive. Presently, diesel oil is used as fuel.
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{3) Current status of plant operation and maintenance

The operation and maintenance duties of this power plant is being conducted
by a team of 48 persounels, which gpusists of'l'engineer and 47 staffs.’
The 500~hour inspections are implemented in this power plant similarly to
other plants, but the working environment lobks'relaﬁively poor, with some

of fluorescent lamps of the control board room missing.

The repair shop and warehouse are located in the power plant premises.
There is a milling wachine in the repair shop but it is not fully equipped,
and parts of No. 4 Unit were littered on the remaining space. There is a
warehouse néxt to this repair shop, in which parts of this power plant and

the parts for overhaul of Onverwagt Power Plant are stored.
3.1.6 Onverwagt Power Station

'Oﬁverwagt:ﬁower Station is located on the cost of Atlantic Ocean, approxi-
mately 80 km to the_eaét of Georgetown. This is a diesel power plant con-
nected to Berbice Power System. No. 1, No. 2 and No. 4 Units.of'this
power plant have been commi ssioned in 1973, and No. 3 Unit in 1980, (all of
these units were manufacturéd_by Ruston-GEC Company of U.K., each-having-
1,000 kW output). No. 5 Unit (2,500 kW output) was commissibned'in‘1981.
All units from No. 1 through Wo. 4 went out of service due to crank shaflt
failure, and these units are to be abandoned by the rehabilitation plan

based on IDB loan. The specifications of major equipments are given below.
(1) Major equipment specifications (No. 5 unit)

Diesel Engine: Manufactured by General Motors, Ltd, of USA
Type : 2-cycle, compression'ignition, water—copled, turbo-
charged type with charged air cooler.
Gutput : 3,600 HP (3,650 PS)
Rotation speed : 900 RPM

Generator: Manufactured by General Motors, Ltd, of USA

Type :+ 3-phase, synchronous generator.
Capacity : 3,250 KVA (output; 2,500 kW)
Frequency : 60 Hz o
Voltage : 4,16 &V
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(2) Results of on-site survey

The Study Mission visited Onverwagt Power Station in mid-July, 1988, to
survey the status of the plant. The followings are the findings of the

Study Mission concerning the status of power generation facilities.

No. 1 Unit; 1979, © crank shaft failure, not operable.
No. 2 Unit; Aug,; 1987, crank shaft failure, not operable.
No,_3_Unit; April, 1937, crank shaft failure, not operable.
No. 4 Unit; March,=1986, crank éhaft failure, not'operablé..

No. S Unif} June, 1988, turbo-charger failure, not operable.

The abo#e"series-of failures deprived the power plant of all generating
capacity. Berbice Power System is supplied from Demerara Power System with
1} MW of power, which is transmitted from Sophia Frequency Converter Station

by 13.8 kV tie line through this power plant,

The station manager stated to the Study Mission that he had been advised
that it is more economical to abandon No. 1, No. 2, No. 3 and No. 4 Units
rather than repairing them, to rehabilitate No. 5 Unit, and to install
another unit which has the same type and capacity as No. 5 Unit. At pre-
sent; the repair of the turbo charger of No. 5 Unit and other spare parts
have been ordered by IDB loan, and it is planned to conduct overhaul in

October, 1988, to resume operation of Wo. 5 Unit in December.
(3) Current status of plant operation and maintenance

The operation and maintenance duties of this power plant is being conducted

by a team of 33 personnels, which consists of 1 engineer and 32 staffs.

The repair shop and warehouse are located in the compound of the power
plant, ' The machine tools in the repair shops are old, with some of them
disassembled and parts spread over the floor. The warehouse is a provi-
sionﬁl building, where 016 and used pipes were stored. The spare parts to

be used in the overhaul are stored in Canefield Power Plant.
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3.1.,7 Anna Regina Power Station

Anna Reglna Power Stat1on is located approxlmately 60 km to the west of the
capltal 01ty of Georgetown.' Thls power plant is sltuated to the most'
western location among the power plants of GEC, and Anna Reg1na is operated

in an isolated power system that supply power to Anna Regina region.

No. 1 and No. 2VUnits éf Anna Rééina:Po&eflPlaﬁt'(ééch having output of
1,040 kW and manufactufed'by ﬁ@éfon;gEI Gb;)'were'gcmmiésibﬁed fﬁ'iQTSL
‘No. 3 Unit (2,doo'ﬁw oﬁtput, mahﬁfacﬁﬁfed bf Rﬁstbﬁ;AEi Co.) was‘ébmu
missioned in 1975, aﬁd Nh;:4 Unit-(ﬁ,OOO outﬁut,_manufactﬁred by Ruston-AEI
Co. .in 1972 and moved from Versailles Power Plant in 1985) was gbmmissioqed

in 1986,
(1) Major equipment specifications
Diesel Engine:

"No. 1 and No. 2 Units: Manufactured by Ruston of U.K.
Type "~ 1 4=cycle, compression ignitiou, water-cooled, turbo-
charged. type with charged air cooler.
Output : 1,400 HP (1,420 P8)
Rotation speed : 750 RPM

No. 4 Unit: Manufactured bj_Ruston of U.K,
Type © o 4-cycle, compression ignition, water-cooled, ‘turbo-

charged type with charged air cooler.

Output . 2,920 8P (2, 960 PS)
Rotation speed : 750 RPM
Generatoff

B

No. 1 and No. 2 Units: Manufactured by AEI Co. of U.K.

Type ‘ : © 3-phase, synchronous generator.
Cabacity © i 41,300 kVA (output; 1,040 KW) -
Frequency i 50 Hz

Voltage ¢ 11 kV
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No, 4 Unit: Manufactured by AEY Co. of U.K.

Type :  3-phase, synchronous generatof.
Capacity HE 500 kVA (output; 2,000 kW)
F:eouenéy - 1 50 Hz

11 kV

Voltage
(2) _Resolts of on-site survey-

The Study MlSSlOn vxslted Anna Regina Power Statlon in early August 1988
to qurvey the status of the plant. The foIIOW1ngs are the f1nd1ngs of the

Study M1531on conuernlng the status of power generatlon facilities.

No. 1 Unit: Operating at an output of 400 kW.
No. 2 Unit: Standing-by.
No. 3 Unit: - This unit has become inoperative in October, 1985 due to
. crank shaft failuré, At present, the machine.is left with
-cylindef_block, radiator and panel instruments removed.
Rehabilitation of this unit is impossible,

Yo. 4 Unit: Operating at an output of 400 kW,

The units being operated are aged, with 1ubrication oil ano cooling water
leaking, aund thero are‘problems including temperature‘rises of cooling
water and exhaust gas. The practical output of No. 1 Unit is limited to
650 kW (with installed capacity of 1,040 kW), No. 2 Unit to 600 kW (with
installed capacity of 1,040 kW), and No. 4 Unit to 1,000 kW (with installed
capacity of 2,000 kW).

(3) Current status of plant operation and maintenance

The  operation and maintenance duties of this power plant is being conducted
. by a team of 28 personmnels, which consists of 1 engineer (who is in charge

of-Wakenaaﬁ”Power Station and Baftioa,Power Station too) and 27 staffs.

‘The power plant bulldlng 1s covered with soot instfumeﬁts as well as
_floors so1led w1th 011 and water, plplng ducts are partlally f111ed w1th
water, whlch sometimes splll away to the outside from the compound of power
plant,. It looks that the plant is not operated and maintained properly.
There is no repair shop or warehouse.. Only daily consumables aré stored In
'thefpowerlﬁlant,;apd:spére parts for overhauling and ofher_iﬁems are

stocked in Garden of Eden Power Plant.
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3.1.8 Wakenaam Power Station

Wakenaam Power Plant supplies power to an isolated power system in Wakenaam
Island, which is situated approximately 40 km to the west.of the capital
city of Georgetown. The power plant is located in the compound of a rice
mill factory operated by the Government. The power plant building contains
two units of diesel generators (with 1,040 kW output each and manufactured
by Ruston-AEIL), which are disassembled and forsaken inside the building.
The facility which is actually operated is a movable type diesel generator,
which is separately installed on an outdoor site. This unit has been com-

missioned in 1980, and its specifications are presented below.
(1) Major equipment specificatiomns

Diesel Engine: Hanufactured by General Motors, Ltd. of USA
Type _ ": 2-cycle, compression ignition, water—cooled, turbo-
charged type with charged air cooler.
Output : 675 HP (680 PS)
Rotation speed :+ 750 RPM

Generator: Manufactured by General Motors, Ltd. of USA

Type : 3-phase, synchronous generator.
Capacity : 500 kVA {output; 500 kW)
Freguetncy : 60 Hz '

Voltage ' : 4.1% kV

(2) Results of on-site survey

The Study Mission visited Wakenaam Power Station in early August, 1988, to
survey the status of the plant. The mobile type_diesel unit was operating
at a load of 490 kW, but the date of manufacture of this unit was not iden-
tified (probably before 1963), and it looked that this unit had been
exploited at various sites. The station manager stated to the_Study
Mission that the indoor diesel generator facilities have been abandoned in

1974, and there no electric power source in the island for some time.

As there is ouly one generator curremntly available in tﬁis'island, it is
being operated without proper maintenance, Frequent ‘failure would be
expected on this unit, and it would be required to install another new

unit.
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(3) Current status of plant operation and maintenance

There is no engineer who is regularly stationed in this power plant, as the
engineer of another station also supervises this plant, as described

earlier. 9 staffs are assigned to this power plant.

There is no fepair shop or warehouse, and only daily consumables are stored
in this power plant. The parts required for overhauling are stored in

Garden of Eden Power Plant.
30159 Bartica Power Station

Bartica Power Station is in Bartica Town which is situated on Essequibo
River, that runs approximately 40 km to the west of Georgetown, at a loca-

tion approximately 50 km upstream from its river mouth.

Bartica Power Station has been completed in 1978, and a business office of
GEC is also located in the power plant building. The specifications of

power plant equipment are presented below.
(1) Major equipment specifications

Diesel Engimne: Hanufactured by Mirrlees Blackstone Co., of U.K,
Type :  4-cycle, compression ignition, water-cocled, turbo-
charged type with charged air cooler.
Qutput o : 600 HP (608 PS)
Rotation speed : 900 RPM

Generator: Manufactured by Brush Electric Co. of U.K,

Type : 3-phase, synchronous generator.
Capacity i 490 kVA (output; 392 kW)
Frequency . : GOIHé

Voltage : 4.16 kv

(2) Results of on-site survey

The Study Mission visited Bartica Power Station in early August, 1988, to
survey the status of the plant, The followings are the findings of the

Study Mission concerning the status of power generation facilities.

No. 1 Unit: Operating at an output of 250 kW.
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No., 2 Unit: Disabled in January; 1985 due to a crack in the main
engine, and currently shut down. Tt is planned to restore the unit as
soon as budget is authorized, but there is no definite ?rospect of
budget authorization at this mowent. Tf only one unit is ‘available, as
currently is, the remaining unit would be forced tb opefate‘under
adverse conditions, with higher possibility of getting disabled by
failures. Therefore, it is recommended to rehabilitate No. 2 Unit as

soon as practicable.

There was a plan to build an interconnection cable line with Kaow Island

across the river by an IDB loan, but this plan has been suspended.
(3) Current status of plant operatibh and maintenance

The operation and maintenance duties of this power plaunt is being conducted
by a team of 12 personnels who are assigned to this power plant, but with
no permanently stationed engineer, and this duty is perfbrmed by an
engineer of another pOﬁer plaﬁt as described earlier. There was little oil
or water leakage from the engine then operaiing, and it looks that cleaning
and maintenance are properly performed despite the fact that this power
plant is fairly small. The failed No. 2 Unit is ready for repair work,
with components vulnerable to humidity, such as generator, covered with

sheets and dehumidified by space heater,

The repair shop and ware house have minimum functions. Only daily con-
sumables are stored in this power plant and spare.parts are stored in-

Garden of Eden Power Plant.
3.1.10 GUYMINE owned power stations

The thermal power stations owned by Guyéﬁa Mining Company {GUYMINE), which

are intercounnected to GEC's power system are described below.
(1) Linden Power Station

Linden Power Station is located in Llnden Town, which is approx1mately

100 km to the’ upstream on Demerara Rlver from Ge01getown. It is an in-
house power plant owned by GUYMINE and lnterconnected to Demerara Power
System through Linden Substation of GEC (16,700 kVA, 69/13.8 kV). There is

a power sales agreement between GEC and GUYMINE, and 4 to.6 MW of power is

3 - 18



| supplied from GUYMINE to GEC according to this agreement. GUYMINE produces
bauxite, which is exported to various nations of the ﬁorld including Japan,
Europe, U.S. and Australia, and for this reason, Linden is a lively town.
Linden Power Station consists of two power plants, a steam power plant
(27.5 MW with 3 units) and a diesel power plant‘(SMW with 2 units), which
are sitedvindependently at a distance of approximately 2 km. The diesel
power plant being used as a emergency power source when the steam power
plant fails. There are 4 boilers in the diesel power plant, which are used

as the power source for processing bauxite,
1) Major equipment specifications

(Steam generation units)
No. i, No., 2 No, 3
Boiler: Manufactiired by Foster Wheeler Co. of Canada
Steam pressure + 850 Psi (59.8 kg/em2)
Steam temperature: 900°F (482°C)
Fuel : C heavy oil

Turbine: Manufactured by General Motors, Ltd. of U,S.A.

Steam pressure : 850 Psi (59.8 kg/cm?2)
Steam temperature: 900°F (482°C) '
Rotation speed : 3,600 RPM

Generator: Manufactured by General Motors,; Ltd. of U.S.A.

Type - : : Horizontal shaft, rotating field
o 8 3 phase AG synchronous generator
Capacity . : 9,375 KVA . 15,625 KVA_
(Output: 7,500 kW) (Qutput: 12,500 kW)
Frequency : 60 Hz }
Voltage : 13.8 kV

(Diesel générafibﬁ unit)
Diesel Engine: Manufactured by General Motors, Ltd. of U.K,
Type : 2-cycle, compression ignition, water-cooled,. turbo-
charged type with charged air coolerx.
Outpuk. - & 3,700 PS ' o '
Rotation speed " . 900 RPM

3 - 19



Generator: Manufactured by General Motors, Ltd., of U.K.

Type : . 3-phase, synchronous generator,
Capacity : 3,125 kVA (output} 2,500 kW)
Frequency i 60 Hz

.Voltage 1 2,3 kv

2) Results of on-site survey

The Study Mission visited Linden Power Station in late July; 1988, to sur~
vey the status of the plént. The followings are the findings of the Study
Mission concerning the status of power generatiom facilities. In the steam
power plant, No, 1 Unit and No. 3 Unit were operating with satisfactory
performance and with output of 6,200'kw and 8,000 kW respectively, with No,
2 Unit standing by. The diesel power plant was not operating, because it
is, as described earlier, the emergency power source. There are five
diesel generator units in this power plant, and it is planned to abolish

two of them,
3) Current status of plant operation and maintenance

The operation and mainteunance of Lindén Power Plant is perférmed by a team
of 146 personnels, which consistsrbf 10.engineefs and 136 staffs., In the
steam power plant, boilers are overhauled every year, and turbines and
generators inspected every year.and overhauied in every 5 yearé¢ The
manuals supplied by manufacturers are observed. properly. Spare parts are
procured as they are consumed, When equipmehts are damaged by faults,
etc., communication is directly established with manufacturers to have
their engineers dispatched, It looks that such performance can be main-
tained because the foreign currencies acquired by export of bauxite can be

ugsed fairly freely for such purposes.

Concerning education of plant personnels, GUYMINE owns and operates a pri-
vate school for fosterage of necessary personnels. GUYMINE recruits'gra—
duates of national schools, and fosters operation and maintenance crews

mainly through on-the-job training.,

The plants are clean, control room and office rooms are adequately illumi~
nated, and earnest efforts for creation of good working environment was

observed.
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(2) Everton Power Station

Everton Power Statiom is a dieéel-power plaht'owned by GUYMINE, which is
interconnected to Berbice Power System through Canefield Power Plant. This
power station has been completed in 1968, and has 4 units of diesel genera-

tor facilities., The specifications of these units are presented below.
1) Major equipment specifications

Diesel Engine: Hénufactufeﬁ By Norberg Co. of U.S.A,
Type : 4—cyc1e; coﬁpressibn ignition, water cooled, turbo-
charged type.
Outpat ¢ 1,485 HP (1,500 PS)
Rotation speed : 514 RPM

Generator: Manufactured by Electric Product Co. of U.S.A.

Type .t 3-phase, synchronous geunerator.
Capacity "1 1,313 kVA (output; 1,050 kW)
Frequency : - 60 Hz '

Voltage ¢ 4,16 kV

2) Results of on-site survey

The Study Mission visited Everton Power Station in mid-July, 1988, to sur-—
vey the status of the plant.  The followings are the findings of the Study

Mission concerning the status of power generation facilities.

3 Units ouf of thé four are qferable. The dpgrable units, one was shut
down then and the rémainiﬁg twd were carryiﬁg_hSO kW and 650 kW of loads
respectively. The.disabled unit had been removed with only the foundation
1eft; The power generated is used to transﬁort bauxite and drive kilns,
'énd,the excesé pbwér is éuﬁpliéd to CEC, as described earlier. The power
plant waé cléan, with fhe floors dfy. There was little water or oil

leakage from equipments being operated, and operational and maintenance

céres seemed proper. Diesel oil is used as fuel.
3) Current status of plant operation and maintenance

The operation and maintenance of Everton Power Plant is performed by a team
of 81 personnels.  The operation and maintenance of the power plant is ‘con-
ducted properly according to the specifications and manuals supplied by the

manufacturers.
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3.2 TRANSMISSION, DISTRIBUTION AND SUBSTATION FACILITIES
3.2.1 Transmission and distribution facilities
(1) Transmission facilities

The outline of GEC's transmission facilities are presented in

Table 3.2.1-1, and its power system in Figure 3,2,1-1.

Table 3.2.1-1 Existing transmission line

(as of Augusﬁ, 1988)

Name of line section Voltage x° = Length Commissioning
No.. of circuits {km) year . - -
Linden - Garden of Eden 69kvx1 8.6 . 1976
Garden of Eden - Sophia =~ 69 kV x 1 28.8 1977
Onverwagt - Canefield 69KV x L . 416 1986
Canefield ~ Wo. 53 Corentyne 69 kV x 1 : ,. - 56.0 - 1987

Total : .. 208.0

According to a transmission system'expansion'progfam; a sihgie circﬁif,

69 kV transmission line from Sophia Frequency Converter Station to
Onverwagt Power Plant, 73.6 km in length, will be coﬁétructed'by 1990 as an
interconnection line between eastern aud western districts. The materials
for this project is currently being procured, and the construction work
will be started in 1989, It is also being planned tofconstruct'alsingle
circuit, 69 kV transmlss1on line, 28.8 km in length between SOph1a
Frequency Converter Station and Garden of Eden Power Plant but 1mp1emen—
tation of ths plan has not been deu1ded yet. The standard transm1331on
line conductor is ACSR parLr1dge (266 8 MCM 135 2 mmz) The transm1531on
line supports are wood poles made of wallaba. Wallaba grows 1n Guyana,'and
it is a very hard wood._ Steel towers are used at spec1al p051t1ons such as
river CrOSSlng. There are two such chSSLngs along the transmlsSLon line
from Onverwagt to Canef1e1d on Berb1ce River and CanJe Rlver.. Steel towers_
$6.8 meter high and having a span of 780 meters are used at the former ‘
crossing, and towers 36.6.meter high have a.l?]_mepe: lopg span at the

latter crossing.
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(2)  Distribution facilities

The primary distribution lines in 50 Hz systems have voltage classes of

11 kV and 4 kV, while 13.8 kv, 11 kV,'4.16 kV, 4 EV and 2.3 kV are used in
60'Hi~systemsi GEC selects the standard voltage of 11 kV for 50 Hz systems
and 13.8 kV for 60 Hz systems. The outline of major distribution facili-

ties is presented in Table -3,2.1~2,

Table 3.2.1-2 Existig distribution facilities
(as of August, 1988)

Line No. of _ Installed

Name of line section . voltage  feeders Length  capacity
: IR (kV) - (kVA)
Kingston P.S.. . (50 Hz) 11 7 70 59,125
pitto .~ . (50 Hz) - & 4 20 7,390
Sophia F.C L (50 Hz2) 11 3 5 12,415
Versailles P.S (50 Hz) 11 2 60 8,560
Garden of Eden P.§: .- (60 Hz) 13.8 3 65 16,215
Onverwagt P.S : - (60 Hz) 13.8 2 71 5,630
Canefield P.5 © {60 Hz) 13.8- 3 106 6,398
Anna Regina P.S (50 Hz) 11 3 92 6,850
Bartica P.S (60 Hz) 4,16 3 24 - 691
Wakenaam, P. S (60 Hz) 13.8 3 26 740
Sophia F.C (60 Hz) 13.8 3 - -
Linden S.§ (60 Hz) 13,8 3 - -
No.'SB_CoreﬁEyne 5.8 (GO.HZ) 13.8 3 - -
New Amsterdam 8.5 (60 Hz) 11 1 - -
2.3 4
._Connectlng line
Versallles P.5 - Klngston : ) _ 117_ 1 25
Sophla F.C - Kingston P 8 . - o 11 .2 . i0
Sophla F C - Garden of Eden P. S. 13.8 1 24
New Amsterdam 8,8 ~ Everton P. S 13.8 1 5
Canefleld P S - New Amsterdam 8.5 - 13.8 2 12
Soph1a F. C'~ Onverwagt P.S ] 13,8. 1 74
Canef1eld P S - No, 33 Corentyne 8. S __13;8_. 1 63
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There is no specific plan for expansion of the distribution facilities.
However, it is being planned to establish "Distribution Master Plan' by

January, 1989 in order to deal with increase of loads after 1990,

The standard conductors used in the priméry distribution lines are ACSR
"Hawk" (477 MCM, 241.7 mmz) and hard aluminum stranded cables named "Tulip"
(336.4 MCM, 170.5 mm?), Supports are wood poles made of Wallaba. The
poles of primary distribution lines are often used for stringing low

voltage distribution lines and communication cables.

The details of low voltage distribution lines are not clear because records
are not well maintained. GEC selects the single phase three conductor
system with ﬁbitage of 120/240 V or the three phase three cﬁnducfor.system
with 480 .V voltage, and trying to.unify the diversified voltage classes.
The single phase 2 conductor (with one cénductor grounded) 240 V system is
used except in Georgetown and New Amsterdam. The standard conductors are

hard aluminum stranded cable (HAL) "Wasp" (106 mm2) and "Tulip".

Distribution transformers of various capacities are being used, and many
transformers are equipped with off-load tap changer (+2.5% or +5%). The
high voltage side of 13.8 kV and 11 kV transformers are protected with fuse
and lightning arresteré,.but no protective devices are provided on the low

voltage lines connecting the general customers.

When a new customer reduest supply of electricity, GEC bears the cost of.
the conductor which is no more than 60 feet (18.3 m) from the existing
distributioun line plus.the cost of meter. The customer is charged with
G$1.5/feet in case of two wire system, G$2.5 for 3 wire system, and G$10.88

for 4 wire system.

The power systems on both sides of Demerara River are interconnected by two
submarine cables, One runs from Versailles Power Plant to Garden of Eden
Power Plant, and operated at 50 Hz, [l kV, Another cable is operated at

60 Hz, 13.8 kV, and runs from Garden of Eden Power Plant to the distribu-
tion system in the southern part of Western Demerara District. The" 50 Hz
interconnection cable has been damaged by'a fault oécurring in May, 1987,
and it is not used today. A replacement cable has been proceed from
Venezuela, but the schedule for replacement has not been decided yet.

The length of both submarine cables is 1.4 km.
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(3) Line faults

The detailed.stgtistics'of line faults are not known because data before
1987 are not pfoperly maintained, According to a record that cover the
period from November, 1987 to June, 1988, there were 9,473 faults, and the
amount of supply failure was 767 MWh., Fault causes are failures of insula-
tors, poles and cable téfmidals, falling trees and loose connections, ete.
77% of total faults (7,289) were caused by overloading, which occurred at
ends of distribution lines or at customers, and the supply failure caused
by these faults are limited in area, being 2.8%Z (21.4 MWh) of the total.
41% (316 MWh) of the total supply failure have been caused by falling trees
or contacts of different conductors, which account for 17% (1,581) of the
total faults. Faults caused by faulty equipments are 537 {6%), which
caused supply failure of 165.1 MWh (22%).

The electric hazard by kite flying is frequent, and some children have
died. Although GEC is arousing attention of people, this effort is not
sufficiently awarded and every year GEC spends several thousand dollars

carrying out repairs to the system after the kite flying season at Faster.
{4) Results of site survey

Although 69 kV t:ansmissioﬁ lines and new distribution lines were relati-
vely well maintained, the survéy team often foundrthe relics of kites and
wild pihes. Thére were many items for which improvemeht should have done,
such as aged equipments and rotten wool poles which should have been
replaced, and transformers connected in parallel inadequately with dif-

ferent capacities.

The survey team observed the fiver crossing transmission towers for
.crossing over Berbice River and Canje River. The while coating on these
towers was thinned, and rust were found on many places. As these towers
are only ten plus several kilometers from river mouth, they are subjected
to salt from sea and dust from GUYMINE's bauxite plant,.and they should be

painted as soom as possible.

Concerning distriBution lines, GEC should start with what it can do, such
as removing.kité relic and plants reaching conductors, ant nests in wood
poles, and'vineé stranding conductors and stays. Cleaning facilities and
improving their environment make it easier to find faults on the facili-

ties.
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. 3.2.2 Substation facilities
(1) outline of facilities

The outline of major substation facilities‘ié éresented in Table:3,2.2fl.

Name of substation  Voltage (kV) Capacity (MVA)  Commissioning year

Garden of Eden 69/13.8

2 x 16,7 - - 1976
Linden - - 69/13.8 .. 1 x 167 - " 1976
Sophia- - . 69/13.8. 1'% 16.7 - 1977
Canefield T 69/13.8 1 x16.7 - - 1984
Onverwagt - 69/13.8 1x 167 - - 1986
No. 53 Corentyne - 69/13.8 "1 x 16,7 - . 1987
New Amsterdam 13.8/2.3 2% 1.5 B

Total o 119.9

Two 2,000 kVA substatioun units and'one-l5000‘kVA'substation:ﬁnits are
located inside the fence in Georgetown as the substation facility for

stepping down 11 kV 'to 4 kV, and corresponding transformérs are installed.

There is a plan for expansion of substation facilities by installing two
20 MVA, 69/13.8 kV transformers each at'Sophia_Frequency Converter Station
and Garden of Eden Power Plant, or a total éf four new transformers by

1990, but the sthedule'for'iﬁpieﬁehtation’héé not been decided yet.
(2) Results of site survey

The substations are surrounded by Stfong fences, which are properly

grounded with due consideration on public safety.

However, many substations are located on marshy 1énds,‘whe:e weeds grow and
water pools, and patrol roads are not well prepared. It is necessary to
remove weeds and provide good patrol roads. Power and control cables‘are_

directly_buried:in'these grounds,
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" 3.2.3 Power system control facilities
(1) Sophia Control Genter

Sopﬁia Coq;folZCéhﬁér;is the kej station.fof.operétibn of GEC's poﬁef

syétems; and_thié'is.opepated by a 3-shift, 4-team system.  The displays on
the power s&sfém display board are ménuélly contfolled based_dh information
collected by te}ephone, and the status of the whole system can be displayed

this way.

The control'board room of this center is equipped with, in addition to the
power system display.board, the relay boards for the converter station and
substation, instrument boards, and communication facilities for shift
duties, The room is narrow, and lighting was not adequate for operation

and monitoring jobs. .
(2) Sophia frequency converter statiom

Sophia Frequency Converter Station has been completed in February, 1978 as
a part of a plan to standardize power system frequency. There are 3 units
of 10 MW {12.5 MVA) rotary converters. Two of these units are being
operated, but another is shutdown due to burning of.stator coil. GEC has
purchased a new stétor and rotor to restore this uﬁit, and this was
completed in January 1989. When the survey team visited this statiom in
mid-August;, one of the two units in.service was under pericdical inspec-
tion., This converter station is operated under 3-shift, 4-team system,

with a team consisting of two operators.
- {3) Power exchange with GUYMINE

The power exchange agreement with GUYMINE consists of general terms
inciuding rafes, terms of payment, and provisions for claim, and technical
terms concerning division of facility ownership, actions in gccident, etec.
The power exchange for Demerara Power System is performed at Linden
Subétation.(GEC), and that for Berbice Power System at Everton Power Plant

{GUYMINE).

According to this agreement, a maximum of Q'Mw.of power is to be trans-
ferréd at Linden Power Plant, but more.than 4 MW of power is being supplied
when GUYMINE has surplus subply capability, From 6 to 10 MW of powers have
been supplied from GUYMINE to GEC from 1987 to 1988.
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(4) Communication facilities for power $ystewm operation

The communication facilities for power system operation and power exchange,
which is built with GEC at the cénter and with GUYMINE and Mahaicony &
Abary Rice Development Scheme (MARDS),Zéonsiéts of VHF radio, power line
carrier telephone andrpublic teléphohe.: The outline is given in

Figure 3.2.2-1.
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Fig, 3. 2.2~1 Communication System of GEC

Anna
Regina

Kingston

X

SAL EL Lgnverwagt
4@— PLC
D

_ﬁE?AA__, Sophia
| Wakenaam
Spab
© 6
PLC
Versaitles
Garden of Epd
ﬁL Eden
Bartica
PLC
SAd
SAL
linden /S
Coldingen |

AL | GUYMINE
Linden P/S

(7)) PLC : Power Line Carrier

—Z.  : VHF Radio
SAD : Public Telephone
PLE : Dut-of-0Order PLC
_ﬂ,_)(__,__

3 - 31

No.53
Corentyne

Spd
PLC

457 Ccanefiel

i |

41 MNew Amsterdam

7

¢="1 Everton

S

7N

HARDS




3.3 OPERATION, MAINTE,NANCE AND TRAINING OF PERSONNEL
3.3.1 Operation and maintenance bf power genefatien '

The operation and maiﬁtenaﬁce SYStém df each power plant has been discussed
in Section 3.1, "Power Generation Facilities To'summarize these
discussions, the- engineers and other staff members are assigned to each

power power plant as 111lustrated in Table 3.3,1 i.

Table 3.3.1~1 Number of employees at thermal powver station
(aq of August, 1988)

Name-of~EL§L o Engineer Staff Egsil'
Kingston | & 136 140
Versailles 1 3 37
Garden of Eden’ 3 5653
‘Canefield 1 47 48
Onverwagt 1 32 33
Anna Regina 1.: -‘27 28
Wakenaam ' - 9 9
Bartica S - - -121 12
Total ir - 349 360

The operation and maintenance duties are performed on 24 hour basis, and
personnels belonging to Rank' ! or above work under 3-shift, 5-team system,

and those belonging to Rank ‘2 or below work on 3?éhlft, 4-team basis.

The organization chart of the steam power plant is glven in Figure 3.3.1-1,

and that of diesel power plant in Figure 3+3.1-2.
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Fig 3.3.1-2 Organization of Diesel Power Station
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According to. the current maintenance and supervision system, the periodical
inspection is performed on a steam power plant once every year for boilers
and rurbines, and the overhaul of geunerator is performed once in every 5

years,

In diesel pOwef plahte, the standard .inspections are conducted in very
500 hours, 1,000 hours, 3,000 hours, 6,000 hours and 12,000 hours, and

‘overhaul is conducted in every 24,000 hours as standard practice,

The spare parts are purchased by GEC d1reet1y fzom the manufacturer or
through contractors. In storing spare parts and consumables of d1ese1
power plants, the routlne consumables are stored at each power plant, while
parts for overhaul works are stored in the central power plant in a regionm,

such as:

Parts stored in Garden of Eden Power Plaut:
Parts for its’own'power plant plus those for Versailles,

Anna Regina, Wakenaam and Bartica Power Plants.

-

Parts s;ored in Canefield Power Plant:

Parts for its own pooer plant plus those for Onverwagt Power Plant.

In case of fac111ty fallure, 'GEC contacts manufacturers d1rect1y, to work

out measures lncludlng dlspatch of eng1neers.

3.3.2 -Operation and maintenance of transmission, distribution and

substation-facilities
(1) Transmission and distribution facilities

The conseruction and maintenance/supervision of transmission and distribu-
tion facilities.are being performed by divisious responsible to construc-—
tion and ﬁaintenance respectively, and these duties are performed by
dividing the the whole facilities into 7 areas aocording to the locations,
that 13, central, eastern, western and southern districts of Georgetown,
eastern Berblce, western Berbice and Essequibo district (Whlch includes
Bartlce and Wakenaam). The malntenance_d;yls1on_has the tree trimming
_.teamg which ie engaged in the duty of preventing the fault created by

hazardous trees.,

In dealing with faults on distribution lines, duties are performed on 24

'hour basis in three shifts. The team receives reports by radio com-
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munication from the various area offices and repairs the faulted

facilities.

The necessary materials and instruments for mainteunance, as well as
vehicles, are in serious shortage, and it is being planned to improve this

sitvation by the rehabilitation plan which is being implemented.
(2) Substation facilities

The operating duties of independent substations such as Lindeun, New
Ameterdam and No, 53 Corentyne are performed by 24 hour basis 3~ shlft
duties. The substation fac111t1es of Garden of Eden, Onverwagt and
Canefield Power Plants and Sophla Frequency Converter . Statlon are operated

and maintained as parts of respective plants and station,

The inspection of substation faclllty is performed as annual per10d1ca1
inspection. The oil circuit breakers are checked every year, but the cir-

cuit breakers have never been overhauled.
(3) Power system operation facilities

The.erganization'for power system operation -consists of the load
dlSPatChlng dutles, such as monltorlng and logglng status of power system,
1ssuance of commands for c1rcu1t breaker and 11ne sw1tch operatlons for
generators and tranSmlsSLOn/dlstrlbut1on lines, and formulatlon of 10ad
shedding, shutdown and inspection schedules for power system facilities.
The forced 1load shedding schedules for the next week - are pﬁblieized in

Saturday's newspapers.

There are two control centers at Sophia and Canefield respectively. The
control center at Canefield supervises operatlon of power plants and sta-
tions in the eastern district, Onverwagt, Canef1e1d ‘New Amsterdam
Substation. The: ‘Control center at Sophla operates the power system f30111~'
tieé in the western district, as well as operation of Sophla Frequency
Converter Station. When the 69 kV intereohﬁeetiongline'ﬁetweee Sophia’
Frequency Converter Statién and Onverwagt Power Plant is completed ja 0

future, Sophla wilt become ‘the main contorl centre.
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3.3,3 Training of personnels

(1) Training center

A Training Center is established by GEC in the compound at Sophia Frequency

Converter Station, At this Training Center GEC is training employees who

are in charge of power plant, substation, transmission and distribution

lines operation and maintemnance.

(2) ‘Rehabilitation program

The rehabilitation program being implemented by GEC can be illustrated as

Figure 3.3.3-1.

Fig. 3.3.3-1 Table of rehabilitation work program

(hardware)

Procurement of spare
parts for periodical
ingspection

| improvement of

Replacement and

existing facilities

Procurement of: apare
parts and equipment/
materials for
rehabilitation

Rehabilitation
program

- On the hardware side, emphasis is placed on recovery of functions of

(software)

Repair of buildings
and procurement of
machine tools and
measuring instrumenkts

.Senior officials

‘Training of
personnel-

Middle class
personnels

{IDB loan)

(IDB loan)

(IDB loan)

(IDB loan)

(IDB grant)

existing facilities as well as enhancement of reliability, while on the

software side, focus is placed on improvement of knowledges of personnels

concerning their duties.
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As the bardware side has been discussed with rehabilitation program for
existing thermal power plants in Chapter 4, the software side, or the

training of personnels is discussed in this sectionm.
(1) Senior officials

Foreign consultants or other professionals having sufficient expefienbe and
ability shall be hired to provide practiéal tfaining as well as recommen-
dations and advice on business operation for the périod which is deemed
nécesssry for GEC., Such on job training shall: be provided to the following

officials.

Operation'Manager

Maintenance Manager

Turbine Genérator Manager

Turbine Genefator Maintenance Engineer
Diesel Generation Manager

Transmission and Distribution Manager
Protection and Instrumentation Engineer
Deputy General Manager (Finance)
Finance Manager

Data Processing Manager

Commercial Manager
(2) Middle class personnels

The training course provided to the middle class personnels are as

illustrated below,

Tariff and financing study: (6 months, 12 man months)
Staffing and organization study: (6 months, 18 man months)
Middle management training program: (30 months, 8 man months)

Distribution master plan: (8 months, 20 man months)
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Kingston “B" Power Station

( 10MK x 3 )
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Versailles Power Statioh

(2M x 3)
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Garden of Eden Power Station

( 6.7THW x 3 )

3 - 41



Canefield Power Station

( 5.8MK X 2)

3 - 42



Onverwagt Power Station

( 2.5M8 X 1)
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Anna Regina Power Station
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Wakenaam Power Station

( 0.5M0 X 1)

3-45



Bartica Power Station

(0. 4MF x 2 )
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60kV Transmission Line ( Across The Canje River )




No. 53 CORENTYNE Sub Station

( 16.7TMVA x 1, 69/13.8kV )

Li.nden Sub Station
( 16.TMVA x 1, 69/13.8kV )
|
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Sophia Control Centre

Sophia Fvequency Converter Station

C 10M# x 3 )

3 - 49



	Cover
	Title Page
	PREFACE
	LETTER OF TRANSMITTAL
	MAP
	CONCLUSION AND RECOMMENDATION
	CONTENTS
	CHAPTER 1 INTRODUCTION
	1.1 AUTHORIZATION
	1.2 SCOPE OF WORK
	1.3 FIELD STUDY AND RECONNAISSANCE
	1.4 STUDY TEAM

	CHAPTER 2 BACKGROUND OF THE PROJECT
	2.1 ECONOMIC BACKGROUND
	2.1.1 Geography
	2.1.2 Main industries
	2.1.3 Economic performance
	2.1.4 Balance of payments

	2.2 POWER MARKET
	2.2.1 Historical background
	2.2.2 Organization of power sector
	2.2.3 Present status of power system
	2.2.4 Evolution of power demand and supply
	2.2.5 Electricity tariff


	CHAPTER 3 CURRENT STATUS OF POWER FACILITIES
	3.1 POWER GENERATION FACILITIES
	3.1.1 Outline of facilities
	3.1.2 Kingston "B" Power Station
	3.1.3 Versailles Power Station
	3.1.4 Garden of Eden Power Station
	3.1.5 Canefield Power Station
	3.1.6 Onverwagt Power Station
	3.1.7 Anna Regina Power Station
	3.1.8 Wakenaam Power Station
	3.1.9 Bartica Power Station
	3.1.10 GUYMINE owned Power Stations

	3.2 TRANSMISSION, DISTRIBUTION AND SUBSTATION FACILITIES
	3.2.1 Transmission and distribution facilities
	3.2.2 Substation facilities
	3.2.3 Power system control facilities

	3.3 OPERATION, MAINTENANCE AND TRAINING OF PERSONNEL
	3.3.1 Operation and maintenance of power generation
	3.3.2 Operation and maintenance of transmission, distribution and substation facilities
	3.3.3 Training of personnels



