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CHAPTER 4 REHABILITATION PROGRAMS FOR
EXISTING THERMAL POWER STATION

4.t OUTLINE OF REHABILITATION PROGRAMS

In January, 1985, a British consulting firm named "British Electricity
International, Ltd. (BEI) compiled a report on rehabilitation programs of
major power plants in GEC's power system. These rehabilitation programs

were for the following power generation facilities.

Kingston "B" Power Plant: steam, 10 MW x 3

gas turbine, 10 MW x 2
Gatrden of Eden Power Plant: diesel; 5.7 MW x 4
Canefield Power Plant: diesel; 5.8 MW x 2
Onverwagt Power Plant: diesel; 2.5 MW x 1

(new installation)

A loan from the Inter-American Development Bank (IDB) has been authorized
to finance these rehabilitation programs, and the loan agreement was
concluded in November 1, 1985. However, the appropriatlion of 16.1 million
U.S. dollars under this agreement was delayed beyond November of 1987, and
it was compelled to revise the rehablilitation programs which were schedunled

to start in March, 1988,
The reasons that this revision became necessary were as below.
1) Price escalation due to two year's delay.
2) DPevaluation of U.S. dollars (the loan was on U.S. dollar basis)

-3) MNew spare parts tﬁat were required due to additional aging of

facilities.

Under the circumstances, the facilitles to be rehabilitated under these

programs were changed to the followings.

Kingston "B" Power Plant: steam, 10 MW x 3
(guaranteed output; 8.5 MW x 3)



Garden of Eden Power Plént' ._ dlesel 5. 7 MW R 4

(guaranteed output, 3,0 MW x 3)

Canefield Power Plant: - diesel; 5.8 MW x 2

{guaranteed output; 4.5 MW x 2).

Onverwagt Power Plant: : : diésel; 2,5 MW x 1

A part of repair
ordered, and GEC
October of 1988.

GEC has reviewed
power generation

" to the following

Kingston g

'(guarénteed output; 2.0 MW x 1)
" plus-a new 2.5 MW X 1

parts required for these rehabilitation programs:have been

is now planning to start the rehabilitation works by

these réhabilitation programs in Augnét 1988, and the -
fac111t1es to be repa1red by these programs were changed

fac1llt1es.t

Power Plant: .steamj guaréntéed output; 8. 5 MW x 3

{No, l No. 2 and No, 3 Un]ts)

Garden of Eden Power Plant' diesel; guaranteed output

4.0 MW x ) (No, 2 Unlt)
5 0 MW X 2 (No. 3 No. 4 Unlts)
5.0 MW x 1 (No. 5 Unlt)

Rehabllltatlon cancelled

Canefield Power Plant: dieSel;‘guapanteed output;

4.5 M x 1 (No. 3 Unit)
5.0 MW x 1 (No. 4 Unit)

Onverwagt Power Plant: diesel; gunrantéed.output;

2.0 M x 1 (No. 5 Unit)
Installation of a mew unit with guaranteed

output of 2.0 MW x 1 cancelled.

The approximate schedule'is presented in Figure 4.1, "Rehabilitation

Work Schedule".



" Fig.d: 1" RENABILITATION WORK SCHEDULE

1988

1989

19390

%ﬁm‘phng 10

JEMHAMNIIASOND

‘Kingston

1 {Expected)
SHY (3. SHW)
SMH (8. HH)
SHW (8, SUW)

ctua

Actu
108
428
$3: 8

Garden of Eden _

B2: 0 MH (4 OMW) %
$3: 0 MW (5. 0HW) %
£4: 3 0MH (5.0KK)
Canefield. .
§3: 4 5UN (4 HH)
R4 0NN (5 OMW) %
Unverﬁagtf

B5: 0 HE (2. 0HW) %

Totals . :
33 MR (51 MW

[~

1}

JIFPHAKIIASOND

"Increase of capacity

-~ Annuwal:
~ Accumulated total

Note: * shows generating units which are-cut of order al present due

to troubles,



4.2 REHABILITATION PROGRAM OF EACH POWER STATION

The contents of rehabilitation programs for each power plant included IDB
loan were studied based on the site'éurvey, BET report, aund the report com-—

piled by GIBBS & HILLS/DRAVO SERVICES, INC. (from May, 1988 to July, 1988).

These programs are being-impiementéd after GEC has worked out the details

under the advice of GIBBS & HILLS/DRAVO SERVICE, INGC.
4.2.1 Kingston "B" Power Station
Turbine

The No, | turbinme and the govermors of No. 1, No, 2 and No. 3 Units have to
be replaced together with related instruments, and spare parts of these

components have to be procured.

According to the statement of the station maﬁager pfeseﬁted wﬁeﬁ the Study
Mission visited this power plant, the replacement of No, 1 turbine rotor
and overhaul of the whole unit is scheduled to the third quarter of 1989.
The five—year overhauls are scheduled for No. 2 Unit in the second quarter

of 1990, and that for No. 3 Unit in second to third quarter of 1990.
Generator

It is required to re-wind the No. 2 Unit's stator coil, to spray. insulation
varnish to the stator coil, to clean the stator and replace wedges, to

replace the exciter armature, and to procure related spare parts.
Boiler System

The boiler tubes of the three units were replaced in early 1980, and all
units are'operable. However, damages are in progress on the outside equip-

ments due to shortage of spare parts and repair tools.

The instruments are not reliable, and modern equipments must be installed

in order to assure reliability and safety of the facilities,

The major items which must be replaced are burners, soot blowers, safety
valves, water level sight glasses, blowdown valves, gauges, boiler tubes

(spares), repair of fire bricks, high water level and water low level



alarms, desuperheater spray valves, boiler water sampling ccolers, propane
ignition system, fuel oil spill valves, boller instrumentation, electrie
analyzer, flame-safeguard, igniter system, smoke density recorder, €02
recorder, flue gas temperaturé recorders, valﬁes, valves in main and auxi-

liary steam systems, and related spare parts.
Fuel 0il System.

The fuel systems as a whole are operable, but they are not reliable. 1In
particular, there are many problems with fhe fuel oil unloading facility,
and its measuring system and piping have to be replaced, the pler and pump
station ré—constructed, and the instruments and gauges in both high

pressure and low pressure fuel system must be replaced.

Major items which'neéﬁ to Be‘fenéﬁed_afe the o0il unloading pﬁmps and
pipiﬁg,'low pressure fﬁel feed pumps, high ﬁreséure fuels feed pumps,
strainers, measuring gaﬁges, étéam traces and heaters, control system of
steam heaters, gauges, fuel trip Qalves, 0il unloading pier, measuring
instruments, oil.dnlbading hoses and coupling, circuit breakers in 415 V

control center, and related spare parts.
Cooling Water System

The cooling water system is in such a state that repair is difficult. As
the ri#er.water is used as COoling water;'the water contains a large amount
of silt, and sea water is mixed as the site is at the coast. One water
pipe out of three is completely damaged, aund so is one band screen out of
the two. The remaining band screen is coroded. There is no washing screen
and cooling water pump is worn out. Although three pumps out of four are
still operable, one of them fail frequéntly. The condenser, coundenser

pipes and pipe sheets have been worn out for 6 to 8 years.

The major items to be renewed are band screens, screen washing pumps,
cooling wéter_pumps.and valves, piping, generator cooler piping, wvalves,
strainers, héat exchangers pfoper, condenser tubeé, turbine sheets, lubri-
~cation o0il coolers, valves, piping, codling water pump motors, 415 V cir-
cuit breakers,:Cables, sacrificial anodes, instruments, penstocks, cathodic

protection systems, plus related spare parts.



Combustion Alr and Flue Gas Systems

These system can be repaired in general, but the instrumentatibﬁ”Systems
are inferior in reliability and accuracy. The induced draft fans and
forced draft fans, thelr driving motors, dampers, stack coatings, stack
insulators, circuit breakers of 415 V control centers and instruments must

be renewed, and their spare parts supplied.
Water Treatment System

These systems are usable in gsneral,.but'théy‘have been exploited to
limits, with valves, pumps and piping worn'and excessive water leaks
observed. This condition makes the city water and demineralized #atsr_mix
to each other. The dosing pumps are worm, and anion fiber glass tanks have
failed often in the past and repalred. The piping and pumbs of evaporator
systems must be replaced, and the bearing cooling water systems must be re—
de31gned so that chemlcals, Na1c039 or Colgan can be 1nJected to prevent
rusting, to change it to a reczrculating heat ehchanger ‘system. It is
required to install a demineralized water tank of appropriate capacitj_so
that there will be no trouble shen the city water pressure is reduced so

that it will not be necessary to transport water by trucks.

The major items which have to be replaced are the low pressure aﬁd high
pressure dpsing:pumps, deﬁineralizer tsnks, piping and valves for deminera-
lized water and city waser systems, PVC pipes and fittiogs, evaporator raw
water pumps, solenoids, timers, valves, filter pumps, instruments,.circuit'
breakers of 415 V control centers, evaporators, bearing cooling water
system, city water booster pumps, high pressure drain pumps,“recovery_
pumps, anion supply pumps, cation_supplyrpumps and air compressors, with

procurement of related spare parts.
Condenser Systems

These systems are operable in general. 'However,.dsmages'on biping and -
valves, and erosion of pump casings due to silt and rust are excess1ve, and

water is leaking from the inspection manhole of condenser-

Major items to be replaced . are extractionipump'pipihg and :valves, side
glasses, condenser start maln air ejectors condenser: flash: boxes, control:
valves, instruments, circuit. breakers of 415 control centers, deaerator

safety valves, 1ift pump motors, and related spares.



Boiier Feedwater Systems

These systems are operable in general. As some boiler feedwater pumps have
been damaged due to wear, they have to be changed to motor driven systems.
Valves, check valves, insulators on piping, gauges and instruments have to

be replaced and their.spare parts supplied.
Electrical Systems

All electrical.systems are approaching the condition from which they cannot
be repaired at all. The dilapidation has' been caused by shortage of spare

parta and aging degradation of circuit breakers-

The majot'items:to be replaced are 11 kV switches, meters, relays, circuit
breakefs of 415 V control centers, switches and wiring in 110/220 V cir-
cuits, unit grounding, frequency meters and frequency recorders, turbine

speed remote control systems, as well as related spare parts.

Power Plant Illumination, Communication System, Control Pneumatic Systen

and DC Power Supply

In order to enhance the maintenance activities in power plants, it is
required to renew the illumination systems, to introduce modern com-
munication systems, to replace batteries (48 V) and battery chargers, and

to procure related spare parts.
Instrumentations

The instruments are generally poor in accuracy. . 1t is required to replace
the boiler flue gas monitoring systems, forced draft fan and induced draft
fan control systems, oxXygen analyzers, recorders, etc. to realize efficient

operation of power plants.

Major items to be replaced are the main steam pressure control systems,
forced draft fan and induced draft fan control systems, maln steam tem-—
perature control systems, auxiliary steam _pressure control systems, air. and
gas temperature 1nd1cators and recorders, b011er flue gas analyzers, steam
temperature 1ndicators, steam pressure. indlcators, fuel gauges and
accounting meters, boiler feedwater flow meters and accountlng meters, main

steam flow meters and accounting meters, and related spare parts.



Crane

There 1s a 25/5 ton crane in the main equipment hall, and 1.5 ton crane on
the band screen side. The 5 ton hook, brakes, electrical wiring of the
main crane, the electrical wiring of the band screen crane, and circuit
breakers of 415 V control centers must be replaced and related spare parts

supplied.
Other Equipuents

Rehabilitation and/or replacement works should be implemented for improve-
nent of working environment, inciuding the'bower planf building, sump pump
of cooling water pump room, gfating of cooling water pump room, covers of
plant piping ducts, air conditioners in offices and analyzer laboratory,
and vehtilaﬁion systems of main equipment hall, dining hall aﬁd first aid

OO,
Ancillary Facilities

The tools, machine tools and measuring instruments, and test equipments in

chemical analysis laboratory must be replenished.
Warehouse

The warchouse building is small and badly damaged. It must be re-

constructed.
Fire Extingulsher System

The power plant is not provided with a comprehensive fire extinguisher

system. A new fire extinguisher system must be installed.
4.2.2 Garden of Eden Power Station
Diesel Engine

No. 2 Unit: This unit is not operating since its crank shaft was damaged
in November, 1987. In order to'perform an bverhaul, the engine was
disassembled and maintained, and now a quotation of the spare parts
required for an overhaul is being inquired to the manufacturer (Croésley
Plelstick Company) through GIBBS & HILL/DRAVO SERVICES, INC. The overhaul
will be started as soon as spare parts are procured, and it iS'expeéted to

be completed by March, 1989,



No. 3 Unit: This unit was damaged at the end of 1985 due to crank shaft
failure, and is not operated now. A new crank shaft is needed to repair
this unit, which is today disassembled with only the main engine left at
the site. The necessary parts and spare parts must be procured for an
overhauls The overhaul of thié unit is planned after the overhaul of No. 2

Unit, and this overhaul {s scheduled to be completed in June, 1989,

No. 4 Unit: This is fhe only unit which is in operation at this time and
the maximum generating capacity 3 MW (Installed capacity 5.7 MW). After
the overhaul of No. 3 Unit is conmpleted, this unit is to be overhauled and
scheduled to be completed in October, 1989,

No. 5 Unit: This unit has been damaged since 1986 when the crank shaft
bearing failed. The machine is already removed from the site today, and
this unit will be scrapped. The remaining foundation was inspected by a
civil engineer (a foreign coansultant), aﬁd it was found out to be in good
conditidn. At present, the.surface concrete of the old foundation was

removed, placed with new concrete, and the foundation is preserved.
Generator

No. 2 Unit: The stator and rotor of No. 4 Unit have been removed and
fitted to on this unit. This unit can be operated if proper cleaning and

insulation varnish spray is applied after overhaul.

No. 3 Unit: This unit is left at the site. It is required to be cleaned

and insulation varnish is applied in an overhaul.

No. 4 Unit: The stator and rotor of No. 5 Unit were removed and fitted to
this unit. Currently, the output is limited at 3 MW. It is required ko be

cleaned and insulation varnish should be applied in an overhaul.

No. 5 Units For this unit, the stator and rotor of No. 2 Unit should have
been available, but the stator has been scrapped, and this unit will be

scrapped anyway.



Lubrication 0i1 System

The 1ubrication oil is cooled by the river water which conLain 1arge amount
of s5ilt as well as sea water that come from the nearby sea. The heat
exchangers and piping of the cooling system are damaged by erosion and
corrosion, and there are troubles including ingress of water into lubrica-

tion oil.

Major items to be replaced are three (3) heat exchangers, three (3) priming
pumps, three (3)'1ubrication'oil purifiers, and one (1) transfer pump, plus

procurement of related spare parts.
Cooling Water System

This system'is attacked by'wear, erosion and corrosion by the same causes
as with the lubrication oil cooling system. Two (2) cooling water pumps
(with motors ohanged to fully enclosed type), piping, and three (3)

switching typée strainers must be replaced and related spare parts procured.

In the engine cooling system, three (3) injector cooling pumps and three
(3) jacket cooling pump driving motors (with the type changed to fully

enclosed type) must be replaced, and related spare parts procured.
Fuel 0il Systen

If C-fuel o0il is to be used in future for continuous operation, No. 1 fuel
0il treatment module must be replaced, and some parts of the No. 2 module
must be replaced, together with two (2) booster pumps and two (2) leakage

oil tank pumps, and the related spare parts procured.

There are two fuel storage tanks for C—fuel oil, and two tanks for diesel
oil. The C~fuel oil tanks must be painted with anti-corrosive paint, and
the tanks for C fuel o0il and diesel oil must be improved, including the

surrounding protection walls.
Startup Air System (Compressed Air System)

One of the motor driven compressor had its part replaced, and one engine
driven compressor is a unit appropriated from other use. These must be

replaced and the related Spafe parts supplied.
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Alr Intake and Exhaust System

There are elght alr intake systems. Their dust prevention screens and

louvers are rusted and corroded, and must be replaced.

There are eight exhaust silencers, which are rusted and corroded, and must

be replaced.

There are elght exhaust stacks. The direction of exhaust and height are

not proper, and the stacks must be replaced.
Electrical Systems
Generator Control Bbard

The three generator control boards, for No. 2, No. 3 and No. 4 Unit
respectively, must be replaced with those having the most advanced designs,

and the related spare parts supplied.

Engine Generator Startup Board

The boards are §perab1e,.but spare ﬁérts must be supplied.
DCVPdwer Supply

48 V DC Supply: The 24 batteries must be replaced and the related spare
parts éuppliéd.

125 v DC'Sﬁpply: ‘Ten alkali batteries must be replaced and the related
spare parts supplied. ' '

Control Center: The two circult breakers must be overhauled and their

spare parts supplied.

13.8 kV Switchgear: The closing motor of the circuit breaker of No. 4 Unit

nust be repaired and its spare parts supplied.

Station Serv1ce Transformer: The dryer agent (5111ca gel) of the two (2)
transformers must be replaced and the insulation oil chauged. The insula—
tion oil dielectric constant tester and the glass plates of conservator oil

level gauges must be cleaned.

Instrdmgnts::_Agcufacy of all instruments is doubtful. As there is no tool

‘and calibration equipment in the repair shop, various test sets must be
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procured.

Crane: The main equipment crane has a 5-ton auxiliary hoist and 25-ton
maln hoist. As the 5-ton hoist is not operable, its parts must be

replaced. The hoisting cable of the 25~ton hoist must be feplaced..
Other Equipments

Black Start Generator: One DC generator must be Iinstalled so that the main

engine can be started when all power of the station goes off.

Fire Protection System: The manually operated, carbon dioxide fire
extinguisher currently available is not sufficient. A new fire protection

system with a diesel engine drivem pump must be installed.
Station Electric Wiring

Cooling Water Pump House: As the wiring is excessively aged, it has to be

replaced.

Station Lighting: The flood lamps in the power plant building and the
ceiling of generator hall are badly.soiled by soot. The necessary parts

and lamps must be replaced, and the spare parts supplied.
Aneillary Facilities

Repair Shop: In order to clean machine parts, the outdoor yard must be
expanded, and a movable gantry crane must be installed for transportation

of materials and parts.

Warehouse: The warehouse must be expanded so that the storage racks are

extended to store parts of its own power plant.
4,2,3 Canefield Power Station
Diesel Engine

Ne. 3 Unit: The 12,000-hour overhaul 1s scheduled to be conducted from
January to April of 1989, and the spare parts will be delivered by
November, 1988. '

No. 4 Unit: This unit 18 being shut down as 1t was damaged in 1987 due to
failure of crank shaft. The new crank shaft has been delivered, and

overhaul will be compléted by January of 1989,
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Generator
There is no particular problem on either No. 3 or No. 4 Unit.
Lubrication 0il System

The lubrication oil is co@ied by the river water which contain large amount
of silt as well as sea water that come from the nearby sea, The heat
exchangers and piping of the cooling system are damaged by erosion and
corrosion, and there are troubles including ingress of water into lubrica-

tion oil.
Two (2) heat exchangers must be replaced aund their spare parts supplied.
Coéling Water System

This system is attacked by wear, erosion and corrosion by the same causes
as with the lubrication oil cooling system. ©One (1) cooling water pump out
of three must be repaired, two (2) switching type strainers must be

replaced, and their spare parts supplied.

in the engine cooling system, four (4) injector cooling pumps and four (4)
-jacket éooling pump driving motors (with the type changed to fully enclosed

type) must be réplaced,.and related spare parts procured.
Fuel System

Originally, it was plénned to use the heavy cil, which has not been
realized, but the reason is not clear,.i.e., whether the oil charac-
teristics did not match the purifier specification or the capacity of
purifier was not sufficient. Anyway, there will be no problem if diesel
0il is continued to be used as it is now. Coating of oil tank and piping

will be required,
Startup Air System (Compressed Air System)

The motor driven and engine driven compressors must be replaced and their

spare parts supplied.
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Intake and Exhaust Systems
The intake system must be painted, and the_Screens must be replaced.
Ancillary Facilities

The repair shop and warehouse must be cleaned, and the storage racks in the

warehouse must be expaunded.
4.2.4 Onverwagt Power Stétioﬁ

In the original plan for rehabilitation of Onverwagt Power Plant, the
repair of existing No. 5 Unit (with installéd Capacity-of 2.5 MW, mahufac—_
tured by General Motors Company in 1981 and'sﬁut'dbwﬁ'in‘Juné;_1988 due to
turbo charger failure) and proéurement of a new.2.5 MH‘unit wérg plahnéd,
as the repair costs for Né. 1 through No. 4 diesel_genefator uﬁits,'which
have smaller capacity'(l,OOO‘kW X 4, manufactured by Ruston-GEC in 1973)
‘are ﬁore axpénsiye."GEC reviewed this plan'in-Aﬁgust, 1988, and it was
then preparing to'implemént the repair of No. 5 Unit only in December of

1988.

The major items which need replacement are, in addition to spare parts for
perlodical inspections,; the turbo charger of No. 5 Unit, pgovernor, instru-
ments, radiator fan motor, 125 V batteries, automatic voltage'régulators;'

plus their spare parts.
4.2.5 Conclusion

Although the rehabilitation programs are currently being implemented By-'
GEC, it is recommended that all efforts of the Company are concentrated to
rehabilitation of power plants discussed above, as they are the key power

plants in GEC's power system.
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CHAPTER 5 POWER DEMAND FORECAST AND
SUPPLY BALANCE

51 METHODOLOGY

It is well know that there is a close relationship between power demand and
economic performance which 1s represented by gross domestic product {GDP).

This relationship is often utilized for power demand forecast.

Demand function for a given commodity consists of price of that commodity
and income of the consumers, therefore it is reasonable to use, as the
second explanatory variable, electricity price which is represented by

average rate per unit sold.

However, in developing countries, serious unbalance is often found between
power demand and supply capability and many potential consumers are waiting
for electricity supply. Under these conditions, it is often difficult to
identify a strong correlation among power demand, GDP and electricity
price. In such a case, number of electricity consumers can be used as the

third explanatory variable.

In addition to the above macro—~economic forecast method, there.are analytic
forecast methods made on a micro—econcmic framework which take imto account
future industrial projects, agricultural projects, large housing estate
projects, etc. However, these analytic methods can be used only when sound
prospectives are obtained regarding financing and technical aspects of
these projects. Otherwise, they lead often to an overestimate of the

future demand for electricity.

In this study, linear regression and multiple regression were calculated
based on the time—series data of power demand, GDP, average rate per unit
sold, and number of consumers over the period from 1974 to 1987, in order

to find the most suitable regression model.

Attention was also paid to the fact that in the Demerara and Berbice
systems there are many applications for which supplies have not been pro-
vided. Undoubtedly these potential consumers will be supplied with
electricity after completion of current rehabilitation program for super-—
annuated plants and construction of new power plants. Therefore, these

potential demands were added to demand forecasted by regression method.



5.2 REGRESSION MODELS

Time—séries data given in Tables 2.2.4.(1) to 2}2.4.(5) and Table 5.} have

led to the following regression models:
ngbols

Y : Energy generation (GWh)
X1 : GDP (G$ million at 1980 prices)
X2 : Average rate per'ﬁuit sold (G$/kWh) or number of consumers

X 1 Number of consumers
- 5.2.1 Multiple regression

(1) Explanatory variables: GDP and electricity price
{See Table 5.2.(1))

Y = 0,0135X1 + 242,51041%2 + 122.02
Correlation coefficient: RZ = 0.61

This model cannot be used theoretically because price coefficient shows

positive (+) sign.

(2) Explanatory variables: GDP and number of consumers

{See Table 5.2.(2))

Y = 0.03772X1 + 0.00214X2 ~ 6,36
Correlation coefficient: RZ = 0.63

This model is not also suitable because correlation coefficient is very

low.
5.2.2 Linear regression

Explanatory variable: Number of consumers"only
(See Table 5.2.(3))

¥ = 0,00223X 4+ 41.75

0.76
15,38

Correlation coefficient: r

Standard deviation: 5

Correlation coefficient of 0,76 is not high but it is consldered that this -

model represents fairly the demand relationshp up to the present.



Therefore; this model has been used as the basis for power demand forecast

for the future.

The number of consumers in 1987 which is the base year of this study was
101,359, When using this modél, the calculated energy generation in 1987
is 30.4 GWh larger than ;he.actual generation of 237.4 GWh. This dif-
ference of aboutil3%_(30.4/237.4 = (0.128) would have been caused by shor-
tage ofréupply capabllity of GEC power system. In fact, the load shedding
carriédrqut during the period from 1985 to 1987 is estimated by GEC as
follows {39.6 GWh in71987): |

1985 1986 1987

(MWh) (MWh) {MWh)

Demerara system 7,666 22,095 33,418
Berbice system NsA. N.A. 6,214
Total ~ - 39,632

Note: NeA. ... Not available.

Therefore, it is considered that the power demand will show a rapid growth
in around 1988/89 corresponding to the progress of the current rehabilita-

tion programe.

5.3 CONDITIONS FOR DEMAND FORECAST
5.3.1 Increase of consumers

The number of consumers had increased steadily at an average rate of 3.75%
per annum froﬁ 73,514 in 1974 to 95,152 in 1981, but since then it has
become unstable due mainly to shortage of supply capability of GEC power
system. This would mean that if there is no large shortage of supply capa-
bility, the number of consumers will increase at a rate of this order even
under recession of the economy. Assuming that the current rehabilitation
program will be cbmbletéd by the end of 1990 and also new power plants will
'éntef'service'thereafter, the number of consumers is estimated to grow at

an average annual rate of 3.75% in the future.



5.3.2 Sharés of power demand by system

Shares of power demand of the isolated systems in the total demand have

remained almost unchanged up to present.

In the Demerara system the rate of access to electricity is very high,
reaching almost saturated situation. This would lead to the consideration
that in the future the growth of power demand in the Demerara system will
be less rapid than that in the Berbice system. This may be true but it is
difficult to make a quantitative estimate. Power demand in the Demerara
system will also grow steadily due to increase of inhabitants, caused by

immigrants from other areas.

Therefore, on the assumption that shares of power demand by system in the
past will not change very much, the following demand shares are used for

the future {(See Section 2.2.4.(4)).

Power system Demand share (%)
Demerara . 85.5
Berbice ) 10.8
Anna Regina/Wakenaan 3.0
Bartica 0.7

Total 100.0
5.3.3 Potential power demand

There are many potential consumers in the Demerara and Berbice systems.
The current numbers of applications for which supplies have not beén pro-

vided are as follows.

Demerara system 3,510

Berbice system 4,200

Almost.all of the above applications are residential consumers. As stéted
in Section 2.2.4.(1), the Specific'energy consumption of residential_cbn"
sumers is 1.13 MWh in the Demeréfa system and 0.51 MWh in the Berbice
system., The system loss factors.of Demerara aﬁd'Berbice systems afé ésti-
mated to be 27.3% and 37.2% reépectively, as shown 1n Section 2.2.2.(4).
Therefore, the required power generation which correspond to these poten—

tial power demands are estimated as follows:

5- 4



[:§

5.5 GWh
3.4 GWh

Demerara: 3,510 x 1.13/(1 = 0.273)
Berblce: - 4,200 x 0,51/(1 ~ 0.372)

[

It is said that in the Berbice area there are eight saw mills having a
total demand of about 4MW. These mills are leocated beyond -the end of

distribution line of Canefield power station.

The:pofentiai demands of 5.5 GWh for the Demerara system and 3.4 GWh for
Ithe Berbice system mentidnéﬂ above are included in this power demand fore-
cast, but saw mills deﬁands are not incliuded in this demand forecast
because accurate information about these demands are not available at the

monment .
5.3.4 Load factor

As described in Section 2.2.4.(3), the load factor of each power system has
been almost unchanged over the period from 1974 to 1987, therefore, the

average load factor for this period shown below is used for the future.

Power system Load factor (%)
Demefara. 65.9
Berbice 40,1
Anna Regina/Wakenaam 45.9
Bartica _ 47.1

5.3.5 System loss factor

The systém loss factor including station service loss, transmission and
distribution losses are abnormally high for all of the power systems.
Further, no decreasing trend has been found. For the period from 1974 to
1987, the average loss factors were 27.3% for the Demerara system, 37.2%
for the.Berbice system, 22.4% for the Anna Regina/Wakenaam system and 25,87

for the Bartica system.

These high loss faétors.ﬁOUId be due either to theft or to accounting dif-
ficulties. GEC recognizes its high system loss and is working at reducing
these losses by investigation of theft, introducing a new computer billing

system, and upgrading its distribution system.

GEC is presently planning to reduce the losses in Demerara and Berbice

systems to 24% by 1990. GEC is also projecting that as a result of the



Distribution Master Plan (IDB financed) the distribution losses will be
reduced., Tt is expected that the overall loqses will decrease to 18% by

1994 for the entire system.

Taking the above 91tuat10n into account, the following loss factore are

estimated for the planning period from 1988 to 1998

 Year ' Demerara  Rerbice Anﬁa'Regina/Wakeneam '-ﬁertioa
1988 0.273 0.372 - 0.224 . 0.258
1989 0.256 - 0.299 0.216 - 0.243
1990 0.240  0.240 . 0.208 0.229
1991 0.223 0.223 0,200 0.216.
1992 0.208 0,208 0,194 "~ 0.203
1993 0.193 _  0.193 _ . 0.8 0,191
1994 0.180 _  0.180 . 0.180 0.180
Thereafter 0,180 0.180 0.180 0.180

5.3.6 Required reserve margin

In order to secure a stable supply of eleetricity, the power system must
have a reserve margin to cover capacity drop due to scheduled maintenance

and forced outage, and also to sudden increase of power demand.

There are many criteria to determine reserve margin in accordance with
scale of power system and load pattern, but most developing countries adopt

the larger of the following two:

~ Capacity equivalent to the largest and the second largest generating

units;
- A certain percentage of the peak ioad'(in general_lS'to_ZbZ)

To cover the current shortage of supply capability, fairly large capacity
must be added to the GEC power system. For this purpose, GEC will be bur-
dened with large investment in the future. Taking this into account, the
reserve margin is to be one_(l) largest unit for eaoh.power'SYStem. _ -

Therefore:



Power system . Reserve margin (%)

Demerara 8.5 (1988-92), 13.0 (1993-98) (Note)
Berbice o 5.0
Anna Regina/Wakenaam 1.5
‘Bartica - : 0.2
_Total . o 15.7

Note: 'Iﬁ'1993, Kingston No.l unit will be retired, and it is
' planned to install a 13.0 MW unit..

5.3.7 'Retirement'schédule:'“

:Statisticaily, iﬁ.mpst coﬂntriés the economic service life is-estimated to
be 25-30:Yeéfs fdr stean power plant:and 15-20 years for diesel power .
plant.. Iﬁ.thié_study, fhé service life is estimated to be 30 years for
Kingston Steam:Power plant and ZO'yeafs for the other diesel power plants.
The current:rehabilitation'program is expected to prolbng the service life

of the plants to these limitse.

The time-schedule of retirement and decrease of capacity is estimated as

shown in Table 5.3

5.4 RESULT OF DEMAND FORECAST AND SUPPLY BALANCE

The résults of deménd forecast are shown in Tables 5.4.(1l) to 5.4.(6).
These tables include energy consumption, energy sent-out, peak load,
reserve margin, reéuired'capacity, capacity of existing power plant,
retirement, and power demand and supply baiance by existing power plants of

jeach.power system over the period from 1988 to 1998.

Fig. 5.1 shows power demand in the Demerara and Berbice systems from 1980

to 1998.



Table 5.1 ECONOHIC PARAHETERS FOR POWER DENAND FOREGAST

GDP (G$ million) - Electricity price (G&#/k¥Wh) - .

Harket Deflator 1980 ~ Current  G.P.I. = 1980 Number of

- Year prico_ (1980=100) pricé price (1980=100) price consumers
1974 855.0 68 1,400.0 - 013 50.8 0.256 73,514
1975 1,188.0 77 1,546.0 - 0.19  54.7  0.347 80,088
1976 1,136.0 7t 1,591:0  0.21-  59.7 ~ 0.352 81,014
1971 1,125.0 74 1,515.0 .7 0.24  64.4 “D:372 - 82,478
1978 1.268.0 85 1,489.0. ° 0.24 . 7TA.4.  0.363 85,840
1979 1,326.0 80 1,4?9.0 _ '0.2? 87.7 0.308 87, 266
1980 [,508.0 100 - :1,508.0 - 0.37 - .100.0 0.370 80,900
1981 1,697.0 141 1,576.0 0.58 124.7 0.465 95,152
1982 1,446.0 idb 1,380.0 .59 “150.0 -0.393 89,758
1983 . 1,468.0 117 1,259.0 0.59 169.9 0.347 - 82,878
1984 1,700.0 - - 0.75 »  212.1 0.353 86,916
198% - 1,964.0 - - 0.81 - - 84,710

1986 2,219.0 : - 0.8 - - 85,516
1987 - - - ' - - - 101,359

Source:  GDP, GDP deflator and C.P.I.(Consumers price index) were

taken from International Financial Statistics 1987 (iHF).

Data on average rate per unit sold {Current price) were
provided by GEC Planning Department. '




Table 5.2,(1)  MULTIPLE REGRESSION CALCULATION

Yo Energy.generation (GWh)
X1:-GDP (G$ Million) ' :
X2: Average rate per unit sold (G$/kWh)

Input Data ¢

1 oo X X2

1974 7195.5 1400.0 0.256
1975 208.5 1546.0 0.347
1976 . 226.9 - 1591.0 0.352
1977 . ¢ 244.2 1515.0 0.372°
1978 - 223.4 1489.0 0.363
1979 236.8 1479.0 0.308
1980 - © 239.4 1508.0 0.370
1981° - 256,2) 1576.0 0.465
1982 . - 230.5 1380.0 0.393

3 1259.0 - 0.347

1983 224,

kY = akl + bAZ + o Rk

a= 0.01351
b= 242.51041
c=  122.01970

‘Correlalion Coefficient: r=0.610
Standard Deviation: s= 17.44



Table 5.2.(2)  MULTIPLE REGRESSION CALCULATION

Y : Energy generation (GWh)
" X1: GDP (G% Mil}ioh)' '
X2:¢ Number of consumers

Input Data

1 Y(I) XD X2(1)
1974 - 195.5 1400.0 73514 .
1975 208.6 1546.0 80088 .
1976 226.9 1591.0 81014 - -
1977 . 244.2 '1515.0 82478 -
1978 . 223.4 1489.0 85840 -
1979 - . 236.8 1479.0 87266
1980 239.4 1508.0 80900 . -.
1981 - 256.2 1576.0- 95152,
1982 230.5 1380.0 - BY758 .
1983 224.3 1259.0 82876

sk Y = aXl + bX2 + ¢ dkk
. 0.03772
= 0.00214
- -6.36052

. Correlation.Coeff}éientf_r:o:ﬁﬁl
Standard Deviation: s= 17.44
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Table 5.2.(3):  LINEAR REGRESSION CALCULATION

Y : Energy generation (GWh)
X ¢ Number of consumers

1nput'Data:

S (40! - XD
1974 195.5 , 73514
1975 208.6 ' 80088 -
1976 | 226.9 ' 81014
1977 244.2 : 82478
1978 : 223.4 - ' 85840
1979 236.8 - 87266
1980 239.4 80900
1981 - 256.2 95152
1982 0 230.5 . 89758
1983 ' 224.3 82876
1984 235.8 86916
11985 . 235.8 84770
1986 226.0 85546

%%k Y = a + bX kkxk

It

a= 41.74963
b= 0.00223

Correlation Coefficient: r= 0,758
Standard Deviation: s= 15,38
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Table 5.3  DECREASE OF CAPACITY BY RETIREMENT

Denmerara - ‘Berbice . . Anna R,/UK,_ Bartica
Year  Power plant ~(HW) Total  (M¥) Total - (HK) Total - (MH) Total

1988 . R s = - - B
1988 - - - - - .
1990 - - - - - . T
1991 ' _ - - - - T . -
1982 Anna Regina - - - 1.1 1.1 R e
1993 Kingston #1 8.5 8.5 - - - 1.1 - -
1994 Kingston ¥2 8.5 17.0 - e - 1.1 - -
1995 GOE 2,484 5.0 26.0 . - - 1.1 e
1996 GOE #3 5.0 3.0 - - 1.1 - -
1997 Kingston #3 §.5 39.5 - - 1.1 A
1998 Canef’d #3,8#4 - - 9.5 8.5 - 1.1 0.4 0.4

Bartica

512



Table_ﬁ.d.(l) LOAD FORECAST & SUPPLY BALANCE
_ B . (By Existing Power Planis)

GEC Whole Power System .

Year [Energy lnergy Peak Résérﬁe Required Ixisting Retire- Supply.

- -{AD)  sold . sent out .load margin - capacily capacily ment balance
o " (GWh)  (GWh) o (MW)  (MW) (MW) (My) - (MW} (M¥)

1988 204.5 285.2 . 53.9 ° 15.2 69.1" 42.2 0.0 -26.9
1989 217.6 294.0 © 55.5  .15.2 70,7 58,2 0.0 ~12.5
1990 230.6  303.1  57.2 15.2- 72,4 58.2 0.0 -14.2
1991 243.4  312,5  59.0  15.2 74.2 58.2 0.0 ~16.0
1992 255.6 322.4° 60.9  15.2 = 76.1 58.2 ~1.1 -19.0
1993 268.4  332.6 62,8 - 19,7~ 82.5. 58.2 -9.6 ~33.9
1994 281.4  343.1 64,8 19.7 . 84.5 58.2 -18.1 ~44.4
1995 290.4  354.1 66.8 19.7  -86.5 58.2 =271 ~55.4
- £1996 299.7 365.5  69.0 19.7 88.7 58.2 -32.1 ~62.6
1997 309.4  377.3 71.2 19.7 90.9 58,2 ~40.6 =73.3

4  389.5 73.5 19.7 93.2 58.2 -50.5 ~-85.5

1998 319,

Note: Overall load factor = 60.7%

Tabie 5.4.(2) VLOAD FORECAST & SUPPLY BALANCE
' By Existing Power I'lanis)

Demerara & Berbice System

 Year  Energy ‘Bnergy  Peak Reserve - Hequired Existing Retire- Supply

(AD) " sold ~ senlt out load margin capacily capacity ment  balance
) (G¥h)  (GWh) (MW) (MW) — (MW) (MW) (MW) (MW
1988 196.6 274.9 . 51.3 “13.5 64.8 39.2 0.0 -25.6
1949 209,4  283.4 52.9 13.5 66.4 5.2 0.0 ~11.2
1990 222.1 292.2 54.5 . 13.5 68.0 5b.2 0.0 -12.8.
1991 234.1 301.3.. 56,2 ~13.5 69.7 bb.2 0.0 ~-14.5
1992 246.1 310.8 58.0 “13.5 71.5 65.2 0.0 ~16.3
1993  258.7  320.6  59.8  18.0 .  77.8 56.2° -8.5 -31.1
1994 271.2  330.8  61.7 18.0 79.7 55.2 ° -17:0 -41.5
1995 279.9  341.3 © 63.7 18.0 81.7 5.2 -26.0 -52.0
1996 . 288.9 352.3  65.7 "18.0 83.7 5b.2 ~-31.0 -59.5
1997 ~ 298.2 - 363.6 ~ 67.8 18,0 85.8 55,2 -39.5" ~70. 1

9. 375.4 70.0° 18.0 0 55,2 -49.0 -81.8

i998 - 307, 88.

Note: Overall load factor = 61,4%
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Table 5.4.(3) LOAD FOHECAST & SUPPLY BALANCE
(By Existing Power Plants)

Demerara System

Year Energy Lnergy Peak Reserve Required [xisting Retire- Supply

(AD)  sold sent out load margin  capacity capacily ment  balance
- {GWh) (G¥h) (MW} (MW) (M¥> . (MY} (MW) (MW)
1988 175.7 241.7 41.9 8.6 - 50.4 32.7 0.0 ~17.7
1989 185.4 249.2 43.2. 8.5 . 51.7 43.7 0.0 -8.0
1990  195.3  257.0  44.5 8.5 53.0 43.7 0,0 9.3
1991 206.0 265.1 45.9 8.5 64,4 - 43.7 0.0 -10.7
1992  216.6 - 273.5 47.4 8.5 55.9 43.7 - 0.0 -12.2
1993 227.8 282.2 48{9 --13.0 61.9 43.7 . ~8.5 -26.7
1994 238.8 291.3 50.56 13.0- 63.5 - 43.7. -17.0 -16.8
19956 246.5 300.6 62.1 13.0 . 65.1 43.7 ~26.0 ~-47.4
1996 254.5  310.4 3.8 13.0 66.8 13.7 ~31.0 -54.1
1997 262.8 320,56 55.5 13.06- 68.56 43.7 -39.5 - ~64.,3
1998 271.4 330.9 57.3 13.0 3 43.7 5 -66.1

70. -39.

Note: Load factor = 65.9%
Table 5.4;(4) LOAD FORECAST & SUPPLY BALANCE
) (By:EXiSling PPower Plants)

Berbice System

Year Incrgy Energy  Peak Reserve Required Exisling Retire- Supply

{(AD}  sold sent gul load margin = capacily capacily ment = balance-
' (GWh)  (GWh)Y ~ (MW) (MW) (MW) (MW)  (MW) . (MW}
1988 20.9 33.2 9.5 5.0« 14.5 6.5 0.0 -8.0
1989 24.0 34,2 9.7 5.0 14.7 11.5 0.0 -3.2
1990 26.7 35.2 10.0. 5.0 15.0 11.5 0.0 -3.5
1991 28.1 36.2 . 10.3 5.0 15.3 11.5 0.0 ~-2.8
1992 29.5 37.3 10.6 5.0 15.6 11.5 0.0 -4.1
1993 31.0 38.4 10.9 5.0 . 15.9 1.5 0.0 ~4.4
1994 32.4 39.5  11.2 5.0 16.2 11.5 0.0 -4.7
1995 23.4 40.7 11.6 5.0 '16.6 11.5 0.0. ~5.1
1996 4.4 41.9° 11.9 5.0 16.9 11.5 . 0.0 ~5.4
1997 35.4 43.2 © 12.3 5.0 17.3 1.5 0.0 -5.8
1998 36.5 44.5 . 12.7 5.0  17.7 11.5. -9.5 -15.7

Noté:  Load IaC{Or = 40.1%
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Table 5.4.(5) LOAD FORECAST & SUPPLY BALANCE
: (Dy Existing Power Plants)

Anna Regina & Wakenaam System

Year Energy - Energy Peak Reserve Required Existing Retire- Supply

(AD) sold sent out load margin capacity capacity ment balance
(GWh) ~ (GWh) ~ ~(MW) = (MW) (M¥W) (MWD - (MW) {MW)
1988 6.4 8.3 2.1 . 1.5 3.6 2.6 0.0 ~1.0
1989 6.7 - 8.6° 2.1 1.5 - 3.6 2.6 0.0 ~1.0
1990. .7.0 3.8 2.2 1.5 3.7 2.6 0.0 1.1
1991, 7.% 9.1 2.3 1.5 3.8 2.6 0.0 -1.2
1992 - 7.6 9.4 2.3 1.5 3.8 2.6 ~-1.1 -2.3
1893 .. 7.9 I N 2. 1.5 . 3.9 2.6 -1.1 ~2.4
1994 - 8:2 10,0 2.8 1.5 4.0 2.6 -1.1 -2.5
1995 “8.5 10.4 2,6 1.5 4.1 2.6 - -1.1 -2.6
1996 - 8.8 10,7 2.7 1.5 4,2 2.6 -1.1 -2.7
1997 9.1 11.1 2.7 1.5 4.2 2.6 . ~1.1 -2.7
1998 9.4, 4 - 2.8 1.5 4.3 2.6 1 -2.8

Note: Load factor = 45.9%

Table 5.4.(6). LOAD FORECAST & SUPPLY BALANCE
: ' (By Existing Power Plants)

Bartica System

Year  Energy Energy ‘Peak Reserve Regquired Existing HRetire- 3Supply

(AD) sold sent out load margin capacity capacity ment balance
- {G¥h) {GW¥h) (MW) (M¥) (M¥W) (MW) . (MW (MW

- 1988 1.4 i.9 0.5 0.2 0.7 0.4 0.0 -0.3
1989. 1.5 2.0 0.5 0.2 0.7 0.4 0.0 -0.3
1990 1.6 2.1 0.5 0.2 0.7 0.4 0.0 ~-0.3
ig991 i.7 2.1 . 0.5 0.2 - 0.7 0.4 0.0 ~0.3
1992 1.7 2.2 0.5 0.2 0.7 0.4 0.0 -0.3
1993 1.8 2.3 0.5 0.2 0.7 0.4 0.0 -0.3
.1994 1.9 2.3 0.6 0.2 6.8 0.4 0.0 -0.4
1995 2.0 2.4 0.6 0.2 0.8 0.4 0.0 ~-0.4
1996 2.0 . 2.5 0.6 0.2 0.8 0.4 0.0 ~0.4
1997 2.1 2.6 0.6 0.2 0.8 0.4 0.0 ~-0.4
1998 2.2 2.7 0.0 0.2 0.8 0.4 -0.4 -0.8

Note: Load_factor = 47.1%
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CHAPTER 6 POWER SUPPLY ENHANCEMENT PLAN

6.1 GENERAL

The power supply/demand balance of Guyana is seriously stringent even if
the power plant rehabilitation programs currently in progress are Fully
implemented, and the specific plan for overall improvement of thisg

situation must be immediately formulated.

In addition, when we take into account the eventual decommissioning of
existing power plants, which will be forced as the service life of these.
plants expire, formulation of future plan for expansion of power supply

facilities is urgently needed today.

As specifically described in Chapter 5, the shortage of the total power
supply capacity today is indeed serious, and the remaining life of existing
power facilities are short, as most generators are very old and aged.

That is, although the objective of this study has been defined as the
improvement of situation for the coming 10 years, it must be noted that,
during this period of 10 years, all power generation facilities, with the
exception of Versailles and Onverwagt Power Plants (with the total output

of 6.2 MW) will reach the age where they have to be replaced.

Therefore, it is mandatory to study not only the improvised measures for
tentative improvement of the power supply situation but also the power

supply development programs of the future in formulating this master plamn.

In this Chapter, we shall discuss the power supply enhancement plan by the

following éteps.

1) Emergency measures to be enforced immediately.
2) Construction progréms of major thermal power plants.
3) Programs for replacement of existing diesel geuerators.

4) Hydroelectric power development programs.



6.2 EMERGENT POWER SUPPLY ENHANCEMENT PLAN

(1) Recovery of Power Supply Capability of Existing Facilities by

Rehabilitation -

The rehabilitation programs for existing thermal power plants under the IDB
loan is being implemented, and these programs must be completed as soon as

‘possible.

The specific contents of these rehabilitation programs are described in
Chapter 4. As shown in Table 4.1, a substantial récqvéry of power supply

capacity can be realized when these rehabilitation programs are completed.
(2) Urgent Measures for Construction of New Power Sources

Currently, there is a substantial shortage iﬁ power supply capability, as
indicated in Table 6.2. Urgent measures for construction of new power
supply sources are needed. 1In this réspect,'GEC is giving the ﬁifst
priority to a reinforcémeﬁt project which is to add one new unit at Garden
of Eden Power Plant as the most feasible and realistic measure.

It must be noted, however, that this additional unit at Garden of Eden
Power Plant can be commissioned oﬁly.by the end of 1990, even if this

program is authorized immediately.

The power supply capability must rely only on the rehabilitated capacity of
existing power statious until the unit méﬁtiéned above is realized., The |
power shortage in 1988 and 1989 will amount to 12:2 or 2.7 MW, even if the
rehabilitation progréms.are fully implemented and all units are operated
and connected to the grid. Therefore, the load restrictions to be enforced

in 1988 and 1989 will continue to be of similar extent as it is today.

If an additional 5.7 MW of power supply is deployed in Demerara Power
System by the additional unit in Carden of_Eden_quer Planf, and if all the
exiting units are aperated, a certain excess in power supply capacity will
be secured in Demerara Power System. Hoﬁever, thié situation qannot'bé
regarded as a balance in supply ahd demaﬁd, Bécause a certain amount of

reserve capacity will always be needed in the power system.

In addition, the supply capacity in Berbice Power System, which is inter—.

counected to Demerara Power System, 1s in serious shortage when any one



unit in the system faile, and development of additional 7 MW supply source

will be required for the whole power system,

That is; a power source development of approximately 7 MW will be urgently
required in addition to the installation of an additional unit in Garden of
Eden Power Plant, Thié additional power source must be commissioned by

1991 at the latest.

In the event that these additional units are completed, the load restric-
tions of current scale will no longer be required, except under such spe~

cial circumstances as an extensive large equipment failure.

Theréfore,_it is recommended that GEC and the govermmental authorities con-
cerned authorize the new project of installing three units (with total
capacity of 7.8 MW), in addition to the plan of installing a new unit (5.7
. MW} in Garden of Eden Power Plant, as a natiomally authorized plam, and

make appropriate financial and technical preparatious.

We propose. the above two plans as the urgeut programs of electric power
development, and expect prompt and energetic actions of the authorities

concerned,
(3) Study of appropriateness of concrete plan for emergency measures
1) Replacement of one unit of Garden of Eden Power Statiomn

The Garden of Eden Power Station is the major station in the 60 Hz power
system of Guyana. Location-wise, the station is situated at a stragetic

point to receive power from GUYMINE power system.

At present, out of the 4 existing units, only I unit (No. 4 unit) is
operating at 3 MW while the other units are out of service due to mechani-
cal trouble. GEC is planning to rehabilitate units Nos. 2, 3 and 4, and

expects to reinstate 15 MW of generating capacity during 1989.

The remaining 1 unit (No. 5 unit) is beyond rehabilitatiom. At present,
there is only the foundatioun of this unit, and all components and parts of

. this unit have been transferred and used in the other units.

As an emergency measure to reinforce the supply capability in the shortest

time, GEC is giving the highést priority'to'replaée this unit with a new



generating equipment and has requested the assistance of the Government of
Japan, The study team has also given the first priofity to thig plan as an

emergency measure for the following reasons.

~ No. 5 unit, except for the foundation,.haé been completely dismaﬁtied.
By installing a new pnit'of_appropriate éize at this site, nost of the
existing fuel supply system and electrical system can be used, resulting
in an economic and;most shortest time regquired to reinforce supply capa-

bility.

~ The existing foundation has adequate strength and weight, making it

possible to use this foundation for the new unit.

~ The existing powerhouse building and overhead travelling crane can be

used.

~ Since this is a replacement with a new unit, ne new work are required to

the power system.

- Measures other than this scheme to reinforce supply capability would
mean construction of a new power sfation, and would result in the basic
studies of site selection. Therefore, economically and from the stand~

"point of time schedule, such scheme would not coincide with the objec-—

tive of emergency measure to reinforce supply capability.

In the light of foregoing reasons, top priority project to replace No. 5
unit of Garden of Eden Power Station with a new unit is most appropriate as

an emergency measure,
The details of the project features are given in Chapter 8.
2) Reinforcement of supply capability of Onverwagt Power Station

As the second step of the emergency.measure td.reinfdrce supply capability,
the appropriate approach would be to consider reinforcing the capability of

Onverwagt Power Station for the following reasons.

- After reinforcing the supply capability of Garden of Edéﬁ.Poéef Station
by the addition of a qéw ﬁnit, the next.stép feQuired is_tb'mitigafe of
power supply condition of Berbice power sysfgm.- (If éng uﬁit.of o 7:
Canefield Power Station drops out, there will arise a power shortage of

30% of Berbice power system.)



~ At Onverwagt Power Station, there remain foundatiouns for 3 units of 1 MW

units that were retired from service. These foundations can be used,

- It is possible to install on these foundations one unit each of 2,6 MW
high speéd diesel engine generator. The existing powerhouse building,
fuel supply system, electrical system, crane, etc. can be used, |

‘Thereforé, if compared to constructing a new power station, great saving

can be achieved.

~ 1In the installation of new small size unit, the adoption of high speed
machine is most economical. As there is a similar machine installed at
Versailles Power Station which is operating in pood condition, there

" ghould be no problem of maintemance and repair,

-~ Considering the financing possibilities of Guyana, this scheme is recom—
mended as the second priority for the emergency measure to reinforce

supply capability.

The details of the project features are given in Chapter 8,

6.3 DEVELQPMENT PROGRAM OF NEW MAJOR THERMAL POWER PLANT
(1) Necessity

Kingston-B Power Plant, which is currently the major power supply source in
Guyana, has been operated for more than 20 plus several years since its
commissioning, and aging of the facility is serious. The mechanical effi-

ciencies of the equipment are also substantially deteriorated.

The serious problem here is that this power plant happens to be the major
power supply'sourcé of this country which accounts for 65% of the total

power generation capacity.

In the event that the major equipment of this power plant fails, an exten-—
sive blackout is inevitable, which may even lead to a serious social

disturbance.

In this master plan, it has been tentatively assumed that the service life
of this steam power plant is 30 years, with the life of the units ending in
1992 and 1993, Considering the poor operating performance of this power

plant, however, the above assumption wmay be too optimistic,



Nevertheless, this power plant is the most important power supply source,
and all efforts must be focused on proper maintenance of this facility to

sustain sound operation of the plant.

It is absolutely necessary to have a new major ppwer‘plént:whi§h,éan.
replace Kingston-B by some time in 1993_6r 1994. As‘this_ﬁew bowef:plant
.will.then'have to play the role df,thé:majqr power Supply'source forgthe-
whole power system, the blan must be_fﬁrmulated meticulqﬁsly,.based on the
real uneeds of the power system, and not based:bﬁ easy cdhprdmisa with such

problems as financing or convenience of addpting to existing facilities.

The plan of this new major power plant is different from thoée,ﬁor Garden
of Eden or Onverwagt discussed abdﬁe_inﬂthat_its financial and technical
scales are much larger. Therefore, the preparation of the plan must he
started immediately, even if the date of cbmmiséioniﬁg may be somewhat

further away.
(2) Outline of major power plant plan

In this chapter, the geﬁeral features of this new power plant as the major
power source in the system.will be discussed. The details on this subjiect

is'preséﬁted in Chapter 8.
1) Power plant capacity

it is ant1c1pated that the exlstlng No.ll Unit'énd No. 2 Unit of
Klngston—B Pover Plant w1ll be decomm1331oned in 1992 and 2 units of "New
Kingston" Power Plant, . hav1ng i3 MW capaclty each, w111 be commlss1oned

into the system, in place of the old unlts in 1993.
It is also anticipated that No. 3 Unit of'exiéting Kingston-B Power Plant
will be decommissioned in 1996, and No, 3 Unit aad No. - 4 Unit of the new

power plant will be commissioned in 1995,



[Note) 'Stﬁdy:6f Unit'Capacity of New Kingston Power ‘Plant
Refer to Ghaptgr B and
Table 6~1 Alternatives for Development Plan
Table 6~2 Power Supply/Demand Balance qné Required Power

Development

The ﬁiAg presented_above'isfthe main‘pian for tﬁe_capacicy_of New Kingston
PowerrPant,:and ﬁherefié'an altefnative plan in which only bné unit is
constructed in the second phase. ‘This alternétive_plan is suggested
because the excess supply poﬁér*becomes too large in 1995 aécording to the
main ﬁlan.' However, as presented in Chapter 12 for discussion of economic
cémﬁarisbn;fthé_differénée in total costs between the main plan and the
alternative plan is small. - In addition, there is little possibility that
all.bf ekisting pdwer plant units will maintain the current power supply
cééabilityiuhtil_the_éné'ofktheir service lives, and it may be wiser to
move up'the timingibf new development. Based on these reasoning, 'Plan 2"

in Table 6-1 has been selected as the main plan.

1993: WNo. 1 Unit; - 13 MW

S No. 2 Uity 13 MW
1 1995: No. 3 Unit; 13 MW
No. & Unit; 13 wd

' Tof;ltPiaﬁt Capacity; SZIMW
2) Powef piaht location
Thé prémises_of:aecommissioned.Kiﬁgston;A.Power Plant.
3) Power piant facility type
- 60 Hg synéh?onods geﬂerator'driven'by low.speed diesel engine,
4):'Fué1a

Heavy oil bnly.



6.4 REPLACEMENT PROGRAMS FOR EXISTING DIESEL GENERATORS
(1) Study of required power develépment |
Refer to the following documents.

Table 6~1 Alternaves for Development Plans _
Table 6-2 Power Supply/Demand Balance and Required Power ﬁévelbbméné

Table 6-3 Power Exchange between Demerara and Berbice Power Systéﬁé

The draft power development progréms-for the power supply sources which are
sufficient to meet the demands in the coming 10 years, that have been for-
mulated based on the power éupplyldemand.balance described in Chapter 5,

are presented in Table 6-1.

Each development_program_has-been dgvélbped in_such a‘manner_that_thé_total
amount of power sources to be déyeloped up to 1998 is the same, SO that
they are amenable to economic §Omparison. (Such development pfograms'arer
eventuélly gubjected to minor changes according to actual developmént in
pover suppiy/demand conditions for the later years. Therefore, no contra-
diction is introduced by the assumption that the amount of total power

development is the same in each plamn.)

In Plan I, the power development for the secoﬁd phésg pf fhe New Kingston
Power Plant is assumed to be only one 13 MW unit. Thereafter, the Chree
units in Garden of Eden Power Plaut are to be replaced, one after another
in 1996 and 1997. When the retirement of the existing units at Canefiled
becomes imminent, two 6.5 MW units will be installed at the Canefield Power

Plant in 1998.

In Plan III, the timing of Phase 2 construction of the New Kingston Power
Plant and the installation of the two units at Garden of Eden Power Plant,
as defined in Plan I, are interchanged. 1In this plan, the power supply
excess that occurs in 1996 in Plan II is thereby reduced to impfove the

total economy.

In Plan 11, the Phase 2 project of New Kingston Power Plant consists of two
units of 13 MW. This reduces the amount of replacements of existing diesel

power units.



Although Plan I1 is: sllghtly costly in construction finance among the three

‘plans, this is the most approprlate plan due to the following reasons,

% It is desirable to secure reliable power supply capability in the earlier
phase of the plan because it is too optimistic to assume that the
‘current levels of output from exlstlng power plants can be maintained

until the end ‘of theLr service lives.

* The construction cost of the Phase 2 project of the New Kingston Power
Plant is cheaper per kW if two units are installed, rather than ome by

 one.

* As the unit capacity occupies- a very big portion in the power system
capacity, convenience in cperation and maintenance can be enhanced if

more units having the same capacity can be installed.

* As performance of medium capacity diesel engines have not been satisfac-
tory in Guyana, it is advisable to rely on the sturdiness of low speed,

large capacity diesel engines.
(2) Plans for replacement of existing diesel generators

Although the Wo. 5 Unit df the Gardeun of Eden Power Plant will have been
repiaced by an emergency power supply enhancemeﬁt plan, the life of No. 2,
No., 3 and No. 4 Units will expire by.1995 or 1996, and will have to be
replaéed.' The units in Canefield Power Plant will have to Be replaced by

1998.

In coordinating the timings of these replacements with the construction of
the New Kingston Power Plant, three plans have been developed. These draft

plans are pfesented in Table 6-1.
(3) Evaluation of each replacemeﬁt'pian

Overall development plan and alternatives are shown in Table 6-1.
Urgeut measures for construction of new power sources {1990: Garden of Eden
5.7 M, 1991: Onverwagt 7.8 MW) and st stage development of the New

Kingéton'(1993:'26 MW) are common in all alternative plans.



Accordingly, in this paragraph, evaluation will bhe studied for three deve-

lopment alternatives in and after 1995.
1). Plan I

The two units of the New Kingétqn Phase I project (26 MW total) will be
commissioned in 1993, and the one ﬁnit_pf Phase 2 (13 MW) will be com-—
missioned in 1995._'Then, No. 2 and No. 4 Units of Garden of Eden Power

Plant will be replaceﬂ with two unité'having the same capacity (5.7 MW).

When No. 3 Unit of this power plant is decommissioned by 1997, it will be
replaced with a unit of same capacity. Two 5.7 MW units will be installed
as the two units in Canefield Power Plant (4 M# and 5 MW) are decom-

missioned.,

This plan is based on the most commonplace concept that the unit capacities
in each existing power plants are not changed drastically, and they are

expanded as the power demand gfows.
The total construction cost is the 1owes£ in this Plan.
Refer to Table 6=2 (1), Tabte 6-3 (I), Table 6-4 (1)

2) Plén i1 |

Two units with a total capacity of 26 MW will be installed in 1995 in the
Phase 2:Project of New Kiﬁgétdn; and the replaéemént'of 2 units in Garden

of Eden, scheduled in 1996 in Plan 1 will not be implemented.

In this plan, the poﬁer'suppiy sufplus in the year 1995 is large, and this
plén looks exaggerated in terms of éuppij/demand balance; ‘Its total
construction cost is also the highest. However, a safety margin, which ray
be required if the current output levels of existing qnits can not be
assured to the eud of their service life, which is guite likely considering

the present state of deterjoration, is provided in this Plan.

As it is postulated that the final amount of development capacity is the
same for all Plans, for the convénience-of.economic comparison, the repla-—
cement schedules of existing diesel units after 1995 are as shown in the

Table 6-5.
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In other Plans, the development schedules will have to be modified earlier,
as anticipated reductions in the output levels of exlstxng units become
'apparent. In this Plan, such modlflcatlon will be compelled only in 1ater

“years of the schedule:

One of the features of this plan is that the proportion of low speed diesel

engines is higher in terms of their total output than in Plan I.

It is our opinion that it -is important fof the interest of the Republic of
Guyana to commission the key power: generation facility supplying base load,
such as thefNew Kingston Power Plant, at the earliest possible moment to
assure stable power system operation, and therefore, we propose this Plan

as the "main plan®.
Refer to Table 6-2 (2), Table 6-3 (2), Table 6-4 (2).

3) Plan III -

" In this plan, it is intendéd to reduce the surplus power supply capacity

that occurs in 1995 as much as p0331b1e, i. e., the two units in Garden of
Eden- Power Plant are replaceé in 1995, and the new units in the New
Kingston Power Plant is 00mm1351oned at such a pace that oune unit is
completed ;n 1996 and another in 1998. The total construction cost of this

plan comes somewhere between those of Plan T and Plan II.

The proport1on of the low speed diesels is high, as in Plan II. However,
as these units are to be deployed in later years, the modification of the
plan in response to reduction of output levels of existing units is not so

easy as in Plan II.

In this Plan, the generators to be replaced are éoncentrated in the
Demerara Power System due to the decommissioning schedule of the existing
diesel geherators. " But ‘this would not present a serious problem, because
the interlink capacity between the systems will have been strengtheuned, and

the most firm power is supplied from the New Kingston Power Plant.

Refer to Table -6-2 (3), Table 6-3 (3), Table 6-4 (3).
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4) Conclusion of evaluation

Plan 1T will be adopted as the main plan due to Ehe‘following reasons.,
The economical evaluation in Chapter 12 shows this plan to be only slightly

more costly than plan 111

Bince new méjor power sources are deployed into the system early in this
plan, it is easy to manoeuvre any riské into a rational mod{fiéation in the
develoﬁment schedule if decreasing output and low efficiency from the '
deterioration of existing units cause their performance to become unsatis-

factory.

Refer to Fig, 6, Table 6-5.

6.5 HYDROELECTRIC POWER DEVELOPMENT PLAN

The Cooperative Republic 6f Guyana is blessed with abundant water reéour—
ces, and there are many promising potential hydroelectric power generation
sites. It_is.quite importan£ for this coﬁnﬁry to.implement adequate
hydroelectric power development programs as soon asrpossible and to

establish self-sufficient national enmergy supply systems.

However, hydroelectric power development demands a large amount of funds
and long lead time, and it is not appropriate to incorporate a specific
hydroelectric power development program into the terms of this master plan,

as a concrete power source which will improve the power balauce by‘1998.

Consequently, in this report, it is neceésary to only propose a specific ™
hydroelectric development program for the Tiger Hills site, which has the

best possibility to develop at the moment.

As it is required to conduct a set of surveys during the terms of this.
master plan in order to make this project a realistic one, we describe the
contents of such surveys, survey schedules and the necessary preparatory
works in detail in this report, and proposed'implementation of such pre-

paratory tasks.

The only hydroelectric power development site on which development work can

be started in the near future is the Tiger Hills which happens to be in the

6- 12



area of this study., For this reason, the feasibility of hydroelectric
power development of this site has been studied to the pre-feasibility

report level,

The content of this study is presented:

(in Chapter 9 in detail,)

Planned Output : Phase I, 56 MW (28 MW x 2 units)
Year of Commissioning : Around 2000 (as soon as pbssible).
Annual Energy Generatiom: 265 GWh _

Phase IT L : One additional 28 MW unit around 2005

When this hydroelectric power plant is commissioned, certain other power
plauts, especiélly medium size diesel plants, will have to be operated only

a8 reserves,

It is recommended, thérefore,_to review the replacement programs of the
existing diesel generators discussed above in the later years in the terms

of this master plan, considering the ppssibility of this hydro project.
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Table 6-1 Alternatives for Development Plan

Plan 1 Plan 1I Plan III
Commission- - : :
ing Year Power Capacity Area/| Power Capacity Area/| Power Capacity Area/
Plant (MW) Type | Plant {MW) Type | Plant ~ (MW) Type
1988
1989 . -
1990 GOE 5.7 D, M GOE 5.7 D, M GOE 5.7 P, M
1991 . ovw 7.8 B, H oy 7.8 B, H ovy 7.8 B, H
1992 _ :
1993 N.KGS1  26.0 D, L | N.KGSI 26.0 D, L | N.KGS1 26.0 D, L
1994 :
1995 N.KGS2 13.0 D, L | N.KGS2Z 26.0 D, L | GOE 11.4 D, M
1996 GOE 1.4 D, M | | N.KGS2 13.0 D, L
1997 GOE 5.7 D, M | GOE 5,7 D, M | GOE 5.7 D, M
1998 CF 13.0 B, M |CF 11.4 B, M |N.KGS3 13,0 D, L
Total 82.6 82.6 82.6
Breakdown by areas (MW)
DEMERARA 61.8 61.8 74.8
BERBICE 20.8 20.8 7.8
Breakdown by types
(MW) Share (M) Share (M) Share
tigh Speed 7.8 9.4% 7.8 9.4% 7.8 9.4%
Diesel _
tiddle Speed 35.8  43.3% 22.8  27.6% 22,8  27.6%
Diesel
Low Speed 39,0 47.2% 52.0  63.0% 52.0  63.0%
Diesel

Index of area

D: Demerara

B: Berbice & Corentyne

Index of
GOE:
ovy:
N.KGS1:
N.KGS2:
N.KGS3:
CF:

power plant name
Garden of Eden
Onverwagt

New Kingston lst stage
New Kingston 2nd stage
New Kingston 3rd stage
Canefield

Index of plant type

H: High speed diesel
M: Middle speed diesel
L: Low speed diesel
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Table 6~2 (1)

Study on Power Balance of each Development Plan

For Plan I
) (W)

Peak Reserve Required Rha. & Develop- Develop— System Power

Year Load Margin capacity Retire= ment ment capacity Balance

- ment ____(sum)

1988 °~  51.3 13.5 64.8 2.0 0.0 39,2 ~25,6
1989 52.9 13.5 66.4 16.0 0.0 55.2 ~11.2
1990 54.5 13.5 68.0 0.0 5.7 5.7 60.9 -7.1
1991 56.2 13.5 . 69.7 0.0 7.8 13.5 68.7 ~-1.0
1992 58.0 13.5 71.5 0.0 13.5 68.7 -2.8
1993 59.8 18.0 77.8 ~8.5 26.0 39.5 86.2 8.4
1994 61.7 18.0 79.7 -8.5 39.5 77.7 ~2.0
1995 63.7 18.0 81.7 -9.0 13.0 52.5 81.7 0.0
1996 65.7 18.0 83.7 ~5.0 11.4 63.9 88.1 4.4
1997 67.8 18.0 85.8 -8.5 5.7 69.6 85.3 -0.5
~9.5 13,0 82.6 858.8 0.8

1998 70.0 18.0 38.0

Fig.6-1 POWER BALANCE AND REQUIRED DEVELOPMENT
PLAN-1

(MW)
100

T

90y

System Copacity
sor ::jT:::il:::;;::]m‘a:$:::£-“u"kﬂtlz::_:::{;;eﬁm

1

70l Required Copacily ___,—’/ b
I - r ... _. Gorden of Eden
5oL _ System Ee_gk__L_gG_d_ ——— 5. 7MW |
____________ Gorden of Eden
T 7
sol - - 5.7 a2
New Kingston
a0l Develgpment Plan 13.0OMW 1
S N
New Kingston 13.0Mwx2
30
20F Rehabilitotion

10 Onverwagi
2.6MWx3 Power Bolance
. Garden of Eden 5.7Mwxt /\

-1ot i ; i i
Kingston - Kingston Gardenof Gardenof  Kingsten  Conefild
20 #1 #2 Eden¥2,4 Fden®3 #3 #3 4
Retirement
__3 1 L] E 1 1 1 i 1 I L ]
1988 989 1990 1991 1992 1993 1594 1995 1996 1997 1998

YEAR
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Table 6-2-(2)
Study oh Power Balance of'éach Develop@ent Plan

For Plan II

. ) . S -.(Bﬂq) )
Peak Reserve Required Rha. & Develop—~ Develop- System Power
Year Load Margin capacity Retire- ment ~ment  capacity  Balance
ment , (sum) : _
1988  51.3 13.5 64.8 2.0 S 0.0 - - 39.2 . ~25.6
1989 52.9 13.5 . 66.4 16,0 0.0  55.2 -11.2
1990 54.5 13,5 68.0 0.0 5.7 5.7 - 60,9 ~7.1
1991 56.2 13.5 69.7 0.0 7.8 - 13.5 68.7 -1,0
1992 58.0 . 13.5 71.5 0.0 13.5 68.7 . -2.8
1993 59.8 18.0 77.8 -8.5 26,0  39.5 .86.2 - - BuJb
1994 = 6l.7 18.0 79.7 ~8.5 39.5 77.7 2.0
1995 63.7 18.0 81.7 -9.0 - 26.0 65.5 94.7 13.0
1996 65.7 18.0 83.7 -5.0 65.5 89.7 6.0
1997 67.8 18.0 85.8 -8.5 5.7 . 7i.2. . 86.9 1.1
1998 70.0 18.0 88.0 -9.5 11.4 82.6 - 88.8 0.8
Fig6-2 POWER BALANCE AND REQUIRED DEVELOPMENT
. PLAN- T : ' '
{Mw) .
100 System Capacity _
80 ' ' ' "__.,f—-«-—""“—“’f__”—- ' Canefiid
ok Required Copacily ._,_—// : . SIMEZ
——-——"’—"__-_‘—-ﬂ_—“ . = Gu;je_;l‘;-f-.E—(-ien
§0}- —‘—‘—J ﬂﬂﬂﬂﬂﬂ 5 Y_f'f_rE_F-'EQE tood o New Kingslon 5IMNx1
—————————— : 13.0Mvx 2
s0f - =~
aot Developrent Plan
[E——
New Kingston 13.0Mwx2
300
20F Rehobilitation C
: Power Balance
0 . Onven?gimw‘ X .
ol Garden of Eden 5.7Mwx! /\ S l
-top . Kingston - Kingston . Garden of Gordeﬁ o.f Kingston  Canefitd
o # 42 Eden®#2,4  Eden® #3 . %34 .
~-20k HE
_ Retirement _
B R T R T T o7 1593 594 iS5 T R

YEAR
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Table 6~2 (3)
Study on Power Balance of each Development Plan

For Plan ITI

. : . {MW)

Peak Reserve Required Rha. & Develop~ Develop— System Power

Year Load Margin  capaclity Retire— ment ment capacity  Balance

, : L s ment {sum)

1988  51.3 13.5 64.8 2.0 0.0 39.2 -25.6
- 1989 52.9 13.5. 66.4 16.0 - 0.0 55,2 - -11.2
1990 54,5 - 13.5 68.0 0.0 5.7 5.7 60.9 ~-7.1
1991 56.2 13.5 - 69.7 . 0.0 7.8 13.5 68.7 ~1,0
1992 58.0 13.5 . - 71.5 0.0 13.5 68.7 - 2.8
1993 . 59.8 18.0 77.8 ~-8.5 26.0 39.5 86.2 8.4
1994 61.7 © 18.0 - 719.7 -8.5 7 39.5 77.7 ~2,0
-1995 63.7 18.0 S BlL.7 ~9.0 11.4 50.9 80.1 ~1.6
1996 65.7 18.0 83.7 -5.0 13.0 63.9 88.1 4o
1997 67.8 18.0 85.8 =8.5 5.7 69.6  85.3 -0.5
-9.5 13.0 82.6 88.8 0.8

1998 = 70.0 18.0 . 88.0 -

Fig.6-3 POWER BALANCE AND REQUIRED DEVELOPMENT

PLAN-II :
M) ,
JOOr
90} ’ System Copocity
sof . - ' ;
P i New Kingston
sl : Required Copocity -~ 7 13.00xi
TR Lo e - i
ol —r_f System Peok Lo0d _ o= 77T G
R IR weere— SR New Kingston 13.0MWx 1
50+ T . ' '
- Garden of Eden
401 Development Plan 5.7T8Wx 2
. : NewKintjston 13 OMwx2
30F - . .

20} Rehgtilitotion

o} ' " [Onverwagt _ _
. 26MWx3 o - . Power Bolance
abi . ‘[Garden of Eden 5. 7Mwx1 . .~ . L T
T — T T I T ]

Kingsfoa = Kingston Gorgen of Gardenof Kingston Conefild
~a20F S #2  Eden#2,4  Eden#3 - 3 #3 4
o ’ ' Retlrement
30t : L ) ) L Az 1 ) 1 1 B 1
: . I98§ ’ E 1989 - 1990 1991 992 1993 1994 1995 ] 1956 1957 1998
. YEAR '
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Table &6~3 (1) (F:D~ B(i))
Study on inter—-link capabllaty between D & B Sys.

For Plan 1
: (MW)
1. Demerara Power Balance
5 _ ' LIEF§1m$X§ ..... ; Abnor .
i Peak Init.Rehb. Dev. Gen. Powr. KGS Surpl. Surplus.  _B-> pk
Yesdr . Load Capa.Retr. Plan.  Cap. Balan, Out Berb. Abnor. i.Nor. i D /D
i I 1 i
1988 | 41.9 32.7 32.7 -9.7 ~17.7 ~=3.0 520.7 ~12.2 x |
1989 43.2 32.7 11.0 43.7 0.5 -8.0 1.8:-6.2; 2.3;1.8D
1990 : 44.5 43.7 5.7 49.4 4,9 -3.6 1.5;-2.1% &.4:1.5D
1991 ; 45.9  49.4 L9 .4 3.5 =5.0 2.0; 4.,0:12.5:5.0 pk
1992 47.4 49.4 49.4 2.0 -46.5 8.7; 2.2;10.7 ;6.5 pk
1993 ; 4B.9 49.4 -B.5 26.0 &6.9 18.0 5.0 B.4 ; 13.4 ; 26.4 ; ok
1794 ; 50.5 &46.9 -8.5 58.4 7.9 -5.1 8.1 ; 3.0;146.0:5.1 pk
1995 :52.1 S58.4 -9.0 13.0 &2.4 10.3 -2.7 7.7 5.0;18.0 ;2.7 bk
1996 :53.8 &2.4 ~5.0 11.4 &8.8 15.0 2.0 7.4 9.4 22.4 ok
1997 55.5 48.8 -8.5 5,7 &6.0 10.%5 -~-2.5 7.0 4.5;17.5 ;2.5 pk
17798 :57.3 &46.0 &b .0 8.7 ~4.3 10.1: 5.8B:18.8: 4.3 ok
(MW)
2. Berbice Power Balance
i s ' - .Total Sys. i Abnor.
i Peak Init.Rehb. Dev. Gen. Pour. CF  Surpl.. Surpius . D-> pk
Year iload Capa.Retr. Plan  Cap. Balan. Out  Deme. Abnor. Nor. 8 /D
] l | 1 1
1988 ; 2.5 4.5 2.0 6.5 ~-3.0 -8.0 -9.2-17.2 -12.2; x ;
12892 ; 9.7 &£&.5 5.0 11.5 i.8 -3.2 0.5;-2.7; 2.3;0.99
1290 ; 10.0 11.5 11.5 1.5 -3.5 4.9 1.4 6.4 3.9 pk
1991 ; 10.3 11.5 7.8 12.3 7.0 4.0 3.5 7.5;12.5; ok
1992 :10.6 19.3 19.3 8.7 3.7 2.0 5.7:1D.7; ok
1993 ; 10.9 12.3 i9.3 B.4 3.4 18.0 ;21.4 ;26.4 ; nk
1994 :11.2 19.3 19.3 8.1 3.1 7.9 311.0 ;5 16.0 ; ok
1995 11.6 12.3 19.3 7.7 2.7 10.3;13.0; 18.0 ; ok
1996 ; 11.9 19.3 19.3 7.4 2.4 15.0;17.4 ; 22.4 ; ok
1997 :12.3 19.3 19.3 7.0 2.0 10.5;12.5; 17.5; ok
1998 :12.7 19.3 -92.% 13.0 22.8 10.1 3.6 8.7 :12.3 :18.8: ok
Index
Nor Case of all units warking
Abnor. :Case of outase of a max capa.unit in the sys.
For Demerara; KGB5 unit down: 8.SMW(- 1992),1smw(1993 F8)
For Berbice:; CF unit down @ SMW{ -1997),6.5MW(1998)
B->D Power from Berbice to Demerara in abnor.case.
D->B » # Demerara to Berbice » #
X No power can be transtered be:ause any surplus
exists in annother sys. :
D Power deficit exists even it maximum power
be transfered trom anpther sys. :
ok Shows ok it power indicated in the feft eolumn

be transtered from another sys.
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Table &3 (2) |
Study on Inter-iink capability between D & B Sys.

(F:D-B(2))

For Plan 11
- (M)

1. Demerara Power Balance

P 3 .fotal Sys. : Abnor.

i Peak Init.Rehb. Dev. Gen. Powr. KGS Surpl.] Surplus. B~> ok
Year ; Load Capa.Retr. Plan  Cap. Balan. OQut Berb. Abnor. Nor. : D /D

N . ' 1 1 1
1988 ' 41.9 32.7 32,7 -9.2 -17.7 -3.0 F20.7 ~12.2 7 x
1969 43.2 32.7 11.0 43.7 3.5 -8.0 1.8:1-6.2; 2.3:1.8D
1990  44.5 43,7 5.7 4%9.4 4.9 -3.&6 1.5 -2.1; 6.4:1.95D
1991 ; 45.9 49.4 49 .4 3.9 -5.0 .0, 4.0;12.5:5.0 ok
1992 ; 47.4 49 .4 49 .4 2.0 -46.5 8.7; 2.2;10.7 6.5 pk
1993 : 48.9 49.4 ~8.5 26.0 &6.9 18.0 5.0 B.4 ;i 13.4 ; 26.4 ; ok
1994 :50.5. 66.9 -B.5 58.4 7.9 -5.1 8.1 3.0 146.0 ;5.1 ok
1995 :52.1 5B8.4 -9.0 26.0 75.4 23.3 10.3 7.7 :1i8.0 ; 31.0 ; ok
1996 :53.8 75.4 -5.0 70.4 1b.6 3.6 7.4 :11.0 24.0; ok
1997 55.%5 70.4 -8B.5 5.7 &7.6 12.1 -~0.9 7.0; 6.1 ;192.1 ;0.9 pk
1998  57.3 &7.6 ' 7.6 10.3 ~-2.7 B.5: 5,8:18.8: 2.7 ok

: {MW)

Z. Berbiece Ppwer Balance

P vIotal Sys. i Abnor.

: i Peak Init.Rehb. Dev. Gen. Pouwr. CF  Surpl.. Surplus . D-> pk

Year i Lload  Capa.Retr. Plan  Cap. Balan. Out Deme. Abnor. Nor. @ B /D

1 ] 1 B 1
1988 9.5 4.5 2.0 4.5 ~-3.0 -8.0 -9.2 -17.2 ~12.2: x i
1989 | 9.7 4.5 5.0 11.s 1.8 -3.2 0.5;-2.7; 2.3:0.5D
1990 : 10.0 11.5 11,5 1.5 -3.5 4.9 1.4 6.4 3.5 ok
1991 : 10.3 11.5 7.8 19.3 2.0 4.0 3.5 7.5 12.5 ; Bk
1992 :10.6 19.3 19.3 8.7 3.7 2.0 5.7:i10.7: Bk
1993 :10.9 19.3 19.3 8.4 3.4 1B.0:21.4  26.4 ; ak
1994 : 11.2 19.3 19.3 6.1 3.1 7.9 :11.0: 14.0; ok
1995 11.6 19.3 19.3 7.7 2.7 23.3:26.0;31.0: ok
1996 1 11.9 19.3 12.3 7.4 2.4 16.6;19.0; 24.0 ok
1997 :12.3 19.3 19.3 7.0 2.0 42.1:14.1;19.1: ok
1998 12.7 19.3 -92.5 11.4 21.2 8.5 2.8 10.3:13.1:18.8: ok
Index

Nor Case of all units working _

Abnor.: Case of outage of & max capa.unit in the sys.

: For Demerara: KGS unit down:8.5MW(-1992),13MW{1993-98)
' For Berbices CF unit downs SMW(~1997):5, 7MW(1998)

B->D Pawer from Berbice to Demerara in abnor.case.

D->8 " ¥ Demerara to Berbice " »

X ¢ No power can be transfered because any surplus

exists in another sys. _
D.: Power deticit exists even if maximum pouwer
be transtered from anather sys. ‘
ok Shows ok it power indicated in the left eolumn

be transfered from another sys,
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Table 63 (3) : (F:D-B(3)

)
Study on inter~link capability between D & B Sys.
Far plan IT1 .
(MU)
1. Demerara Pouwer Balance .
; . ...T..@.tﬁ.i....‘éx.s ..... ..Abnor .
i Peak Imit.Rehb. Dev. Gen. Powr., KBS Surpl. i Surplus B> pk
Vear . load Capa.Retr. Plan Cap. Balan. Out Berb. Abnor.i Nor. i B /0
1 : : | l ] ]
1988 41.9 32.7 _ 32.7 -9.,2 -17.7 -3.0 +~20.7 =12.2 ; % -
19689  43.2 32.7 11.0 o 43.7 0. =-8.0 1.8 ~-6.2: 2.3;1.8D"
1990 ; 44.5 43.7 5.7 49.4 4.9 =3.6 1.5;-2.1 &.4;1.5D
1791 [ 45.9 49.4 49 .4 3.5 -5.0 9.0 4.0 :12.5 ;5.0 pk
1992 [ 47.4 49.4 49 .4 2.0 -—-6.5 8.7 2.2{10.7 { &.5 pk
1993  48.9 49.4 -8.5 26.0 66.9 18.0 5.0 B.4 i 13.4 ; 26.4 ; ok
1994  50.%5 6&46.9 -B.5 58.4 7.9 -5.1 8.1; 3.0;16.0:5.1 nk
1995 1 52.1 S8.4 -9.0° 11.4 &0.8 8.7 ~4.3 7.7 3.4 ;16.4 ;4.3 pki
1996 :53.8 60.8 -5.0 13.0 68.8 15.0 Z2.0 7.4 9.4 ;22,4 ok
1997 ;55.%5 668.8 -8.5 5.7 &56.0 10.5 ~2.5 7.0 4.5 :17.95: 2.5 pk
1998 :57.3 &4.0 13.0 79.0 21.7 8.7 -2.9: 5.8:18.8: x pk
(MW)
2. Berbice Power Balance
i © o i.Total Sys. ; Abnor.
i Peak Init.Rehb. Dev. Gen. Powr. CF  Swepl.; Surplus  D-> pkf
Year :load Capa.Retr. Plan Cap. Balan, Out Deme. Abnor. Nor. ; B /D
1 H -l . 1 1
1788 ; 9.5 4.5 2.0 4.5 -3.0 -B8.0 ~-9.2 +~17.2 ~12.2; x
i989 [ 9.7 6.5 5.0 11.5 1.8 -3.2 0.5;-2.7: 2.3;0.5P
1990 ;. 10.0 11.5 11..5 1.9 ~3.9 4.9 1.4, &.4 73.5 pk
1991 {10.3 11.5 7.8 19.3 9.9 4.0 3.5; 7.5;12.5; nk
1992 :10.& 12.3 12.3 8.7 3.7 2.0; 5.7 :10.7%; ok
1993 ;10.9 19.3 1.3 8.4 3.4 18B.0 ; 21.4 | 26.4 ok
1994 ;11.2 19.3 i9.3 8.1 3.1 7.9311.0; 16.0; ok
1995 ;11.6 19.3 12.3 7.7 2.7 B.7;11.4 ; 16.4 ; ok
1996 :11.9 19.3 172.3 7.4 2.4 15.0117.4 0 2Z2.4 ; ok
1997 ;12.3 19.3 12.3 7.0 2.0 10.5;12.%9;17.5; 1wk
1998 ;12.7 19.3 -92.5 2.8 -2.9 -5.5 21.7 :16.2 ;18.8 :5.5 ok
Index
Nor Case of all units working
Abror :Case pf putage ot a max capa. unit In the 5Y5. C
For Demeraras KGS wnit down: 8.5MW(- 1992Y), 13MU(1993 ?B)
For Berbice, CF down: SMW( —1997),ovw down 2:6Mw(1998)
B->D Power from Berbice to Demerara in abnor.case.
D->B » # Demerara to Berbice » 4
X 3 No power can be transfered betause any surp!us
exists in another sys.
D Power deficit exists even |+t maxlmum puwer.
be transfered from anaother sys.
ok Shows ok if power indicated in the lefti column

be transfered from another svs.
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Tabie &4
Changes ot p%ant capacrty of each
' Fmr Plan TID P

(3)

{F : PSCAP-3R)

power station

.32,

C AT

1. Demerara i
CiKingston Lﬁatdﬁn“pinﬁdgn ____________ L“mnnNgw”KES .................. Vers.,
e, L“ﬁlnLﬁzhuiﬁﬁuJ““ﬁZJ”ﬁﬁ ..... VB4 WO RD D HE B3 (#4123
\ 1 . [ B | t . 1 1 1 ] 1 ] ] .
1968.:6.5.:8.5:8.5:0.0;0.0;3.0; : : : : 4.2
1987 1 8.5 ;8.5 :8.5:4.0-:5.0:5.0; ! i E ; D42
1990 1 8.5 : 8.5 i B.5 4.0 :.6,0:5.0 5.7 : : : : AR
1991 :8.5:8.5:8.5:4.0{5.0:5.0:95.7: : H : N
1992 i 8.5 ;8.5:8.5;4.0{5,0;5.0;5.71 Lo : L 4.2
1993 0 - :B.5:B8.5:4.,0;5.0;5.0;%5.713.013.0 ;" ; D420
1994 : ; (8.5 4.0:5.0:6.0:%.7:13.0:13.0; . L4, 2
1995 : : 1 8.5{5.7{5.0;5.7:5.7{13.013.0; = G 4.2
1996 ; iB8.5:5.7F . 15.7;5.7313.013.0 13. o : 4.2
1997 : g : 15,7 :9%.7:5,7:5.713.013.,0313.0: L 4.2
1998 : ; 15.7:6.7:5.7:5,713,0313,.0313.013.0:4.2
2. Berbice : ‘3. All Systen
.Qﬂ!?fﬂﬁi.ﬂ@ﬁﬂﬁildn; Berb. ,
........... TS 123 0 H3 L W Total Y?ﬁruﬁpial'
1 1 1 | -
1988 : 2.0 P 4.5:0.0 5.5 hopa 39.2
1989 : 2.0 ; 4.5 5.0 11.5% 1989 55.2
1990 : 2.0 | 4.5 5.0 11.5 1990 60.9
1991 i 2.0 1 7.8 4.5 5.0 19.3 1991 %8.7
1992.:2.0 ;7.8 1 4.5 5.0 19.3 1992 8.7
1993 : 2.0 ;7.8 4.5 5.0 19.3 1993 $6.2
1994 2.0 : 7.8 4.5 :5,0 19.3 1994 77.7
1995 :2.0 7.8 ;4.5 ;5.0 19.3 1995 80,1
1996 2.0 7.8 4.9 5.0 19.3 1994 88.1
1997 :2.0 0 7.8:4.5:5.0 19.3 1997 5.3
1998 i 2.0 i 7.8 9.8 1998 BB.8
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(F: MAJORPLN))
- Table 6-5

Major Development Plan

Commiss. Poweer Plant - Unit Capacity. | Total ; Remarks
........... oo Year G oName MWy MWD
1. Emergent Power Supply Enhancement Plan. - . ... SRR
L1990 GOE .. 85 S S ToTTTTITI = N A0 TN ROs A
S 991 oVl CH1 2.6 :
i ; ; ¥Z 2.6 ; i
.......... e LB R B B e,
2. Develupment Program af Major Power Plant. - . i,
g9 TTTTKES U1 13,0 :
..................... AR A3 O RA D i,
e TKGS 11 #3 13.0° o
_________ sk, 3D e D
3. Replacement Programs tfor Diesel Gemerators .. . .l
oooi997 L. BGE L3 - T A NS = RO St ST
R L - CF CH#3 5.7 :
........ AR s A i
Total az.6
Npte 1

Expectant Recovery of power supply capability ot existing plant
by Rehabilitation Work S ' '
' ' Recovery

Year : P.B _ Work ' {MW)
1988 oVl #5 0->2.0 2.0
1989 E0E #2 0->4.0
#3 0->5.0
#4 3~>5.0 L
CF #t  0->5.0 146.0
Total _ 18.0
Note 2 _ _ .
Assumption ot Retiring Year ot existing plants
Retir.Capa = Year
Year = P.S (MW)  Total (MwW)
1993 KGS #1 8.5 ' 5.5
1994 KGS #2 8.5 8.5
1995 GOE B 4 4.0
' #4 5.0 2.0
1996 GOE : #3 5.0 5.0
1997 KGS : #3 8.5 8.5
1998 CF O #3 4.5 :
#4 5.0 _ - 2.5
Total 49.0
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CHAPTER 7 REPLACEMENT PROGRAM OF GARDEN
OF EDEN POWER STATION

7.1 CURRENT STATUS OF GARDEN OF EDEN POWER STATION
AND CURRENT PROBLEMS

7.1.1 Current status of Garden of Fden Power Station

Garden of Eden Power Station is located on the eastern bank of Demerara
River approximately 22 km to the south of the capital city of Georgetown.
This power plant is connected to the 69 kV Demerara Power System, and
supplies power to the City of Georgetown, International Air Port and other

important load centers by 13.8 kV distribution lines.

The power generating facility of Garden of Eden Power Station cousists of 4
units of diesel generators, with a total imnstalled capacity of 22,8 MW

(5.7 MW x 4). No. 2 and No. 3 Units started commercial service in 1975,
and No. &4 and No. 5 Units in 1976 (there is no No. 1 Unit). Garden of Eden

Power Station is the largest diesel power plant owned by GEC.
(1) Current status of facilities

No, 2 Unit: The stator winding of this unit was damaged, and the generator
of No. 4 Unit was transferred to this unit, and operation was
continued for some time. However, this wvoit became inoperable

in September, 1987, due to failure of crank shaft bearing.

No. 3 Unit: This unit became inoperable in 1986 due to failure of crank
shaft bearing. The unit is currently disassembled and usable

parts are used in other units,

No. 4 Unit: The stator winding of this unit was damaged in 1936, and the
generator of No. 5 Unit has been transferred to this unit to
continue operation. This unit is obsolete, and it is being
barely operated by limiting the output to 3 MW while the rated
output of this unit is 5.7 MW.

No. 5 Unit: This unit became inoperable in 1986 due to failure of crank
shaft bearing. Today, both the main urnit and auxiliary equip-

ment have been dismantled with only the fouundation left,



Specification. of Diesel Eagine

Manufacturer: Groéslj'PiQIStick, U.K.
Type: KVMAJOR _
Output: - 7,920 HP (8,030 PS)

Rotating speed: 514 rpm
Weight: Approximately 100 tons

Specification of Generatlor

Manufacturer: General Electric Gompany, Y.K.

Capacity: 7,170 kVA
Voltage: 13.8 kV
Current: 300 A

Power factor: 0.8 (lag)
FreQuency: "~ 60 Hz

(2)  Past performance records

The performance records of eacﬁ unit from 1978 to August, 1988 aré bre—
sented in Table 7-1. The éperating performance records for the period from
1975 to 1977 have already been discarded and are not availabie today. The
available performance records reveal that Ehere are lafge differences in
the operatiung houré between each unit for the period from 1978 to 1980. Tt
can also be surmised that some uﬁits were shut down for long periods after

1981 due to trouble.
{3) Power plant facilities

The premises of the power plant have an area of 57,600 m3, where the

following facilities are located.
1) Powerhouse building (approx. 1,300 m2)

This building accommodates 4 diesel generators, the control room, cubicle

roomn, eté.
2) Switchyard (approx. 5,800 mZ)

Main transformers (69/13.8 kV, 16.7 MVA) and 69 KV switchgears are

installed in this switchyard,



3} Fuel storage tank

Two tanks having 250,000 Imperial gallon (1,136.5 k1) capacity each and two
tanks having 20,000 Imperial gallon (90.9 k1) capacity each are installed.

4) Workshop and storehouse (approx. 700 mZ)

There is:a Bhilding_accommodating a workshop and a storehouse separately
from the po&érhodsé building. The workshop is equipped with lathes,
drilling machines.and welding machines. The storehouse contains large
spare parts of other power stations, including Versailles, Wakenaam, Anna

Regina, Bartica, in addition to those of this power plants.
5) Administration office (approx. 160 mZ + 150 m2)
- (2) Operation and maintenance organization

The organization for 6peration and maintenance of Garden of Eden Power
Plant is illustrated in Figure 7.l. As of September, 1988, 52 perscns are

assigned to this power plant under the command of the station manager.
7.1.2 Current Problems with Garden of Eden Power Statiom
{1) Problems concerning operation and maintenance

Concerning inspection and repair of power plant equipment, shortage of
foreign curréhcy for procurement of necessary parts, and chronic power
supply shortage have created a situation in which proper preventive maia-
tenance activities, such as scheduled maintenance and overhauling, could
not be conducted. The most serious problem with this power plant is that
equipment are subjected to severe operating conditions without adequate

inspection and repair.

" As the ‘equipment in operation are aged and deteriorated, there are many
" leakages of oil and water. The maintenance staff are too busily occupied
"with repair work leaving no time to perform cleaning of generating facili-

ties, auxiliary equipment and pits in the floor.



The lighting equipment inside power plant aund control room are only par-
tially lit, and the illumination inside the power plant is not sufficient

for proper operation, monitoring, patrol and inspection duties.
(2) Causes of failures

The causes of failures are presumably due to a great extent by the opera—
tion of equipment w1thout perfoxmlng proper malntenance, repalr, and repla—
cement of parts due to the shortage of spare parts resulting in delayed

inspection and preventative maintence.
(3) Feasibility of rehabilitation

According to the rehabllltatlon program of GEC, repair pfograms are in
progress to complete rehabilitation of No. 2, No. 3 and No. &4 Units by the
end of October, 1989, o ' '

All usuable pafts of No. 5 Unit have been transferred elsewhere, and the
engine has been dismantled-iéhving only its foundation the site.
Therefore, the cost of réhabiiifating No. 5 Unit will be almost equal.to
that of procuring a new unit. This No. 5 Unit is not included in GEC's

rehabilitation program, and this unit has been abandaned.
(4) Future problems

In order that new power generating facilities waintain their original per-—
formance levels over a long period, it is necessary that GEC personnels who
are in charge of plant operation. and maintenance acquire the nécesSary

skills and knowledges for routine operation and maintenance.

Concerning spare parts, it is required to keep inventories which are suf~
ficient for 3 years of plant operation plus the first overhaﬁling of altl
equipment, if we consider the economic status of Guyana. 1In addition,
detailed operation and maintenance manuals must be formulated, and daily
inspections, periodical inspections and overhauling works must be conducted

properly.



7.2 REQUEST FOR ASSISTANCE OF THE GOVERNMENT OF JAPAN FOR THE
 IMPLEMENTATION OF THE PROJECT

GEC, ﬁhich is thg sble utility'supplying electric power to consumers in the
Republic_ofrcuyana, owns 4 diesel power plants and 1 steam power plant in
its Demeréfa/Berbice Power Syqtem. The éystem consists of a total of 12
.power generatlon unlts (67.2 MW 1nstalled capacity) which are 1nstalled in
_theSe power plants. As of September 1988 4 of these units (19.7 MW

' 1nstalled capa01ty) are’ 1noperable and shut down. The remaining power
generatlon un1ts_(47,5 Mw 1nstalled capac1ty) cannot generate their rated
output and.fhey'are“beihg operated by limiting the output to 37.2 M. This
situation is caused by the shortage of fuud, making it difficult to import

necessary parts and to perform repair of power generationm facilities.

Under such circumstances, the*Demerara/Berbice Power System is in chronic
shortage of power supply capability, and scheduled load sheddings are

enforced.

The Government of Cﬁyaﬁé is concernéd with the current status of power
supply shortage which is greatly hampering the normal activities of people
and 1ndustry, and as a measrue to remedy thls s1tuat1on it is making
serlous efforts to rehabllltate the ex15t1ng pover generatlon f30111t1es._
However, the ¢urrent situation of power supply shortage can not be comple-
tely eliminated and forced load sheddings must be enforced even after the
ekisting facilities are rehabilitated'acbording to the currént.plan. For
these reésoﬁs,-the Government of Guyana has requested a gfant cooperation
of the Japanesé Governﬁent for construction of oné 5.7 MW diesel generator

unit at Garden of Eden Power Station.

7.3 CONTENT OF PROJECT
7.3.1 Objective cof pfoject -

‘The objective of_this.Project is to urgently reinforce the power supply
capability of Demerara/Berbice Power System in order to mitigate the power

_ shoftage,of this area.

Specificélly; the No. 5 boﬁer generating unit of existing Garden of Eden

Power Station is to be a new unit to increase the supply capability of this



power plant, thereby improving the function of this. power plant as the
power supply source to the capital city of Georgetown so that the liveli~

hood of the citizens is improved and the local industry is vitalized,
7.3.2 Examination of the request

The request of the Government of Guyana has been carefulif examined to eva-
luate its suitébility, and to estabiish the basic project plan for this

grant cooperation, 1nc1ud1ng the scale of project, location of installing a
new generating un1t, and the basic specification of the unit such as rating

and speed of diesel engine.
" (1) Scale of project’

The rehabilitation program for the existing power generation facilities
which is being implemented by GEC will be completed by 1990, and the
available power supply capacity in Demerara/Berbice Power System will be
recovered to 55.2 MW from the current 37 2 Md. Power demand forecast pre-
dict that the peak load of this system at that time will be 54.5 MH and
the power supply shortage can be solved when the rehabllltatlon program is
fully 1mp1emented and all generatlng fac111tles are operated In reallty,
however, these power generatlng facilities must. be subJected to perlodlcal
shutdowns for 1nspegt10n in orde1 that satisfactory operation and main-
tenance can be performgd. Although there are 12 power generatlon un1ts in
this power system, it muSt be antlclpated that one or two of these units
are always shut down throughout a year. This wiil result in the con-
tinuation of the current power supply shortage, and the scheduled load
shedding currently being practiced must be continued. To mltlgate this
shortage of power supply, the scale of fhis project has been determined tc

be one unit of 5.7 MW by taking into account the following factors.

1) Standard size diesel engine can be adopted power plant,

2) The foundation of the dismantled No, 5 Unit can be utilized.

If a unit size of 5,7 MW is selected, the scheduled load shedding can be
eliminated even when one of the existing diesel generator uﬁits (5. W) is
shut down for inspection. In addition, scheduled load shedding'of approxi-
mately 3.8% is required for 1 to 2 hours at peak time even when one of

steam power units (8.5 MW) at Kingston Power Station is shut down.



Based on the above analyses and evaluatioms, it is concluded that the plan
of installing ome 5.7 MW unit, which the Government of Guyana has

requested, is an optimum plan.
(2) Study of location of installation

In this project, it is plannéd to expand the generating capacity of Garden
of Eden by iﬁstalling the new unit in the generating building of this

plaat.

No. 5 Unit of Garden of EBden Power Plant is not included in GEC‘é rehabili=-
tation program, and the engine of the old No. 5 Unit has been removed, and
the generator transferied to No. & Unit, with only the foundation of No. 5

Uni.t left,

1t is possible to install the new generating unit in othef places in this
povwer plant compbund. But in such case, larger investment and louger
cdnstruction period will be required as new building and foundation wmust
also be constructed, which is not apprepriate for this project which is
quite urgent. As it ig judged that the foundation of the old No. 5 Unit

can be utilized, it is proposed to install the nev unit on this foundation.
(3) Study of existing foundation

1) - According to the survey conducted at the site, no abnormal con-
ditionm is wvisually observed on the foundation of the old Ne., 5
Unit, and no abnormal vibration has been observed in past on this

foundation.

2) The concrete foundation is an independent structure from the
generating building, and its approximate weight is estimated at

335 tons.

3) - Information on the weight of the removed engine, which had been
manufactured by Crossley Pielstick, is not found in existing docu-
ments, but is can be estimated to be around 100 tons from its out-
put (7,920 HP), rotating speed (514 rpm) and the date of manu-
facturing (1975).



4)

@)

Evaluation: _ C : _ : : S

It is a general rule that the'foundation'must have a weigﬁt wﬁich
is more than 3 times the walght of the equlpment ta be 1nsta11ed
The weight of the exlstlng foundatlon is estlmated to be’ approx1_
mately_335 tons, while the total: weight -of the new diesel genera-
tor unit in assembled cbnditibﬁs will be approximately 87 tons.
This gives the foundation.to eqﬁipﬁént'wéighf ratio of 3.9, aﬁd

this foundation is suitable for use for the new generating unit.

' To increase the height of this foundation, it is quite practicable

to do so by chipping the existing-concrete surface to uppér end'of
ex1st1ng relnforclng steel bars, we1d1ng new re1nforc1ng bars to

the existing ones and plaC1ng new concrete to the requ1red haxght.

Rated speed of diesel engine

The rated speed of the old No. 5 engine was 514 rpm. A medium: speed engine

of rated speed of 720 rpm is adopted for the new unit based on-the

following considerations.

1)

2)

3)

4)

Smaller size, lighter_weight resulting in lower cost.

The ratio of foundatlon weight to machine welght is 3. 9, thereby
permitting the utilization of the existing foundat1on. Genérally,
a ratio of more than 3.0 is requ1red, and values between 3,5 to &4

is generally used in foundation design.

The maximum weight of a component to be shipped is 25 toums,
enabling the use of unloading facility in Georgetown harbor

(25 tons maximum).

A rated speed of 720 rpm is adopted in many 5 MW class engines of

modern designs, all of which demonstrate'good performaﬁce. A
comparison between 514 rpm engivne and 720 rpm engine is given in

Table 7.2.



Table 7.2 Comparison of 514 rpm engine aand 720 rpm engine

514 rpm 720 rpm

. Y Not
Design Design ore
.| Weight . o _
(1) Engine =~ ' 80 tons 60 tons
(2) Generator R 34 tons 27 tons
Total ' ' 11& tons 87 toms
2. | Ratio of foundation =~ 335/114 = 2,9 | 335/87 = 3.9 Foundation;
weight to machine weight : 335 toas
3. | Engine weight as shipped 40 tons 25 tons Split into 2
or more
pieces
4. | Price | ' 126% 100%

(5} Type of fuel

"The eiisting units in this power planf is designed fqr heavy oil (Bunker
cl, and units were opérated with the fuel oil purifier system (centrifugal
type) in the early phases .of plant operation. Later on, the fuel oil
ciarifier system was.adde&, but frequent troubles were gncounﬁered. The .
fuel was switched to diesel 0il due to these troubles, and the fuel oil

purifier system is not used today.

The cause of fhe trouble is preéumably the incbmpatibility of the proper-
ties of the fuel oil which was imported from Venezuela, and the low level
~of operation and malntenance technique of the fuel oil purifier system.
.Consequently, it is planned to use d1ese1 0oil for this project based on the

following considerations.

1) It can be.presumed that the properties of heavy oil imported from
Venezuela in the past is problematic, and not suitable for medium

to hlgh speed diesel engines,

2) The cost of opération and maintenance of fuel o0il purifier system

is expensive.

3) The existiﬁg engines are already operated on diesel oil,



(6) Overhead traveling crane

The existing overhead traveling crane of this power plant has a maiﬁ hbok
with maximum hoisting capaéity is 25 tons, and the hoisting height aﬁqve
the floor is 7.5 meters, The auxiiiary hook of this crane has a méximum'
hoisting capacity of 5 tons and maximum hoisting height of 7.0 meters above
the floor. It is possibie'fo use thié crane for disassembly, assembly and

installation of the new generating unit,
7.3.3 Outline of the project
(1) Operation and maintenance organization

The curvent operation and maintenance organization of Garden of Eden Power
Station has been presented in Pérag;aph (4) of Section 7.1;1 When thé'new
power generation unit under this pfoject is commissioned, Garden of Eden
Power Station will account forrhsz of the total power output in Demerara
Power 8ystem and becomes the important power station for the operation of
the whole system. Thevefore, further enhancement of the operation and

maintenance system of this power plant is recommended.

It is recommended that the quality of the operation and maintenance person-
nels be improved through the on-the-job training which will be prqvided
during the period of installation of the new power unit under this Project,
and have specialists stationed in the power plant for some time after com;

missioning of the new unit so that additional guidance is provided.
(2) Major equipment to be supplied

The major equipment required for implementation of thie Project are listed

below.

<1> Diesel engine

<{2> Engine control system
<3> Air compressor

<4> TFuel supply system
<5> Cooling system

<6> Exhaust system

{7> Generator

<8> Exciter
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<9> Supervisory and comtrol board

<10> Station service transformer

<11> Station seérvice power source board
<12§ DC Power supply system for controls
<13> 15 &V Switchgear

<14> Power cables and related materials

{15> Spare parts and tools

In addition, the following existing facilities will be utilized in imple-

menting this Project;

{1> Geﬁerating building for gemerator (including control room)
{2> Overhead traveling crane

<{3> TFuel storage tank

4> Cooling water

The one—line diagram; general plan, equipment layout drawing, cooling water
- system piping.diagram, fuel piping diagram, lubricating oil system diagram,
as well as the drawing describing the branches from the existing equipment

piping systems to the piping system of the new unit under this Project, are

presented in drawings Fig.7.4 to Fig. 7.13.
(3) oOutline of project site
1) “Garden of Eden Power Stationm

Garden of Eden Power Station is located on the eastern bank of Demerara
River approximately 22 km from the center of the capital city of

Georgetown.

The power generated by this power station is stepped up to 69 kV, and is
transmitted to Sophia Converter Station and Linden Substation in the
Demerara Power S&stem. This power station is alsc an important supply
center as it is sitﬂated_near.large load centers, and its output is also
supplied to the urban districts of Georgetown City, International Air Port,

and other'loads'by 13.8 kV discribution lines.

Transportation of heavy items from Georgetown Harbor to the power station
is not a problem as there are no obstacles. The unloading facility located

on Demerara River, which was used when the existing facilities of this
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power station were constructed, can also be utilized if it is repaired. As
the plant's premises are wide and there is no dwellings nearby,- there is no
environmental problems such as noise, vibration and exhaust gas.

Therefore, this power plant is located at an ideal site.
2) Georgetown Harbor

Georgetown Harbor, where the equipment of this project is to be unloaded
from ships, is adjacent to the urban districts of Georgetown city. This
harbor is the main gateway for international trade of Guyana, where various
goods such as food, daily commodities and construction machines are

imported and from where bauxite is exported.
3) Roads

The road from Georgetown Harbor to Garden of Eden Power Plant is paved and
‘there seems to be no obstacles such as a bridge for transportation of

equipment,
(4) Guidance in operation and maintenance

Experienced and technically qualified peréonnel in the operation and main-
tenance of the equipment to be installed are required. Therefore, training
and recruiting operation and mainténance pefsbnnel are very important,
Specifically, techﬁology transfer in the routine operation and maintenance
through on-the-job trainihg which can be pfovided by the manufacturer

during the construction period is essential.

7.4 BASIC DESIGN

7.4.1 Basic principles of design

As the objective of this Project is to ufgently increase the'bowef supply
capability, it is the principle of this project that the éxisting
generating building is not expanded for this particular purpose and.thé,_
existing facilities are utilized as.mubh'as possible so that an econqmical
project is completed in a éhort time. Specifically, the power generatioﬁ
facilities and auxiliary facilities of the old No..S Unit are removed, its
foundation is utilized, and the ﬁew unit is to be installed in the ekisting

generating building.
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As the existing unit were installed in the period from 1974 to 1976, the

auxiliary equipment as well as main units are quite aged and deteriorated,

and. their specifications are different from those of the new unit.

Therefore, there. is the risk that faults and other factors occurring in the

old facilities may.iﬁterfere with the efficiency of the new unit. For this

.reason, dedicéted=auxi1iary powér supply, DC control power supply and

13.8 kV switchgears for the exclusive use of new unit are to be installed.

The existing facilities which are to be utilized in this Project are as

listed below.

(1)

(2)

(3)

(4)

Concrete foundation for engine and generator

The existing foundation of No. 5 Unit shall be utilized, as
stated in Paragraph (3), Section 7.3.2 "Study of Existing

Foundation™.
Genérating buildihg

As the new unit is to be installed at the location of the old No.
5 unit which has been removed, the new unit will be equipped

inside the existing generating building,
Overhead traveling crane

The hoisting capacities of the existing overhead traveling crane
are 25 tons .for the main hook and 5 tons for the auxiliary hook.
These capacities are sufficient for disassembly and assembly of

the new unit under this Project,
Tuel storage tank

The new generating unit under this Project is to be oberated with
diesel o0il which is the same as the fuel used for the existing
units. The fuel shall be supplied from the exiting fuel supply

piping from the'exisfing'fuel'éforage tank,

The capacity of the existing fuel storage tank is 2,455 kl
(1,136.5 k1l x 2 and 90.9 kI x 2)., When the unit under this

Project as well as the rehabilitation of the existing 3 units is

‘Qompleted, the total fuel consumpﬁion will be about 3,000 kl per
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month assuming a load factor of 80%. That is, the fuel storage
tank has a capacity of storing 25 days of fuel., = According to
GEC, the. fuel of this pbwér_plant is impbrtéd‘from'Veneéuela by
Guyana National Energy Auth@rity (GNEA), a governmental cor=-
poration, and canibe delivered within 11 to 12 days after an
order is placed.‘ Considering this status, there seems to be no

need to increase the capacity of fuel storage tanka. :
7.4.2 Design conditioms
(1) Meteorology (in Georgetown City)

Temperature: aﬂnuél average highest temperatﬁre;_VBD.Aéc

annual average lowest temperature; 24.0°C

Atmospheric pressure: annual average; 1,013.6 mbar

Humidity: annual average; _"82.52

Precipitation: : annuai maximum; 2,744.3 mm
annuéi averagé: ” 2,303 mm
monthly maximum; 509.5 mm

The meteorological data for the period from 1968 to 1987 are presented in
Table 7.3. There is no need to consider seismic activity in the equipment

design.
(2) Fuel characteristics

The diesel oil which is currently used at Garden of Eden Power Station has

the following characteristics.

Specific gravity: 0.8667 at 15°C

Viscosity: 3.6 mm2/sec at 40°C
Flash point: - 76°C

Sulfur content: 0. 474M

Water content: 0.05%4V or less
Sediments: 0.01%M or less
Cetane: 46
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(3) Characteristics of cooling water

The cooling water which is currently used by Garden of Eden Power Station

has been analyzed, and the following results have been obtained.

Fresh Water Raw Water

PH . 6.3 | 5.7
M alkaiinity._f‘. ppm 40 12
Electric conductivity pf/em 90 3700
Chloride : ppm 12 1101
.Total hardness - ppm 2.52 106.5
Silica - . ppm- 5.17 © 31.4
Suspended solids ppm 30 2910

(4) Applicable standards.

The following standards have been applied in the design of the equipment

for this Project.

Japanese Industrial Standard (JIS)

Standard of The Japanese Electrotechnical Committee (JEC)

Japan Electrical Manufacturers Association Standard (JEM)

Japanese Electrical Wire and Cable Makers' Association Standard (3¢8)
7.4.3 Fuﬁdaméﬁtal designs

(1) Engine output and generator capacity

The geﬁerafor rated output is selected at 5,700 kW, and the required engine

outﬁut and generator capacity are calculated as follow:
1) Engine output

Engine output (French horsepower; PS) is calculated by the following

equation.
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engine ocutput: . Pe > ~——w——— (P§)

— 0.736 x ng
where! o
generator output ! Pj#'5766_(kW)
1 PS = 0.736 (kW)
genérator efficiency: neg = 96%
5700

Pe > — = 8070 (PS)
= 0.736 x 0.96 -

2) QGenerator rated capacity

The generator rated capacity 1s obtained by the following equation:

P
generator output: Pg = ;;

where:
generator power factor; Pf = 0.8
- 5700
0.8

' Pg = 7125 (kVA)

(2) Station service transformer

The existing station service transformers consists of two 1500 kVA units,
According to tﬁe design principle of this Project, the equipment related

to the mew unit are to be independent insofar as possible from the existing
facilities. With this principle, a new statiomn %ervite.traﬁsformer, which
supplies power to the auxiliary equipﬁent-of-the new diesel generator

under this Project and the related systems, are to be installed. The
required capacity of this station service transformer is from 3 to 4% of

the main equipment capacity, or 250 kVA.
(3) Supervisory and control boards (Monitor and Control Board)

The following supervisory and control boards are required for operation,

control and monitoring of the diesel generator unit under this Project,

1) Main supervisory and control board

2) Generating unit control board

3) Generator neutral grounding resister (NGR) board
4) Station service power board '

5) DC control power switchboard
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(4) Circuit breaker board

The diesel:generatorfuﬁit to be installed under this Project shall be con-
nected to the existing 13.8 kV bus, and shall be equlpped with a circuit

'bleaker to connect or dlsconnect the generator from the power system.
Vacuum circuit breékeri(VCB), whiéh has high reliability and which is low
in cost, is to be instdlled for this purposé. ThlS circuit breaker pro-
tects the related electrical equipment by cuttlng off fault current in the

event of fault. The c1rcu1t breaker is closed when the generator is

supplying power, and opened'when-the generétor is shut down,
(5) Power cable

The electrical connections between the generator ahd the vacuum circuit
breaker, and between the station servlce transformer and the line switch
are to be made by 15 kV power cables as illustrated in the attached one-

line diagram.
7.4.4 Equipment/Material procurement plan
(1) Equipments/Matefials for new power generation unit

‘The items of equipment/material to be procured. for new power generation

unit and their spécificaticns are listed below.
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Ltem

Outline Specification .

Diesel Engine

Number: 1 e - : Cl g
Type: 4 cycle, stationary type, power generation duty
Output: Approximately 8, 070 Ps, contlnuous duty.
Rotating speed: 720 rpm.

Cooling system: . Clrculatlng water, w1th coolxng tower

Fuel: . Diesel oil
Generator Number: 1 : I o
Type: . 3-phase, horizontal shaft AC synchronous
.. . generator. . ‘
.Rated output: 5,700 kW, continuous
‘Rated.capacity: 7,125 kVA, continuous
Voltage: 13 8 kV
Curveat: - S U298 A
Power factor: 0.8 (lag)
‘Frequency: . -~ 60 Hz
Number of ‘poles:y 10 ~ 7. -
Insulation class:  Glass F
Excitation method: Brushless

Cooling system: Open_air cooled,

Station Service
Transformer:

Numbér:: 1 - S : .
Type: Qutdoor, 3-phase, oil filled,

_ sglf'cdoied.
Rated capacity: 250 kVA, contlnuous

Voltage: Primary; 13.8 kV,. secondary; 480 V.
Frequency:. 60 Hz -
Connection: Primary; delta,'secondary, star.
Neutral:  Directly grounded.
Supervisory and | Type: Indoor, enclosed, 'self -standing type.
Control Boards | Application: Control and protection,

(Supervisory,
Control,
Protection and
Power Supply
Boards)

(a) Main supervisory and control board;

(b) Generating unit control board;

(¢) Weutral grounding resistor board;

(d) DC control power supply board;
(with battery charger, alkali batteri
control system)

O = ot
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Item : o Outline Specification

Circuit Breaker | Number: = 1 . :
Board “Type:. . Indoor, eunclosed, self-standing type.
: Circuit breaker: Vacuum circuit breaker.
" Rated voltage: 15 kV
: Rated current: ‘600 A

Power Cable Type: Cross-linked polyethylenhe insulated power cable.
Voltage: 15 kv
‘Conductor size: 150 mmZ, 60 mmZ.

(2) Materials for maintenance and spare parts
1) Materials for maintenance of main unit and auxiliary equipment

Materials and spare parts which are required for 3 years of routine main-
tenance of the main unit and auxiliary equipment for the first three years,
as well as the spare parts (piston rings, gaskets, bearings, etc.) required

for the first overhaul {mainly tﬁe_engine).of the unit are required.
2) Control boards and others

The kinds aﬂd'qﬁantities of materials and spare parts required for routine
‘maintenance of .control béards, circuit breakers, transformers, etc. will
differ dependihg on whether the equipment is a.stationary equipment or it
has moving:pafts.' Spare_ﬁarts for 3 years of routine maintenance
(including fuses and pilot lamps) will be required, and in addition, for
components which are subjected to mechanical wear or deterioration such as
coils of relays and magnetic contactors, contacts, gaskets and bearings,
and thoge items which can not be repaired locally, such as thermometers,
0il level gauges and switches, at least one spare for each item will be

required,
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7.5 IMPLEMENTATION PROGRAM
7.5.1 Facility opefetidﬁ.eﬁdhéuperiisefy plans
(1) Operation and mainteﬁanceﬁplanse

In order to demonstrate the functions to fhe;fullest.bf the equipment to be
supplied under this Project-'it*ié nécesSary'to exeféiee-due care in opera-
tion and maintenance of the equlpment once it is comm1531oned, “and conduct
-.dally routine and perlodlcal 1n3pect1ons. It is 1mportant for this purpose'
that the personnels of the powver plant acqu1re the sklll and Capablllty
 requ1red for good operatlon and maintenance practices through on~ the—;ob _
tralnlng. ‘1t is also necessary to develop operatlon, inspection and repair
schedules based on the manuals’ to be supplied by the'maﬁufacturers, and

‘have the plant personnels strictly observe these schedules.
(2) 'Fuel'procurement prograﬁ'

'.Smooth procurement of fuel 1s essentlal for operation of. Garden of Eden
Power Station, The fuel requlrements for operatlon of the diesel generator
unit to be 1nstalled by this Project have been calculated and’ presented

~ below for the eguipment load factors of 60%, 70% and 804.

1) Diesel oil consumpt1on (per horsepower and per hour)

| 1
fuel speécific gravity

fuel_consumptlon = fuel rate X englne output X

= 0.143 kg/PS.h x 8,070 PS: X —cd
- 0.86 kg/1

1,342 1/h
<1»> - 60% load factor: :

-1I'month: 1, 3&2 l/h x 24 h/day x 30 day/month x 0.6

' =-579, 744 l/month

=~ 580,000 llmonth.
1 year: 580,000 I/month x 12 months = 6,960, 000 l/year
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2> 70% 1oad factor:

1 month: 1,342 1/h x.24 h/day x 30 day/month X 0.7
676,368 1/month
676,000 1/month
1 year: 676 000 1/month x 12 months = 8, 11? 000 1/year

it

R

3> BOX Ieéd-factOr-

1 mbnfh 1,342 1/h x 24 h/day x 30 day/month x 0.8

T 772,992 1/month
773,000 1/morith
'_l-year: 773 000 I/month x 12 months =9, 276 000 1/year

il

12

2). Lubricating'oil cdnsumption

Con31der1ng the structure of the dlesel generator, the 1ubr1cat1ng oil con~

sumptlon is 1ncreased by 104.

0.83 g/PS.h x 1.1 x 8,070, PS. x 1 x1 =8.91/m "
| - 1,000 g/kg 0.9 kg/l :

1> 60% 1oad factor
1 month. 8.19 1/h = 24 h/day x 30 day/month x 0.6
R = 3,538 1/month
1 year: 3 538 I/month x 12 months.- 42,456 llyear

2> 70% load factor-
1 month: &.19 llh X 24 h/day x 30 day/month x 0.7
o B : ' = 4,128 1 /month
f'year:‘" 4,128'i/mohth % 12 months = 49,536 1/year

. <3> . 80% load factor:

-1 month:. 8. 19 1/h x 24 h/day x 30 day/month x 0.8

. ‘ e SR y = 4,717 1/month
:nl.yeart ',A;717»1/mbﬁth;k-12-months = 56,604 i/year

- As 1nd1cated by the above calculatlons, the Guyanan Government must procure
: at Ieast Ty 000 k1l of diesel oil’ and 40 kl of lubr1cat1ng oil per year in
‘order to maintain smoothioperatlgn of_the 5,700 kW diesel generator un1t to

be_insteiled_atzGarden_of~Eden Power;Stationﬁﬁnder’this-Project.

Cutrently, a total of approx1mate1y 19, 700 kl of d1esel 011 ig belng con-

_zsumed by ‘the dlesel power plants owned by GEC, and Garden of Eden Power
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Station is consuming 45% of this amount, or 8,660 kl. GEC procures this
fuel by importing it from Venezuela through the Guyana National Energy
Authority (GNEA),

7.5.2 Implementation schedule

The implementation schedule for this Project has been prepared as shown in
Fig. 7.14. It will take eighteen {18) months after the preparation of
bidding documents is started. Therefore, the necessary financial and tech-
nical preparations must be started immediately so that the Project can be

completed by 1990..
7.5.3 Approximate project cost

The approximate Project Costs are presented below.

Item Price (103 us$)
Equipments 3830
Transportation (Marine and Land) ' 540
Intailation and Removal Works 1050
Others , _ : 350

Total 5770

7.6 STUDY OF OPERATION AND SUPERVISORY COSTS

The average annual cost per kWh, including depreciation, and operation/
maintenance cost throughout the economic life of the new diesel ‘generating
equipment have been calculated. Then, the amount of power consumed or loss
were assumed based on the past data to calculate the saleable power in
order to judge whether the abovementioned average annual cost per kWh can
be absorbed in the present average selling price kWh as a means to étudy if
GEC can sustain the operation and maintenance cost of the new diesel

generating equipment.

Although no information is available on the the ratios of genération,
transmission/distribution and overhead costs to the unit selling price of
GEC, they were assumed for the new unit at a load factor of 70%Z. The

caleculations are presented below,
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power generation cost: 0%

transmission and distribution cost: 15%
overhead and others: 154
100%

annual energy generation = 5,7 MW x 8760 hours x 0.7 = 34.95 GWh
0.04616 USS/kWh x 34.95 GWh
' = 1,613,292 US$

power generation cost

transmission and distribution cost = 1,613,292 x L]
70
= 345,705 US$
overhead expense and others = 1,613,292 x 15 : = 345,705 Us$
. . _ 70
Total - 2,304,702 US$

The total loss is estimated to be 18% in the future, and this gives the

energy at load end as:

energy at load end = 34,95 GWh x (1 - 0.18) = 28.66 G¥h
cost/kWh = 2,304,702/28.66 GWh = 0.0804 USS$/kWh

As indicated by the;abo#e calculations, the cost per kWh of geﬁeration by
the new diesel geﬁerétor.unit of Garden of Eden Power Station is 0.0804 US$
(0.804 G$), which is below the curreat kWh rate of GEC of 0.84 G$.
Therefore, the operation and maintenance cost of this new equipment can be

absorbed by the current eleéctricity rate.
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Table 7.4 Analysis data for economic evaluation

{1) | Unit installed capacity, | kw 5,700

(2) Stgtion power consumption % .3.0

{3) | Total delivered p0g§r. éw 5,529 (1) x (1-0.03)
() Anhual operating houfs Ihrszear '6,132. 24 x‘§65 x 0.7
{s) Annuél dglivared power .'Gwh[Yeaf 33.97 (35 x:(&)

(6) | Total construction cost 'Hillioﬁ'US$ 5.77 |

(?)_. Construction cost pér'kw USé 1,012 (5?/(}?

($) DePreéiatiqn pS$/Yéar 288,506 (6)/20:

{9) Nu@bgr of operators Person | 15

(10) | Salaries per head ﬁsé)Yegf 2,640 égg;g;}zgi¥hx12xo.1
(11) | Total éalaries .ﬁ5$ 39,660 | (9) x (1)
(1) Total'fixed cost us§ .328,100 tB)'J(lii
(13 thai'fixed éost pe? kWh .ﬁS$/kWh :6.00963 .(;Z)IKS)

(14) | Fuel price per liter G$/liter 1.33

(15) | Fuel price per liter Ué$/1iter 0.133 :iGé=0:108$_
(16 | Specific gravity of fuel 0.860 -

(i?j Fuel price per kg US$/kg 0.155 (15)/?165:
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(18) .Thermal efficiency 43,0

(19) Spe.c_ific heat consumption Keal /kWh 2,000 860/(18)

(20) qaloiific value of fuel Kcal/kg 10,300

(215 Specific fuel éonsﬂmptiou kg /kWh 0.194 (19)/(20)

(22) Fuel cost per kwh | Ué$/kWh 0.03007 &17) x (21)

(23) Lub;oil price per liter G$/}iter 18.4

(245 Lub—oi; price per liter USS/liter | 1.84 1G$=0, 1US$

(255 ‘SPécific gravity of lub-o0il 0.9

(2?) LuE—oil price per kg UsS/kg .2.044 (24)/(25)

(27) igici;;c lub-0il cousumpiton o /kith 1.2%

(28) | Lub-oil cost per kWh US$/kWh 0.00256 | (26) x (27) x 10-3
(29) | Variable maintenance cost US$/kWh 0.00385

(30) | Total operation cost per kWh US$/kWh 0.03648 | (22) + (28) + (29)
(31) { Unit cost per kWh US$/kWh 0.04616 | (13) + (30)
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Fig 7.1 Urganizatipn of Garden of Eden Pwer Station
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CHAPTER 8 NEW THERMAL POWER STATION
DEVELOPMENT PROGRAM

8.1 OBJECTIVE

The objective of this New Tﬁermal ?ower Plant Development Program is to
coustruct new thermal power ététién, to ﬁdd new generafing units to
existing thermal power stations, and replace decommissioned units in ther-
mal power stations of GEC, aécording ﬁo the Power Supply Enhancement Plan
of Chapter 6, so that the supply shortage is eliminated, adequate.resérve
capacity is maintained, and new power demands are met, thereby fealizing
stable supply of electric power which is essential to stabilizing people's

living standard and vitalizing industry.

8.2 OUTLINE OF PROGRAM

The general plan for comstruction of a new power plant, addition of
generating units to existing power plants, and replacement of generating
units to be decommissioned, consists of specific programs described below.
The request for grant aid has already been submitted by the Govermment of
Guyana to the Government of Japan for replacement of one generating unit
out of two 5.7 MW units in Garden of Eden Power Station as described in

Chapter 7, Replacement program Garden of Eden Power Station.

(1) Addition to Onverwagt Power Station under contingency measures for

reinforce power supply

An additional capacity of 7.8 MW (consisting of 2.6 MW unit x 3) will be
installed at Onverwagt Power Station with the objective of urgently rein-
forcing power supply capacity to overcome curreunt supply shortage. To
install these new geuerating units, the existing generating equipment (1MW
x 4) will be removed, and high speed (900 RPM) diesel generators of the
largest capacity which can utilize the existing foundations will be

installed.

(2) Construction of New Kingston Power Station as major thermal power

supply:

New Kingston Thermal Power Plant, with total output of 52 MW, will be

constructed at the site of old Kingston "A" Power Station. This new power



station will have the role of major power station in Demerara Power System
to supply base load by replacingjkingStdn "B" pPower Station to be decom-

missioned.

New Kingston Power Station will be equipped with low speed diesel engines
operating on fuel oil only and 60 Hz rating geﬁeratars. Two 13 MW units
will be installed in 1993, and other two 13 MA units in 1995. As this
power station will supply power to Géorgetown ﬁistrict.at 60 Hz, the.qom-.
mercial frequency in Georgetown must be unifiéd to 60 Hz by the time this

power station is completed.

(3) Replacement of generating units corresponding to decommigsioning of

units

The generating units in the existing power station will be decommissioned
one by one as the equipment life expires, and ﬁill.be replaced bj '
generating units of same capacity, accordiang to Chapter 6, Power Supply
Enhancement Plan, According to this Plan, all generating units of power

stations except Versailles and Onverwagt will be replaced.

8.3 ADDITION OF GENERATING UNIT TO ONVERWAGT POWER STATION
8.3.1 Objective of project

Generating units having a total capacity of 7.8 MW (2.6 MW X 3) will be
installed at Onverwagt Power Station in 1991 in order to urgently solve the
shortage of power supply in Berbice Power System. The existing units (1
MW x 4) will be dismantled, and high speed (900 RPM) diesél units, having
the largest capacity that utilize the existing foundation, will be
installed. The equipment in the existing 69 kV outdoor switch yard will be

utilized in order to wake the project economical.
8.8.2 Current status of Onverwagt Power Staticn

Onverwagt Power Station is a diesel power statiom in Berbice Power Systém,
located approximately 80 km to the east of Georgetown. The existing
generating facility consists of 5 diesel generator units, with a total
plant capacity of 6.5 MW (1.0 MW x 4, 2.5 MW x 1). No, 1, No. 2 and No. 4
Units were commissioned in 1973, No. 3 Unit in 1980, and No. 5 Unit in

1981,



{1) Current condition of facilities

During the period from 1979 to 1986, all of No. 1, No. 2, No. 3 and No. 4
Uhits (each.having 1.0 MW rating) have become inoperable by failure of
crank shaft. 1In 1988, No. 5 Unit (2.5 MW rating) failed due to damage of
turbo charger, leaving no-operable unit in the power station., Of these

units, only No. 5 Unit can be repaired by the Rehabilitation Plan.

Diesel Generator Specification (No., 5 Unit)
Manufacturer: GM of USA _
Type: _8Bingle stroke, 2 cycle, water cooled, turbo-charged type
' with charged air cooler.
Output? 3,600 HP (3,650 PS)
Speed:’ 900 RPM

Generator Specification

Manufacturer: GM of USA

Type: 3-phase, AC synchronous generafor
Capacity: 3,250 kVA (output; 2,500 kW)
Frequency: 60 Hz

Voltage: 4.16 kV

(2) Power starion facilities -

This power statiom has a land area of 8,200 m2, where the following facili-

ties are located.
1) Power plant.building (approximately 685 m2)

Five diesel generator units, a coatrol room, a cubicle room, ete, are

accommodated in this building.
2) Outdoor switch yard (approximately 3.670 m2)

One main transformer (69/13.8 kV, 16.7 MVA) and 69 kV switchgears are

linstalled.
3) Fuel storage tank

Three, 90 k1l tanks and two, 20 kl tanks are installed (with total storage
capacity of 310 kl according to BEI Report), which will be utilized in this

" project.
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