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NOTICE 

This report was prepared as 
an account of work sponsored

by the United States Goverrjnent. Neither the United 
States nor 
the United States Agency for International
 
Development, nor any of 
their contractors, aubcontractcrs,
 
or their employees, makeni any warranty, express or iLnolied,

or assumes any legal Li-oiLity or resconsibillty for the
 
accuracy, completeness or usefulness of any information,

apparatus, oroduct or 
process disclosed, or represents
that its use would not infringe pr-vasely owned rights.
Reference nerein to any speczfic :orT.terczai product, oro
cess, or ser,7ce by trade name, mark, manufacturer, or 
otherwise. does not necessar-l'/ :onst-,ute or imply its
 
endorsement, recomnmendacion, or favcring by tne United
 
States Goverrunent or 
any agency thereof. The views and
opinions of authors expressed herein do not necessarily
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the Untied States Government
 
or any agency thereof.
 



FOREWARD
 

The final reports of the Preliminary Energy Sector
 
Assessments of Jamaica conducted by the United States Agency

for International Development Energy Team are organized into
 
eigi°t qhapters contained ir the following five volumes:
 

Volume Chapter 

II 
7 1 

2 
Executive Summ.y 
Economic Assessment 

III Renewable Energy: 
3 (a) Solar Energy - Commercial 

and Industrial 
4 (b) Solar Energy - Agricultural 
5 (c) Biogas Applications 
6 (d) Energy Conversion from Waste 

IV 
V 

7 
8 

Coal Prefeasibility Study 
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 Pive Year Development Plan and its Energy Sector
 
Plan. The studies also represent USAID's first energy as
sessment of a developing country.
 

Due to the diver:< 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 should not be considered as the final product

of any study area, but as baseline documents to be used for
 
identifying spe'cific 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 INTRODUCTION
 

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 no 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
ogies 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 2:apita personal consumption was 13 percent
 
below th4 '-revious year;
 

- Real GDP &,ntinued 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
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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. 11.61 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 r~verse
 
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 energy
 
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 Jamaica is 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
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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:
 

1) Study Integration and Project Management
 
2) Economic Assessment
 
3) Solar Energy: Commercial and Industrial
 
4) Solar Energy: Agricultural
 
5) Biogas Applications
 
6) Energy Conversion from Waste
 
7) Coal Prefeasibility Study
 
8) Electric Utility Rate Analysis
 

1.1.1 Study Tasks Description
 
A brief description of each of the eight study
 

tasks is included below.
 

1.1.1.1 Study Integration and Project Management
 
The project management team was respon

sible for the overall management of the study. The management
 
team developod a Project Management and Detailed Study Plan
 
that coordinated and guided 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 be realized in the shortest time frame. All
 
recommended programs would be reflected in Jamaica's "Five
 
Year Development Plan" and "Energy Sector Plan"
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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 specifi feasi
bility studies of conmercial 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 ot this study were to
 

assess che 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. Included 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 country. 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 objective 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 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
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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 required 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: (a) promotes an economically effi
cient use of electricity in the society; (b) is consistent
 
with basic principles of equity 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 oil 

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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FIGURE 1-1 U.S. Enercly Team Schedule - Jamaica 
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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 - Aaricultural
 
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 no imported 
energy is required to dry them. 

1.2.3 Energy 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 Study
 
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
 

added to the Terms of Reference to provide
requirements, was 

JPS with the capability to update data for future tariff
 

studies. JPS officials specifically requested that the
 
so that JPS could examine
study focus on findings and options 


these options and draw snecific conclusions and recommenda

tions themselves for presentation to the Ministry of Public
 

Utilities.
 

1-8
 



-- 

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 attention on a novel proposed

study approach. It became apparent that due to the diverse
 
technological requirements and high degree of specialization

required by 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 proper 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 player 
-- 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 bu2'-up teams were formed. 
All team members
 
fully understood that special emphasis was 
to be given to

employing general systems 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 in 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 requirements.
 

Prior to the arrival of the individual U.S. Energy '.aam
 

specialists, the project management staff conducted a
 

series of interviews with key personnel and Jamaican team
 
During
counterparts associated with each particular study. 


Reference
the discussions the contract's original Terms of 


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.S. 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
 

one of the seminars which is representative of the six
 

seminars held.
 
on 


In addition to the seminars, progress reviews were held Zor
 

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 departure from Jamaica, a Final
 

the Jamaica Pegasus Hotel on
Report Conference was held at 


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 Drganizations.
 
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 day was reserved
 
for splinter discussion groups in which the team members
 
fielded questions from the conferees. The second day also
 
included internati.onal cooperation discussions involving

attendees from Lhe World Bank, Inter-American Development

Bank, Organization of American States, United Nations Develop
ment 	Program, Caribbean Development Bank and the U.S. Agency

for International Development. A transcription'of each of
 
the study splinter group question 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 requirements 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 t':he 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.
 

1.4.3 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
 
a 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, is necessary in order to effectively manage
 
and implement the projects recommended by this eneray 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%) if 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%. Usinc,
 
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. industrial
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(3) Basically, since all residential, institutional, and a
 
number of commercial applications in Jamaica utilize elec-7
 
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 performance collectors
 
and systems, is not yet economically justifiable 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 Jamaica, 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 is 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.
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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
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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 be 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 to 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 possibility 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 backhcul is 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,is
 
(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
 
alone, 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
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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, Focial considerations and
 
other factors. From this an implementation plan should be
 
established to sequence rate tariff changes consistent with
 
Jamaican needs and plans.
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1.6 SUMMARY OF MAJOR RECOMMENDATIONS
 

1.6.1 General
 
It is recommended that the Government of Jamaica
 

take immediate action to accomplish the following:
 

Continue to utilize the approach of this energy assessment
(1) 

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
 
overall energy conservation
responsibility for developing an 


Utilize seconded personnel to
program strategy and plan. 

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 years 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
 
The Government of
implement the Combined Energy Program. 


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. The elements of the program include:
 

(1) 	Establish 10 solar radiation stations
 

(2) 	Establish a solar collector certification program;
 

(3) 	Eliminate the 37.5% water tank tax
 

(4) 	Establish consumer information office;
 

(5) 	Establish training programs for engineers and
 
installers;
 

(6) 	Initiate solar hot water feasibility studies in
 
selected building sectors;
 

(7) 	Investigate export potential of solar hardware;
 

(8) 	Support JPS residential solar demonstration program;
 

(9) 	Establish solar tax incentives; and
 

(10) 	 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 is recommended that a solar agricultural


drying program begin immediately and be implemented over a
 
five year period. The main elements of the program include:
 

'(1) 	 Develop solar-heated air collectors;
 
(2) 	Establish R&D programs for drying agricultural
 

products;
 
(3) 	Design and construct solar collector systems;

(4) 	Provide comprehensive training for the recommended
 

solar agricultural program; and
 
(5) 	Develop community drying sysuems.
 

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.
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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 energy
 
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 requested 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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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
 
Solar 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 into 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 hhe 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 to 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
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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 required 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 Summary (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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Priority 

IIlIIEST 

,) 	Solar 

Industrial
 
-
-

-

-
-

-

-

-

Agr icultural
 
-
-
-

o 	 Biogas
 
-

o 	 Coal 
-

o 	 Electric Utility
 

-

o 	 Energy Conversion 

from Waste 
-

StI 	 IOrAI, 

TAII.E 2-I (Page I of 4) 

COMBINED FIVE YEAR EHERGY PROGRAM SUIMIARY 

Recomnulendat fon Initial Cost Operat Itg Cost * Total Cost 

(1979 US$) 

Climatic Stations (5) 
Solar Collector testing program 
Fl imliuate solar water heater tax 
Training course for Installers 
lndusirial and commercial feasibility 
stud ies 
lospital feasibility stadies 
lHospital demonstration project (costs 
included ill total hospital program) 
Teclnical support to .1.P.S. solar 
dumonstrat ln (residential) 

75,000 

50,000 
-

75,000 

150,O00 
50,000 

-

25,000 

50,000 

20,000 
-

-

-
-

-

10(),000 

Air-type solar collector development 
tlldrying extenision program 

Product drying R&D 

440,000 

12,000 
395,000 

-

48,000 
-

Five year deunonstrtlin and 

coinaircialization jprograi 1,457,143 98,285 

Negot iat lonis with ahlouinum companies - -

Nolte 

Nole 

2,729,143 

For detIaled breakdowun of proposed program costs hy 

techology, t Ine schdlle and origin or cirreincy 
see Table 2-17 Chapler 2 

316,285 1.045,428 



(Page 2 of 4) 

TABI.E 2-I 
(cont ile1d) 

COMBINED FIVE YFAR ENERGY PII(XRAM SII1*IARY 

Priority Recoimmendatioa 	 initial Cost !peratihg Cost Total Cost 

!11 	 IIER (1979 [IS$)H 

o 	 Solar 

h dUStrial
 
- Climatic stat in.is (2) 30,000 2(),000
 

- llvest igaIte solar exports 10,000 

- Tax incentives for conunerce and Industry 5.00 

:- "fax lncentlves for niew housing 5,000 

- Consumer energy off ic*e 25,000 80,000 

- Total hospital program design 74,000 -

Agricultural
 
- Crain dryers 120,542 2,358
 
- Cassava, Brewer's grain aid tunmeric
 

dryers 	 400,280 7,720
 

o 	 Blogas 

L - None 

o 	 Coal 

- Coal plant feasibility estimate and
 

coal contract study 200,000
 

- Hoaltor CON study (2,000)*
 

o 	 Electric Utillty 

- None 

o 	Energy Conversion
 
from Waste
 

Al teroat lye Energies L.abora. cry 	 80,000 102(5w0o* 

S(Jl3'flI'Al0949,822 	 212,578 1,162,400 

*Amoolats In1 parentlhes is are nt Inclded
 
In soib-Lota Itor totals
 



0 

(Page 3 of 4) 

TAIII.E 2-1
 
(con t ihed)
 

COMBINE) FIVE YEAR ENERGY PR(WRAN SUMMARY
 

Priorlty Recommendation 	 Initial Cost Operat Ing Coa__t Total Cost 

IG; 	 (1979 US$) 

o 	 Solar
 

Indus t rI a I
 
- Climatic Stations (3) 45,000 30,000
 

- Course for architects and engineers 37,000 

- Installation of solar holt water systems
 
1,500,000
for Jamaica's hospitals 

Agricultural 
- Coffee dryers 236,705 4,295 

- :oc-.a dryers 165,050 2,950 

B I ogas 

None 

o 	 Coal
 

None 

o 	 Electric Utility 

None 

o 	 Energy Conversion 

from waste 
- None 

SUB'IOTAI 	 1,983,755 37,245 2,021,000
 



(Page 4 of 4)
 

TABLE 2-1 
(continued) 

Total Cost* 

Highest $ 3,045,428 

Higher 1,162,400 

Hizh 2,021,000 

GRAND TOTAL OF 
PROGRAM $ 6,22S,828 

this table.
 
*Fxcluding figures in parenthesis presented in previous pages of 
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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 (3.5%) 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 1973
 
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.
 

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
 
residences (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 syst2ms and crop dryers may be
 
feasible. Also, other non-energy developments might make
 
additional projects possible. For example, if 
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.
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In any case, an enormous amount of experience will have b~en
 
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 years.
 

If the Combined Energy Program outlined here is adopted, by
 
1985 Jamaica quite possibly could have a well-functioning
 
and professionally 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 energy; 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. $6,228,828.
 
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. $4,644,828.
 
Even if the price of oil rises at 8% per year, in 1985 the
 
estimated 4.4% savings in energy imports would be U.S.
 
$4,644,828. (discounted) annually.
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2.1.6 	 Conclusions and Reconmendations
 
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.
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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
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fuel, Bunker C fuel oil, and electricity, demonstrates a
totAtl 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.
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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 oil 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
alency (f.o.e.) per year could be replaced through solar
 
water installations.
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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 Caribbean and South American 
countries;
 

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

(9) 	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;
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(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
 

(14) 	Start institutional 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 8 0-0101-3a.
 

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 sup:iementary 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 energy,

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*
 

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

(2) Institutional Applications
 

o Bustamante Hospital for Children
 
o Cornwall Regional Hospital
 

(3) Industrial Applications
 

o 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 
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(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
 
related to collector area.
associated cost as 


(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 bf 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.
 

(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 for 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 FEASIBTLITY STUDIES 

100% Replacement by Solar 

Collector to Fossil Fuel System Most Cost Effective Solar System 

Collector System CosL Pay Back Collector System Cost Pay Back 

LocaLion* Area (fL 2 ) 3. $ (years) Area (ft 2 ) J. $ (years) 

Negjril Beach 
Villaye (D) 3,570 80,400 6.7 2,000 41,000 6.0
 

Monleo Bay
1ub (F) 2,100 58,260 2.6 2,100 58,260 2.6 

loconut Cove 
ioLe I ()) 900 18,000 6.1 900 18,000 6.1 

'rie I awiiy Beach 
I CLUB (1,) 4,300 96,750 3.1 2,000 41,000 2.7 

f LiirconL 1
)iuntal HoLel 

o()cho Rios (B) 3,555 78,210 17..0 2,000 41,000 15.0 

BsLainn Le
 
lihosj)i La I For 
Childrun (E) 318 7,000 2.5 318 7,000 2.5 

Corrliiwa 11 
1'l !J i oIIal 
lospital (1-) 6,350 158,750 2.3 2,000 41,000 1.9 

Desioes and 
Gedles 
BoLt]iny Co.(B) 12,700 334,000 21.0 2,000 41,000 15.4 

ALxisLinj fuel or energy utilized 

(B) liinker C Oil 
(D) I)iusel Oil 
(l) ElecLriciLy
 
(1,) IlPG
 



(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 follownng evaluation indicates that the resi
dential sector consumes approximately 1% of the imported
 
oil 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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Location 


Cornwa I 1 
Rey i ona I 
IlospiLa] 


Co rlwv I 1 
Regi onl] 

Hlospital 

Ministry of 
E'ducaLion 
and SRC 
Office 
Buildings 


Ministry of
 
cI'ucation ,and S1,,CLI S C 

Office 

Bui Idinys 

AJEicul Lura I 
Ma rket i n. 
Corporation 


TABLE 3-3 

SUMMARY OF SELECTED SOLAR COOLING FEASIBILITY STUDIES 

Collector Areas (ft ) System Cost J.$ System Pay Back (years' 

40,000 (Flat Plate) 3,500,000 63
 

16,000 (Concentrating) 2,520,000 71
 

750 (Flat Plate) 75,625, 210
 

300 (Concentrating) 57,250 will not pay back
 

2 KW PV 87,500• 117
 



SOI.AR !OTENTIAL ;ORlllII)I|NG SECTORS 

F Cec:LoollecLo: Areas (ft:2 ) System CosL J.$ SysLem Pay Back (years) 

1les i Ilti.lt:i a I 

(1..:) 1,270,000 10,480,000 2.2 

(l,)spi al ) (i) I l0,o0 2,640,000 2.2 

t wie rc i itCI 
(lHIoI Is) (Ei)

(i,) 

(D) 118I,270 2,838I,500 3. 0 

I(L sl:1 iCaI (I)) 1-13,110 2,713,400 7.14 

AAsIsunId exisLinq fuel- type 

(I)) ) i e]e 1 
(E) LIG t t i.ity
(I.) .AG 



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 ratr 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
 
air-type solar collectcus 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
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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 using 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 longer 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
tioni for product exposure to the heated air and to determine
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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 Drying
 
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 Drvin;
 
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.
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The following specific recommendations address the current
 

needs:
 

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

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

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

(4) 	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;
 

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

(6) 	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;
 

(7) 	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:
 

(1) 	research and development of solar-heated air drying;
 

(2) 	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
 
year 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 air-type solar collectors for preheating commer
cial dryers.
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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
 
year period.
 

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 is 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 technology in Jamaica.
 
The collectors will operate at a relatively high efficiency due
 
to high temperatures during the day and hiah solar radiation,
 
particularly near the coast. Maximum use should be made of
 
these factors.
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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 Supplementary 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 ft2 to 20,000 ft or more. Therefore, cost becomes a
 
significant factor. Also, while liquid 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.at
 
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
 
TI:kere are a number of applications in
 

which solar energy can t.ue applied for use in crop drying.
 

Each application has its own peculiar characteristics, ad

vantages and disadvantages, and they must be 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 Sun 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 
and
reduced air flow rate and solar heat; 

-- Improved drying should be achieved by blowing hot air 

down through products. 

4.1.8.4.3 	Solar-Heated Forced-Air Drying: This
 
a fan to force solar-heated air
method involves the use of 


The 	features of
throuah a bin of the product :oeing dried. 

this method are:
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-- Highly effective for drying products to low 
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. 
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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
 
invisible 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 Jamaioa.
 

This biogas study was initiated in August 1979. After a plan
ning period and development of a questionnaire, 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 amounts 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 equipment which is 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. although this survey should not be considered a
 
full market analysis, the preliminary results indicate that
 
the potential for a viable biogas 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
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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 population, 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 immediately;
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commer(4) 	Begin a detailed marketing study to assess the 


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 c, Chapter 5 -
ESI Report No. EA 80-0101-3c. 

To assist those readers of the Executive Summary who may
 
desire additional information on the National Program options,
 
such information is included in SecLion 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 years, with a total of 2700 family

size units and 41 medium size units having been constructed at
 
the end of five years.
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(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 is 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-yeai 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.
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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. 
 In 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.
 

6.1.3 	 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. In 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 solid 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: 

(1) Waterwall Combustion 
(2) Refuse Derived Fuel (RDF) 
(3) Pyrolysis 
(4) Anaerobic Biological Conversion (Biogas) 
(5) Landfill with Gas Recovery 

The only system in the above list that is 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
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complex organics and the production of gaseous, liquid 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
 
urban 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: Another 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 various individuals in the national and
 
local goverunents of Jamaica and the University of the West
 
Indies, Mona Campus. Tours of various facilities in the
 
Kingston urban area, including the UWI campus, that could
 
have potential for or be involved in energy recovery from
 
urban w.astes were conducted. To gain a better feeling for
 
the urban waFtes 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
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A 1979 report on
collection in the Kingston urban area. 

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 (O&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 milli.-t 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 
(U.S. $40 million,20 yr,8%) 
Annual Operation and 
Maintenance 
(U.S. $10 per ton of wastes) 

$4,074,000 

3,650,000 

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, is 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 energy 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 sq 
space @ $40/sq ft 

ft of U.S. $ 40,000 

- Salaries: 

One research fellow, 3 years 
@ $17,000/year, average 

51,000 

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

16,500 

- Furnishings and Equipment 40,000 

- Travel and living expenses for 
visiting professors to U.S. 
over 3 years 

25,000 

- Conference travel, publications, etc. 10,000
 

TOTAL U.S. $182,500
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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.ence 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 concentration 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.
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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 to coal. The possi
bility of retrofitting existing units to 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-oil; combined-cycle gas turbine; diesel;
 
oil; and coal gasification.
 

7.1.4 Study Method
 

7.1.4.1 	Personnel Interviewed
 
Discussions were held with officials
 

and employees 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 theoe 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 U.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 per ton or
 
U.S. $56.00.
 

7-2
 



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:
 

(1) 	Coal/Oil-Fired Unit
 
(2) 	Combined-Cycle Gas Turbine (Heavy Oil)
 
(3) 	Low Speed Diesel (Heavy Oil)
 
(4) 	Oil-FirA Unit
 

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, if new port and
 
unloading facilities are required for the coal-fired station,
 
it is doubtful it could be justified at a less than 12
 
percent oil escalation rate. A decision to build a new port
 
fom 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:
 

Old Harbour Station
 

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

(2) 	Considerable space for possible plant siting.
 
(3) 	Very close to Old Harbour station and 138 KV
 

system.
 

Montego Bay
 

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

Port 	Esquivel
 

(1) 	Most attractive -- joint usa of harbor with Alcan.
 
(2) 	Sufficient land available for plant siting.
 
(3) 	Close to Kingston and Old Harbour 138 KV transmis

sion lines.
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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(SJ.) 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 Oil-Fired Unit 18.9 .261 

7.1.5.5 Potential Problems 
Potential problem areas for the various
 

generation schemes include:
 

(1) 	capital expenditures
 
(2) 	maintenance
 
(3) 	ash disposal
 
(4) 	operator training
 
(5) 	reliable future fuel cost estimates
 
(6) 	pollution
 

7.1.6 Conclusions and Recommendations
 

7.1.6.1 Conclusions
 
The following conclusions have been
 

reached:
 

(1) 	JPS installed system 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 system load at the present time. However,
 
unit outages cause freguent rollinq bJackouts. A major
 
program is needed to improve unit availability, particularly
 
of the newer, more efficient units. If the four newest
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units, having a total capacity of 250 %U, could have
 
improved availability and operate at a high capacity.
 
factor, there would be a large fuel savings without
 
any capital expenditure.
 

(2) 	Existing boilers for JPS or the alumina companies can
 
not be retrofitted to burn coal directly. In the
 
future they may be able to burn a coal-oil mixture or a
 
coal gasification product.
 

(3) 	Vie possibility of obtaining a favorable long-term
 
coal contract is very good at the present time. However,
 
a detailed coal contract study is required to determine
 
the actual price of delivered coal to Jamaica.
 

(4) 	The transportation of coal from the U.S. Gulf coast in
 
bauxite ships on the backhaul is a distinct possibility.
 
There is a good possibility coal can also be transported
 
by non-U.S. ships at a cost approximating that of the
 
bauxite ships.
 

(5) 	The installation of a coal-fired unit may seem attractive
 
at a conservative differential oil-coal escalation rate
 
of only 1 percent if joint use of harbor facilities and
 
site can be achieved at Port Esquivel, or at the new
 
proposed JBM South Manchester site at Cuckold Point.
 
This can only be determined after detailed discussions
 
with Alcan and JBM, preparing more detailed cost estimates
 
and cbtaining acccurate coal study prices.
 

(6) 	The decision to build a coal-fired unit at this time
 
with new harbor and extensive coal unloading and
 
storage facilities would be a judgment decision, as a
 
large differential coal-oil escalation rate of 3 to 4
 
percent would probably be required to justify the
 
construction. This would also assume that the large
 
differential escalation rate would continue for 25
 
years.
 

(7) 	The use of a combined-cycle gas turbine does not obviate
 
the eventual use of ccal. If one of the low-Btu coal
 
gasification processes proves commercially feasible,
 
it can supply coal gas to the gas turbines and capitalize
 
on the benefits of a very low station heat rate of
 
approximately 8,750 Btu/kWh as compared with about
 
10,500 Btu/kWh for a coal-fired unit.
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7.1.6.2 	 Recommendations
 
The following recommendations are made:
 

(I) 	JPS and the Jamaican government should obtain sufficient
 
foreign exchange to implement a program to maintain and
 
upgrade existing power plant units to realize the
 
potential fuel savings available from the newest, most
 
efficient units. Such a program, if not already accom
plished should be initiated immediately with all
 
of the specific upgrading requirements identified.
 

(2) 	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 coal-fired unit on cne of
 
these sites be prepared and compared with the expected
 
cost benefit for burning coal.
 

(3) 	If an adequate cost benefit is shown, it is recommended
 
that a coal supply and shipping study be authorized to
 
confirm the delivered price of coal to Jamaica. This
 
will provide the necessary back-up to more accurately
 
determine the expected cost savings for burning coal
 
and will provide the basis for future coal contract
 
negotiations.
 

(4) 	A pre-investment feasibility study is not recommended at
 
this time; however, in about 2 1/2 to 3 years, if the
 
JPS availability improvement program shows continual
 
success, coal-oil mixture (COM) firing in oil-fired
 
boilers is proven feasible, and oil prices continue to
 
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 delayed awaiting this full-scale 
study as the task will provide JPS with planning infor
matioa and permit them to ir,3ve quickly with a primary 
coal-fired installation on an existing port site if COM 
is not feasible.) 

(5) 	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.
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7.1.7 	Complete Study Report
 
The Coal Prefeasibility Study section of the
 

final report is separately contained in Volume IV, Chapter 7 -

ESI Report No. EA 30-0101-4.
 

To assist those readers of this Executive Summary who may
 
desire 	additional information, selected data have been
 
extracted from the main report and have been included in
 
Section 7.1.8 as supplementary information.
 

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 schemer:
 
coil-oil 	mixture firing, and coal gasification. It also
 
provides 	study information on: JPS fuel oil consvmption;

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, oil, gas,

nuclear, 	and hydropower. About 76 percent of the electricity
 
in the 	United States is produced in conventional power
 
generation systems using coal, 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 oelf
 
the utili-ids grid or during unscheduled outages.) By compailison,

about 97 percent of the electric generation capacity of
 
Jamaica Public Service is in conventional power generation
 
systems using oil or gas -- 74 percent in steam turbines,
 
19 percent in gas turbines and 4 percent in diesel engines.
 

7..8.2 	Coal-Fired Unit
 
The efficient combustion of coal for
 

industrial purposes requires a system that differs 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-coal, 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 systems is their versatility;

zhey have a wide operating range and burn a' types or ranks
 
of coal.
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7.1.8.3 Combined-Cycle 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 or
 
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 combined-cycle options
 
currently under development include: open-cycle gas turbines;
 
closed cycle turbines; fuel cells; and magnetohydrodynamics.
 
Advances in combined-cycle power plants focus on high-temper
ature gas turbines combined with steam systems.
 

7.1.8.4 Coal-Oil Mixture Firinc
 
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 for
 
oil. There is general agreement that the lower the ash
 
content, the greater the probability that such fuels will be
 
a viable substitute for oil.
 

7.1.8.5 Coal Gasification
 
There are several commercially prover?
 

coal gasification processes. The two most important are tl e
 
Lurgi prescurized process (based on 40 years of continuous
 
development) with 14 commercial plants comprising 65 gasifiers
 
around the world, and the Koppers-Totzek process with 16 plants
 
in Europe (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 a viable alternative to burning oil in
 
Jamaica. it will take approximately two or three years to 
prove the fea'gibility of one of these processes. At that time, 
a study in g:,.ater df pth can be made as to the feasibility of 
installing a gasification plant to supply medtim-Btu gas tn
 
existing boilers in Jamaica.
 

7.1.8.6 Fuel and Enerqv Consumption
 
Fuel oil consumption and energy generation 

is summarized in Table 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 in this study. 

7.1.8.7 Availabilitv of Exlstina JPS Units
 
Although an operational review of 

existing JPS units was not a part of this study, the following 
was evident and is pertinent to the installation of new 
generating equipment. 

7-8 



'IAMioi.: L"+I 

i|J.,ANDl I:tlt:l((;Y 

III/ I 

CO(WI*N;llMP*!'O). 

I ,)I 

197 I 1914 1911 :1476 1977 197" 

V i li40 l4-11111[ : 

,I.Ii.,a l ha,1.1I a :.,O virt.* 

0 l.I14.11 1111 I Ill . 

l',l lIl ll; 11.11 1 t. 

I I i ',i'li l .11 6 'ii 

tIII LXVli 

:. 

2, /0}) 

I) , I 119 

0I, {It 

2,490 

I , 

9 4 
1 4l(,t, 

I), 
I ,* )1.h 

,1)1 t I 1 
17 ,49-1 

"/)4'1/ 4, 

to , I TJ 

I roS4 

2, 
7 10 4 

I0 

0 6 

b 
711-

(;.I:. 

II ' ll 

'tl 

, 

(, 

I94I.li:, 

I+ ,',, I 

9 4.lll 

, . I 

+ .II 

811. 4 
i 'f . II 

. 

)'. J4.0 

22 1 .It 

92.8 

9W)l, 

. . 

' 

I I . 

I,."94 . 

0l 

2 

1 

I, 

1 0.6 

I 1 . 0I 

',1 .4 

i I1 . 4 
12 

1lJ H .I 

1O . I 

1 I"I . I 

1(09. 1 
1, '24 .7 

I i 

/ . ,1 

if, . .4 

i 4. / 
1, 141 1 

III lit-l 
I!1A llTI.I.IH 

i: .i,1I,,.11) I 

Ill,'). 
1I) . 

Iit77 

2,19l. 
! ,.to+ 

-,it19t,. 2 

. |ll. 9 
I I1)). 4 

-2',. 14 1 )-

2 ,0%8. 
I1I.( 

+, 6,')H .(o 



The JPS installed system capacity is approximately 455 MW
 
(Table 7-2) which is greatly in excess of the existing peak
 
loads of about 210 MW. Thus, a new unit should not be justi
fied on the basis of insufficient system capacity. Blackouts
 
occur almost daily due to unit outages 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 adequate mainten
ance, with very little if any preventative maintenance.
 
Spare 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 and high fuel cost gas turbines consumes
 
extensive fuel and foreign exchange. The study indicated
 
that a new oil-fired unit with about the same heat rate as
 
the newest, most efficient units on the JPS system would pay
 
for itself i operated at a 65 percent capacity factor.
 

7.1.8.8 Load Growth and System Expansion
 
JPS provided the forecasted power sales
 

for the system for 1979 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
 
i* in existing port facility with minimum additional plant
 
coet for coal unloading facilities. The cost saving summary
 
of the evaluation with costs levelized from 1985 is contained
 
in Table 7-4.
 

7-10
 



__ __ __ :n#'1 __ 

3:eaa 

3Vr i7 = - *- ,-,?-- .



Z Z....:7 

46 "1- -. 

* - - -- . I- . n - I 



C'AViTlAi.1.1-:1) COSTi'l !(I.;AViNG; 

:. Jill V .1 I -111 

.,l.ah a ',l . 

fiy Fxl :-1 
IJl I :. 

i114 NLi*W 
F 

(,.Il ay 
cl t idll i t 

t,.;,z.l I l"a ! (Th,:,I , aV I I~I:j IJ:,t" 41, l)/,o()(3 

'I . i I . , Hat:I,'L~l :; i u l1,a:.t: 13h.', l'i (S,,)()t) 

I'.l. I Ii ::,1 ')Ii Ia -I 0,( I(,Io( 

110 I . jl:l'. i$s I f., , H1| , (00t)I 

111. 

If, 

!.,I 

m 
Il 

I 
I :allll. 31 

F Iaa tI 
,I lld t. 

c-13, -Jil/ ,(3(33 

Ait 

' 

i~ 1 

I I. *I 

l1,*1 1 

(' 

('4), Sa~V I as'j: 
I .ltVI 

I t') l1..iu 

2i~2(1, 9 

(2,'. 

11, 03(1(3 
01 

I / ,O0WI 

lit I *. I a. u:, H1i(34 , .11If' , 00034 

1, .4I "..iv Il.o inoI, ., I I !"11I 'd19 l 3, Itl/ ,llll0( 

c|C ,:; 
i1.'il lit 

2,1 2.1, 3 ) 

24.1, (33P0,1)000 
/ , i IIII,M M( 

I 	P , ()0', ((O0 

I '..,20 4 0((0 

111~, MG2 , (100 
., (llW) 


4. 1 0(141 

,(IMO') , I),.3 1 

04 1l 1,14 0,0
i319, I |11 (13 

:W I1l i;., 

I 	 .; I. (lit II 

'), 1(2, ((( 1 , .' 1 t, JO 

2/.1 , 6a41, 006I( 13.1 , t ,tll t) 

1 1 , 1221 0 0l,if, .1 It, ( )i 

12 ,0 1 f , , 1i)(i14(), ,(300 Il i 

121 1 49,)J,(0(3 lI :.t: 

0 
I '1) 94 1 ,((OOJ 114 , 141t, (0( 0
2( 4(3 (1(3 I , (I I oo00 

t
i l l /0,, P ' 3( I 1,' ) mm 

3I0, I if I , ( (m(lo,I i 11, l(l(( 

U') ,413'. (3(1(3 l1,s:;cJ 



8.0 ELECTRIC UTILITY RATE ANALYSIS
 

8.1 EXECUTIVE SU.MARY
 

8.1.1 	 Introduction
 
The structure for pricing electricity in Jamaica
 

has evolved over a period of many years. The current pricing
 
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 question

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
 
Janaican currency which must be used to purchase goods

abroad (such as oil) increase, the Jamaican currency loses
 
value. The situation is self-perpetuating in that one
 
encourages the other, consequently the cost of oil imports
 
in real Jamaican dollars is increasing more drastically.
 

8.1.2 	 Terms of Reference
 
The electric utility rate analysis has as its
 

goal a thorough examination of the tariff structure of the
 
Jamaica Public Service Company (JPS) in order to determine
 
whether it (a) promotes an economically efficient use of
 
electricity in the society; (b) is consistent with basic
 
principles of equity and fairness; and (c) provides the
 
company (JPS) with sufficient resources to maintain an
 
acceptable quality of service. JPS officials specifically

requested that 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 worlqwide movement toward
 

marginal cost pricing for electricity as a means of keeping
 
costs 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 impor
tant factors in reducing electricity use and imports of
 
foreign oil. The current declining block pricing structure,

based on accounting costs, does not provide adequate pricing
 
signals to customers. Customers are given a pricing signal
 
which, in the higher usage blocks, charges them less than
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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 to 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 block 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 Findinas
 
Table --A is a summary of existing JPS tariff
 

structure; the discussion of this structure follows.
 

8.1.5.1 	Residential Tariffs (Rate 10) 
Residential tariffs currently appear to 

be structured with steeply declining blocks. The effect of
 
declining block tariffs is to reduce the conservation signals
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which are given to the residential customers. However, cqst
 
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 options are offered based upon marginal cost
 
pricing principles, including those which might be termed
 
ultimate tariffs, and several which could be used in phases,
 
including modifications to the present tariff, an inverted
 
block tariff and a declining block tariff. Detailed compari
sons are 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 declining block features similar to the
 
residential tariff. As with the residential sector, the
 
most accurate price signals are not being provided to the
 
custumers. Jamaican decision-makers may choose from various
 
tariffs developed herein, including eliminating 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 Industrial Tariffs (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 
on the time of day. Although the differences are not large, 
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. if 
the current system was operating at design capabilities 
(excess generation capacity) equipment could be retired
 
which could, at some point in the future, incraase 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
 
be carefully explained to the customers befo:e its effective
 
date, 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
 
might also be considered.
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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 Larae Commercial Tariffs (Rate 40)
 
The currently offered two-part tariff
 

is not consistent with marginal cost pricing principles.
 
However, options are presented both to 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 eventlal elimination of the "ratchet"
 
clause. Additional tariffs are also provided which take
 
into consideration differences in generation costs between
 
peak and off-peak times. For better understanding of the
 
impact of the options presented, detailed bill comparisons
 
are provided.
 

8.1.5.5 Industrial Tariffs (Rate 50)
 
As with the Rate 40 tariff, the elimi

nation of the "expander" and "ratchet" clauses is suggested.

Several possible opti.ons provided for consideration include
 
two-part, one-part, flat, and time of use tariffs. As with
 
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 statements
 
will help explain the marginal cost principles used to
 
develop options for JPS:
 

o Marginal cost of providing electricity as stated
 

above is passed on to the consumers;
 

o 	 These costs must be equitably apportioned among
 
consumers;
 

o 	 The allocation of society's scarce resources
 
among alternative uses must be efficient;
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to another
o 	 Resources are channeled from one use 

primarily as a responseY to pricing signals;
 

o 	 This channeling as a responre to price may be 

distorted by (U) absence of competition or
 
(2) existence of societal concerns. Both
 
exist in the pricing of electricity; and
 

The primary taz# nf regulators and decisiono 

makers is to see hat prices perform the sig
nalling function.)/
 

Table 8-B is an overview of options which utilize marginal
 
costs principles in electricity pricing in Jamaica. The
 

Following general conditions applied to the development of
 

these options.
 

(1) 	Total revenue requiremens 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 anid
 

enerqy tariffs will be considered;
 
(7) 	When metering and customer acceptance seems
 

conreasonable, time of use pricing will be 

sidered;
 

(8) 	The very progressive (from an efficiency st~and
point) fuel adjustment clause will be continued);
 

(9) V,he innovative Cost of Service adjustment will
 
be retained; and
 

(10) Continuing 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 Co.ncIusions and Rccomnnendations
 
Rather than making spec,.fic recomnen.dtons as 

to what type electric tariff structure JPS should idopt, 
this study, in response to JPS request, outlines basic 
tariff options and compares them to the existing tariff 
structures. The impacts and introduction schemes of these 
tariff options for various se,:,ors of the economy are dis
cussed. Th , structure of these options is too detailed for 
this executive summary to sufficiently discuss their mean
ings and impacts. Thus, the reader is referred to Section 
8.7 of the study report for a review of the options for 
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various sectors of Jamaica. Several assumptions are made
 
with some in the form of recommendations. These were shown
 
previously in Section 8.1.4.
 

The overall conclusion is that JPS and Jamaican decision
makers should review and compare these options in liqht of
 
their overall economic goals and plans. From these options,
 
discussions should be conductdd to decide which rate tariff
 
changes would derive the most benefit for all concerned.
 

8.1.8 	Complete Study Report 
The Electric Utility Rate Analysis section of 

the final repor. -; separately contained in Volume V,. 
Chapter 8 - ESI Report No. EA 80-0101-5. 
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Contract No. AID-532-79-11
 
Statement of Work
 
Page 1
 

STATEMENT OF WORK
 

A. 	Objective
 

The 	objectives of this activity are:
 

1. 	To conduct, by a team of experts, a study to assist 
the Government of Jamaica (GOJ) in further program
development under its Five Year National Energy Plan 
(1978-1983).
 

2. To assess the feasibility of, and/or requirements for,

successful implementation of particular key projects
 
and programs.
 

3. 	To provide the baseline information necessary to
 
identify potential opportunities for future support
 
in the general area of Energy.
 

B. 	Scope of Work
 

Task I - Study Integration and Project Management
 

The scope of the first task is to develop a detailed
 
study plan based on the information contained in this State
ment of Work. The plan will contain a detailed schedule of
 
all study activities and manpower alocations. The plan will
 
include a Project Management Plan, an initial identification
 
of the outline of task reports, work flow functional diagrams,

preliminary identification of study tasks, and data require-i +
 
ments between tasks. Also included will be a definition of
 
criteria, assumptions and procedures to be used in the study.

Although subject to later revision as information and analysis

proceed, the study plan will Jerve as the basic management and
 
control procedure for the remainder of the study.
 

Upon approval by the USAID Mission to Jamaica and the
 
Government of Jamaica, Energy Division, Ministry of Mining and
 
Natural Rescources, the study plan will be implemented and
 
used to accomplish Tasks 2 through 7 specified below.
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Contract' o. AID-532-79-11 
Statement of Work 
Page 2 

The scope of work to be implemented includes the
 

following specific subtasks:
 

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

2. 	Overall U.S. Team Coordination
 

3. 	Overall Coordination between U.S. Team and GOJ)
 
and Jamaican personnel, as wall as with USA D
 
Mission.
 

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 Government of Jamaica Five Year Development Plan
 
(1978-1983) Energy 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 Development 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 work a coordinated summary
 
report on economic aspects of energy projects, drawing broad
 
policy implications shall be prepared.
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Contract No.AID-532-79-l1
 
Statement of Work
 
Page 3
 

Task 3A - Solar Energy - Ccmmercial & Industrial 

Task 3B - Solar Energy - Agricultural 

The study shall include a technical and economic
 
assessment of the feasibility of near-term application of
 
solar energy with a primary focus on food processing and
 
storage. The study shall examine the potential for solar
 
crop drying, both on the scale of small individual farmers
 
and on the scale of bulk marketing and food processing and
 
storage. In addition rhe study shall assess the feasibility

of commercial solar air conditioning and of solar industrial
 
applications. 
The assessment will include examinations of
 
the following:
 

1. 	Corn drying at regional drying centers to be
 
operated by the Agricultural Marketing Corp.
 

2. 	Drying of agricultural products at the farm level
 
including peppers, onions, corns, peanuts, and hay.
 

3. 	Drying of pimento, coffee, c bananas and 
timber on a ccmmercial scale. 

4. 	Crop drying on a commercial scale (approximately
 

1 ton/day).
 

3. 	Fish drying on a commercial scale.
 

6. 	Solar c'l)ing for food storage in accordance
 
with requirements to be specified by the
 
Agricultural Marketing Cc',rp.
 

7. The technical and economic feasibility of solar 
air conditioning "or a new extension to a govern
ment office building and for a regional hospital.
 

8. 	The feasibility of solar air conditioning,
 
generally, in Jamaica.
 

9. 	The feasibility of commercial and industrial
 
applications of solar energy, in particular indus
trial process heat and hotel hot water in the tour
ist industry, to substitute for imported petroleum.
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Contract 4o.AID-532-79-11
 
Statement of Work
 
Page 4
 

Task 4 - Bioqas Applications 

The study shall assess the feasibility of biogas
 
generation in rural agricultural areas. Included in the
 
assessment shall be an examination of the following: size
 
of livestock holdings, feasibility of collectinq animal
 
wastes, the possible use of biogas to provide cooking, and
 
lighting in rural areas that are without access to electri
city.
 

Particular attention should be paid to medium-scale
 
installations (approximately 100 cattle or equivalent in
 
animal waste) and installations appropriate for agricultural
 
research stations, agricultural schools and other schools
 
and rural communities to be specified by the Government of
 
Jamaica.
 

The study should also address the feasibility of the
 
generation of biogas as an integral part of the sewage treat
ment facilities of '.he Jamaican campus of the U!niversity of
 
the West Indies.
 

Pertinent projects already initiated by thq Ministry
 
of Mining Energy Division, the Scientific Research Council
 
and others should be reviewed in detail. The report should
 
include recommendations for follow-on projects that might be
 
undertaken. In such projects, adaptive programs should be
 
emphasized, rather than basic research.
 

Task 5 - Coal Prefeasibilitv Study
 

The objective of this task is to prepare a pre
feasibility study on the potential of substituting imports
 
of steam coal (particularly 3% sulphur coal) for some
 
imported 3% sulphur 46 fuel oil. The study will include a
 
recommendation to the GOJ as to the desirability of conduct
ing a full pre-investment feasibility study of this subject.
 
If the recommendation is positive, a scope of work for a full
 
feasibility study should be prepared. Particular attention
 
should be given to the economics of coal imports for satis
fying a large part of the primary energy needs of the steam
 
raising plants of the Jamaica public Service Company (JPS)
 
System. Discussions should be held with the operators of
 
the alumina plants (Alcan, Alcoa and Alpart) in Jamaica to
 
ascertain what studies/analyses they have performed or intend
 
to perform regarding the use of imported coal to raise steam in
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Contract No.AID-532-79-11
 
Statement of Work
 
Page 5
 

their power plants. 
The 	results of any studies performed

by these companies should be commented on.
 

The study should also assess the technical, economic
and 	evironmental feasibility of diversification into coal.
In particular, the study should address the following:
 

1. 	The possibility and terms of obtaining long-term

supply contracts for steam coal 
(particularly 3%

sulphur coal). Price projections for such coal
 
for up to ten years should be made.
 

2. Feasibility of transporting coal to Jamaica from

U.S. Eastern Seaboard ports in bauxite ships

returning on the backhaul, or by other appropri
ate modes.
 

3. The location of port handling facilities and
 
storage facilities at port and plant sites.

particular, two schemes are to be assessed: 

In
 
un

loading at Old Harbour for use at the JPS Old
Harbour Plant and unloading at Montego Bay with
overland rail transport to Old Harbour. The
 
latter scheme is to be considered in relation to
proposals to use port facilities in Montego Bay

for 	trans-shipment and distribution of metallur
gical coal in the Caribbean.
 

4. 	The possibility of retrofitting existing units on

the JPS system to burn either steam coal or a
mixture of coal and oil and the possibility of

using either of these fuels in prcjected new
 
plants on the JPS system.
 

5. 	 The possibility of carrying out simila: retro
fitting in alumina plants, bearing in mind any
proposals of the companies themselves, and the
possibility of burning coal or coal/oil mixtures
 
in any new alumina plants.
 

6. 	The potential environmental impact of diversifi
cation into coal and possible methods and antici
pated costs of ameliorating adverse impacts.
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Contract No.AID-532-79-1!
 
Statement of Work
 
Page 6
 

Task 6 - Electric Utility Rate Analysis 

The purpose of this study is to derive a practical
 
tariff structure which:
 

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

2. 	Maintains the financial viability of the electric
 
utility.
 

3. 	Optimizes the use of fuel and foreign 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, transmitting 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 statistical 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 for
 
modifications to the customer classifications
 
would be developed.
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3. 	An analysis of price elasticities and associated
 
response times for each customer classification
 
(using available'historical data). This analysis
 
would include the effect of changes in the prices
 
of electricity, appliances and equipment on con
sumer demand.
 

4. 	An investigation of the social benefits to be
 
derived from subsidizing poorer consumers and
 
the development of a puantitative index of the
 
benefits derived (or the identification of such
 
an index developed in other studies).
 

5. 	A determination of the revenue requirements to
 
maintain the financial viability of the electric
 
utility.
 

6. 	A determination of the foreign exchange required
 
to operate the utility.
 

7. 	A new tariff structure should be developed based
 
on consideration of the factors outlined above,
 
along with considerations of practicality such as
 
metering and administration.
 

8. 	A determination should be made of the sensitivity
 
of the foreign exchange requirement to changes in
 
the tariff structure, in particular a structure
 
that promotes shift to selected loads from peak
 
to off-peak.
 

9. 	The new tariff structure should be compared with
 
the existing tariff structure, and the impli
cations of a change to a new tariff investigated.
 
Of particular concern would be the effect of price
 
elasticity (for each consumer classification), the
 
effect on present or potential industrial growth
 
and probable consumer reaction.
 

10. 	 A formula permitting automatic adjustment of the
 
new tariff to allow for changes in the cost of
 
fuel should be developed.
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11. 	 Recommendations for the expedient implementation
 
of the new tariff structure (as proposed after
 
any required revisions) should be developed.
 

12. 	 A load forecast study involving the development
 
of a computer based model to be used by the JPS
 
for electric load forecasting, including projections
 
of the requirements for additional generating
 
capicity, transmission lines and major substations
 
and geographic distribution of the electric load.
 

The study should be conducted in such a way that the
 
maximum Lnount of training is imparted to the Jamaican counter
parts in order that they may undertake on their own future u.
dating of the tariff structure.
 

Task 	7 - Energy Conversion from Waste
 

An asse. -.=,nt shall be made of the feasibility of
 
constructing a prototype unit to produce energy, fertilizer
 
and other by-products from the waste and refuse of the Mona
 
Campus of the UWI which has its own sewage treatment plant
 
(50,000 gallons of water per day), refuse dumps and incinerator.
 

The assessment will include a determination of the
 
amount and type of waste available on campus, a technical
 
evaluation of alternative approaches to energy conversion from
 
the waste, a determination of the quality of the water to be
 
expected to be produced from the various approaches, a determin
ation of the availibility of applying the approaches to sewage
 
and dry refuse handling in rural and urban areas of Jamaica,
 
a recommendation as to preferred approach and a detailed
 
estimate of the costs of the recommended system. Personnel
 
of the UWI should be involved in all the recuired activitic
 
to the maximum extent possible. The assessment will be
 
conducted in coordination with the study of biogas described
 
above.
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APPE:NDIX B 

PROFILES=T. . STATES ENERGY 

TE.tM :M:E:!BERS 



PROFILES OF THE UNITED STATES ENERGY TEAM MEMBERS
 

• Herbert C. Yim - U.S. Energy Team Leader
 

0 Mr. Yim was responsible for the overall organi
zation and management of the U.S. Energy Team
 
which conducted the "Preliminary Energy Sector
 
Assessments of Jamaica". Under contract to the
 
U.S. Agency for International Development, his
 
company, Energy Systems International, was res
ponsible for the overall integration of all study

task elements. Mr. Yim was also responsible for
 
ensuring the coordination and joint team efforts
 
between the U.S. Team Members and their Jamaican
 
counterparts.
 

o 
 Mr. Yim is a specialist in systems engineering -
project management for major energy and space
 
systems programs. He was selected as a President's
 
Interchange Executive to serve in the U.S. Govern
ment for 1 1/2 years in 1975. He specialized in
 
domestic and international planning and analysis

for solar anergy programs. Mr. Yim was assigned
 
to the U.S., Energy Research and Development Admin
istration (now the U.S. Department of Energy). He
 
has approximately 27 years of professional experience

in engineering; the last sixteen years have been
 
in systems planning, project management and systems

engineering. His specialties include:
 

- Conceptual and definition phase planning for
 
energy programs;
 

- Planning, organizatioa and implementation of
 
national and international energy projects and
 
programs; and
 

- Multilateral and bilateral international cooo
erative energy projects.
 

o Mr. Yim's academic background includes: B.S.,
 
Mechanical Engineering, U. of California, Berkeley,

Ca.; M.S,, Mechanical Engineering, U. of Southern
 
California; and Cert. Meteorology, U.S. Naval
 
Postgraduate School.
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2. 	 Gary G. Roberts - Deputy U.S. Energy Team Leader
 

Mr. Roberts shared the responsibility for the
0 

overall organization management and coordination
 
of all of the Jamaican Energy Study Task Elements.
 
He was instrumental in the overall planning and
 
development of the system, which put the project
 
on stream. He was specifically responsible for
 
the management of the specialized studies, inter
face coordination with the Jamaican counterpart
 
organizations, and the USAID Project Office.
 

Mr. Roberts has a systems engineering background
o 

which includes project management, process engi
neering management and systems design for major
 
hardware system programs. He is engaged in providing
 
operational support in the area of policy and
 
program planning for international solar cooperation
 
and commercialization activities of the U.S.
 
Department of Energy. His specialities include:
 

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

o 	 Mr. Roberts' academic background includes: B.I.,
 
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 implication of
 
the U.S. Energy Team specialized study recommendations
 
on the Five Year Energy Sector Plan. He was responsible
 
for integrating all of the U.S. Energy Team recommen
dations into a priority listing and identifying 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 variety oi international
 
renewable energy projects and programs sponsored by
 
the U.S. Department of Energy. He has been a consultant
 
for various energy issues in many countries in the
 
Middle East, Africa, AsiO, South America, Central America
 
and the Caribbean. Dr. Edelman has also served as a
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Consultant to U.S. projects involving urban and
 
regional development policy atid environmental planning.
 
His specialty is:
 

- Alternative energy development in developing
 
countries.
 

o 	Dr. Edelman's academic background includes: A.B.,
 
History, U. of Rochester, New York; M.R.P., Cornell
 
U; and Ph. D., Policy Planning and Regional Analysis,
 
Cornell U.
 

4. 	Thomas Y. Lewis - U.S. Eneray Team Member
 

" 	Mr. Lewis was responsible for the Solar Commercial-

Industrial segment of the Jamaica Energy Study.
 
The specific study ,bbjective was to assess the po
tential of solar energy for heating, cooling and hot
 
water applications in Jamaica. He was responsible
 
for making selected feasibility studies to deter
mine the technical, economic and commercialization
 
potential for solar water heating applications in
volving hospitals, hotels, and industry.
 

o 	 Mr. Lewis was the lead engineer and principal design
er of one hundred /and twenty commercial and residen
tial solar heatin and cooling projects including 
active, passive, solar thermal and photovoltaic 
systems. He was also the lead engineer responsible 
for the detailed design of the domestic hot water 
system for the White House, Washington, D.C., and 
principal investigator for six industrial process 
solar heating projects. Mr. Lewis has approximately

nine years of experience in project management and
 
engireering and is a consultant in solar energy and
 
conservation systems. His specialty is:
 

- Systems design of solar heating, cooling and
 
hot water systems.
 

o 	Mr. Lewis' academic background includes: B.S., Mechan
ical Engineering, Texas A&M.
 

5. Blaine F. Parker - U.S. Energy Team Member
 

o Dr. Parker was responsible for the Solar Agricul
tural segment of the Jamaica Energy Study. The 
specific study objective was to assess the potential 
of solar energy for agrcultural applications n 
Jamaica. He conducted a technical and economic as
sessment of near-term applications for large and
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small-scale crop drying at the regional, commercial
 
and farm level.
 

* 	Dr. Parker is a Professor of Agricultural Engi
neering at the University of Kentucky. He served
 
as Chairman of the Deparment for sixteen years. His
 
first research in solar energy was preheating ven
tilation air for livestock shelters in 1958. For
 
the last five years he has devoted his time to re
search and design of solar collectors and solar
 
heating systems. Dr. Parker holds several patents
 
on solar air heaters. He is listed in Who's Who in
 
America. His specialty is:
 

- Research and design of solar collectors and
 
solar,heating systems.
 

o 	 Dr. Parker's academic background includes: B.S., 
Agricultural Engineering, Virginia Polytechnic In
stitute; Ph. D., Agricultural Engineering, Michigan
 
State U.
 

6. Rolf T. Skrinde - U.S. Energy Team Member 

o 	Dr. Skrinde was responsible for the Biogas Appli
cations segment of the Jamaica Energy Study. The
 
specific study objective was to assess the feasi
bility of biogas generation in rural areas of Jamaica.
 
The study included small and medium scale installa
itions for farms, agricultural communities or research
 
centers.
 

o 	Dr. Skrinde has extensive experience in international
 
consulting in environmental engineering and renewable 
energy programs. He has consulted in over fifteen
 
countries in the Middle East, North and South Asia,
 
and Europe. Dr. Skrinde has approximately 26 years
 
of 	international experience. He has served as Energy
 
Consultant to The National Science Foundation, and
 
the U.S. Department of Energy. He has co-authored
 
more than 40 published technical articles and has
 
contributed to approxImately 200 consultant reports
 
on 	energy and the environment. "Dr. Skrinde is listed
 
:in 	Who's Who in America, Engineers of Distinction,
 
and American Men and Women of Science. His special
ties include:
 

- Energy studie; 
- Waste waters, solid waste and industrial waste
 

treatment
 
- Biomass 
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o 	Dr. Skrinde's academic background includes: B.S.,
 
Civil Engineering, Washington State U.; M.S., Sanitary
 
Engineering, Massachusetts Institute of Technology;"
 
Ph. D., Sanitary Engineering, MIT.
 

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

o 	Mr. Williams was responsible for the Coal Pre
feasibility Study segment of the Jamaica Energy
 
Stu4y. The specific objective was to assess the
 
potential of substituting imported ci:al for fuel oil
 
for use in electric power generation. The study ad
dressed the feasibility of: retrofitting existing
 
oil-fired units to burn coal or coal/oil mixtures,
 
providing cost estimates for new coal burning plants,
 
obtaining long-term coal contracts, transporting
 
coal to Jamaica in bauxite ships on the backhaul or
 
other modes, icc-tion of port handling facilities,
 
and the required infrastructure to support coal
 
handling operations in Jamaica.
 

o 	 Mr. Williams has over thirty years of experience in 
major steam power stations. He has developed ex
pertise in all phases of fossil-powered steam gen
eration including turbines, generators, auxiliary 
equipment, fuel storage and handling, site develop
ment, construction, software support, and total 
plhnt and system design. He has conducted numerous
 
studies for industrial corporations which required
 
revision or expansion of their existing steam and
 
powelr facilities. He prepared the standard master
 
specdfications for main turbine generators and as
 
sociated subsystems. His specialties include:
 

- Project engineer for 55600 MW fossil steam 
power stations
 

- Turbine equipment specialist
 

o 	Mr. Williams' academic background include: B.S.,
 
Mechanical Engineering, Northeastern U.
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8. Charles J. Cicchetti - U.S. Energy Team Member 

o 	Dr. Cicchetti was responsible for the Electric
 
Utility Rate Analysis segment of the Jamaica
 
Energy Study, The specific study objective was to
 
assess the current operation and electric utility
 
tariff structure employed by the Jamaica Public
 
Service Company. The study considered the entire
 
economic considerations involved in supplying energy
 
to Jamaica. Specifically, the study analyzed the
 
marginal costs of generating, transmitting, and dis
tributing electricity to all consumers,'analyzed price
 
elasticities and associated response times for each
 
customer classification, determined revenue and foreign
 
exchange requirements for utility operation, reviewed
 
the current load forecasting model, and recommended
 
a revised tariff structure for future implementation.
 

o 	Dr. Cicchetti specializes in the management of environ
mental economics and related energy systems and poli
cies. He is a member.of the American Economic Asso
ciation and has spent over fourteen years in the econ
omics field including professorship at the University
 
of Wisconsin and more recently Commissioner of the
 
Public Service Commission of Wisconsin. He is a member
 
of numerous national energy advisory boards and co
authored over fifty publications and articles; in
 
addition, he has made approximately thirty presenta
tions at national and international meetings. His
 
specialties include:
 

- Environmental economics and management
 

- Energy policy planning
 

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

9. William J. Gillen - U.S_ Eneray Team Member
 

o fr. Gillen was one of the team members participa
ting in the Electric Utility Rate Analysis segment
 
of the Jamaica Energy Stud?. The specific study
 
objective was to assess the current operation and
 
electric taritf structure employed by the Jamaica
 
Public Service Ccmpany. The study included, among
 
other tasks, the analysis of marginal costs of gen
erating, transmitting, and distributing electricity
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to 	all consumers; price elasticities and associated
 
response times for each customer classification
 
were also investigated.
 

o 	Mr. 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 consultant 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 National Foundations and has co
authored seven publications on energy and electric
ity utilization. His specialties include:
 

- Systems planning
 
-
Economic Consultant - electric utility/systems
 

o 	Mr. Gillen's academic background includes: B.A.,
 
Economics, George Washington U.; M.A., Economics,
 
G.W. U.; J.D., U. of Wisconsin Law School.
 

10. Rod Shaughnessy - U.S. Energy 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 electric 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 revenue 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.
 

o 	Mr. Shaughnessy is the Executive Assistant to the
 
Commissioner of the Public Services Commission of
 
Wisconsin. He has been involved in energy conser
vation and management at the state level and has
 
provided consulting services to the U.S. Department
 
of Energy and various National Laboratories and Asso
ciations involving 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
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include:
 

- Energy policy plannding
 

o 	 1r. Shaughnessy's academic background includes:
 
B.A., industrial Engineering, U. of Wisconsin.
 

1. Richard R. Dague - U.S. Eneray Team Member
 

o Dr. Dague was responsible for the Energy Conversion
 
from Waste segment of 1.he Jamaica Energy Study. The
 
specific study objective was to assess the feasibil
ity.of constructing a prototype biogas generation
 
unit to produce energy and fertilizer from the 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.
 

His
He has conducted research in a variety of areas. 

principal interests are in water quality, 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. He routinely
 
performs as a consultant to the U.S. Army Corps of
 
Engineers, consulting firms and industries solving
 
special problems in water and waste-water treatment
 
R9items. Dr. Dague has over twenty years of domestic
 
;/and 	international experience, is listed in Who's Who
 
'in Engineering, American Men and Women of Science, and
 
and has co-authored over twenty-five publications in
 
the water and waste-water management field. His
 
specialties include:
 

-	 Resource recovery from solid wastes
 
-	 Water and waste-water management and control
 

o 	 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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Attachment 1
 

Contract No. AID-532-79:ll
 
Statement of Work
 
Page 4 of 17
 

Task 4 - Biogas
 

The study shall assess the feasibility of biogas genera
tion in rural agricultural areas. Included in the assessment
 
shall be an examination of the following: size of livestock
 
holdings, feasibility of collecting animal wastes, the possible
 
use of biogas to provide cooking, and lighting in rural areas
 
that are without access to electricity.
 

Particular attention should be paid to medium-scale instal
lations (approximately 100 cattle or equivalent in animal
 
waste) and installations appropriate for agricultural research
 
stations, agricultural schools and other schools and rural
 
communities to be specified by the Government of Jamaica.
 

The study should also address the feasibility of the genera
tion of biogas as an integral part of the sewage treatment
 
facilities of the Jamaican campus of the University of the
 
West Indies.
 

Pertinent projects already initiated by the Ministry of Mining
 
and Natural Resources Energy Division, the Scientific Research
 
Council and others should be reviewed in detail. The report
 
should include recommendations for follow-on projects that
 
might be undertaken. In such projects, adaptive programs should
 
be emphasized, rather than basic research.
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ROLF T. SKRINDE 

U.S. ENERGY TEAM MEMBER: BIOGAS STUDY (TASK 4) 

Dr. Rolf Skrinde is re .:ponsible for assessing the 
feasibility of biogas generation in rural agricultural areas
 
of Jamaica. The examination shall include small- and medium
scale installations applicable to farms and agricultural com
munities or research centers respectively. Dr. Skrinde is recom
mending a Five Year Program for the use of biogas plants in
 
Jamaica. The program, based partically on the pioneering work
 
of the Scientific Research Council, is geared to provide house
hold and medium size units targeted for farms and agricultural
 
schools.
 

SUMMARY
 

Dr. Skrinde does extensive international consulting in
 
environmental engineering and renewable energy programs. He
 
has consulted in over fifteen countries in the Middle East,

North and South Asia, and Europe. Dr. Skrinde has approxi
mately 26 years of international experience. He has served
 
as Energy Consultant to The National Science Foundation, and
 
the U.S. Department of Energy. He has co-authored more than
 
40 published technical articles and has contributed to
 
approximately 200 consultant reports on energy and the
 
environment. Dr. Skrinde is listed in Who's Who in America,
 
Engineers of Distinction and American Men and Women of
 
Science.
 

SPECIALTY
 

Energy studies, waste waters, solid waste and industrial
 
waste treatment, biomass.
 

SUBSTANTIVE POSTS
 

Consultant to Energy Systems International
 
Consultant in Fuels From Biomass to the U.S. Department of Energy
 

ACADEMIC
 

Washington State University, B.S., Civil Engineering, 1951
 
Massachusetts Institute of Technology, M.S. Sanitary Eng., 1952
 
Massachusetts Institute of Technology, Ph.D. Sanitary Eng., 1958
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U.S. 	 ENERGY TEAM FINAL REPORT C ,dFERENCE
13-14, 1979NOVEMBER 

KINGSTON, JAMAICA 

PURPOSE 
Provide Government of Jamaica, USAID, International
 
Organizations, Caribbean Countries and other interested
 
organi:ations with opportunity to participate in a
 
final review of the U.S. Energy Team study.
 

OBJECT:VES OF CONFERENCE
 

Promote a dialogue among all organizations and entities
 
having a hand in the decision, planning and implementation
 
processes for an energy program in Jamaica.
 

2. 	 Initiate a dialogue among all organizations and countries 
which can result in Ja-maica becoming a future major 
exporter cf renewable energy products and services for 
the Car:V-bean and Central/South American region.
 

3. 	 Use the U.S. Energy Team study to demonstrate the readiness 
of the GCJ energy program and Jamaica's leadership in 
energy planninc for future energy program activities in 
the Caribbean. Show GOJ/USAID team approach in study. 

STIRATErGY 

Invite a broad crcss-section of Jamaicans f-m the cublic 
and private sector to critique the study results. kave the 
th-:teen energy team members on hand to discuss the find
ings and recommendations and respond to key issues and 
cuestions. 

2. 	 :nvite selected Non-jamaican individuals to participate 
particularlv where they may be in the position of assisting
.he GOJ in follow-on activities. 
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PROGRAM 

1. 	 The first day provided an overview of the study commencing 
with an Executive Sumary proceeding through each of the 
specialized studies. Both Jamaican and U.S. counterparts 
made joint presentations as appropriate. 

2. 	 The second day had three program segments: International
 
cooperation discussions, study splinter group meetings and
 
a summary discussion of splinter group findings.
 

3. 	 The international cooperation discussicrs included 
participants from he following organizations: 

- World Bank
 
John Callahan
 
Al Ezzati
Robert Kanchuger
 

- :nterAmerican Development Bank 
Leonardo DeSilva
 
Robert Garziglia
 
Jose Cosio
 

- Organization of American States
 
Z. Patrick Healy
 

- United Nations Development Program
 
AIemad Zia Mian 

- Caribbean Develocpment Bank
 
Jerome O.R. Sinch 

- U.S. Agencv for !nternationa. Development 
Jerome Bosken
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