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FOREWARD
The final reports of the Preliminary Energy Sector .
Assessments of Jamaica conducted by the United States Agency
for International Develcpment Energy Team are organized into
eigrt chapters contained ir the following five volumes:

Volume Chapter

I 1 Executive Summery
II 2 Economic Assessment
III Renewable ZFnergy:
3 (a) Solar Energy - Commercial

and Industrial

4 (b) Solar Energy - Agricultural
5 (c) Biogas 2pplications
6 (d) Energy Conversion from Waste
v 7 Coal Prefeasibility Study
\Y 8 Electric Utility Rate Analysis

These studies were initiated by the USAID in conjunction
with the Government of Jamaica to further the objectives of
Jamaica's I'ive Year Development Plan and its Energy Sector
Plan. The studies also represent USAID's first energy as-
sessment of a developing country.

Due tc the divers< technology requirements and the high
degree of specialization required by each of the studies, a
United States Energy Team of experts was assembled. The
individual team members were selected based upon a demon-
strated balance between academic and "hands-on" experience
in the specific study area.

Energy Systems International (ESI), had overall responsibil-
ity for systems planning, project management and integraton of
all elements of the Preliminary Energy Sector Assessments.

These reports shonuld not be considered as the final product
of any study area, but as baseline documents to be used for
identifying specific energy programs and projects for imple-
mentation in the near-term to assist Jamaica in alleviating
its critical energy problem.

Any comments or questions concerning this study should be
directed to:

Energy Systems International
8301 Greensboro Drive, Suite 30
McLean, Virginia 22102

(703) 827-0303

Telex: 903039



REPORT ORGANIZATION

Section 1.0 of this Volume, Executive Summary, contains the
overall approach, results, and recommendations of the study.
Additionally, the Executive Summaries for each specialized
study have been included in this Volume for reader reference
(Sections 2.0 through 8.0). These Executive Summaries are
augmented by supplementary information to assist those
readers who may not have or need complete access to the
other Volumes of the study report.
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1.0 EXECUTIVE SUMMARY
PRELIMINARY ENERGY SECTOR ASSESSMENTS OF JAMAICA

1.1 INTRODUCTICN

Jamaica's principal source of energy is imported oil.
The country's dependence on foreign oil constitutes approx-
imately 99% of commercial energy consumption. There is
little likelihood that this dependence will decrease during
the early 1980s.

Jamaica's oil imports rose in price from an average of

U.S. $61.6 million in 1971-1973 to U.S. $195.2 million in
1974 and to U.S. $225.6 million in 1977. Based on end use
forecast™ the 1982 oil import bill is estimated to be a new
high of U.S. $357 million. Further, Jamaica has ho known
coal or gas deposits. Test drilling for oil has proved to
be unsuccessful since the 1960s. The only commercially
exploitable and proven resource of solid fuel is swamp peat.
These reserves are sufficient to generate about 80 MW of
electric capacity for 30 years. Renewable energy resources
have yet to be examined in sufficient detail to accurately
determine future potential.

Jamaica and approximately 80 other oil-importing developing
countries are hard hit each time there is an OPEC oil price
increase. . Unlike developed countries, Jamaica and such oil-
dependent developing countries are impacted two ways. They
must not only pay higher prices for imported oil but they
must also pay higher prices for goods, services and technol-
Oglies imported.

Among developing countries, Jamaica is one of the highest in
per capita energy consumption. As a consequence, in an
environment of rapidly escalating oil prices, Jamaica's
total economic situation is increasingly desperate.

Directly due to the oil crisis and the deteriorating eco-
nomic situation, Jamaica faced an exchange rate devaluation
which led to the following situation in 1978:

~ Average real wage had declined by 30 percent by the
end of the year;

- Real per zapita personal consumption was 13 percent
below th: Hrevious year;

- Real GDP cuntinued to decline at 1.7 percent;

- Rate of unemployment climbed steeply from 23 to
26 percent between April and October;

- There was a widening trade gap and the balance
of payment deficit grew because the Jamaican economy



became burdened with foreign exchange costs for
imported energy;

~ The average level of consumer prices increased
steeply and was approximately 35 percent higher
than the previous year; and

- The average price of electricity per kilowatt
hour increased by 33 percent across the board
to U.S. 1l1.61 cents. The residential users bore the
brunt of this because of the regressive electric
utility rate structure of the public utility.

The Government of Jamaica (GOJ), in response to the deteri-
orating economic situation, declared a state of economic
emergency in January 1977. A Five Year Development Plan
(1978-1983) as prepared, adopted and implemented for all
sectors of the economy in an attempt to control and riverse
the economic downturn. A separate Energy Sector Plan“, a
by-product of the energy crisis, formed the basis for the
government's strategy to solve the energy problem. Needless
to say, continued imported oil price increases since 1973
have made Jamaica's economic recovery and growth objectives
exceedingly difficult to achieve.

Despite the difficulties encountered, Jamaica has an energv
plan that is being implemented on a country-wide basis.
Although in a difficult situation when compared to many of
the other oil-importing developing countries, Jamaica appears
to be ahead of many such countries in the energy planning
phase.

Various developed countries, international assistance

agencies, and international financial institutions are in

the process of assisting Jamaica in various ways to achieve
some energy independence. To be effective, such assistance,
must be clearly focused, properly directed and well integrated.
The U.S. Agency for International Development (USAID)

energy assessment of Jamalca 1s one step towards such an
integrated approach.

The U.S. Agency for International Development, in conjunction
with the Government of Jamaica, sponsored this particular
study for the following reasons:

-- A national energy sector plan must be further
developed in order for Jamaica to survive and
prosper;

-- There is a sense of urgency requiring innovative
ways to help shorten the gap between the study
phase and the implementation phase for viable
energy projects; and



-- USAID is conducting its first overseas energy
assessment and Jamaica represents a potential
study model for future replication in other
developing countries needing U.S. assistance.

Based on the above considerations, USAID, in conjunction

with the various energy-related agencies of the Government

of Jamaica, identified a number of energy areas for tech-

nical assessment and potential development. Recognizing

that the energy assessments could not cover all possible

energy areas due to urgent schedules and budgetary constraints,
the assessment was referred to as the "Preliminary Energy
Sector Assessments of Jamaica" and included the following
eight tasks:

Study Integration and Project Management
Economic Assessment .
Solar Energy: Commercial and Industrial
Solar Energy: Agricultural

Biogas Applications

Energy Conversion from Waste

Coal Prefeasibility Study

Electric Utility Rate Analysis

O ~JdoyUl > W N
— e e e e e e

1.1.1 Study Tasks Description
A brief description orf each of the eight study
tasks is included below.

1.1.1.1 Study Integration and Project Management
The project management team was recpon-
sible for the overall management of the study. The management
team developad a Project Management and Detailed Study Plan
that coordinated and quided individual study development and
provided for periodic study reviews. Study integration and
preparation of the final reports were also the responsibility
of, the project management team.

1.1.1.2 Economic Assessment

The objectives of this study were to
integrate the specialized study results into a combined
energy program. The economic study was designed to priori-
tize energy implementation programs so that the greatest
gains could re realized in the shortest time frame. All
recommended programs would be reflected in Jamaica's "Five
Year Development Plan" and "Energy Sector Plan".

1-3



1.1.1.3 Solar Energy - Commercial and

Industrial

The objectives of this study were to
provide a technical and economic assessment of the feasibility
of near-term applications of solar water heating in the
commercial and industrial sectors. Various specific feasi-
bility studies of commercial solar air conditioning and
solar hot water applications were requested by the Ministry
of Mining and Natural Resources.

1.1.1.4 Solar Energy - Agricultural

The objectives or this study were to
assess tvhe potential of using solar energy in Jamaica for
drying agricultural products, and to identify the technical
and economic needs for making the application of solar
energy a reality. The assessment for drying included the
following products: corn, peas, beans, peanuts, onions,
pepper, coffee, cocoa, tumeric, cassava, timber and fish.

1.1.1.5 Biogas Applications

The objectives of this study were to
assess the feasibility of biogas generation in Jamaica and
prepare recommendations for projects that might be under-
taken. Incluvded were energy and economic evaluations, as
well as a review of low cost facility designs to determine
which would be most suitable for the conditions which pre-
vail in the countrv. The study also addressed the feasi-
bility of generating biogas as an integral part of the
sewage treatment facilities of the Mona Campus of the
University of the West Indies (UWI) in Jamaica.

1.1.1.6 Energy Conversion from Waste
The ob jective of this study was to
assess the feasibility of a prototvpe demonstration unit for
energy recovery from the solid wastes generated on the Mona
Campus of UWI.

1.1.1.7 Coal Prefeasibility Study

The objectives of this study were to
determine if the use of steam coal for electric power and
steam generation appears significantly attractive, both
technically and economically, to justify a full-scale feasi-
bility study. The study assessed the technical, economic
and environmental feasibility of diversification from oil-
fired units to coal. The possibility of retrofitting existing
units to burn 3 percent sulfur coal or a coal-oil mixture was




also investigated. Since any benefits realized will accrue
to both the alumina companies and the Jamaica Public Service
Company, plant sites and harbors were considered during the
analysis of coal transportation, coal handling and storage
facilities, and the infrastructure reguired to support coal
operations. Price projections for coal and the potential
for obtaining long-term coal supply contracts were also ad-
dressed.

1.1.1.8 Electric Utility Rate Analysis

The objectives of this study were to
conduct an examination of the Jamaica Public Service Company
(JPS) electric utility rate structure with a view toward
determining whether it: (&) promotes an economically effi-
cient use of electricity in the society; (b) is consistent
with basic principles of eqguity and fairness; and (c) provides
the company (JPS) with sufficient resources to maintain an
acceptable quality of service.

1.1.2 Areas Not Included in the Study
Some energy areas were not included in the study
because they either were already being studied by other
foreign entities cr they were not prospective candidates for
immediate study. The energy areas not included in the study
are:

-- Energy conservation
-~ Wind

-~ Hydropower

-- Geothermal

-- Photovoltaics

~-- Peat

-- Ocean thermal

-- Bagasse

-— Charcoal

-— Waste lube o0il

1.1.3 Contract Award

Amworld Energy Systems International, Inc., t/a
Energy Systems International (ESI) of McLean, Virginia was
awarded the contract to conduct the "Preliminary Energy
Sector Assessments of Jamaica". The contract duration was
from August 10, 1979 to February 15, 1980 of which fifteen
weeks were to be spent in Kingston, Jamaica by the energy
team. An overall study schedule is shown in Figure 1-1.
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1.2 TERMS OF REFERENCE -- (ADDITIONS AND ALTERATIONS)

The entire original study Terms of Reference are con-
tained in Appendix A. These task elements established the
basic study parameters from which an in-depth systems
analysis and design could be developed. During the early
stages of the study, the project management team and the
energy team specialists defined, evaluated, and in many
cases expanded the original Terms of Reference. This was
done to emphasize and exploit those areas which might demon-
strate the greatest potential for practical near-term projects.
Specific additions and alterations to the original Terms of
Reference included:

1.2.1 Solar Energy - Commercial and Industrial

Although residential solar water heating was not
included in the original Terms of Reference, it was necessary
to address all potential solar applications including resi-
dential to determine the overall technical and economic
impact of implementing a nation-wide solar energy program.
Additionally, the manufacturing specifications for Jamaican
solar collectors were reviewed and modified to establish the
necessary ground work for the JPS sponsored residential
solar commercialization project.

1.2.2 Solar Energy - Agricultural
The drying and preservation of agricultural
products and food was redefined to add tumeric and cassava
because of the high energy requirements needed for drying
these products. Conversely, pimento, hay, and bananas were
given less consideration because little or nc imported
energy 1s required to dry them.

1.2.3 Energv Conversion From Waste
Rather than limiting the study to only the UWI
Mona Campus project, a wider context of energy recovery
alternatives and proposals for energy recovery from urban
wastes in the Kingston urban area was evaluated.

1.2.4 Coal Prefeasibility Studyv
To provide a more detailed study of alternative
methods of power generation in addition to coal, the following
generation schemes were also analyzed: coal-oil mixture,
combined cycle gas turbine, diesel, oil, and coal gasifica-
tion.
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1.2.5 Electric Utility Rate Analysis -

A load forecasting study, involving the develop-
ment of a computer-based model to study future generation
requirements, was added to the Terms of Reference to provide
JPS with the capabilitv to update data for future tariff
studies. JPS officials specifically requested that the
study focus on findings and options so that JPS could examine .
these options and draw gpecific conclusions and recommenda-

tions themselves for presentation to the Ministry of Public
Utilities.




1.3 BACKGROUND INFORMATION

Due to the urgency of the study to meet milestone
objectives of the GOJ Five Year Energy Sector Plan, and also
due to the fact that this particular study represented
USAID's first overseas energy assessment of a developing
country, USAID focused special attertion on a novel proposed
study approach. It became apparent that due to the diverse
technological requirements and high degree of specialization
required bv each of the studies, the formulation of a
United States Energy Team of experts would best meet the
study's stringent demands. It was imperative that prospec-
tive team members have the prorer balance of academic and
"hands-on" project experience so that the studies would have
near-term practical value. The following basic criteria
were used to assemble the U.S. Energy Team:

-- Recognized expert in the field of specialty

-~ Highly recommended by appropriate agencies

-- Appropriate hardware experience

-~ Applicable international consulting experience

-- Available for extended in-country assignment

-- Strong team plaver

-- Willingness to establish a close-working relation-
ship with host country counterpart personnel

-- Recognition of the importance of study integration

After extensive screening and interviewing of candidates,
primary and ball-up teams were formed. All team members
fully understood that special emphasis was to be given to
employing general svstems engineering/technical direction
techniques to mold a diverse group of technical experts into
a cohesive project team able to work in close cooperation
with all Jamaican counterparts.

The team members selected for the assessment are eminently
qualified in their fields of specialty and came highly
recommended from various government agencies or institutions.
Each U.S. Energy Team member's profile is summarized in
Appendix B.
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1.4 STUDY METHOD

1.4.1 Project Management
To provide program coordination and direction,
a Project Management and Detailed Stucy Plan was developed
early in the study. The plan was prepared inr three distinct
parts:

(1) Project Management - specifies team responsi-
bilities, working relationships;

(2) Team Organization - delineates technical require-
ments; and

(3) Detailed Study Plan - depicts study schedules,
responsibilities, and task completion reguirements.

Prior to the arrival of the individual U.S. Energy "2am
specialists, the project management staff conducted a
series of interviews with key personnel and Jamaican team
counterparts associated with each particular study. During
the discussions the contract's original Terms of Reference
were updated if required; current program activities were
reviewed for continuity and applicability to each study
task; interface organizations and contacts were identified;
and key study issues and areas of concern were highlighted.

Throughout the study, the project management staff continued
to develop the study plan and to involve the Jamaican counter-
parts in all scheduled events. A key event during each of
the specialized studies was a training seminar given by each
U.5. team member. In addition to technology transfer, the
seminars provided the opportunity to stimulate Jamaican
private sector/GOJ agency/U.S. Energy Team interface and
interaction, as well as joint review of current Jamaican
program plans and policies. Appendix C provides information
on one of the seminars which is representative of the six
seminars held.

In addition to the seminars, progress reviews were held rfor
each specialized study. Each specialized study's scheduled
assessment reviews -- preliminary, intermediate, and final --
were well attended by all Jamaican study participants and
counterparts.

Prior to the energy team's Jeparture from Jamaica, a Final
Report Conference was held at the Jamaica Pegasus Hotel on
November 13 and 14, 1979. The conference encouraged the
participation of the Jamaican public and private sectors,
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USAID and many international organizations. Its objective
was to create an open forum for presentation of the initial
results of the Jamaican Preliminary Energy Assessments and
to accumulate additional inputs from the Jamaican public

and private sectors, USAID and international »>rganizations.
The results of the seven specialized studies were presented
by the U.S. Energy Team specialists and their Jamaican
counterparts on the first day. The second dav was reserved
for splinter discussion groups in which the team members
fielded questions from the conferses. The second dav also
included international cocperation discussions involving
attendees from the World Bank, Inter-American Development
Bank, Organization of American States, United Nations Cevelop-
ment Program, Caribbean Development Bank and the U.S. Agency
for International Development. A transcription of each of
the study splinter group gquestion and answer periods are
contained in the appendices of the individual specialized
study reports. An overview of the events of the Final Report
Conference is contained in Appendix D.

1.4.2 Specialized Studies

Due to the diverse reguirements associated with
each of the specialized studies, a completely standard
methodology or study approach was not possible. In each
case, however, similar activities were undertaken during the
various stages of the study. Each of the study reports
details these activities, but in general the following areas
were covered during study development:

(1) Personnel interviews - Key personnel from all
sectors pertaining to the specific study were
interviewed.

(2) Sites visited - Specific site visits were con-

ducted, and others were added as required, to
establish ihe data base.

(3) Surveys - Two studies, Solar Energy and Biogas,
required the use of surveys to determine market
potential.

(4) Pertinent Data ~ Pertinent data for
team use was gathered from all participating
government agencies and private organizations.
(5) Plans, Programs and Policies - All exisiting
plans, programs, and established policies were
reviewed for compatibility prior to the develop-
ment of recommendations.

1l.4.3 Functional Study Tasks
A description of the approach utilized through-
out the study to plan, schedule, coordinate and manage all
efforts is illustrated in Figure 1-2.
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1.5 SUMMARY OF MAJOR FINDINGS AND CONCLUSIONS

1.5.1 General
(1) The aggregate potential savings in oil
imports from the selected energy areas studied in this

energy assessment amounts to about 8.3%. This is exclusive
of the potential contribution of other prospective energy
areas such as those identified in paragraph 1.1.2. It is

important that the Government of Jamaica continues to perform
preliminary analysis and surveys to assess the potential of
other promising energy technology options for the near, mid
and long-term.

(2) In the immediate and near-term, energy conservation is

& primary energy area in which Jamaica has a high priority
need for technical assistance. The Government of Jamaica in
cooperation with it's private sector needs to develop and
implement comprehensive energy conservation program policies,
strategies and plans that encompass all Jamaican energy end
use sectors. Any technical assistance from the United
Kingdom, Canada, the United States and other countries must
be well coordinated, properly integrated and effectively
managed in order to produce viable near-term results.

(3) The Energy Division of the MMNR was formed in August,

1979 and is still in it's infancy. Throughout the energy

assessment period, the division was critically short of

qualified technical staff. An extensive effort to build a

long-term staff of qualified technical and managerial professionals,
with the appropriate systems, projects and disciplinary

experience mix, 1s necessary in order to effectively manage

and implement the projects recommended by this enerqgy assessment.

(4) An effective infrastructure must be developed among the
various government ministries, laboratories, universities

and other institutions who will be assigned the various
responsibilities associated with the management and implementation
of program elements for the various domestic energy research,
development, demonstration and commercialization programs.

Similar infrastructure building is necessary for those GOJ organi-
zations involved with cooperative programs with developed and
developing countries.

(5) A fairly extensive technical training and technical assis-
tance program needs to be developed to ensure that Jamaican
energy program personnel are properly trained in Jamaica and

at technical training centers abroad. Short-term energy
specialist from the U.S. and other countries should be

seconded to the various Jamaican ministries and other organiza-
tions to provide appropriate technical assistance and assist

in the training of Jamaican technical personnel.
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1.5.2 Economic Assessment
Almost 4.2% of Jamaica's energy imports can be
replaced by solar water heating systems (3.5%) and biogas
systems (.7%) 1f exploited in accordance with the study rec-

ommendations. If the net fuel savings of a coal-fired
electrical generating plant are included, the potential
savings increase to 7.3% of energy imports. If the new

electrical utility tariff structure that Jamaica Public
Service Company adopts results in even a 1% savings in fuel,
the potential savings of the program amount to 8.3%. Using
the 1978 figure of 8,887,200 barrels (net) f.o.e. (non-
bauxite energy consumption) for Jamaica's consumption of
imported fuel, 737,637 barrels f.o.e. could be saved annually.

A total economic assessment of each of the specialized
studies was conducted. The implementation costs were esti-
mated and the effects of the recommended actions on Jamaica's
economy measured. Finally, a cost/benefit analysis was com-
pleted to test program potential and feasibility.

A final, comprehensive set of integrated recommendations was
then chosen for inclusion in a Combined Energy Program.
Groups of highest priority, higher priority and high priority
recommendations were identified.

Perhaps the most surprising aspect of the Combined Energy
Program is the modest cost for all these improvements in
Jamaica's energy situation. The initial costs (capital
costs plus operating costs) of the entire program are only
$6,228,828 (U.S. $ 1979). Specific findings and conclusions
are discussed in Section 2.0.

1.5.3 Solar Energy - Commercial and Industrial .
(1) Jamaica's high level of solar radiation
(450 langleys per day mean) and relatively moderate ambient
temperatures provide an ideal climate for the implementation
of proven solar technologies.

(2) Study results show that the immediate potential is
primarily water heating; either domestic water heating or
preheating of boiler make-up water. These applications are
divided into the following four categories:

1. residential

2. commercial (hotels)

3. institutional (hospitals)

4. 1industrial

—
|
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(3) Basically, since all residential, institutional, and a
number of commercial applications in Jamaica utilize elec-
tricity for heating water, these are prime areas to study.
Realizing that electricity costs on the average are J. $0.17
per kWh (U.S. $0.10), solar water heaters are economically
justifiable.

(4) On the other hand, solar cooling based on commercially
available hardware, even with high performanc= collectors
and systems, 1s not vet economically Jjustifiable for com-
mercial development in Jamaica.

(5) Specific findings and conclusions are discussed in
Section 3.0.

1.5.4 Solar Energy Agricultural
(1) Jamaica's climate and average solar radiation
figures make the collection of heat from solar energy attrac-
tive because solar collectors operate at higher efficiencies.
Therefore, Jamaica offers ideal conditions for the use of
practical, proven, low cost solar systems for drying agri-
cultural products.

(2) In Jameica, the agricultural sector plays a major role
in the country's economy. Crop drying by solar technologies
can help to: minimize food spoilage in most environments;
preserve agricultural products for non-harvest seasons;

and reduce consumption of fossil fuels.

(3) Important areas in which programs can be immediately
implemented include:
1. Establishment of climatic stations;
2. Development of air-type solar collectors;
3. Research and development on drying of agricultural
products;
4. Sun drying of agricultural products, and research
and development on cost effective drying methods.

(4) Specific findings and conclusions are discussed in
Section 4.0.

1.5.5 Biogas Applications

(1) Jamaica has many conditions which could lead
to successful application of biogas as an alternate energy
source. Much of the economy is agricultural in nature, and
ambient temperatures are high enough throughout the year so
that auxiliary heating of biogas digesters is not necessary.
This obviates the need for costly equipment which is required
in colder climates.
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(2) It is significant that biogas energy can be provided
directly to the rural areas of Jamaica, where butane and
kerosene are becoming increasingly unavailable and require a
substantial portion of the family's budget. A biogas energy
program can play a significant role in contributing to
Jamaica's effort to achieve greater energy independence
because of the above mentioned conditions in rual areas.

(3) Jamaica is behind Asian countries which are developing
this alternate energy source, in spite of studies of biogas
by The Scientific Research Council (SRC) over the past
several years. Designs which have been slow in developing
have finally emerged to the point where at least one such
design has been field tested and found to be satisfactory.
There is sufficient design development now to proceed with
at least an initially modest biogas program. Design will be
the key to the degree of ultimate success of the program.
Design development should, therefore, be accelerated with
SRC in a major role and as much support as is required
should be provided so that this responsibility can be
accomplished in a timely manner. Jamaica can take advantage
of the experience in low cost design of biogas plants in
other countries. One of the major costs 1is for steel rein-
forcing bars and gasholders. Some designs, however, sucn as
those used in China, require only local construction mate-
rials and little, if any, steel. Use of such a design can
result in a family size unit costing even less than the
steel gasholder designs which have been used successfully in
large-scale biogas programs in other countries.

(4) Many institutions in Jamaica, such as schools and
centers for the handicapped, are associated with medium to
large size farms, which could provide biogas for cooking.
This biogas could substitute for fuel costing several hundred
dollars per month per institution.

(5) On the basis of field surveys, data analysis, and
meetings with the Biogas Working Group and other associated
personnel, it is concluded that a national biogas program
would be successful in Jamaica. Indicators used in arriving
at this conclusion were climate, percentage of the population
living in rural agricultural areas, animal numbers, and
Jamaica's dependence on imported oil and gas. Three options
to a National Biogas Program are addressed in Section 5.0.

(6) Specific findings and conclusions are discussed in
Section 5.0.



1.5.6 Energy Conversion from Waste

Urban Solid Wastes - Kingston

(1) It is concluded that the only alternative worthy of
consideration for energy recovery from urban solid wastes
in Kingston is waterwall incineration with steam generation.
This application appears to be cost effective. The major
problem is inefficient and unreliable refuse collection,
making it impossible to recover energy from the wastes.

(2) It may prove cost effective to apply the biogas ap-
proach in small cities where incineration or Refuse Derived
Fuels (RDF) are not feasible. This would be especially true
in small communities that are constructing a new waste-water
treatment plant. In such cases, the sludges from the waste-
water and the organic solid wastes could be treated in a
common digestion system, especially designed to handle the
refuse and sludges.

(3) For health, environmental, and energy reasons, a careful
study of urban refuse collection in Kingston should be con-
ducted.

(4) The proposed field-scale biogas demonstration at the Uni-
versity of the West Indies - Mona Campus would not be a very
meaningful or helpful exercise in terms of proving a tech-
nology for wider use in Jamaica.

(5) The results of this study lead to the conclusion that
the UWI-Mona Campus should not get involved in a field-
scale demonstration of the anaerobic digestion of campus
refuse for methane generation.

(6) A viable alternative is that the UWI-Mona Campus
develop an "Alternative Energies Laboratory" and that the
University be assisted financially in the amount of U.S.
$182,500 over the next three years.

(7) Specific findings and conclusions are discussed in
Section 6.0.

1.5.7 Coal Prefeasibility Study
(1) The installed system capacity of the existing
JPS oil-fired electric power plant is approximately 455 MW
which is greatly in excess of the present 210 MW peak demand.
Thus, a new power plant unit should not be needed to meet
the expected system load at the present time. However, unit




outages cause frequent rolling blackouts. A major program
is needed to improve unit availability, particularly of the
newer, more efficient units. If the four newest units,
having a total capacity of 250 MW, could be upgraded to have
improved availability and operate at a high capacity factor,
there would bhe a large dual savings without any capital
expenditure for a new unit.

(2) Existing oil-fired boilers for JPS or the alumina
companies cannot be retrofitted tc burn coal directly.

(3) The installation of a coal-fired unit may seem attrac-
tive if a conservative differential oil-coal price escalation
rate of only 1 percent exists, and if joint use of harbor
facilities and sites can be achieved at Port Esquivel, or at
the new proposed JBM South Manchester site at Cuckold

Point.

(4) The possibilitv of obtaining a favorable long-term coal
contract is very good at the present time.

(5) The schedules of the bauxite and alumina ships are
tight but the transportation of coal from the U.S. Gulf
Coast on the backhaul 1is feasible.

(6) Coal can also be transported by non-U.S. ships at a
cost approximating that of the bauxite ships.

(7) Specific findings and conclusions are discussed in
Section 7.0.

1.5.8 Electric Utility Rate Analy<zis

(1) The pricing of electricity should always be
given considerable attention no matter what type of generating
fuel is used, regardless of the utility firm's operating en-
vironment. The situation confronting JPS dictates that an
even greater than normal attention be given to the pricing
structure of electricity. The size of JPS oil expenditures
arone, if viewed considering the constant OPEC pressure for
price increases, would focus attention on pricing structures
which are more closely related to marginal costs than the
current pricing structure.

(2) Various tariff options, based on marginal cost pricing
principles, have been presented for each rate category in
the JPS system. These options demonstrate immediate or
interim steps that can be taken to gradually approach mar-
ginal cost pricing so that the implementation rate of tariff



changes can be completely controlled. The effects of each
step in tariff development, and the associated customer bill
impacts are indicated.

(3) The marginal cost pricing principles shown below were
used to develop the tariffs for each customer category:

1. Total revenue requirements will not be changed.
2. Total revenue allocations between customer
categories will not be altered.
3. Declining block pricing will be eliminated.
4. Ratchet provisions will be eliminated.
5. Expander tariffs will be eliminated. )
6. Flat (both all-energy and two-part) demand and
energy tariffs will be considered.
7. When metering and customer acceptance seems reason-
able, time of use pricing will be considered.
8. The very progressive (from an efficiency stand
point) fuel adjustment clause will be continued.’
9. The innovative Cost of Service adjustment will
be retained.
10. Continuing the residential customer flat rate with
the first 10 kWh included free will be presented.
(4) The overall conclusion is that JPS and public officials

should review these options and develop strategy compatible
with economic goals and plans, rfocial considerations and
other factors. From this an implementation plan should be
established to sequence rate tariff changes consistent with
Jamaican needs and plans.



1.6 SUMMARY OF MAJOR RECOMMENDATIONS

1.6.1 General
Tt is recommended that the Government of Jamaica
take immediate action to accomplish the following:

(1) Continue to utilize the approach of this energy assessment
and to assess the potential of other promising energy areas
that are not presently being considered (see energy areas
referenced in Para. 1.1.2).

(2) Establish an Energy Conservation Project Office with the
responsibility for developing an overall energy conservation
program strategy and plan. Utilize seconded personnel to
provide technical assistance as necessary.

(3} Identify the specialized personnel resource requirements of
the MMNR Energy Division to implement the projects that are
approved by the GOJ.

(4) Prepare an Infrastructure Plan and necessary implementing
Agreements to initiate required actions.

(5) Develop and Implement a Training Program and Training
Assistance Plan for all approved projects.

1.6.2 Economic Assessment

The main recommendation of the Economic Assess-
ment is that the Combined Energy Program is a sensible way
for Jamaica to direct its efforts in the energy sector over
the next five vyears and that it should be accepted (See
Table 2-1, Section 2.0). The recommendations of the special
studies that have been incorporated into this program have
been shown to produce benefits well in excess of their
costs. The costs themselves have been found to be modest;
and the government should be able to find the necessary
funding.

It is recommended that immediate action be emphasized to
implement the Combined Energy Program. The Government of
Jamaica should consider the program without delay and move
quickly on the recommendations it accepts. Financing should
be sought as soon as possible.

The full results of the Economic Assessment are contained in
Volume II, Chapter 2.
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1.6.3

Solar Energy - commercial and Industrial
It is recommended that a solar water heating pro-

gram be developed that will be implemented over a three year

period.

(1)

(10)

The elements of the program include:

Establish 10 solar radiation stations

Establish a solar collector certification program;
Eliminate the 37.5% water tank tax

Establish consumer information office;

Establish training programs for engineers and
installers;

Initiate solar hot water feasibility studies in
selected building sectors;

Investigate export potential of solar hardware:
Support JPS residential solar demonstration program;
and

Establish solar tax incentives;

Initiate solar hot water demonstration projects
at hospitals.

Specific recommendations for the three year program are

further addressed in Section 3.0.

The full results of this

study are contained in Volume III, Chapter 3.

1.6.4

Solar Energy - Agricultural
It 1s recommended that a solar agricultural

drying program begin immediately and be implemented over a

five year period.

'(1)
2

(5)

The main elements of the program include:

Develop solar-heated air collectors;

Establish R&D programs for drying agricultural
products;

Design and construct solar collector systems;
Provide comprehensive training for the recommended
solar agricultural program; and

Develop community drying systems.

Specific recommendations for the five year program are

further addressed in Section 4.0.

The full results of this

study are contained in Volume III, Chapter 4.



1.6.5 Biogas Applications
It is recommended that a biogas applications pro-
gram be implemented over a five year period. Major elements
of the program include:

(1) Implement the Option A program which consists of
2700 family size units and 41 medium size units
immediately;

(2) Begin a detailed marketing study to assess com-
mercialization potential;

(3) Examine feasibility of large scale demonstration
unit for electric generation;

(4) Explore international funding options for an ex-
panded program; and

(5) Begin a comprehensive training and public
awareness program.

Specific recommendations for the five year program are
further discussed in Section 5.0. The full results of this
study are contained in Volume III, Chapter 5.

1.6.6 Energy Conversion from Waste
It is recommended that the following programs

be pursued:

(1) Conduct a detailed study on waste collection problems
in Kingston. Evaluate other alternatives for enerqgy
recovery; and

(2) Establish an Alternative Energies Laboratory at
the University of the West Indies - Mona Campus.

The above recommendations are further discussed in Section
6.0. The full results of this study are contained in Volume
III, Chapter 6.

1.6.7 Coal Prefeasibility Study
It is recommended that the following actions

be taken:

(L) Government of Jamaica and Jamaica Public Service
Company obtain funds to upgrade existing oil-fired
electric power plant units;

(2) Conduct exploratory negotiations on the use of a
joint port facility for a coal-fired power plant
at Port Esquivel or Cuckold Point respectively;
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(3) Authorize a coal supply and shipping study if
adequate cost benefits are realized from recom-
mendation #2

(4) Monitor coal-oil mixture development progress; and

(5) Monitor coal gasification technology progress.

Specific recommendations are further discussed in Section 7.0.
The full results of this study are contained in Volume IV,

Chapter 7.

1.6.8 Electric Utility Rate Analysis
As recuested by JPS, specific recommendations as-
to which type of tariff should be adopted are not presented
in this report. JPS shall review and analyze the various
options and make their own recommendations to the Ministry
of Public Utilities.

All findings of this study are presented in Section 8.0.
The full results are contained in Volume V, Chapter 8.
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EXECUTIVE SUMMARY OF SPECIALIZED STUDIES

ECONOMIC ASSESSMENT

SOLAR ENERGY - COMMERCIAL AND INDUSTRIAL

SOLAR ENERGY - AGRICULTURAL

BICGAS APPLICATIONS

ENERGY CONVERSION FROM WASTE

COAL PREFEASIBILITY STUDY

ELECTRIC UTILITY RATE ANALYSIS



2.0 ECONOMIC ASSESSMENT
2.1 EXECUTIVE SUMMARY

2.1.1 Introduction

The purpose of the Preliminary Energy Sector
Assessments of Jamaica was to assist the Government of
Jamaica (GOJ) in identifying and developing viable alternative
energy options for implementation. Any recommended options
are to complement the goals of the Five Year Development
Plan (1978-1983). A U.S. Energy Team, sponsored by the
United States Agency for International Development (USAID)
was engaged to support the GOJ, Ministry of Mining and
Natural Resources (MMNR) Energy Division by conducting
specialized studies in the following areas:

Solar Energy - Commercial and Industrial
Svlar Energy - Agricultural

Biogas Applications

Energy Conversion from Waste

Coal Prefeasibility Study

Electric Utility Rate Analysis

All of these studies have been completed and each offers
specific recommendations for integration ints a "Combined
Energy Program". Before action can be taken, however, the
MMNR must determine which of these recommendations are com-
patible with the Five Year Development Plan and its Energy
Sector Plan. Additionally, an examination must be made of
their relative priorities for future implementation, and if
adopted, their effect on the national economy. This chapter,
Economic Assessment, serves to address these matters.

2.1.2 Terms of Reference

The purpose of the assessment was to review the
specialized studies that have been completed as part of the
Preliminary Energy Assessments of Jamaica, and +o integrate
them into a Combined Energy Program. The intention of this
combined program is to further the objectives of the Five
Year Development Plan (1978-1983) and its Energy Sector
Plan, and to supplement other existing and planned energy
efforts in the country.

2.1.3 Background Information
There have been several limitations on this
study. First, the time allocated to this task has been suf-
ficient to carry out only a rather basic analysis. A com-
plete, quantitative economic assessment requires the type




of detailed data that were in the process of being assembled
by the MMNR during the period of this study. A knowledge of
the complete structure of energy use and of the intersectorial
energy flows in the economy, as well as an easy-to-use
computer program to analyze recommended policy measures are
definitely needed. It will take at least a year to complete
them. Finally, the specialized studies discussed below are
only preliminary assessments. Consequently, the economic
inputs they have provided to this report are tentative.

2.1.4 Study Method
The analytical approach taken in this Economic
Assessment was to independently review each specialized study.
The recommendations of each were then considered relative to
the Five Year Development Plan (1978-1983), and its Energy
Sector Plan. Next, the effects of these recommendations on
Jamaica's energy situation and economy were analyzed.

Once all six sets of recommendations were treated in this
fashion, they were reviewed for their compatibility with

each other. Where conflicts occurred, they were either modi-
fied, or one recommendation was eliminated. In all cases,
the changes made were approved by the energy team members

who prepared the original recommendations.

A final, comprehensive set of integrated recommendations was
chosen for inclusion in the Combined Energy Program. The
effects of the entire package on Jamaica's energy situation
and on its economy were reviewed. The modifications of the
Energy Sector Plan regquired to accommodate these recom-
mendations were considered, and conclusions were drawn.

2.1.5 Findings

2.1.5.1 The Combined Energy Program
The findings were tabulated as the

Combined Energy Program Summaryv (Table 2-1). Recommenda-
tions were grouped into highest, higher, and high pri-
ority categories. The program's initial and operating costs

were calculated. It should be noted that the program is
conceived as an initial effort that will encourage larger,
more comprehensive efforts in the future. This program
includes only the specialized studies mentioned above and
does not consider other key studies such as wind, mini-
hydro, and energy conservation which are being conducted by
other agencies for the Government of Jamaica.
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TALLE 2-1 (Page 1 of 4)

COMBIRED FIVE YEAR ENERCY PROGRAM SUMMARY

Priority Recommendat fon Initial Cost Operating Cost * Total Cost
HIGHEST
(1979 us$)
o Solar
Industrial
- Climatic Stattons (5) 75,000 50,000
- Seolar Collector testing program 50,000 20,000
- Elfminate solar water leater tax - -
- Trafning course for lastallers 75,000 -
- Iudustecial and commerclal feasibility
stuldles 150,000 -
- tlospltal feasibility studies 50, 000 -
- lHospital demonstration project (costs
included {a total hospliLal program) - -
- Technlcal support to J.I'.S. solar
demonstration (residential) 25,000 100,000
Agricultural
- Alr-Lype solar collector development 440,000 -
- Sun drying extension program 12,000 48,000
- Product drying R&D 395,000 -

o Biogas
- Five year demonstration and )
commerciallzat fon program 1,457,143 98,285

o Coal
- Negotiations with aluminum companies - -

o Electric Utilivty
- None - -

o Encrgy Conversion
from Haste
- Noae -

SUBTOTAL T 2,729,143 316,285 1,045,428
* For detalled brealdown of proposed program costs by

technology, time schedule and orfigin or currency

see table 2-17 Chapter 2




TABLE 2-1
(cont inued)
COMBINED FIVE YEAR ENERGY

Priorfty Recommendat ion

HNIGRER

(o]

Solar

Industrial
- Climatic stations (2)
- Investigate solar exports
- Tax incentives for commerce and lndustry
- Tax fncentlves for new housing
- Consumer encrgy office
- Total hospital program design

Agricultural
- GCrain dryers
- Cassava, Brewer's graln and tumeric
dryers
o Blogas
- None
o Coal
- Coal plant feasibllity estimate and
coal contract study
- Honftor CoM study
o Electric Utilivty
- None
o Energy Conversion
from Waste
- Alternative Energles lLaboratory
SUBIOTALL T _‘

PROGRAM SUMMARY

Initial Cost

(Page 2 of &)

Operating Cost

Total Cost

(1979 uss)

*Amounts In parenthesis are nwot fncluded

in sub-totals, nor totals

30,000 20,000
10,000 -
5,000 -
5,000 -
25,000 80,000
74,000 -
120,542 2,158
400,280 7,720
200,000 -
(2,000)*
80,000 . 102, 500%%
T 949,822 212,578~

1,162,400



(Page 3 of 4)

TABLE 2-1
(continued)
COMBINED FIVE YEAR ENERGY PROCRAM SUMMARY

Priority Recommendat fon Inftial Cost Operating Cost Total Cost
HIGH (1979 us$)
o Solar
Industrial

- Climatic Stations (1) 45,000 30,000

- Course for architects and englinecers 37,000 -

- Installation of solar hot water systems

for Jamaica's hospitals 1,500,000 -

Agricultural

- Cnffee dryers 236,705 4,295
- Cocha dryers 165,050 2,950
o Biogas
- None - -
ﬁa o Coal
wu
- None - -
o Electric Utility
- None - -
o Energy Conversion
from waste
- None - -

SUBTOTAL 1,983,755 TTT3T,245 2,021,000



(Page 4 of &)

TABLE 2-1
(continued)
Priority Total Cost*
Highest $ 3,045,428
Hizher 1,162,400
High 2,021,000
GRAND TOTAL OF
PROGRAM $ 6,228,828

*Excluding figures in parenchesis presentad in previous pages of this table.



2.1.5.2 Effects of the Combined Energy Program
On Jamaica's Energy Situation -
A number of the recommendations of the
Combined E' »rgy Program will appear to have very little
direct, immediate effect on Jamaica's energy situation.
Nevertheless, they will create a sound base for the steady
diversification of the nation's energy sources in the coming
decade. In order for Jamaica's large potential resources of
solar energy and biogas to be developed, and more effective
use of coal to be realized, these first steps must be taken.

Almost 4.2% of Jamaica's energy imports can be replaced by
solar water heating systems (3.3%) and biogas systems (0.7%)
if exploited in accordance with the study recommendations.
If the net fuel savings of a coal-fired electrical generating
plant are included, the potential savings increase to 7.3%
of energy imports. If the new electrical utility tariff
structure that Jamaica Public Service Company adopts results
in even a 1% savings in fuel, the potential savings of the
Combined Energy Program amount to 8.3%. Using the 19738
figure of 3,887,200 barrels (net) f.o.e. (non-bauxite energy
consumption) for Jamaica's consumption of imported fuel,
737,637 barrels f.o.e. could be saved annuall.y.

Immediate effects will, of course, be much lower. None of
the specialists on the U.S. Energy Team feels all of this
potential will be captured within the next few years. None-
theless, if by 1985 thirty percent of hotels (3155 barrels
f.o.e.), all hospitals (13,700 barrels), and 4000 additional
residencer (21,200 barrels) use solar hot water; if enough
commercial and industrial systems use solar hot water to
save 15% of fuel imports; if 2,741 biogas plants are built
(10,702 barrels); if 40 solar air-type dryers are built
(130,704 gallons of #2 diesel); if a 65 MW coal-fired elec-
trical generation plant is in operation (3.1% savings in
fuel imports); and if the JPS tariff structure allows for

a fuel savings of 0.2% of energy imports, the net import bill
for energy will be reduced 4.4% annually, or by 389,582 bar-
rels f.o.e.

Of course, this figure merely represents a beginning; it
reflects only specific specialized study recommendations in
selected energy sectors. It also assumes no technological
change. For instance, by 1985 other forms of solar energy
besides solar water heating systems and crop drvers may be
feasible. Also, other non-energy developments might make
additional projects possible. For example, i1f an efficient
waste collection program were undertaken in Kingston, it is
believed that a project to convert this waste to energy
would become both technically and economically feasible.



In any case, an enormous amount of experience will have béen
gained by the Jamaican people in implementing alternative
energy technology programs. With completed programs,
finished studies, and an established technical capability,
Jamaica will be in a position to obtain far greater gains
over the following five vears.

If the Combined Energy Program outlined here is adopted, by
1985 Jamaica quite possibly could have a well-functioning
and proressionally operated solar collector testing and
certification service. Many plumbers could be trained to
install solar water heating systems, and all its hospitals
and government-owned (as well as numerous privately-owned)
hotels converted to solar hot water. A reasonable number of
new and old residences could be installing solar water
heaters each year. Further, there should be a growing and
increasingly export-oriented solar collector manufacturing
industry; an increasing use of solar hot water in commerce
and industry; an energy-informed public; an excellent meteor-
ological data base; and energy-sensitive architects and
engineers. Twenty-seven hundred household-size and 41
institutional-size biogas plants should also be in place and
the country will have the capacity to install many thousands
more. There could be an efficient and modern coal-fired
electrical generating plant; a sensible electrical tariff
structure that helps conserve energyv; 40 solar air-type
agricultural dryers in place; plus well-functioning R&D
programs in air-type solar collector technology, agricultural"
product drying and other alternative energy technologies.

These are preliminary but important gains that would provide
a foundation for Jamaica's energy development. In the
absence of this or a similar energy program, few advances
could be made.

2.1.5.3 Effects of the Combined Energy Program

on Jamaica's Economy

Perhaps the most surprising aspect of
the Combined Energy Program is the modest cost for all these
improvements in Jamaica's energy situation. The total
costs (capital costs plus initial operating costs) of the
entire program (Table 2-1) are only U.S. $5,228,823.
If only the Bustamante Hospital, rather than all hospitals
in the country, were converted to solar water heating during
the program, total costs would be reduced to U.S. S4,644,828.
Even if the price of o0il rises at 8% per vear, in 1985 the
estimated 4.4% savings in energy imports would be U.S.
$4,6044,828. (discounted) annually.




2.1.6 Conclusions and Recomnmendations .
The main conclusion of the Economic Assessment

is that the Combined Energy Program is a sensible way for
Jamaica to direct its efforts in the energy sector over the
next five years, and it should be accepted. The recom-
mendations of the specialized studies that have been incor-
porated into this program have been shown to produce real
benefits. The costs themselves have been found to be
modest and the government should be able to find the neces-
sary funding.

The need for immediate action should be emphasized. The GOJ
should consider this program without delay and begin imple-
menting the recommendations it accepts. Financing should be
sought as soon as possible. With so many recommendations
for so many agencies, there may be a problem coordinating
the Combined Energy Program, and coordinating this program
with other ongoing and planned programs under the Energy
Sector Plan. Consequently, to ensure that Jamaica's efforts
in the energy sector progress as smoothly as possible, it
would be useful to form an Interagency Energy Coordinating
Committee. Meeting perhaps monthly, with the nation's
Energy Director as Chairman, this group could help resolve
any conflicts among participating agencies in the energy
effort and provide a forum for the interchange of useful
information.

Finally, it is recommended that the Energy Sector Plan be
modified, based on consideration of the Economic Assessment
Final Report when the government reaches its decision re-
garding the Combined Energy Program.

2.1.7 Complete Study Report
The Economic Assessment section of the study
report is separately contained in Volume II, Chapter 2 -
ESI Report No. EA 80-0101-2.




3.0 SOLAR ENERGY - COMMERCIAL AND INDUSTRIAL
3.1 EXECUTIVE SUMMARY

3.1.1 Introduction
Most countries of the world are presently in
various stages of implementing national energy plans, re-
evaluating the availability of energy resources and inves-
tigating alternative sources of energy in order to reduce
the need for imported fossil fuels.

Jamaica's lack of conventional energy resources has led to
the development of a Five Year National Energy Plan which
emphasizes the implementation of proven solar technologies.
Near-term emphasis is placed on the use of solar water
heaters and longer term emphasis is on solar space or process
cooling.

Jamaica's high level of solar radiation and relatively
moderate ambient temperature provide an ideal climate for
the implementation of proven solar technologies.

3.1.2 Terms of Reference

The purpose of this Section of the energy study
is to assess the potential of using solar energy for heating
domestic and process water for residential, commercial,
institutional, and industrial applications. Although resi-
dential solar water heating was not included in the original
Terms of Reference, it is necessary to address all potential
solar applications to determine the overall technical and
energy reduction impact of implementing solar energy tech-
nologies.

Additionally, the Terms of Reference required the assessment
of solar cooling for various commercial applications.

3.1.3 Background Information

Jamaica's year round average climatic conditions
are ideal for application of current proven solar technol-
ogies. This potential lies primarily in systems that require
water heating for residential, commercial, institutional and
industrial installations. Many of these current installations
utilize electricity for heating water and at J. $0.17 per
kilowatt hour (U.S. $0.10), the equivalent solar hot water
systems are economically justifiable. For example, feasi-
bility studies indicate that solar system pay back in
various residential and institutional cases are in the 2-3
year time frame. A summary of commercial applications,
which use a mix of liquefied petroleum gas (LP), diesel




fuel, Bunker C fuel o0il, and electricity, demonstrates a-
totxl system pay back of 3.8 years. Of the industrial
applications surveyed which use a mixture of oil (approx-
imately the cost and Btu value of diesel oil) for preheating
boiler make-up water, the system pays for itself in 7-8
years.

3.1.4 Study Method

In order to adequately determine solar system
costs, performance, retrofit capability, market potential,
and learn of existing programs, over twenty personal inter-
views were conducted in the government, academic, and
private sectors. Of the ten separate sites that were visited,
eight feasibility studies were completed. In addition, the
Ministry of Mining and Natural Resources (MMNR) conducted a
market survey of fifteen companies involved in application
of industrial process heat.

From the extensive investigation of the existing solar
collector and associated system manufacturing costs, the
total system cost and system pay back relative to first
cost and fuel type displaced were calculated.

3.1.5 Findings

3.1.5.1 Existing Solar Program
Jamaica Public Service Company (JPS) is
starting a residential solar water heating demonstration
program. It will feature low interest rate loans to qual-
ified applicants.

3.1.5.2 Solar Radiation Data
The only accurate solar radiation data
available are those recorded at the Norman Manley Airport in
Kingston. The Ministry of Mining and Natural Resources
ordered equipment for six solar radiation recording stations
through an Organization of American States (OAS) grant, but
they have not been delivered.

3.1.5.3 Collector Performance Testing
and Certification
Solar collector performance data does
not exist for collectors manufactured in Jamaica. The
Jamaican Bureau of Standards is presently establishing an
interim collector performance testing and certification
program.




3.1.5.4 System Installation Standards
System installation standards are non-
existent. All evaluated solar systems were installed
differently and existing plumbing codes are generally not
followed.

3.1.5.5 Solar System Design Training
Architects and engineers are not
adequately trained in energy conservation and solar util-
ization techniques.

3.1.5.6 Water Heater Tank Tax
In order to control the sale of hot
water heaters a 37.5% sales tax is added to all water
heater tanks, including tanks utilized in solar water
heating systems. This tax is a barrier to the widespread
use of solar energy in Jamaica. '

3.1.5.7 Hardware Manufacturers
Only two manufacturers mass produce
solar collectors and systems in Jamaica today. Both com-
panies presently produce low performance, flat plate col-
lectors which are suitable for water heating only.

3.1.5.8 Estimated Annual Fuel Consumption
Energy used to-heat water in the
residential, commercial, institutional, and industrial
sectors consists of the following:

(1) Electricity is utilized to heat water in
most residences, hospitals, and a small number
of hotels.

(2) Diesel o0il is utilized for water heating
in most hotels.

(3) Diesel or Bunker C oil is primarily utilized
for industrial process water heating and
steam generation.

As derived in the Solar Potential Section (3.7.9) of Chapter
3, approximately 189,842 barrels of fuel oil equiv-

dlency (f.o.e.) per year could be replaced through solar
water installations.

3-3



3.1.6 Conclusions and Recommendations -
Based on the extensive solar heating feasibility
studies (Section 3.1.8.3) and total energy sector analysis
(Section 3.1.8.5), solar domestic water heating and boiler
make-up water heating are technically feasible and, depend-
ing on the displaced energy source (electrical or various
fuel types), economically justified.

On the other hand, effective solar cooling requires higher
performance collectors which are not manufactured at this
time in Jamaica. Further, solar cooling during the near-term
is not economically justifiable based on the solar cooling
feasibility studies conducted (Section-3.1.8.4).

The following specific recommendations are forwarded for
approval and implementation:

(1) Establish 10 climatic stations to record solar
radiation levels and ambient temperatures;

(2) Establish solar colleccor performance testing and
certification program;

(3) Eliminate the existing 37.5% tax on water heater tanks
utilized in solar water heater systems;

(4) Establish consumer energy information office;
(5) Establish training courses for solar system installers;

(6) Establish college level energy conservation and solar
application programs for architects and engineers;

(7) Investigate possible export of solar products manu-
factured in Jamaica to Caribkean and South American
countries;

(8) Provide ongoing technical support to the JPS
Residential Solar Demonstration Program;

(3) Start in-depth feasibility studies and evaluations of
all industrial processes and commercial systems to
determine possible solar hot water applications which
should be funded;

(10) Start in-depth feasibility studies and evaluations
of all hospitals to determine most economically jus-
tifiable solar hot water applications;



(11) Solar cooling demonstration program should not be
considered at this time except for experimental,
scientific and demonstration purposes;

(12) Establish tax incentives for cost effective commercial
and industrial solar applications;

(13) Establish tax incentives for solar hot water systems
installed in new housing; and

(1l4) Start iﬁstitutional solar hot water demonstration
program.

3.1.6.1 Recommended Solar Energy Program
Based on the recommendations cited
above, a solar energy program has been defined that could be
implemented over a three year time frame (Table 3-1).
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3.1.7 Complete Study Report
The Solar Energy - Commercial and Industrial
section of the final report is separately contained in
Volume III, Chapter 3 - ESI Report No. EA 80-0101-3a.

To assist those readers of this Executive Summary who may
desire additional information, selected data have been ex-
tracted from the main report and are included in Section 3.1.8
as supriementary information.

3.1.8 Supplementary Information

3.1.8.1 Potential Solar Water Heating Sites
In order to evaluate the possible
economic impact and overall feasibility of solar enerqgy,
various applications within the commercial, institutional,
and industrial sectors were analyzed. The eight .specific
sites selected within the above sectors for the study are as
follows:

(1) Commercial Applications*

Negril Beach Village - Negril
Montego Bay Club - Montego Bay
Coconut Cove Hotel - Negril
Trelawny Beach Club - Falmouth
Intercontinental Hotel - Ocho Rios

O00O0O

(2) Institutional Applications

© Bustamante Hospital for Children
0 Cornwall Regional Hospital

(3) Industrial Applications
© Desnoes and Geddes Bottling Company

* Hotels were the only commercial applications considered
since they are the largest commercial consumer of hot water
in Jamaica.

3.1.8.2 Solar System Cost=*

From an extensive investigation of the
manufacturing costs of existing solar collectors and asso-
ciated systems the following figures were derived for use
in this study:

* One U.S. dollar is equivalent to $1.75 Jamaican dollars



(1) Figure 3-1: This figure indicates the approximate
system installed cost based on collector area. It also
separates the system into basic components and their
associated cost as related to collector area.

(2) Figure 3-2: This figure indicates solar system pay
back in years as related to system first cost and type of
fuel displaced. It can be seen that solar water heating
systems are cost effective when displacing electricity, LP
gas and diesel fuel.

As can be seen in Figure 3-1, system cost per square foot
varies as a function of system size. The indicated cost

per square foot is a compilation of cost and pricing infor-
mation from solar collector manufacturers and system in-
stallers interviewed.

3.1.8.3 Solar Water Heating Feasibility Studies

The above mentioned eight feasibility
studies were completed during the assessment period. The
most cost effective solar system size was derived by using
the lowest cost per square foot of collector surface as
depicted in Figure 3-1. Summary of the feasibility study
results is shown in Table 3-2. The key findings are as
follows:

(a) Solar water heating is most cost effective when
used to substitute for electric water heating
or LPG water heating. Pay back periods range from
1.9 to 2.6 years for the specific site applications
analyzed.

(b) Solar water heating is marginally cost effective
when used to substitute for diesel oil water
heating. Pay back periods range from 6.0 to 6.1
years for the specific site applications analyzed.

g

(c) Solar water heating is not cost effective when
used to substitute for Bunker C oil. Pay back
periods range from 15.4 to 15.8 years ZIor the
specific site applications analyzed.

The detailed analysis of the above applications are contained
in Appendix H, of Chapter 3.

3.1.8.4 Solar Cooling Feasibility Studies
The following three solar cooling
feasibility studies were completed using the criteria estab-
lished in Section 3.7.8.1 of Chapter 3:
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TABLE 3-2

SUMMARY OF SELECTED SOLAR HOT

WATER PEASIBILITY STUDIES

t.ocation#

Negril Beach
Village (D)

Monteqo
Club (L)

Bay

kaxnmut Cove
lotel (D)

‘'relawny Beach
cLug (L)

I[ntcrconLi-—
nental llotel
'Vcho Rios (B)

Bustamante
Hospital PFor
Fhildrun (1)

FX)rnwall
‘Regional
Hospital (L)
Desnoes and
Geddes

Bottling Co. (13)

1002 Replacement by Solar
Collector to Fossil IFuel System Most Cost Effective Solar System
IS 2511 e
Collector System Cost | Pay Back | Collector System Cost | Pay Back
Area (FL2) J. $ (years) | Area (ft2) J. § (years)
3,570 80,400 6.7 2,000 41,000 6.0
2,100 58,260 2.6 2,100 58,260 2.6
900 18,000 6.1 900 18,000 6.1
4,300 96,750 3.1 2,000 41,000 2.7
3,555 78,210 17.0 2,000 41,000 15.0
318 7,000 2.5 318 7,000 2.5
6,350 158,750 2.3 2,000 41,000 1.9
12,700 334,000 21.0 2,000 41,000 15.4

Axisting
(B) Bunker C
(D) Dicsel
(12)

(1.} LPG

fuel or enerqgy utilized
0il
0il

Hlectricity




(1) Cornwall Regionel Hospital (institutional)

(2) Ministry of Education and SRC Office Building
(public building)

(3) Agricultural Marketing Corporation retail outlet
store (commercial)

The summary results of the feasibility studies are shown in
Table 3-3. Generally, the results show that all solar cooling
applications analyzed (whether flat plate or concentratinc
collectors) are not cost effective. The pay back periods

are in excess of 63 years. The detailed analysis of the
individual site applications is contained in Appendix I,

of Chapter 3.

3.1.8.5 Solar Potential By Building Sectors
As a means of assessing the impact of
solar water heating on reducing imported oil, the following
building sectors were also independently examined:

(1) Residential

(2) Institutional (hospital)
(3) Commercial (hotels)

(4) Industrial

Although the residential sector was not initially part of
the study, the following evaluation indicates that the resi-
dential sector consumes approximately 1% of the imported

0il for electric water heating. This percentage is signifi-
cant and it was found necessary to include the residential
sector in the study.

The summary results of the building sector analysis are
shown in Table 3-4.

It can be seen that the residential, institutional and
commercial sectors can utilize solar water heating on a cost
‘effective basis. The pay back periods range from 2.2 to 3.8
years. On the other hand, the industrial sector shows mar-
ginal cost effectiveness with a pay back period of 7.14 years.

A detailed analysis of the individual building sectors is
contained in Appendix J, of Chapter 3.
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TABLE 3-3

SUMMARY OF SELECTED SOLAR COOLING FEASIBILITY STUDIES

Collector Areas (ft2)

System Cost J.$§

System Pay Back (years)

Cornwall
Regional
llospital
Cornwall
Regional
Hospital

40,000 (Flat Plate)

16,000 (Concentrating)

3,500,000

2,520,000

63

71

Ministry of
IEducation
and SRC
Ofrice
Buildings
Minlistry of
Education
and SRC
Otffice
Buildings

750 (Flat Plate)

300 (Concentrating)

75,625,

57,250

210

will not pay back

Agricultural
Marketing
Corporation

2 KW PV

87,500 -

117
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SOLAR POTENTIAL FOR BUILDING SECTORS

Bui lding

Sectort Collector Areas_(ftz) §X§£§W”99§E_ﬂ;§ System Paxngggk (yehrs)
Residential
(i) 1,270,000 30,480,000 2.2
Institultional
(Hospital) (E) 110,000 2,640,000 [ 2.2
Commercial
(1lotets) (1)

(1)

(n) 118,270 2,838,500 3.8
Industrial (N) 113,110 2,713,100 7.14

rpssumed existing fuel type
(h) biescl
(1) Elecltricily
(1.) 1.PG



4.0 SOLAR ENERGY - AGRICULTURAL
4.1 EXECUTIVE SUMMARY

4.1.1 Introduction

As the world supply of fossil fuel decreases,
most countries are in the process of re-evaluating their
energy use patterns and developing various conservation
techniques. Additionally, many of the developing nations
are exploring renewable energy sources in an attempt to
reduce the costs and requirements for imported petroleum.
In Jamaica, where average daily solar radiation is very
favorable, the collection of heat with flat plate collectors
offers great potential for the drying of agricultural
products.

The need for drying agricultural products exists on large
and small farms and in commercial-sized operations. Agricul-
tural produce drying provides quality export products, and
is beneficial for preserving food for use between harvests.
Sun drying is effective in small batches and for the initial
step in commercial operations. For commercial drying to low
moisture contents, however, the quantity of solar energy per
unit area is not sufficient to provide the needed rate of
drying. The collec:ion of solar heat over larger areas than
the barbeque (a horizontal surface used for sun drying of
products) must be accomplished to gain higher temperatures
and larger quantities of heat for commercial applications.

A new technology needs to be introduced to use the abundant
sunshine for forced-air drying of certain agricultural
products. Currently, no forced-air drying is used and no
alr-type solar collectcys are manutactured or used in Jamaica.

4.1.2 Terms of Reference

As defined by the contract Terms of Reference,
the purpose of this section of the energy study is to
assess the potential of using solar energy in Jamaica for
drying agricultural products and to identify the technical
and economic feasibility of implementing near-term solar
energy projects. The following products were included in
the assessment: corn, peas, beans, peanuts, onions, pepper,
coffee, cocoa, tumeric, cassava, timber and fish.

4.1.3 Background Information
The need for drying agricultural products was
recognized in the original Terms of Reference prepared by




the Ministry of Mining and Natural Resources. The task was
to match the needs for drying in Jamaica to the technical -
potential of collecting solar energy. Collector design,
development and manufacture is essential if solar agri-
cultural drying is to be used for preserving food and
providing a constant food supply during the months between
harvests.

4.1.4 Study Method
Numerous personnel interviews and site visits
were conducted during the study in Jamaica. These visits
provided direct information on product drying needs and
current energy usage. As a result of the data obtained, the
following drying methods demonstrate the greatest potential
for use in the Jamaican environment:

(1) drying in the sun using open barbeques;

(2) drying in transparent buildings (with or without
attached collectors) for small operations;

(3) new drying systems ucing solar air
heaters with forced—-air drying;

(4) preheating air for existing commercial fossil
fueled dryers; and

(5) fish drying via chemical dehydration with solar
regeneration of the chemical.

4.1.5 Findings

4.1.5.1 Solar Radiation Data

A two to three year record of hemi-
spherical solar radiation is available only for Kingston. A
method of computing solar radiation from climatic data
agreed with the measured hemispherical radiation with a mean
difference of only 4 percent. Solar radiation and climatic
data are needed at more stations over a longar period of
time if solar energy systems are to be designed efficiently
and with minimum risk of failure.

4.1.5.2 Solar Air Heaters
In order to utilize solar-heated air
for drying agricultural products and heating water, air-type
solar collectors which are suitable for construction and use
in Jamaica must be developed.

4.1.5.3 Drying Research and Development
To maximize product quality, a research
and development project is needed to study drying methods
peculiar to Jamaica in order to establish the best configura-
tion for product exposure to the heated air and to determine




optimum drying rates and temperatures. This R&D effort
should include a literature study, visits to other countries,
engineering design and economic analysis, construction and
operation of prototypes and laboratory-scale drying experi-
mentation.

4,.1.5.4 Sun Drving
Sun drying of agricultural products in
small quantitites and the initial commercial drying of large
quantities are well developed and energy efficient. The
study found that sun drying very high moisture products to
a medium or low moisture content was efficient and profit-
able and should be encouraged.

A thorough study of small (100 to 500 lbs/batch) drying
systems should be made using an engineering/economic approach
as part of a research and development project to maximize

the use of sun drying in Jamaica.

4.1.5.5 Solar-Heated Air Dryin;

Solar-heated forced-air drying of
agricultural products needs to be developed in Jamaica.
Whenever sufficient quantities of legumes or grains are
assembled, solar-heated air dryers should be considered to
ensure preservation.

Designs of several 140°-170°F solar air heaters examined in
this study are highly efficient.

4.1.5.6 Solar Preheaters
Commercial plants which dry cocoa,
coffee, cassava, brewer's grain, tumeric and lumber have
large buildings with sloping roofs, which are considered
excellent locations for solar air-type collectors for use as
air preheaters.

4.1.6 Conclusions and Recommendations
Jamaica has an ideal climate for utilizing

solar energy for drying agricultural products. The primary
needs are to develop and construct solar collectors, and
train engineers in solar system design and installation.
Solar preheating of air for commercial dryers, however, will
not be feasible until collectors are developed which are
suitable for, and durable in, the environment of Jamaica.
Also, solar drying R&D is necessary to optimize solar drying
technology that is peculiar to the Jamaican climate. Little
of such required R&D has been accomplished in the U.S. or
other countries as of this time.




The following specific recommendations address the current
needs:

(1)

(2)

(3)

(5)

(6)

Establish 10 climatic stations to record solar radiation
levels and ambient temperatures;

Begin immediate development of solar-heated air collectors
using materials which are suitable to tropical climates;

Establish research and development programs for drying
of agricultural products with the aim to develop tech-
nically sound methods of solar-heated air drying;

Encourage sun drying of agricultural products, particu-
larly those of high moisture content; conduct research
and development to determine most cost effective dry-
ing methods;

Design and construct solar collector systems for use
as preheaters in commercial drying facilities;

Provide the necessary training for the research, develop-
ment, design, construction and operation of solar air
heaters and forced-air dryers for the climate of Jamaica;

Begin program to develop and construct solar-heated air
drying systems for community use when sufficient quan-
tities of products are ready for drying from one or
more farms.

4.1.6.1 Recommended Program for Drying Foods and
Agricultural Products
A solar agricultural drying program

should begin immediately with:

(L
(2)

research and development of solar-heated air drying;

the development of air-type solar collectors.

These two projects should each be funded for five years at
approximately U.S. $90,000 per year with an additional first
vear expenditure of U.S. $30,000 for materials and supplies.
During the first year, one grain drying unit should be
designed and constructed. During the second year, four more
grain-type dryers should be constructed. Design should also
commence on alir-type solar collectors for preheating commer-
cial dryers.

4-4



The recommended program schedule and associated cost are
shown in Table 4-1. The program includes the R&D develop-
ment and design of solar air heaters, and construction of
various projects. The first year's program consists of
collector development, product drying R&D and the construc-
tion of the first two ton capacity grain dryer; the rest of
the recommended program is allocated over the remaining four
vear pericd.

The data used to illustrate the technical and economic
feasibility of solar-heated air dryers for specific use is
shown in Table 4-2. The results show that solar energy

would provide essentially all of the necessary heat for the
small grain dryers as well as supplement fossil fuel for the
commercial dryers. An exception might be the tumeric dryer
and the lumber kiln. In these two cases, the R&D program and
engineering development should be utilized to assess the best
method of drying various products before proceeding to pro-
duction design. The lumber dryer was eliminated from the
program because of the long pay back period.

The need for establishing solar-heated grain dryers is great
enough that one such dryer is to be built as a part of the
development program. After it is checked for performance
and after smaller collector units have been instrumented and
tested, larger unit design should proceed in the second year
of the program.

It is believed that the costs assumed for collector construc-
tion are reasonable for contract work. In the detailed design,
particularly after sufficient development, lower cost materials
might be selected to achieve cost reduction. As development
and construction proceed and more experience 1is gained, it

may be feasible to reconsider the development of a lumber
dryer.

4.1.6.2 Consumer and Economic Benefits

The development of food and agricultural
product drying technology should benefit everyone in Jamaica
by providing a better supply of food products throughout the
year. A wide fluctuation in the price of a product is an
indicator that more of that product should be preserved for
use after the peak harvest season. The drying of products with
solar energy, either directly in the sun or by using air from
solar collectors, is a relatively simple techrology in Jamaica.
The collectors will operate at a relatively high efficiency due
to high temperatures during the day and higih solar radiation,
particularly near the coast. Maximum use should be made of
these factors.
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TABLE 41
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4.1.7 Complete Study Report
The Solar Energy - Agricultural section of the.
final report is separately contained in Volume IIIb, Chapter
4 - ESI Report No. EA 80-0101-3b.

To assist those readers of this Executive Summary who may
desire additional information, selected background informa-
tion has been extracted from the main report and has been
included in Section 4.1.8 as supplementary information.

4.1.8 Supplementaryv Information

4.1.8.1 Solar Energy Use In Drying Agricultural

Products

In many of the solar applications in
agriculture, direct use of solar energy already plays an
important role. Nevertheless, a significant amount of
fossil fuel presently goes into the low temperature heating
and drying operations just because of the traditional con-
venience and dependability of fuel~fired operations. With
increasing costs and unavailability of various fossil fuels,
the need to focus on energy conservation for agricultural
applications becomes important. When preservation of food
and agricultural products are jointly considered with energy
conservation, then the need to examine alternative methods
of crop drying by solar energy becomes an economic necessity.

4.1.8.2 Types of Collectors for Crop Drying
In drying crops with solar energy, it is

important to remember several important characteristics.
First, solar energy is diffuse and large collector areas
are generally required. Unlike domestic solar water heating
systems where solar collector areas are small, collector
areas required for agricultural drying range in size from
400 ftl to 20,000 ft“ or more. Therefore, cost becomes a
significant factor. Also, while ligquid solar collectors are
more appropriate for water heating, air-type solar collectors
are generally more suitable to crop drying applications. A
feature of air-type solar collectors for agricultural drying
is that they can, because of design simplicity, be construc-
ted more cheaply and be assembled at the construction site.
There are three basic air-type solar collectors (referred to
as "solar air heaters" in this report). Figure 4-1 illus-
trates the three types. The dashed line represents one or
more transparent covers. Type I utilizes flow over the
absorber. Type II utilizes flow on both sides of the
absorber and Type III, flow under the absorber. Such col-
lectors must be carefully designed and sized to obtain
maximum heat transfer characteristics. In fact, the h=2at
transfer characteristics are more critical for solar air
heaters than liquid collectors.
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4.1.8.3 Status of Air-Collector Development
Technically, the design and development
of solar air heaters are in their infancy. Much is yet to
be learned about their performance, characteristics, heat
transfer, and the longevity of materials used with a wide
range of temperatures and humidities.

4.1.8.4 Methods of Solar Drying
There are a number of applications in
which solar energy can be applied for use in crop drying.
Each application has its own peculiar characteristics, ad-
vantages and disadvantages, and they must he understood when
trying to achieve cost effective drying results. The features
of various solar energy drying techniques are outlined below.

4.1.8.4.1 sSun Drying by the Barbeque Method: This
method involves the drying of agricultural products on an open
surface exposed to direct sunlight. The features of this
method are:

-- Most energy efficient method; little use of energy;
-- Optimum method for initial drying of products down
to 20% moisture content (M.C.);
-- Requires a long time and large areas for drying
to preservation ranges of 10-15% moisture content; and
-- Exposed drying surfaces susceptible to unexpected
rain or showers.

4.1.8.4.2 Sun Drying in Transparent Buildings:
This method involves enclosing the ceiling and walls of a
drying chamber with a transparent cover. Free Or forced con-
vection is used to direct the air inside the building to dry
products spread out inside the building. The main features
of this method are:

-- Products protected from rains and showers;

-- Requires drying of larger quantities to justify
use;

-- Rate of drying and energy efficiency are reduced as
compared to the barbeque method, probably due to
reduced air flow rate and solar heat; and

-- Improved drying should be achieved by blowing hot air
down through products.

4.1.8.4.3 Solar-Feated Forced-Air Drying: This
method involves the use of a fan to force solar-heated air
through a bin of the product neing dried. The features of
this method are:




Highly ‘effective for drying products to iow
moisture content;

Promotes crop preservation for use between harvests;
Simple low cost technology;

Improved drying performance as compared to sun
drying; and

Nominal to insignificant use of electric energy

for fans.

4.1.8.4.4 Preheating of Air for Commercial Dryers

This method involves the use of solar air heaters to preheat
air which is then ducted to rotary drum, cyclone, vertical
or tunnel dryers for drying products in large quantities at
commercial drying facilities. The features of this method

are:

Collectors can be mounted on new or existing roofs;
Simple low cost cnllector technology;

Requires large roof or other area for collectors;
Absorbers may be mass produced and assembled during
roof construction; and

Collector design may be adaptable for use in liquid
collectors also.

4-11



5.0 BIOGAS APPLICATIONS
5.1 EXECUTIVE SUMMARY

5.1.1 Introduction

Biogas, a high grade fuel similar to butane, is
a mixture of methane and carbon dioxide which burns with an
‘nvisible to blue flame and is useful for cooking and other
purposes. It is produced simply by anaerobic digestion of
organic matter. Agricultural crops can be used as feed-
stock, but a common practice is to digest manure from animals
such as cattle, pigs and chickens. In producing biogas, the
slurry retains its original fertilizer components and there-
fore, biogas is an energy dividend which can be obtained
merely by operating the digesters.

5.1.2 Terms of Reference
The objectives of the biogas study were to assess
the feasibility of biogas generation and prepare recommenda-
tions for projects that might be undertaken. Included were
energy and economic evaluations, as well as a review of low
cost facility designs which would be most suitable for con-
ditions in Jamaica.

This biogas study was initiated in August 1979. After a plan-
ning period and development of a questlonnalre, site visits
were made to selected farms and institutions in all parishes
of the country where biogas could be generated. Based upon
these studies and discussions with representatives of insti-
tutions and agencies which would be involved, a recommended
program in biogas was prepared for presentation to the Gov-
ernment of Jamaica and to the Final Report Conference held
November 13-14, 1979 in Kingston, Jamaica.

5.1.3 Background Information

Jamaica has many characteristics which could
lead to successful development of biogas as an alternate
energy source. Much of the economy is agricultural in nature
and therefore large amcunts of biomass materials are avail-
able. In rural areas where biogas plants could be built there
are often shortages of butane and kerosene, so the plants
would be located in areas of greatest need. The ambient tem-
perature is sufficiently high throughout the year in Jamaica
that auxiliary heating of digesters is not necessary. This
obviates the need for costly equlpment which 1s required in
colder climates, where biogas is economically justified
even when such heating adds significantly to construction and
operating costs. Finally, biogas plants are cost effective
in Jamaica, where all oil and gas must be imported.
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Cooking is often done with butane or kerosene in Jamaica.
Generally, 100 cu ft of gas per day is sufficient to supply
the cooking needs of a family of six. Approximately 2.7 lbs
of butane or 1/3 gallon of kerosene can be replaced by 100

cu ft of biogas.

A brief review of biogas progress in countries which have
major programs, such as India, Korea, the Philippines,
Taiwan, China and the United States, indicates that Jamaica
should be able to institute a successful biogas program with
little initial research and development effort.

5.1.4 Study Method

In order to obtain input from those already
involved in developing this energy source, a Biogas Working
Group was formed with representation from appropriate
agencies and institutions. Meetings were held with this
group and with private individuals. Visits were made to
sites where biogas plants are now operating, and surveys
were made of 75 farms, communities and schools throughout
Jamaica to evaluate the potential for a program of biogas
works (see Appendix E, Chapter 5 for survey results).
Certain farms were selected based on livestock figures
provided by the regional offices of the Ministry of Agri-.
culture. altnough this survey should not be considered a
full market analysis, the preliminary results indicate that
the potential for a viable biocgas program exists. Upon
completion of the surveys, the data were evaluated, economic
and energy analyses were made, and a recommended five year
biogas program was developed.

5.1.5 Findings

The surveys showed that farmers and managers of
institutions were quite receptive to the concept of biogas.
In some cases their knowledge of the subject was fairly
good, and many expressed an interest in installing their own
biogas plants.

The Scientific Research Council (SRC) has been conducting
research and development on design of family size biogas
plants for the past five years. They are presently concen-
trating on developing lower cost designs. A basic design
has now been developed and perfected through the testing and
demonstration program and will enhance the potential for
success.

The economic potential for biogas use is excellent in
Jamaica. Because of the high price of imported fuel, the



cost of butane or kerosene for cooking purposes averages
from J. $100 to J. $250 per year per family. The present
biogas plant design would have a construction cost of about
J. $1,000 per family size unit, and a Chinese design being
studied by the SRC may reduce this to as low as J. $300.
Using the two designs for a national program of implementation
could result in an estimated average cost of J. $500 per
family size unit. The pay back period could be as low as
one and one half years but would probably average in the
range of two to four years on the basis of energy alone.
This does not include the fertilizer and other values of the
digested residue.

The Ministry of Agriculture is interested in assisting in a
national program of biogas energy throughout the rural areas
of Jamaica. Personnel from this Ministry could play an
important role in the program because of their knowledge of
the agricultural sector and their normal day-to-day contacts
at the local level.

A biogas program would be compatible with the objectives of
the Energy Sector Plan, Section 4.3-B.v. The suggested
biogas program would help divert the present energy supply
mix away from imported petroleum, develop an economically
feasible non-conventional energy form adapted to local
needs, accelerate the development of an indigenous biomass
energy source, and contribute to Jamaica's energy self-
sufficiency through the development of a non-conventional
energy source. Moreover, it would reduce the cost of energy
to low income groups by replacing purchased butane, kerosene
and other fuel with essentially free energy from renewable
feedstock.

5.1.6 Conclusions and Recommendations
Based on climate, rural pcpulation, animal
numbers, Jamaica's dependence on expensive foreign oil and
the enthusiasm shown in many sectors, it is concluded that a
national biogas program would be successful. To ensure this
success the experts on the study team formulated a group of
recommendations:

(1) Select for large scale implementation one of the SRC
family of small and medium size biogas plant designs;

(2) Postpone program to install a biogas plant at UWI-Mona
Campus;

(3) Implement the Option A (Section 5.1.8.1 A and Table 5-5)
five year biogas program irmediately;
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(4) Begin a detailed marketing study to assess the commer-
cialization potential;

(5) Conduct feasibility study for a large scale biogas unit
for electricity generation;

(6) Re-assess the feasibility of Option B, the accelerated
program (Section 5.1.8.1 B and Table 5-6) after the
detailed marketing study;

(7) Explore the interest of government, international and
private institutions in funding Option C (Section
5.1.8.1 C and Table 5-7);

(8) Establish a Jamaican Government biogas program organ-
ization; and

(9) Begin a comprehensive training and public awareness
program.

5.1.6.1 Recommended Biogas Applications Program
Based on the recommendations cited
above, a Biogas applications program has been defined that
could be implemented over a five year time frame.

5.1.6.1.1 Organizational Infrastructure: The
proposed organization for carrying out the biogas program is
shown in Figure 5-1. The role of the Energy Division of the
Ministry of Mining and Natural Resources would be primarily
planning, funding, policy decisions, and monitoring the work
of the interacting groups in the biogas program. The role of
SRC would be primarily R&D in the development of low cost
design, as well as training development. Training assistance
may also be desirable from academic institutions and the Min-
istry of Agriculture. SRC would be called upon as experts to
assist in technical matters of the biogas program, and MMNR
would then proceed with managing the overall construction
and implementation program.

Local contact with farmers could best be carried out by the
Ministry of Agriculture personnel, who have more than 400
extension agents Located throughout the rural area. The
Ministry of Agriculture is most aware of the energy needs of
farmers and is keenly interested in assisting the rural popu-
lation by providing biogas information and advice to them.
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5.1.6.1.2 Construction and Implementation

Program: The construction and imple-
mentation program should be carried out by a combined effort
of private industry and government. It would perhaps be ap-
propriate to call in general contractors and consultants from
the private sector to work with government officials so that
all could be involved in a program to achieve highest quality of
workmanship at least cost. Replication of constructed plants
by the same team should be encouraged, in order to apply ex-
perience in initial plants to the construction of follow-
on units.

5.1.6.1.3 Funding: Funding requirements for the
Five Year Program, Options A through C, are shown in Tables
5-1, 5-2, and 5-3 respectively, and are summarized in Table
5-4. It is recommended that funds be provided either to the
Energy Division of the Ministry of Mining and Natural Resources
or to an agency designated by this Division, from which they
would then be allocated to those organizations who participate
in the program.

5.1.6.1.4 Training: It is envisioned that a
substantial training program will be necessary in order to
achieve the effects desired from the biogas program. This
training would best be carried out by SRC, possibly in con-
junction with academic institutions and the Ministry of Agri-
culture.

5.1.6.1.5 Public Education: Since a family size
biogas unit can be constructed quite simply, there is a great
opportunity for enterprising and energy-conscious homeowners
to build their own units separate from the government program.
In many cases, local cast~off containers and materials are
available, and use of the farmer's own labor could result in
an extremely low cost facility.

5.1.7 Complete Study Report
The Biogas Applications section of the final
report is separately contained in Volume III ¢, Chapter 5 -
ESI Report No. EA 80-0101l-3c.

To assist those readers of the Executive Summary who may
desire additional information on the National Program options,
such information is included in Section 5.1.8 as supplemen-
tary information.
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5.1.8 Supplementary Information

5.1.8.1 National Program Options

It is the purpose of this Section to
develop a national biogas plan with three program options
for funding by one or several lending agencies or donors.
The proposal is based upon discussions with the Biogas
Working Group, but the concepts are primarily those of this
study effort. It would be anticipated that modification
would occur with additonal review and study in preparation
of documentation to funding agencies for program support.

It is necessary, during the first two years of any option
considered, that a full market study and analysis be under-
taken. The survey would provide the baseline information
necessary to assess full market potential and provide a
systematic mechanism for program implementation. 'The poten-
tial for biogas unit installation could approach 20,000 house-
hold units in the rural sector. This is an estimated figure
only, which represents 10% of the rural population or 5% of
the total population of Jamaica.

(A) Option A - Baseline Five Year Plan
A basic five year plan of demonstrating and commercial-

izing biogas plants on a country-wide basis is proposed. The
first two years would be demonstration, or more correctly
"popularization”; commercialization would be carried out during
the last three years of the five year plan. During the five
years there would be ongoing functions of research and develop-
ment, demonstration, commercialization, and training. It is
emphasized that research and development, which is primarily
the evaluation of alternate designs in order to develop modi-
fications and allow use of materials which are suitable for
Jamaica, should be done concurrently with the implementation
plan in order not to lose time. It should also be understood
that although this study and report focus on smaller biogas
units designed to provide methane for use in cooking, a large
scale demonstration unit for electricity generation should not
be ignored. A further consideration is to explore the feasi-
bility of such a unit for technology gains and possible use
in Jamaica and other Caribbean countries.

The baseline five year program consists of family and

medium size plant construction as per the schedule shown in
Table 5-5. Three or more household size plants would be built
in each region (Cornwall, Middlesex, and Surrey) per year of

a two year demonstration period. Commercialization would then
proceed over the next three vears, with a total of 2700 family
size units and 41 medium size units having been constructed at
the end of five vears.
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TABLE 5- 3

ENERGY DERIVED FROD® PROPOSED BIOGAS

EQUIVALENT Ol

{Barvels) at

ProGRAM - OFVIUN A

6

[V VI\I.l-ﬁtl'I‘z
BUTAHE/YEAR

EOULVALENT KEROSEUE/YR ]

Yian BIOGAS UNLTS Bia/yr (Million) MM Bt u/bbl (1000 1h) (1000 L. Gal.)

1 S0 household 912 152 49 1 -
} wedium 1,095 182 59 8
TOTAL 2,007 134 108 i5
2 100 houschold 1,024 304 9 14
6 mediam 2,190 364 g 17
TOTAL 4,014 668 214 11
[} 100 housechold 5,472 912 294 42
L medium 4,015 __ 669 2117 31
TOTAL 9,487 i,581 511 73
4 100 houschold 12,768 2,128 686 ag
21 wedimn 1,665 1,278 414 59
TOTAL 20,4131 3,406 1,100 157
5 2780 houschold 49,248 8,208 2,645 378
41 mediam _141-,?1_»‘._3 21194 __UQ‘J llg
TUTAL 64,2113 10,702 3,454 353

Caleulal ions based on equivalent Btu values, and the following data:

l. 100 cu. L. ol biogas has cnergy conteant of 50,000 Blua.
Houschold unit yield of 100 ca. (. /day.
Mediwn unit yiceld of 2,000 cu. tU. /day.

All units operating 365 days/yecar.

in.6 x 10® nea.

2. 1,000 1bh. ot Lutanc has cnerqy content of

. [
5. 1,000 twpedial  Gallon of kevosene has encrgy contoent of 1310 x 107 Bta,



(B) Option B - Accelerated Program
Option B would begin implementation of a biogas

program at the same rate as the baseline program during the
first year, but would accelerate much more rapidly thereafter.
At the end of five years under Option B, there would be 11,450
family size and 79 medium size plants constructed. The five
year construction schedule and the equivalent energy produced
on an annual basis i1s shown in Table 5-6.

(C) Option C - Expanded Medium Size Plants Program
In Option C the same number of family size units

would be constructed, as in the baseline program, with the
distinguishing feature being construction of more medium size
plants. The five year program would thus consist of 2700
family size and 153 medium size plants, as shown in Table 5-7.
Energy produced on a year-by-yea: basis is also shown in
Table 5-7.

An attractive feature of Option C is that the additional
medium size facilities could be selected for funding by a
particular government or international agency which might
be different from that which funds the baseline program.

5
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TABLE 5-6

EHERGY S DERIVED FROM BLOGAS PROGRAM OPTION 1
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6.0 ENERGY CONVERSION FROM WASTE

6.1 EXECUTIVE SUMMARY

6.1.1 Introduction
The economic recovery of energy and materials
from urban wastes has been of interest to public works
officials for many years. 1In general, the recovery of
resources from urban wastes has not been successful. The
value of recovered resources has not been sufficient to
offset the added costs of recovery efforts.

Increases in the price of fuels in recent years have led to
renewed interest in energy recovery from urban wastes.
Several research and demonstration projects are underway in
the United States and other countries to evaluate the poten-
tial of energy recovery from solid wastes. :

This report will center on the application of various
approaches to energy recovery from urban wastes in Jamaica
and how such approaches might best be demonstrated.

6.1.2 Terms of Reference

The principal thrust of this study was to assess
the feasibility of a prototype demonstration unit for energy
recovery from the solid wastes generated on the Mona Campus
of the University of the West Indies (UWI), Kingston, Jamaica.
Discussions with various Jamaican officials led to an expan-
sion of the scope of the study to include an analysis of the
potential for energy recovery from urban wastes in Jamaica
with the Kingston area serving as a case study.

5.1.3 Background Information

6.1.3.1 Urban Solid Wastes as a Fuel

The use of urban solid wastes as a fuel
will not solve the energy problems of any country. 1In the
United States, for example, the recovery of the heat value
in all of the 200 million tons of urban solid wastes gener-
ated annually would provide only two to three percent of the
75 quadrillion (75 x 1015) Btu of total annual energy con-
sumption.

Energy consumption on a per capita basis in Jamaica is about
13 percent of what it is in the United States. Data indicates
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that the per capita generation of urban wastes is also lower
in Jamaica. Based on the Kingston urban area, indications
are that the energy available in urban solid wastes in
Jamaica, as a percentage of total energy consumption, may be
in about the same range (two to three percent) as in the
United States.

The point is, the energy available in urban wastes is really
quite small, regardless of the location. Nevertheless, most
countries can ill afford to ignore any material that may
help to reduce petroleum consumption.

6.1.3.2 Recovery Alternatives
Alternatives for the recovery of fuels
or energy from urban sclid wastes may be classified as ther-
mal, biological, or mechanical. Specific types of systems
that have been applied to energy recovery from urban wastes
are:

Waterwall Combustion

Refuse Derived Fuel (RDF)

Pyrolysis

Anaerobic Biological Conversion (Biogas)
Landfill with Gas Recovery

U W N
— — e e

The only system in the above list that i1s beyond the exper-
imental stage is waterwall combustion. All the other alter-
natives will work, but have not been proven on a wide scale.

6.1.3.2.1: Waterwall combustion involves the
burning of refuse as received without prior separation of
non-combustibles. Heat recovery and steam generation are
the principal end products. The steam may be used for some
nearby industrial need or for the generation of electricity.

6.1.3.2.2: The Refuse Derived Fuel (RDF) sys-
tems are highly mechanized, involving shredders, separators,
classifiers, and other maintenance-intensive components
which separate and process the combustibles (the fuel) and
the non-combustibles (metals, glass, etc.). An advantage of
the RDF approach is that the fuel produced may be trans-
ported for use at a distant site. The RDF is often mixed
with another fuel such as coal, for burning in irdustrial
boilers.

6.1.3.2.3: Pyrolysis involves the heating of
organic matter in an atmosphere devoid of, or deficient in,
oxygen. The goal is the destructive distillation of the



complex organics and the production of gaseous, ligquid or
solid fuels. Several systems have been under development _
and demonstration in the United States and elsewhere. It
can be concluded that pyrolysis is a process that is well
understood, but the technology has not been well demonstra-
ted for application to complex mixtures of materials such as
urkan refuse.

6.1.3.2.4: The anaerobic biological (biogas)
process for the conversion of organic matter to methane and
carbon dioxide is another alternative for the recovery of
energy from wastes. The process has been applied for over
60 years in the stabilization of sludges in waste-water
treatment. The process is well understood, but has not been
widely applied to urban solid wastes. A demonstration
project requiring 50 to 100 tons per day is underway at

Pompano Beach, Florida. -

6.1.3.2.5: Arother approach that is being
evaluated for energy recovery from urban solid wastes is the
recovery of combustible gases from sanitary landfills. As a
practical matter, attempts to recover methane from landfills
may only complicate an otherwise simple method of refuse
disposal.

6.1.4 Study Method

An important element of the urban wastes study
was discussions with varicus individuals in the national and
local governments of Jamaica and the University of the West
Indies, Mona Campus. Tours of various facilities ir the
Kingston urban area, including the UWI campus, that could
have potential for or be involved in energy recovery from
urban wastes were conducted. To gain a better feeling for
the urban wastes situation in other cities of Jamaica, a
600 mile auto tour of the island was conducted. Also,
several reports dealing with the energy situation in Jamaica
and with urban solid wastes were reviewed.

6.1.5 Findings

6.1.5.1 Urban Solid Wastes - Kingston
One element of this study was the
evaluation of energy recovery from urban wastes using the
Kingston area as a case study. From a review of previous
reports, discussions with individuals, and personal obser-
vations it was apparent that there is a problem with refuse




collection in the Kingston urban area. A 1979 report on
solid wastes management in the Kingston Metropolitan Region
(KMR) by consultants to the National Planning Agency (NPA)
indicated that about 1000 tons per day (TPD) of urban solid
wastes are generated in the KMR. Of the 700 tons generated
daily in the Kingston and Saint Andrew Corporation (KSAC),
the consultants estimated that only about 130 TPD of refuse
is actually collected and transported to disposal sites.
Although some individuals mentioned in discussions that the
130 TPD figure appeared low, there is a serious problem in
the reliable collection of refuse in the Kingston area.

The consultants to the NPA estimated that the capital and
annual operation and maintenance (0&M) costs required to
implement a new solid wastes collection system in the KSAC
and St. Catherire and St. Thomas areas would be U.S. $12
million and $8 million, respectively.

Capital costs estimation for a waterwall incinerator with
steam generation capabilities would be U.S. $40 millich for
a 1000 TPD facility. Operation and maintenance costs would
likely average about U.S. $10 per ton of refuse processed.
Annual costs for such a facility to handle the 1000 TPD of
urban solid wastes generated in the KMR are estimated as
follows:

Annual Capital Costs $4,074,000
(U.S. $40 million,20 yr,8%) '

Annual Operation and 3,650,000
Maintenance

(U.S. $10 per ton of wastes)

TOTAL ANNUAL COSTS U.S. $7,724,000

The annual costs for new equipment and operational costs to
bring the refuse collection system to the required level of
efficiency, as proposed by the consultants to the NPA, are:

Annual Capital Costs $1,788,000
(U.S. $12 million,10 yr, 8%)

Annual Operation and 8,000,000
Maintenance '

TOTAL ANNUAL COSTS U.S. $9,788,000

The annual cost of a waterwall combustion system, including
O&M, 1is about equal to the value of the energy in the urban
solid wastes generated in the KMR. If the solid wastes were
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being collected in an efficient and reliable manner, it
would be feasible from an energy and economic standpoint to
proceed with a more detailed study and plans for a waterwall
incineration/steam generation facility in Kingston.

6.1.5.2 University of the West Indies -

Mona Campus Demonstration

Another part of this study was a feasi-
bility assessment of an energy recovery demonstration at the
Mona Campus of the University of the West Indies. About
1000 pounds per day of refuse is generated by the University
and hauled for burning in incinerators at the site of the
University's waste-water treatment plant.

The only energy recovery alternative that was considered to
be reasonable for a field-scale demonstration was the anaero-
bic digestion (biogas) approach. Calculations indicate that
a biogas reactor with a volume of 864 cubic feet would be
required to produce 360 cubic feet of gas per day from a
daily feed of 90 pounds (dry weight) of organic refuse.

This would be sufficient gas production to serve as fuel for
a one-horsepower internal combustion engine operating

24 hours per day.

6.1.6 Conclusions and Recommendations

(1) Based on the analysis of the potential for
energy recovery from urban solid wastes in the Kingston Urban
Region, it is concluded that the only technical alternative
worthy of consideration is waterwall incineration with steam
generation. Based solely on the value of the refuse as a
fuel (U.S. $7.4 million per year) versus the cost of recovery
by waterwall incineration (U.S. $7.7 million per year), it
appears feasible to proceed with energy recovery in Kingston.
This cannot be done, however, since the urban solid wastes
are not being collected. It is recommended that a detailed
study be made of the urban solid wastes collection problem
in Kingston and that a detailed evaluation of alternatives
for energy recovery be considered. It is estimated that
this study would cost approximately U.S. $150,000.

(2) The results of this study indicate that the University
of the West Indies should not proceed with a field-scale
anaerobic digestion demonstration unit. It is recommended
that the University center its eneryy interests on the
establishment of a properly equipped laboratcry to be devoted
to the research and demonstration of energy alternatives.
Establishment of such a laboratory would cost an estimated
U.S. $182,500.
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6.1.6.1 Recommended Energy Conversion from
Waste Program
Based on the recommendations cited

above only two programs were defined as follows:

(1) A detailed study on waste collection problems in
Kingston and an evaluation of the alternatives for energy
recovery; and

(2) The establishment of an Alternative Energies Laboratory
at the University of the West Indies - Mona Campus.

(A) University of the West Indies - Mona Campus

Laboratory

A better use of the available resources would be
the development of a laboratory that could be devoted to
research and development on a number of energy conversion
alternatives, not just a single technology as would be the
case in a field demonstration. This laboratory might be
called an "Alternative Energies Laboratory".

It is estimated that the energy laboratory could be established
and operated at a cost of U.S. $182,500 over the next three
years. Details on this estimate, developed in consultation
with Professor Lalor of the University, are as follows:

- Renovation of 1000 sqg ft of U.s. § 40,000
space @ $40/sq ft

- Salaries: 51,000
One research fellow, 3 years
@ $17,000/year, average

- One technician, 3 years 16,500
@ $5,500/year, average

- Furnishings and Equipment 40,000
- Travel and living expenses for 25,000
visiting professors to U.S.

over 3 years

- Conference travel, publications, etc. 10,000

TOTAL U.s. $182,500



Education is an essential ingredient in developing and
demonstrating the new technologies involved in energy alter-
natives. It is not very effective for a teacher to read
about a particular technology and then to attempt to pass

on the concepts to others. The teacher, especially at a
university level, must be involved in a "hands on" way with
what is being taught. Laboratory research provides this
kind of exper:ience and, in addition, usually results in the
generation of new knowledge.

The proposed laboratory at UWI-Mona might concentrate on
alternative fuels production, primarily biomass conversion
to methane (biogas) and other fermentations, such as alcohol
production. The ccncentration in the fermentations area
seems appropriate for UWI-Mona since a very capable faculty
in the areas of chemistry, microbiology and physics is
located there. .

It is felt to be of importance for the faculty members who are
to begin working in the alternative energies area to spend
some time in existing research laboratories in the United
States to get first-hand experience before beginning their

own work. For this reason, travel funds for visiting pro-
fessors are recommended.

An important use of the laboratory, of course, is education
and training of students, not just research and development.
The laboratory should be an extremely valuable asset for
this purpose in Jamaica.

6.1.7 Complete Study Report
The Energy Conversion from Waste section of the
final report is separately contained in Volume IIId, Chapter 6 -
ESI Report No. EA 80-0101-3d.




7.0 COAL PREFEASIBILITY STUDY

7.1 EXECUTIVE SUMMARY

7.1.1 Introduction

The objective of this study was to determine if
the use of coal for power and steam production appears
sufficiently attractive, both technically and economically,
to justify a full scale feasibility study. Jamaica is
completely dependent upon foreign fuel oil and is concerned
about possible disruption of supply. Equally important is
the continually escalating cost of oil and the adverse
effects of such escalations on the Jamaican economy. These
considerations make the use of an alternative fuel, such as
coal, desirable.

7.1.2 Terms of Reference

The study will assess the technical, economic
and environmental feasibility of diversification from oil-
fired electric power generation units tc¢ coal. The possi-
bility of retrofitting existing units tc burn 3 percent
sulfur coal or a coal-oil mixture will be investigated.
Since the benefits to be accrued exist for both the alumina
companies and the Jamaica Public Service Company (JPS), all
plant sites and harbors will be considered in the analysis
of coal transportation, coal handling and storage facilities,
and the infrastructure required to support coal operations.
Price projections for coal and the potential for obtaining
long-term coal supply contracts will be addressed.

7.1.3 Background Information

Early in the study, through discussions with key
representatives from Jamaica Public Service and the alumina
companies, the original Terms of Reference were expanded to
provide a more detailed study of alternative methods of
power generation. The following generation schemes were
analyzed: coal-o0il; combined-cycle gas turbine; diesel;
0il; and coal gasification.

7.1.4 Study Method

7.1.4.1 Personnel Interviewed
Discussions were held with officials
and emplovees of the public electric utility, government
sector and with several major energy users in Jamaica.
Power generation sites and potential coal off-loading and
power plant sites were also visited.
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Rough estimates of station capital costs were made for each of
the different types of generating schemes considered.
Levelized fuel cost savings were calculated over the 25 year
life for each type of station and compared with generation
by existing units. In addition, sensitivity calculations
were made for various oil price escalation rates. These
calculations considered fuel cost only, as differences in
operation and maintenance costs between the schemes were
relatively small. However, separate calculations were made
to show the relative cost per kWh for each generating
scheme. These were calculated for 1979 and levelized from
1985 for comparison and included capital, fuel, operating,
and maintenance costs.

Estimated prices for coal and shipping were obtained from at
least three sources. '

Existing reports were also reviewed for background infor-
mation.

7.1.5 Findings

7.1.5.1 Retrofit Capability of Existing Boilers
Existing steam and electrical gener-
ating capacity of JPS and the alumina companies, except
Alcoa, were reviewed. It arpears that none of the boilers
are suitable for burning coal directly. They may be capable
of burning a coal-oil mixture or a medium-Btu coal-gas when
and if the.e processes are proven feasible.

7.1.5.2 Long-Term Coal Contract

The possibility of obtaining a long-
term coal contract at this time is good for there is an
oversupply of coal. The 1979 estimated coal price in Jamaica
selected for the study was U.S. $47 per ton or U.S. $2.10
per million Btu, and is based on verbal conversations with
three suppliers. This is J. $82.25 or J. $3.68, respectively.
This price escalated to 1985, the study date, is J. $133 per
ton and U.S. $76 per ton.

Later it was learned that a new mine is scheduled for

opening in Columbia in 1985. Discussions indicate this future
supplier may be able to deliver coal at T.S. $30-35 per ton

at the dock in Jamaica on the basis of current prices. It is
expected that inflation will continue at 7 percent per year
through 1985, and coal is to exceed this by 1 or 2 percent.
Thus, the 1985 price would be about J. $98.00 par ton or

U.S. $56.00.



7.1.5.3 Transportation of Coal to Jamaica
Reynolds has indicated interest in the
transport of coal in their bauxite ships on the backhaul.
All others, including Jamaica Merchant Marine, indicate
their schedules are too tight to transport coal.

7.1.5.4 Economic Analysis of Alternative Generation
The economic evaluation of alternative
generating schemes on the JPS system included the following:

Coal/0Oil-Fired Unit

Combined-Cycle Gas Turbine (Heavy 0il)
Low Speed Diesel (Heavy 0il)

Oil-Fircd Unit

—~ s~
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The above evaluation indicated that coal-fired units produce

a net savings only slightly greater than that of the combined-
cycle gas turbine. However, the combined cycle gas turbine
saving is not subject to the same risk as the coal-fired

plant capital cost estimate. For example, i1f new port and
unloading facilities are required for the coal-fired station,
it 1s doubtful it could be justified at a less than 12

percent o1l escalation rate. A decision to build a new port
for a coal-fired station could only be made after a detailed
site survey, port study, and full feasibility analysis.

Several ports were surveyed for feasibility as sites for
adjacent coal-fired plants. A brief summary of findings
is given below:

0l1d Harbour Station

(1) Undeveloped harbor, large amount of dredging
required.

(2) Considerable space for possible plant siting.

(3) Very close to 0l1d Harbour station and 138 KV
system.

Montego Bay

(1) Distant from major electrical users, increased
line losses.

Port Esquivel

Most attractive -- joint us2 of harbor with Alcan.
Sufficient land available for plant siting.

Close to Kingston and 0ld Harbour 138 KV transmis-
sion lines.

1
2
3
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New South Manchester

(1) Could be used jointly to accommodate alumina
and coal shipment.

(2) Possible new harbor.

(3) Distant from existing transmission lines causing
considerable line loss.

An option less dependent upon high fuel oil price escalation
rates might be the use of an existing port, either at Port
Esquivel or the proposed South Manchester port.

Based on the previous findings, an economic analysis was
conducted for various generation schemes using coal. The
net cost savings and power generation costs levelized from
1985 are as follows:

System Savings x 106($J.) Power Generation
Cost ($J./kWh)
Existing Oil-fired Base -
New Coal-Fired 182.8 .205
New Combined-Cvcle 175.1 .214
New Low-Speed Diesel 140.3 .221
New 0il-Fired Unit 18.9 .261

7.1.5.5 Potential Problems
Potential problem areas for the various
generation schemes include:

carital expenditures

maintenance

ash disposal

operator training

reliable future fuel cost estimates
pollution

P e
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7.1.6 Conclusions and Recommendations

7.1.6.1 Conclusions
The following conclusions have been

reached:

(1) JPS instzlled svstem capacity is approximately 455 MW
which is greatly in excess of the present 210 MW peak
demand. Thus, a new unit is not needed to meet the
expected svstem load at the present time. However,

unit outages cause freguent rolling blackouts. A major
program is needed to improve unit availability, particularly
of the newer, more =2fficient units. If the four newest
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7.1.6.2 Recommendations
The following recommendaticns are made:

JPS and the Jamaican government should obtain suff
foreign exchange to implement a program to maintain
upgrade existing power plant units to realize the

potential fuel savings available from the newest, most

3

[
o)
()
b
'l
0 '
3
1

efficient units. Such a grogram, if not already accom-
pl;shzc should be initiated immediately with all
of the spzcific upgrading regquirements identified.
Exploratory negotiations should be started immediately
with Alcan and JBM regarding the joint use of their
harbor facilities and site at Port Esquivel and Cuckold
Point, respectively. If these negotiations prove
positive, it is recommended that a more detailed cost
estimate for installing a cocal-fired unit on cne of
these sites be prepared and compared with the expected
cost benefit for burning coal.

If an adegquate cost benefit is shown, it is recommended
that a coal supply and shipping study be authorized to
confirm the delivered price of coal tu Jamaica. This
will provide the necessary back-up tc more accurately
determine the expected cost savings for burning cocal

nd will provide the basis for future coal contract

g at

A pre-investment feasibility study is rniot recommended at

this time; however, in about 2 1/2 to 3 years, if the

JPS availability improvement program sbows Cuntlﬂhal

success, coal-oil mixture (CCM) firing in cil-£fired

boilers is proven feasible, and oil prices continue toO

increase by 1 to 2 percent more than coal, it is

recommended that a full-scale feasibility and site

selection study be authcrized. (Note: Recommendation

(2) should not 'be delaved awaiting this full-scale

study as the task will provide JPE with planning infor-

mation and permit them to mpve gquickly with a primary |
coal-fired installation on an existing port site if COM |
is not feasible.) |
Technology advances in coal gasification and COM firing |
should be monitored closely, and as systems are proven

feasible they should be examined for applicability in

Jamaica.




7.1.7 Complete Study Report
The Cocal Prefeasibility Study section of the
final report is separately contained in Volume IV, Chapter
ESI Report No. EA 30-0101-4.
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7.1.8 Supplementary Information
This Section provides background information on
coal-fired and combined cycle systems, along with an intro-
duction to two potential alternative generation schemes:
coal-oil mixturr. £iring, and coal gasification, It also
provides study information on: JPS fuel oil consumption;
availability of existing oil-fired units; load growth and
systems expansion; and cost data applicable to a new
65 MW power station.
7.1.8.1 Electric Power Generation Systems
Electric power can be generated using a
variety of energy sources, principally, coal, cil, gas,
nuclear, and hydropower. About 76 percent of the electricity
in the United States is produced in conventional power
generation systems using c¢oal, oil, or gas -- 74 percent in
steam turbines and 2 percent in gas turbines or diesel
engines. (Gas turbines and diesel engines often are used for
standby power generation during periods of peak loading ci
the utilitigs grid or during unscheduled outages.) By compar
about 97 percent of the electric generation capacity of
Jamaica Public Service 1s in conventional power generation
systems using cil or gas -- 74 percent in steam turbines,
19 percent in gas turbines and 4 percent in diesel engines,
7.1.8.2 Coal=-Fired Unit
The efricient combustion of ccal for
industrial purposes requires a system that diffars with the
rank or type of coal, the required firing rate (load capacity
and the time-~profile and quality of the steam load.
The three conventional methods for firing coal in a steam
boiler are stoker, pulverized-ccal, and cyclone-firing.
Stoker systems are limited in size to boilers that can
produce about 400,000 lb/hour of steam. For boilers with
large capacities, other firing methods are more economical.
The primary advantage of stoker systums is their versatility;
they have a wide operating range and burn all types or ranks
of coal.




7.1.8.3 Combined-Cvcle Systems

Combined-cycle systems are comprised of
two or more different thermodynamic cycles connected in a
way to gain maximum efficiency from the primary heat source.
In most cases, both cycles are used for the same purpose -=
usually to generate electricity. Such systems using coal oz
coal-derived fuels offer significant improvements over
conventional systems for electric power generation in terms
of increased efficiency, potentially lower cost, and reduced
environmental impact. The major ccmbined-cycle options
currently under development include: open-cycle gas turbines;
¢losed cycle turbines; fuel cells; and ﬁagne*on"4rodgnamics.
Advances in combined-cycle power plants focus on high-temper-
ature gas turbines combined with steam systems.

7.1.8.4 Coal-01l Mixture Firing
There are a number of programs currently
underway which seek to demonstrate the feasibility of using
coal-oil mixture (COM) as a replacement boiler fuel Zor
oil, There is general agreement that the lcwer the '‘ash
content, the greater the probability that such fuels will be
a viable substitute for oil,

.8.5 Coal Gasification
There are several commercially proven

pt

n

coal gasification processes. . The two most important are the
Lurgi prescurized process (based on 40 years of continuous
development) with 14 commercial plants comprising €5 gasifiers
around tne world, and the Koppers-Totzek process witch 16 plants
in BEurope (the first in Finland, in 1952) and Asia, comprising
48 gasifiers in operation Or under construction.

Many coal gasification processes are being investigated and
some may prove to be a1 viable alternative to burning oil in
Jamaica. It will take approximately two Or three years to
prove the feaiyibility of one cof these processes. At that time,
a study in gr.ater diipth can be made as tc the feasibility of
installing a gasification plant to supply medium-Btu gas! to

existing boilers in Jamaica.

7.1.8.6 Fuel and Energy Consumption
Fuel o1l consumption and energy generation

is summarized in Tabie 7-1 for the Jamaica Public Service
Company, Ltd, and the bauxite/alumina industry, as these are
the two areas of the economy under review 1in this study.

7.1,8.7 Availability of Existing JPS Units
ATthough an operational reviaw or
existing JPS units was not a part of this study, the following
was evident and is pertinent to :n installation of new }
generating equipment.




TABLE 7}

FUb ., AHRD FHERGY CONGURPTEON
1973 1974

19714 19174 1975 1976 1977 1978
Foetroloum (“;lng.unslp_;:nj
FOOO Barvelsn
Jasaica Pablie Service 2,04 2,490 2,654 2,704 2,791 2,020
Bauazitoe Alamina Ind, 1O, 189 4,482 7,550 6,190 7,034 7,732
Ot b 7,41 G,h94 ’I!J'I‘) (:!b‘.)i 6,030
Total, 10040 Bareel:s 20,280 18,466 17,491 15,554 15,863
ot kil ‘;Q'lllfld't'l‘
{
la hwh
Jamatoa Pabilaie Suvrviee
HUoam 946,10 934 .1 9HH .0 §,100.6 1,044, 4 1,119
Gan farthinesn 96G. 1 1% .1 126,77 t1.0 107,14 12
e | 7.0 7.2 Y1, 1.4 Vo703 36
Hydi o Y. 4 121 b4y .2 ilo.4 109.1 114,
1,1498.5 1,192.8 1,294 .1 1,125.0 1.,%24.7 1,343
Baudittoe/Aluaminag bad, Hov . q Sab Hin .,/ t¢ia,
Ot hicd ""’..’ ‘)(o:(a 14U 4 ‘i””.“
i and ‘Pfotal 2,167, 2,196.2 2,214.9 2,0598.0



The JPS installed system capacity is approximately 455 MW
(Table 7-2) which is greatly in excess of the existing peak
loads of abour 210 MW. Thus, a new unit should not be justi-
fied on the basis of insufficient system capacity. Blackouts
occur almost daily due toc unit cutaces and particularly poor
availability of the newest, most efficient units. Although
this was not part of the study nor fully investigated, it
appears there is a lack of spare parts and adecuate mainten-
nce, with very little if any preventative maintenance.

are parts and maintenance assistance by manufacturers'
representatives require foreign exchange, and this appears
to be one of the major problems. The use of inefficient,
old steam units ané high fuel cost gas turbines consumes
eyrensive f:e- and ‘c*e*cn exchange. The study indicated
rhat a new oil-fired unit with about the same heat rate as
the newest, most efficient units on the JPS| system wculd pay
for itself il operated at a 65 percent capacity factor.

@

7.1.3.8 Load Growth and System Expansion
JPS provided the forecasted power sales
for the system for 1379 through 1991 (Table 7-3).

7.1.8.9 Yew 65 MW Power Station
The study indicates a new coal-fired
plant will return the greatest savings if it can be placed
&% an exisfing port facility with minimum additional plant
cost for coal unloading facilities. The cost saving summazry
of the evaluation with costs levelized from 1985 is contained
in Table 7-4
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TARLE 7-4

CAFPFALTZED FUEL COST SAVINGS

Fauirvalent

Getacsrat 1on Combi ned
By Exinting Hew Coal vycle Gag New 01 Fared
Jamatcan B Uty Frred lllg@( Tuwirbhine l)égutl tint
Annual Fuel Cont Savings Bane 47,007,000 ye, 12,000 1,702,000 b9, 009,000
Caprttaliecd Fuel Savings Bana 1620, 358, 000 237,183,000 274,647,006 147/, tuv, 000
Capertal Conto 19y Bane: V5,510, 000 l2,ild, 000 134, 327,000 Loy, 44, 600
et Savinegn Base e, 448,000 175,065,000 140, 120,000 14,841,000
ot Savimgn Compated to
thew O3 Froed 163,987,000 Ih6, 204,000 121,499,000 Bane
.. o
Annual Fooel Cost Savings Base 26,918,000 ji, 162,000 20,402,000 yl,0l7,000
Caprtabised Fuel Savingu Baue 207,062,000 141,124,060 196,941,000 B4, 744,000
Caprtal Conto oY Bauc 102,517,000 41,210,000 6, iH8,000 73,970,000
He b Saviiieg:s, Baue 104,484,000 99,915,000 goe, 1,000 o, /778,000

et Siavinegs Compated to
Hew Gl Fired 93,707,000 89,137,000 LY, 405, 000 Base



8.0 ELECTRIC UTILITY RATE ANALYSIS

8.1 EXECUTIVE SUMMARY

8.1.1 Introduction

The ustructure for pricing electricity in Jamaica
has evolved over a period of many years. The current pricin
system contains a number of features which were instituted
for very good reasons during a period of lower priced oil
imports, Many circumstances have changed since these features
were adopted, however, thus providing reason to guestion
their continued use. Tremendous price increases for imported
oil, reduced customer demand, high costs for any new generaticn
and distribution equipment, and the desire to reduce foreign
exchange expenditures have all been factors which precipitated
this study. The foreign exchange situation has been very
damaging to the Jamaican economy, especially that caused by
foreign oil imports. As the disparity between goods sold
abroad or foreign currency brought into Jamaica and that
Jamaican currency which must be used tn purchase goods
abroad (such as oil) increase, the Jamaican currency loses
value. The sgituation is self-perpetuating in that one
encourages the other, consequently the cost of oil imports
in real Jamaican dollars 1is increasing more drastically.

.2 Terms of Reference
The electric utility rate analysis has as its

[

8.

goal a thorough examination of the tariff structure of the
Jamaica Public Service Company (JPS) in order to determine
whether it (a) promotes an economicaily efficient use of
elecrricity in the society; (b) is consistent with basic
principles of equity and fairness; and (¢) provides the
company (JPS) with sufficient resources to maintain an
acceptable quality of service. JPS officials specifically
requested chat the study focus on findings and options so
that JPS could examine these options and draw specific
conclusions and recommendations themselves for presentation
to the Ministry of Public Utilities.
8.1.,3 Background Information

There has been a worldwide movement toward
marginal cost pricing for electricity as a means of keeping
COst3 as low as possible. Marginal cost pricing may be used
to modify the accounting approach traditionally used to
price electricity. Pricing signals to customers are inpor-
tant factors in reducing electricity use and imports of
foreign oil. The current declining block pricing structure,
Dasec on accounting costs, does not provide adeguate pricing
Signals to customers., Customers are given a priicing signal
which, in the higher usage blocks, charges them less than




the average cost of providing the power. This signal does
not provide enough conservation information, and also has
the effect of reducing earnings for JPS as the customer uses
increased amounts of power in the higher usage blocks. This
study, using marginal cost pricing philosophy, offers options
to policy makers in Jamaica for changing the JPS electricity
pricing structure.

8.1.4 Study Method

During the study, the team members attempted to
become knowledgeable about the social and economic goals of
Jamaica, and to take them into account when picking the most
likely options for analysis. With this in mind, options for
JPS have been developed. However, only those in Jamaica,
with the ongoing knowledge of their nation, can make the
final decisions on which of these options to implement.

In performing the analysis, several assumptions were made

which are important tn reader understanding of the efforts:

(1) Total revenues to JPS will not be increased or decreased
by ‘“he adoption of the prepared options;

(2) Customer categories continue to generate revenue in

che same relationship to one another as at present;
(3) Declining blaock pricing should be eliminated;

(4) Ratchet and expander clauses should be eliminated;

(5) Time of use pricing will be considered if appropriate;
and

(6) The fuel adjustment and cost of service clauses will be
continued.

Taking into account these considerations, Jamaican decision-

makers have been provided several options for electricity

customers, including tariffs for immediate or phased-in

adoption, which move toward marginal cost-based rates.

8.1.5 PFindings
ﬂ-‘—- - ; s -,
Table B-A 1s a summary of existin tariff
structure; the discussion of this structure

8.1.5.1 Residential Tariffs (Rate
Residential tariffs currently appear to
be structured with steeply declining blocks. The effect of
declining block tariffs is to reduce the conservation signals

o
I
o
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which are given to the residential customers., However, COst
of service and fuel clause adjustments levied by JPS signifi-
cantly reduce the relative differentials paid for levels of
consumption in the different blocks.
Several tariff oprtions are offered based upon marginal cost
pricing principles, including those which might be termed
ultimate tariffs, and several which could e used in phases,
including modifications to the present tariff, an inverted
block tariff and a declining block tariff. Detailed compari-
sons ara provided to illuminate the impacts of the various
tariffs on customer billings.

8.1.5.2 Small Commercial Tariffs (Rate 20)

Small commercial customers are served

under a tariff with declininyg block features similar to the
residential tariff. As with the residential sector, the
most accurate price signals are not being provided to the
customers. Jamaican decision-makers may choose from wvarious
tariffs developed herein, including ellm*nat‘ﬂc two of the
blocks in the declining block structure, utilizing flat
rates, or using a tariff with a slightly inverted block
structure. As with the residential options provided,
phasing-in alternatives are included and detailed bill
analyses are provided.

8.1.5.3 Large Commercial Tariffs (Rate 40)

and Incdustrial Tarifrs (Rate 50)

Not only the amount of power, but the
time during which it is used must be considered. In the JPS
system there are differences in generation costs depending
cn the time of day. Although the differences are not largz,
they are large enough to warrant installation of time-of-day
recording meters for the large industrial customers and
modification of the electricity pricing structure to take
into account the time-differentiated generation costs. 1If
the current system was operating at design capabilities
(excess generation capacity) eqguipment could be retired
which could, at some point in the future, incra2ase the time-
of-day generation cost differential., This provides another
reason to consider placing the 24 industrial customers on a
time-of-day tariff. 1f such a tariff is adopted, it should
he carefully explained to the customers before its effective
cate, and could be offered as an optional, rather than a
mandatory, tariff. A period of time during which customers
receive billing comparisons for both old and new tariffs
night also be considered.

(8 8]
I
=




It is suggested that other features of the large customer
tariffs, such as the "ratchet"” and "expander" clauses, be
examined. "Ratchet" clauses discourage customer growth in
maximum demand, but, at the same time, encourage demand up
to a level established by the customer during a previous
billing period. "Expander" clauses, while encouraging
customers to improve their individual load factors, do not
ensure that system load is levelized.

8.1.5.4 Largce Commercial Tariffs (Rate 40)

The currently orfered two-part tariff
1S not consistent with marginal cost pricing principles.
However, options are presented both tc continue and to
eliminate the two-part tariff, It is suggested that the
"expander" clause be eliminated early in any changes to the
tariff structure, with eventuval elimination of the "ratchet"
clause. Additional tariffs are also provided which take
1nto consideration differences in generation costs between
peak and off-peak times. For better undorstanding of the
impact of the options presented, detailed bill compariscns
are provided,

8.1.5.5 Industrial Tariffs (Rate 50)

As with the Rate 40 tarirf, cthe
nation of the "expander" and "ratchet" clauses is sug
Several pcssible options provided for consideration i
one-part, flat, and time of use tariffs. As with

e

two=-part, i
the other rate categories, detailed bill analyses are pre-
sented to explain customer impacts.

8.1.6 Discussion of Findings

After analyzing the existing JPS tariff system,
the study team then developed tariff options based on marginal
costs principles. Marginal cost is simply the cost (or
savings) incurred by the utility in providing more (or less)
electricity. In very general terms the following statement
will help explain the marginal cost principles used to
develop options for JPS:




O
bt
g I 1]
o)

sources are channeled fr
marily as a responseg to pri

(8]

Twis channeling as a responre tO
iistorted by (1) absence of competition or
) existence of societal concerns. Both
xist in the pricing of electricity; and

rv taz- af reculators and decision-
t prices perform the sig-

Table 8-B is an overview of options which utilize ma rginal
costs principles in electricity pricing in Jamaica. The
€pllowing general conditions applied to the development of
these options,

(1) Total revenue requirements will not
{2) Total revenue allocations petyeen C
ies will not be altered;

(3) Declining block pricing will be eliminated;

(4) Ratchet provisions will be eliminated;

(5) Expander tariffs will b elln;natec.

(6) Flat (both all-energy and two-part) demand and
energy tariffs will be con s;d red;

(7) wWhen metering and customer acceptance seems
reasonable, time of use pricing will be con-
sidered;

(§) The very progressive (from an efficiency stand-
point) fuel adjustment clause will be continuadi;

(9) The innovative Cost of Service adjustment will
be retained; and

(10) ontinuing the residential customer flat rate with
the first 10 kWh included free will be presented.
These marginal cost pricing principles were used to develop
the tariffs which follow £for each customer category.

8.1.7 Conclusions and Rscommendations

Rather than maxing specific recommend ;t.ons as
to what type electric tariff structure JPS should agopt,
this study, in response to JPS request, outlines basic
cariff options and compares them to the existing tariff
structures. The impacts and introduction schemes of these
tariff options for various se:ctors of the economy are dis-
cussed. Th¢! structure of these options is too detailed for
this executive summary to sufficiently discuss thelr mean-
ings and impacts. Thus, the reader is referred to Secticn
8.7 of the study report for a review of the options for

)
I
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Contract-No
Statement of §
Page 2

pe of work to be implemented includes the
£iCc subtasks:

"™
(8]
[
(o
O
2
b

1. Overall management of the U.S. Study Team

2. Overall U.S. Team Coordination
= ~m o -~ -
- Team and GOJ

3. Overall Coordinat S
r 11 as with USAID

and Jamaicanp

M1ss1i0n.

4. Planning and conducting periodic Study Reviews
in support of GOJ.

5. Preparation, review and integration of draft and
final Study Reports.

Task 2 - Economic Assessment

The Covernment of Jamaica Five Year Development Plan
(1978-1983) En2rgy Sector Plan, serves as the baseline plan-
ning document establishing the requirements for the special-
ized studies of the energy projects defined in Tasks 3
through 7. After the specialized studies are sufficiently
underway, the energy projects proposed by the individual
studies will be reviewed for their general energy implication
on The Five Year Developrment Plan. Appropriate changes to
the Energy Plan will be recommended to the GOJ Energy Division,
Ministry of Mining and Natural Resources.

Based upon the above wecrk a C

ic aspects of energy p

report on economi ojects, d broad
- T 4 ey . 14+~ -~ 1 3 Py -
policy implications shall be prepared.
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Contract No.AID-532-79-11
Statement of Work
Page b6

Task 6 - Electric Utility Rate Analysis

this study is to derive a practical

(r
(H]
La |
r‘
15
"
wn
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b

1. Promotes a more economic use of electricity in
the Jamaican Socliety.

X 2. Maintains the financial viability of the electric
1111 % =ar
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m
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oreign exchange.

4. Meets any income distribution objectives (e.g.,
subsidizing poorer consumers) which the electri-
city tariff may be required to serve.

The study should include the following elements:

1. The determination of the long-run marginal cost
of supply by analyzing the marginal costs of gen-
erating, tran mitting and distributing electricity
to consumers at different places, times and volt-
age levels. This will require due attention to
the daily and seasonal variations in actual and,
to the extent possible, in forecast demands of

: various consumer classes, Much of the required
information may have to be specially collected,
e.g., by taking substation readings, by inquiring
about shift-working and seasonal work patterns
and by s:a:is:;:a- analysis of available load
curves. Particular attention should be given to
identification of consuming sectors responsible
for unusually high demands during peak load
periods.

2. An examination of the present customer classifica-
tions to determine if each class exhibits appropri-
ate characteristics (e.g., cost/consumption).
Based on this examination, a recommendation ‘or
modifications to the customer classifications
would be developed.
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APPENDIX B

PROFILES of cthe UNMITED &
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2 Garv G. Roberts - Deputy U.S. EZnergy Team [eader

o) Mr. Roberts shared the responsibility for the
overall organization management and coordinatl ion
of all of the Jamaican Energy Study Task Elements.
He was instrumental in the overall planning and
devalopment of the system, which put the projece
on stream. He was ssecif:ca‘l" responsible for
the management of the special zzed studies, inter-
face coordination with the Jamaican counterpart
organizations, and the USAID Project Office.
Mr. Roberts has a systems engineering backgr
which includes project management, pProcess en
neering management and systems design for major
Ha*dwa*e system programs. He is engaged in providing
cperational support in the area of policy an 1d

orogram planning for international solar ccoperation
and commercialization activities of the U.S
Department of Energy. His specialitles incliu

8]

D..

e:

- Project/systems engineering management; and
- Systems planning.

o Mr. Roberts' academic background includes: B.B.,
Aerospace Engineering, U.S. Naval Academy; M.S.,
Systems Management, U. of Southern California.

3. David Edelman - U.S. Energy Team Member

o Dr. Edelman was responsible for the Economic Assess-
ment of the Jamaica Energy Study. The specific study
objective was to determine the general i“rllcation of

: .

on the Five ?ea: Energy Sector Plan. He was responsible
for integyating all of the U.S. Energy Team recommen-
dacions into a priority listing and ident lfv'qc the
cost/benefits of the various recommendations along with
impActs on energy savings and energy policies.
o Dr. Edelman is a specialist in energy policy planning
and economic analysis for a variecty of international :
renewable energy projects and programs sponsored DY
the U.S. Department of Energy. He has been a consultant
energy issues in many countries in the
t rica, Asin, South America, Central Americ\
n. Dr. Edelman has also served as a
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5 Dr. Skrinde's academic backgroand includes: 38.S.,
Civil Engineering, Washington State U.; M.S5., Sanitary
Engineering, ﬂassac“use::s Institute of 'Technology:
Ph. D., Banitary Engineering, MI?.

7. Walter C. Williams - U.S. Energy Team HMember

o Mr. Wi)liams was responsible for the Coal Pre-
feasibility Study segment of the Jamaica Energy
Study. The speciiic objective was to assess the
potential of substituting imported cpal for fuel oil
for use in electric power generation. The study ad-

i dressed the feasibility of: retrofittiny existing
oil-fired units to burn coal or coal/oil mixtures,
providing cost estimates for new coal hurning plants,
obtaining | long-term cocal contracts, transporting
coal to Jamaica in bauxite ships on the backhaul or
other modes, iccation of port handling facilities,
and the required infrastructure to support coal
handling operations in Jamaica.

o Mr, Williams has over :hi::y years of experience in
major steam power stations. He has developed ex-
pertise in all phases of fossi -cowere“ steam gen-
eration including turbines, generators, auxiliary
equipment,, fuel storage and handling, site develop-
ment, construction, software support, and total
plant and system design. He has conducted numerous
studies for industrial corporations which required
revision or expansion of their existing steam and
powel! facilities. He prepared the standard master
spec/fications for main turbine generat o*s and as
sociated subsystems. His specialties include:

Project engineer for 55600 MW fossil steam
power stations
Turbine equipment specialist
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Charles J. Cicchetti - U.S. Energy Team Member
o D cchetti was responsible for the ?Tec:r;c :

ate Analysis segment of the Jamail

tudv. The specific study onject;ve was to
he current operation and electric utility
stiructure emploved by the Jamaica Public
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Service Company. The study considered the entire

economic considerations involved in supplying enhergy .
to Jamaica, ;ecxfi:&“y. the study analyzed the

marginal costs of gener ng, t:ansmxtt;ng, and dis-
tributing electricity *o all consumers, analyzed price .
elasticities and associated response times for each

customer classification, determined revenue and foreign
exchange regquirements for utility operation, reviewed

the current load forecasting model, and recommended

a revised tariff stcructure for future implementation.

o Dr. Cicchetti specializes in the management of environ-
mental economics and related energy systems and poli-
cLes. He is a member.of the American Economic Asso-

iation and has spent over fourteen years in the econ-
om;:s field including professorship at the University
of Wisconsin and more recently Commissioner of th
Public Service Commission of Wisconsin. He is a member
of numerous national energy advisory boards and co-
authored over fifty publications and articles; 1in
addition, he has made approximately thirty presenta-

ions at natiocnal and international meeting s. Hi
specialties incluce:

- Environmental economics and management

- Energy policy planning

o Dr. Cicchetti's academic backgrocund includes: B.A.,
Economics, Colorado Cocllege; Ph. D., Economics,
Rutgers U.

wWilliam J. Gillen - U.S. Energy Team Member

0o Mr. Gillen was one of the team members participa-
ting in the Electric Utility Rate Analysis segment
of the Jamaica Energy Study. The specific study
objective was to assess the current coperation and
electric tariff structure employed by the Jamaica
Fublic Serwvice Company. The study included, among
other tasks, the analysis of marginal costs of gen-
erating, transmitting, and disIributing electricity
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to all consumers; price elasticities and associa tecd
response times for each customer classific n
were also investigated.

< <

o
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r. Gillen, over the past eight years has engaged
primarily in the economic analysis, planning and
pricing of numerous electric utility systems. He
has been an economic coasultant to the U.S. and
Canadian Departments of Energy, numerous federal agen-
cies and state public service commissions. In the
fields of electricity economics, public utility regu-
lation, and public interest law he Has received re-
search grants from a:;:nal Foundations and has co-
authored seven puui-"at ons on energy and electric-
ity utilization. His s,ec-al:ies include:

- Systems planning

- Economic Consultant - electric utility/systems
Mr. Gillen's academic background includes: B3.A,,
Economics, George Washington U.; M.A., Economics,
G.W. U.; J.D., U. of Wisconsin Law School.

Rod Shaucghnessv - U.S. Enercy Team Member

o

Mr. Shaughnessy was one of the team members partici-

P in the Electric Utility Rate Analysis of the

Jamaica Energy Study. The specific study objective was
to assess the current operation and electr;c utility
tariff structure employed by the Jamaican Public
Service Company. In general, the team is considering
the entiro economic considerations involved in supply-
ing energy to the people of Jamaica. Specifically,
Mr. Shaughnessy assessed and determined rewvenue and
foreign exchange requirements for utility operations.
In addition to other support tasks, he provided
analysis inputs and recommendations for a revised
tariff structure for future implementation.

Mr. Shaughnessy is the Executive Assistant to th
Commissioner of the Public Services Canm-as-vn of
Wisconsin. He has been involved in energy conser-
vation and managament at the state level an has
provided consulting services to the U.S. Department

of Energy and various National Laboratories and Asso-
ciations invelving environmental and natural resource
management and utility commission regulation. He

has over four years in production managment of hard-
ware designed for energy conservation. His specialties




includes:
sconsin.

11. Richard R. Dague - U.S. Enercy Team Member

O Dr. Dague was responsible for the Energy conversion
from Waste segment of the Jamaica Energy Study. The
specific study cbjective was to assess the *eas* il-
ity of constructing a prototype biogas generat
unit to produce energy and fertilizer Zfrom :he waste
and refuse collected at the Mona Campus, University
of West Indies,

o Dr. Dague is a professor and the Director of the
Environmental Engineering Area, Civil and Environ-
mental Engineering Program of the University of Iowa.
He has conducted research in a variety of areas. His
principal interests are in water guality, water and
waste-water treatment, residual solids management,
livestock waste managment, resource recovery from
solid wastes and aquatic systems modeling. He has
served as a consultant to the National Science Found-
ation and the U.S. Department of Energy. HKa routinely
performs as a consultant to the U.S. Army Corps of
Engineers, consulting firms and industries so‘?;ng
special problems in water and waste-water treatment
systems. Dr. Dague has over twenty vears c‘ domesti
and int rnat;ona¢ experience, 1s listed in Who's Who
in En g*ueerznc. American Men and Women of Science, and

ané has co-authored over twenty-five publications in

the water and wdshe—wa:er management

specialties include:

field. H
- - -

- Resource recovery from solid wastes

- water and waste-water management and control
Dr. Dague's academic background includes: B.S.,
Civil Engineeving, Iowa State; M.S., Sanitary
Engineering, Iowa State; Ph. D., Environmental En-
gineering, U. of Kansas.
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