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DEVELOPMENT OF ALTERNATIVE ENERGY SCIENCE
AND ENGINEERING IN THE CARIBBEAN

EXECUTIVE SUMMARY

Today, as in the past, the Caribbean area remains of critical stra-
tegic importance to the United States and the rest of thisg Hemisphere,
The regicn's geographic vulnerability is accentuated by its dependence
on imported peiroleum and petroleum products to satisfy the energy
needs of industry, commerce, households and other vital activities of the
society. Thus, the communities of the Caribbean Basin have been great-
lv impacted by the increases in the price of imported fossil fuels.

On the cther hand, the region is blessed vear-long with large
amounts of natural energies Including solar, wind, ocean, biomass and in
some areas gecthermal. [t was the purpose of this project to develop
the scientific and engineering capabilities of the universities and
research institutes of the Caribbean region. The project used a unique
institutionral resource, the Association of Caribbean Universities and
Research Institutes (UNICA) to foster a cooperative research effort
aimed at increasing the capabilities of Caribbean institutions to assist in

the introduction of alternative energy solutions into the region.

The research workshop format has been used and a network of
scientiste and engineers working in energy was established to promote
cooperution, interchange of technical information and development of joint
projects. Two workshops were carried out on the most promising energy
alternarives  the first was on wind cnergy in Barbados on December 6-9,
1981; the second on tropical biomass, held in Puerto Rico on April 28-29,
1982. In eac: of the workshops a list of needs and priorities ir
education and training, research - nd develobment., anc¢ demonstration
projects was worked out us is reporfed in Appendices D and E. Procee-

dings of both workshops are in preparation for publication.
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In addition to the presentation of workshops, efforts to collect basic
energy data on Caribbean Basin countries in order to perform system

analysis of appropriate energy alternstives were started and reported.

The project went beyond the scope originally contemplated, It has
stimulated technological interchange between educators and scientists in
the region who were unknown to one another before. It received sup-
port from the Caribbean Development Bank which sponsored the parti-
cipation of government technical planners in the workshop. In addition,
a two~week training section on solar energy was sponsored by the Vene-

zuelan government, Cther activities generated by the project are
discussed elsewhere in this report.

A third workshop--on sclar energy--is being planned for early 1983

and a proposal being prepared to solicit funds to carry it out.

The project was conceived by the Science and Technology Commis-
sion of UNICA and the workshops were organized under the leadership
of the Center for Energy and Environment Researct (CEER) of the
University of Puerte Rico, in cooperation with the University of Miami
and the University of the West Indies. The UNICA staff also collabo-
rated at ali times with the organizers.

The ersuing substantive report and appendices summarize the major
activities end accomplishments of the project.

PROJECT REPORT

(General

The project to Develop Alternative Energy Science and Engireering
in the Caribbean represents the first indispensable step toward sz major

coordinated program of technology transfer snd adsptation to be under-

taken as a cooperative effort by the universities and research institutes
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of the region. Funding by the National Science Foundation allowed the
planning, organizing, carrying out and reporting of two workshops--one
on wind and the other on biomass--covering various aspects of the alter-
native energy problem. The Exxon Educational Foundation, through the
UNICA Fcundatior, also contributed in this part of the project.

Later phases of the project involve the completion of research plans
&nd proposals resulting from the workshops and data gathering in the
region, the preparaticn of education and manpower training plans, and
lhe compilation of reports on the alternative energy data base and orga-
rization established. A proposal ¢ fund the next phase, which includes
. »olar encrgy woerkshop in 1583, is being prepared.

Publicathn_s

The project his produced two technical papers:

(1) "The Energy Alternatives for the Caribbean" by J.A.
Bornmet, Ji., presented at a Workshop on Wind as an Energy

Alternative for the Caribbean, Bridgetown, Barbados, December
7, 1981;

(2) "Alternotive  Energy in the  Caribbean' by H.P.
Herrenstien, presented at the First Pan American Congress on

Energy, San Juan, Puerto Ricc, August 3, 1982,

Dr. Bennet is the Chairman ot the Science and Technology Com-
mission of UNICA and Principal Investigator of this project and
Dr. Harrenstien is the Co-principal Investigator.

The first paper, a copy of which is included as Appendix A to
this report, discusses the energy situation in the Caribbean and out-
lines efforts unaerwsy to develor renewable energy alternatives in the
region. This work is based on the author's experience in the region
and on information received from UNICA contact persons,

.




The second paper, attached as Appendix B, gives further details
about the planning and implementation of the proiect,

Project Application Potential

This project iocused its efforte on the island coremunities of the
Caribbear Bagin. The islands huve over eighteen (18) million inhabi-
tents in 42,213 square miles. It is cstimated that 37,950,000 Bbls. of ail
per year are imported by these islands. Table I summarizes geographie,
demographic and other data on the Caribbean region.

A list of renecwable energy techuologies which are deemed technolo-
gicelly suitable for the Caribbean, in rank order of estimated commercial
rcadiness, is as foliows:

i, Seclar hol water

2. Co-generation

3 Hydrociectrie

4. Electricity from solid waste
5. Small wind machines

6. Large wind machines

7. Electricity from bagasse

€. Solar ponds

9, FPhotovoltaics

10,  Ocean thermal energy conversion
11. Geothermal energy conversion
12, Other

harrenstien (Appendix B) computed the value of contribution in

Bbls. of oil saved per year for each alternative energy technology at
the end of full commercialization by the year 2000. Tnis is presented
in Table i!, where it can be observeq that the combinec contribution
from the sources listed totals 154,236,000 Bbls, of il saved per year,

Consequently, the region could theoretically become energy self-




sufficient, as far gaq electrical generation is concerned. A plan of

action ard Preparedress to move toward that goal are needed,

From Table III we can observe that wind and biomass (bagasse)
show significant pPromise for making nejor contributions in the immediate
future. Recognizing this condition the UNICA Commission on Science
and Technology selected these two energy sources for the first two
werkshops.,  In order to implement the project this Commission re-
Guested from the universities and research institutes which are members
of UNICA tg appoint official contact persons knowledgeable in energy
Diatters who coula biovide information on the energy state of affairs of
their respeective islands, participate in workshops, and seprve as focus
to  initiste educational ang lesearch activities in  theip institutions.
Appendix C Includes ‘the nares and addresses of UNICA Commission on

Science and Technology andg contact persons.

A questionnaire was circulated to gl UNICA contact persons and
two follow. up notices sent to assure maximum response., Only five of
the 15 contact persons answered the questionnaire. The others claimed
the information about their islangs was not readily available to them,
This first experience reflected the reality of lack of tnformation about
energy and renewable energy matters in the Caribbean. After 2 search
in general and specialized libraries and other information centers in the
Caritbean, it was found that the best dats were available at the Carib-
bean Develepment Bank in Barbados, the Island Resources Foundation
ir. the Virgin Islands and the Center for Energy ang Environment
Research in Puerto Rico. Table I11 summarizes the energy projects in
the Caribbean regicn. Wind and biomass projects encompass the major
efforts being pursued, which confirms our previous observation of the
importance of these two renewable energy sources fon the region,

The paper by Dr. Bonnet (Appendix A) was Presented at the Wing
Wiorkshop in Barbados to the UNICA contact persons, who were reques-~
ted to review it carefully and give their comments and suggestions,
Only the representatives from Guyana, the Netherlands Antilles and the
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Caribbean Development Bank submitted comments; these were incorpora-
ted in the final version of the paper. The other contact persons
merely stated that the paper reflected the current state of affairs in
their islands.

The papers by Bonnet (Appendix A) and Harrenstien (Appendix
B) present the most up to date general description of renewable alter-
native energy projects and potential in the Caribbean region and in this
sense constitute mujor contributions of this project.

Workshop Summaries

1. Wind as on Energy Alternative for the Caribbean Workshop

The first UNICA workshop was carried out in Bridgetown,
Barbados on December 6-8, 1981. Some 50 persons participated. The
workshop program is included in Appendix D,

The first pait of the workshop consisted of background papers on
wind energy. Especially significant was the participation of Dr. T.S.
Anderson, President of the USA Wind Energy Association, an organiza-
ion which has a keen interest in the Caribbean. Following the general

presentations, the participants were divided in three workshop groups
covering the following subjcets:

(1) Education and 'Iraining Needs

(2) Research and Development Needs
(3) Demonstration Needs

Each of the workshop session groups produced a report which is
enclosed in Appendix D.

it is interesting to notice that the recommendations have similar-
ities and that they focus on information needs and lack of human re-

sources. A generalization und prioritization follows:
(1) A resource assessment of human and institutional capabi-
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lities, wind¢ resources, and demonstration prcjects in the region

is neecded.

(2) After the first recommendation is implemented detailed
action plans and proposals to implement the other workshop

recommenaations are needed.

(3) Sources of funding to continue this project ané to imple-

ment the most important recommendations should be sought,

‘he group feels that if the above recommendations are imple-
mented the scientific and engineering capabilities of the universities
and reseurch institutes in the region will be greatly enhanced and
stretigtbened ir wind as an appropriste energy source for the Carib-
bean region,

Appendix L includes the cvuluation of the workshop made by
the pearticipants,

<. Workchop on Biomass as an Energy Alternative for the

Caribbean

The second workshop for UNICA contact persons was held
i San Juan, Pucrto Rics con April 28-29, 198%2., The program of this
workshcp is enclosed in Appendix E. It is significant that the same
UNICA contact persons who attended the wind workshop were also
able to attend this workshop. The laison initiated among UNICA
contact persors facilitsted the establishment of direct contact

between some of the UNICA member institutions.

This workshop was carried out immediately following the
Seminar on Fuels and Feedstocks for Tropical Biomess ' beld in San
Juan, Puerto Rice on April 26-37, 19392, Many of the UNICA contact
bersons were also able to attend this seminar, which provided them

with more thorough knowledge of biomass as an erergy resource.
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The biomass workshops indicated that the group feels that:

(1) Research, development and demonstration projects in bio-
mass as an energy source must be established in the Caribbean
region. Funding to carry out such projects is critically
neeged,

s
£Z

» Provision of training and education on Caribbean tropical
biomass it ¢ must.

(3) UNICA =should increase its information dissemination and
technology transfer sctivities in the region,

(4} The rcle of the UNICA Foundation to secure funds to

implement the recommendations of workshops is very important.

Tle Caribboean agricultural programs, especially in sugar cane
and other food crops, are undergoing great eccnomic stress. The
possibility of ¢ reorientation to biomass for energy and food com-
bined is an alternative that must be pursued immediately. This is
one of the msuin reasons for recommendation number one. The group
leels that the only reason this energy alternative is not being
developed faster is lack of funding. The reports of the group
sessichis are enclosed in Appendix F.

The evaluation of this workshop indicated that it was even more
successiul than the previous one. From the experience and recom-
mendations mace after the first (wind) workshop, changes in orga-

nizatior and strategies were made. The evaluatiorn is enclosed in
Appendix F,




CONCLUSION

It is clear that the Caribbean region is richly endowed with
renewsble alternstive energy sources which eould provide energy
self-suificiency to the region in the decades ahead. Two of the main
sources--wind and biomass--have been studied and analyzed. Carjb-
bean universities and research institutes should help in the devel-
opment and utilization of these two energy sources. This is a
pioneering effort occurring at a historical moment when there is a
renewed interest in the "rediscovery" of the Caribbean region. This
report should be useful to all funding and development agencies
which ave beconing aware of the region and willing to do something
helpful based or solid ground. 'This effort is a very healthy seed.
Let us hope that somebody will water and nurture it for the benefit
of the Caribbean community,

It is alse clear to the authors of this report and to the
participaiits that at this stage a much more detailed resources
Assessment is rnecded before 3 realistic plan for education and
training and rescarch anc development can be formulated. In this

respect the activities and accomplishments of this project represent
important steps in the right direction.




CARIBBEAN DEMOGRAPHIC DATA
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056" L€ 28 008 (E1°B | £r2°2p 7101
182°0 {153) ooot - 118 000° 301 081 0°69 5-21 ng oeJeany
0210 (353} oot -- v8g 000°19 69 00 621 ng L,‘. ey
[ sary viot | oot | or osl 200¢ Ly 000°001°Z | oove sic | om | 1 | eoreun
380 85 oot | oor | oo 002‘01{  8bp 000'008*'y | w10t | 52 581 s T e
PEV'S 665 oez | oot | oez 0006 £12 000'821°s | Tie‘st | s-a 581 | ds 8 veorurmog
1812 205¢ 06 5€ ot Csser | <28 000'9ci'e | seve 5-99 ;quME.H;‘.mm!fj‘-:wwwm owang |
= | e v 2t oLt | 82 959 081 ﬁi:u!ﬁ Csmoyr s |
290°0 {353) DOS * 5 £ 8 00El |} oy wo'es {[ o0z | sw | osl | 3 ] [ wop as |
- U o 9 52 oozt | ) L[ s 059 st | 3 x1013 "3
£00'0 (153) 005 b £ g sit 000's v 5 b9 581 3 Cejojaol |
<0070 (3s2) 005 £ £ i1 002 ﬁl okl 0005 % 0°g9 eet | 3 e nbuy
£00°0 (153) 005 9 9 ot 005 000*¢ bt 979 0’8l | nghi uatseey 35
100°0 (153} 005 000€ ovz 0021 s | o s | ong 2qes
£50°0 2z 9 22 261€ %8 000se " 5°29 N S0y 18
510°0 {153) 008 8 L e z€2¢ (e 0005t 9t 529 541 7 | ey
I R ot |z | om | el rm_  epnqueg
| oo Iz 21 ot 2 .mﬂmﬁr%_!-.mmmilﬁammlm 301 329 o et | 31 | enbiay
020°C @ | 8 5 o1 200€ azz | ooc'at 5¢ 529 et 3 1earrsguon |
T sers (33) oo | ae :MlmMilﬁﬁuﬂm 048y vz Doootie | ess | 0°29 | 09t | 41 | adnowsperg ]
3200 | (159) oo g g | 8 Canr | oooez S0t | 528 a'9t | a3 |s1ueies sraeq
T | 207 of 2t 0g 209¢ 252 30012 S08 029 551 1 | estuieog
T e g\1¢| 925 g€ Si 2t oocy | 898 | 000tsse Sev 519 | st | 4y anbiuttaey |
 ezso | s | el e 9z | wett | eost | weoroee 1 990 | s | ot | 3 | soveqing
86070 21 0z £t 92 Sels | cois 000* 021 £€2 215 97yt 3 | esny 3
660°0 681 (1 21 0z T 162 £00°ag1 el 51 ocr | T3 [ qussuis 19
- [ A B €55 | 000 o1 7% T g | em | 3] S
550°0 992 2t 3 ot | eciz | ser | 200705 021 0¢s | o | 3 ep2uzig
[ ave s {353} -2¢ 9 9 mm=r‘;;|l.\mmellﬂr;ime|szwawa.wq T oo | s | o |3 "~ obeany
s22°¢ 2ont 05 o8 05 $80¢ %43 _ 980°060'1 | psar sﬂ| $ 19 @lpm.oa — 1 pe2LULY
4L Y3IN00IY Ommm%ﬂ\:. i (- ru) {-ruw) | w) (11} utog £1esuag Huotjeqnoog ("tw-bs) [apni5ucy | aonyi1en abendue pueLS|
312121233 wot3dwnsuoy | aunscdxy iPiM |l yibuay i534bLH |uol1e|ndoy vauy
103 2A/S(80 ] (€314323[] puiy
{ [ ] I

10



("sojewt1sa 0oLy 0348Nd 40 saded USTISUBLIRH~]1005 33S) "Papn|oxXa 091§ 03JaNdy

0£2" ps1 W01
¢ 43430 21
) Lewdayrosn 11
é (3310) tewaayy ueodg “qp
6E€° b 008°196°¢T 4£/uos4ad/s18g 0620 2Le110A030yd "6
1/8°S 8/L°8E AL /1urbs/s7ag 161 Spuod Jejos ‘g
§50°89 804°8¢ JA/1w°bs /5788 65/°7 assebeg -/
109722 LEl <A/1w/5789 199 0¢ SBuLyoel puLm abueq g
99¢°1 008°196°¥1 4A/uosuad/s1gg 1600 SauLYyOey puLlM LleWS g
Lye ¢ 008°196°yT 44 /uosaad/sIgg /12°0 BISEM PLLOS ¢
2LL°02 8/1'8¢ AA/1w0bs /5788 /566 JLAIO9{30UpAY ¢
G29° /1 008°196°yT  uA/uosaad/STag g/1°1 uotjedauab-oy g
vS€ 01 0G8°196° 1  4A/uosaad/s1g99 269°0 487BM JOH JBLOS T

0002 +eaf xa.:.x,f.nmmmmmmmwllz;wm_WE *bs suosuad 0002. 43/ £q Abojouyday
GK/L10 S99 SUGE ||t 5oLl x40 Jaquny L0 Jaquny 4A/S79g uL sbulLaeg ABuasuy dALIRULD] |y
» SDULA®S [v13us304 0 JA3quny [BLIUS30d pajewlysy

SNOTLNGIMLINOD ADHINT FATLIYNAILTY SANVISI NY388 14V

IT 3avL

¥



w0 uostaedwo) qiun sebolg seboig-Abuau3 a|qemaudy ‘¢
3a¥70 UoL3edL413Uap] 0UpAH-04D LY 04pAY *2
JUdWSSASSY
B|aNZ3U3A 334nosay [edLbooapAy 0dpAH ") epeudIT
I0Y10 suoLleblrysaaug Lewaayz099-Abaduy ajqemaudy °g
J0¥70 BULQANnL puipm pUiM-aqemauay "/
pLseag UoL3onpodqd oyoajy UoLSJA3AUDD0LY - DfGeMaUSY g
aq1 Juawdoanaq ssemolg-Abaaul 5| qemauay ‘g
SY0 juauwdo|aAaQ § suoljebliisau] puiM-Ahaaul afqemausy 'y
SY0 jusudoiassq g suorieblysaau] J4elo5-ABuau3 apqemausy °f
ary juawdo|aaaq § suoLieblisSsau] Suueg Abasul *2
B{anzousp Juawido [8as( 04pAH-ABABu3 a|qemauay | sLlqnday uediulwog
431109 33sepH
8a0 a(qelabap A31(191SLa434y ssewolg-Abadul a9 qemauay ‘g
SYo 493ua) yosaeasay [euoibay Leddue9-Abudul a|gemauay "y
wnibiag Apnis Adeuiw jadg leudayjoay ¢
ni1/¢ql (18/¢) doysyuop 0dpAy "3
ars Apn1§ 2143091 oaphy oapfy | BILULRION
SSTTIIY *U3dN Jo usmmmw511|p¢rQMWWrm£m1wmm1mm:mm:crgwmmz PuLm-A640u3 a|qemsudy 1 ORJPANY
4a2/a1vsi DuLanyoey
SAUL J0303( 0% J0|0g Ap|0§-ABUBUT 3| geMousy *§
832/01vsN butuorypung siy aejog Je[0s-ABasul s qumauay *p
1903 £407508b17 sefiolg seborg-ABusuy ajgemaudy ¢
401 (MY 00Z) 403242UdY 10|41y putyr£B43u3 a|qemausy 2
4093/va1o seipnlg Lutuang assvbey sseuotg-Abasul ajqemoudy | sopeqJeg
. Qd91/d40nn ; ueLyedordx] L0 1L seuweye
aan W3 sAS buidund oieypuaoiuyy Jelos-Abusua ajqemauay ¢
pung 2o 842320y (M¥21) stoqeaauag prm PULM-AD4dU3 3| qemaudy 7
pung Laaul yn LMA 00L-04) sd0teaiuay puyp puty-Abaauy arqemausy | enbLjuy

Aouaby BuTandaxy 40 ouo( T oy - (s)40310as-gng A43unoy o pue|sy
£bisu3 pue {s)123l0u4g
NOIOZY Ny3duluvd il NI SL3200dd ADUINI 40 AHVWARS
P11 374y

-12-



aad/a1vsn wedbouad |euotba
ayy -ur juauodwod ue|og Je [ 05-4ABdau] a|qemausy ‘g
Sy jtup uoljedlsuansgseborq seboig-Abuasul apqemausy ‘7
qq1 128fouad TBOI.4EY) SSsewolg-Abaaul a|qemaudy ‘9
048l Lio agn 4o Bug{akoay {edduag-Abdau] aqemaudy ‘g
901 Abuaau]
[BUOLIUSAUOIUCYN }JO JUdWSSBSSY |edausn-£budul ajqemausy ‘¢
SY0 satbolouyds]
ABasul anLjeuaal |y LeJauan-£6aau] s|qemaudy ‘¢
401 Juswdo[3A3Q O4pAN OJpAH *2
TEDETN juawdoaA3g 0uapAH 0JpAH 7y eoLeep
30¥10/01vsn butanioe;nuen  weyshs ue|og JB105-Abusul ajgemaudy ‘g
SY0 fpn3s seboig seboLg-ABaau] a|qemauay v
aivsn (Leooueys) L33U9)
Abolouysa; areLadoaddy ssewotg-AbJaul 9 iqemausy g
801 “qIvsn UoL3e1S840)8Y sseuworg~Abaauy a|qemauay -z
401 Apnis A3i|1qiseay
103f04yg ouphH (adey) e OApAH " | L1leH
westodd |euoLbad ,
09/01¥Sn 2yl UL juauodwod dejog J8105-ABasul a|gemauay G
439INN /901 J1SeM POOM JO HOLIRZLELIf ssewiorg-Abusuz a|qemaudy ‘¢
SULLy 9}LXNRQ pue pyunie 4o
UCLSJIAUQD |RODUIRYD)-0T-{L(Q
0481 191SEM DPOCM 1O uOLIeIL4LSey ssewotg-Abdaul 3|gemauay ‘¢
a1ysn . SASNH Ad1Y jo uotjezi|lan ssewotg-AB64aul ajqemausy -2
4oL3onpodyd |oueyl3 -
LLseag f8ouURYS|SSY [eoluyaay sseworg-£Basul ajgemaudy 1 BuBAnY

A3uaby buryndexy 4o .douoh

TRyoaoy (s}a0129s5-qng
ABaau3 pue (s)323louq
NOTOFU NYIUGIHYD UL ND SLIAC0Hd ADYINT 40 AYVKWNS
(UINCD) TID 779

AJjuno) Mo pue|s]



4d0

juswdoanog
UOLSSLWSURL] pue uotjedauan

104
YSYN-A403e40q07 900dS BEEEROY

YdIud-300-ySyN

Sassedq teosidod] pup
Bue) J4ebng ody Ssewoy
seb Jo uorLyonpe.ag

BAQSN)-ouLgun] pUuLM™

ALotadey 1

SLABN-SIILY 3§

SSPWOLY-ABusul spqemausy g
UOLSA2AU0D0LE

-ABaut] alqemausy Ty

Putpm-AB4aul a|gemausy "¢

300 buruotytpuoy uty deog-Abuauy apgemausy 'z
300 34n3 [ndLaby pue
Axysnpur uoy Gulyeay A93eH 42[0S-ABudul a|qemauay 'y 021y 0343nd
aIysn juawdo(aaag {ewuayjosy {eusyioay 2
101 UBWdo [ 8A3Q OUpPAH- ULy 0dpAH ‘| pR-FBE=T i o N
UoLss Luwo) ABasul {euoLeN juawdo|aaag | euiay1039-3 | qemauay "9
uoLssiuwo] Abuasul [euorgey suoLgeblysanu] 04pAH-a qeMauay " g
eibasul ap jeuoLoey UgLs Lwo))
uglLss Luwo)y Abusul jeuoLgey uoijedoidxy [B0) '
LAJYNOD- | aeas] pue epeup) s)29foad Juaw
. -do|3A8p pue yauRaSIY JdB 10 dejos-Abusug a|gemauay ‘g
LAJYNQY - Bduedy UDLIEDLJ U123 |eany 42|05-AbJaul a|qemauady -7
LAJWNOD
aouedd pue  AUeLdag sap buldwng uagepm Aejog-Abuaul a|qemauay & ] 02 L X3l

Aauaby Bu(In33x3 Jo Lduog

AILALIDY

(s)401295-qng
ABuaau3 pue (s)12al0u4y

NOID3YW NY3IFEI¥Yd 3UL NI S1D3I008d A9YINT 40 AUVHWNS

("INOD) 111 3791

Aa3uney) 4o pue[s]

i P



pe1Tddng uoTyBWICIUT puw (Te6T swmp) gusudoTeasq 3 uoL1o

*suosaad qowiuco VOINA £q

TWESUODDY X0J HUed *T,9Ul  ADUNOL

pue Abuau3

SaUL
40 La3stuyy

Fauaby Buijnsax

404
g2

103
aag / 4q)

#3l
442
floteatdy
1a2
a9

108foug diejL0a00yy Putm-£Busuy aqemauay ‘1 Blanzausy
butuoryipucy iy A8 05-Abgaul aqemaudy °1 0FBADL % pepLuld]

jue|d sefoLq sebolg-ABuauy I qemMauay ‘p

W33SAS 4aMO4 puLp . PUtM-£Busu] B qemauay 't

FOOUMOUAY

Wodd UDLIINpoLd sebiolg SSeUOLg-ABaaug 2| gemauay -z
Juswdo|aadg oupAl QJapAH *1 JUITITA 3%

TUSWSSBSSY [ BUABY) DGy ABasu3 |ewieylcan g

: £aL]1oey uoLleagsuouag Le4duag-Abusu] a|qemauay ‘b

Suttiyg asmog puip PULM-ABudu] 8| qemausy ¢

Wo3sAS AumMoy puim puLmM-Abusul aqemauay "2
Holsnedx1 ucljedousy uotjedauay A31o1a309013 1 BLan "ag
+<|.“-:.|rf||i|r\41-;}:..crr::gmwwww¢;|i1::i.s . (s)d0300s5-gng A33uno) Jo pue|sT

3 40 soloqg

£fbuau3 pue (S}12al0ud

NOTSJYM MVISE LAY FHL NI S10300Y4d ADU3NT 40 AMYRUWNS

(TINOO) 111 37avl

-15-



LIST OF APPENDICES

APPENDIX A

Bonnet, Juan A., dr., 1981: "Energy Alternatives for the
Caribbean," presented at the Workshop on Wind as an Energy

Alternative for the Caribbean, Bridgetown, Barbados, December
7, 1981,

APPENDIX B

Harrenstien, H.P., 1982: "Alternative Energy in the Carib-
bean," presented at the First Pan American Congress on Energy
(UPADI-82), San Juan, Puerto Rico, August 3, 1982,

APPENDIX C

L. Members of UNICA Commission on Science and Technology
Z; UNICA contact persons

APPENDIX D: Wind Workshop

1. Summary Report
2.  Education and Training Needs: Workshop Group No. 1
Report prepared by Dr. Howard P. Harrenstien, Moderator

3.  Research and Development Needs: Workshop Group No. 2
Report prepared by Dr. Edwin Nufiez. Moderator

4. Demonstration Needs: Workshop Group Ne. 3 - Report pre-
pared by Dr. Modesto Iriarte, Moderatcr

5. Evaluation

6. Workshop program
APPENDIX E: Biomass Workshop

1. Summary Report

2.  Education and Training Needs: Workshop Group No. 1
Report prepared by Dr. R.L, Sullivan, Moderator

3.  Research and Development Needs: Workshop Group No. 2
Report prepared by Dr. Al Binger, Moderator

4. Demonstration Needs: Workshop Group No, 3 - Report pre-

pared by Dr. Modesto Iriarte and Mr. Salvador Luga,
Moderators

Evaluation
6. Workshop program

(41 ]




APPENDIX A

ENERGY ALTERNATIVES FOR THE CARIBGBEAN
By

Dr. Juan A. Bonnet, Jr.

ABSTRACT

Since all of the Caribbean countries except Trinidad and Tobago
are petroleum importers, they have all been hurt by the dramatic
increases in the price of petroleum during the last decade. Crude
oil production has inecreased significantly in Latin America during the
last three years, and the governments of Mexico and Venezuela are
attempting to control oil sales in the Caribbean by offering incen-
tives for energy conservation and the development of alternative
sources.  International agencies such as the World Bank and the
United States Agency for International Development are now working
with the Caribbean Development Bank and CARICOM to develop
alternative energy sources.

Many different energy sources can be developed in the Region.
Sclar energy has received the most attention, but its use is still
limited to crop drying, water purification, heating and distillation.
Hyvdropower is used extensively in Dominica, Haiti and the Dominican
Republic, and has great potential in others. The use of sugarcane
and other fast-growing plants makes biomass a significant alter-
native. An experimental farm using the bioconversion of organic
wastes is being operated successfully in Puerto Rico. Geothermal
power and ocean thermal energy conversion (OTEC) are two potential
energy sources that are basic to Caribbean geography.

Historically speaking, wind is one of the oldest sources of
energy in the Caribbean, and preliminary studies have shown that
several Caribbean islands could benefit greatly from this alternative.
However, four environmental factors (noise, radio, interference, air
disturbance and unsightliness) have to be addressed before wind
energy becomes more widely accepted. Finally, in view of the
perilous dependence on petroleum, conservation is per se also a
potential energy transfer source.




SalEGE SDTERNAT TS FOR THE CARIBBEAN
B By Dr. Jusn A. Bonnet, Jr,
INTRODUCT IOK

There wes some good news for the developing Countries from Lerieva at the
end of Novenber 98], The Organizaticn of Pe*roleum Exporting Countries
(OPLC) agreed to increase worlg o1l prices to LS$34 a barrel, hut it also
decided to freeze theis. Bagie price until Decenber 1982, thus 1protecting
POOTer countries from unexpected and unmaiageable price increases.

Yet, unless tong rangs steps are taken socn, the OPEC action may not be
encugn.” hearly 100 develioning countriec deperd on ©il to meet more than 60
percent of their energy needs. Most of then import four-fifths of thejr
totel 01l reguirements. Tie price of ¢il, in irfiation-adjusted terms, has
Gguintupled over the pest deczde , and many analysts predict price increases
of three percent annually. This means that the pour countries now spending
%goobi]1ion @ year for irported oi) could be peying $11G billion a year by

50.

To offset this economic drain, many countries are turning to the most

readily available alternative supply.  Forty percent of the developing
world's timber reserves mey Titerally go up in smoke as households and small
industry substitute firewsod for oil.” In a number of Caribbean countries

expioitation of wood resources 1s nct in equilibrium with regeneration rates.
Wood and charcoal meet & large part of Hziti's Encrgy reguirements and, in a
lesser degree, those of countries with forest reserves such as Belize,
Dominican Republic, Grenada, Guyana and St. Lucia.

krile ceveloping countries contain two-thirds of the world's populatiaon,
they accourt for only ore-seventh of worid energy's production. The success
that developing countries achieve in reducing their dependence on imported
energy will determine, in large measure, the degree of flexibility they will
have in managing their economies in the future. Since the Arab o1l embargo
of 1974, the debt of deveioping countries has more than quadrupled-to $425

billion, causing more of their income to go for debt service at continuously
nCreasing rates of interest,

The World Bank estimates that up to 30 percent of the developing world's
energy needs could be eliminated around 1990 by maximizing conservation ef-
forts and by increasing energy prodguction from fuel sources such as oil, gas,
coal, hydropower and renewables. It has outlined ways of reducing those
energy needs by 15 percent without sacrificing economic growth during the
coming decade.

During 1981 there has been an increase of discussion about energy.z In
November 1981 south and north talked about energy at the Cancin, Mexico Summit
Meeting., Before this in August there were discussions about renewable energy
at the ited Nations Conference on New and Renewable Sources of Energy in
Nairobi.” For months there have been discussions about a World Bank proposal
to set up a separate energy affiliate within the Bank, but up to now no con-
Crete agreements have been reached.

On the other hand, according to the Interamerican Development Bank (IADB)
crude o011 productiom is growing faster in Latin America than in any other
region of the world. In its 1980 report on economic and social progress in
Latin America, it stated that 0il production in Latin America expanded by




iearly 10 percent and the regior's <iare of th world i) iarredly rosz from
7.7 percent in 1977 tq 9.8 percent in 1940, 4t year end, the tctal oil
Cutput of the vegion vea:hed 2.123 Biilion borees {:37,830,027m”), exceeding
cornsumption by about 700 m1l)ion barrels (111,091,106m”), an increase of 100
miilion barrels (15,696,?29m”} over 9/9. The rete of growth in procuction
was the highest since 1973, and compares favorenly with  the 8.5 percent ex-
pansion of 1679. Combined sroduction of Mexico and Venezuela accounmted for
nearly 75 percent of the region's crude oi] production from 1975 to  1980.
Although Venezuela's share fell from 53 percent in 1275 1o 37 percent in
1950, Mexico's production rose from 14 percent of the region's output to 37
percent during the same period. Cancerning 011 exporiation, “"the single most
important event during the past five yBErs nas been Mexice's contribution to
the region's increcsed sale: of cruce to externzl markets,” the JADS report
said.  Mexican oi) Exports increased 114 percent in 1977, 75 percent 1in
1978, 47 percent in 1979 and 55 percent in 1880 when they totaled about 303
million barrels. Production alsc expanded in Argentina, Brazil, Chile, Peru
and Guatemala, but it Aeciined in Bolivia, and Trinidad and Tobago. 1In Vene-

zuela, production deciined by a]mos} 8 percent as a result of conservation
Mmeasures enforced by the Government,

The Mexican and Veneruelan governments are implementing an important ojl
purchasing Tinancing zareement for the Caribbean.  The New York Times
editoriatized recently that the Caribhean is teing rediscovered again.” The
adreement covers up tg 8C,000 barrels for each country. According to the
agreement, & sum equivalent to 20 percent of the value of the crude purchased
by the recipient counitry will be financed by the Venezuelan Investment Fund
end the Central Bank of Mexico. The Toan will be given for five years at a 4
percent rate of Jinterest. If, however, noney is invested dn development
projects, preferably in energy, the loan will be extended for twenty years
and the rate of interest wil] be lTowered to 2 percent,

The World Bank has also celled for an international research program to
improve and broaden the uce cf renewable energy technologies in developing
countries.” The Bank, in a recent report, "Mobilizing Renewable Energy Tech-
noelogy 1in Developing Countries: strengthening local Capabilities and Re-
search," particutarly emphasizes the role of biomass din the developing
countries. Althocugh in some countries up to 90 percent of energy consumption
comes from biomass, the report concludes that "present research efforts to
improve biomass producticrr are inadecuate to begin to realize the enormous
potential of this resource for the longer term. A well designed and executed
biomass research program would improve the productivity of conventional bio-
mass materials such as sugarcane, cassava, and sweet sorghum and identify
species that are potentially wmore productive. The research should be con-
ducted 1in forestry and egricultural laboratories located 1in developing
countries".

The second part of the World Bank proposal focuses on the development of
technologies for the production of energy from direct solar, wind, small
hydro and bicmass resources. Because a great deal of research to improve
these technologies is already being done in the developed and in the more
advanced developing countries, the program would be directed at assisting
less developed countries (LDCs) to assess and adapt new technologies for
their own national programs. The aim of such an international program would
be to develop reliabie data on renewable energy technology performance,




eVeiugte eapiriences in different countries vwis' the acertion of the tech-
nologies, erd nske globa] assessisents of “uture technolegical developrents
and their dimpiications for deveioning countries.,

The Latin America Plan tor Action far the United Naticns Corference corn New
and Renew%yle sources of Eneray recomenced that pricrity be given to the
following:

1. Regionel Basic Support

. energy planning
b. inforsztion and dicsemination
€. training

2. Integral Regional Development

hydroelectric

. firewood and charcoal
tigquid fuel production
sclar energy

vegetable residues
gsotnernal ensrgy
nicges

. WING power

ot B T I e B S & 4V
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THE CARIBBEAN REGION

In the Caribbeen region the crude petroleum and refined products share of
total merchandise imperts incressed from tess than 9 percent in 197! to about
25 percent in 19380. Petroleum imports to the Region increased during
1972-77 from $150 million to $620 million in 1980, since all Caribbean
courtries with the exception of Trinidad-Tobago are net importers of energy.

The Caribbean nations share severa] energy characteristics:7

'1) the subcritical size of mest national energy systems precTudes a choice
of solutions;

2) there are no organized markets for indigenous fuels:

3) indigenocus fuels have not been able to replace the use of imported
petroleum;

4) commercially exploitable indigenous resources are limiteds

5) there is a shortage of trained personnel to carry out energy assess-
ments and develop alternative energy programs;

6) national governments resist considering regional cooperative efforts
8s the best way to approach energy problems.

In the Caribbean, a large amount of imported petroleum is used by the
electric utility companies which have peak capacities that range from Jess
than ten megawatts to several hundred Megawatts (See Table 1 and Figures 1A




and 18j. Tre ceimercial sector demands for electric energy in the smaller
istands are ireguently dominated by the services industries (tourism and
cocrmerce), in some cases accounting for up to 50 percent of all the electric-
al energy consumed in a country. Residential electric energy consumption
accounts Tor approximately 20 percent.

To soive the energy problems in the Caribbean Region tha first fact that
must be recognized is that there are large amounts of naturzl energy in the
area which are not utilized. This situaticn arices from common geograph ical

anc ecoicgical circumstances. The potential for renewable energy is only row
DEING recognizec by the Region, and some couniries are exploring the possibi-
tities for nonconventional sources through research and cemonstration.

£ oconsultant for the United MNations Development Programme (UNDP} conclu-
cea recentiy that hydro, gecthermel, solar and charceal alternatives should
be developed with priority in the Caribbean. This recommendation ggneraily
agrees with the report Energy Resources in the CDCC merber countries.

The Action Plan for the Caribbean Environment Programme9 calls for:
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of major sources of non-conventional energy and their po-
routilization.
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or u
2) Management will involve:

&) Cocperation and technical assistance in the application of energy

accounting systems which may be used as the basis for the formula-
tion and impiementation of sound naticnal energy policies and pro-
granmmes.

b) Reinforcement of regionai and subregional integrated non-conventio-
nal energy activities with the cbjective of a fuller exchange and
dissemination of a1l available information and provision of train-
ing opportunities,

c) Development of a cocoperative programme for the implementation of
appropriate technologies and practices for waste disposal with
Special sttention to recycling, energy generation and the special
problems of the smaller islands.

The sources that are considered in the Action Plan are geothermal, solar,
ccean thermal energy conversion, hydropower, biomass, bicconversion and wind.

It is important to mention that the United States Agency for Internatiocnal
Development (USAID), with the Caribbean Cevelopment Bank (CDB) and CARICOM,
as implementing agencies, is financing since 1979 a $7.6 million grant for
energy development, including energy planning, assessment, design, testing
and dissemination of alternative energy technologies. Based on the achieve-
ments of this exercise, feasibility studies will be prepared in support of
further financial assistance from regional, multilateral, bilateral and
extraregional sources. USAID is in the process of formulating additional
assistance projects totalling about $20 mitlion for similar activities in the
Dominican Republic, Guyana and Jamaica and for a follow-up project for the
Caribbean region as a whole. Already a USAID loan of $7.5 million has been




approved Lo help Jamaice establish s enerqy progrcm.lg The goal of the
program s g strengthen the island nation'c ebii‘ty to develop and carry out
energy projects, expand tnergy conservaticn programs and develop alternative
ENergy sources.

Notwithstanding these positive situs of interest and action on aspects of
the Caribbean enercy questicn, it may be observed that President Ronald
Reagan's Caribbean basin Initiative proposel did not made significant mention
of energy, even though Puerto Rico has propesed that the Center for Energy
and trvironment Peseavch of the University of Puertc Pico become the Research
ano Leveionment certer on energy in the Caribbean. CLER's twenty five year
backaround of dezling with energy - the last five specifically on alterna-
tive and renewable triergies - are a veluable platform from which many pro-
blems may be identified and  solved. An encouraging sign may be recent
indications of awareness that the CBl will make impact upen existing enerqy
USe patlerns witnin the Caribbean. This may leed to increasing awareness of
the need to confront the Energy Guestion, non-renewable but more importantly
reriewable, in the Caribbean mere comprehensively.

Gectherma] Power

The entire Ceribbean Region s part of the Caribbean Tectonic Plate which
ocCunies most of the Venezuela and ke Colombia basins and moves east
relative to both the Nowih Arierica Plate on its northern edge, and the South
America Plate on the souih {See Figures 2 ). The entire area appears to have
been extensively intruded by large bedies of basaltic magma which developed
deep within the mantle cf the Larth and moved upward. Active volcanism around
the marcins of the sea andlﬁonstant seismic disturbance result in continuous
readjustments of the crust,

Regions of geothermal reservoirs are generally located along the margins
of major crustal or tectonic plates; the Lesser Antilles is recognized as one
of these zones. A tremendous waste of energy in these areas comes from volca-
nic eruptions, with large amounts of hot (700°C to 1300°C) magma from the
mantle being expelled through the crust (See figure 3.

Volcanos exist in the Lesser Antilles. Martinique has the presently
inactive Mont Pelee. In Guadaloupe a vein of steam cornecting with La
Souffriere voicano has been tapped by drilling at Bouvillance off the west
coast. This drilling has been capped and, because the pressure is sufficient
to operate a geothermal electricity generating station, the necessary plant
and equipment has been ordered. Reports of potential geothermal energy re-
sources in Dominica, Montserrat, St. Lucia, St. Vincent, Dominican Republic,
Grenada, Haiti and Jamaica have been published. S$t. Lucia is already plan-
ning to develop its therma) source of power at Souffriere with 1 to b mega-
watt units. 1In 1969, a United Nations study was done in Dominica where the
extensive surface manifestations make the geothermal potential quite
apparent. In regard to Haiti and Grenada it will be necessary to determine
the origin of the hot springs to learn whether they are geochemical or geo-
thermal before any exploratory drilling can be attempted. A feusibility study
of geothermal potential is currently underway for generation of electricity
in the Dominican Republic.

Geothermal energy has some environmental disadvantages because gases such




45 covhon wonvxide and traces of hydrogen sulphide are capable of Folluting
the simosphere, However, this preblem can be nininized with the appropriate
expariice and resgurces. it 35 worth emphssizing that as of tocay, few
gilenplz have hoen mage at the utilization of geotherial energy for power
gensration, The wojor efforte have been made in the state of California, New
Zegiand, Mexico ang Central fAnerica.
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ernative scurce of energy has received the greatest
Essentially &1l our energy, except nuclear and

-

Slar Energy ac an a)

ETlentien in recent time

gecthermal, i derived irectly or dndirectly from the sun. The solar
reciation in the Caribbean Region is of the order of two thousand kKilowatt
hours per souare meter per year. Aversge air temperature varies from about
78°F in February to 83°F in Septenber.  Nearly fifteen times more solar
radiation reaches the earth's surfaces than the total censumption of commer-
Cial energy. Presently, solar erergy is used on a very limited scale in the
Caribbean for Crop drying, water puritication, heating and distillation. Two
scler <tills have been byilt by a fereign resezrch institutes, one in Haiti
anc one on St. Vincent in the eastern Caribbean. These stills have been
Suctesstully providing potable water 1c small rural communities. Solar
Crof-dryers heve heer buil: Zor dryirg nutmegs in Grenada, cnili peppers in
Guvarez, and SUSar cens in Barbades.  The apclication of solar energy for
Wwater fieating has reached satisfactory Tlevels of development in Jamaica,
Bertados and Puerte Rico.,

M
[2a)

A
.

A survey undertaken i January 1982 by CEER, 1in conjunction with the
Puerto Rico Department of Labor and Human Resources, indicated that there
were approximately 18,000 residential hot water heaters in use, The devel-
opment of solar industrial steam generators and solar air conditioner units
1s also being pursued by the Center for Energy and Environment Research
(CEER) of the University of Puerto Rico. A 1,160 square meter solar air con-
ditioned factory in Canovanas, Puerto Rico, and a new 400 sguare meter solar
2ir conditioned Post Office in Guayama, Puerto Rico, are examples of commer-
cial installations. In Lagos del Norte, a 203-apartment condominium in Toa
Baeja, Puerto Rico, 3860sq.ft. of solar collectors were installed, with a 2500

gallon hot water tank to supply the needs of more than 1000 residents of the
building.

In 1981 & cetailed cesign for a solar energy system to provide 210°F hot
water to the Nestlé-Libby food Processing pilant at Santa Isabel, P.R. was
compieted. The final design consisted of a field of sunmaster tube collec-
tors with an active area of 50,400sq. ft. Detaibed system simulation studies
predicted the solar array would provide 10 BTU/year to three different
Processes 1including pasteurization, sanitation and boiler preheat, thus

representing an annual saving of approximately 102,000 gallons of #6 fuel
0il,

Also in Puerto Rico a 240sq.ft. shallow solar pond system is currently
being designed for hot water generation and storage for a a high school in
Mayaguez by CEER which has also developed a salt gradient pond computer de-
sign. Also in Mayaguez, CEER is currently installing a single stage cold
generator designed to use hot water to reclaim refrigerant to sustain
the refrigeration cycle. Over 300 parabolic trough collectors made of fiber




Diyiir by otat technelogy, have baen buiit, ~iven promise of great gura-
SV nothe Dominican Republic enc on the Liribhean islard of Arguilla

Ticetiors of Fatural salt-gradiert ponds arc presently being consi-
geved for seler EDETLY storage,

LR

In Barbados [assive

2 v olar designs have been used, An example {s the Tech-
nical trergy Unit (T
= <

E 5

EU) ©uilding of the Caribbean Cevelopment Bank (£DB).
Ve systen is in progress. Also a solar air conditioning
e | e Eng i being tested in the new Barbados Gove rrment
~ToOretoYy. USAIE and the catie American Organization for Frergy
(ULAZD are Tinancing the desigrn and fabricatiorn 0T @ solar sys-
4t a total cost of §£5.% niliion.

-

€iTing of this pass
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The largest soiar hot weler systen in the Caribbean opened in September
1981 at the Cornwell Regicnzl Hospital in Jamaice. The project was spensored
by the Citizens Energy Corpoureiion.

o

The Caribbean has giiost everything in its favor to make solar industrial
ENnercgy a success, It has ar cutstanding gvailability of direct (concentra-
table) srishines gy 1 reasing weli-docurented insolation deta base in Puerto
Rico; hign ENergy costs; ¢ isvge cstab:lished Lourist industry which reguires
EXTENSIve gir Conditioning; e well estatlished petrochemical industry in such
istends 43 Fivdded. Duvaran the Virgirn Isiands and Puerto Rico, °F ane
Wants 1o try ocut & ropy idea, one tries it either in the most favorable scono-
mic enVirenTEnt, or at the iocation where one has the greatest contrcl over
itc oparation. The fabricatson 07 inexpensive collectors by unskilled labor
1Sz 1ood exzmple. Sclar hot water heaters ere zlready being fabricated 1in

n Fuerto Rico, & flexiglass solar cencentrator collec-

meny of the islends. I
tor for air conditicning systems has been deveioped and is being fabricated.

i
%
-

It is my very personal belief thet if industrial solar energy is not
economically viable in the Caribbean, it probably will not be viable anywhere
else in the world.

Ocean Thermal Energy Conversion (GTEC)

As a potential source for commercial supplies of electrical energy, ocean
thermal energy conversion (GTEC) offers a viable answer. It could become one
0 the most econumical sources of enerqy yet conceived and s abundantly
aveilable as & potential source of pewer for generating electricity. The
thermal (incluging guif currents) Gigray potential of the Caribbean is esti-
mated at 182 billion KwHr per year,"

Strong ocean surface currents pass through the Caribbean Sea from the
Atlantic and continue with increasing speed through the Yucatan channel. The
main current flows at an average velocity of about one mile per hour. Also,
temperature gradients between the ocean surfaces and 1000 meter depths are
more than 22°C (40°F). Great sourcec of untapped energy exist in these
currents and temperature gracients. The maximum depth of the Caribbean Sea
is 6,150 meters about 160 kilometer south of Puerto Rico in the Muertos
Trough. However, depths of 1000 meters are encountered two kilometers south-
east of Puerto Rico. CEER has been actively working on the development of an
OTEC Project on the scutheast coast of Puerto Rico. Its flcating platform
laboratory has run lenger, continuously, than any other similar data-




;ath?wjng sitétion Hq the world at probebly the test site for this purpeie in
Lhe United States, éaraica is plannirg an O7L7 demenstration proiect in
conjunction with the governuerts of Swefden, Norway and Finlang through a
“Grsirlium estebliched for the purpose.””  The government of Folland has
propused @ demonstration project for Curacio where a deptn of 5,000 meters
Can be reached only 1,500 meters cffchore. Guadeloupe and St. Croix have
made preliminary evaluaticns of their OTEC potential snd Barbados of the wave
enercy potential on its east cgast,

Hudronowe s
Al PGnhwer

Hydropowsr ig important in Dominice, Haiti and the Dominican Renutlic,
Hydrooower supplies 90 percent of pOwer generation in Dominica and 27 percent
in the Deminican Republic. It could also play an important role in Guyana,
Surinam and Jamaica. In Guyana, hyvdro potential of from 7,200 to 7,600 mega-
walls has been Tdentified, and in Surinam a hydropower potential of 3000
megawatts exists., Belize i¢ interestecd in mini hydro projects., A Colembia
engineering firm is providing technical assistance tﬂJHaiti and Dominica 1in
order to develop small-scale hydroeleciric resources. EY Centro la Gaviota
in Celembia has aeveloped some mini hydro technologies suitable for the
region.

T

T Omass

Broadly defined, biomass consists of terrestrial and aquatic vegstation
and its resicuss anc wastes, inciuding animal wastes. Efomass is essentially
¢ rerewable end indirect form of solar energy - sunlight powering the chemi-
cai reaction which converts 602 ang water into selid green water and oxygen.

The sub-tropical climate of the Caribbean 1is ideal for biomass and has

been recognized for its abundance in producing a major form of biomass in the
past, i.e., sugar cane,

Sugarcane is grown in manry of the Caribbean countries and in large gquan-
tities in Barbados, Cuba, Dominican Republic, Guyana, Haiti, Jamaica, Puerto
Rico, St. Kitts-Nevis, Anguila, Trinidad and Tobago. Sugar factories im Haiti
are able to satisfy all their energy requirements from bagasse and in Barba-
dos S0 percent of their energy requirements. Considerable use is made of
bagasse as fuel for sigarmills in Guyana, Puerto Rico, Jamaica and gther
tountries. Firewood, charcoal and bagasse provide an estimated 80 percent of
all primary energy supplies in Haiti.

The energy content of dry bagasse is about 5.15 kilowatt hour per kilo-
gram. An extensive program of more than $1.60 million for the development of
bagasse and tropical grasses for energy use has been going on since 1978 at
the CEER in cooperation with the Agricultural Experimental Station. In this
program the alterrative use of sugarcane to produce both bagasse amd the
manufacturing of molasses and alcohol has been pursued; also the optimization
of tropical grasses for biomass production has been studied. A short tom of
"ovendry" biomass (6% moisture) contains about 15 million BTU of energy.
This is the equivalent of two 42 gallon barrels of residual fuel oil. In
adaition, a significant amount of sugar and high test molasses are also pro-
duced. It has been estimated by CEER scientists that 70,000 acres planted in
energy cane would produce yields roughly doubling present sugar production,




endence on imported
7%,

etimincte entirely Puerto Rican FUn Industry’s UL dep
moiasses, and reduce Puertc Rico's petroleus fimports by 1

studies curreniiy >UQgest that co:its would approximese about $1,000 to
100 per acre and yield fiber and molasses product vzlued in excess of
3,000 per agcre.  In sum,in soite of inflation and rising labor and other
ts, it is possible at preseri 1o plant energy cane in Puerto Rico and
duce 1t 2t Tess than $7.00 per million BTU.

Fusrte Rico is geographicai’iy ancd hi c
weil positioned to embark or a bicmass energy industry. Llocated roughly 18°
north latitude, its iropical climete carn sustain plant growth on a year-round
basis, Tenmperatures rarely crogp beiow o0SF.  There are literally thousands
of plant species, both woody and hersacecus that are capable of utilizing
this climete for continuous growth processes, Approximately 80% of the land
mass is “humid", di.e., 9t receives aburdant rainfall, while irrigation 1is
well developed in the remaining erid regions. There are six distinct ecolo-
gical life zones. Thre Tands themselves offer varied selection Tor both re-
search and cosmercial deveicpment., Gf Pusrto Rican soils there are 9 Orders,
¢7 Suborders, 27 Grest Groups, 54 Families, and 163 Series. It thus repre-
sents nearly 211 the Caribbeer in 211 -ts variety.

toricsily typically Caribbean and

m ta

-
'

Biogas is produced when organic wastes, manure, vegetable matter or human
& are decomposed by tacteriel action ir anaerobic conditions such as
e found irn an airtight digester. The biogas produced has & composition of
Gcximately 55 tc 65 percent methane (CH,), 35 to 45 percent carbon dioxide
), and traces of oxygen, nitrcgen andahydrogen sulphide. It is combust-
ible with a calorific value of 20,000 to 25,000 kilo joules per cubic meter,
and it can be used for cooking, heating and refrigeration. Once the gas pro-
duction has ceased in the digester, the residue forms an excellent fertilizer
wiich can be used to grow algae and the liguid can be extracted for irriga-
tion,

A 1,200 pig farm is being operated successfully by private enterprise in
the south of Puerto Rico. AlT of the electricity at the farm comes from Jocal
biogas production, and also algae is grown as a feed supplement for the pigs.
It has been estimated than the manure from one large dairy cow could yield
2.5 cubic meters of biogas per day, roughly equivalent to one-third of a
gallon of gasoline. It has been estimated that waste from one thousand
poultry broilers will be capable of producing about 10 cubic meters of
melhane per day, energy equivalent to one hundréd kilowatt hours per day. If
one assumes 30 million broilers, the energy potential equivalent to the
methane produced will be 3 miliion kilowatt hours per day.

Jamaica currently has one unit generating methane from animal wastes and
has requested $3.75 millicn from Kuwait and Iran for a biogas demonstration
unit. Barbados has set up three biogas digesters. Puerto Rico is preparing an
energy-integrated farm on the semi-arid South Coast. The farm has a current
milking herd of 400 registered Holsteins, to be increased to 500 head during
18982. The farm's 1987 average power demand will be about 1,680KwH/day, and
24.6 tons of raw manure will be produced daily. The proposed energy integra-
tion system has two functions: (a) to produce green feed, electricity, and
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gri-protein feeod SuRstitutes from manure, ong (b) to estabiish a waste
RaGemer System in connliance withk Puerto Rice's environmental Guality

revyictions,  The Prupoesed energy-irteoration coiplen consists of eight sub-
systems,  These {n¢iyde COmponenis far manare preparziiogn and blending, a
hioges gereratieon subsystem, & bLiogas utilization subsystem, a solids de-
WELETINg and drying Suosysium, and subsystems Tor wastewater cieaning and

recyaiing. A ny

i
ritoring subsystem is included to assure compliiance with
envivcnment: ¢l

tations.  From 30 1o 4( percent of cairy feed requirements
percert of farm | i1l he provided by the integrated
Puerte Rice, the B at Corporation has instalied a 3.5

2T etk Lo treat their cistillery residue

el

Disposal of municipal wastes becomes an increasingly serious problem
Every passing  year because of centinuing  urbanization of Caribbean
couniries, [t may be possible for municipal waste to make a substantial
coniribution to solving both the energy and waste problems by converting
the latter 1o bicgas for Energy use. San Juan, the capital of Puerto Rico,

has been investigating the methane cctential of dts present land disposal
site.

Windg

arithbean sea. The winds blow

The northezst trade winds prevail over the (s
£ an /0 percent of the time at
d

»tne e
consistentiy from the east Cr northeast mors th
meen velocities of about 10 mijes Per nour. Because of this favorable condi-
ticen, a 209 Kilowatt wing POWer generzior was installed by the U.S. Depart-
ent of Energy (DOE) on the island of CuTebra ir Puerto Rico. This energy
machine has produced 584 ,900kwHr of erergy from 1578 to 1981, despite down
time to improve hlade performance and despite the occurence of a labor
sirike. The project is being continued. A salijent finding has, however, been
the need to involve the community in such projects. In Culebra, although the
residents favored wind energy as an alternative, theijr perception of their

own wind miil's performance was largely negative, due to lack of participa-
tion and preparation.

Several of the Caribbean Islands show great suitability for the utiliza-
tion of wind energy. The Caribbean has had long experience in using wind as
~d source of energy. Bozts have heen powered by wind for z long time. Prior
to the introduction of machinery for Crushing sugarcane, small factories were
situated on elevated land in order to use the available wind for driving
windmilis to crush the cane, This is true for Jamaica, Antigua, Puerto Rico
and Barbados. In Antigua the Rockfeller Foundation has financed a 172 kilowatt
windmiil generator. Also a proposal for two pilot wind generators (50 to 100
kilowatt} has been sent to the United Nations Interim Fund. The Barbados-
based Caribbean Meteorological Institute is an active participant in collat-
ing information about wind speeds in the Caribbean Region. A wind turbine

generator factory has been irstalled in Puerto Rico by the Future Energy R&D
Corporation,

Because of its importance, some Comments about the environmental effects
of windmills are significant. The impact of wind turbines on the environment
can be generally classified in four main areas:
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1) KNeise erfect. The noise produced by large wing turbine generators is
the most obiectioraple environtertal effect. About 1 percent of the
tine * sound emplification o focusing prebion veizes the noise level
Seovalues of up to 77 gecibels. This i eguivalent to twice the noise
level experienced at a busy  metropolitan intersection. Reducing

e & cPparentiy scives the probiem. Efforic must therefore be

a & Stancards of acceptedle noise levels for these environ-

' L0 develieop cdeauate computer programs  to  predict the
piennod wind turhine generators.

2} Redicirterference effants fhe rotztion of wind turbine blades gener,
reit radio Treguency 1 ovse  which iy anterfere with TV receptiorn,
inere are various solutiors to tnis problen depending upon the ioca)
situction,

3) Air disturtance and reduction ¢f wind power in nearby private proper-
ties. Wind Tiow pettern 15 olicrea Ly the presence of a wind turbine
mechine. At optimum cpereting condivion of the turbine the effect
might be Telt a gs 15 diemsters ¢f the machine rotor, causing a

: i

"Wing shadow™ the Llades. For a 300Ft. dia-

2

T

&
b 7

(
witiG be Telt for & distance of 2500ft
's wing Dine,
4) Lurdines can presert an cbjectionable sight
5 e This . ¥ Ew)
iearby sephisticated residential areas >,

AT environment

itel impacts of wind turbine appzar 10 be insignificant when
combparec with other energy sources. Conseguently, Movey than 100 United
States electric utilities are censidering wind projects.* Southern Celi-
fornia Edison is slready testing wind machines in the san  Gorgonio Pass and
hes signed agreements to purcrase as much as 85 negawatts from 50 wind tur-
bines. Hawaii has signed a contract with Wind Farms, Inc. to install 20
megawatt wind turbines on Dahu by 1935. Wind Farms, Inc. has persuadfg

Pacific Gas & Electric Co. to buy as muczh as 350 megawatts of wind power.
Also three 2.5 megawatt wind turbines (MCD-2) are Operating at Goodnoe Hills,
Washington for the Bonneville Power Administration*” with turbine blades 300
feet Tong towsrs 200 feet tall; and the blades rotating at 17.5rpm. In Ger-
many MAN s engireering and constrﬂﬁﬁing a Growian {grosse wind energian
Tage) 3 megawatt wind energy machine,

Wind appears as one of the most promising energy alternatives for the
Caribbean Region. Cozstal winds ceuld be of significance for meeting Jocal
energy demands and thereby reducing investment reguirements for transmission
and transport of electricity and fuels,

CONCLUSIONS

This paper briefly discussed the renewable energy technologies, geother-
mal, solar, OTEC, hydro, biomess, bioconversion and wind which have the larg-
est potential for the Caribbean Region. But let us not forget that any
activity of man causes some kind of impact on the surroundings. The aim in
developing renewzble energy technologies is to lock for socially desirable,
economically viable and ecotogically prudent man-made production systems,
paradigmatically inspired by the ecosystem concept, and capable of jointly
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SLELIYIRG hovan necessities. Environnent his perspectiwe as a
resource potential 16 be havressed ar a suc basis and, as much as
SEELE, i g ecolegically tenian wanner. The ceo czvelopnent approach for
refewenle erergy lzchnologies utilizating, reiuding witd sower is more suit-
gble,*’
fd

Laribbean renewshble ENnergies spreent and potentials ere summarized in

Tebie wportant that trnese renewable energies be examined in the
Tchd esic forrms of eneroy use, r @iy: Higuid trensport fuels, cen-
SR L R Copower, decentrall These zre gutlired in
fenite ! Renewable g Applications® , ore-
pered ‘ “nited Netiors wod Fernewabie Scurces of
Enercy. Ancry new apd rENewal :0gles, minihycro, small-scale
scler and bicmetharation are 5 e and evailable for rapid proli-
feration in a gecontralized rode. T c 611 be used in the Caribbean
Region Table 4 summarizes present demonstration projects in renewable
energies in the Caribbean Regicr., Morz details of sore of thesg projects are
given in Energy Fescurces in the COCC member countries report. Large scale
hydro, geothermail and, to some €xle”t, ocean power will continue to play
irsortant reles in el SLWorks which principzlly benefit urban
gress.  The prospect tel technotogiss such as the pro-
dultion of splid "l eve ol considerable interest
provicing thet *v cod production.  Because oF their
arzel near serr ected Siomass Enargy Systems for
laripbean cauniries ecnrioicgies for water pumping and
distilietion, Tow cting, Crop drying, and power gener-
rion gre BUET el pecied tou play a significent role in the near
future.  Smail and nieCium-size windnills used in decentraiized mode are
alreacy cest-competitive in many aress, and amedium and large windmills are
e€xpected to be attrective enough for autonomous and integrated modes of
Operation in windy areas such as the Ceribbean. For given promising areas,
1t is important to determine the wind potential and how soon wind will become

economicaily competitive,

Other new and renewable energy technologies such as the ocean thermal
ENErgy conversicon, gecthermal energy, large-scale solar ponds, tar sands and
oil shales are all very promising. With suitable support for research, devel-
GpmeENt and demorsiration, these resources could emerge as significant options
within short to medium time frames.

Although this paper's concern is with alternate and renewable energies
Tor the Caribbean, 1 cannct end without pointing out that there is also
another source of energy - conservation. A recent study at CEER shows that
in 1981 Puerto Rico transportation used up 52% of all energy created by
petroleum on which it is neariy totally dependent and 83% of that was
accounted for by private passenger vehicles, two-thirds in urban traffic.
Much of this s waste, remediable by & relatively few “fixes" - engineering
and administrative. Significantly, the report finds that in the area 95
transportation alternate fuels would create only a "fractional difference",
A1} the more reason for increasing efforts to create alternate and renewable
energies for essential needs.
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Figure 2

PLATE BOUNDARIES OF THE CARIBBEAN REGION
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Figure 3

PLATE CONFIGURATION IN EASTERN CARIBBEAN
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APPENDLN B

ALTERNATIVE ENERGY IN THE CANIEBEAN
by

Dr. Howard P. Harrenstien
ABSETRACT

The islend communities of the Caribbean and their mainland
neighbors, with the exception of Venezucla and Mexico, are suffering
from inereases in the price of imported fossil fuels. At the same
time, these jurisdictions are blessed with an abundance of inexhaus-
tible natural sourcas of energy, including solar, thermal, wind,
ocean, blomass, and in certain locations, large amounts of geothermal
energy. This paper reports on the progress of a project which is
currently underway to develop the scientific and engineering capa-
bilities  of the wuniversitics in the Caribbean region in areas of
alternetive encrgy, under funding provided by the National Science
Foundation, the Exxorn Educationsl Feundation, the Caribbean Devel-
opment Lanx, &and The Governmen: of Veneruela. The project uses a
unigue human resource. thc mechanism of the network of the Asso-
clationn ¢f Caribbean Universities and Research Institutes (UNICA) to
endorse & cooperative resesrch effort aimed at increasing the
capability of Caribbean institutions to assist in the introduction of
«lternative energy solutions into the region. An element of data
collection and systems analyses of appropriate energy technology
alternatives is inciuded, with results culminating in the preparation
of cooperative research and training programs to assist in the early
implementation of the most economically viable alternatives. The
research workshop format has been used and provisions have been
made for the active involvemeni of a representative network of
regional research centers. With coordination and leadership being
provided by the Center for Energy and Environment Research
(CEER) of the University of Puerto Rico, the University of Miami,
the Central University of Venezuela, the University of the West
Indies, and the University of Florida are all taking active roles in
the assurance of the success of this activity.




ALTERNATIVE ENEBRCY IN THY CAPIBETAN
Howard P. Huarrensticn

I. INTRCLUCTION

y

This paper reports on the progress of an ongoing project to
dovelen the scientific ond engincering capsbilities of the universities
¢3¢ rescarcelr institutes in ihe Caribbean. in order tha iaculty,
students, and staff at these institutions mev assist in the orderly
development ¢l a "grass-roots" conversion to alternstive energyv in
the region during the decades ahead. The project ie funded primari-
ly by the National Scicnce Foundation, under their Science in Devel-
oping Countries program, and by the Exxon Educational Founcation.
Additional inveluable gssistance hes been provided by the Caribbean

Developrient Dank (CDB), and by the Venerzuelan Government.

I. BACKGRUOUND AND NEED

Figure 1 shows most of the 51 inhabited islands of the Carib-
bean archnipelago which have a total land area of zbout §0,000 square
miles end a total population of approximately 20 million. Only one of
these island-states produces fessil fuels. This is Trinidad, which
has 1/45th of the total land area and 1/20th of the toial population.
The size of its foreign exchange reserves places it among the first
six of &all the nations in the British Ccmmonwealth. The other 50
island-cemmurities depend on imported fossil fuels for 98% of their
energy roqguirements.

- The Caribbean community includes the collection of geographical
entities which occur in the vicinity of the Caribbean Sea. This sea
is the part of the Atlantic Ocean lying directly east of Central Ame-
rica; north of Panama, Colecmbia, and Venezuela; west of the Lesser
Antilles (Leeward and Windward lslands and others) and south of
Cuba, Hispaniola and Puerto Rico. The Sca is about 1500 miles long,
700 miles wide, and as deep as 22,788 fcet. Ships which use the Pana-
ma Canal must by necessity pass through the Csaribbean Sea, and as

a resuit pass close to many of the Caribbean islands. Many of these
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Islinds form the West Indies, which, eeeording 1o Adod A, Berle,
former Assistant Secrctary of State for Letin American Affairs, is
"the most sirategically placed, overpopulaied, ethnically complex end

pebitically civided archipelapgo on eartn.®

Since the 1650's, the Caribbean has made sireriuous eciforts to
diversiy its economy by providing more jobs through industrilization
and by expanding tourism. As in so many developing countries
throughout the worlid, these early efforts were almost totally based

on the use of imported fuels.

By the end of this deesde most of the archipelago will be a
Cisaster &area unless the Gependence on imported fossil fuels is
reduced and the use of slicrnstive sources of energy is greatly
increesed.  Four of the maler road-bLlocks {o progress are {(a) lack
of manpower, (b) inadequate research in the use of existing tech-
nelogy and adaptation or mocification of the vearious technologies to
the socia]l and physical environment, (c) the lack of s grass roots
cooperative .energy program involving the universities and research

institutes of the region, and (d) the lack of investment capital.

A system of cooperation is of great importance in a regicon
whose history has been one of fragmentation and of dependence on
external markets and external authority. The project must provide
for, and depend upon, the active cooperation of universities and
research  institutes from  the Spanish-speaking, English-speaking,
French-speaking and Dutch-speaking Caribbean. The levels of
research work will vary, and this requires advanced centers to
provide technical assistance to those which are less advanced. In
this way the effort to find iiable programs for the use of alternative

sources of energy may be shsared by all the institutions involved.

Its long history of elitism and of dependence on external rulers

has left among many Csaribbean peoples a bitter legacy of resent-
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ment, even of hatred. The ideolorical conflicte that characterize
the contemnorery Caribboan und the passionate litany of abuse are
evidoerice of s, just as the boat-people from Cubse and Haiti and
egul immigration into Puerto Rico from the Dominican Republic
urc indicstors of a growing poverty and discontent., Aid fror the

Py

indusiriatzeg countries is importsnt, but it cannct of jtwelf provide &
b

solution.  CariblLean development depends, in the last resort, on the
cupability of the Curinbean pecple to analyze their problems and,
with aszistance from others, to find solutions for them. Cooperative
relationships between individual United States and Caribbean univer-
sities, though valusble ip themselves, do not fully meet the need for
transforming donor-recipient re.ationships into a large partnership of
scholars and scientists, This iz why the project attempis to make
il use of & network  of Cariblean Institutions, providing a
mechanism for Losomingg ot appropriate ceniers within the region, and
invelving many partlcipants in reserach programs and in the prepara-
ticn of & comprehensive regional program {or using allernative
sources of encrgy. Threugh this methods, it is contemplated that
the quality of science and engineering research will be improved,
and the poteniial for intellectusl stimulation, for technology transfer

and for further cooperative efforts will be realized.

The Caribbezn community has a very rich potential in inexhaus-
tible alternative energy sources. In eddition to geothermal energy,
which is in abundance in locations such gs St. Lucia, many feasible
inexhaustible sclar-related alternative ernergy sources exist. This is
largely due to the fact that the Caribbean, within a latitudinal range
of 10°N top 25°N, has 4 resulting year-round solar Insolation of
approximately 2000 BTU per square foot per day (about twice as
much g&s in Washington, D.C.). A few of the common solar-
related resources are trade winds, ocean waves, moderate ocean
currents, extensive ocean thermal masses, year-round biomass pro-
duction, agriculture, meariculture, and many additional

forms of solar thermal and solar electric options.
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This  project focuses on the need for practically  all  the
counitries of the Ceribbean archipelugo snd Guyans to  schieve
greaster sclf-sufficiency in encrpy; on the role that Caribbean uni-
versities and rescarch institutes can play in meeting that need: and
on the fsct that the region has a rich potential in inexhaustible
EnCTOY sources.  We believe 1t represents a first indispensable step
in using the existing network of research ceniers, schools of the
natural seciences and cengineering, and other related university
departments in a coordinated program to help meet the regiion's
energy needs. Furthermore, it points the way 1lo an exciting con-
cept of the region as a laboratory for the development of alternative
sources of energy, in which lessons can be learned and demonstra-

ilons carried our that will be of benefit to other countries that have

bBecause of the urgency of the energy situation in the Carib-
been, 1t is crucizl io the orderly economic and cultural development
of the region that a degree of energy self-sufficiency be deveioped
at an carly date. If this does not occur, disastrous consequences
will result as the prices of imported fuel escalate bevond reach of all
but the most well-endowed (or most heavily subsidized) communities,
thus foreing them into either a position of complete dependence on
those who have o0il, or into a position of the deepest poverty,

bevond which economic and political survival may become impossible.

I, UKICA AND THE UNICA FOUNDATION, INC.

The organization under which this project is being conducted is
UNICA, which is supported by the UNICA Foundation, Inc. The princi-
pal Investigetor, Dr. Juan A. Bonnet, Jr., Director of the Center
for Energy end Environment Research at the University of Puerto
Rico, and the Co-Principal Investigator, Dr. Howard Harrenstien,
Director of Architectiural Engineering at the University of biami, are
both members of the UNICA Commission for Secience and Technology,

with Dr. Bonnet as Chairman.




I the late 14805, pereeptive Caribbiesan  educators suw  the
futurc development of the CuribbLean community ss a matter of com-
men regional concern.  To meet their common needs they created
UNICA, a wvoluntery association of Caribbean universities and
rescarch: institutes dedieated to positive carefully-directed efforts for
Ceribhican development. Founded in 196& by 16 universities located
in ten Cearibbean countries, the organization now has 45 members
representing  a  constituency of more than 300,000 students and
30,000 faculty,

In order to lend assistance and Impetus to the goals of UNICA,
the Association of Caribbean Universities and Research Institutes
Foundation, Inc, weas created. Vith Dr. Henry King Stanford, re-
lired President of the University of Miami, as President, the Foun-
Cation was established as = non-profit organization in Florida. It
has been granted tsx exempt slatus as a public charity by the
Internal Revenue Service and support to the Foundation is tax
deductible under the Internal Revenue Code. It is significant that
the provision for allernative sources of energy and the improvement
of university teaching and research in the Caribbean are among the
objectives of this organization, and it is this organization which first
agreed to support. this project.

IV. PRELIMINARY RESOURCES ASSESSMENT

Demographic and statistical data for most of the island commu-

nities involved in the Caribbean region are contained in Table I.

As may be observed, this table presents data on the language
spoken, latitude, longitude, area, population, population density,
highest point, length, width, lateral exposure to wind, kwhr per
person per year electrical consumption, and millions of barrels of oil

per year required to generate electricity. The Table is preliminary




in nueture, and must not be overestimuated gs 1o its aceuracy, ws its
purposc iz only to gllow preliminary sssessments to be mede. Never-
theless, i1t 15 Loped that these data are found useful! to those who
would engage in energy anulyses und projections. It is the intention
oi the auther to continualiy update and expand on these dein: there-
fore, persons who heve additional or conflicting  information are

urged to contact him.

Table 1 estimazted a total! population among all of the islands
mentioned of 16,136,800. This figure is probably somewhat low, in
that 1970 statisties were used for some of the islands. The combined
srea of all islands jis 42,213 sguare miles, and the estimate of
combined projccted shoreline which is normal to the prevailing trade

winds is E27 miles. 1t is estimated ihat 37,850,000BBLS of cil per

vear are imporied by these islands collectively to provide eleciricsl

energy 1o their pepulation. I{ the influence of Puerio Rico is
~ o 1 . N

sub tracted from these {oiels, thevy become 14,961,800 persons,
N

38,778 sguare miles, 737 miles, and 16,079,000BBLS of oil per year

respectively.

Earlier in this conference, in the paper by Ronald D. Scott and
Howard Harrenstien, a rank ordered list of alternative energy tech-
nologies which were deemd technologically suitable for development in
PuertoRico was  presented. If this list is reviewed for possible
application to the remaining islands in the Caribbean, only slight
modifications and additicns need be made. The resulting list, in

rank order of estimated readiness of the technology, is the fol-
lowing:

g Solar Hoi Water

3 Co-generation

I

2

3. Hydroelectric

4.  Electricity from Solid Waste
5

” Small Wind Machines




L Large Wind Machines {(Windfarms)
7. Licetricity from Bagasse

8. Electricity from Solar Ponds

9 Photovoliaics

10.  Ocean Thermal Energy Conversion
il.  Geothermal Energy Conversion

12. Other

A preliminary estimate of the polential of these technologies as
far as replacement of imported fossil fuels is concerned may be pro-
duced by assuming that the islands in the Caribbesn have many simi-
larities of character, and that lifestyles will eventually reach similar
levels of industrialization and development. One can then take the
current estimates of potential for Puerio Rico and use them in pre-
dicting the potentizl for the remaining islands in the Caribbean.
Table 2 computes the values of contribution in BBLS of oil saved per
vear for each eliernative energy technology at the end of full
commercialization by the year 2000, using data which is consistent
with that presenied in the Scott-Harrenstein paper of reference. It
may be observed that the combined contribution from the sources
listed totals 154,230,000BBLS of oil per year saved. This assumes
that the energy produced by the alternatives replaces electrical
energy which has been produced by burning imported fossil fuel at

30% efficiency of conversion.

From Teable 1, substracting the contribution from Puerto Rico,
the region Imports only 16,079,000BBLS of oil at the present time.
If a 5% per year growth rate is assumed from 1980 to the vear 2000,
this total would grow to 42,662,374BBLS of oil per year. Energy
self-sufficiency, then, as far as electrical generation is concerned,
is achievable by the year 2000, if the Caribbean region commer-
cializes only 27.66% of the total poulential provided by salternstive
sources that is estimated in Table 2, as 27.66% of 154,230,000 is
precisely 42,660,018,




This it very good news for this region, but a plan for orderly
development and pregress must be instigated st the curliest opp-ortu-
nity; to delay is 1o lose wvital capital which is needed for the
transition.  This capital must not be spent peving {for further
escalating imported ¢il purchases, or the energy self-sufficient state

may become unuachievable.

As may be observed in Table 2, there are two alternatives
which show significant promise for making major coniributions in the
immediate future. These are Wind (Numbers > and 6) and Biomass
(Number 7). In reccognition of this potential, the UNICA Commission
on Science and Technology selected these for €ariy emphasis. A

progress report on the resull of this activity is contained in the

following section.

V. PHOGERESS REPORT

The UNICA project being reported here has 1o date focused its
activities on the collection of material related to the current state of
affairs in the Caribbean with respect to alternative energy educa-
tion, training,  research, development and demonstration. In order
to collect this material and impact the planning process for the
acceleration of the introduction of alternativés into the region, it was
decided to ask the universities and research institutes which
comprise UNICA to appoint official contact persons who could repre-
sent their institutions, and who could participate in workshops which

were designed to stimulate the production of relevant material on the

subjects chosen.
1. Wind Workshop

The first opportunity for the contact persons and other
invited participants to convene was at Barbados on December

6-9, 1981. A workshop was presented at that time titled "Wind




ts an Energy Allerneiive for the Caribbean”. Some 50 persons
participated. After hearing background papers on the subject,
the participants divided into three workshops covering the fol-

lowing subjects:

* Education and Training - Dr. Howard Harrenstien,
Moderator
* Rescarch and Development - Dr. Edwin Nufiez, Moderator

* Demonstration - Dr. Modesto Irierte, Moderator

It is the opinion of UNICA that the December 6'9\ 1981, Bar-
bados Conference on Wind a2s an Energy Alternative for the Carib-
bean wes a success, when seen from the point of view of evaluation
by the participants, and from the point of wview of providing an
opening in communication links on wind energy in the Caribbean
scientific and engineering education and research community.
Although the three culminating workshops were conducted indepen-
dently from one another, recommendations produced by them had
some marked similarities and focus. A generalization of the
recommendations and a prioritization results in the {ollowing

conceptual overall recommendations:

Ly A resource assessment should be conducted to determine
the existing situation in education and training, manpower, the
magritude of the available wind resource, the avsailability of
appropriate wind sites, and the existence of wind demonstiration

projects in the region.

2. Based on the results of the current "state of the art"
assessment in priority #1, a plan should be prepared which
would detail the steps (including costs) necessary to accomplish
an acceptable level of progress toward acHievement of the rest

of the recommendations from the individual workshops.




3. Sources of funding should bLe identificd which will cribie
the continuunce of the progrum which was initisted by this con-

ference wnd whieh will assure the timely completion of priorities
1 and 2,

With the nchievement of these threc priorities &s cobjectives, it

is predicted that the scientific and engineering capabilities of the

universities and research institutes in the region will be greatly

enhanced and strengthened, as far as this form of alternative energy
is concerned,

The draft of the proceedings of the Barbados Wind VWorkshop

has been prepasred, and copies may be obtained by writing:

Dr. Thomas Mathews, Secretario General
Asociacién de Universidades e Institutos del Caribe
Apariedo Postal 11532

Caparra Heights Station

San Juan, Puerto Rico 00922
2. Biomass Workshop

The second opportunity for the UNICA contact persons to
convene and to discuss the alternative energy situation in the
Caribbean was in San Juan on April 28-29, 1882. The subject
was "Biomass as an Energy Alternative for the Caribbean". The
proceedings for this workshop are in the process of being pre-
pared, and when completed they may be obtained from
Dr. Mathews, the above source. In the interim, however,
copies of some of the papers presented may be obtained directly
from:

Dr. Juan A. Bonnet, Jr., Director

Center for Energy and Environment Research

GPO Box 3682

San Juan, Puerto Rico 00936

10




The papers which are immediately availuble are listed after the

reference section to this paper.

VI. SUMMARY

Energy consumption patterns for the Caribbean and alternative
energy acsessments and analyses are & continuing activity by the
research staff. Results of some of the early assessments were
complied by Dr. Bonnet, and mzy be obtained from him at the ad-

dress indicated on the preceding Dage.

It is clear at this stage that a much more detailed resources
assessment is needed before a realistic plan for eduecation, training,
and institutional development may be prepared. In fact, it may be
that through the involvement of persons in the Caribbean in the as-
sessments and plan development, a substantial level of institutional
development will occur by virtue of the grass roots nature of the

activity.

What is equally clear, however, is that the Caribbean region is
richly blessed with renewable alternative energy sources which are
quite capable of providing energy self-sufficiency to the region in
the decades shead. Whether they do or whether they don't is a
matter for responsible citizens, from both within and without the
region, to immediately face; the conversion to alternative energy
sources will not happen without major human and institutional effort,
not the least of which is related to education, training, research,

development and demonstration.

VII. REFERENCES
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APPERNDIX C

MEMBERS OF UNICA SCIENCE AND TECHNOLOGY CCMMISSION

and

URICA SCIENCE AND TECHNOLOGY COMMISSION CONTACT PERSONS




APDX_ C

NMEMBERS OF UNICA SCIENCE AND TECHNOLGGY CONMMISSION

Dr. Juan A. Bonnet, Chairman

Lirceetor, Center for Energy and Environment Resesrch
University of Puerto Rico

GPC Box 3682

San Juan, Puerto Rico 00936

Pr. Gerald Lalor

Pro-Vice Chancellor
University of the West Indies
Mona, Kingston 7, Jamaica

Iir. Erich Farber

Director, Solar Energy Laboratory
University of Florida

Gainesville, Florida 32611

Eng. Francisco Gutiérrez
Director, Petrcicum Institute
Central University of Venezuela
Caracas, Venezuela

Dr. Doward P. llarrenstien
Department of Civil Engineering
University of Miami

Coral Gables, Florida 33124

UNICA SCIENCE AND TECHNOLOGY COMMISSION CONTACT
PERSONS

Prof. A.M.B. Sankies

Head, Department of Mechanical Engineering
Faculty of Technology

University of Guyana, Turkeyen Campus
FO Box 101110

Georgetown, Guyana

Telephone: 69202~6, Ext. 223

Eng. Quilvio Cabral

Decano, Facultad de Ciencias y Tecnologia
Instituto Tecnolégico de Santo Domingo
Avenida de los Préceres, Gala

Apdo. 249, Zona 2

Santo Domingo, Reptblica Dominicana
Telephone: 566-8187

Prof., Jean-Marie Abillon

Professeur de Physique

Blvd Legitimus - B.P.771-97173
Centre Universitaire Antilles-Guyane
Pointe-a-Pitre, Guadeloupe
Telephone: §2-38-22




Dr. Gerald Lalor

Pro-Vice Chancellor
University of the West Indies
Mona, Kingston 7, Jamaica
Cable: UNIVERS

Telephone: 927-6661

Eng, lomero de Pool

Direcior, Escuela de Tecnologia
Insiituto de Estudios Superiores
Apartado Postal 59-2

Sente Domingo, Republica Dominieana
Cable IES

Telephone: 688-0159

Prof. Miguel S. Wionczek
Investigador Asociado

El Colegio de México
Camine &l Ajusco No, 20
Apartado Postal 20-671
hiéxico 20, D.¥., México
Cable: COLMEX

Telex: 1777585 COLME
Telephone: 568-6033

Frof. Julio Rivera

Decano, Colegio de Ciencias
Universidad Catdlica de Puerto Rico
Pornice, Puerte Rico 00731
Telephone: 844-4150

Dr. Howard P. Harrenstien
Department of Civil Engineering
University of Miami

PO Box 248033

Coral Gables, Florida 33124
Telephone: (305) 284-3356

Dr. Patrick S. Louis

Deputy Vice Dean, Faculty of Natural Sciences
University of the West Indies

PO Box 64

Bridgetown, Barbados

Cable: UNIVADOS Barbados

Telex: UNIVADOS SB 257

Telephone: PBX 02191

Lic. Antonio Fernandez

Departamento de Fisica

Universidad Nacional Pedro Henriquez Urefia
Santo Domingo, Republica Dominicana




Dr. Rebert L. Sullivan

Departiment of Electrical Engineering
Universityv of Florida

Gainesville, Flurida 32611

Dr. Michael Canoy

Caribbean Rescarch Institute

Coliege of the Virgin Islands

St. Thomos, U.S. Virgin Islands 00801
Telephone: (864) 774-1252

Professor S. Satcunathan
Faculty of Engincering
University of the West Indies
St. Augustine, Trinidad
Cable: STOMATA Port of Spain
Telephone: 662-7171

Eng. Nelson Gil Gil

Dean, Faculty of Engirneering Sciences
Universidad Catdiica Madre v Maestra
Santirgo de los Cuballeros

leptblica Dominicana

Dr. dJuan A. Bonnet, Jr.

Director, Center for Energy and
Environment Research

University of Puerto Rico

GPGC Box 3682

San Juan, Puerto Rico 00936

Telephone: 765-7210
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APDX. Db-1

WIND AS AN FNERGY ALTERNATIVE FOR THE CARIBBEAN WORKSHCP
SUMMARY REPORT

It is the opinien of UNICA Science and Technology Commicsion
that the Dec. 6-0, 1981 Barbados Workshop on Wind as an Energy
Alternative, for the Caribbean was & success, when viewed from the
peint of view of evaluation by the participants, and from the point
o view of providing un operiing in communication links on wind
erergy in the Caribhesn scientific and engineering eaucational and

research commurnity.

Although the three culminuating workshops were conducted inde-
pencertly from ore another, recommendations produced by them had
some marked similerities and focus. Al three reports are included
here. A generalization of the recommendations and & prioritization

results in the following conceptual overall recommendations.

T A resource assessment should be conducted to determine
the existing situaticn in education and training,manpower, the
magnitude of the available wind resource, the availability of
appropriate wind sites, ancd the existence of wind demonstration
projects in the region.

2. Based on the results of the current "state of the art"
asscssment in priority #1, a plan should be prepared which
would detail the steps (including costs) necessary to accomplish
an acceptable level of bregress toward achievement of the rest
of the recommendations from the individual workshops.

3. Sources of funding should be identified by the UNICA
Foundation which will ensable the UNICA Commission on Science
and Technology to continue the program whick was initiate¢ by
this conference, and which will assure the timely cempletion of

priorities 1 and 2,

._1_.




With the achievement of these three priorities as objectives, it
is predicted that the scientific and enginecring capabilities of the
universities and research institutes in the region will be greatly
enhanced and strengthered, as far as this form of alternative energy
is concerned.

The UNICA Science ard Technology Commission stands ready to
assist us a mechanism through which the above may be accomplished,
ard oy which UNICA member institutions may better service the com-
munitics in which they are located for the overall bhetterment and
inproverent of the entire region in this "grase roots" type of

Curibbean development initiative.

&5 a Commission we are deeply gratetul for the generous sup-
port wnich has beer given by the National Science Foundation, the
Lxxon Tdueation VTcunaation, the UNICA Foundation, the Caribbean
Development Bank and the UNICA staff.




APDX, D-2

WiND AS AN FNERCY ALTERNATIVL FCK TI'E CARIBEBEAN WORKSHOP
Barbades, December 6-8, 1981

WORKSLOP SESSICN, GROUP NO. 1
ERUCATION ANE TRAINING NEED'S
Report by

Yr. Howard Harrenstiern, Moderalor

oneral

Tiis werkshop sessicn was e'tended by 15 persons representing

Lite countrics:

i, Guilvic Cabral Dominican Repuhlie
2. Roman S. Cristébal Dominican Repubiic
& Homero Pool Domirican Republic
4. hichel DuPont Guadeloupe

9. eessel Edwards Antigua

6. liopeton Gorden Guyana

7. Foward Harrenstien Florida, USA

&, Elvet Hughes Anguilla

g, habert 4. Martin Puerto Rico

10,  Paul Neua Barbados

11. Rerate Nifiez Pominican Repuhlic
1Z2. José B. Rodrigue:z Dominican Republic
12, S. Satcunanathan Trinidad

4. Luciano Sbriz Dominican Republic
15. Robert Sullivan Florida, USA

Te stimulate discussion, the workshop specifically addressed
three general questions as related to wind erergy education and
training acitivites in the Caribbean, noting regional differences

where possible. The threc questiors were:




(1) What has been done in wind energy education and training
in the Caribbean?

{2) What should be done in wind chergy education and training
in the Cariblean in the future?

(3) Whst is the mechanism by which it may be accomplished?

To gain ar understanding of the gerieral state of affairs in
energy educationn and trairing in the region, as regards the present
and recds for the future, s poll was conducted of the participants to
ueterrdne their assecsment of these conditions. The results of the
nell are noted in Table 1. It may be observed that the Participants
rated an average score of 2.9 which is equivalent to "little activity"
tor the present state, ana a score of 1.5 which is between "moder-

elely” end "wery active” for the desired future state.

Frem this poll and the discussion which ensued, it was con-
cludged that tre entire region needed to strengthen its educational
and ‘freining progrems along subject lines listed in the categorical
activity headings of Table 1. These categories are the following:

(1) Engiueering education programs at the baccalaureate Level.

{2} Science education programs at the high school and univer-
sity levels,

~—
T
Nt

Continuing education programs &t the professional level,

(4} Community education and training progrems at the consu-

mer and technician level.

(5) Scientific community education at the high school and uni-
versity teacher level.

(6} Modification of high scheool and university curricula to
place increasing emphasis on alternative energy related
subjects,




(7) Videotape information disseminatior through television

network programming.

(8) Cooperative educational programs which place ecucational

emphasis on industrial experiences.

Eecommendations

{he workshop prepured specific regional recommendations as a
result of discussions which took place. These recommerndations are
the following:

(1} A rescurce assessment should be conducted to determine
existing cevability in slternate energy education and training in

the region.

(2) Scientific and technical requirements should be determined
te facilitate a viable wind energy utilizationn program in the
Ceribbean. Specifically, a study should be performed to deter-
mine the educational and training requirements for the region in

wird energy.

(3} A program should be developed to add to the capability
neted in recemmendation #1 to meet the requirements outlined in

recommendation #2.

(4) Encourage active involvement of regjonal institutions in
currying out recommendations #1-23.

(53 UNICA should sponsor regular meetings whereby university
faculty, researchers, and education and ti‘aining specialists can

2ssess the status of completing recommendations #1-4.

(6) Libersl use of the following mechanisms should be used to

accomplish the necessary educational and training mission:




Short courses

Institutes

Fellowship prograns
Correspondence coturses
Curriculur: development packages
Post-doctorzal programs
Sabbaticals

bSympoesis and conferences

Faculty and researcher exchanges

Videotapes of demonstrations and applications

i) A tocal point for coordinating laboratory, training and
instrumentstion needs in the Ceribbear. should be created. This
should ineclude university coordination, inventory of personnel
ard equipment, and the cataloging of available industrial and
governmentsl assistance. UNICA should be this focal point,
with the actval performunce to be done under the granting

mechanism.

N
V-

1 addition tc the general recommendations above, a few parti-
cipants subnitted detailed comments snd recommendations pertaining

te their specific countries. They are the following:

Dcominican Republic -~ Ntfiez, Romén, Rodriguez, DePool, Sbhriz

(1) What is being done in the Dominican Republic about making
the general public aware of cnergy problems?

(a) The National Commission on Energy Policy has a size-
able program of seminars, conferences and courses, in
which the world energy situation and the country's in

particular are explained and analyzed.

(b) The Dominican Corporation of Electricity maintsins a

publicity campaign through radio, press, and TV in which

Al




[

N
e )

the public is called on to economize electrical energy and
through which is arnounced whal the country spernds on
petroleum and what this cost signifies ir relation to the
national estinate,

(¢) Places of higher ecucation, universities and institutes
offer courses u1.d seminars 1o their members in which are

presented cctual problems relating to energy problem.

(d) Iestitutionalize the financing  of housing to offer
incentives 1o clients to use sclar heaters instead of electric
CLi€i.,

Whit should we do in addition?

(a) Promotc the idea within the higher education system
te cffer graduate courses and/or masters degrees relating

to the management of energy resources.

(b) Suggest to these same systems to introduce a manda-
tory course on probiems relating to energy in all of their
professional programs in tecknical areas end at the same
time taking into consideration energy problems in the

courses of the programs which in one way or another treat
these same problems.

(¢) Influence wuniversit students so that their theses
A

treat specific problems of the country relative to the area
of energy.

(d) Crient the appropriate technological investigations
through channels directed to make a more rational use of
the energy resources of the ceuntry, trying where pos-

sible to minimize the use of the importe¢ and maximize use
of the nstive,




(e) To mak~ those with decision-making power in the go-

vernment conscious of energy problems so that they take
them: into consideration when formulating government
plans.

(f) Creste educational campaigns in the seconcary schools

to stari yuiding students at this level on this matter.

(g) Cfier emple facilities to rural aress te install windmills
for their use in cbtaining the necessary water for their
communities.

Eow can we make this campaign a veality, what can we

count on andg what do we need for this?

To bring this campaign into reality we count on ins-
tituticrs involved with the transformation of energy, and
others dealing with the management of energy resources
who feel the closeness of the world crisis of these re-
sources.  However, their influence on government officials
is not enough and their available means to bring to ful-

fillment educational programs is very limited.

In short, we can presume that to bring an ample
educational program that correctly informs on the reality of
these problems, we need finsncial resources and the neces-
sary personnel, capable and conscious of the significance

of these problems to the future of our country.
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APDX. D-3

WINI AS AN ENERGY ALTERNATIVE FCR THE CARIBEEAN WORESHOP
Larbades, December 6-8, 1981

WORKSHGP SESSION, GROUP NO. ¢
RESEARCE ANL DEVELOPMENT NEFDS
Report by

Lr. Fdwin Nuf.ez, Mhoderuator

Ceneral

This workshop cession was sttended by eleven persons repre-

~enting ten countrics.

i Ecdwin Nafiez Puerto Rico

<. Melvir Sankles Guyana

. Sixto Wout Curaceo

e Steplien Lumping Darbadecs

o Legter Nelsorn (irenada

& soseph Lanicl Montserrat

7. Michael Canoy U.S5. Virgin Islands
8. Richard L. Simon California, USA

9. José B. Rodriguez Dominicar: Lepublic
16, Majaraj S. Tcomar Venezuela

11, David S. Renne Washington, USA

I. RLSEARCE AND DEVELOPMENT--SEPARATE VS. UNIFIED
APPRCACH

A glimpse of a map of the Caribbean region will show a
great assortment of island-countries with diverse cultures and
languages. Upon closer scrutiny, this first impression will be
trensformed and attenuatec by the realization thal there are
any common goals and aspirations. FEach country is striving

to give a maximum number of its citizens a high standard of
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living without creating major environmental damage or exacerba-
ting social tensions. By the same token, they share similar
problems and obstacles which hinder their development. In
general, the islands are very small sized with large population
densities, have scant natural resources and the sea ucts as an
imposing barrier which impedes communications and access to
the cutside world.

Before the Caribbean ecountries elaborate specific energy
research anc aevelopment policies, they must decide whether
their interests will be pursued separately or through a unified
approach.  The latter alternative implies the pooling of re-
sources by different countries. Criteria such sas proximity,
cocrmon  language, complementsrity of their resources or pre-
vious cooperatiol. experiences might induce countries to unite in
CL.e or more groups. Table I presents some of the advantages
and disadvantages resulting from Caribbean countries working
separately or unified in the elaboration and implementation of
tkeir energy research and development policies.

It is the belief of the participants of the research and
develerment needs workshops that the advantages of g unified
apprcach far ovtweigh the disadvantages, Consequently, Carib-
bean universities, governments and institutions dealing with
R&D should make an effort to establish one or more regional
groups in which individual countries can contribute their
resources to complement each other's weaknesses.

II.  RESEARCH AND DEVELOPMENT -- CONSTRAINTS

Caribbean countries, utilizing different philosophies to
address their idiosyncracies, are striving to achieve develop-
ment in the shortest possible interval of time. In a world that
gets more complex every day this endeavor becomes increasingly

difficult. R&D is much harder to undertake in these countries
than in industrialized nations.




most

verkshop participants egreed on the following list as the

important impediments te their RaD eiforts,

(1) Isolatijon - Quite often, the scientist or engineer finds
that he is the only person in the country or institution
which has advancec specialized knowledge in a particular
field (e.g., wind turbine design), Very little opportuni-
tHes exist to shere his “dess with other specialists in his
fleld.  Libreries lack the most current Journals or books.

s 0

(2 Tack of Inirastructugp - The irfrastructures neces-

saii 6 depley, operate ond maintain - new technology are

frecuently nonexistent.

(3}  Overinvolvement - 3cing one of the very few tech-

rically trained pecple in & country means that = large
rumber of people will reguest his involvement in a wide
variety of projects,  Restricted attention will likely be
giver, to each project resulting in meager progress and
results.  NMeny times he has to work in areas which are
outsicde his field of expertise.

(4) Finances - Governments allocate scant resources for
R&D needs since they respond tc the pressures exerted by
groups which have more politieal leverage than scientists
and engineers. Financia! restrictions oblige scientists to
leave many areas cf a particular problem untouched.

{3) Covernment and Civi}__ Inertia - Governments show

little understanding of the importance of R&D activities in

4 developing country. New techniques are usually received
with skepticism and resistar.ce by the civil population of a
country.

(6) Lack of Peer Participation - Many of the organizations
which cisburse R&D funds in the Caribbear: do not have
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111,

proper participstion of scientists and engineers, Funds

are allecated by people who lack a real understanding of
RaD.

RESLAKCH AND DEVELGPMENT -- NEEDS

Wir.d has the potentiud of becoming an important alternative

energy source for the Caribbean basin. Tt was agreed that the

fellowing arcas teed immediate attention in order to realize that

petential in the near future.

(1) Beicre wind turbines can be deployed on a wide basis
in the Caribbean, cach island must have detailed know-

ledge of its wir¢ resource.

(2) Siting studies have to be conducted in order to
seerch fer the best locations 1o install both large and small
scale wind turbines.

(3) Lvaluation of existing technology and the development
of adaptations which might suit local needs.

(4) Operations and maintenance research in order to test

materials resistance to salt corrosion, hurricane winds.
{3) Testing of local wind turbine designe and adaptations.

(6) Research on the economic and social impact of new
technologies.

(7) Evaluation of existing energy production and utiliza-
tion systems to schieve energy savings through conserva-
tion and second-law efficiency considerations. This offers

the potential saving the greatest amount of energy in the
shortest interval of time.




iV, RECOMMENDATIONS

In order to satisfy the sforementioned R&D needs, the
workshop participants mwoke the following recommendations tc
UNICA, CDB, CARICOM, sand any other agencies dealing with
the development of the region:

{1} Top pricrity should be given o winc resource assess-
ment proposals and wind siting studies. Within a period of
four years. all Carivbean islands should know their aeolic

resgurees.,

(&) Projects ard studies should be funded which consider
the cconiomic, secial and legal impuct ¢f alternative energy

sysiems. In particular wind turbines.

(5) It is deemed important te sponsor projects which use
an integrated systems of energy approach such as solar/
biom:sss, wind/hydro, wind/sclar, ete. The domestic, in-
dustrial and agricultural applications suited to the par-

ticular ccuntry's milieu should be explored.

(4} Research in the problems associeted with the opera-
tions and maintenance of alternative energy systems should
Le undertaken. Speciul attention should be given to the
problems associated with materials and parts resistapce to

salt corrosion and protection from hurricane force winds,

(3) Local wind turbine designs and adaptations should be
enceuraged. Development proiects whose purpose is to
establish the manufacture of wind turbines snd other al-

ternative energy systems within the region should also be
encouraged.

(6) The active participation. of scientists anc engineers in

the boards and committecs of institutions which disburse

_5_




B&D funds in the Caribbean is considered essential. The

beer review method is recommended for the evaluation of

all proposals and publications,

(7) Priority should be granted to projects which explore
the energy production and utilization systems. Energy
conservation and seceond-law efficiency projects offer the

potential of saving vast amounts of energy in the region.

(8) A survey should be conducted of the available human
resources in the region with expertise in the energy Ra&D
areas.  After the survey is conducted 2 human resources
&nd ploject directory should be published and an institu-
tion. or institutions should be designated as clearing-house
ior locating expert resources in each area (wind, biomass,
solar, ete.). Any similar efforts which have already been
uncertaken in the region should be more readily available.

A greater awereness of what others are doing or have
cone is needed.

(8) Conduct regional seminars on fund availability and on
the proper technigues for the preparation of proposals to
be submitted te the regioral development agencies. An
institution or institutions could be designated as
clearing-house of this information.

(10) It is strongly recommended that, whenever possible,
alternative cnergy development meetings for the region
take the workshops format similar to the present UNICA
meeting. The conference should discuss openly what are
considered to be the successes and f{ailures. Reports

should be written and published so that conference results
are widely avazilable.

Abstracts of papers to be given et a conference should be
available with sufficient time before the meeting. Pros-

-5-




pective participants can decide wisely on that basis
whether to attend or not.

(11) It is felt that the use of wind as an energy alterna-
tive for the Caribbean can be accelerated if programs are
Gesigned by the development agencies which convince
governments of:

(a) the necessity of granting tax incentives to
reople who install 2 wind turbine.

(b) allowing the individual consumer to sell energy
produced by a wind turbine to the power company
(similer to PURPA in the United States).

(12) Projects desigred to create the appropriate infra-
structure necessary for R&D and for the deployment

operation and maintenance of wind turbines should be
funded.




TABLE 1

Advantages ang Disadvantages resulting from Caribbean countries

elaborating and implementing thair energy research and development policies

separately or unified.

Advantages

Mode

Disadvantages

Separate (each
country having -
an individual
approach)

Country can pinpoint
1ts own R&D needs very
precisely and work on
them

Country can proceed at
ts own pace without
being bound by others

Higher cost to each
individual country

Lack of technical

and human resources
will probably require
more intensive fore-
ign (outside of Carib-
bean) participants

Unified (groups
of countries
working together)

Cost savings. Pooling
of resources will mean
lower planning, equip-
ment and data analysis
costs

Countries can complement
each others necessities
by sharing their human
and technical resources

Region-wide spirit of
cocperation

Possibility of pooling
together to purchasing
alternative energy
systems {wind turbines,
digestors, etc.) at a
reduced price

Potential political
problems

Delays in getting

done due to the neces-
sity of allocating limit-
ed resources to various
countries
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WIND AS AN ENERGY ALTERNATIVE FCR THE CARIBBEAN WORKSHCP
Barbados, December 6-8, 1981

WORKSRCP SESSION, GRCUP NO. 3
DENMCNSTRATION NEELS
Keport by

Dr. Modesto Irvierte, Moderator

Generai

This workchop wis attenued by eight perscns representing six

countrics:

Criztdbal Koman S, Dominican Republic
Lueienc Shriz LDominican Republic
P el Sparks St. Lucia
Ceear Lunmén Mexico
a. Perer Williams Barbados
G, T.S. Anwurson USA
7 4. bellimore Barbados
3. Modesto Iriarte Fuerto Rico

It was found that each country has different demonstration
projecis in wind power uses, but that they were unaware of each
other's activities. It is suspected that the same problem of lack of
commuriication end flow of informution between other nations in the

Caribbear not represented at this workshop exists,

It was further steted by the group participants that each
country has its own particular needs and that therefore icentification
of future demcnstration nceds will be apprepriate after these needs
are taker into consideration. Local needs in manv areas take into
consiceration such things as oil displacement nceds, isclated com-

munity needs, the ueeds of electric power for solving critical needs

A




such as providing energy to operate certain sanitary and health
facilities as well us other social needs, legal problems involving
generation restrictions for personal use and or sale. In St, Lucia,
for example, robody can generate its own electricity without wvio-

lating social laws. This represents an obstacle to WI'G development.,

The group gereraily concurred that wird power assessment pro-
grams in the various sress should be encouraged and that small

cdemenstration prejects should be developed as soon as practicable
and/or in parailel with sssessment.

Recomnmendations

In order to uddress the subject of demonstration needs, the
E7OUp recomrenceda thai an inventory of existing demonstration pro-
jeets i the area be first made. The purpose of this inventory
compilation are-

(1} to prevent duplication of efforts.

(2} to provide asssistance with data base.

(3} tc give iunding agencies information on projects needing
tunding and projects which have been funded by others.

(4) to provide a working base for future projects.

(9; to give directions for future developmental thrusts,

Ir. crder to carry out the above recommendations a ¢uestion-

iaire should be prepared. A suggested questionnaire is as follows:

Typicel information needed:

Country and agency involved, contact person
Location of unit:
(2} sre maps svailable?

(b} are pbotographs available?

...2_




Purpose of unit;

(a) water punmping

(b) electricity production
(c) mechanicel

(d} oaother

Designer of unit:

(a) rwunufacturer of unit

(b)) designer (if unit locally built)

(¢) level of local component in design and manufacture of unit
If locelly built, are plans or report available?

Funding Agency:

(8) privately owned

(b) government funded

(¢) funded by outside source

(d) cther

Is wind data available?

(a) @&t site location

(b) at other locations
Condition of unit:

{a) under construction
(b) working

(c) rneeds repair

(d) planning stages

If working, performance of unit:

(a) details




If needing repair:

(a)
{(b)
(c)

advantages to repair
estimation of cost
detnils

If in plannirg, has funding been acquired?

Identify type of future demonstration projects needed in the

area.

(&)
(b
(c)

(¢

estimation of cost
plarning requirements
pessible funding agencies

specific heip you would like to secure

Shert-term objectives

A set of short term objectives (say for 6 months accomplish-
ments) was outlinea by the group participants as follows:

(15

(2)

(42

(3

Catalog existing wind turbine installations.

Pursue the reactivation of abandoned wind turbine pro-
jects,

Removal of obstlacles t¢ wind turbine development; study
legal problems in different areas.

Rate structure consideration from wind sources,
Identify incentives to promote wind turbine development.

Emphasis should be placed on turbine systems that can be
manufactured locally.




Engr. Cristébal Romdn from CDE, Dominican Republic, sugges-

ted and the group unanimously agreed that a simple procedure to
make the inventory be followed consisting of:

(1) preparing the questicnnaire

(2) mailing it to the varicus contact people and those attending
this symposium

t3) receiving anc summarizing data (he offercs himself, but
feels UNICA should do it).

(=4 travel te those ereas in arrears in returning the in-

formaticn questionnaires,
Crgonization

At organization of one project coordinator under UNICA staff,
using availeble UNICA stalf services such as office, secretary, com-
municetion and reproduction, is proposed.  Thig coordinator would

identil, » cortact man in each of the areas from whom he will obtain
the iniovrmation.

The information will be gathered, reduced, and published. A
follow up or updating sction every year should be attempted.

Denefiis

This information would provide a data base for the various
countries to reduce duplication efforts, to be in a better position to
bresent proposasls for requesting funds for their projects. Other
aspects in which this activity could help would be in accelerating the
development and use of wind poewer, the pricing and costing of

power produced, determining appropriate sale back prices of elec-
tricity to loecsl utilities, ete.




This information would identify the difficulties and failures of
the existing demonstration projects and provide guidance in instru-
menting rrocedures for decumenting and reporting the operation of
demonstrarion projects.

Funding

The group's opininn is thu’ fundirg should be addressed jointly
frem the identificd needs of the three workshop groups. however,
“or puripeses of budgeting it cer be estimated that this Scb should be
ansigren ot Jeast 5 man-yewrs for the project coordinater plus travel
TRpenges, pivs b omen-years secretarial services in addition to over-

head costs ol cffice, telephone, reproduction, etc.

Avaitionat nanpower is required for the contact persors. It is
recen e ondsd thet this cest be borne by the local interest groups or

ocal gever rments.
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WIND AS AN ENEKGY ALTERNATIVE FOR THE CARIRBEAN WORKSHOP
Barbados, December 6-9, 1881

EVALUATICGN

At the close ot the workshep, an evaluation questionnaire was
given tc cach participent to elicit their reactions to this type of
sctivity and (e obtsin ircividua! recommendations for improvement or
modification of similar future centerences. The tabulated results of

this evaiuation excreise are attached hereto,

As the tabulatior: shows, the majority of respondents (77%) gave
an oversll rating of "Good" (one step below the maximum "Excellent")
to the workshop. 1t is also worth noting that the group discussion
{ormat received the highest perceniage (55.2%) of "Excellent", while
the question on speakers got the lowest "Excellent" percentage
(13.8%). Ancther interesting tinding is thst 17.2% of respondents

irdicated that they were unawarc of the UNICA Project goals,

These and cther cbservations, criticisms and suggestions will be
laken into consideration in the organization of future workshops, in
particular the biomuss workshop scheduled for the spring of 1982 in

San Juen, Puerto Rico under the UNICA Project.




WIND AS AN ENERGY ALTERNATIVE FOR THE CARIBBEAN WORKSHOP
EVALUATION

Juestion Number Percent

1. Organization and Logistics

cxceilent 8 27.8%
3o00d 17 58.6%
Fair 4 13.8%
Poor 0 0

2. Speakers
Excellent 4 13.8%
Good 21 72.4%
Fair 4 13.8%
F00r 0 0

3. Workshop Discussion
Txcellent 16 55.2%
Good 13 44 .8%
Fair ‘ 0 0
Poor 0 0

4. Overa?]
Excellent 6.5 22.4%
Good 22.5 77.6%
Fair 0 0
Poor 0 0

5. How successful was the workshop in meeting the goals of the UNICA
Project?

Very successful 6 20.7%
Successful 11.5 39.7%
Somewhat successful 3.5 12.1%
Not successful 1 3.4%
Unaware of the UNICA Project's coals 5 17.2%
Other answers 1 3.4%
NO answe-s 5 3.49%

TOTAL RESOONDENTS: 29
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APPENDIX E

Report on

Liomass s¢ an Funergy Alternative for the Caribbean

Workshop

San Jusan, Puerto Rico

April 28-29, 1982

UNICA Commission on Science and Technology
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BIOMASS AS AN ENERGY ALTERNATIVE
FCR TEE CARIBBEAN WORKSHOP

SUMMARY REPORT

1t is the cpinion of the UNICA Science and Technology Commis-
sion that the April 28-29, 1982 San Juan Workshop on Biomass as an
Energy Alternative for the Caribbean was a greater success than the
first Workshop on Wingd because of many circumstances. Some of the
most fevorsble conditions were the familiarity of the UNICA contact
persorns amonyg themseives and with the project, which stimulated a
direct interest in their involvement and commitment to its success.
Alse the weorkshop followed the Fuels and Feedstocks for Tropical
Biemuss 11 Seminar whieh previded the UNICA contact persons
urique opportunity to hecome acquainted with the subject.

ALigein, following the format of the Wind Workshop, the group
was seprrated in three working sessions: Eduecation and Training

“eeds. Recearch and Development Needs, and Demonstration Needs.

It may be gathered from the recommerdations that biomass is
perceived as one of the energy alternatives for the Caribbean which
could be utilized faster based on the agricultural experience and
krowhow of the region. Ccnsequently, a generelization of the

recommendations can be formulated as follows:

(1) Seccring funding to establish research, development and
demonstration projects of specific nature in the region on bio-

mass as an energy source should have the highest priority.

(2) In order to implement ihe above recommendation, education
and training programs to prepare the human resources needed
Ir. tropical bicmass for the region are a must.




(3) UNICA should play a vital role in technology information,
Cisseminating, R&D projects evaluation and technology transfer

between their member institutions.

{4) The UNICA Foundation role of securing funds for imple-
mentation the above is essential and indispensable to carry out
such progrums,

1¥ the above recommendations are implemented the science and
engineering capabijities of UNICA member institutions in biomass
matters would be greatly enhanced. Also, the role of the univer-
sities & research institutes se providers of solutions to society
problens would be strengthened.

“Ihe UNICA Science snd Technology Commission wishes to thank
all the UNICA cortact persons for their participaticn in their work-
shop- ar< in particular the moderators of the session who drafted
the werkshop reports.  Also, we are deeply grateful for the funding
suppbert from the Nsatioral Science Foundation, Exxon Education
Peurdeon and the UNICA Foundation.




APDX, E-2

BIOMASS AS AN ENERGY ALTERNATIVE
FOR THE CARIBBEAN WORKSHOP

San Juan, P.R., April 28-29, 1982

WORKSHOP SESSICN, GROUP NO, 1

EDUCATICN AND TRAINING NEEDS
Feport by

Pr. R.L. Sullivan, Moderator

Ceneral

Participerts in the Edueation and Training Workshop session

included:

Dr. Jairo faescarro (Univeisity of Puerto Rico)

Eng. Gerardo Manan Paniaguu (INTEC, Dominican Republic)
Mrs. Lourdes Iturralde {(Universidad Simén Bolivar, Venezuela)
Mr. Willian Chalmers (Caribbesn Development Bank, Barbados)
Dr. ©lenda 5., G'Brien (University of the West Indies, Jamaica)
Mr. Cerala Leler (University or the West Indics, Jamaicea)

Dr. R.L. Sullivan (University of Florida, USA)

Recgpjgxe_ndations

(1)

(2)

UNICA should decentralize the work of the Commissions into
technclogy working groups and increase the number of contact

people,

To fund the incressed activity stemming from the new structure
UNICA should actively seek new additional funding for a three
year budget.

Fech working group should be encouraged tc submit budgeted




(4)

(5)

(6)

(8)

(9)

proposais to the appropriate Commission to fund specific acti-

vities e.g., workshops, continuing education programs, ete.

Each working greup should establish communications and data

collection procecurcs.

UNTCA should [fund exchonge programs among Caribbear uni-
versities 2s o mests for improving the transfer of new tech-

nelegy knowledge ir the region.

UNICA sheuls sponsor a special workshep on education with em-
Phesis ¢n university curviculum develepment and communication
technicues wimed &t improvine the region's awareness of the

varicus new ‘techholegy opticns,

Each wesking group should publish an edited volume describing
the state of the art of its specific technology for each country
in the regicr.

Doch  weorking group  shouid be responsible for promoting its

specific arca of concern within the Commission.

Video casseites should be wade for each technology to promote

its developrient «nd use aming teachers and public officials.
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BIOMASS AS AN ENERGY ALTERNATIVE
FOR THE CARIBBEAN WORKSHOP

San Juen, P.R., April 28-29, 1982
WORKSHOP SESSION, GROUP NG. 2
RESEARCH AND DEVELCOPMENT NEEDS
Report by

Lbr. Al Binger, Moderator

Geners!]

It is the general view of the working group that there is a
great Leed for collaboration and exchange of technological know-how
between member institutions. It is felt that UNICA must address
itsell to the development of a mechanism to allow for such transfer.
It is also commonly felt thet there exists in the region various

techrivlugies which are needed i other countries,
The efficiericy of UNICA members is being affected by:

1) Inacequacies in the procurement and dissemination of in-
formation

(2} Obstacles preventing collaboration between regional insti-
tutions,

UNICA could be an efficient organization in the development and
propagatior of science and technology in the region if it could
overcome some of these problems.

Research and Development
These are short term recommendations aimed at stimulating
developrental work for various UNICA members and at addressing

certain problems which some members are presently having,
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We interrelate our project goals in energy with those for the
protection of the environment ard construct our project proposal in
order to take advantage of all funding which exists in other arcas
such as environment protection, agriculture, etc. Attempts should be
made to have joint projects developed whenever possible, realizing
that projects must be specific nature for the sites involved. One of
the main potentials seems to be for the utilization of cocoa and coffee
waste ir generating biomass. We should recognize that duplication
can be both good ard btad. However, duplication should result in
more ellicient use of funds.

Wherever possible UNICA should speed up the distribution of
funds coning into the region for R&L and whenever time allows
before iuiporting foreign technology we ask UNICA rersonnel if such
technclogy hsad been previously tested in the region and with what
result,  Projects aimed at utilizing biomass as chemieal feedstocks
sheuld bLe given priorityv. The orientation of such projects is more
technologically and firancially demanding but they are potentially
more feasi™le. It ig¢ therefore recommendec that all such projects be
undertaken in eellaboration.

The UNICA representative in each country, aofter consulting
with hiz collcagues, should identify the areas of research and
Gevelopr ert  with specific jnput and submit these to UNICA for
processing. Hopefully this will brovide & currert assessment of
energy Kil in the region.

A technc-economic evaluation unit should be established to
provide this service for cost-benefit analysis so as to deduce the
benefit of project. In developmental work, all pertinent data from
the region should be supplied so as to allow analysis for site and
regional applicability and potentiai. That U.S. AID opolicies in the
region should be evaluated to see how they promote:

(a) regicnal collaboration

(b) developing expertise within the region

s




As there is a present funding shortage, it is suggested that
UNICA solicit funds in an effort to act as a source of interim

financing for coliaboration projects with regional application.

Closer working contacts should ve maintained with research and
dvelopment institutions in the regicn as these institutiong usually
have more funds, personnel and equipment to assist the development-
al phase of prcjects. UNICA would therefore seek furding for the
actual development of colleboratiorn of regional projects.

We accept the oiffer of eollaboration from Freneh Overseas Uni-
versity Programs offered by Professor 4. KRencux of AUPELF. UNICA
should make representstion to funding agencies for tunds to aid in
organizing this informaticn service end to provide the required
training t¢ allow the transfer of technology from this source to the

countries where it can be utilized.

Urtil an information machinery is in place for the dissemination
of information, person-to-persen communication should be under-
taken. Since the existing questionnaire is viewed as being difficult
to comply with, it is sugg'ested that each person supply his present
project with his immediate needs for information and funding in order

that UNICA Secretariat cen provide whatever short term assistance it
can.

UNICA should include in its current publications a section on
research projects stating: institution, persons, projects in progress
&nd current status, projects in planning, projects in which institu-
tions are seeking collaboration, funding availability and requests
for assistance from members. This will allows UNICA contact per-
sons to be aware of funding availability for research and distribute

this infcrmation to people whom they think can benefit from this.




As there is a present funding shortage, it is suggested that
UNICA solicit funds in arn effort to act as a scurce of interim

financing for collaboration projects with regional application.

Closer working contacts shouic be maintained with vesearch and
dvelopment institutions in the region as these institutions usually
have mecre funds, personnel and cquipment to assist the development-
al phase of projects. UNICA would therefore seek funding for the

actual development of collnboration of regional projects.

We aceapt the offer of collaboration from French Overseas Uni-
versity Precgrams offered by Professor J. Rencux of AUPELF, UNICA
should make representation to tunding agencies for funds to aid in
organizing this information service snd to orovide the required
training {¢ allow the transfer of technology from this source to the

countries wihere it can be utilized.

Urtil an information machinery is in place for the dissemination
cf informstion, perscn-to-perscn communication should be under-
taken. Fince the existing questionnaire is viewed as being difficult
to comply with, it is suggested that each person supply his present
project with his immediate needs for information and funding in order

that UNICA Secretariat can provide whatever short term assistance it
can,

UNICA should include in its current publications a section on
rescarch projects stating: institution, persons, projects in progress
and current status, projects in planning, projects in which institu-
tions ure seeking collaboration, funding availability and requests
for assistance from members. This will allows UNICA contact per-
sons to be aware of funding availability for resesrch and distribute

this information to people whom thay think car benef* from this.




UNICA should consider providing the following:
(&) information update
{b) locate institutions with similur Lrograms

{c) obtain funds for holdirng symposizc to allow for person-to-

person technology transfer and to solve problems
{(d} strengihen the technology in the srea

(¢} that contaet persons become intimately involved in keeping
their celleagues informed on technological development and

funding availebility in thec respective fields of research

(£} for UNICA to improve the level of communieation and infor-
mation dissemination i.e., publication, with these contact per-
s0ns 80 us 1o allew them to fulfill their functions. Some
financial incentive for the additional work that the contact
rerson will be required to do in the various countries ought to

be examined.

A major function of UNICA should be the provision of funds,
Unfortunately, its present structure dees not allow for it to function
as a funding apgency. In  recognizing the integral association
between research and funds, we strongly recommend that UNICA
consider approaching funding agencies such as FAO, CIDA, UNDP,
UNESCO, CEST, 0AS, CLADE, CDB, Ford Foundation, Kellog Foun-
daticn, ete. with the aim of discussing how UNICA can obtain

funding for regional prejects,

For short term funding in areas. such as biogas which has wide
regional applicability, it is suggested that since funds exist for
environmental work, biogss proiects be structured whencver pessible
to be equivalent to environmental protection projects anc so become
eligible for funding.




In our group we paid attention to t'ree {3) basic questions
which we felt were fundamental ‘o the surcess of UNICA. Thesge
were;

(1) the erngoing RaD proiect. 'n energy within the region
(2} the requircnents of cu» individual institutions from UNICA
(3} prevesed metheds which UNICA will employ to meet ‘hese

neecs.,

In addressing the first question we renlized that such infor-
matlen wes extremelyv Mmited sne the steps instituted by UNICA in
the pest by weans of survey had ot had the anticipated results.

3 Y i
Ag o short term zolution it was reposed that some time before the
conclusion of this session 4ll persent actively involved give a brief
report on vhat they ore pursuing and state wheiher they are inter-

ested in any form of collaborstion.

The second requirement was for education. In institutions
where technclogy is develeped for the masses (e.g., charcoal pro-
ject) in vssociation with ReD we reconmend that UNICA's know-how
be provided to inform burceucicis and potentini users as to the
need, us well as the operations! teehnicgues, for that technology.
The sceial fectors irvelveo in giving rew technology to our people
cannot’ be overlookec.
to meet these neecds we proposed that UNICA consider
the establishment of & program fur educating bureaucrats, and then

In order

an acsociated demonstration programme for the populous in the need

and utilization of such technology.

Cur second recommendation for UNICA, which is in the urigue
situation to identify and sssese regional meeds with regards to
socio-economic parameters snd Che golicit the funds and award these

on the basis of competitive prarty fav mettutions o 3 combination of

institutions to achieve these needo, is “hat eveh activities be done in




collaboration with other hodies in the regicn which share UNICA's

concern for technological development in the region,

It is recommended that regicne! institutions submit collaboration
projects through UNICA for funiding. These two recommendations will
allow UNICA t¢ act as a stimulating «nd cvaluating body tc promote
techbological developmert within the region,

we all apree thei the establisnmert of the Information Disse-
mination Syster . is  criticel o the success of UNICA. This
Inforwation Svstern is 10 be developed ir collaboration with OLADE,
TEU of CLb, CALIR!Y. SREC and other remicnal institutiens. The
prime purpese of this unit will be to acquire and disseminate

information to UNICA contact persens in each country,

._5"
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DIOMASS AS AN ENERCY ALTERNATIVE
FOR TEF CARIBBEAN WORKSHOP

San Juan, P.E., April 28-20, 1082
WORKSHGP? SESSION, GROUP NG. 3
DEMCNSTRATICN NEEUS
Report by

L. Modeste Iriarte and Mr. Sslvador Lugo
Moderators

Genera!

Yhis work:boep was attended b a small group (six ersons) re-
I p

presenting Guyuna. St. Lucia, Jamaica, Netherlands Antilles and
Puverto Lico.

2t the outset the group decided to esiablish the following ecri-
teris for the celection of Gemonstration projects: (1) availability of
biomess on & commercial scale; (2) this biomass would be in an
existing commerciel activity; (3) the projects would be of such
nature that they could be dore elsewhere in the Caribbean (tech-
nology traepsfer); (4) projects should be culturelly acceptable to the
region and the countrics involved.

With this criteria in mind, a discussion was held of the various
biomass related activities being carried out in each of the regicnal
areas mentioned. Various projects with « potential for developing
into "demonstration" stage were discusseG. Severs: were identified
as needing further R&D, others were ruled out becsuse enough com-
mercialization has already been developed or because they were not
withi;: the general interest of the majority.

While sifting the options, the countries borne in mind in terms

of biomass potential were Guyana, Jamaice, St. Vincent, Haiti,
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Dominican Republie, Venezuels and Colombia, There could be
others.

Only one demonstration project was identified and discussed at
fength for Inplerrentation, Discussions and reasons ior discarding
other projects aye bresented,

Demonstration Project for Iniplementation
S i ST

—S e D

It was the f'erieral censensus that s demonstration project to

prodire gas by kyrelysis of bicmass would be very convenient for
the Coribbean.

Cas is prob:slily the best tvpe of fuel! for direct combustion; its
lrersportation  ayi¢ hendling ard vse offers adventages even ovep
Louia fuels. The SUggested project could start with a conference
workston  sponsored by the University of Guyana and producing
psrolitic gas firon  the managemont of the forest industry. The
gasifier hus beer cdeveloped by a German firm,

The conterence at Guyana would include a series of lectures on
the operational experience, anc design details of the Guyana facility
ecesystem impacts of the region as well as a visit to the plant.
Alter the confercnee g task foree would be identified to work in the
develepment of thisg project.  The task force could proceed as
follows: (a) make an initial assessment of the process, the logistics
and managemeit. ung Gutllne o plan based on a selected site;
(b) prepare =a proposal for securing funding from private and

government ager cies; (¢) implement the proposal when funding is
secured,

Cther Projects Liscussed

(1) Direct burring of biomasg was discussed. 1t was cencluded
that for small capacity boilers there ig a long history of commercial




projects in operation. Demonstration needs are required for large
utility boilers but the interest would be centered or a small number
of the most developed countries such as Puerto Rico, using large
blocks of electrical energy,

(2) Water hyacinths useqd fop lertiary treatment as g source of bio-
gas. This project was discussed anc it was concluded that it is
feasible but thut there is not now too strong an incentive in

developing a denonstration project,

(3)  Ses weeds us a source of blomass, This was discarded because

it requires K&l Lefore g demonstration unit can be attempted,

(4) Need of unte bhank ir biomass for the Caribbean., This was dis-

ussed and it weg conchuded that UNICA has s seéparuale project on
this.

o

(5) The need 1, dotermine:

(a) Dio-fuel consumption in the Caribbean
(b} Charcosl usec

{¢) Tire wood uscs

This can Help in identifying further demonstration proiects,

Other Lecommendations

For consideration at scme future effort for demonstration pro-
jects we wish to put forth the following possibilities: biogas or
proteins from the benana operation at St. Lucia; explore in Antigua
the possibility of bilogas from the expansion of pork and poultry

Production. in Dominica explore pcssible use of wastes from coconut
users and from food processing.
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BIOMASS AN AN ENERCY ALTERNATIVE
FOR THE CARIBBEAN WORKHGP

San Juan, P.K., April 28-29, 1982

EVALUATION

At the cicse nf the conference, an evaluation questionnaire was

giver cach purticipant to elicit their reactions to

this type of

activity, and te obtain indivicual recommendations for improvement or

modification of similar

future confercnces. A tabulation of the
resulte of this cvaluation follows:
TABULATION OF EVALUATION QUESTIONNAIRE OF UNICA WORKSHOP
ON BIOMASS AS AN ENERGY ALTERNATIVE FOR THE CARIBBEAN
RATING TOTALS
txcellent % Good %  rair 4 Poor Resp. %
Organization and
logistics 4 31 6 46 3 23 0 13 100
Speakers 2 15 8 862 3 23 0 13 100
Workshop
discussion 2 15 9 59 2 16 0 13 100
Overall 0 0 12 32 1 2] 0 13 100
How successful Very Somewhat Not Unawafe
was the workshop Successful  Successful Successful Successful of Project
in meeting the
UNICA project
goals? 0 6 6 0 1
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