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ABSTRAGT

Jamaica is a small island country in the Caribbean. Economic
performance was poor after 1973 as a result of external shocks and the
impact of domestic policies. The bauxite/alumina industry and tourism
are the major economic activities and alumina exports have substantially
underwritten most of the development in the country. However, over the
past few years both the output and exports of this sector have declined
sharply. The economy has recovered somewhat in the last three years.
GDP grew by 3.2% in 1981 and 1.82 in 1983. The economy stagnated in
1982, primarily because of the impact of the industrial recession on the
bauxite/alumina industry. The growing burden of oil imports (US$386
million in 1983) cuts heavily into the country's exports (US$673 million
in 1983). This report focuses on the many steps which are needed to
improve the situation in the energy sector and discusses the technical,
organizational and institutional policy and investment options which
should be followed during the next 10-15 years.
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CURRUcy EQUIVALENTS

Through April 1977 US$1.000 = J$0.909 J$1.000 US$1.100

- Dual exchange rate system -

April 1977 - May 1978
May 1978 US$1.000 = J$1.550 J$1.000 - US$0.645
December 1978 US$1.000 = J$1.695 J$1.000 = US$0.590
May 1979 - January 1983 US$1.000 = J$1.781 J$1.000 = US$0.561

- Dual exchange rate -

Jan 1983 - Nov 1983
(Official Rate) US$1.000 = J$1.781 J$1.000 = US$0.561
(Parallel Rate) US$1.000 = J$2.71-2.96 J$1.000 = US$0.338-0.369

- Floating band -

November 1983 - Present
(Dec. 1983 avg.) US$1.000 = J$3.40 J$1.000 = US$0.294
May 1984 US$1.000 = J$3.70 J$1.000 = US$0.270

MEAStRS

BTU (Btu) British thermal unit = 0.252 kilocalories
Bbl barrel = 159 liters (42 US gallons)
BD barrels per day
boe barrel of oil equivalent = 6 million Btu.
m3 cubic meter
cWh gigawatt hour
MWh megawatt hour
hz hertz
kWh kilowatt hour
kV kilovolt
MVA megavolt ampere
pa per annum
tonne metric ton
Tpa (tpa) tonnes per annum
TOE (toe) tonne of oil equivalent = 39.68 million BTU (10

million kilocalories)
MBD thousand barrels a day
MTOE (Mtoe) thousand TOE (toe) = 1,000

tonne of oil equivalent
US Gallon = 0.833 imperial gallon or

3.785 liters



ENUCY CONVERSION FACTORS

Fuel l/ TOE per physical unit 2/

Liquid Fuels (tonne)
LPG 1.08
Avgas 1.04
Gasoline 1.05
Kerosene/Turbo Fuel 1.03
Diesel Oil (ADO) 1.02
Biomass Fuels (tonnes)
Bagasse 0.45
Firewood 0.33 - 0.35
Coconut Husk 0.41
Coconut Shell 0.51
Coconut Palm Wood 0.27
Coal (tonnes) 0.62

Conversion of one barrel of oil (Bbl) Barrel of oil equivalent (BOE)

LPG 0.699
Aviation Gas 0.798
Turbo Gas 0.920
Kerosene 0.920
Gasoline 0.873
Diesel Oil 0.968
Fuel Oil 1.00

I/ 1 TOE (toe) = 10 million kcal
= 39.68 million Btu

2/ Avgas (Aviation Gasoline ) = 1413.6 liter/tonne
LPG (Liquified Petroleum Gas ) = 1729.1 o
Gasoline (Motor Spirit) = 1356.8
Kerosene/Turbo Fuel = 1229.1
Diesel (ADO) = 1186.5
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SUMKARY OF ISSUES AND RECOKMYDATIOES

1. Jamaica is a Caribbean island with a population of 2.2 million
and a GNP per capita of US$1,300 (1983). The economy is mainly dependent
upon the bauxite/alumina and tourism industries. Rapid economic growth
was experienced during the 1960s, mainly due to the development of these
two industries. However, from 1974 to 1980, real GDP declined and by
1980 it was 18Z below the 1973 peak. Over the same period, the balance
of payments was under continuous pressure, mainly due to stagnating baux-
ite/alumina exports, falling tourism receipts, private capital outflows,
and an oil import bill increasing from US$72.7 million (18.5% of exports)
in 1973 to US$406.8 million (53% of exports) in 1982; the current account
deficit rose from US$180.3 million in 1973 to US$380.3 million in 1982,
resulting in mounting debt service and pressure on the rate of ex-
change. 1/

2. Imported oil continues to be the main energy souree in the
energy balance (89Z of supply in 1983) while at the same time adding
substantially to the country's mounting external debt. Substitution of
oil by indigenous energy resources 2/ has been minimal and even if proven
reserves of peat, hydropower and bagasse were developed to their optimum
capacity, only a minor contribution to future energy supplies can be
expected.

3. With oil demand estimated to grow at 4.52 p.a. (1983/90), a
concerted effort is required to exploit coal substitution opportunities
and increase demand efficiencies. The consumption of imported oil is
heavily concentrated in the alumina, transport and power subsectors which
in 1983 respectively consumed 39%, 16% and 12% of total oil imports.
Within the major oil-consuming subsectors of alumina and power, as well
as in sugar, substantial potential for oil substitution exists. In 1981,
per capita energy consumption was 0.98 toe; however, after discounting
the energy-intensive bauxite/alumina enclave, per capita consumption
falls to about 0.31 toe. While energy consumption on a per capita basis
is reasonable, improvement in energy efficiency relative to CDP has been

1I/ From November 1983 to March 1985, the J$ has devalued from U'$0.561
to US$0.189. External debt rose from US$349 million in 1973 to
US$2,800 million at the end of 1983. In June 1984, the IMF approved
a SDR 136.6 million credit facility, conditional upon a major reduc-
tion in the central government's deficit; restrictions on the growth
of credit; and a unified flexible exchange rate in order to achieve
an overall balance of payments surplus.

2/ In 1983, indigenous resources made up 11Z of total energy supplies.
The breakdown of the 1.58 million barrels of oil equivalent (Mboe)
supplied was 67% bagasse, 30% fuelwood and 3Z hydropower.



poor and indications are that since 1974 energy efficiency has actually
declined in many important production and service sectors.

4. Within the energy sector the Government faces a multitude of issues.
Some require urgent resolution while others, although important, must be
treated as less urgent.

Immediate Priority Recommendations

5. These recommendations are framed against a background of
foreign exchange shortages and an extremely high debt-service ratio. 31

Priority Short-term Recommendations

(a) The Jamaica Public Service Company (JPS) rehabilitation program
is a critical element in repairing the n.tion's energy infra-
structure. All investments ($J52 million) required to keep
this program on schedule should be undertaken (2.7). 4/

(b) JPS should implement a disciplined preventative maintenance
program and the Government should ensure that adequate foreign
exchange is made available for purchasing spare parts (2.9).

Cc) Within the existing foreign exchange constraints, the
Government should provide the refinery with a foreign exchange
budget so that refinery operations can be planned according to
the foreign exchange allocated (3.20).

ud) The Government should restructure the Ministry of Mining,
Eaergy and Tourism (MMET) so as to focus its efforts on energy
policy, planning and sector coordination (6.3).

Ce) When appropriate, the responsibility for developing electrical
generation options should be transferred from the Petroleum
Corporation of Jamaica (PCJ) to JPS (6.13).

Priority Long-term Recommendations

6. The primary objective of the long-term action plan proposed in
this report is to develop an efficient and cost effective energy supply.
A secondary objective is to reduce dependence on imported oil. Accord-
ingly, the mission recommends that: (a) the scope of the existing energy

31 Jamaica's debt service ratio is expected to be around 40%.

4/ References in parenthesis are text paragraphs where recommendations
are discussed in detail.
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conservation program be expanded so that all mini:tries are involved;
(b) high level inter-ministerial committees be establishea to review and
monitor energy projects; (c) all power developments be evaluated within
the framework of the Power Sector Master Plan (PSMP); (d) grsater levels
of energy efficiency be achieved in the alumina, sugar and tourist
industries; (e) high priority be given to increasing the energy
efficiency of the transport sector; and (f) a centralized monitoring and
reporting system be introduced consistent with the need to improve
efficiency. The Government shoulc ensure that all projects have a sound
economic justification, so that scarce foreign exchange and manpower
resources are not diffused and wasted on low-return energy projects.
Detailed recommendations on a subsector basis are discussed in the
following sections.

Power Subsector

7. The main issues _i the power subsector are: implementation of
a least cost power development program (which includes selective rehabil-
itation), the restructuring of power tariffs, reduction of system losses
and resolution of labor problems.

Pricing

8. The present five categories of tariffs used for billing pur-
poses discriminate amongst consumers on the basis of kWh usage and do not
reflect the cost differences that the various consumer groups impose upon
the system. A new tariff structure is required which reflects the cost
variations of supply, groups similar types of consumers, and promotes a
rational consumption pattern by conveying the correct pricing signals.
JPS has recently commissioned a study which should help in redesigning
the present tariff structure. The mission recommends that the present
tariff structure should be changed within one year - based on the
results of this study.

Supply

9. In 1981 and 1982, generation failures were respectively 73% and
87X of total outages. Low plant availability resulted in the use of
expensive fuels and intensive sse of power plants with low operating
efficiencies. With improved plant availability from 1980 to 1983, JPS
could have saved about US$5 million p.a. in fuel costs. The major
problem has been the lack of a sound and orderly preventative maintenance
program combined with design limitations on some major thermal units
which have reduced their availability and output capacity. Before the
end of 1985, JPS plans to introduce a preventative maintenance policy for
all its units after the installation of two new barge-mounted 20 MW slow-
speed diesel generators. The mission recommends that JPS immediately
implement a disciplined preventative maintenance program even though
margins of reserve might be less than adequate. Random breakdowns of the
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efficient units in the system are more costly to industry and the economy
than planned interruptions for repairs and maintenance. The major
obstacle to a sound maintenance program has been a shortage of foreign
exchange to purchase spare parts. The mission recommends that the
Government develop an institutional mechanism which will provide the
timely supply of spare parts within the current foreign exchange
constraints.

System Losses

10. In 1984, system losses were 19.4% of the net power generated.
The largest losses relate to "unaccounted for" consumption 5/ which in
1984 caused a revenue loss of approximately J$70 million for JPS. The
mission recommends that JPS design a program and timetable for reducing
unregistered and ilLegal consumption. JPS should also set a target to
reduce total losses, including in its own consumption, to a maximum level
of 15%. The plan for reducing "unaccounted for" consumption should be a
continuous effort of disconnecting illegal users, educating the public,
and improving measuring and billing procedures (2.16).

Investment

11. JPS, with World Bank financing, commissioned Montreal
Engineering (MONENCO) to do a comprehensive system planning study
(PSMP). Prior to the MONENCO study, different alternatives were
appraised independently on a project-by-project basis, taking as benefits
the equivalent fuel saved. The draft PSMP recommends the following
program for the period 1984-1994:

(a) Rehabilitation of Hunts Bay gas turbine units No. 1 and 2;

(b) Begin construction of several small hydroelectric developments
(Morgans, Wild Cane, Green, Spanish, Yallahs, Rio Grande and
Martha Brae rivers);

(c) Conversion to coal of Old Harbour Station units 3 and 4 and
construction on the same site of coal reception and handling
facilities;

(d) Installation of a new coal-fired plant at Old Harbour, the
first unit to start operation in 1990 and the second in 1994;
and

(e) Commissioning of two gas-turbines by 1992 and 1993.

12. The mission's conclusions are: (a) rehabilitation of units 1
and 2 of Hunts Bay Station should proceed immediately; and (b) it is

5/ Unregistered and illegal consumption.



economic to pursue coal generation options. However, the following
aspects would require additional analysis to clear up some elements of
uncertainty:

(a) Although JPS has expressed a number of concerns regarding the
use of coal at Old Harbour, the only relevant questions which
must be resolved are the operational reliability of units 3 and
4 after conversion to coal and associated ecological effects.

(b) Although analysis indicates that cogeneration is an economic
option, it is not certain if it is better than a new coal fired
plant. The issues of concern are arrangements for plant
operation and maintenance, and supply arrangements between JPS
and the alumina company.

(c) Before proceeding with hydropower, the least cost analysis
should -nclude the latest information on the Back Rio Grande
project. A Blue Mountain water resource study is also needed.

Cd) Although the peat project as considered by MONENCO did not form
part of the least cost expansion plan, it may be possible to
improve the economics by changing its scale and technical
configuration.

Petroleum Subsector

13. Imported petroleum products are the backbone of Jamaica's
energy supply and represent 902 of commercial energy. The main issues in
the subsector relate Eo: cross subsidies in retail pricing, distorted
relative prices, inefficient distribution, recurring shortages of
feedstock for the sole refinery, and failure of the oil exploration
program. Available options are constrained by foreign exchange shortages
and non-competitive practices in the distribution system.

Pricing

14. The ex-refinery/terminal prices are supposed to be based on the
average of Caribbean import parity plus freight (Worldscale/AFRA), insur-
ance and ocean losses. The petroleum pricing structure has become
complex, reflecting the Government's efforts to meet several objectives
which include: (a) keeping the price of LPG and kerosene low in view of
their use by low-income households; (b) generating funds to cover foreign
exchange losses incurred by the refinery/PCJ because of the dual exchange
rate; and (c) between June 1983 and May 1984, moderating the rise in
electricity tariffs by selling fuel oil at a reduced price to JPS. Since
the Government takeover of the Esso refinery, the ex-refinery price
structure has not been closely monitored by the Government. An accurate
pricing structure is required so that policy decisions on matters such as
importing refired products can be made. The mission recommends that all
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subsidies on petroleum products be removed and taxes rationalized.
Further, in the long term, petroleum prices at all levels should be
deregulated. The new exchange rate mechanism combined with a relatively
constant and significant devaluation has added another dimension to
petroleuma product pricing. Until recently, market prices have lagged
behind exchange rate movements (3.16).

15. Aviation fuel prices at Jamaica's international airports have
been low relative to the rest of the Caribbean region. At times, turbo
fuel prices were subsidized under the dual exchange rate mechanism by
pricing products at the lower official exchange rate. Currently, the
Government airline, Air Jamaica, receives a cross subsidy through a mech-
anism which controls the price of petroleum products. The mission recom-
mends that the cross subsidy to Air Jamaica be discontinued and the price
of aviation fuel be allowed to rise to its opportunity cost as determined
by regional market trends (3.5).

16. doth LPG and kerosene are subsidized by the Government on the
basis of their importance as cooking fuels to low-income households. In
January 1984, the retail price of kerosene in Jamaica was slightly more
than half that in neighbouring St. Vincent and St. Lucia. Due to the
wide price differential between kerosene and automotive fuels, kerosene
is used for diesel oil adulteration. The mission estimates that of the
240,000 bbl supplied, 71,000 bbl are consumed domestically while a large
percentage of the balance, i.e. 169,000 bbl is directed to other uses
including adulteration in diesel oil and gasoline. The mission recom-
mends that the relative price of kerosene be adjusted to reflect its
opportunity cost. Due to low margins to the distributors, the product
does not reach some of the rural communities. With increasing margins,
marketing companies will take an active interest in marketing kerosene.
If a specific population segment is to be subsidized, the subsidy should
be identifiable and funded from Government revenues.

MarkeLing and Distribution

17. Jamaica's total inland market of 20,400 barrels/day (Mbd) is
shared between three marketing companies: Esso, Shell, and Texaco.
Because of a dealer association at the retail level, the market is non-
competitive. Similarly, the transport of petroleum products from termi-
nals to retail outlets is non-competitive due to union control of the
haulage fleet. There is over-capacity of haulage tankers and each con-
tractor is allocated a percentage of the market. The assured margins
provide a disincentive for an efficient marketing and distribution sys-
tem. If competition were encouraged in the market at the retail level,
then consumers would benefit through improved service and lower prices.
The mission recommends that the GOJ ensure an open market in the dis-
tribution and marketing of petroleum products (3.15). The proposed least
cost petroleum supply study should also have a serious look at the mar-
keting/distribution system with an aim to improving its efficiency and
saving foreign exchange costs.
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Refining

18. Jamaica has one refinery (36,000 bbl/day) which is located in
Kingston and owned by the Government. Recently, due to severe foreign
exchange shortages, the local refinery has had to purchase spot cargoes
of various crude oils which were purchased because of favorable credit
terms rather than on the basis of lowest cost.

19. The economic viability of the refinery rests on both short-term
and medium to long-term issues. In the short term, uncertainties sur-
rounding the availability of feedstock due to foreign exchange shortages
have significantly affected refinery operations in two ways. First, the
refinery has lost production efficiency due to frequent shutdowns and
changing feedstocks; and secondly, spot purchases have increased the cost
of feedstock. In the short term, to reduce the foreign exchange cost of
petroleum imports, the Government should make available a budgeted amount
of foreign exchange to the refinery so as to ensure consistency in opera-
tions and the ability to purchase cheaper feedstocks (3.38). Further,
the Government should investigate the potential to optimize the procure-
ment of petroleum supplies under or outside the Venezuela/Mexico Accord.

20. In the absence of sufficient data from the Government, the mis-
sion's analysis on the economic viability of the refinery had to rely
mainly on current and projected worldwide industry developments and pric-
ing trends. The analysis shows that the Venezuela/Mexico accord, even if
it remains in force, is only worth US$1.18/bbl to Jamaica. This compares
with purchasing options of products at indexed spot prices which could
save Jamaica US$1.61/Bbl. (3.26). The economic viability of the refinery
in the medium- to long-term has not been evaluated and the mission recom-
mends that an independent and objective analysis be done to determine the
least cost petroleum supply option.

Exploration

21. Jamaica's oil exploration efforts have not been successful, and
the results of eleven dry holes as well as the geologic complexity of the
country have not produced any evidence of hydrocarbons. While the mis-
sion agrees with PCJ that the petroleum prospects of Jamaica should not
be totally discounted, the mission believes the complex geology of the
offshore shelves warrants additional investigation and research before
further capital-intensive exploration drilling is undertaken. The mis-
sion agrees that detailed systematic geologic studies of the area could
continue which would throw additional light on the unknown geologic
aspects of the prospective areas, particularly the offshore prospects.
Additional exploration drilling should be dependent upon the result of
further studies and should be undertaken by the private sector alone or
by private sector risk participation (3.43).
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Renewable Energy Subsector

22. Renewable energy resources will not make a significant contri-
bution to Jamaica's future energy supplies. However, in some areas,
notably sugar production, renewable resources may have a worthwhile role
to play in the energy mix. Within the subsector, the major issues relate
to the poorly coordinated research and development efforts, the misallo-
cation of scarce manpower resources to renewable projects with low
economic returns, and the need to increase the efficiency of energy use
in charcoal and sugar production.

Bagasse

23. In 1983, the sugar industry consumed 803,000 tons of bagasse
together with 109,000 bbl of fuel oil. In the early 1970s, the sugar
industry was essentially self-sufficient in energy, using bagasse and
virtually no oil. Today, outside Jamaica, many modern sugar factories
are energy self-sufficient and in some cases are producing excess elec-
tric power for sale to local power utilities. The mission studied the
largest sugar mill in Jamaica (Frome) and concluded that not only could
the mill be energy self-sufficient but there was the possibility of sel-
ling excess bagasse to the proposed peat power plant located in an adja-
cent area. The mission recommends that the GOJ undertake a detailed
study of the potential of the sugar industry to supply surplus power to
the JPS grid (4.5). Further, the mission recommends that the GOJ imme-
diately implement an energy efficiency program for sugar factories which
will become operational after the present rationalization of the industry
is complete.

Fuel Ethanol

24. At present, fuel ethanol production is not an economic proposal
for Jamaica. The mission recommends that the conversion of existing
sugar factories to fuel ethanol distillaries not be considered and no
molasses be diverted for fuel ethanol production (4.23). The present
proposals for a 1.5 million gallons per year cassava-based ethanol pLant
should be reviewed as some important economic and operational issues have
not been satisfactorily addressed (4.25).

Fuelwood

25. In 1983, the domestic consumption of fuelwood was approximately
188,000 tons, of which 92% was converted into charcoal. The use of fuel-
wood by the commercial and industrial sectors is small and little growth
in fuelwood demand is expected. It is estimated that a total of 1.06
million tons of wood per year can be made available from existing forest
reserves. Deforestation is not a major issue; however, active forest
management combined with reforestation projects will eliminate the
deforestation trends normally associated with increased charcoal
utilization in domestic and/or the commercial and industrial sectors.



- ix -

The mission recommends that the Forestry Department prepare a detailed
regional inventory of species, yield measurements, and a harvest-ability
analysis to improve the estimates of woodfuel production. An active pro-
gram to increase the efficiency of charcoal production should be imple-
mented; present production methods are inefficient. Advice on kiln
design should be obtained from the U.S. Forest Service and technical
assistance from Brazilian experts should be explored through a UN/FAO
sponsored program (4.16). The mission also recommends that the present
wood gasification program be scaled down until suitable expertise is
developed in Jamaica. Before recommending or implementing a gasifier
test program, the Scientific Research Council (SRC) should seek technical
assistance from wood gasification experts from the U.S. or European
countries such as the Netherlands, West Germany or France (4.18).

Solar Thermal Systems

26. There are many groups active in promoting the use of solar
energy in Jamaica. The mission found that limited Government resources
were being spread over too many projects and consolidation of effort and
resources was required. The mission recommends that the commercializa-
tion of solar hot water heaters be left to the private sector. The local
industry participation in the present solar equipment performance
standards (which are undertaken by MMET and the Bureau of Standards
(BOS)) should be increased (4.26). The mission further recommends that
the GOJ investigate economic incentives, such as investment tax credits,
waiving of sales tax, etc., to enhance the ongoing private sector
commercialization efforts. The Scientific Research Council (SRC) should
concentrate on solar crop drying rather than lumber drying and should
actively monitor ongoing pilot and demonstration projects such as those
sponsored by USAID (4.27).

Ocean Thermal Energy Conversion (OTEC)

27. The GOJ should closely monitor the ongoing research efforts in
the U.S. and other couaitries (4.28).

Wind Energy Systems

28. Preliminary indications are that low wind speeds in Jamaica
will make wind power systems uneconomical (4.29).

Energy Conservation/Efficiency

29. Jamaica's performance in energy demand management has been
poor. Both energy intensity and elasticity analysis indicate that energy
efficiency has actually fallen since the energy crisis of the mid-
1970s. Jamaica's trend is counter to that of most countries where higher
oil prices have brought about significant improvements in energy
efficiency.



30. Apart from pricing issues, which have been discussed under the
power and petroleum subsectors, other major issues are: the lack of a
national and Covernment energy conservation program; the need to improve
operational efficiency; and the lack of energy efficiency standards. Due
to foreign exchange constraints, Jamaica has not been able to benefit
from the latest fuel-efficient equipment. The options available are
essentially limited to operational improvement and, where possible,
retrofitting equipment which uses outmoded energy technologies.

Management

31. Current energy conservation efforts are confined to the USAID
sponsored program which is being implemented through the MMET. So far,
the program has been narrowly focused and does not directly include many
Government ministries. The mission recommends that an energy cell be
established within each GOJ Ministry. The size and the resource
requirements will vary depending upon the potential to improve the
efficiency of the energy used by each Ministry. In particular, there is
an urgent need to establish a cell in the Ministry of Public Utilities
and Transport (MPUT). Energy supply utilities such as JPS should develop
energy conservation programs which include consumer education and tariff
revision to encourage energy conservation.

32. The Government lacks a suitable statistical base by which to
analyze energy consumption in the various energy consuming sectors. The
mission recommends that the COJ institute a Management Information System
(MIS) which will assist the Government in developing energy policy and
investment priorities for the various demand sectors. The Minister of
MMET should, in conjunction with selected Cabinet Ministers, annually
review the nation's performance using the MIS and identify areas where
improvements are required.

Industry

33. The severe foreign exchange constraint calls for improvement in
operational efficiency as a major energy saving option for the nation.
The mission recommends that the GOJ join with the private sector to
develop an energy conservation training program (5.42). Initially, the
program should focus on industrial training but, as Jamaica's priorities
change, it should have the flexibility to move into particular sectors
such as transport.

Transport

34. Second to the alumina sector, transport has the largest demand
for petroleum products. It is essential that fuel consuming units
operate as economically as practical and that scarce foreign exchange be
allocated to achieve this result. Pricing transport fuels at their
opportunity cost is the first essential step in a conservation program;
however, other policy initiatives are required in those sectors where
pricing cannot be effectively used. Therefore, the mission recommends
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that all imported motor cars (including externally financed) comply with
an appropriate fuel efficiency standard. 'De facto' standards, such as
the USA/EPA or Japanese 10 mode test, could be used since it is not
practical to develop a specific Jamaican standard (5.20).

35. Government transport taxes can heavily influenLe the fleet mix
and in turn fuel consumption patterns. The mission recommends that the
annual licence fee be based on vehicLe mass, not engine capacity. The
annual fee for diesel-powered vehicles should be lowered to the same
level as for gasoline powered vehicles to encourage their use. Because
of the higher fuel efficiency in diesel-powered vehicles, priority should
be given to importing them rather than gasoline-powered vehicles.

36. High-mileage vehicles such as taxis and tourist vehicLes should
be the most efficient in the fleet. The mission recommends that the
Government implement incentives which will encourage the use of efficient
vehicles. Although not ideal, licencing requirements for taxis can be
used in the short run to encourage the use of fuel efficient vehicles. 61
Vehicles which are more than five years old should be phased out of the
taxi fleet. Vehicle import priorities should be set such that the
limited foreign exchange which is available is allocated to high-mileage
vehicles such as taxis and tourist vehicles. The use of motor cars which
have a combination of old design and large mass should be discouraged
through taxes that increase the annual fixed charges. Private vehicles
over ten years old and 1,500 kg mass should be heavily taxed. The
Government should encourage the use of private sector van and car pooling
in the Kingston area. Given the extensive use of motor cars for
transport to work, this option should be actively pursued by the GOJ
(5.20).

Trucks and Buses

37. By using existing regulations the Government can help truck and
bus owners achieve greater levels of fuel efficiency. The mission recom-
mends that the Government, through the public passenger vehicle (PPV)
licencing approval board, issue guidelines to operators on preferred
vehicle types and sizes based on the licenced route load and traffic
characteristics (5.28). MPUT should determine load freight flows within
Jamaica and develop recommendations on the appropriate vehicle size that
will optimize economic transport of the freight. This would be a high
priority for the energy efficiency cell to be formed in the Ministry. On
specialized routes such as Kingston-Montego Bay, integrated rail/truck
systems should be investigated. The wide use of trailers should be
encouraged on those routes where there are no practical constraints (road
width, safety) to their use. Local manufacture with moderate foreign
exchange requirements makes trailers an attractive option to offset a

6/ The present licencing fee of J$75.50/year for taxis could be
madified to encourage more efficient vehicles.
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declining fleet capacity. Trailers offer flexibility as well as a low
cost option for increasing capacity (5.36).

Standards

38. In most industrialized countries energy efficiency standards
have made a major contribution towards reducing energy consumption. In
Jamaica, considerable baseline research has been done in many areas but
the vital step of formulating and proclaiming standards has not taken
place. The mission recommends that the Government, in conjunction with
the private sector, set a timetable for introducing standards for motor
cars, motor cycles, air conditioners, cooking stoves (kerosene),
refrigerators, and commercial buildings (5.20, 5.21 and 5.44).

Institutions

39. Institutional weaknesses are the source of major issues in the
various energy subsectors. Jamaica's energy sector has received finan-
cial and technical assistance from a variety of multilateral and
bilateral donors: the United Nations DeveLopment Programme (UNDP);
International Bank for Reconstruction and Development (IBRD); United
States Agency for International Development (USAID); Canadian
International Development Agency (CIDA); European Economic Community
(EEC); and the Governments of West Germany, Italy, the United Kingdom
(UK), and Scandinavian countries.

40. Numerous statal and parastatal agencies are involved in the
energy sector - including the Petroleum Corporation of Jamaica (PCJ),
Jamaica Public Service Company (JPS), Ministry of Public Utilities and
Transport (MPUT), Ministry of Mining, Energy and Tourism (MMET) - but
each institution is operating in isolation without an appropriate
coordinating link to one agency determining overall energy sector
priorities. No single agency is providing the lead role. Although the
Energy Division within the MMET is supposed to be the lead organization
in the energy sector, it has been unable to execute its mandated role.
Regulatory functions within the energy sector are fragmented, and some of
the parastatals such as PCJ are self-regulating and effectively
controlling important policy instruments such as the refinery's pricing
structure.

41. Since the Energy Division's business is energy policy, coordi-
nation and monitoring (not project implementation), the mission recom-
mends that the existing USAID-funded Project Implementation Unit (PIU) be
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disbanded and made a separate organizational entity. 7/ The Energy
Division should be reorganized into a smaller but more effective organi-
zation (manned by fewer but high quality staff) comprised of just two
branches. The size of the unit should not exceed 8-10 professionals with
clearly defined responsibilities and position specifications (6.10).

42. The two main organisations responsible for power development
(JPS and PCJ) are not working harmoniously due to conflict over their
respective roles. The mission recommends that JPS be provided with the
necessary resources to obtain expertise when required for project
development and implementation. Resources should also be provided to
strengthen JPS system planning, project development and implementation
concerning the power sector.

43. The National Advisory Council on Energy Conservation (NACEC)
has not contributed to energy conservation policy because of a combina-
tion of many factors. However, NACEC has an important role to play in
energy policy development. The mission recommends that NACEC be
reconstituted as a new, high level National Advisory Council on Energy
(NACE) to advise the Minister of MMET on policy. 8/ NACE should be given
clear objectives and adequate resources to achieve these objectives. The
MMET's Energy Division should be the technical secretariat for this
Advisory Council (6.25).

44. Coordination and cooperation among the many ministries asso-
ciated with energy matters is ad hoc and informal. The mission recom-
mends that the Government establish appropriate inter-ministerial
committees. MMET, MPUT, MSTE, and other Ministries should meet on a
periodic basis to address outstanding energy issues and problems that are
inter-ministerial in nature, e.g. conservation issues, transport fleet
policy, least-cost power expansion, etc. Furthermore, at the beginning
of a major energy project the Government should establish a well balanced
working committee to provide policy guidance and technical advice.

Investment

45. The current energy investment program is characterized by
numerous feasibility studies and is compLicated by the participation of
several donors and executing agencies (Annex Table 1.3). The large
number of projects is straining the Government's implementation and
supervisory capacity and, more importantly, its ability to set investment

7/ When the draft report was reviewed in March 1985, the Mission was
informed that the GOJ indeed had disbanded this unit and established
a National Advisory Committee on energy.

8/ See footnote 7.
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priorities for the sector. The Government's efforts nted to be more
focused and selective than at present. Emphasis needs to be placed on
investment in energy efficiency in the productive sectors, which would
have a positive impact on industry competitiveness and overall economic
performance.

46. The main features of the investment program are: (a) the Large
investment in the power sector with over one-third of the total invest-
ment committed to purchasing two (20 MW) barge-mounted diesel generators;
(b) the pursuit of many energy options which have low economic returns
and divert resources away from high priority projects; and (c) the
rigidity of the program in 1984-85 due to the committed purchase of the
two barge-mounted diesel generators.

47. Under the Government's proposed PSIP (1985/86-1987/88)
investments in the power and energy sectors represent 20Z of the
expenditures for the first two years of the program. The proposed energy
investments for the Ministry of Mines, Energy and Tourism appear more
focused than in previous years. However, some projects were shifted to
the Ministry of Science and Technology (rural energy systems and photo-
voltaics) 9/ whose program is not fully included in the PSIP, and others
are pending final negotiations with OLADE and the Italian Government.
Also, some alternative energy projects, such as wind mapping, may be
consolidated under a USAID project. It is important that only priority
projects with demonstrated benefits be included.

48. The major questions in the proposed capital programs concern
the: (a) inclusion of some outlays on the project to generate
electricity from peat resources because no final decision has been made
ytt on whether to go ahead with the project; and (b) energy conservation
investments for PETROJAM. The major uncertainty in the sector is the
investment implications of the recommendations of the power sector master
plan. The two projects which are ranked highest are: (a) coal
conversion of two units at Old Harbour (JPS management has reservations
on this proposal); and (b) a new coal-fired generaL,.on facility. Both of
these projects are large and therefore could substantially change the
investment program. There are also concerns regarding the economic
viability of the refinery which should be resolved before proceeding with
new investments.

49. As institutional reforms take place, a new energy investment
portfolio should be developed on the basis of sound economic evaluation
methodologies and adequate review procedures. Many of the projects
implemented in the past have not been adequately reviewed, have poor
economic returns, and have in the past diverted scarce foreign exchange
and manpower resources away from priority projects.

9/ By the end of 1984, this ministry was merged with the Ministry of
Agriculture.



1. MERCY AND THE ECONOMY

Overview

1.1 Jamaica is the largest of the English-speaking Caribbean
islands, with a total area of 4,244 square miles. The tropical climate
provides excellent conditions for the development of agriculture and
tourism. Rainfall is high, with an annual average of 77.1 inches (1.96
m) and up to 200 inches (5.08 m) a year in the Blue Mountains located in
the eastern part of the island. The country is dominated by a single
large urban center, the Kingston metropolitan area, which houses more
than one-fourth of the country's 2.2 million people.

1.2 Apart from indigenous energy supplies the country is fairly
well-endowed with natural resources and has a well-educated and skilled
labor force. Jamaica is close to North American markets, and there is
potential to further deveLop exports of manufactured goods to these
markets. However, the economy is sensitive to international price and
demand changes and depends entirely on imported oil for commercial energy
supplies.

1.3 The economy is slowly emerging from the declines suffered dur-
ing the 1970s. In 1980 real GDP stood 18Z below the 1973 peak. While
consumption expenditures, particularly public expenditures, increased in
relative importance (although real per capita consumption fell by almost
30% from the 1974 peak), investment expenditures declined from 22% of GDP
in 1974 to about 13X at the end of the decade. Agricultural production
for the domestic market increased by 3.8% per annum but export agricul-
ture declined at 4Z p.a. with sugar and banana exports suffering the
greatest reduction.

1.4 The role of bauxite/alumina as the leading growth sector ended
after the Government imposed a bauxite production levy in 1974. Intro-
duction of the levy at a time of recession reduced Jamaica's competitive
position and as a result the real value added in the sector fell by 15%
over the period 1974/83. Manufacturing production peaked in 1973 but by
1980 it had dropped by 31Z. The economic decline caused a significant
increase in unemployment during the latter half of the 1970s which reach-
ed a level of 272 of the labor force in 1980. During 1973-80 the balance
of payments was under continuous pressure because of poor export perfor-
mance and unfavorable trade conditions. Domestic policies and structural
constraints combined with a sharp rise in the oil import bill and a fall
in private sector confidence and consequent private capital outflows have
resulted in mounting debt service and pressure on the rate of exchange.
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Economic Prospects

1.5 In 1982 and 1983 the population of Jamaica increased by 2% a
year. This acceleration over the previous few years was not due to a
higher birth rate but rather to a slowdown in migration. The modest
recovery in output in the last four years has not been enough to
alleviate chronic unemployment. The rate of unempLoyment has remained
stubbornly high at an annual average level of 28Z in 1982, about the same
as in 1980.

1.6 GDP rose by 3.3% in 1981, stagnated in 1982, and increased by
1.8% in 1983. This growth was led by the construction, manufacturing and
distribution sectors (Table 1.1). However, two major productive sectors
suffered setbacks. Mining output declined by 29Z in 1982, reflecting the
accumulated effects of the world recession on the demand for Jamaica's
bauxite and alumina. After growing at 3Z in 1981, the agricultural sec-
tor declined by about 8Z in 1982. The output of domestic food crops fell
by 13% in 1982, primarily due to the increased availability of imported
food products. Despite the severity of the adjustment program (signifi-
cant decline in fiscal and balance of payments deficits and credit re-
striction), it is estimated that GDP grew in 1984 by only 0.5%. Tourism
and agriculture registered strong gains while most other sectors showed
little change or small declines.

Table 1.1: OUTPUT TRENDS
(percentage change)

1973-80 Actual Estimate Provisional
Average 1981 1982 1983 1984

Agriculture -1.3 3.3 -7.9 5.5 8.2
Mining 1.3 1.3 -29.0 -0.9 -2.5
Manufacturing -3.9 0.6 6.4 1.9 -5.2
Construction -9.1 0.4 14.7 3.4 0.6
Non-Government Services -0.2 5,3 2,5 1,3 1,5

GDP -2.4 3.3 0.0 1.8 0.5

Source: Mission estimates.

1.7 The bauxite/alumina sector has accounted for about three-quar-
ters of Jamaica's merchandise exports. After the decline in 1982, export
earnings virtually stagnated in 1983. Imports have increased rapidly in
1981-1983 in response to years of pent-up demand. The rapid rise in im-
ports coupled with the disappointing performance of the export sector re-
sulted in a sharp widening of the current account deficit on the balance
of payments from 6% of GDP in 1980, to 12.8% in 1981, 12.2% in 1982 and
was 11.3% of GDP in 1983. It is estimated that the current account def-
icit fell to about 8% of GDP in 1984 as a result of the fall in imports
of consumer goods and oil in response to devaluation, and an impressive
gain in tourism. With the high levels of official capital inflow since
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1980 there has been a rapid build-up of official external debt. By the
end of 1983, it is estimated that external debt (excluding reserve lia-
bilities) had reached a level of US$2.6 billion (89% of GDP) compared
with slightly under US$2 biLlion at the beginning of the decade.

1.8 Economic Growth Scenarios. At the time of the energy assess-
ment mission, two economic growth scenarios were developed to determine
the energv requirements during the rest of the decade. The high case
projects an average growth of about 4Z in GDP during the period 1984-
1990. The low case projects an average growth rate of 2%. Both scenar-
ios assume that the GOJ will continue to implement the economic stabili-
zation and structural adjustment programs which are supported by lending
from the International Monetary Fund and the World Bank. In particular,
it is assumed that the fiscal deficit will gradually be reduced, a com-
petitive exchange rate will be maintained and export development programs
will be pursued. Because of the overriding need to improve the balance
of payments position, neither of the scenarios would permit an increase
in real per capita consumption.

1.9 However, by early 1985, developments in the bauxite/alumina
sector indicated that the low case economic growth scenario was the most
likely for Jamaica until 1990. First, it became clear that further spe-
cial barter or U.S. stockpile sales of bauxite could not be relied on for
1985(86. Second, in February 1985, Alcoa announced that it was temporar-
ily halting alumina production in Jamaica until the world market for alu-
minum had recovered. Given current prospects for aluminum, no production
by Alcoa can be assumed before 1987 at the earliest. In additi;:n, con-
tinued operation of other facilities in Jamaica is uncertain. The loss
of the Alcoa production and other sales means a significant reduction in
export proceeds and Central Government revenue. In addition, further
strong growth in the tourism sector is less likely because of capacity
constraints and a possibly worsened image in the tourism industry as a
result of demonstrations in early 1985 over fuel price hikes. Given
these factors and the need for major fiscal and balance of payments ad-
justment in 1985 and onwards, a major decline in GDP in 1985 (on the
order of 6%) appears unavoidable. It is projected that thereafter, in
1986-90, a small recovery will be possible.

1.10 The five-year scenario below is drawn on the assumption that
the loss of bauxite/alumina earnings is absorbed within 1985/86 by a fur-
ther massive adjustment of the economy. For the present it is assumed
that no further declines in bauxite/alumina will take place. The level
of bauxite/alumina exports is projected to be 5.5 million tons of bauxite
equivalent, compared with 8.8 million tons in 1984, with no increase an-
ticipated before the end of the period. With large declines in invest-
ment in 1984 and 1985, consumption expenditures would be constrained
throughout the period, so that most incremental income can be dedicated
to increasing investment and further reducing the trade deficit. Non-
traditional exports outside the Caribbean region are projected to grow by
about 20X a year, permitting only modest increases in the import level
over the period.
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Table 1.2: GROWTH OF REAL OUTPUT, 1983-90

(percentage change)

Average Projected 1986-90 Average
1981-84 1985 High a/ Low

Mining -10.1 -25.5 6.6 0.3
Manufacturing 1.0 -10.0 3.7 3.5
Distributive Trade 1.2 -10.0 5.0 2.0
Other 2.7 2.8 3.5 2.1
Total 0.9 -5.8 4.0 2.2

a/ High scenario averages refer to 1984-1990.

Source: Mission estimates.

Energy Consumption

1.11 Developments in the energy sector significantly affect the
overall economic performance and prospects of Jamaica. First, the energy
intensity of the economy, i.e., energy consumption per unit of GDP, is
relatively high compared to other developing countries at a similar in-
come level, primarily because of the requirements of the bauxite/alumina
industry. In 1980, the Jamaican economy consumed 807 toe per US$ million
of GDP; excluding bauxite/alumina, the value was 467 toe per US$ million
of GDP. Comparable overall figures per US$ million GDP are 268 toe for
Costa Rica, 275 toe for the Dominican Republic, 139 toe for Paraguay and
328 for Tunisia. With such a relatively high level of energy consumed
per unit of CDP, special attention has to be paid to demand management
and efficiency of use in the consuming sectors.

1.12 Second, the weak balance of payments position continues to be
the major constraint to economic growth in Jamaica. The current account
deficit was equivalent to 11-12Z of GDP in 1982-1983. Although the share
is estimated to have dropped to 8Z in 1984, the level of deficit is still
unsustainable. Jamaica depends on petroleum imports for nearly all of
its commercial energy. The fuel bill (US$386 million in 1983; US$216
million, excluding bauxite/alumina and international aviation/bunker)
represented slightly less than a third of the value of total merchandise
imports and a similar share of the proceeds from exports of goods and
nonfactor services. Excluding the bauxite/alumina sector and interna-
tional fuel sales, "domestic" petroleum imports account for nearly a
fifth of the total value of "domestic" imports and a quarter of the value
of other merchandise exports and nonfactor services.

Energy Consumption Patterns

1.13 Total energy consumption in 1983 was equal to approximately
14.7 million boe. Imported crude and petroleum products represented
nearly 90% of the total supply. Bagasse, which is used to generate steam
in sugar factories, accounted for about 7Z, with the small remainder



comprised of fuelwood and hydropower. The bauxite/alumina sector
accounted for nearly 40Z of energy use; the remaining 60% is consumed by
the domestic sector, including electricity generation, transport, etc.
Information on the use of fuelwood, including charcoal, is poor; as a
result, the values in the energy balance (Annex Table 1.1) are only
estimates of household consumption. In general, energy consumption
declined throughout the 1970s because of lower bauxite/alumina production
in the latter half of the decade and negative real growth in the economy.
In 1981, total energy consumption was 24Z below the 1973 level. In 1982,
after a sharp drop in bauxite/alumina production, total energy consump-
tion was 34% below the 1973 level.

Petroleum Products

1.14 During 1979-81, the consumption of petroleum products remained
at a level of 15.8 million barrels before dropping to 14.9 million bar-
rels in 1982-83 and to 12.6 million in 1984, reflecting the decline in
the bauxite/alumina sector, and in the latter the impact of devaluation
of the Jamaican dollar which resulted in high fuel prices. All petroleum
is imported, either in the form of crude oil to be processed at the Gov-
ernment-owned refinery, or as refined products. In 1983, the fuel import
bill was approximately US$386 million, compared to approximately US$447
million in 1980. The breakdown between bauxite/alumina, international
aviation/bunkers, and domestic consumption is shown in Table 1.3. In
1984, it is estimated that petroleum imports fell to US$354 million, of
which US$256 million were non-bauxite/alumina imports.

Table 1.3: PETROLEUM IMPORTS
TUS$ Million)

1980 1983

Total Fuel Import Bill 446.5 385.5

Bauxite/Alumina 183.8 114.1
International Aviation/Bunkers 40.3 55.7
Other Domestic 222.4 215.7

Source: Mission estimates.

1.15 The bauxite/alumina industry is the largest consumer of petro-
leum products, consuming primarily fuel oil, which is used in the refin-
ing and calcining process to convert bauxite nto alumina. During 1980-
81, the bauxite/alumina sector consumed slightly over 8 million barrels
of oil a year, accounting for slightly over half of the total demand in
Jamaica. During 1982-83, the sector used 5.5 million barrels of oil a
year and its share correspondingly dropped to about 41% of total petro-
leum demand. It is estimated that consumption in 1984 fell to 4.9
million barrels.
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1.16 Since fuel is the largest single cost component for alumina,
efforts have been made by the Jamaican industry to improve the efficiency
of fuel use. Since the mid-1970s, fuel consumption per ton of alumina
has been reduced from about 3.5 barrels/ton to the current 3.0 barrels.
All plants now use the low temperature Bayer process and further energy
saving investments are being made (for example, the improvement of heat
recoveries in rotary kiln calciners). The move to increase plant capaci-
ty utilization will further reduce fuel use per ton as the sector
increases output. According to the Jamaica Bauxite Institute, the indus-
try's goal is to bring petroleum consumption down to 2-2.1 barrels/ton.
Already one out of the four plants is reported to be operating at 2.25
barrels/ton. However, some experts believe that it would be difficult
for the industry average to drop much below 2.5 barrels per ton without
substantial capital investment. Reaching the 2.5 barrels/ton level would
still mean major fuel savings and a significant improvement in the com-
petitiveness of the industry.

1.17 Inland petroleum consumption fell in 1980 to 6.6 million bar-
rels, but rose to 7.7 million by 1982 and maintained the same level in
1983. Consumption is estimated to have declined to about 7 million bar-
rels in 1984. The main domestic use of imported petroleum products is
for power generation (essentially used by the Jamaica Public Service
Company), and its share of total petroleum consumption has risen from
about 17% during 1978-81 to nearly 25% at present. In 1983, JPS used
about 3 million barrels of petroleum, primarily fuel oil, compared to an
average of 2.7 million barrels p.a. during 1978-81. Consumption in JPS
dropped to about 2.8 million barrels in 1984. The next largest demand
sector is transport, whose share of total demand has risen from 12% in
1980 to 162 in 1983. After a period of declining demand, transport con-
sumption rose at a rate of 4Z p.a., from 1.9 million barrels in 1980 to
2.2 million barrels in 1983.

1.18 Between 1980 and 1983, out of all petroleum products, gasoline
consumption showed the highest average growth of 5.6% per annum. In 1983,
gasoline accounted for 12% of total petroleum products consumed. Demand
for automotive diesel stagnated, while LPG increased by 4.6%, the former
representing 10% of total consumption and the latter 3%. Consumption of
fuel oil accounted for nearly two-thirds of the total in 1983 and showed
an average annual decline in sales of 6% a year in 1980-1983, largely
because of the decline in the bauxite/alumina market. The only other
products which showed a decline are kerosene, asphalt, and aviation gaso-
line. In 1984, the only petroleum product which increased in sales was
kerosene (12%). Demand for all other products declined primarily because
of the impact of the devaluation of the Jamaican dollar in increasing do-
mestic fuel prices during 1983 and 1984. The drop in sales ranged from
11% for automotive diesel, to 9% for both gasoline and fuel oil, to 6%
for LPG.



Electricity

1.19 In 1983, JPS generated 1,458 GWh of electricity and bought 5
GWh. In addition to JPS, there is also a significant amount of captive
generating capacity, primarily in the bauxite/alumina, sugar, and cement
industries. A breakdown of JPS generatiGn and sales for 1984 is shown in
Table 1.4.

Table 1.4: ELECTRIC POWER, JPS GENERATION AND SALES, 1984

Generation Percent Sales Percent

Steam 90.7 Residential 31.8
Hydro 3.6 Commercial and Small Industry 44.5
Diesel 5.7 Commercial and Large Industry 12.3

Other 11.4

Total 100.0 Total 100.0

Source: Mission estimates.

1.20 In 1984, losses and unaccounted for sales were 19.4% of total
requirements, resulting in total sales of 1,157 GWh. After reaching a
peak of 1,136 CWh in 1977-78, electricity sales declined at an average
rate of 3.6Z p.a. through 1981, reflecting the negative growth in the
economy and the real increase in tariff. In spite of the decline in
sales during 1978-81, the number of customers rose steadily, in part a
reflection of the Rural Electrification Program which began in 1975. In
both 1982 and 1983 electricity sales increased by 6Z and 8.7X respective-
ly. However, in 1984 consumption declined again by 1.3% in response to
the 42.1% real average increase in tariffs.

Public Investment in the Energy Sector

1.21 The stated investment strategy of the GOJ stresses research on
the means of exploiting indigenous energy resources and conservation of
imported energy in order to save on the foreign exchange cost of petro-
leum imports. In addition, major investments have been made in rehab-
ilitating the generation and transmission equipment of JPS. The rehabil-
itation investments of JPS support the goal of maintaining essential
economic infrastructure so as to facilitate productive activity.

Recent Investments

1.22 During the period FY81-83, the main investments in the energy
sector included rehabilitation and expansion of the distribution and
transmission systems by JPS; rural electrification; onshore (and a
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smaller amount of offshore) oil and gas exploration; energy conservation;
and some preliminary work on various indigenous energy resources. Pro-
jects in the energy sector accounted for slightly under 102 of the total
expenditures in the public sector investment program. A list of proj-
ects, together with the donor and responsible GOJ institution, is shown
in Annex Table 1.2. During the past few years, feasibility studies have
been carried out for several projects which could provide for additional
electrical generating capacity or substitute for existing capacity.
These studies have included using peat and coal as a fuel, OTEC and
small-scale hydro projects.

1.23 When Jamaica started to use the Venezuela/Mexico Oil Facility
(3.43), it was thought that it would become a source of project financing
for energy and other investments in Jamaica. Under the current terms of
the facility, 20% of the oil bill can be converted to concessional pro-
ject financing (6% interest, 15-year maturity). Currently, a total of
about J$200 million is theoretically available for project financing.
However, so far GOJ has been unable to use any of the funds because of
various restrictions on the facility. For example, the resources cannot
be used for co-financing; projects must be labor intensive and use only
local funds. Further, so far none of the projects proposed by the GOJ
for financing under the facility have been approved. However, the GOJ
has recently increased its efforts to use the available project funds.

Future Energy Investment Program

1.24 Proposed investments in the energy sector for the period
FY84185-FY86/87 are shown in Annex Table 1.3. A World Bank Public Sector
Investment Program (PSIP) mission visited Jamaica in November-December
1984. Among the main issues considered by the mission were the estab-
lishment of priorities within the sectors and the determination of a new
ceiling for the overall PSIP (the former ceiling had been 15% of CDP).
The mission's conclusions are not yet finalized. However, in general,
the PSIP proposed by the Government (together with some items which had
been excluded) was judged as a sound core program of investment. Prelim-
inary analysis also indicated that a program equivalent to 10% of GDP was
the level financeable in 1985/86. For subsequent years, a determination
of the appropriate level of the public sector investment program is dif-
ficult. The main uncertainty involves the targeted reduction in the
Central Government's outstanding debt to the banking system. These tar-
gets are expected to be developed early in 1985 during negotiations
between the GOJ and the IMF. Pending the conclusions of the PSIP Review
Mission, the following preliminary comments can be made.

1.25 The investment program of JPS accounts for the major share of
proposed energy investment (88% in FY84/85, 79% in 85/86, and 64% in
86/87). Major projects include the purchase of two new 20 MW slow-speed
diesel generators amounting to J$207 million (approximately US$46 mil-
lion) and completion of the ongoing rehabilitation program accounting for
J$52 million (approximately US$12 million). The projects meet the Gov-
ernment's objectives of providing reliable services in the supporting
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infrastructure which are required to facilitate the development and
expansion of the productive sectors. The gains expected to be achieved
from the rehabilitation program are significant. The available maximum
continuous rating for the total system is expected to increase from the
current 374 MW to 450 MW (excluding 2 new 20 MW units), an increase of
20Z. Completion of the rehabilitation program should be considered the
priority investment because it is clearly the cheapest and most efficient
way to expand actual generating capacity and to lower operating costs
through improved operating efficiency. In addition, it is critical that
adequate foreign exchange be made available so that JPS can run an effi-
cient preventative maintenance program.

1.26 As overall economic growth is likely to be modest until the end
of the decade (averaging slightly under 3% a year), power demand is not
expected to grow rapidly. The gains from the rehabilitation program
should be able to cover growth in power demand at Least until the end of
the decade, after which it is anticipated that additional generating
capacity would be needed.

1.27 A draft of the least cost expansion plan prepared by MONENCO
has become available. The plan is currently under review by GOJ and its
main recommendations are to:

(a) convert two steam generators to burn coal;

(b) construct new coal-fired steam-electric units;

Cc) implement several small hydro-electric projects; and

(d) install gas turbine generators.

1.28 The results of the draft report are currently being examined by
JPS and the World Bank. This review has given rise to two main issues:
(a) JPS has concerns on the advisability of converting two oil-fired
steam units to burn coal and on the location of the coal reception and
handling facility; and (b) the cost estimates for coal cogeneration are
only preliminary. The project also raises critical institutional issues
about the arrangements for sharing investment costs and responsibility
for operation.

1.29 Implications for the Investment Program, 1985/86-1986/87. The
MONENCO study proposes an investment program, including phasing, for the
minimum cost sequence. The schedule is quite ambitious, with some
studies and preliminary work to begin in early 1985. Given that the rec-
ommendations are still being reviewed, this timing is not certain.
Although the effect on the proposed PSIP will not be determined until
after JPS and other Government agencies evaluate the results of the
study, the potential impact (considering only projects recommended for
implementation over the next two years) could be significant. Of the
program recommended by MONENCO, only the rehabilitation of two gas
turbines and a small component of the hydroelectric capacity are now



- 10 -

included in the PSIP. However, it is doubtful that major construction on
any of the major projects could begin before 1987. Table 1.5 lists some
of the major projects being considered with their associated approximate
capital costs.

1.30 Implementation of the program proposed by MONENCO during
1987-89 would mean that energy investments would account for at least 30%
of the investment program, a figure which is high compared to the average
of 10% during FY81/82-FY83/84. In addition, external financing would be
needed for the new projects, and Jamaica's debt service ratio is expected
to be about 40X of the receipts from exports of goods and factor services
through 1986 before slowing down or falLing. External borrowing, parti-
cularly on conventional terms, will need to be limited in the medium-
term, which could result in a reduction and/or rephasing of the invest-
ments proposed by MONENCO. Construction of mini-hydros would be less of
a strain on the investment program because project construction would
take place over a longer period of time.

Table 1.5: MAJOR POSSIBLE NEW ENERGY PROJECTS

Cost a/
(USS millions)

Coal Conversion/Old Harbour
(Units 3 and 4) 95.5

Coal Receiving/Handling Facility 36.5

New Coal-Fired Unit (66 MW) 69.6
Five Mini-Hydros (12 MW) b/ 38.4
Peat Plant (73 MW net capacity) 77,1
Transmission 15-29 c/
Gas Turbines (22.1 MW) 6.7

a/ Costs are in 1984 USS.
b/ Rio Bueno, Constant Spring, Morant, Great River

and Rio Cobre.
c/ Costs depend on project and sites chosen for

generation facilities and order of development.

1.31 The mission recommends that no further domestic resources go
into high risk drilling (3.44). In view of the recent devaluation of the
Jamaican dollar and the fact that a major share of the oil exploration
activities is being financed by external sources, PCJ is currentLy hoLd-
ing all those projects in abeyance. Insufficient information prevented
the mission from clearly determining the long-term viability of the local
refinery. An analysis based on current trends in the industry shows that
the economic viability of the refinery is uncertain. The PSIP has
included a project to improve the energy efficiency of the refinery at a
cost of US$6 million. The mission recommends that no major investments
in the refinery be implemented until the economic viability of the
refinery is clearly established (3.31).
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II. ELECTRIC POlER

2.1 A major issue in the power subsector is the development of an
economically sound power investment program. Various alternative genera-
tion schemes have been proposed including solar, wind power, hydro, peat
and imported coal; however, at the time of the mission no coherent frame-
work for analysis existed. The PSMP was completed in October 1984 by
MONENCO but remains to be finalized (2.22-2.28). Not all the options
considered in the report were economically attractive. Aside from the
issue of the investment program, major questions concern the tariff
structure and the management of labor relations. Although the tariff
levels were revised in 1984, the tariff structure remains an important
issue. In addition, JPS faces labor and management disputes which are
likely to affect the implementation of the least cost expansion plan.

Supply Systems

2.2 The power generation facilities (702.2 MW) are 69.8% in the
public sector (JPS) and 31.2% in the private sector (Table 2.1). JPS
operates at 50 Hz, whereas private generation is on both 50 and 60 Hz.

Table 2.1: INSTALLED CAPACITY AND GENERATION BY OWNERSHIP
(1983)

Ownership Capacity Generation b/
(MW) (M) (GWh) (3)

Public a
JPS 489.8 - 69.8 1,458.2 72.4

Private
Bauxite/Alumina 167.7 23.9 511.0 25.4
Cement 14.0 2.0 22.6 1.1
Sugar 30.2 4.2 23.4 1.2
Others 0.5 0.1 0.0 0.0

Total 702.2 100.0 2,015.2 100.0

a/ Nameplate rating.
hi Mission estimates of generation.

Source: JPS and the Ministry of Mining and Energy.

JPS and the alumina/bauxite industry are almost totally dependent upon
imported oil. The sugar industry uses mainly baggase, while the cement
industry is moving from oil to imported coal. Some of the bauxite/alu-
mina plants are interconnected with the JPS grid, but the capacity -o
interchange power is small. Conversion of all bauxite/alumina plants to
50 Hz, and interconnection with the public supply grid, combined with
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economic dispatching, could improve power system reliability and reduce
supply costs. Even though JPS has been improving the service, intercon-
nection is not likely to occur because of the aluminium industry's lack
of confidence in JPS, and the possibility that investment in frequency
conversion is not feasible given the current slump in the aluminum mar-
ket. The mission considers that there is a strong case for: (a) pre-
venting future private generation at frequencies different from JPS, and
(b) studying the costs and benefits of frequency conversion and intercon-
necting public and private generating systems. 10/

Public System

2.3 Approximately 75% of JPS's installed capacity is fuel-oil fired
thermal plants, 19% gas turbines, 2% diesel engines, and the remaining 4%
hydroelectric stations. In 1984, power generated was 94.5Z oil based
with fuel oil accounting for 88.9% and diesel oil 5.6%. The generating
capacity of JPS by generator type is shown in Table 2.2 and details of
the generating units are shown in Annex Table 2.1.

Table 2.2: JPS's GENERATING CAPACITY
(January 1984)

Generating Unit Installed a/ Available b/
(MW) (MW) (%)

Steam 373.5 336.0 75.0
Gas Turbines 101.3 86.0 19.2
Diesel 11.7 11.0 2.4
Hydro 21.0 15.2 3.4

Total 507.5 448.2 100.0

a! Plate rating.
b/ Continuous maximum rating.

Source: JPS.

2.4 The main generating units are fuel-oil fired plants located at
Old Harbour in St. Catherine and at Hunts Bay in the Kingston area with
installed capacities of 230 MW and 143.5 KW, respectively. The gas
turbines and diesel units are fueled by No. 2 distillate (diesel).
Before rehabilitiation, generating capacity available to meet maximum
demand was substantially different from the total nameplate rating. This
difference was mainly due to age, insufficient maintenance, difficulties

10/ Interconnection with other industries has proven to be economically
sound in some small countries, e.g., the Dominican Republic in con-
nection with the sugar industry and the Falconbridge Company.
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in obtaining spare parts, inadequate operating practices, and in some
cases design deficiencies. Table 2.3 shows that reserve capacity
increased during 1983 and 1984 as a result of: (a) the ongoing rehab-
ilitation of the largest thermal units on the system; and (b) an improve-
ment in the management of JPS. However, the operations still need
improvement. Old Harbour log sheets show that there still are thermal
outages and available capacity has been beLow rated capacity due to
component failures. At the start of 1984 total installed capacity (name-
plate rating) was 507.5 MW, of which only 88Z was available for contin-
uous maximum rating (Table 2.2).

Table 2.3: AVAILABLE CAPACITY - AT PEAK DEMAND

Year Demand Capacity -1 Reserve
(MW) (MW) (M)

1980 223.5 223.5 -
1981 223.6 255.4 12.5
1982 241.2 256.9 6.1
1983 254.1 328.3 22.6
1984 245.9 357.7 45.5

a/ Mission estimate.

Source: JPS.

2.5 The transmission system consists of 119 miles of 138 kV and 382
miles of 69 kV lines. The primary distribution system consists of cir-
cuits of 4 kV, 12 kV, 13.8 kV and 24 kV lines, the major portion being
3,898 miles of 12 kV and 806 miles of 13.8 kV lines (IBRD map No. 18307).
Although the condition of most transmission lines is generalLy satisfac-
tory, two problems exist: (a) grillage footings are corroded in some
towers on the Old Harbour to Parnassus 138 kV line; and (b) there is lack
of maintenance of some access roads, especially in mountainous areas. If
these problems are not corrected, they may lead to failure of transmis-
sion Lines and a reduction in regular maintenance and inspection of
lines.

System Reliability

2.6 The JPS system has been characterized by frequent power outages
due mainly to failure of the generating units. Plant outages have
resulted from inadequate maintenance and lack of proper management.
Other consequences of this have been a high system heat rate and a low
availability factor. A system heat rate of about 13,500 BTU/kWh is
possible and a lower level was achieved in 1978 (13,134 BTU/kWh). It is
estimated that during 1980 to 1983, JPS could have saved about US$5 mil-
lion per year (1983 prices) through higher availability of the main
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thermaL plants. Savings for the period from 1976 (the year of commis-
sioning of Unit No. 6 Hunts Bay) to 1983 would have amounted to about
US$37.0 million (mid-1983 prices -- discount rate at 12%).

2.7 With the rehabilitation program underway, the level (and pro-
portion) of outages due to generating equipment failures declined and the
system heat rate improved in 1983. Even with this improvement there is
still a need for a comprehensive long-term maintenance strategy. With
the exception of the newly rehabilitated units at Old Harbour and Hunts
Bay, all thermal units require varying levels of repairs and maintenance.

Table 2.4 STRUCTURE OF OUTAGE TIMES
(percent)

Year Generation Transmission Distribution Total

1981 72.9 8.1 19.0 100.0
1982 86.8 6.2 7.0 100.0
1983 24.7 34.7 40.6 100.0

Source: Mission estimates based on data from JPS.

2.8 JPS plans to introduce an efficient preventative maintenance
policy for all units but only after (in 1985) two new barge-mounted 20 MW
slow-speed HFO (heavy fuel oil) generators are instaLled. The increased
reserve margin will allow JPS flexibility to do the needed maintenance.
The proposed JPS maintenance plan assumes that by the end of 1985, the
existing and rehabilitated thermal units will still be in good operating
condition and require a relatively simple annual overhaul. The mission
considers that a preventative maintenance program should be implemented
immediately and not be delayed until the end of 1985. The past practice
of operating the more efficient units intensively for 7 to 8 years and
then rehabilitating them is inefficient and expensive.

2.9 JPS, however, is taking steps in the right direction. Current-
ly, Unit 6 of Hunts Bay station is under rehabiLitation, as recommended
in MONENCO's draft PSMP. In 1985, JPS will continue the intensive main-
tenance effort started in 1983, for Unit No. 5. Units 1 and 2 (of the
five gas turbine-generators) are also planned to be rehabilitated in
1985. This will extend their useful lives until 1995 and halt the cur-
rent annual decrease in their availability. The mission recommends that
in implementing an immediate maintenance program, JPS pay speciaL atten-
tion to the following:

(a) disciplined preventative maintenance even during periods of
less-than-adequate margins of reserve capacity. Random break-
downs of the efficient units in the system are more costly to
the economy than interruptions due to planned maintenance; and
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(b) an institutional mechanism for the timely supply of spare
parts. Difficulties in obtaining spare parts, especially those
which require foreign exchange, lead to longer outage times and
higher fuel import costs.

Rural Electrification

2.10 In 1975, it was estimated that 54% of Jamaica's population
lived in rural areas. Of this total, only 11Z were connected to the
grid. In 1975, the Government created the Rural Electrification Pro-
gramme Limited (REPL), an entity separate from JPS, to administer the
rural electrification program. The program consists of distribution
extensions from established transmission lines, and the provision of
loans to assist homeowners in carrying out house installations. Upon
completion of the grid extension, the distribution lines become the
property of JPS.

2.11 The first rural electrification program was funded by the GOJ
in 1975 and involved the construction of 220 miles of distribution Lines
and the conrection of 4,560 customers. An extensive five-year program
was later funded by the Inter-American Development Bank (IDB) and the
GOJ. The program had three parts: (a) 670 miles of Lines suppLying
about 11,000 customers; (b) 205 miles of lines supplying approximately
3,800 customers (finished 1979); and (c) 559 miles of single phase dis-
tribution lines supplying approximately 12,000 customers. This program
now prov_des connection to about 23% of the rural population. Further
electrification of rural areas will become increasingly expensive due to
long distances and low density of households.

Electricity Demand

2.12 Electricity consumption is mainly concentrated in the metro-
politan areas of Kingston and Montego Bay. The Kingston area, whi:h in-
cludes part of St. Catherine and St. Thomas, uses approximately bO% of
the total electricity consumption, and Montego Bay about 8% (Annex Table
2.3). Although the overall coverage rate has increased from about 33% in
1975 to about 47% in 1983 (assuming 4.5 members per household), it stills
remains low.

2.13 Up until 1972, total electricity consumption grew quickly
(12.0% p.a. 1969/1972 (Table 2.5)), reflecting a high rate of GDP growth
(8.1Z p.a.) and a growing number of consumers (7.5Z p.a.). From 1972 to
1981, the rate of growth in demand steadily declined due to a combination
of falling real GDP, real tariff increases, and power supply failures.
From 1981 to 1983, growth in total consumption recovered because of
improved power supplies and a weak upswing in GDP (0.9% p.a. real).



- 16 -

Table 2.5: RATES OF GROWTH, ENERGY CONSUMPTION, GOP,
AVERAGE TARIFFS AND NUMBER OF USERS

(percent)

Total Average Real Average Real Number
Years Consumption Consumption GDP Price Users

1969-72 12.0 4.2 8.1 1.7 7,5
1972-77 3.7 -3.0 -2.5 13.0 6.9
1977-81 -2.7 -7.8 -0.8 4.0 5.5
1981-83 7.4 4.6 0.9 -2.7 2.7

Source: Annex Table 2.7.

2.14 Wi.thin the consumer categories, the small commercial and indus-
trial consumers have the largest share of consumption (Table 2.6). In
1970, these two groups consumed 45.8% of the total and 44.7Z in 1983.
However, the share increases when the "larger users" category is con-
sidered. Thus, in 1970 the total share of all commercial and industrial
users was 62.1%, declining to 57.2% in 1983. Residential users increased
t'heir share of consumption from 27.7% in 1970 to 31.2% in 1983.

Table 2.6: ELECTRICITY CONSUMPTION BY USERS, 1970-83

(GWh)

Small Comercial Large Coumercial
Year Residential and Industrial and Industrial Public Other Total

1970 203.3 337.C 119.5 75.3 0.0 735.1
1975 327.6 465.2 142.3 119.5 10.8 1065.4
1980 317.5 434.8 133.5 125.8 10.9 1022.5
1983 365.5 524.5 145.9 131.9 4.7 1172.5

Source: Annex Table 2.2.

2.15 Historical demand estimates are affected by outages and "'unac-
counted for" consumption. lt The available data refer to energy sales

111/ Most of the unregistered consumption corresponds to small users
illegally connected to the grid.
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and do not incorporate the unsatisfied demand during power outages. 12/
Table 2.7 shows that total losses and company use have remained relative-
ly constant. The largest share of losses continues to be "unaccounted
for" consumption. The revenue lost by JPS in 1983 due to thefts amounted
to about J$38.4 million. 13/

Table 2.7: COWPANY USE, PHYSICAL LOSSES AND

UNACCOUNTED CONSUMPTI ON

Category 1980 1983

(GWh) (%) a/ (GWh) (M) a/

Company Use 6.2 0.5 6.0 0.4
Transmission 24.2 1.9 21.9 1.5
Transformation 12.7 1.0 14.6 1.0
Distribution 91.8 7.2 105.3 7.2
Unaccounted for
Consumption 117.1 9.2 142.5 9.7

Total 252.0 19.8 290.3 19.8

Net Requirements b/ 1,274.5 1,463.0

a/ As a percentage of demand.
3/ This includes purchases by JPS and excludes station use.

Source: Mission estimates and JPS.

2.16 JPS is conscious of the "unaccounted for" problem, and during
the mission's visit, JPS personnel, supported by security forces, entered
some residential areas to disconnect illegal users. The mission recom-
mends that JPS design a program and timetable for reducing unregistered
consumption. JPS should set a target of reducing the percentage of total
losses and its own consumption to a maximum of 15X of electricity pro-
duced. The plan for reducing "unaccounted for" consumption should be a

12/ JPS data on power outages is limited in that it is not possible to
determine the amount of power interrupted per outage period.
Unsatisfied demand together with "unaccounted for consumption" is
required to adequately forecast future revenue, energy, and power
requirements.

13/ The average unit price in 1983 was J$269.5/MWh and total theft was
estimated to be 142.5 GWb. This estimate is a simplification, since
it assumes: (a) all the users who take electricity by illegal means
would become regular customers and illicit consumption will be pre-
vented, and (b) no demand responsiveness to price.
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continuous effort of disconnecting illegal users, educating the public,
and improving measuring and billing procedures.

Tariffs

2.17 During the month of June 1983, the Government of Jamaica trans-
ferred payments for petroleum from the official market (J$l.78/US$1.00)
to the parallel market (J$2.76/US$1.O0) However, fuel for JPS was cush-
ioned against price increases so that there would be no rise in electric-
ity rates. In 1983, electricity consumers, through low petroleum prices
to JPS, received a subsidy of about J$61 million. By late January 1984,
the exchange rate moved to J$3.401US$1.0 and JPS was granted a 40X in-
crease in tariff rates. To prevent a further tariff increase, JPS
continued to receive subsidized fuel oil. In May 1984, average tariff
levels were increased by another 54% and the subsidy on fuel oil to JPS
was eliminated.

2.18 The JPS rate structure was designed in the early 1960s. It has
prevailed up to the present with minor modifications. Rate levels, al-
though frequently adjusted to reflect some cost changes, were not based
on economic efficiency criteria. This encourages misallocation of re-
sources within the subsector and does not convey correct pricing signals
to consumers.

2.19 JPS has five tariff categories which, with the exception of
street lighting, are of a declining block structure. This structure
penalizes low-income customers. All tariffs are subject to a base ad-
justment which varies in accordance with the cost of fuel to JPS. Con-
sumers are classified on the basis of kWh usage, which does not reflect
the cost of supply.

2.20 An efficient tariff should discriminate among user classes and
reflect: (a) the cost differences they impose upon the system, and (b)
the behavioral variables that influence their consumption. JPS is aware
of the need to change the tariff structure and has commissioned an "Elec-
tricity Tariff Study." The study should serve as the basis for the
required tariff modifications.

Future Demand

2.21 Power demand is not expected to grow rapidly, thus limiting the
need for new plants to come on stream until the early 1990s. Table 2.8
shows a high and a low set of forecasts of energy and power demand which
takes into account likely tariff changes and future economic trends.
Investment requiri'ments for generation plant during the next three years
are somewhat uncertain since the MONENCO study is still being reviewed by
JPS, but they are not expected to exceed US$200 million.
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Table 2.8: FORECASTED RATES OF GROWTH
(percent)

Net Peak
Per-iod Sales Requirements Demand

1973-1983 1.9 2.0 1.7

1983-1993
Low 2.2 1.6 1.6
Medium 3.3 2.6 2.6
High 4.3 3.7 3.7

1993-2003
Low 1.6 1.6 1.6
Medium 2.6 2.6 2,6
High 3.9 3.9 3.9

Source: MOrNNO and Mission Estimates.

Given the uncertainties affecting the demand variables, JPS should per-
iodically review these forecasts. The mission recommends that this
responsibility be assigned to JPS's planning unit.

Power Sector Master Plan (PSMP)

2.22 With World Bank financing, JPS commissioned Montreal Engineer-
ing (MONENCO) to prepare a comprehensive planning study for the integrat-
ed development of its electric power system. The study includes long-
term demand forecasts and a least cost expansion plan. A draft of the
study, finished in October 1984, was being reviewed by JPS and the GOJ at
the time this report was completed. Before initiating this study, var-
ious alternatives were appraised in a piecemeal fashion, taking as bene-
fits the equivalent fuel saved. This approach suffered from the risk of
ending up with a sub-optimal mix of supply.

2.23 The least-cost study represents the first step in a continuing
planning process that ought to be strengthened and institutionalized.
The PSMP will require constant updating and should become the framework
for appraising and selecting power supply additions.

2.24 Dependence on imported oil and the prevailing foreign exchange
scarcity in Jamaica have prompted concern for the diversification of the
fuel supply base. Available options for meeting future demand at the
least cost can be classified as follows:

(a) rehabilitation of existing thermal plants;

(b) conversion of existing plants to use cheaper fuels; and
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(c) installation of new generating plants with better fuel effi-
ciences and/or more economic fuels, including renewables.

2.25 At present there are studies either completed or underway to
develop coal conversion and gasification facilities, mini-hydro stations,
peat plants, solar ponds, solar panels, dendrothermal, OTEC projects,
biomass plants, municipal waste firing, wind projects, etc. Not all of
these technologies are adequate for the conditions and needs of Jamaica.

2.26 The following screening criteria were used by MONENCO to ensure
the appropriate technology is used and prevent diffusion of scarce tech-
nical and managerial skills and resources:

(a) a generating technology to be considered as a possible candi-
date should have successfully proven its technical and commer-
cial feasibility; and

(b) the predicted equivalent unit costs (including capital charges,
fixed and variable costs) of the proposed unit over its energy
life output should not be above the costs of the conventional
units.

2.27 These criteria have reduced the number of feasible options to
the following order: (a) rehabilitation of gas turbines No. 1 and 2 and
thermo-electric units No. 3 and 4 of Bunts Bay Station; (b) coal-conver-
sion of Old Harbour Station Units No. 3 and 4; (c) coal cogeneration;
1d) coal-fired new plants; (e) oil-fired units; (f) gas turbine genera-
tors fueled with diesel; (g) slow speed diesel generators; (h) mini-hydro
stations; and (i) peat-fired plant.

2.28 All other projects currently under examination should be set
aside. The MONENCO study considered all of these plus other options
which were rejected because of: (a) being impractical; (b) inadequate
data; (c) minimal impact on JPS system; and Cd) uncertain technologies.

Construction Program

2.29 The draft PSMP recommends the following construction program
for the period 1984-1994:

(a) Rehabilitation of Hunts Bay gas turbine Units No. 1 and 2;

(b) Conversion of Old Barbour Station Units 3 and 4 and construc-
tion on the same site of a coal reception and handling
facility;

(c) Installation of a new coal-fired plant at Old Harbour; the
first unit to start operation in 1990 and the second in 1994;

Cd) Begin construction of several small hydroelectric developments
(Morgans, Wild Cane, Green, Spanish, Yallahs, Rio Grande and
Martha Brae Rivers); and
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(e) Commission two gas-turbines; one by 1992 and the other by 1993.

Two major conclusions-of the MONENCO study are that: (a) rehabilitation
of Units 1 and 2 of Hunts Bay Station should proceed immediately; and
(b) it may be economic to pursue coal generating options.

2.30 Some aspects require additional analysis to clarify elements of
uncertainty: (a) ecological issues relating to ash disposal and coal
dust; (b) coal cogeneration; (c) hydro projects; (d) and scale and tech-
nical configurations of peat proposal.

2.31 Coal Conversion. The favorable price differential of coal
relative to oil on an energy basis has been the main driving force for
considering the conversion of existing fuel oil-fired power plants to
coal. A feasibility study 14/ by Bechtel concluded that a coal-conver-
sion scheme for Units 3 and 4 at Old Harbour was feasible. The MONENCO
study e-amined this option along with the risks inherent to this propo-
sal. These risks included: (a) serious recurring operational problems
(associated with the past use and the design of the stations); (b) the
age of the plants to be converted; and (c) coal operation is more compli-
cated than oil. It concluded that despite these risks the coal conver-
sion of Old Harbour Units 3 and 4 was an economic choice.

2.32 However, some additional issues are a source of concern to JPS:

(a) supply would be concentrated at Old Harbour, affecting the
security of supply;

Cb) in view of labor relations problems at the Old Harbour Station,
it might not be convenient to rely on that site for the bulk of
the power supply;

(c) the complexity of the operation and maintenance of a coal-fired
plant requires higher paid operators, leading to rivalries
within the labor force and friction between management and
labor; and

(d) the environmental effects of coal dust and ash disposal.

2.33 In the mission's view, management-labor problems should not
preclude the optimum soLution because these are common to all operations
of JPS and should be dealt with accordingly. As for the diversity of
supply, the result is the same with or without coal conversion. The
problem can be partly resolved by adequate transmission equipment. The

14/ Coal Feasibility Study Phase I prepared for the coal committee of
Jamaica by Bechtel Power Corporation, October 1982, Reference No.
15307.
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only valid concerns relate to the reliable operation of units 3 and 4 and
environmental issues which should be examined.

2.34 Cogeneration Plant. The efficiency of a coal-fired power plant
can be improved by using the cogeneration cycle, i.e., simultaneous gen-
eration of electricity and process steam. The only large process steam
users in Jamaica are in the alumina/bauxite subsector. ALCAN's alumina
plant (Kirkvine) near Mandeville and JAMALCO Alumina refinery near Hayes
constitute possible sites for cogeneration plants.

2.35 The economic analysis of this scheme, within MONENCO's study,
shows that with the available information it is not possible to state
categorically that this is a better choice than a new coal-fired plant.
However, the analysis does indicate that cogeneration could be economic.

2.36 Relevant issues concern the arrangements for plant operation
and maintenance, and the supply guarantee between JPS and the alumina
company. These should be settled in principle before proceeding on this
project. The MONENCO study concludes that if Old Harbour Station units
are converted to coal, the cogeneration project would probably have mar-
ginal benefits. If both projects operate, there will be insufficient
additional fuel savings to compensate for additional capital investment
required by the second project.

2.37 Hydro. Because of the topographical and geoLogical conditions
of Jamaica, no large, and very few medium size, hydro power developments
are likely to be feasible. Utilization of hydro potential for power gen-
eration is thus limited to small-scale hydropower, essentially the run-
of-the-river type. The Back Rio Grande area is an exception, as some rel-
atively larger hydropower schemes with some storage capacity could be
developed. The total hydro energy potential is on the order of 658 GWh
(Table 2.9); however, not all of the potential is ready for develop-
ment. Some projects are uneconomic or marginally attractive, while the
development of others involves conflict with alternative uses, such as
water supply or recreation. Additional studies are required to define in
more detail the feasibility of each project.

2.38 Most of the projects that are at the design or feasibility
stage are the result of technical cooperation provided by foreign coun-
tries (Europe and Canada). Consultants working for CIDA recently com-
pleted a comprehensive appraisal of the hydropower potential of the
country, performing several screenings and finally conducting prefeasi-
bility studies on the ten most promising projects. Based on preliminary
economic appraisal, the consultants recommended that five projects pro-
gress to the feasibility level. In addition, a study at the inventory
level on the Back Rio Grande Basin found possibilities of developing
medium-size projects with significant storage.
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Table 2.9: HYORO POWER POTENTIAL

No. of Installed Annual
Level Projects Capacity Average Energy

(MW) (GWh) (4)

Existing 5 20.8 118.2 18.0
Final Design 3 2.8 15.9 2.4
Feasibility 5 19.2 80.0 12.1
Prefeasibility I 5 14.9 75.5 11.4
Prefeasibility II b/ 6 14.8 68.0 10.3
Inventory small scale 18 31.2 170.3 25.8
Inventory Med. scale 5 51.5 130.0 20.0

Total 155.2 657.9 100.0

a/ Best projects selected by consultants for further studies.
b/ Projects not selected by consultants.

Source: Mission estimates.

2.39 In the mission's opinion only about 80 HW of new capacity, with
an expected generation of 280 GWh, could be economically developed for
the remainder of the century. Given that this development represents
around 10% to 131 of the total electricity demand at the time of comple-
tion, it is clear that power supplies from hydro developments in Jamaica
will not be significant in the future.

2.40 To realize this limited potential, a series of actions should
be undertaken to provide information to be used at different stages of
the decision-making process. First, the ongoing master plan should
verify the convenience and timing of the projects available at the
feasibility level. The analysis of MONENCO did not include the latest
information pertaining to the Back Rio Grande project. Since the scale
of the project is larger than the hydro-electric developments included in
the study, its inclusion in the least cost sequence, as MONENCO recog-
nizes, if warranted, could make a significant difference in the timing
and ranking of the other projects.

2.41 Second, studies are needed, especially in the Blue Mountain
area, to define the best use of the water resources within a multiple-
purpose framework. The recent decision to supply water to Kingston from
the Blue Mountain renders the Blue Mountain project (55 MW) unfeas-
ible. 151 A comprehensive study is still required to determine:
(a) which rivers may or may not be released for power production; and
(b) which ones could be developed for multiple use. The mission con-
siders this study necessary because the capacity of the present water
supply project can only meet the projected demand for the next five

15/ To incorporate this project would require a major redesign of the
water supply.
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years, thus requiring another follow-on water supply project. Further,
many of the streams in the Blue Mountain area are located within the
boundaries of a proposed national park.

2.42 Third, on completion of the Blue Mountain Water Resources Op-
timization Study, the most attractive among the released prefeasibility
projects should be taken to the feasibility level. A prior stream-
gauging program should also be conducted on the most promising released
inventory projects before they are taken to the prefeasibiLity level.

2.43 Finally, the Back Rio Crande project (medium size) should be
taken to prefeasibility level. A diversion from the Swift River should
be first investigated if the Swift River is released for power use in the
Blue Mountain Water Resources Optimization Study.

2.44 Peat. Peat is the only indigenous fuel available in relatively
significant quantities in Jamaica. Negril and Black River are the two
main wetland areas together totalling about 7,700 hectares, of which
6,600 hectares are covered by peat. Another nine smaller coastal wetland
sites have an additional 7,700 hectares. Reconnaissance studies have
been carried out in eight of these areas by measuring the peat depth at
random locations and analyzing the peat characteristics. Two areas,
Annotto Bay and Great Morass to the east of Port Morant, have proven peat
reserves of approximateLy 2,060 hectares.

2.45 According to the most recent studies there is a 73 MW potential
development at the Negril area with an expected life of 28 years. 161
The studies also show that, until the ecological problems are solved, the
Black River area should be reserved for later analysis. The proposed lo-
cation of the Negril power plant is at South West Point, near Green
Island (IBRD Maps No. 18111 and 18307). Peat will be excavated hydrauli-
cally, macerated and pumped from the bog area to the power plant. The
proposed drying method of mechanicaLly dewatering and steam drying peat
is a new concept. The critical -.spect is the performance of the mechan-
ical dewatering press because the steam dryer is sensitive to the incom-
ing dry solids content. It is proposed to install two units each of 36.5
MW capacity. The net output of the plant is estimated at 60 MW; the
balance of 13 MW will be for the plant's operation.

2.46 The complete feasibility report was not available to the Mis-
sion for reviewing. However, preliminary results were obtained from the
consultants. The MONENCO's least-cost expansion plan excludes the peat
project. The mission believes that by changing the scale and the tech-
nical configurations, the economics of the project may improve. To
achieve this, the mission recommends the following:

(a) since the proposed mining and drying concepts have not been
proven on a commercial scale, the filter press should be tested

16/ Based on operating 6,000 hrs/yr.
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under normal operating conditions. Based on the results, the
performance of the steam dryer should be evaluated;

(b) the economic analysis of a larger-scaLe power unit (single 60
MW unit) should be compared to the project currerz:ly under
review. The aLternative of solar drying possibilities should
also be studied so that, should the assessment of the filter
press method prove negative, another option would be available;
and

(c) for operational safety and reliability purposes, the option of
firing the plant at full rated capacity on fuel oil should be
examined. The present project design relies on fuel oil only
for start-up and back-up purposes.
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III. PETQOLEUK

Introduction

3.1 Jamaica relies on Venezuela, Mexico, Aruba, Curacao and Trini-
dad and Tobago for its petroleum supplies. The petroleum import bill is
a major drain on the country's foreign exchange resources. In 1983 it
was 14% of GDP, 30% of imports, and 31% of foreign exchange earnings from
merchandise exports and non-factor services (Annex Table 3.1). Recently,
due to foreign exchange shortages, the refinery has purchased some cargos
of light Iranian crude oil on the spot market. The mission understands
that these purchases were available on attractive credit terms.

3.2 Bilateral (Canada) and multilateral (IDB and IBRD) sources have
provided assistance and credits for the continued search for oil and gas.
An exploration program has been in place since 1955. However, so far no
commercial discovery has been reported (3.40).

3.3 About 39% of total petroleum products are used by the bauxite/
alumina sector, 22Z by power generation, 8% by international aviation and
bunkers and the balance in the domestic sectors (Table 3.1). The bauxite
and alumina industry use export earnings to pay for their imports; these
payments are independent of the GOJ's foreign exchange budget.

Demand Trends

3.4 In 1976, per capita petroleum use (including bauxite/alumina)
was 7.1 bbl of oil equivalent (boe). In 1980, the per capita demand de-
clined to 6.8 boe, and then to 5.8 boe in 1983. In 1976, the intensity
of petroleum use was 8.1 boe per US$1,000 GDP (1974 prices) and 15.9
boe/US$l,000 GDP in 1983. Petroleum demand increased at 0.2% p.a between
1976 and 1980, and declined at 3.4% p.a between 1980 and 1983 (Table
3.2). The primary reason for the decrease in demand was a sharp decline
in bauxite/alumina production (Table 3.3). In 1980, the bauxite/alumina
sector accounted for about 52% of petroleum use, declining to about 39%
in 1983 (Table 3.1). The non-bauxite sector's consumption of petroleum
increased from 7.4 million bbls in 1980, to 8.4 million bbls in 1983 (a
growth of 4.4% p.a). This was a reversal of the trend experienced be-
tween 1976 and 1980 when the non-bauxite demand declined by 3.7% p.a.
The main products registering increases were gasoline, LPC and turbo fuel
(Table 3.2). The major sectors which reversed their demand trend were
transport, cement and power generation (Table 3.1).

Bunkers and Aviation

3.5 Table 3.1 shows that between 1976 and 1980 petroleum uplifts by
international bunkers (shipping) declined by about 26.4% p.a. The sharp
decline was mainly due to a depressed state of the economy and relatively
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high fuel oil prices at Jamaican bunkering ports. Demand in this sector
remains low and the growth between 1980 and 1983 has averaged 1.8Z p.a.,
representing an increase of 13,000 bbl of petroleum in three years. This
does not reflect a significant change in petroleum uplifts by bunkers.

Table 3.1: PETROLEUM DEMAND BY SECTOR
(1976-83)

Growth
Sector 1976 1980 1983 1976-80 1980-83

('000 bbl) {S) ('000 bbl) (%) ('000 bbl) (%) (%/P.a.)

Aviation 791 5.2 765 5.0 892 6.5 (0.8) 5.2
Shipping 804 5.3 236 1.5 249 1.8 (26.4) 1.8
Road/Railways 2,468 16.3 1,904 12.4 2,155 15.6 (6.3) 4.2
Cement 407 2.7 200 1.3 391 2.8 (16.3) 25.0
Sugar 305 2.0 195 1.3 104 0.8 (10.6) (18.9)
Bauxite/Alumina 6,555 43.2 7,887 51.5 5,345 38.8 4.7 (12.2)
Power Generation 2,375 15.6 2,677 17.5 3,090 22.4 3.0 4.9
Cooking Fuels 871 5.7 632 4.1 649 4.7 (7.7) 0.9
Others 614 4.0 820 5.4 915 6.6 7.5 3.7

Total 15,190 100.0 15,316 100.0 13,790 100.0 0.2 (3.4)

FOE 14,778 14,901 13,415 0.2 (3.4)

Note: Figures In brackets Indicate negative numbers.

Source: Ministry of Mining, Energy and Tourism.

Table 3.2: PETROLEUM DEMAND BY PRODUCT
(1976-83)

Growth
Product 1976 1980 1983 1976-80 1980-3

('000 bbl) (1 per annum)

Avgas 20 18 15 (2.6) (5.9)
Turbo Fuel 771 750 877 (0.7) 5.4
Gasoline 1,951 1,445 1,703 (7.2) 5.6
Auto Diesel 1,545 1,410 1,404 (2.3) (0.1)
Kerosene 442 283 259 (10.5) (2.9)
L.P.G. 429 349 400 (S.0) 4.6
Marine Diesel 220 155 156 (8.4) 0.2
Fuel Oil 9,812 10,906 8,976 2.7 (6.3)

Total 15,190 15,316 13,790 0.2 (3.4)

Note: Figures in Brackets indicate negative numbers.

Source: Ministry of Mining, Energy and Tourism.
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3.6 The uplifts by international airlines declined by 0.8% p.a.
during 1976-80. Since 1980 the trend has reversed and aviation demand
has continued to increase at 5.2Z p.a. This increasing trend reflects:
(a) an upturn in tourist arrivals; (b) introduction of new flights to
Jamaica; and (c) a cross subsidy to Air Jamaica on turbo fuel.

Bauxite/Alumina Industry

3.7 TabLe 3.3 shows the production and export trends for bauxite/
alumina, and the sector's oil consumption for the period 1976/83. Fluc-
tuation in oil use by this sector is closely Linked to alumina produc-
tion. Between 1976 and 1980 alumina production increased at 10.7% p.a.
while the total oil demand increased at 4.8% p.a. Average oil use in
this sector decreased from 4.1 bbl per tonne of alumina produced in 1976
to 3.3 bbl per tonne in 1980. In 1980, energy use in the bauxite/aluwina
sector decreased by 12.3% p.a, from 7.9 milLion bbls to 5.3 million bar-
rels in 1983. This decrease resulted primarily from a 13% p.a reduction
in bauxite production and approximately 9% p.a decrease in alumina pro-
duction. It is estimated that petroleum consumption in 1984 fell to 4.9
million barreLs (1.15) due to a further decline in the industry.

Table 3.3: BAUXITE/ALUMINA PRODUCTION AND PETROLEUM USE
(1976-1983)

ANNUAL PERCENTAGE
GROWTH

1976 1980 1983 1976-80 1980-83

BAUXITE (Mil. tons)
Production 10.3 11.8 7,7 3.5 (13.3)
Exports 6.3 6.0 3.0 (1.2) (20.6)

ALUMINA (Mil. tons)
Production 1.6 2.4 1.8 10.7 (9.1)
Exports 1.6 2.4 1.9 10.9 (7.5)

PETROLEUM USE
(000 Bbi)
Auto Diesel 316 317 100 0.1 (31.9)
Fuel Oil 6,239 7,587 5.232 5.0 (11.7)
Total 6,555 7,904 5,332 4.8 (12.3)

Source: Jamaica Bauxite Institute and the Ministry of Mining and Energy.

3.8 The bauxite/alumina sector uses foreign exchange from its own
exports to pay for oil imports which are arranged through a direct inter-
national tendering system. Although a reduced energy consumption per
tonne of alumina does not directly improve the balance of payments,
improved cuergy efficiency can increase the competitiveness of the baux-
ite/alumina industry in world markets.
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3.9 The major energy issues in this subsector are how to improve
the energy efficiency of alumina production and find a substitute for
fuel oil. To achieve higher energy efficiency and fuel oil substitution,
Government policy with regard to the bauxite/alumina industry will have
to incorporate an element of incentive and encouragement for new fuel-
saving investments.

Inland Petroleum Demand

3.10 In 1983, the domestic sector (excluding bunkers and alumina/
bauxite) used about 532 of totaL imported petroleum products. The power
sector accounts for more than 42% of this consumption, followed by the
transport sector which consumed 30% of petroleum products (Table 3.4).
Between 1976 and 1980, the demand for petroleum products by the transport
sector decreased by 6.3% p.a. From 1980 to 1983, consumption increased
by about 4.2% p.a. from 1.9 million barrels in 1980 to 2.2 million bar-
rels in 1983. The increase in consumption of transport fuels was partly
due to an increase in imported motor vehicles and a decline in the real
price of gasoline. The increase in oil use in the power sector appears
to be in line with increases in power demand. Improved reliability of
the JPS system has very likely reduced self-generation and increased the
power demand from JPS.

Table 3.4: INLAND PETROLEUM DEMAND BY SECTOR
(percent)

Sector 1976 1950 1983

Inland transport 35.2 29.5 29.5

Cement Industry 5.8 3.1 5.3

Sugar Industry 4.3 3.1 1.5

Power Generation 33.7 41.7 42.3

Cooking Fuels 12,3 9.8 8.9

Others 8.7 12.8 12.5

100.0 100.0 100.0

Source: Ministry of Mining, Energy and Tourism.

3.11 Increased oil demand by the cement industry was a result of re-
comissioning of the kiln which had remained closed for approximately one
year. The cement company has embarked upon an expansion of the existing
plant and the conversion from the wet to dry process. Further, a fuel
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substitution program from oil to coaL is also underway. 171 When the
process and fuel substitution projects are completed in 1985, oil demand
by this industry is expected to decline substantially.

3.12 The demand for oil by the sugar industry has declined due to a
decline in sugar production, and the installation at Frome of boiler air
controls and air-preheaters financed by an IBRD loan. The mission be-
lieves that the efficiency of the sugar industry can be improved and oil
consumption in this sector can be fully replaced by bagasse. This indus-
try has the potential to produce excess power which can be supplied to
the national grid.

Marketing and Distribution

3.13 A total inland market of 20,400 barrels/day (MBD) is shared be-
tween three marketing companies: Esso, Shell and Texaco. In addition to
storage at the local refinery, the industry maintains a jointly owned and
operated terminal in Kingston at the Norman Manley Airport. In Montego
Bay, Shell and Esso own and operate separate terminals. The total stor-
age in the country is around four million bbls, which provides approxi-
mately 112 days cover at the 1982 consumption level. This storage is
considered sufficient for the country's needs.

3.14 The market is served through a network of about 253 retail out-
lets. Because of the trade association there is little competition among
the dealers. A study conducted by UNDP in 1979 identified major problems
in retail outlets. It concluded that about 112 stations were superfluous
and recommended that 62 outlets be closed immediately (24 in rural and 38
in urban areas). The study recommended steps to improve the distribution
system; however, the recommendations of this study have not been imple-
mented. in the mission's view, the study should be updated and its
recommendations followed.

3.15 Similarly, the transport of petroleum products from terminals
to retail outlets is controlled by one haulage union. There are about 92
trucks and 40 contractors involved in distribution. This represents
over-capacity in haulage tankers and each contractor is allocated capaci-
ty for transportation. The fleet is old and in view of assured volumes/
margins there are ro incentives to improve efficiency. The mission
recommends that the present practice of allocating gallonage to specific
contractors be discontinued and marketing companies and distributors be
encouraged to seek tenders to achieve a more efficient transport system.
The procurement of petroleum supplies for the domestic market is at
present through the Government-owned oil refinery. The mission is not

17/ For the period 1983/84 to 1984/85, total investment in the cement
project will be J$88 million, of which J$40.5 million will be
foreign exchange. Most of the loan funds will be provided by IDB.
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certain if the current petroleum procurement system is the least cost
system and therefore recommends that a least cost petroleum supply option
study be done to determine if foreign exchange savings can be made. The
study should also include a serious look at the marketing, distribution
and storage aspects of the industry with a view to: (a) reducing foreign
exchange costs, and (b) improving the marketing/distribution system.

Petroleum Pricing Structure

3.16 Prices of petroleum products fall under two categories:
(a) controlled; and (b) uncontrolled. The ex-refinery/terminal prices
are deemed to be based on the average of Caribbean postings plus freight
(Worldscale/AFRA), insurance and ocean losses. 18/ The petroleum pricing
structure has become somewhat compLex, reflecting the Government's
efforts to meet severaL objectives which include: (a) keeping the price
of LPG and kerosene low in view of their use by low income households;
(b) generating funds to cover foreign exchange losses incurred by the
refinery/ PCJ; and (c) until May 1984, moderating the rise in electricity
tariffs by selling fuel at a reduced price to JPS. Decisions on domestic
prices also have become complicated because of the exchange rate
system. Given the relatively quick devaluation of the Jamaican dollar,
it is critical that adjustments in domestic prices (quoted in terms of
J$) be made quickly so that the prices faced by consumers reflect the
current exchange rate and current cost to the country. Up to now,
changes in prices have lagged behind the changes in exchange rates.

3.17 The refinery/terminal billing price has five main components:

(a) Caribbean import parity (mean of the posted f.o.b. prices of a
petroleum product from Curacao and Aruba) plus: (i) freight
rate based on G.P. vessel Worldscale/AFRA; 19/ (ii) ocean
losses; (iii) insurance; and (iv) terminal charges including
storage.

(b) Stabilization Factor. This charge was introduced to compensate
for short-term movements in import parity prices. The fund now
has been broadened to cover also a subsidy on LPG and kerosene,
letter of credit charges (3.5%) on petro'eum purchases and
demurrage costs. The highest stabilization factor falls on
premium gasoline (8.4% of the ex-refinery cost). The "factor"
for retail automotive diesel is equivalent to 3.9% of the ex-
refinery price.

18/ The sum of postings, freight, insurance and losses equals import
parity.

19/ The mission believes that until 1982 it was based on a theoretical
voyage of multiport loading at Trinidad/Curacao.
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(c) Accord Differential. The purpose of this charge is to cover,
over a 3-year period, the 1983 losses of the PCJ, amounting to
J$123 million, which resuLted from the dual exchange rate. Af-
ter this loss is made up, proceeds from the charge may be used
by the Bank of Jamaica to cover the foreign exchange losses
which may result when the credits under the San Jose Accord are
repaid to Mexico and Venezuela.

(d) Interfuel Subsidy. Between June 1983 and May 1984, an incre-
ment on the price of gasoline (43%) and automotive diesel was
used to lower the price of fuel oil sold to the Jamaica Public
Service Company. The final selling price to JPS was set at
J$66.90/barrel, implying a cross-subsidy of J$37.33/barrel. At
the 1983 demand level (3.1 million barrels), the total annual
value of the cross-subsidy would be about J$115 million.
Effective May 1984, JPS began paying market prices for fuel.

(e) Excise Duty. Taxes are levied on all petroleum products except
domestic kerosene, turbo fuel, heavy fuel oil and LPG (levy is
negligible). The rates differ widely between gasoline, at
nearly 70% of the ex-refinery price, and diesel fuels, at about
8% of the ex-refinery price.

The price structure of controlled petroleum products is shown in Annex
Table 3.2. Long-run pricing policy and strategy must recognize that dis-
tortions in relative prices are likely to convey incorrect pricing sig-
nals regarding the cost of certain fuels and result in a misallocation of
investments.

Subsidy on LPG and Kerosene

3.18 The consumption of LPG (7%) and kerosene (6%) is a minor por-
tion of the total inland demand for petroleum products. The Government
justifies the subsidy on the two products because of their use as basic
cooking fuels for low income households, particularly in the rural
areas. The extent of th_ subsidy is sigaificant when prices for these
products are compared with the levels in other countries in the region
with per capita incomes equal to or lower than that in Jamaica. In terms
of US$/gallon, the subsidy has in fact widened since January 1983 because
domestic price adjustments have not kept pace with the devaluation of the
Jamaican dollar. The kerosene subsidy results in diesel adulteration at
a significant cost to the Government.

3.19 The GOJ had commissioned a study to review the structure of
prices. The study recommended gradual deregulation of controlled product
prices. Under the current system, all elements of prices are fixed by
the Government and negotiated by various trade associations, companies
and unions (such as gasoline retailers, kerosene peddlers, PCJ, and mar-
keting companies). With prices fixed at the refinery level, liberalizing
other elements is not expected to improve either the pricing mechanism or
the efficiency and may in fact cause complete chaos. In the mission's
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view, liberalization should be done at all levels for all products. If
such a system is adopted, products should be procured through the least-
cost suppliers, and competition should be encouraged at the retail
level. Although the mission supports this strategy, in the short term
adoption of such a system may not be practical.

3.20 The mission recommends that:

(a) all subsidies on petroleum products be removed and distortions
in relative prices be corrected;

(b) in the slort term, the availabiLity of foreign exchange for
importing petroleum products should be fixed at a realistic
level and made available to PCJ or the marketing companies at
the market rate of exchange; and

(c) the Government should simplify taxes on petroleum products and
allow the domestic prices to move along with the devaluation of
Jamaican dollars.

Refining

3.21 Jamaica has one oil refinery, which is located in Kingston.
The refinery was constructed in 1964 pursuant to an agreement between
Esso (Exxon Corporation) and the GOJ. The refinery was purchased by the
GOJ and is now operated by PCJ through its wholly owned subsidiary
Petrojam. 20/

3.22 The refinery initially supplied products to other countries in
the Caribbean and the Gulf of Mexico, in addition to the Jamaican market.
The export markets were phased out as the Jamaican market grew through
1973. At its current capacity of 36,000 BD, the refinery supplies most
of JAmaica's requirements for transportation fuels including gasoline,
kerosene/turbo-fuel, and auto-diesel. It also produces LPG and a sub-
stantial amount of residual fuel oil. Lubricating oils, spray oils, bun-
kering fuels, 21/ some solvents, and most fuels for the bauxite and
alumina industry are imported.

3.23 There are no processes to convert heavy oils to light products
in the refinery and the yield of various products is determined by the
characteristics of the crude processed. To meet the product mix required
by the market, distillate stocks, called spikes, are added to the crude
oil.

20/ Petrojam Ltd. was incorporated in October 1982.

21/ The refinery also supplies some of the bunkering fuels.
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3.24 The heart of the gasoline production process is a catalytic re-
former which increases the octane quality of virgin naptha while produc-
ing hydrogen for desulfurization of distillate products and additional
LPG. This process limits the refinery's capacity to produce gasoline.
Any gasoline demand above this limit must be met by importation of a
suitable blendstock or finished product gasoline. Currently, this capa-
city is sufficient to meet the country's demand.

Venezuelan/Mexican Oil Facility

3.25 Venezuela and Mexico, through agreement with the Bank of
Jamaica, initially financed 30Z of Jamaica's oil bill by a five-year
promissory note at a 4% annual interest rate. These notes may be con-
verted into long-term loans up to 20 years with five years grace, at a 2%
annual interest rate. The loans are to be used to finance energy and
other related development projects. 22/

3.26 Venezuela and Mexico implement the accord differentLy. In the
case of Venezuela, a line of credit to Jamaica for crude oil purchases of
US$20 million has been exhausted. Mexico has required full cash payment
followed by a 20% refund. To date, Jamaica has not succeeded in convert-
ing any short-term loans into long-term loans, and some of the 5-year
short-term loans will become due in the near future. Current operation
of the facility suggests that the benefit received by Jamaica under the
Accord has been a loan of 20X-30% of oil purchases at a rate of 8% per
annum over a 2-1/2 year average term. Based on a commercial rate of 14%
interest, this facility is worth about US$0.73/bbl of product. If
Jamaica were able to convert these loans to a long-term, 6% loan at an
average term of 7-1/2 years, this facility would be worth US$1.18/barreL.
This compares with US$1.61/barrel savings if products could be purchased
at spot prices rather than Caribbean postings. 23/

Refinery Margin

3.27 Up to 1982, under the refinery agreement, Jamaica parity pro-
duct prices were computed based on the mean of Aruba and Curacao posted
prices, and Worldscale/AFRA published freight assessments. In order to
keep the refinery financially viable, Esso was allowed a US$2.20/bbl

22/ The terms of the Accord are revised each year. At the time of the
mission, terms were that 20% of the oil bill could be financed at 8%
for four years and could then be converted to project loans at 6%
for 15 years.

23/ Weighted Carribean postings at the time of the mission were
US$31.84/bbl. These are compared with weighted Caribbean spot
prices of US$30.23/bbl and an estimated accord cost of
US$31.41/bbl. In the long run, a contract pricing formula could be
based on indexing the purchase prices to spot prices.
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small refinery differential 241 over the Caribbean posting parity. How-
ever, in February 1981, the refinery margins were changed to reflect a
cost plus basis which at that time equaled US$2.81 bbl. Under PCJ/Petro-
jam, the Aruba/Curacao postings have been retained and a Petrojam freight
survey substituted for Worldscale/AFRA. Additional features introduced
by PCJ/Petrojam are US dollar values for terminal and truck rack opera-
tion. A comparison of refinery margins is shown in Table 3.5.

3.28 Table 3.5 shows that the new formula for ex-refinery price de-
termination has been modified to provide the small refinery differential
sought by the refinery. A differential between the maximum anticipated
price and the new Jamaica parity price has been added to the USS refinery
margin. A round-island movements (RIM) factor which was previously in-
cluded in the marketer's margin is now added to the refinery margins.
This factor, although applied to all controlled products, covers the cost
of moving gasoline, auto diesel and domestic kerosene to Montego Bay and
is expressed in US dollars.

Table 3.5: REFINERY MARGINS a/
(USS/bbl product)

Under ESSO Under PCJ Change

Jamaica parity 1.59 2.13 0.54
Terminal fee - 1.14 b/ 1.14

Esso throughput - 0.08 0.08
Rack fee - 0.44 0.44

Price formula 2.20 - (2.20)

Tutal Margin 3.79 3.79 0.00

a/ These margins relate to clean products only.
b/ Perrojam reports an average foreign currency operating cost

component of USSO.55 per barrel. No detail was given as to
its content but it is less than half of the terminal fee of
USSI.14 charged on all refinery products.

Source: Ministry of Mining, Energy and Tourism.

3.29 Estimated revenues from the differential between price ceiling
and the new Jamaica parity are shown in Table 3.7. The refinery says
that these collections are used for offsetting subsidies and other price
movements.

24/ The term 'small refinery differential' refers to the size of the
Kingston refinery as compared to Caribbean export refineries.
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Table 3.6: RIM FACTOR

bbl/yr USS/bbl USS/yr

('000) ('000)

Premium gasoline 1,655 0.3012 498
Regular gasoline 50 0.5438 27

Dowestic kerosene 320 0.3618 116

Auto diesel 1,380 0.489 675

Total 1,316

Source: Petrojam.

Table 3.7: CEILING PARITY AND STABILIZATION FUND

Stabilization

Jamaica Accord

Product bbl/yr Parity Ceiling Difference USS/yr

''OO0) (USS/bbl) (USS/bbl) ('000)

LPG 400 41.02 41.795 0.775 310

Premium 1,650 37.637 40.654 3.017 4,978

Regular 50 36.613 39.09 2.477 124

Kerosene 320 38.321 40.805 2.484 795

Auto Diesel 1,380 36.343 39.5 3,157 4,357

Total 10.564

Source: Ministry of Mining, Energy and Tourism, and Petrojam.

3.30 Table 3.5 shows that the new refinery pricing formula gives the
refinery a flexibility to obtain the margin sought by it. The formula
provides cash inflow of about US$12 million from RIM and ceiling parity
differential (Table 3.6 and 3.7). The new pricing formula has increased
the financial profitability of the refinery. However, the medium to
long-term economic viability of the refinery has not been evaluated and
requires an objective evaluation within the context of a least-cost pet-
roleum supply option.

Energy Conservation

3.31 Petrojam has identified several energy conservation projects as
a result of the recently completed "ENCON" program. Petrojam is cur-
rently seeking a US$5.82 million loan to finance three energy conserva-
tion projects. This program should await the results of the least-cost
petroleum supply study.
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Crude Oil Supplies

3.32 Petrojam has identified the optimum crude oil feed with the aid
of a linear program refinery model. 25/ These are selected from Venezue-
lan and Mexican crudes which are purchased under the Accord. An alterna-
tive to processing Accord crudes would be to purchase other crudes for
processing at Kingston. These crudes include, for example, Nigerian
light crude purchased from the producer, or Iranian crude purchased on
the spot market. Petrojam in the past has processed Iranian crude at
Kingston and PCJ has processed Nigerian crude offshore. Iranian crude
has been imported on those occasions when Accord crude was not available.
In the absence of heavy oil conversion and the availability of only lim-
ited reforming capacity, the Kingston refinery cannot process non-Accord
crudes as efficiently as other more complex Caribbean refineries. The
advantage of Petrojam over other Caribbean refineries is to efficiently
hydro-skim regional crudes procured under favorable terms such as those
of the Accord and to import the efficiences of other larger refineries
through spikes and blendstocks.

Product Slate

3.33 The annual demand for regular gasoline in Jamaica is about
50,000 barrels. The production of regular gasoline requires dedicated
tankage and a working inventory. Few motorists use regular gasoline; the
main use is for the fishing industry. If the production of regular gaso-
line were to be discontinued only premium gasoline (95 RON) would be
available. Since many service stations have discontinued selling the
regular grade, its elimination would not yield any reduction in service
station investment. Most of the benefit from eliminating regular gaso-
line would be in the refinery while the fishing industry would have to
switch to the more costly premium grade. These benefits, however, must
be evaluated against the additional foreign exchange cost of importing
TEL. 26/

Product Exports

3.34 While evaluating the refinery economics, one may investigate
the potential for exporting or re-exporting products to some of the small
countries in the Caribbean or Central America. Jamaica cannot compete
with the large Caribbean export refineries for the U.S. and European
market. PCJ should examine the small Caribbean and Central American
countries which have no refinery of their own, require small volumes of
product and possibly qualify for economic assistance from Venezuela and
Mexico. Being geographically closer to Jamaica than to Venezuela, it may
be less costly to transport crude in large tankers to Jamaica. The

25/ The program is able to select from 25 commonly traded crude oils.

26/ At the time of draft report review in February 1985, the mission was
informed that sales of regular gasoline had been discontinued.
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Petrojam refinery would export finished products in small tankers to the
Central American country rather than for them to import directly from
Venezuela or the Netherland Antilles. In this situation Jamaica would
provide refining if none is available to process the destination coun-
try's Accord crude. Furthermore, virgin fuel oil has quality premiums
that are attractive to Caribbean export refineries. The Kingston refi-
nery could benefit by increasing crude oil through-put and selling fuel
oil directly or swapping it with lower quality fuel oil and earning a
premium.

3.35 In some instances, small product demand, inadequate tankage and
shallow draft prevent these countries from buying on the spot market.
Petrojam could, for example, buy large single product cargoes (e.g.
150,000 barrels of each product) on the spot market and take these car-
goes into Kingston. At Kingston these cargoes would be broken down to
smaller parcels (e.g., 30,000 barrels of ADO), combined with smaLl par-
cels of other products (e.g., 10,000 barrels of kerosene, 15,000 barrels
of regular gasoline and 20,000 barrels of premium gasoline) as required
and loaded onto smaller multi-product speciality (e.g., shallow draft)
tankers for export (IBRD Map 17800). Assuming that Jamaica's short-term
currency stringency can be rectified, the proposed mechanism of spot pro-
duct imports and exports could reduce the cost of petroleum products to
Jamaica while still taking advantage of the San Jose Accord. 27/

Reducing the Cost of Oil Imports

3.36 The calculated product price on the Caribbean spot market, ad-
justed for freight, averaged US$30.23/bbl and was US$1.61 lowar than the
Jamaica parity based on posted product prices. The mission believes that
there is a clear incentive for a close examination of the refinery's in-
cremental product cost. The last increments of higher-cost production
should be substituted with spot product purchases.

3.37 The AFRA freight cost is estimated to be US$0.18/bbl less than
that paid by Petrojam. Based on the estimated annual product volume,
this represents a US$1.5 million potential for reducing crude oil freight
cost. The foregoing points to potential savings which could be achieved
from long-term chartering of crude oil shipping. There are a number of
factors which should be considered in long-term chartering, including
utilization.

Foreign Exchange

3.38 Notwithstanding the economic viability of the refinery, in the
short run, insufficient foreign exchange affects the procurement of
petroleum supplies by causing unusual and costly purchasing arrange-
ments. Crude oil shortages are expensive and affect the refinery through

27/ Under which Mexico and Venezuela provide petroleum to Central
America and the Caribbean countries on credit.
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increased energy cost, own fuel loss, and safety risks. A system of bud-
geting scarce foreign exchange would enable Petrojam to plan a smooth
operation, anticipate shortfalls, and avoid unscheduled shutdowns due to
shortages of crude oil.

Regulatory Function

3.39 Before the refinery was acquired from Esso, the Energy Division
was responsible for monitoring ex-refinery prices that maintained a for-
mula relationship to postings at Curacao and Aruba refineries. After
Jamaica acquired the refinery, the policing function ceased and has been
assumed by PCJ. It is impossible for the refining industry to regulate
itself. This shift in regulatory function has manifested itself in the
following manner:

(a) ex-refinery pricing is no longer being monitored. Freight
rates used to adjust postings for location appear to have been
increased from their former levels. 28/ If these adjustments
are increased above their market level, they will fail to pro-
vide the needed guideline for estimating the alternative cost
of imports. Setting parity prices at elevated levels mis-
directs internal refinery optimization and project analysis;

(b) if refinery billings are changed from "he present standard of
60'F to some higher temperature such as ambient, this will in
effe-.t transfer income from the marketers to the refinery.
This wiLl naturally benefit the refinery and it is therefore in
the interest of the refinery to recommend that this be done.
Increasing the billing temperature will nct reduce the cost of
oil imports;

(c) direct contracts between the Government and the refinery may be
used to circumvent competitive bidding and may encourage inef-
ficiency; and

(d) the practice of using product prices to subsidize other pro-
ducts puts the refinery in the position of redistributing in-
come. While this is a normal role for the Government, it is
not the correct role of the refinery.

28/ Before GOJ took over the refinery, the freight was based on AFRA.
PCJ now computes parity by using its own freight assessment. The
freight assessment has been consistently higher (e.g., US$1.13/bbl-
kerosene) than AFRA (US$O.66/bbl kerosene). This has provided the
refinery with an additional US$1.9 million/year.
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Exploration

Exploration History

3.40 Since 1955, eleven exploratory wells (IBRD map 18266) have been
drilled in Jamaica. A total of about 7,000 lines-km of seismic have been
shot on the offshore prospects and about 400 lines-km onshore. Offshore,
16 structures were mapped. Due to excessive water depth only two of the
offshore prospects are drillable: the New Bank and Pedro Bank. Onshore,
three structures were mapped, two of which are identified as drillable
prospects; the Ecclesdown and Montego Bay anticlines, with 1,500 and
6,500 acres of cLosure respectively. The third one, Duskenfield,
requires further work for better definition of the structure and strati-
graphy. Five international companies have drilled six wells onshore and
two offshore. All wells were completed as dry holes. Onshore explora-
tion, particularly after drilling of six dry holes, lost its appeal to
international oil companies. In 1979, PCJ decided to start a program of
exploratory drilling and seismic and geologic investigations. This pro-
gram was made possible through an IDB loan of US$29 million. Currently,
close to US$8 million of the IDB loan is undisbursed awaiting a final
decision on whether further exploration should continue. Several consul-
tants have reviewed the hydrocarbon prospects of Jamaica.

PCJ's Exploration Strategy

3.41 PCJ has recognized that the private sector, rather than the
Government, should be involved in the exploration activity of the
country, particularly the offshore. Toward this goal, a promotion
seminar was organized in Houston, Texas, in January 1984. PCJ received
three proposals, none of which was acceptable, as none of them put suffi-
cient up-front funds. Petro Canada had proposed a joint venture in the
offshore, New Bank prospect, for drilling one expLoratory well at an
estimated cost of about US$8 million. Petro Canada was to operate the
project and fund about US$4 million (50% of the project cost) in the form
of grant assistance. PCJ was asked to recruit a partner for the remain-
ing half of the project cost. Since PCJ was unable to meet these condi-
tions in time, Petro Canada's offer has now lapsed.

PCJ's Exploration Program

3.42 Notwithstanding the petroleum promotion strategy, PCJ has for-
mulated an exploration program for the medium-term. The salient features
of the program are that:

(a) exploration should continue;

(b) new seismic surveys and further interpretation of existing data
for the offshore are not recommended;
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(c) additional seismic in the onshore areas as well as shallow core
holes or stratigraphic tests for further evaluation of struc-
tures and for calibration of seismic data with check shot
surveys and sonic logs should be prepared;

(d) a series of studies, analytical research, and reevaluation of
existing data are planned by PCJ to elucidate the complex
stratigraphy of the region and its relation to the structural
development of each prospect. There are a number of other
leads which need further work;

(e) offshore, the New Bank structure would be the next location for
drilling, followed by a second well at Pedro Bank; and

(f) according to PCJ, the onshore Ecclesdown and East Montego Bay
prospects should be drilled.

Recommendations

3.43 It is PCJ's view that the complex geology of the offshore
shelves warrants additional investigation. The mission agrees that addi-
tional detailed studies of the offshore would throw further light on the
prospective areas, particularly offshore prospects, by undertaking the
following:

(a) structural definition of reef margin lead in the Negril area;

(b) further definition of Moneague Play Trend for both the concept
and structure;

(c) a detailed stratigraphic and faces analysis of all the recog-
nized sedimentary formations including bio-stratigraphy, geo-
chemicaL and lithologic analysis; and

(d) further definition of source rocks and reservoir rock develop-
ment in greater Jamaica area and the area's tectonic activity
and its impact on the hydrocarbon prospects.

3.44 The mission recommends and the Government agrees that addition-
al exploration drilling should be dependent on the result of studies and
should be undertaken by the private sector alone or by private sector
risk participation.
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IV. REWEWABLES

Energy Potential From Bagasse

4.1 Sugarcane cultivation is one of the oldest major agricultural
activities in Jamaica. In recent years, the sugar industry and state-run
mills in particular have faced falling production and consequently have
incurred heavy financial losses. 29/ During the 1983 crushing season,
about 11 sugar mills (seven state-run, and four privately owned) were in
operation, and produced approximately 197,000 tons of sugar for that
year. Table 4.1 gives the breakdown of sugar production and the associ-
ated bagasse production for all the mills. The 1983 production was
sLightly (about 2Z) lower than that of the previous year. All bagasse,
along with supplemental fuel oil, was used to generate steam and electric
power for sugar production.

4.2 During the early 1970s, Jamaican sugar factories were producing
sufficient bagasse to provide all the steam and electric power required
by their mills. However, the introduction of mechanical loading of the
cane in 1974 increased the amount of dirt, stones, and other extraneous
material delivered to the mill. The presence of significant quantities
of extraneous material deteriorates the quality of bagasse, i.e. lesser
quantities of combustibles, and the mill operators had ro install oil
burners to supplement bagasse firing. 30/

4.3 In addition to poor bagasse quality, other factors have contri-
buted to the increased consumption of fuel oil: (a) lack of a consistent
supply of cane to the mill; (b) inefficient steam boilers &z4 lnw-;res-
sure power generation systems; and (c) the poor operating condition of
the equipment in the sugar factories. The high cost of fuel oil has in-
duced some measures to improve boiler efficiency at the larger state-
owned sugar mills. For example, as a part of an IBRD-financed project,
air preheaters have already been installed on boilers at the Bernard
Lodge sugar factory. The Monymusk and Frome factories have also received
air preheaters and preliminary indications are that the equipment will
soon be installed. The Bernard Lodge factory is also firing wood waste
in the boilers to reduce the fuel oil consumption.

4.4 The mission selected the West Indies sugar mill in Frome to
carry out a prefeasibility study for improving the overall energy and
operational efficiency of the existing mills to make them net exporters
of energy. For the most part, the results of this assessment can be

29/ Three state-run mills are to be shut down in 1984 (Table 4.1).

30/ Most of the modern sugar factories around the world are energy self-
sufficient and in some cases are producing excess electric power for
sale to locaL power utilities.
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applied to the other two relatively large mills (i.e., Monymusk and
Bernard Lodge) owned by the GOJ. The Frome mill was selected because it
is Jamica's largest mill and in addition, the mill is near the proposed
site of a peat-fired power plant. Also, the future possibility of
selling excess bagasse to the peat pLant was studied.

Table 4.1 TOTAL SUGAR AND EAGASSE PRODUCTION IN 1983

Tons Sugar Tons Bagasse
Factories a/ Produced Produced

Frome 55,864 199,464
Monymusk 32,071 152,632
Bernard Lodge 16,870 99,253
Duckenftled 8,785 46,768
Long Pond 7,021 29,799
Innswood b/ 10,421 52.187
Grays Inn 5,006 28,289
Now Yarmouth 19,399 73,058
Appleton 13,749 36,154
Hampden 10,239 36,742
Worthy Park 17,495 48,172

Total 196,920 802.518

a/ Preliminary indications are that Long Pond, Grays Inn, and
Duckenfield will be shut down at the end of the 1984 grinding
season.

b/ This mill was shut down after the 1983 grinding season.

4.5 The mission concluded that the Frome plant could be a net ex-
porter of energy to JPS 31/ and that a detailed study on the industry's
potential to supply power should be undertaken.

Energy Potential from Wood

4.6 A recent USAID-funded study 32/ estimated that there were
approximately 276,000 hectares (ha) of forestland in Jamaica. Of this
area, a total of about 111,000 hectares are owned by the GOJ and reserved
as forest estate. It was further estimated that 14,500 ha of the forest
estate have been established as plantation forest and the remaining

31/ The estimated output was 5 MW in the grinding season and 7.4 MW
during off-season. Oil savings are 109,000 bbl/yr. Total capital
cost would be US$12.3 million with a payback of approximately 4
years.

32/ USAID/COJ Forestry Reserve Project by Agroncane, Ltd. Kingston,
September 27, 1983.
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reserve retained as natural forests. The Forest Department is the prin-
cipal agency responsible for the management of the forest estate. The
Forest Industrial Development Company (FIDCO) was established in the
latter part of 1978 with the principal objective of developing commercial
forestry and forest industries in Jamaica. During the last five years,
the company has established 3,970 ha of commercial pine plantations. The
Forest Department and FIDCO are the two major agencies involved in
forestry.

4.7 The existing major forest reserves are located in the parishes
of Portland, Trelawny, St. Thomas, St. Andrews, St. Ann, St. Catherine,
and Clarendon. Large areas of Portland and Trelawny involve rugged ter-
rain with poor accessibility. Detailed yield information is not avail-
able from which to make accurate estimates of wood availability. On the
basis of available information the mission estimated that a total of 1.06
million tons (wet basis) of wood per year could be available from exist-
ing forest reserves. 33/

4.8 In addition to the forest reserves, significant quaitities of
wooa are also estimated to be available from existing forestry and forest
industry-related activities. These include: (a) land clearing; (b) har-
vesting; and (c) saw milling. It is estimated that over the next five
years the above forestry-related activities will yield about 4.8 million
tons of wood per year. However, it should be recognized that the fuel-
wood resulting from the above operations is normally dispersed over a
wide area. Therefore, collection and transportation of this material to
end-use locations will be difficult. This is particularly true for the
waste available from harvesting, and in some degree, from land-clearing
operations, although some of the wastes such as from saw milling and land
clearing are currently used for charcoal, firewood, and some industrial
applications. Detailed site-specific assessments should be done to
determine the economically recoverable potential for different end-use
applications.

4.9 The trunks of dead coconut trees also provide a potential wood
resource. It is estimated that nearly half a million trees of the
"Jamaica Tall" variety are dead, because of the lethal "yellow" disease.
A large portion of the affected trees is located in the St. Anne and St.
Mary areas. This resource represents approximately 125,000 tons of
usable material for charcoal production. A small fraction of this
resource is currently being sawed to produce parquet floor tiles. The
slabs and off-curs from the sawmills are converted to charcoal.

4.10 Fast-growing tree species such as Leucaena and Calliandra are
currently being tested on small-scale research plots by the Forest De-
partment staff. It is reported that approximately 23 ha of such fuel

33/ Based on: (a) 14% of reserves yield 8 ton/ha, i.e., 304,000 tons/
year, and (b) 190,000 ha yields four ton/ha/yr, i.e., 760,000
tons/year.
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wood research plantations have already been established. Approximately
405,000 ha of land have been identified as suitable areas for establish-
ing fuelwood plantations, however, of this area, only 381,000 ha are est-
imated to be accessible. Based on the limited fuelwood tree species, it
is projected that an annual yield of 10 tons of dry wood/ha/year can be
achieved under Jamaican growing conditions.

Existing Demand for Fuelwood

4.11 The major existing demand for fuelwood comes from the domestic
sector where it is used mainly as a cooking fuel. Based on the 1983
household energy use survey, 34/ it is estimated that the total equiva-
lent fuelwood demand by the domestic sector was approximately 138,000
tons p..a. Of this, 92Z of the fuelwood was converted to charcoal and the
remainder was used directly. This estimate does not include the charcoal
and/or fuelwood demand of the commercial sector.

4.12 In order to estimate the maximum fuelwood demand for the house-
hold sector, the mission made some theoretical calculations. The maximum
fuelwood demand scenario assumed that al'A the kerosene and LPG used for
residential cooking would be substituted by charcoal and/or direct fuel-
wood. The amount of charcoal/wood required per year to displace 100% of
the kerosene and LPG consumption was estimated at 1.1 million tons 35/ of
additional fuelwoo4, including the existing fuelwood demand. the total
fuel demand under this scenario is 1.3 million tons. The complete sub-
stitution scenario is 20% higher than the mean annual increment or the
average annual yield expected from the existing forests. However, if it
is assumed that fuelwood from plantations wculd be the main source for
charcoal, then approximately 130,000 ha of fuelwood plantation will be
required to sustain such an annual fuelwood demand. If direct fueiwood
utilization is assumed, then the total fuelwood demand under the above
substitution scenario would be reduced to about &30,000 tons per year.
This amount is less than 80% of the total annual yield of existing forest
reserves.

4.13 The above estimates are based on the premise of 100% substi-
tution; they do not take ir-o consideration the socio-economic and severe

34/ Gordon, D. and Barnwell, D., Household Energy Use and Transportation
1983: A preliminary report, MMET, 1983.

35/ The following energy values and conversion efficiences were used:

Kerosene: HHV = 5.6 x 106 Btu/bbl, kerosene stove efficiency
= 0.40

LPG: 21,435 Btu/lb, LPG stove efficiency = 0.45
Charcoal: HHV = 11,000 Btu/lb, charcoal stove efficiency = 0.12
Wood: HHV = 6,112 Btu/lb, wood stove efficiency = 0.08
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logistical constraints associated with such a large-scale substitution.
However, the numbers do illustrate that the existing forest reserves are
capable of providing significant quantities of fuelwood to sustain a
growing domestic charcoal demand. Active forest management, combined
with reforestation projects, would eliminate the deforestation possibi-
lities normally associated with any increased charcoal utilization in the
domestic and/or commercial sector. At a future date, when Government
resources are not so severely strained, a fuelwood substitution program
should be investigated.

Charcoal Production

4.14 At present charcoal is produced either in small metal kilns or
earthmouna/pit kilns. The metal kiln operators use the wastewood gener-
ated from the Forest Department's land-clearing activities. A large num-
ber of the metal kilns associated with the land-clearing projects are not
working for lack of auxiliary equipment such as chain saws, wood split-
ters, etc. for land-clearing; lack of adequate operator training; and in
some cases, poor kiln fabrication. Pit kilns, therefore, stilL account
for a large percentage of charcoal produced in Jamaica. Both the metal
and earthmound kilns have limited charcoal production capacities (i.e.,
about 1,000-2,500 lbs of charcoaL per load). Also, their conversion ef-
ficiencies (calorific val'ze of charcoal out, divided by calorific value
of wood in) are lower when compared with more efficient and larger capa-
city brick beehive kilns. Depending on the operating conditions and
resource type, the efficiency of earth kilns and metal kilns ranges from
30 to 45% (the higher number is more typical of the metal kiln). The
brick beehive kiln can achieve efficiencies higher than 50%.

4.15 The mission recommends that the Forest Department initiate an
active program for testing brick beehive kilns. The designs for beehive
kilns can be obtained from the U.S. Forest Service. Successful testing
and implementation of beehive kilns could facilitate large-scale produc-
tion of -ommercial-grade charcoal in Jamaica. For example, in Brazil, a
subsidiary of Brazilian Steel Company supplies the steel plant with ap-
proximately 450,000 tons of commercial-grade charcoal per year. The
Brazilian operating experience could provide valuable inputs to any bee-
hive kiln testing program to be implemented in Jamaica. The mission also
recommends that the possibility be explored of obtaining technical inputs
from Brazilian experts through a UN/FAO-sponsored program.

Wood Gasification

4.16 Two specific proposals have been made recently for installing
relatively large (250-1,000 kW} wood gasifier and internal combustion
sets. The first proposal involves the installation of a 1-MW gasifier/
engine generator sysLem at the FIDCO sawmill in Spanish Town. The objec-
tive of this project is to convert part of the 17,000 tons of wood waste
generated at the mill into electric power, via gasification and a dual-
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fuel diesel engine-generator. It is estimated that about half the power
generated would be consumed in the mill. The balance would be available
for the JPS grid. The second gasifier demonstration project is proposed
by SRC. This project involves the demonstration of a wood/rice-husk gas-
ifier system to run a 250-kW diesel engine driven irrigation pump. Under
the proposed project, one of the diesel engine driven irrigation pump
sets at the Black River Upper Morass Development Corporation (BRUMDEC)
rice fields will be converted to burn producer gas.

4.17 Because of the lack of wood gasifier operating experience in
Jamaica, it is recommended that a small, 30- to 35-kW wood gasifier
engine/generator system first be procured and tested under field oper-
ating conditions. The testing program should be designed with particular
attention given to operator training. Either of the proposed gasifier
demonstration sites (i.e., FIDCO mill or BRUMDEC rice fields) can be
selected for implementing the field testing program. Lack of prior wood/
biomass gasification experience in Jamaica would hamper the effective
monitoring of the wood gasification testing program. The mission there-
fore recommends that adequate technical manpower resources be made avail-
able at SRC before initiating any wood gasifier pilot and/or field test
work. Technical assistance from wood gasification experts from the U.S.
or European countries, such as the Netherlands, West Germany, or France,
should be sought to assist the SRC staff in designing and implementing a
gasifier testing program. The results of such a testing program would
provide adequate technical and economic information for making a decision
with respect to the implementation of any large-scale wood gasification
plants. Jamaica should also exchange information with Seychelles, where
a test program has been in operation for some time. 36/

Dendrothermal Project

4.18 The mission visited several sites to explore the possibility of
wood-fired power, or a dendrothermal plant. The dendrothermal plant
would need to be located near or within a fuelwood plantation area. The
mission carried out a prefeasibility study on the West Indies Pulp and
Paper Company and found that this site could support a dendrothermal
plant. 37/

Fuel Ethanol Production

4.19 The potential market demand for fuel ethanol in Jamaica is
estimated to be about six million imperial gallons per year. This demand

36/ See IBRD Report No. 4693-SEY; Seychelles: Issues and Options in the
Energy Sector, January 1984.

37/ Estimated output to JPS of 12 million kWh/yr (3 MW), capital cost of
US$6.1 million, oil savings of 52,000 bbl/yr. Power cost estimated
at USc6-7/kWh.
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is estimated by assuming that 10% of the total gasoline volume consumed
in 1983 could be replaced by fuel ethanol. 38/

4.20 In Jamaica, sugar cane, molasses, and cassava are the three
major biomass resources that can be converted to fuel ethanol. Typical
ethanol yields from these feedstocks are: sugar cane, 66 liters/ton;
molasses, 245 liters/ton; cassava, 174 liters/ton.

4.21 In order to satisfy the potential market demand, approximately
409,000 tons of sugar cane, 110,000 tons of molasses, or 155,000 tons of
cassava would be required. The production of fueL ethanol from the above
feedstocks in Jamaica involves certain economic, technical, and resource
constraints. These are discussed below.

Sugarcane

4.22 A recent study 39/ has indicated that the conversion of an
existing sugar factory to a fuel ethanol production distillery is uneco-
nomical. The major reason for the poor economic performance of an ethan-
ol distillery is the high sugar price (i.e. US$300 per ton) guaranteed
for Jamaican sugar in US and EEC markets. If the Jamaican sugar is val-
ued at the world market price (US$140/ton), conversion of an existing
sugar factory makes economic sense. However, since Jamaica is currently
exporting less sugar than it can sell under the EEC and US quotas, the
mission recomnends that the conversion of existing sugar factories to
fuel ethanol distilleries not be considered.

Molasses

4.23 The bulk of molasses, about 88,000 tons, 40/ is used for rum
and other spirits production. It does not appear that any surplus molas-
ses is available in Jamaica for fuel ethanol conversion. Since the rum
and other spirits industry is profitable, the mission recommends that no
molasses should be diverted for fuel ethanol production.

38/ A 90:10 gasoline/fuel ethanol blend is assumed.

39/ "Review of Potential for Renewable Energy Source in Jamaica - Case
Study and Appendice" prepared for MMET by META Systems USA.

40/ The National Sugar Group estimates that 95Z of the total molasses
production is used to produce rum and other spirits.
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Cas sava

4.24 A 1.5 million gallon per year cassava-based ethanol plant has
been recently proposed for Jamaica. 41/ The mission reviewed the
proposal and concluded that:

(a) the ethanol economics presented in the proposal are based on
high yields (25 tons/ha as opposed to 15 tons/ha) of cassava;
consequently, low feedstock costs are estimated; and

(b) the issues relating to harvesting and further processing of
large quantities of cassava are not adequately addressed. 42/
Cassava supply constraints have been experienced at a cassava-
based flour mill in St. Elizabeth, Jamaica. This mill was put
into operation in 1980 but had to shut down in July 1981 for
lack of sufficient cassava supplies.

4.25 The mission recommends that the impact of lower cassava yields
on the projected ethanol economics be evaluated. In addition, the diffi-
culties involved with respect to harvesting and preprocessing large quan-
tities of cassava should be studied before any serious consideration is
given to implementing the propozed project.

Other Renewable Energy Options

Solar Thermal Systems

4.26 The application of solar hot water heaters in commercial and
institutional buildings is being demonstrated under a USAID project.
MMET and BOS are undertaking a project to set up equipment performance
standards for the solar water-heating industry. The mission supports
this project and recommends that the project also include local industry
participation. Local industry has an established manufacturing base and
the commercialization of solar hot water heaters and other devices should
be left to the private sector. However, the Government should investi-
gate economic incentives, such as investment tax credits, waiving sales
tax, etc., to enhance the private sector commercialization efforts.

4.27 Small solar crop dryers have been built and tested by the SRC
staff; a solar lumber kiln is currently being tested. The specific

41/ Proposed by Osmond Welsh and Associates of Los Angeles, California
USA.

42/ In this regard, it is worthwhile to mention that a 60,000 liter/day
cassava-to-ethanol plant in Minas Gerais, Brazil, had to curtail or
shut down ethanol production because of lack of sufficient cassava
deliveries to the plant.
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drying requirement for commercial lumber will be difficult to achieve in
a solar kiln. The mission recommends that SRC focus only on crop
drying. It is also recommended that the SRC staff actively monitor
ongoing solar pilot and/or demonstration projects.

Ocean Thermal Energy Conversion

4.28 Ocean Thermal Energy Conversion (OTEC) technology has not been
tested on a scale of operation that allows an estimate of the costs asso-
ciated with operating a commercial plant. The mission recommends that
the GOJ only monitor the ongoing R&D and testing efforts in the U.S. and
other countries and not waste time and resources on testing this tech-
nology.

Wind Energy Systems

4.29 The wind mapping efforts are currently underway. Preliminary
indications are that the low wind speeds will make the application of a
wind power generation system uneconomical.
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V. ENERGY CONSERVATION

Demand Management

Country Performance

5.1 Since the 1974 oil crisis, Jamaica has not made any appreciable
improvement in energy consumption per unit. of value added. Table 5.1
shows that the energy intensity index of Jamaica 43/ has remained high.
An analysis of energy elasticity (Table 5.2) confirms that Jamaica is
generally an inefficient user of energy. In the late 1970s, the elasti-
city was high by world standards while in the early 1980s no clear trend
can be established because power shortages have distorted the numerator
values. Generally, it would appear that elasticity values in the 2-2½
range could be expected if improvements in pricing policies and energy
efficiency are not made: most developed countries have elasticity values
of less than half that of Jamaica. Jamaica must make a substantial ef-
fort to improve energy demand management for, with a projected 3% annual
growth rate of GDP, oil imports could rise by approximately 6Z p.a. (in
real terms), thus adding substantially to the balance of payments def-
icit. To monitor the country's progress the mission recommends that a
reporting system on energy demand management and efficiency be instituted
and the results annually reviewed by the Government.

5.2 Energy intensity per unit of production can be reduced by:
(a) lowering demand through higher energy prices; tb) achieving higher
levels of energy efficiency; and (c) structural adjustment towards less
energy intensive processes. The first step in a successful energy con-
servation program is to ensure that the price of all energy consumed at
the retail level reflects their opportunity costs. Currently, substan-
tial amounts of energy are sold below their opportunity costs. Adjust-
ments in energy pricing are a necessary first step for a successful
demand management program and are essential if options (b) and (c) above
are to be pursued.

43/ The energy intensity index is an indicator used to monitor the
efficiency of energy use at the macro level. The index is defined
as:

Index of Energy Consumed
Index of CDP

For the base year of 1974, the index is 100.
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Table 5.1: ENERGY INTENSITY INDEX a/

Year Jamaica lapan

1974 (Base Year) 100.0 100
1975 109.5 95
1976 103.5 93
1977 97.4 90
1978 95.3 88
1979 109.9 88

Ratio: Index of Energy Consumed
Index of GDP

a/ Excludes the Alumina/Bauxite industry. The
index is not relevant for the years after 1979
due to power supply shortages In Jamaica.

Source: Mission estimates.

Table 5.2: ENERGY ELASTICITY (E) a/

1975 1976 1977 1978 1979 1980 1981 1982 1983

+7,4 +2.0 +2.6 -12.2 +11.2 +3.4 -1.8 +4.4 -10,5

a/ (excludes bauxite/alumina industry).

E = % change in energy consumed
% change in GOP (constant prices)

Source: Mission estimates.

5.3 In Jamaica, option (b) above has considerable scope, and some
success in improving energy efficiency is being achieved through the
USAID/GOJ Energy Sector Assistance Project. However, a much broader
based approach is required. The third option, (c), of moving to less
energy-intensive processes, is limited for two reasons. First, excluding
the bauxite/alumina sector, Jamaica does not have an industrial base
which is energy-intensive; second, the critical role of the bauxite/alu-
mina sector in earning foreign exchange combined with existing plant in-
vestment makes it unlikely that alumina processing will move offshore.
Thus, the most promising options to pursue are (a) and (b) above. Apart
from the usual political constraints, option (a) is rather straightfor-
ward. Option (b) is more complex due to the organizational and foreign
exchange constraints within Jamaica (organizational constraints are dis-
cussed in detail in Chapter VI). Foreign exchange constraints limit the
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importation of the latest energy-efficient equipment. Thus, retrofitting
and improvements in operational efficiency are the two most important
options for energy saving in Jamaica.

Sector Performance

Alumina/Bauxite Industry

5.4 In 1983, the alumina/bauxite irdustry consumed 57Z of imported
petroleum products and dominated energy demand (Table 5.3). The industry
finances its own imports and has tended to be isolated from the Govern-
ment's energy conservation programs. Within the industry, the Bayer
process is the major user of energy. Nothing new, technologically, is
expected to replace this process; therefore, the two options availabLe
are process improvement and/or fuel substitution. As all companies in
the sector are multinational, decisions regarding investments to reduce
energy consumption or costs will be influenced by the parent company's
policies. Parent company policies influence those options available to
the GOJ to encourage energy conservation within each company. World
market pressures influence process improvements while indigenous cost
structures influence fuel substitution and plant expansion plans. In
Jamaica, reducing the cost of alumina production through a fuel substitu-
tion program (coal replacing fuel oil) is an option which the Government
should actively pursue with the companies concerned. Although energy
efficiency could fall, economic efficiency would improve and thus put
Jamaica in a better position to compete with Australia, Brazil, and other
producers in the alumina market.

5.5 To date, process improvements have been the main source of re-
ductions in energy use. The two main companies presently consume between
2.8 to 3.6 bbl/ton alumina and a projected consumption of 2-2.1 bbl/ton
is expected to be achieved under the companies' existing energy conserva-
tion programs. The major benefits as far as Jamaica is concerned are yet
to be achieved. The most important technological feature of the Bayer
process 44/ is its ability to use substitute fuels such as coal. Present
indications are that production costs could be reduced by US$25/ton by
converting to coal. Coal substitution by the alumina industry also has
potentially large advantages for other sectors such as power and cement
in that unit importation costs are lowered and coal purchasing power is
improved.

44/ Process for converting bauxite to alumina.
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Table 5.3: ENERGY DEMAND - 1983
(MCOE)

Petroleum Products Percent Electricity

Alumina/Bauxite 5,340 57 -

Transport

Aviation/Bunker 70 <1 -

Rail/Public Transport 44 <I -

Private Transport

Urban 987 11 -

Rural 907 10-
Industry

Cement 338 4 -
Sugar 104 1 400

Other Manufacturers 306 3 -
Comercial 85 1 -

Government 186 2 79
Domestic

Urban 212 2 218

Rural 177 2 -

Others 502 5 -

9,258 100

Source: Mission estimates.

5.6 From an energy demand management perspective, the Covernment
should investigate the incentives necessary to accelerate the coal sub-
stitution program of the alumina industry (3.9).

Transport Sector

5.7 Fuel Consumption Trends. Apart from the alumird/bauxite indus-
try, the transport sector dominates the use of petroleum products. 45/
Table 5.4 shows that in 1983 512 of petroleum products were used by the
transport sector. The recent upward trend in both gasoline and diesel
consumption indicates that there are substantial opportunities for energy
conservation in the transport sector. Transport fuel consumption has,
grown at more than double the rate of CDP growth (Table 5.5), which indi-
cates that low levels of transport efficiency are occurring. Further,
the 2.5 ratio of gasoline to automotive diesel in 1983 indicates that
substantial opportunities exist for introducing fuel-efficient diesel
engines.

451 By definition, JPS is considered to be in the supply sector.
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Table 5.4: ENERGY DEMAND, 1983 - PETROLEUM PRDDUCTS a/
(excluding the bauxite/alumina subsector)

MBOE S

Transport

Aviation/Bunker 70 2

Rail/Public Transport 44 1

Private Transport

Urban 987 25

Rural 907 23

Industry

Cement 338 9

Sugar 104 3

Other Manufacturers 306 8

Conuercial 85 2

government 186 5

Domestic

Urban 212 5

Rural 177 4

Others 502 13

3,918 100

a/ Energy consumed for conversion purposes such as power

generation is excluded.

Source: MMET.

Table 5.5: TRANSPORT FUEL CONSUMPTION TRENDS a/

('000 bbl)

Year Gasoline Automotive Diesel GOP (JS 1974)

1976 1,936 517 1,892.0
1980 1,430 459 1,678.6
1981 1,497 4'6 1,737.2

1982 1,664 601 1,788.6

1983 1,690 678 1,816.7

Averago Growth

80/83 5.5% 19.2% 2.7%

a/ Excludes the Alumina/Bauxite Industry.

Source: Mission estimates.

:.
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5.8 Table 5.6 shows that the consumption of the major petroleum
fuels by the private transport sector is fairly evenly spread over the
island with 532 being consumed in urban areas and the balance (47Z) being
consumed in rural areas. This even dispersal of the consumption pattern
requires a broad-based approach for a transport sector energy conserva-
tion program.

Table 5.6: CONSUMPTION OF GASOLINE AND AUTOMOTIVE DIESEL, 1983
(1000 Barrels)

Gasoline Automotive Diesel
('000 bbl) (%) ('000 bbl) (M)

Rail/Public Transport 1 1 44 4
Private Transport
Urban 893 52 214 19
Rural 667 39 336 29

Alumina/Bauxite 13 1 100 9
Industry 27 2 125 11
Government 79 5 84 7
Others 23 1 241 21

1,703 101 1,144 100

Source: MMET and mission estimates.

5.9 Pricing. Pricing transport fuels at their opportunity cost is
the first essential step in a conservation program. Correct pricing
facilitates economic efficiency; however, other policy initiatives may be
required where severe market distortions exist. The relatively high
growth rates in gasoline and auto diesel consumption are explained by the
past failure of the GOJ to use pricing to control demand. As shown in
Table 5.7, from December 1978 to June 1983, the real price of gasoline
fell and even though diesel rose steadily in real terms, its retail price
was 33% less than that of gasoline in January 1984. Recently, retail
prices have increased in real terms and the GOJ is making greater use of
pricing as a demand determinant.

Table 5.7: RETAIL PRICE TRENDS
(per US Gallon)

Gasoline a/ Auto Diesel a/

(US*) (Ji) (Constant) (USI) (J) (Constant)

Dec. 78 139.69 248.79 248.79 40.98 72.99 72.99
Oec. 79 179.28 319.30 247.90 79.16 140.98 109.45
Dec. 80 216.71 385.96 233.77 135.15 240.70 145.79
Dec. 81 217.49 387.34 :Q6.72 135.64 241.58 122.69
June 83 168.57 498.96 239.31 112.29 332.37 159.41
Jan. 84 226.93 748.90 342.11 151.20 498.96 227.62

a/ Deflated by CPI.

Source: MMET.
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5.10 The move to more efficient diesel-powered vehicles in the late
1970s has been retarded by the fall in the real price of gasoline, the
increase in the real price of diesel and the decreasing absolute differ-
ential between gasoline and auto diesel (J$1.76 in 1978 and J$1.67 June
1983). Since 1982, the real price of gasoline has increased and the ab-
solute differential between gaboline and auto diesel increased from
J$1.45 in December 1982 to J$2.49 in January 1984. As a result of these
changing cost structures, auto diesel fuel has become more attractive to
transport operators and for 1982/83 diesel consumption increased 13Z
against 1.6% for gasoline. The estimated short-term price elasticity 461
for gasoline is -0.16, which indicates that higher absolute price levels
will be necessary to have any significant impact on restraining demand.
Compared to countries with similar GNP per capita, the absolute price
levels for gasoline and diesel in Jamaica were reasonable in 1982 (Table
5.b) and indicate that further substantial price increases may meet pol-
itical resistance, particularly as revenue from road users far exceeds
public sector expenditures on the road infrastructure. In summary, al-
though pricing is central to an energy demand policy, Jamaica will have
to develop other policy options if the rate of growth in gasoline and
auto diesel consumption is to be brought down. Vehicle fuel efficiency
standards, higher load factors, larger trucks, and a more efficient
public transport system are some of the options yet to be expLoited.

Table 5.8: INTERNATIONAL COW"ARISON OF DOMESTIC RETAIL
FUEL PRICES. 1981
(USS/US Gallon)

Country GNP/Capita Gasoline Percent a/ Diesel Percent

OSUS 1980)

Jamaica 1,090 2.17 219 1.35 145
Ecuador 1,100 0.80 82 0.44 48
Guatemala 1.080 2.00 2t1 1.03 112
Peru 1.080 1.10 112 0.58 64
Dominican Republic 1,i90 2.57 260 1.15 125

a/ Domestic retail prices as a percentage of border prices, 1981.

Source: World Bank Atlas and World Bank Publication. "The Energy
Transition in Developing Countries."

5.11 Fleet Characteristics. The vehicle fleet in Jamaica is charac-
terized by a lengthening of the average vehicle age and inefficiency in
fuel use due to the lack of spare parts and poor vehicle maintenance.

46/ Defined as Z change in quantity consumed (for the same period)
X change in price
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The basic problem causing the inefficiency is the lack of foreign
exchange required to re-equip and maintain the existing fleet. Over the
period 197311980, the number of vehicles fell from 72,778 to 60,;05.

5.12 As shown in Table 5.9, motor cars are the dominant vehicles,
with 56% operating in the Kingston and adjacent St. Andrew parish area.
The next largest concentration is in the St. James area (the tourist area
of Mantego Bay) where 7% of all vehicles operate. The baLance of 37% is
fairly evenly spread over the rest of the island.

Table 5.9: VEHICLES CERTIFIED FOR ANNUAL INSPECTION

BY THE ISLAND TRAFFIC AUTHORITY

ALL JAMAICA, 1979-1980

Buses, Trucks and
Motors Cars Tractors Mc;orcycles Trailers

Country Total 40,174 13,282 6,335 694
Total KMR a/ 25,000 4,970 1,800

% Total (KMR) 64% 34% 28%

a/ Kingston Metropolita'. Region.

Source: A study of the Modal Distribution of Non-Urban Traffic in
Jamaica by Delcande International Ltd. for MPUT.

5.13 In the period 1972/73 to 1979/80, the motor car population fell
20%. In the three years preceding import restrictions, the average vehi-
cle life was 5.1 years. However, by 1980 the average vehicle life had
grown to 11.4 years. Motor car imports had fallen from 10,882 in 72/73
to 5,139 in 1980. Thus, the inflow of modern, fuel-efficient cars has
slowed down significantly. Over the same period (1973-1980), the average
fuel consumption of Japanese-manufactured vehicles fell from 10.41
liters/100 km to 8.33 liters/100 km (i.e., 20% reduction). Thus, because
of lover vehicle imports Jamaica has not been able to take full advantage
of technological improvements which would have resulted in reduced fuel
imports, if new vehicles replaced aged ones.

5.14 Over the period 1978/81, only 4.4% of new motor vehicles regis-
tered were diesel-powered; the Dalance (95.6%) was gasoline-fueled. In-
centives should be provided to encourage importing diesel-fueled cars
which can save up to 30% on fuel over a gasoline-powered vehicle. Diesel
vehicles are better suited for inter-parish travel. Due to the traffic
congestion in the Kingston area, only marginal fuel savings would be
achieved by using diesel vehicles.

5.15 The use of motor cars in the Kingston Metropolitan Region (KMR)
is an important focal point for energy conservation. In 1980, an

. . .~ ~ ~. -.
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estimated 63% of all gavolin: was consumed in the KKR. A recent traffic
survey indicated that pri v.e cars, of which approximately 96% are
gasoline-fueled, made up lX% of the average road traffic. As shown in
Table 5.10, private cars are being used for transportation that could be
achieved more efficiently by a fuel-efficient public transport system.
Over 56% of private car trips are made for work and school purposes and
therefore a large potential fuel savings would be achieved by shifting
commuters to public transport.

Table 5.10 MODEL SPLIT BY TRIP PURPOSE, KINGSTON METROPOLITAN AREA 1980
('000 per day)

Private
Bus (JOS) % Minibus % Car % Walk % Other %

Total 208 100 313 100 225 100 318 100 38 100

Work 80 38 149 47 90 40 58 18 12 32
Private
Business 14 7 103 33 51 239 60 19 16 42

School 105 51 12 4 36 16 167 53 - -
Leisure 9 4 49 16 48 21 33 10 10 26

Source: Kingston Metropolitan Region Urban Transport Project by Dorsch
and Jentech for GOJ Ministry of Finance and Planning, May 1981.

5.16 To achieve fuel savings within existing foreign exchange con-
straints, operational improvements would be required. Capital stock
improvements through importing more fuel efficient vehicles is preferred
because their modern technology results in fuel savings and is essential-
ly independent of the operators' driving habits. Savings through opera-
tional improvements are difficult to maintain over time, and therefore a
comprehensive monitoring and management program is essential.

5.17 Fuel savings through improvements in the road infrastructure of
KKR have been recognized and a World Bank project to improve traffic man-
agement is under way. Savings of approximately one million gallons per
year are expected (approximately 3Z of KMR fuel use). Better traffic
flow brings with it the problem of greater use of the private car which
is substantially less fuel-efficient than other options such as mini-
buses and buses. The Government would have to develop policies resulting
in a move from the private car to greater use of public tLansport.

5.18 To achieve fuel savings in the use of motor cars, the mission
recommends that:

(a) all imported (including externally-financed) motor cars should
comply with an appropriate fuel-efficiency standard such as the
U.S. EPA or Japanese 10 mode test;

.
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(b) priority should be given to importing diesel, rather than
gasoline powered, vehicles;

(c) annual license fees should be based on vehicle mass rather than
engine capacity. The present system of fees based on engine
capacity encourages the use of small engines in larger vehicles
and does not encourage fuel-efficient vehicles;

Cd) high-mileage vehicles such as taxis and tourist vehicles should
be the most efficient in the fleet. Licencing requirements for
taxis should encourage the use of fuel-efficient vehicles; and
vehicles which are more than five years old should be phased
out of the taxi fLeet;

(e) import priorities should be set such that the limited foreign
exchange is available for high-mileage vehicles such as taxis
and tourist vehicles;

(f) the use of motor cars which have a combination of old design
and large mass should be discouraged through taxes that in-
crease the annual fixed charges. Private cars over ten years
old and 1,500 kg mass should be heavily taxed; and

(g) the Government should encourage the use of private sector van
and car pooling in the Kingston area. With such a high use of
motor cars for work-oriented travel, this option needs to be
actively pursued by the GOJ.

5.19 Passenger Travel: Motorcycles. The ratio of motorcycles to
motor cars in Jamaica is reasonably well balanced. Jamaica has 16 motor-
cycles per 100 motor cars; the world average is 21. Motorcycles are gen-
erally a more fuel-efficient transport mode than motor cars; however,
two-stroke motorcycles can use up to 20% more fuel than an equivalent
four-stroke powered motorcycle. The mission recommends that all imported
motorcycles should comply to 1980 U.S. EPA exhaust emission standards;
the net effect is improved fuel efficiency.

5.20 Passenger Transport: Buses. Road transport is predominantly
passenger transport. The major concentration of passenger movement is in
KMR, where in 1980 about 2,540 buses operated. The largest bus opera-
tion, JOS, was phased out towards the end of 1983 becsuse of its poor
financial performance, and replaced by private operators. However, poor
financial performance is a common occurrence for transit systems where
transport charges are held below their financial cost for political
reasons. In KMR, buses carry approximately 50Z of total passenger

. .....-..
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traffic yet only form 12% of'traffic congestion; 471 thus, buses play an
important rate in passenger travel while adding only marginally to traf-
fic congestion.

5.21 Because of JOS's poor performance, growth in the use of low
capital-cost minibuses has been strong while the use of larger buses has
slightly fallen. By 1980, there were 1,720 minibuses and 820 buses oper-
ating in KMR.

5.22 Presently, there is no matching of optimum bus size with
passenger flows. Further, the multitude of bus types needs to be ration-
alized to reduce spare part inventories which are essentially funded by
foreign exchange.

5.23 There is a need for the MPUT to evaluate whether the move to
minibuses is economicaLly viable. In Jamaica, fuel costs are only 13% of
basic bus operating expenses while total petroleum imports represent
nearly a third of imports; the foreign exchange impact on the nation may
have been overlooked in the decision to use a greater number of mini-
buses.

5.24 As the GOJ licenses all bus routes, it has a major role to play
in reduced petroleum imports through a more efficient transport system.
The Government, through the public passenger vehicle (PPV) licensing sys-
tem, can greatly improve the fuel efficiency and foreign exchange savings
to be achieved by the bus sector. The approval board shouLd issue guide-
lines to operators on preferred vehicle types and sizes, based on the
licensed route load and traffic characteristics.

5.25 Freight Transport: Trucks. As in the case of the motor car
subsector, the foreign exchange constraint has been a major impediment to
improving the truck fleet performance. Truck imports fell from a high of
2,041 in 1975/76 to 322 in 1980/81. In new trucks over 3.75 ton net
weight (NVW) diesel engine vehicles predominate; however, in the under-
2.75 ton category, gasoline-fuelled trucks predominate (1978/1981 65% of
new trucks, buses and tractors less than 3.75 ton NVW were gasoline-
powered). There is a need to substantially reduce the number of gaso-
line-fueled trucks being added to the fleet. Diesel-powered trucks under
ideal conditions are up to 30% more fuel-efficient. However, their
slightly higher capital cost may be causing the shifts to the cheaper,
but less efficient gasoline truck. As a short-term measure, importation
of gasoline-powered trucks should be discouraged. Small truck operations
appear to be marginal in Jamaica, with little provision for depreciation
or the implicit hourly wage of owner/drivers. In this environment the
lower-cost, gasoline-powered vehicle is attractive to the private

47/ The larger 40-seat buses carry about 20% of passengers and form
about 4% of traffic congestion while the 15-seat minibuses carry 30%
of passengers but represent 8% of traffic congestion because of
their larger number.
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operator; however, at the national level the economic returns of a
diesel-powered vehicle are higher.

5.26 The private operator is further influenced to use less effi-
cient gasoline-powered trucks because of the significantly higher annual
license cost of a diesel truck. For example, in the over 3-1/2 ton cate-
gory, the fee for a gasoline truck is J$160.50/year compared to J$409.50
for a diesel truck. The scale of fees should be revised such that gaso-
line trucks pay the same fee as diesel-powered trucks of the same axle
loading.

5.27 The present licencing system does not encourage better utiliza-
tion of the transport fleet. Of the two license categories, Rl (public
carriers licencee) and R2 (private carriers licencee), R2 vehicles predo-
minate. In 1979/80, for KMR 27Z of licencees were public Rl, while for
Jamnica as a whole 37% of licencees were of the Rl category. Trucks with
R2 licences traditionally have poor load factors (little or no backload
capability) compared with well organized public RI carriers. The Govern-
ment should discourage R2 vehicles while encouraging the wider use of the
more fuel-efficient (due to higher load factor) RI operators.

5.28 Experiments in France to better match freight flows through
better operator communications have resulted in a 26% fuel savings for a
400-truck fleet. Similar opportunities exist in Jamaica; for example,
computer modelling of the Kingston-Montego Bay route indicated a possible
50% reduction in fuel usage.

5.29 The fuel savings using larger trucks are significant and, as
shown in Table 5.11, a smaller vehicle can use up to 300% more fuel to
move the same amount of freight.

Table 5.11: FUEL USAGE IN TRUCKS

I iters/100 km
Type Payload Payload Ton a/

Ford Trader/1980 2.56 tons 6.0
Mack R612 RST/1980 9.08 tons 4.6
Mack R686/1981 21.62 tons 2.0

2/ Highway Cycle 853 km urban cycle 121 km.

Source: British Petroleum Commercial Vehicle's Economy Run 1981.

5.30 The HPUT should determine load freight flows within Jamaica and
develop recommendations on the appropriate vehicle size which will
optimize the economic transport of freight. There is an urgent need for
MPUT to develop an energy efficiency unit within the ministry.
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5.31 Although rail is up to 10 times more energy efficient than road
transport, the generally small lead distances indicate that substantial
substitution by rail is not a practical possibility for Jamaica. How-
ever, on specialized routes such as Kingston-Montego Bay, integrated
rail/truck systems should be investigated.

5.32 The widespread use of trailers should be encouraged on those
routes where there are no practical constraints (road width, safety) to
their use. The possibility of local manufacture and moderate foreign
exchange requirements make trailers an attractive option to offset the
declining fleet capacity. Trailers offer flexibility as well as a low-
cost option to increase capacity.

Industrial and Commercial

5.33 Industrial and commercial energy conservation in Jamaica has
been heavily influenced by, and generally confined to, the USAID Energy
Sector Assistance Project. The USAID Project was started in early 1981
and was originally designed as a US$14 million package. The package was
later changed to a two-phased program. The first stage dealt with GOJ
institution building combined with a public sector energy conservation
program and some alternative energy activities. Phase II is concerned
with the establishment or upgrading of local energy-related industries.

5.34 The USAID program is being implemented through MMET and has
resulted in other ministries and agencies assuming that they have little
or no responsibility for energy conservation. There is a need to broaden
the base of the GOJ Energy Conservation Program so that other ministries
are responsible for conserving energy. The lack of private sector inputs
to influence the energy conservation program should be rectified through
an appropriate coordinating mechanism. This approach needs to be care-
fully researched as the past failure of the NACEC is an indication of the
complexities surrounding coordinating organizations. The fact that a
major energy supplier such as JPS does not have a customer energy-conser-
vation program in operation a decade after the first oil crisis gives
cause for concern. Further, the lack of involvement of the other large
energy supplier PCJ requires review. The three private oil companies
have no coordinated energy conservation program which is necessary
because of the foreign exchange consequences associated with the products
they sell.

Conservation Investments

5.35 A survey of 49 companies in Jamaica indicates that, for 1982/84
alone, estimated investment requirements for energy conservation totalled
J$17.8 million (USAID survey). Obviously, existing funds (US$5.9 mil-
lion/J$22 million, USAID) will be inadequate for all conservation oppor-
tunities. The GOJ will have to set stringent loan requirements for the
limited foreign exchange available. The USAID survey results indicate
that industry would wish to use funds for power generation which, with
the improving performance of JPS, is unnecessary. The GOJ should not
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necessarily accept the normal financial criteria for the disbursement of
loan funds. Export industries that earn foreign exchange should be given
a high priority, which is not the case under the proposed arrangements.

5.36 USAID loan funds have been concentrated on capital stock
improvement (retrofitting), whereas given Jamaica's limited foreign
exchange availability, some funds should be directed towards operational
improvements in existing plants.

5.37 Operational improvement is the least-cost approach to saving
energy and increasing the efficiency of energy use. This approach usual-
ly results in a 10-15% reduction in energy, essentially through good
"housekeeping" operations. Developing an energy saving and cost reduc-
tion technique requires detailed training of plant operators. Normally,
a short 10-day program is needed which emphasizes the practical aspects
of plant operation and reporting on energy efficiency performance. The
proposed course at the College of Arts, Science and Technology is not
aimed at the plant operator. Also, lecturers should be continuously
involved with industry's operations.

5.38 The essential component of widespread operator training has
been overlooked mainly because the program has focused on the USAID
project. The USAID program focuses on the second stage of the energy
conservation cycle which is capital-intensive. The assessment mission
did not identify the most suitable organizational arrangement for train-
ing plant operators and recommends that the GOJ join with the private
sector to develop an appropriate organization.

Domestic Sector

5.39 In the domestic sector, correct energy pricing is the most
important policy instrument for promoting energy conservation. Consumers
have been subsidized in many important energy-related areas. Electri-
city, kerosene, and public transport have been supplied at prices below
their economic cost. Energy consumption in some sectors has fallen but
this has mainly been the result of falling real income. Lack of involve-
ment of retail energy suppliers is a notable shortcoming of the GOJ
energy conservation program for the domestic sector. JPS should develop
an energy conservation program which includes consumer education and rate
revision.

5.40 There is a need to introduce appliance standards, particularly
for air conditioners, kerosene cooking stoves, and refrigeration units.
As in many developing countries, the impact of public education through
advertising and other media is not well-established. Before committing
funds to advertising programs which follow the techniques used in devel-
oped countries, a careful analysis of the program's costs and benefits
should be made.
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VI. INSTITUTIOKAL ISSUES

Overview

6.1 Recognizing that one agency in the Government should have the
main responsibility for energy policy planning and coordination, the Cov-
ernment in 1977 established an Energy Division within the Ministry of
Mining, Energy and Tourism. However, over the years the Energy Division
has been unable to carry out its national responsibilities in a satisfac-
tory manner because: (a) it is not properly structured; (b) it lacks
sufficient high-calibre staff; (c) it suffers from various institutional
problems such as low pay, low staff morale, lack of career paths, high
turnover, and difficulties in the areas of internal communication, lead-
ership, 48/ and delegation of responsibility; and (d) there is a lack of
proper coordination and consultation in the energy sector, especially
among its three principal institutions (the Energy Division, PCJ and JPS
and their respective parent Ministries -- the MMET and MPUT).

6.2 The Energy Division's inability to carry out its mandated role
as lead organization in the energy sector is of the greatest significance
to Jamaica; it has meant that only halting progress has been made towards
the nation 's stated goals of reducing its dependency on imported petro-
leum and developing indigenous energy resources.

6.3 The main issue is not primarily one of lack of financial re-
sources. On the contrary, Jamaica's energy sector has been provided with
a great deal of financing and technical assistance by a wide variety of
multilateral and bilateral donors (UNDP, ISRD, IDB, USAID, Canada, Scan-
dinavian countries, West Germany, Italy, and others). At present, for
example, USAID is providing US$7.5 million in project funding and techni-
cal assistance directly to the Energy Division to build its institutional
capability, and its conservation and alternative energy programs. The
assessment mission has found that the overriding issues in the energy
sector are of an institutional nature and require a focus on:

(a) helping the Energy Division to overcome its organizational
weaknE s and assume its designated central role; and

(b) promoting better linkages and coordination of efforts among all
energy-related bodies, whether public or private. Furthermore,
unless these institutional problems are remedied, there is a

4C! There was a serious leadership vacuum in the Energy Division as of
April 1984 since the former Director was promoted to Permanent
Secretary and transferred in January, 1984. A new Director has not
been selected yet, even though this appointment is a high priority
'L atterm.
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danger that the proper selection and implementation of invest-
ment projects will continue to be impeded as will the proper
allocation of financial resources and manpower in the sector.

Institutions in the Energy Sector

Ministry of Mining, Energy and Tourism (MMET)
and the Energy Division (ED)

6.4 Role and Objectives. The Energy Division of the MMET was
established in 1977 and is charged under the law with responsibility for
formulating and overseeing the implementation of a National Energy Policy
and Plan for Jamaica.

6.5 A review of the Energy Division's work programs reveals that,
with the benefit of USAID Project funding, it has been devoting an extra-
ordinary amount of time, energy, and money not on policy and pLanning
work, but rather on day-to-day project implementation and development
work, especially in the areas of conservation and alternative energy.
This imbalance in its activities needs to be remedied and, in the opinion
of the mission, the Energy Division should adhere more closely to its
legally defined role and national responsibilities for energy policy,
planning, monitoring, coordination, and public information and education.

6.6 Structure. The present organizational structure of the Energy
Division of the Ministry of Mining, Energy and Tourism (with its main
branches of Economic Planning, Conservation and Alternative Energy) is
shown in Chart 6.1. This structure has basically been in existence since
1980 except that in the 1981-82 period it had grafted onto it a Project
Implementation Unit (funded by the USAID Energy Pro,ect). In 1984 the
GOJ discontinued this unit.

6.7 The required structural changes that are recommended by the
mission are the following: 49/

491 Recommendations (a) and (c) are also those of the Energy Division's
Local Consultant, W. Boyne, and are contained in his March 1984
report. However, as explained in recommendation (b), the mission
does not support the recommendation of merging the Conservation
Branch and Alternative Energy Branch into a new Energy Development
Branch.

. .
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(a) Since the Energy Division's business is energy policy, coordi-
nation and monitoring (not project implementation), the exist-
ing USAID-funded Project Implementation Unit (PIU) should be
disbanded as a separate organizational entity. 50/ Those PIU
staff who have the appropriate skills should be integrated into
the regular establishment of the Energy Division. This re-
structuring is of the highest priority since the PIU, despite
doing useful work, has evolved over time into a parallel
organization duplicating functions of the regular Energy
Division branches (especially Conservation and Alternative
Energy). Furthermore, the existence of this almost autonomous
unit has caused morale problems because of its access to and
power over the USAID funds administered by the Energy Division,
and because PIU staff (although doing similar work) received
better remuneration due to the USAID funding and topping-off of
salaries.

(b) The Energy Division should be reorganized into a smaller, but
more effective organization (manned by fewer, but good quality,
staff) comprised of just two branches. The main branch would
be the Energy Policy and Project Analysis Branch - comprised of
:he present Economic Planning Branch plus elements of the pre-
sent Conservation and Alternative Energy Branches (in the form
of two engineering positions that would be transferred to per-
form the policy and planning support functions of monitoring
and evaluating conservation programs and assessing alternative
energy project proposals and technology). The idea here would
be to pool resources and thus make better use of scarce skills.

(c) The seccnd branch, a support branch, would be a new and upgrad-
ed Energy Information and Education Branch to serve not only
energy conservation, but the entire energy sector in Jamaica.
This new Branch should result from amalgamation of the present
Energy Education Unit of the Conservation Branch and the new
Energy Information Centre (of the Ministry of Mining and Energy
Library).

6.8 Staffing. Manning of the Energy Division is weak (as is true
in most of the Covernment ministries) since most of its professional
staff are young, inexperienced, and junior in status.

6.9 The Energy Division is receiving technical assistance through a
resident UNDP-funded Energy Economist and a resident USAID-funded Conser-
vation Specialist; USAID is also scheduled under its Energy Project to
provide additional short-and long-term technical assistance. However,
since the problem is more one of quality rather than quantity of staff, a
restructured and more streamlined Energy Division would not require a

50/ At the time the draft report was reviewed in March 1985, the mission
was informed that PIU has been discontinued.
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staff of 28 professional and technical personnel as is currently recom-
mended in the March 1984 report of the Energy Division's local consul-
tant. The mission recommends that the division should divest itself of
any research-oriented or project implementation work. The Energy Divi-
sion should carry out its functions with a much smaller, but highly qual-
ified staff of about one-half the size mentioned above - that is with
some 10 professionals (economists, engineers, information specialists,
statistician/computer specialist). Of this number, about five shouLd be
senior professionals (the core group) well respected by Government statu-
tory bodies and the private sector for their competence in the energy
field. These five senior professionals should be supported and assisted
by about five professional staff at junior or intermediate levels of
competence and experience, who themselves should be groomed to assume
higher-level responsibilities.

Recommended Reorganization of Energy Division

6.10 The mission recommends that the Energy Division be restructured
as follows:

Professional Staff
I Director of Energy Division (SMG 111)

Energy Policy and Project Analysis Branch Energy Information and Education Branch

1 Director (SMG I) 1 Direc.tor (PMA V)

1 Senior Economist (NPS IV & 111) 1 Senior Information Officer
'PMA IV)

I Senior Engineer (ASG IV & 111) 2 Information Officers or
Junior Information Officers
-PMA III & II)

2 Economists or Junior Economists
(NPS II & I)

1 Engineer or Junior Engineer
(ASG II & I)

Total: 6 4

Grand Total: 11 (Including Director)

6.11 If the Ministry has difficulty in filling the senior posts in
the Energy Division it should consider the option of utilizing the
recruitment and contract officer mechanism operated by Jamaica National
Investment Cr mpany for several ministries. Considering the weakness on
the petroleum side, the mission finds it vital that UNDP's energy project
in the form of an energy economist experienced in the petroleum industry
should continue for some time. This position is more important for the
ministry than the provision of an energy planner.
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Petroleum Corporation of Jamaica

6.12 The Petroleum Corporation of Jamaica (PCJ) is a wholly-owned
state corporation established under the Petroleum Act of 1979. As an im-
portant institution in the energy sector PCJ's main functions have been
to supply and operate Jamaica's only refinery. Other important functions
include petroleum exploration and investment studies of various energy
related projects.

6.13 The extension of the functions of PCJ into energy resources
other than petroleum is allowed for by the Petroleum Act through the
Minister responsible. The extension of PCJ's role in non-petroleum areas
carries certain project implementation functions (e.g., as regards hydro-
power, peat, and coal) that normally should be assigned to the agency
that would eventually operate the new power plants to be constructed. It
can be further argued that, in the long run, the agency that must live
and work with the new facility to be created should be the one to acquire
the technical know-how and expertise that is gained at all stages of pro-
ject development: pre-feasibility, feasibility project review, design,
and construction. Furthermore, JPS has considerabLe in-house expertise
and experience in managing large projects in transmission and power plant
rehabilitation, and can acquire, develop, or contract for whatever addi-
tional technical project management skills are required. The mission
recommends:

(a) that resources should be provided to JPS to strengthen its
project development and implementation capabilities; and

(b) that for those projects at the feasibility study stage PCJ
transfer responsibility to JPS at the most appropriate time.

Jamaica Public Service Company Limited (JPS)

6.14 JPS, criginally founded in 1923, is the only electric utility
in Jamaica and supplies the island with electric power under a 39-year
All-Island Electric License granted by the Government of Jamaica in 1978.
JPS was formerly owned by private interests (American, Canadian, and
British). It operated under the control of Stone Webster Corporation
until the Government acquired Stone Webster's controlling interest in
1971 and completed acquisition of 99 percent ownership of JPS in 1975.

6.15 Over a period of several years--especially during the 1979-1982
period -- JPS was plagued with severe financial losses, labor disputes,
and frequent and very disruptive power outages. Following further injec-
tions ef technical and financial assistance and follow-up of the recom-
mendations of tne 1982 management audit coordinated by JNIC the manage-
ment of JPS succeeded in greatly improving its performance. In 1983, JPS
showed a profit for the first time in several years; power outages
declined and an imorovement was evident in its management and financial
system.
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6.16 At present, JPS management is frustrated; although it will be
the eventual operator of the plants to be constructed in the future, it
is not playing a significant ro].e in the development and implementation
of new electric power-related projects such as peat, coal, and especially
mini-bydropower. The mission supports the position that it is in the
national interest that JPS, as eventual operator, be assigned the respon-
sibility for developing and implementing all electric power-related
projects. JPS has demonstrated that it has a project development and
implementation capability and this capacity should be utilized and
developed further.

6.17 To further strengthen JPS manpower in system planning and
project development, the mission recommends that a power economist be
recruited to w--k with the two overburdened engineering professionals in
the System Plar .ng Unit.

6.18 Although the MMET is the central body for national energy pol-
icy and planning, the MPUT is also a key ministry in the sector. The JPS
and some of the main users of energy, especially utilities and organiza-
tions in the transport sector, fall within its portfolio. Furthermore,
MPUT officials are the first co admit that the Ministry and its agencies
are not energy (conservation) conscious and that they need closer link-
ages and coordination with MMET on a regular basis to address energy is-
sues and to determine policies, priorities, and programs for action. The
mission endorses such closer linkages and joint action programs.

6.19 A manpower constraint exists, however, which prevents the Advi-
sory and Monitoring Unit (AMU) of MPUT from carrying out its analytical
and policy advisory work, including a proper examination of the electric-
iity tariff and the JPS investment program. The AMU has lost staff over
the years and now has only two senior professionals to do the monitoring
and advisory work concerned with a large number of official utilities and
transport agencies. The mission therefore recommends that MPUT recruit
for its Advisory and Monitoring Unit three additional professionals in
economics or business administration, one senior professional, and two
professionals or junior professionals. Further, these additional staff
should be responsible for developing and monitoring an energy conserva-
tion program for tho-e units under MPUT control.

Other Energy Related Institutions

6.20 The MMET (Energy Division and PCJ) and MPUT (and JPS) need to
provide data to and coordinate their policies and plans with the Planning
Institute of Jamaica (PIOJ) to ensure proper integration of energy sector
planning within national economic planning. However, PIOJ does not have
a full-time person assigned to energy sector planning. Only a part-time
person (an industrial engineer with other responsibilities) is cpsigned
to monitor the energy sector and receive data from energy sector institu-
tions. The mission consequently recommends that PIOJ strengthen its
institutional capacity in the area of enetgy sector planning and also
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strengthen its linkages with the principal energy sector institutions:
MKET, MPUT, JPS, and PCJ.

6.21 Other institutions involved in research and development studies
and project implementation for the energy sector are the following:

- Scientific Research Council (bioenergy including biogas,
fuel alcohol, fuel wood)

- College of Arts, Science & (solar; also to be site of new
Technology (CAST) USAID-funded Solar Energy In-

stitute)

- University of the West (wind)
Indies (UWI)

- Bureau of Standards (solar)

- Ministries of Agriculture & (bioenergy, solar)
Youth & Community Development

- Sugar ,ndustry Research (fuel alcohol)
Institute (of Sugar Industry
Authority)

- Jamaica Manufacturers (energy consumption study;
Association building code manual)

- Forestry Department (fuel wood)

- Planning Institute of Jamaica (project management and
contract management in solar)

6.22 The MMET Energy Division should be the focal point for monitor-
ing (and coordinating as appropriate) any energy-related R&D or project
implementation work carried out by these or other institutions.

Problems of Coordination in the Energy Sector

6.23 MMET's Energy Division has not been able to promote and main-
tain sound close working relationships with and among the public and pri-
vate energy sector institutions. The relationship between institutions
within the energy sector is shown in Chart 6.2.

6.24 Decisions on energy matters have tended too often to be made
individually and in an ad hoc and isolated manner unrelated to the guide-
lines and framework of an overall national energy policy and plan.
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6.25 The management responsibility for coordinating Jamaica's energy
sector efforts must be dealt with to ensure proper management of the en-
ergy sector investment programs as well as appropiate allocation of
financial and manpower resources. The mission recommends that the
following measures be implemented:

(a) Reconstitute NACEC as a new and revitalized high level National
Advisory Council on Energy to advise the Minister of Mining and
Energy on policy and serve as a forum for public and private
agencies on all energy-related matters and issues (not only
conservation). The MMET's Energy Division should be the tech-
nical secretariat for this new Advisory Council and provide
support services. 51/

(b) Establish an inter-ministerial committee or committees. MMET,
MPUT, MSTE, and other Ministries should meet on a periodic
basis to address outstanding energy issues and problems that
are inter-ministerial in nature -- e.g., conservation issues,
transport fleet policy, least-cost power expansion, etc.

(c) Establish a weLl balanced working committee (for policy guid-
ance and technical advice) at the beginning of any new major
energy project to ensure efficient resource utilization through
representation, invoLvement, and coordination of all directly
related agencies and parties.

51/ At the time the draft report was reviewed in March 1985, the mission
was informed that the COJ had indeed established such a committee
which works closely with the minister and the Energy Division in the
MMET acts as its technicaL secretariat.



Annex Table 1.I

JAMAICA ENERGY BALANCE, 1983
11000 barrels of fuel oll equivalent)

Sub-Totel Automotive marine Sub-Total Total
Fuelvood Charcoal Bagasse Non-Commrclal Power Crude oil LPO Avgas Moqas Keroner Diesel Diesel Fuel Oil Others Petroleum Enerqy

SUlPPLIES
Productlon 466 1070 1536 46 a/ I 562
Imports 7189 136 12 317 133 173 17 5933 13910 13,910
Gains/(Losses) (41) (21 (I) (50) (50)
Exports -) (671) (452) 1519) (519)
Bunkere/Avlation 12) (815) 123) (581 (1141 (1012) (1,0121
Stock (lncraasa)j/Dec. 175 91 56 22 (411 520 823 823

Supplies 466 1010 1536 46 7311 1S4 to 407 (6261 105 (82) 5687 13152 14,734

CUNVERSION
16f nind
Charge to Retanery (7304) (73041
ISn Use 1-1 12) (4) (281)

Losses 1-I 1221
Refined Products 143 1092 872 1224 171 S403 84 6995
Statistical Adjusteont (13) (13)

Power Goneratlon 3/
Fuel Use 3217 (2271 (2990) (32171 )
Generation Losses (2385)
TW Losses (162)
0vn Use (3)
Power Output 621

letass
Input (4Z8) 426
Conversion Losses (235) (514)
Output 193 556

Net Availability 36 193 556 787 667 277 10 14" 245 1102 95 6300 84 9613 11,067

UENII)
eauxitm/Alumina 11 96 5482

tunkers/Aviation to 1 4 15 14 26
Railways/Public Transport 42
Private Transport

Urban 786 206
Rural 587 321

Cement 2 63 341
Sugar Industry 556 556 13 109
Other manufacturlng 1359 3 24 4 lie 9 131 25
Commercial 1 65
Governent 3 70 81 4 23 6
Households 208

Urba-n 113 100
Rural 3I 193 231 42 137

Others 87 31 20 1 216 5 166 53

TOTAL OEHMU 36 193 556 767 667 277 10 149 246 1102 95 6300 84 9613 11,067

Al Hydropower only.
2/ JamaIea Public Service Coqany only.
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Annex Table 1.2

ENERGY PROJECTS IN THE PUBLIC SECTOR INVESTMENYT PROGRAM CFY81/82 - 84/85)
(million JS)

Responsible
Donor Agency 1981/82 1982/83 1983/84

Rural electrification IDB JPS 6.5 1.5 4.5
Wind mapping for energy assessment M4ET 1.0 .1
Alternative energy research development MMET .3
Ocean thermal energy conversion (OETC) PCJ .1 1.0 .7
Mini-hydro electricity project KFW PCJ .3 .1 .1

Onshore oil and gas exploration iDB PCi 10.1 25.6 1.9

Offshore oil and gas exploration IBRO PCJ 4.2
JiPS - Rehabilitation IBRD JiPS 10.9 18.0 16.9
JPS - Other Italy/Japan JiPS 47.8 33.2 30.0
Peat reserves utilization Finland/Sweden PCJ .6 1.4 1.4
Energy sector assistance MMET 1.7
Energy conservation & alternative usage USAID MMET 3.6 3.8
Feasibility study YS river Italy PCJ

Photovoltaic study Italy MMET .1
Rural energy system Italy MMET .2
Small-scale hydro inventory CIDA MMET 1.0 .1
Energy development MMET .2 .1
Solar energy .2
Geothermal OLADE .1 .1
Alternative energy demonstration USAID .1 .1

TOTAL 78.5 90.8 60.3

Memorandum Items
Total public sector investment program (PSIP) 779.3 794.5 755.8
Power and energy as % of total PSIP 10.1 11.4 8.0

JPS - Jamaica Public Service Company

MMET - Ministry of Mining, Energy and Tourism
PCi - Petroleum Corporation of Jamaica
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Annex Table 1.3

PROPCSED ONWOING'NEW ENERGY PROJECTS IN THE PUBLIC SECTOR INVESTMENT PROGRAM
(FY84/85-FY86/87)

(WS million)

Donor/
Financing Responsible (Preliminary)

Source Agency 1984/85 1985/86 1986/87

Energy Conservation and
Alternative Usage USAID MMET 6.7 7.3 10.0

Rural Electrification EEC JPS 6.7 3.6

Wind mapping for energy assessment USAID/EEC MMET .1

Alternative energy research & develoment USAID/EEC AMET 1.3

Oil and gas exploration IDB/!BRD PCJ 11.0

Back Rio Grande Hydropower Dev. IBRD/Itoly MMET 1.0 1.7 1.7

Jamaica Public Service Company

Rehabilitation IBRD/Italy JPS 52.1

Slow Speed Diesel Japan JPS 102.0 81.7 23.6
Substation Ven/IBRO 18.0 13.1 11.5
Transmission A Distribution EOC/Canada/Ven JPS 37.3 50.6 42.0
Hydros (JPS contribution only) KFW/Germany PCi 28.0
Other 73.0 34.6 36.8

Petrojam Refinery (Energy Conservation) 5.2 21.0
Mini-hydro electficity project KFW/CIDA PCJ 15.1 7.5

Peat reserves utilization Sweden/Finland PCJ 2.7 31.5

Alternate energy demonstration USAID MMET (.11)

Rural energy systems Italy MMET .3

Small-scale hydro CIDA MMET 6.8 15.1 7.5

Photovoltaic Study Italy MMET .3

Total a/ 319.4 228.0 221.1

Memorandum Item

Total public sector investment program (PSIP) 1068 1228.4 1031.6

Power and energy as % of total PSIP 29.9 18.6 21.4

a/ Does not Include cement company expansion project, which includes a major component for coal

conversion; USS90 million is expected to be spent on the project over the 3-year period.

Notes: Estimaies assume exchange rate of JS4.5 = USSI.

JPS - Jamaica Public Service Company

MMET - Ministry of Mining, Energy and Tourism

PCJ - Petroleum Corporation of Jamaica



Annex Table 2.1

INSTALLED GENERATING UNITS AS OF DECEMBER 31, 1983

grand Name Date of Name Plate Nor m I 04R Dlfterence Totals Based
Type Station/Unit Boller Turbine Commlssloning M.W. Rating (MW) Due to Norrel CHR (NW)

S OH #I Francotosi Francotosl 1968 33.0 270 'Boiler Capacity
2 Mitsubishi Hitachl 1970 60.0 54

T 3 Foster Wheeler General Electric 1972 68.5 60' 'Boller Deticlency
4 Foster Wheeler General Electric 1973 68.5 65 206

E H/B 0I Babcok and

Wlicox Brush 1953 12.5 9.5' '11oler Capacity
A 2 - 1955 12.5 905'

3 - Parsons 1958 15.0 1395
U 4 - 1960 15.0 13.5

5 - Associated Electrical Ind. 1962 20.0 19.0 130
6 Foster Wheeler General Electric 1976 68.5 65.0

o G.T. I1 General Electric 1968 16.5' 13.0 'Peak In for short
perlods only

A H/B 2 General Electric 1969 16.5' 13.0
3 John Brown 1973 22.75' 20.0

5 4 n n 1974 22.75' 20.0
5 n n 1974 22.75' 20.0 86

H Maggotty Harland Engineering 1959 6.37 2.5 Hydro output varies
Y L.W. River n n 1952 4.75 4.0 with stream flow
D Roaring Rlver n n 1949 4.05 3.6

R U.W. Rlver Dominion Engineerlng 1945 3.60 2.8
0 Rio Buono Harland Engineorlng 1966 2.50 2.3 15.20

Bogue I General Motors 1965 1.71' 1.50
D

3 n n 1966 1.70' 1.50

E 6 n to 1966 2.10' 2.00
7 n n 1966 2,10' 2.00

S B n n 1966 2,10' 2.00

E 10 Mlrrless 1959 2.00 2.00
it General Motors 1945 0.75 0.60 Due for retirement

L
s Port Antonio 01 0.36 0.36 'Standby' use only

2 0.50 O.SO
3 0.35 0.35
4 0.50 0.50
5 0.50 0.40



- 79 - Annex Table 2.2

ELECTRICITY CONSUMPTION BY USER, 1970-83
(CWh)

Small Large
Commercial Commercial

Residen- and and
Year tial Industrial Industrial Public Other Total

1970 203.3 337.0 119.5 75.3 0.0 735.1
1971 222.1 379.6 134.6 90.2 0.0 826.4
1972 282.5 436.3 131.6 94.9 2.0 947.4
1973 294.5 430.4 141.9 102.2 1.4 970.3
1974 297.6 433.8 141.5 110.3 6.5 989.6
1975 327.6 465.2 142.3 119.5 10.8 1065.4
1976 345.8 482.9 156.9 126.2 8.3 1120.0
1977 346.8 485.5 149.1 139.8 14.9 1136.1
1978 350.6 478.8 155.9 133.9 17.1 1136.2
1979 329.9 447.4 140.9 133.3 8.5 1060.0
1980 317.5 434.8 133.5 125.8 10.9 1022.6
1981 314.9 431.5 125.7 128.9 16.0 1017.0
1982 328.6 466.9 138.6 137.7 6.9 1078.8
1983 365.5 524.5 145.9 131.9 4.7 1172.5

Source: JPS.
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DISTRIBUTION OF CONSUMPTION BY PARISH

Parish 1977 1983 Growth Rate

GWh (Z) GWh {Z) (X)

KSA 611.9 53.9 588.0 50.1 -0.7

St. Thomas 14.9 1.3 21.7 1.8 6.5

Portland 11.7 1.0 14.4 1.2 3.5

St. Mary's 72.4 6.4 82.8 7.1 2.3

Trelawny 12.6 1.1 19.0 1.6 7.1

St. James 81.4 7.2 95.0 8.1 2.6

Hanover, West. 26.1 2.3 30.2 2.6 2.5

St. Elizabeth 19.7 1.7 20.8 1.8 0.9

Manchester 39.5 3.5 40.0 3.4 0.2

Clarendon 86.0 7.6 83.2 7.1 -0.6

St. Catherine 158.4 14.0 178.5 15.2 2.0

Total 1134.6 100.0 1173.6 100.0 0.6

Source: JPS.



Annex Table 2.4

ENERGY BALANCE, 1972-83
(GWh)

1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983

Demand
Consumption 947.4 970.3 989.6 1065.4 1120,0 1136,1 1136.2 1060.0 1022,6 1017,0 107B.B 1172,5
Losses 159,2 228,2 203,1 229.5 205.0 190.6 207,1 234,7 251,9 264,7 259.6 290.4
Requirements 1106,7 1198.5 1192,8 1294.8 1325.0 1326.7 1343.4 1294.7 1274.5 1281.7 1338,4 1463.0

Supply
Purchases 0,5 1.0 .0 .0 1.9 1.9 0. 0.1 0,1 0.7 2.9 4.8
Generation 1106.1 1197.5 1192.8 1294.8 1323.1 1324.8 1343.8 1294.5 1274.4 1281.0 1335.5 1458,2

coDSteam
Hunts Bay 189.2 277,2 202,0 190.7 409.9 563,0 533,3 506.9 539.4 456.4 633.1 490.7
Old Harbour 678.7 66889 736,1 794.3 690.7 485.3 586.5 491.4 523.4 639.5 371.0 805.0

Gas Turbines
Hunts Bay 51.5 63.5 40.8 86.5 47.2 83,9 72,1 94.4 27.7 42.6 181.7 48,6
Bogue .0 28.9 31.9 39.2 13.4 48.8 ,0 62.3 32,8 0.0 16.6 32,6

Diesel 46.2 60.7 60.2 52.9 51.6 34.7 36.7 31,0 17.4 9.8 5,. 0.8
Hydro 140.5 98.5 121.8 131.2 110.4 109.1 114.7 108.3 133.6 132.8 127.4 80.5

Total 1106.7 1198.5 1192.8 1294.8 1325.0 1326.7 1343.4 1294.7 1274.5 1281.7 1338.4 1463.0

Source: Mission estimates based on data from JPS,



Annex Table 2.5

GENERATION COSTS: HISTORICAL AND ESTIMATED

(Thousand)

Generating Costs 1976 1977 1978 1979 1980 1981 1982 1983 PV a/

Observed (JS) 28654,2 36413.9 51828,1 91905,9 130528,3 167102.0 193486.6 166315.3

Assumed (JS)
Lower Heat Rates 26931,1 34192.8 51685.8 84811.8 111779.1 151490.9 170165.2 155046.5

Better Availability 28312.3 34818.1 50754.3 86444.0 128464.8 165587.7 174859.9 160378.2

Both 25986.8 31954.0 50650,7 76775.3 107642,9 150187.4 152212.2 150767.1

Current Savings (JS)
Lower Heat Rates 1723.0 2221.1 142.3 7094.1 18749.2 15611.1 23321.5 11268.8 1

Better Availability 341.8 1595.9 1073.8 7239.9 2063.6 1514.3 18626.8 5937.2 N

Both 2667.4 4460,0 1177.4 15130,5 22885.4 16914,6 41274.4 15548.2 1

Constant Savings b/ (US$)
Lower Heat Rates 3142.2 3815.2 143,7 5168.7 11882.7 9068.6 13267.9 5832.0 75842.1

Better Availability 623,4 2741.2 1084.5 5274.9 1307,8 879,6 10597,0 3073.0 36977.1

Both 4864.5 7660,9 1189,0 11023.9 14504,1 9825.8 23481.6 8047.0 118973.3

a/ Oeflated with the USA wholesale price Index, base 1983, and using the official exchange rate.

b/ D;scounted with a 12% rate to the end of 1983.

Source: Mission estimates.
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ENERGY AND POWER DEMAND FORECASTS

Net Peak
Sales Requir. Demand

(GWh) (GWh) (MW)
Historical

1973 970.3 1,198.5 204
1983 1,172.5 1,463 242

Forecasts
1993
Low 1,459 1,717 284
Medium 1,615 1,900 314
High 1,783 2,098 347

2003
Low 1,706 2,007 332
Medium 2,083 2,450 405
High 2,621 3,083 510

Source: MONENCO and Mission Estimates.

Assumes: (a) customer growth at 1-3.5% (1983-1993) and 2-4% (1993-
2003);

(b) real tariff increases 0-iZ (1983-93)
(c) income/capita growth at 0.3-1.6% (1983-1993)

and 1.0-2.3% (1993-2003); and
(d) price elasticity at -0.35 and income elasticity at 0.6.
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RATES OF GROWTH, ENERGY CONSUMPTION, GDP,
AVERAGE TARIFFS AND NUMBER OF USERS

Total Average Real Average Real Number of
Year Consumption Consumption CDP Price Users

1970 9.1 1.9 12.2 3.5 7.1
1971 12.4 5.1 3.1 -4.4 6.9
1972 14.6 5.7 9.2 6.4 8.5
1973 2.4 -4.5 0.4 6.8 7.2
1974 -1.3 -2.1 0.5 42.1 0.8
1975 7.7 0.7 -0.4 4.5 7.0
1976 5.1 -1.9 -6.3 16.4 7.1
1977 1.4 -4.6 -2.4 4.3 6.3
1978 .0 -6.9 0.3 -1.6 7.5
1979 -6.7 -12.2 -1.4 8.3 6.3
1980 -3.5 -7.6 -5.3 1.1 4.4
1981 -0.5 -4.4 3.3 8.7 4.0
1982 6.1 2.4 0.2 -0.8 3.5
1983 8.7 6.7 1.7 -4.5 1.8

Source: JPS, IDB and IMF.



Annex Table 3.1

JAMAICA: GOP AID PETROLEIM IWORT BILL

1976 1980 1983 Growth Rate

US$ Million JS Million USS Million J5 Million USS Million JS Million 1976-80 1980-63

GOP (Current Prices) 2,449.4 2,694.3 2,660.4 4,738.2 2,87867 6,620.9

GOP (Constant 1974 Prices) 1,826.8 2,009.5 1,031,7 1,837.5 838.9 1,929.4 -1.9 1.5

Total Merchandise iePOrts 907,9 1,159.6 1,335.0

bauxitefaIumina 104,6 272,5 229.2

Total Exports of Merchandise
end Non-factor Services 687.9 1,361.7 1,305.5

bauxite/alumina 425.3 732.1 506.3

Petroleum I POrt Bill
Bauxite/Alumina 60.4 183.6 142.3

International Aviationjlunkers 21.5 40,3 55.7
Other Domestic 121.6 222.4 205.1 CO

Total 203,5 446.5 403,1 Ln

Ratios
Total Petroleum
as a o GOP 8.3 16.8 14,0

as a S of imorts 22.4 38.5 30.2

as a I of ExPOrts of
MerChandlis and
Non-factor Servicos 22.9 32,8 30,9

Other Domestic Petroloum lmPOrts
as 8 S of GOP (excluding

bauxite/alumina) 4.2 6.6 7.6

aS a S of ImportS (exclud-
Ing bauxite/alumina) a/ 15.1 25.1 i8.5

as a S of Exports of
Merchandise end Non-factor
Services (excluding bauxite/

alumina) 26.3 35.3 25.7

*1 Excludes International aviation/bunkers,



Anne. Table 3.2

CONTROLLED PETROLEUM PRODUCTS, PRICE STRUCTURE, MARCH 1984
(J$ per Imperlal Gallon)

Premium Regular Diesel Dlesel Liquifled Heavy Fuel

Cost Sector Gasoline Gasoline Kerosene Retail Consumer Petroleum Oil (JPS)

Ex-Refinery Cost 3.551 3.455 3.6855 3.6395 3.6395 3.871 2,7196

Stabilizatlon Factor 0,2998 0,1187 (0.0155) 0.1434 0.0311 0,073

Accord Dlfferential 0,3730 0.3800 0,1320 0,5220

Interfuel Subsidy 1.4910 1,4810 (1,1500) 1.0810 1.0910 (0.9440) (1,1267)

Excise Duty 2.4100 2.4100 0.3000 0.3000 0.0250

Refinery Billing Price 8.1248 7,8447 2.5200 5,2959 5.5836 3,0250

Marketers' Margin 0,3343 0.2899 0.1060 0,2234 0,2235 0,3200

Transportatlon Factor 0,1008 0,2003 0,1256 0,0925

Marketers' Selling Price 8.5599 8.3349 2.6260 5.6449 5.90

Dealers' Margin 0.4301 0.4151 0.3340 a/ 0.3451
0,4440 b/ 0'

Maximum Selling Price 8.99 8.75 2.960 a/ 5.99 5.90 1.9129 c/

3.07 b/

USS/US Gallon (at JS3.3 =

jSSI) (March 12, 1984) 2.27 2.21 0.75 a/ 1.51 2.15 0.76 0.48

0,77 b/

USS/US Gallon (at JS3.96 *
USSI) (April 26, 1984) 1.89 1,84 0.62 a/ 1,26 1.24 0.64 0,40

0.65 b/

a/ Urban
b/ Rural
c/ Classifled as a minimum seiling price.

Note: As of May 1984 the following changes were made:

- Interfuel subsidy was eliminated;

- ex-refinery prices showed an Increase because of the exchange rate depreciatlon, but refinery billing price did not

change because of compensating changes made In stabilization factor and accord differential,

In January 1985, the maximum selling price of most fuels was Increased by about 205,



-;0 ~ 87 - Annex Table 3.3

REGIONAL COWPAR ISON OF LPG AND KEROSENE PRICES

(USfAuS Gallon)

January 1983 January 1984
Kerosene LPG Korosene LPG

Jamaica
Ex-Refinery or Terminal 101.73 95.88 63.61 76.36
Final Selling Price 116.93 74.72

Dominica
Ex-Refinery or Terminal 87.87
Final Selling Price 149.17

St. Kitts-Nevis

Ex-Refinery or Terminal 89.77 99.97

Final Selling Price 123.15 174.03

St. Vincent

Ex-Refinery or Terminal 87,87 99.97 111.60

Final Selling Price 133.49 180.76 140.07

St. Lucia

Ex-Refinery or Terminal 93.48 99.97 105.51 114.31

Final Selling Price 134.51 171.27 131.12 195.49

Source: Ministry of Mining, Energy and Tourism and information from marketing companies

and governments.
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