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ABSTRACT

Research and development of alterna-
tive energy technologies in Puerto
Rico is described. Completed and on-
goling activities of the Center for En-
ergy and Environment Research (CEER)
of the University of Puerto Rico are
discussed. Projects on biomass, solar
thermal energy conversion, c¢cean ther-
mal energy conversion, energy and
technology assessment, marine and ter-
restrial ecology, and energy cutreach
are presented. Funding for this werk
comes from the Federal and Common-
wealth governments, industry, founda-
tions and international organizations.
CEER's activities emphasize the needs
of Puertc Rico and the Caribbean.

1. INTRODUCTION

Puerto Rico's gecgraphical location,
climate, infrastructure, econcmic de-
velopment, available human resources
and its bicultural and kilingual char-
acteristics make it a unique place
for research and development activi-
ties in alternative energy sources.
Within the island’s 3,435 square
miles are six ecological zones and

26 5011 classifications representa-
tive of scuthern Florida, the Carib-
bean, Central America, northern South
America and large regiocns of Africa
and Asia. Puerto Rico is a mosaic of
tropical land, water and botanical
varietiea. The island is loocked to
for technical guidance in the region.
In Puerto Rico, as in other Caribbean
1slands, the need for petroleum and
its high cost are the driving forces
in the development and implementaticn
of alternative energy technologies.

The Center for Energy and Environment
Research (CEER) of the University of
Puerto Rico (UPR) is committed to the
research and development of a variety
cf alternative technologies. The four
steps required for the widespread use

of a new technology are research, de-

velopment, demonstraticn, and commer-

cialization. For technologies design-
ed for semi-tropical or treopical areas
such as Puerto Rico, on-island demon-

stration is often a necessary step to-
ward market acceptance.

2. CENTER FOR ENERGY AND ENVIRCNMENT
RESEARCH

In 1957 the Atomic Energy Commissicn,
acting under President Eisenhower's
Atoms for Peace Program, established

a center for training Puerto Rican,
Latin American and Caribbean personnel
in peaceful uses of atomic energy. Re-
search and development were pursued
for nearly two decades. In the 13970s
a shift in federal energy policy caus-
ed by the world oil crises prompted
the transfeormation of the Atomic Ener-
gy Commission into the Energy Research
and Development Administration (ERDA).
Subsequently, the scope and focus of
Puerto Rico Nuclear Center research
changed through mutual agreement be-
tween ERDA and the University of Puertoe
Rico. Thus in 1976 the Center for En-
ergy and Environment Research {(CEER)
was established to study new energy
sources for Puertc Rico and their en-
vironmental aspects. In the process
ERDA, then followed by the U.S. Depart-
ment of Energy (DOE), agreed to pro-
vide institutional and programmatic
support. The CEER budget in FY §3-84
amounted to $3.2 million with funds
coming mainly from UPR institutional
funds, DOE contracts, P,R. government
funds, competitive DOE grants, local a-
gencies, international agencies and pub-
lic enterprises. This is an example of
the successful transition from a feder~-
ally sponsored research laboratory to
one sponscred by a University (UPR).

During FY 81-82, CEER celebrated its
25 years of active service in scien-




tific and techrology research, devel-
opment and management. In recogni-
tion of its research accomplishmernts,
DOE declared CZER to be, "the most
important Hispanic research center in
the United States.”

sugar cane industry in the Car:ibbean
Region. These activities can stimu-
late employment in agriculrure through
the cultivation and use of new tropi-
cal grasses such as energy <cane for
bilomass, molasses and sugar. The CEER
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Fig. 1. CEER's Major Facilities and Proiect Sites.

3, RESEARCH AND DEVELOPMENT IN
BPUERTO RICD

The areas of primary concern for re-
search and development (RAD) in Puerto
Rico are biomass, solar thermal energy
conversion, wind energy conversion,
water guality, waste disposal, ecolo-
gical effects of energy production and
utilization, resource management,
technology development and commercial-
ization, and energy and pclicy assess-
ment. CEER's mission is to provide
scientific, technical and managerial
expert.se in several interdisciplin-
ary areas, and to develop commercially
viakle, environmentally safe techno-
logies that could provide the govern-
ment and industry with solutions to
energy and environmental problems,
Figure 1 shows CEER's major facilities
and project sites.

3.1 Biomass

In the agricultural ssctor, CEER pro-
grams dealing with sugar cane, energy
grasses, and bicconversiecn could stim-
ulate commercial activities., The de-
velopment of "energy cane" by CEER
scientists has brought attention to a
possible reorganization of the ailing

activities in this area have two pha-
ses: an agricultural phase during
which the biomassz is produced, and an
industrial phase cduring which the
crude biomass is converted intc a mar-
ketable form of enerqgy. This =nergy
cane technolceoy developed in Puerto
Rico is being promoted in the Carib-
baan by CEER.

The production cof tropical grasses for
energy was proven to be economically
viable for regions with tropical agri-
culture capabilities., The use of
these grasses, as proven by CEER R&D
efforts, could enable energy cane pro-
duction/utilization operations to con-
tinue on a year-round hasis. The
principal candidates evaluated by

CEER to date include napier grass,
Serghum and $Sudan Srass hybrids, and
sugar cane managed specifically as an
energy crop or "energy cane."

CEER is involved in the planning and
pre-implementation activities of the
use of biomass as fuel to generate

an additicnal 20 MW electric power
capacity for the Puerto Rico Electric
Power Author:ity. The studv addresses
supply and demand, use of existing or
naw sugar mill beilers to burn bagasse
and tropical grasses, technical aspects




cf combustion and transportation, and
co=-financing of the project. The ex-
perience gained in Hawaii and Florida
has been employed to evaluate the use
of existing faciliities in Aguirre,

Arecibo, and Rincén for this purpose.

As part of the biomass technology re-
search and development activities,
studies were initiated with tropical
forest species and water hyacinth.
Woody terrestrial species were eval-
uwated as sources of boiler fuel, cell-
ulosic feedstocks and base stocks for
methyl alcohol production. Analysis
wag also performed on the production
and conversion of water hyacinth ang
vegetable residues to low Btu gas.

CEER is cooperating with local far-
mers and industries in various biocon-
version activities. These activities
are oriented toward finding technical-
iy and economically feasible ways to:
produce fermentative biogas from local
materials, instrument and monitor new
bicgas production facilities, devel-
op uses for fermented waste residue
and effluent, and help local industry
and agriculture turn polluting wastes
into commercially viable products such
as methane gas and fertilizer. This
research has demonstrated the feasibil-
ity of converting livestock wastes in-
to valuable energy feed resocurces
through proper processing and manage-
ment technigues in Puerto Rico.

A major CEER project having far reach-
ing significance for Puertoc Rico and
less developed agrarian tropical na-
tions is the "Energy-Integrated Farm
System” (EIFS). This is one of eight
EIFSs funded by the U.S5. Department of
Energy. The farm selected for the pro-
ject is located in Juana Diaz on the
south coast of Puerto Rico, This is

a 500 head dairy operation situated en
20 acres of a 200 acre farm. The new
energy integrated farm system is de-
signed to fulfill two functions: (a) to
produce greenfeed, electricity (up to
90% of farm needs), and high protein
feed substitutes from manure; and {(b) to
establish waste management in compli-
ance with Puerto Rico's environment
quality control regulations. The con=
struction of all energy systems, in-
cluding twe biodigesters of 264,950 1i-
ters (70,000 gal) capacity each, will
be completed in the spring of 1984 and
the farm integrated energy operation
will start in the summer of 1984.

3.2 Solar Energy

In 1980 under a DOE grant to CEER, a
working relationship was established

with the Puerto Rico subsidiary of

the Nestlé~Libby Company tc identify
an appropriate technology for the de-
sign of a 4,645 sg m (50,000 sg ft)
golar process heat system for the com-
pany's local plant. The design stage
of the project was implemented.

The same year a facetted compound para-
belic collector was developed by the
CEER research/engineering staff. The
collector was then fabricated and in-
stalled at the plant of Roche Products,
Inc. in Manati, Puerto Rico. The pro-
ject passed through typical R&4D stages
such as evaluation, engineering adap-
tion, prototype testing, and develop-
ment bhefore the approved system was
installed at the plant premises for
demonstration purposes. Alsc in 1980
the U.S. Department of Energy awarded
CEER the design of a 150 kW concentra-
ting photovoltaic system for the Medi-
cal Center in San Juan.

A CEER scientist invented and develop-
ed a novel solar water heating system
built into the louvered tropical win-
dow widely used in homes and buildings
in Puerto Rico and the Caribbean, Val-
uable experience was gained in moving
from the engineering development of the
ceoncept to a near market ready project
which can be commercialized with a min-
imum of funds. Several companies man-
ufacturing windows in Puerto Rico were
approached, and the process was initi-
ated to identify financing resources
for the further development and even-
tual marketing by local industry of
this tropical window solar water heater.

A relationship has also been estab-
lished with food processing companies
in Puerto Rico. Discussions are in
process to develop and implement salt-
gradient pond techneology for process
heat generation as part of CEER's so-
lar energy conversion activities.

Shallow solar pond technology was
brought to Puerto Rico with assistance
from the Lawrence Livermore Laboratory
(LLL) in California., Funds were ob-
tained through a DCE grant with the
user co-financing a 21.4 sqg m (230 sq ft}
pond system. The system was installed
in January 1983 in Mayagiiez, Puerto
Rico, to deliver up to 1003 liters
{265 gal) of hot water per day to a
local school cafeteria. At the begin-
ning of 1984 CEER solar scientists de-
signed and installed a second shallow
pond of 40 sg m (430 sg ft) area to
heat water for the swimming pool show-
ars at the Mayaglez campus of the Uni-
versity of Puerto Rico as part of en-
ergy conservation efforts. Both in-
stallations are being evaluated.




The U.S. Department of Energy, through
the Puerto Rico Office of Energy, fi-
nanced another energy conservation pro-
ject. Some 300 fiberglass sclar col-
lectors of a newly invented concept
were built at CEER. The 650 sg m

(7000 sg ft) parabolic collector array
will assist an absorption air condi-
tioning system of 100 ton cooling ca-
pacity being installed at the CEER re-
search site on the west coast of the
island (Mayaglez). This is a good ex-
ample of CEER's application of in-house
engineering and manpower resources.

From research and the operation of six
solar radiation measuring stations dur-
ing the last six vears, a solar radia-
tion map for Puerto Rico was published.

3.3 Wwind Energy

A wind measuring program was initiated
at CEER in 1982. It is planned to in-
tegrate this program with wind data
collection by the P.R. Office of Ener-
gy. 8ix wind measuring stations in-
stalled at sites characterized by high
winds are now gperating in Puerto Rico.
The collection of wind data at properly
selected sites is critical; existing
data on the island comes from weather
stations at airports and other instal-
lations that usually do not have pro-.
per wind magnitudes.

One R4D machine of 1 kW power cutput
was installed by CEER at its headquar-
ters building in San Juan; a second
one of 4 kW rating is being installed
in Arecibo. Seven demonstration wind
‘machines will be installed around the
island in the near future by the P.R.
Office of Energy.

A novel concept of a variable geometry
Darrieus wind machine was introduced
by CEER. Work on a complex theoxreti-
cal model of this new turbine was com-
pleted in 1983 and the results of the
computer simulation were published. A
computer program for wind plant siting
in Puerto Rico was developed by CEER
for further study of wind resources on
the island.

3.4 Ocean Thermal Energy Conversion

Puertc Rico has one of the best sites
‘for an Ocean Therxrmal Energy Conversion
(OTEC) power plant. The right water
depths and temperdture gradient are
found close to shore and near an exist—
ing electric power grid. 1In 1978 CEER
began a project to study the variabil-
ity of oceanographic parameters perti-
nent to the construction of an OTEC
plant at the site of Punta Tuna, Puerto
Rico. This study was funded by DOE.

A parallel study was also performed

for the Puerto Rico Electric Power Au-
thority of an alternative OTEC zite

off Punta Vaca at Vieques Island. Mea-
surements taken by CEER scientists con-
firmed the thermal suitability of beth
Punta Tuna and Punta Vaca as OTEC sites.
The surface water temperature is 26°C-
29°C (79°F-84°F) throughout the year
and the temperature is 6°C (43°F) at
1000 m (3281 ft} depth.

OTEC was investigated at CEER as a po-
tential source for the generation of
electrical energy. On the site bio-
fouling and corrosion tests were con-
ducted on different potential materials
for an OTEC heat exchanger such as al-
loys of aluminum and titanium tubes,
The tests were conducted so as to pro-
duce recommendations for material and
cleaning techniques for future, commer-
cially viable heat exchangers. The

R&D work was performed off Punta Tuna
irn a specially equipped converted LCU
boat under grants from Argonne National
Laboratery and NASA, This research can
contribute to accelerating the develop-
ment of a durable and reliable heat ax-
changer for future OTEC power plants.,
An underwater study was alsco performed
for OTEC power cable biofouling and
corrosion to serve as an indication of
the product's commercial potential. The
project consisted of design, construc-
tion and deployment of 16 cable samples
at depths of 8 to 60 meters {26 ft to
197 ft}. The project was financed by
the private sector.

CEER scientists also studied an open
cycle OTEC system under a grant from
DOE. Various experiments were perform-
ed on the use of a mixture of surfac-
tant with water to form foam that is
used to drive an open cycle QTEC.

These OTEC R4D activities give CEER
valuable in-house knowledge and data
concerning the operation parameters

for an OTEC plant in Puerto Rico or else-
where in the Caribbean; Curagac, Jamai-
ca, Saint Crox and Venezuela have ex-
pressed interest in the concept.

3.5 Marine and Terrestrial Ecology

The CEER R4D activities in marine ecol-
ogy are related to coastal and lagoon
management and the environmental impact
of human activities, The marine acolo-
gy program identifies ecological per-
turbations that result from chemical
and thermal pollutants, and then pre-
sents alternatives for the preservation
and development of marine resources in
the coastal areas of Puerto Rico. Stu-
dies have been conducted on zco-plank-

ton, bottom organisms, turtle grass
beds, mangrove communities, an




marine animals in the vicinity of a
fossil fuel power-generating plant
that has been in operation for over
two decades near Guayanilla Bay. Or-
ganisms in Guayanilla Bay are exposed
to elevated temperatures, and hydro-
carbons and heavy metals discharged
from nearby petrochemical and chemical
plants. Studies were conducted to es-
tablish the concentration and varia-
bility of various chemical constitu-
ents in the water and sediments.

A study of Joyuda Lagoon was done to
collect the physical, chemical and
bieclogical information needed to des-
cribe the ecology of this well knowh
natural body of water in Puerto Rico.
This data was used in the subsequent
planning and management of the resocur-
ces in the Lageon and surrcunding wat-
ershed, A similar study was done for
one of the most important water reser-
volrs in Puerto Rico, La Plata Lake.

A study conducted by CEER in 1980 and
funded by the Puerto Rico Agqueducts
and Sewer Authority investigated water
treatment and the cleaning potential
of water hyacinths.

In a 1981 project initiated at CEER
under a grant from the Puerto Rico

Electric Power Authority (PREPA) a site

characterization and envircnmental im-
pact assessment were done for an oil/
coal burning power plant planned for
the north coast of Puerto Rico.

In a 1982 project, funded by the U.S.
Environmental Protection Agency, the
larvae of a commercial species of crab
were successfully grown to stages suit-
able for use in mariculture. The com-
mercial potential of the project

awaits further development.

A recent 1983 contract with the Puerto
Rico Agueducts and Sewer Authority
calls for five mixing zone permit stu-
dies for regional wastewater treatment
plants in Puerto Rico. The study is
developing methedelogies for using
tropical marine organisms as assays
for toxic substances.

The tropical rain forest station of

El Verde is used by CEER's terrestrial
ecology staff as a unique laboratory
for tropical ecosystem studies. Re-
search on the structure and function
of island rain forest ecosystems ig
being done under a DOE funded project
to study c¢yeling and transpeort of ma-
terials likely to be effected by in-
dustrial development in Puerts Rico.

Under contract with the U.S. Forest
Service CEER completed in 1982 a study

on the altitudinal distribution, habi-
tat affinities and 1ife history of the
Puerto Rican boa, a federally listed
endangered species.

A study of the sentire watershed in
northeastern Puerto Rico was also
done under the terrestrial ecology
program. This study investigated the
interrelationships among the climate,
vegetation, flora, fauna, soils and
human inhakitants; and their combined
influence on the hydrologic cycle of
the watershed.

3.6 Technology and Energy Asgessment

Besides technical R&D activities, CEER
conducts technology evaluation, policy
assassment and socio-economic studies.

As part of regiocnal efforts by the
Southern Sgler Energy Center to accel-
erate the use of solar and other re-
newable energy sources, the Puerto
Rice State Solar Support Project was
started at CEER in 1979. The objec-
tive of this project was to provide
infermation about and to perform a
survey of the Puerto Rico private sec-
tor falling under the project.

In 1980 a grant was received from the
National Science Foundation for the
project "Community Participation in
the Development of Energy Self-Suffi-
ciency for the Island of Culebra."
This project was initiated with a ser-
ies of seminars on the island of Cu-
lebra. The objective of this project,
which ended in 1982, was to assess the
technical, economie, environmental and
socio-political aspects of the Culebra
inhabitants energy needs, and the means
to achieve energy self-sufficiency.
The study was conducted through a ser-
ies of workshops and interviews, and

a survey of 150 households.

In 1980 CEER designed a computer pro-
gram entitled Methodology for Economic
Optimizing to provide researchers with
a4 tool to get a first approximation of
the economic potential and problems of
a technology process in the develop-
ment stage.

In 1981 CEER received a grant from the
DOE Office of Minority Economic Impact
to analyze the distribution and socio-
economic impacts of changes in elec-
tricity prices and policies on low-
income families in Puerto Riceo. As
the project progressed, cooperation
wag established with the Puerto Rice
Department of Labor and Human Resour-
ces to survey electricity consumption,
appliance ownership and demographic
characteristics of the population,




During 1982 CEER performed a computer
study and sensitivity analysis of var-
icus conventional and renewable energy
sources. Sensitivity analyses were
developed for electric power genera-
tion using coal, nuclear energy, oil,
biomass, OTEC, and sclar energy.

During 19280-1983 CEER carried out sev-
eral international projects, among
them: evaiuation of renewable technol-
ogies potential in the Republic of
Panama; technical, economic and admin-
istrative status evaluation of pro-
jects of the Caribbean Development
Bank and the CARICOM Secretariat (spcon-
sored by the U.S. Agency for Interna-
tional Developrent), and assistance to
the Dominican Republic¢ in wind and so-
lar resources zssessment. The Center
for Energy and Environment Research
has a current ndefinite Quantity Con-
tract (IQC) with the U.S. Agency for
International Levelopment to provide
technical assistance irn the develop-
ment of renewable energy technologies.

3.7 Outreach Program

Technology development in Puerto Rico
and the Caribbean depends on an under-
standing of the economic, social and
pelitical impact of relevant technol-
oglies. The Center's outreach program
includes workshops, conferences, semi-
nars and exhibitions.

As part of CEER's service to the Puerto
Rican community, the Center takes part
in community awareness programs and
public information activities. CEER
staff participate in lectures and serve
in an advisory capacity to a number

of private and public organizations
that have an interest in research, ed-
ucation or technelogy transfer.

In 1980 CEER ir cooperation with the
Puerto Rico Department of Education
implemented a Summer Research Appren-
ticeship Program. Alsc in 1980 CEER
was a principal sponsor of the First
Caribbean Conference on Energy and
Develcopment which brought together a
multidisciplinary group of about 300
participants from 29 countries.

In 1981 CEER recieved twc grants, one
from the National Science Foundation
and one from the UNICA Foundation, for
a series of workshops to foster ccoper-
aticn among members of the Association
of Caribbean Universities and Research
Institutes (UNICA) in developing re-
newable energy technologies, Three
workshops have taken place: in Bridge-
town, Barbagos (1981); in San Juan,
Puerto Rico (1982}; in Gainesville,
Florida (1983}).

CEER serves as the Secretariat of the
Caribbean Institute of Resources Man-
agement (CIRM). 1In 1982 CIRM co-spon-
sored a week-long Foresters Training
Workshop in Saint Lucia together with
St. Lucia's Ministry of Agriculture

and the U.5. Institute of Tropical For-
estry. Ten Caribbean Islands were
represented during the workshop.

In 1982 CEER co-sponsored the follow-
ing conferences in San Juan: Second
National Conference on Renewable Fner-
gy Technologies, First Pan American
Conference on Energy, Fuels and Feed-
stocks from Tropical Biomass II Seminar.
The latter seminar brought together a
group of about 100 participants from
industry, the scientific and academic
community, and the Federal and Common-
wealth governments for a one-~day dis-
cussion and analysis of current and
projected R&D, CEER also co-organized
the XVIT Convention of the Pan American
Assoclation of Engineering Societies
(UPADI) and the XV Latin American Chem-
ical Congress. 'CEER/UPR with the P.R.
Chemists Association and CERI/UM* are
planning a week-long international con-
ference on energy, Energy for the Amer-
icas, to take place in Puerto Rico in
conjunction with the First Pan-american
Chemical Congress in October, 1985.

4. CONCLUSION

The activities described present a wide
range of R&D projects completed or in
progress in Puerto Rico in c¢ollabora-
tion with several Commonwealth and Fed-
eral government agencies. Commonwealth
funds via the University of Puerto Rico
System have been replacing Federal funds
during the last four years. This shift
has prompted the reorientation of some
of the RAD activities at CEER to be di-
rected more toward the technological
needs of Puerto Rico and the Caribbean.
Puarto Rico has taken a leading posi-
tion in the development of its natural
resources and is ready to contribute to
the development of other Caribbean is-
lands through training, technology
transfer and cooperative R&D activities.

*Clean Energy Research Insitute/Uni-
vergity of Miami.







