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Abs t r ac t  ___ 
A 40 megawatt OTEC p i l o t  p l a n t  has  been pro- 

posed i n  r e sponse  t o  an i n v i t a t i o n  of U. S. Depart-  
ment of Energy (DOE). The p r o p o s a l  i s  submit ted by 
Pue r to  Rico E l e c t r i c  Power Au thor i ty  (PREPA) as 
prime c o n t r a c t o r  l ead ing  a team of h i g h l y  q u a l i f i e d  
subcon t rac to r s .  The team p rov ides  t h e  s e r v i c e s  and 
c a p a b i l i t i e s  r e q u i r e d  t o  t a k e  t h e  p l a n t  from concep- 
t u a l  s t a g e  t o  o p e r a t i o n ,  b u i l d i n g  up r equ i r ed  i n f o r -  
mation f o r  p l a n t  s c a l a b i l i t y  and commercial izat ion.  
The Concept proposed c o n s i s t s  of a p la t fo rm mounted 
on a j a c k e t  tower l o c a t e d  about two m i l e s  south 
e a s t  of Punta  Tune, P u e r t o  R i m ,  a t  a water  depth 
of approximately 300 f t .  Novel methods f o r  l a y i n g  
and i n s t a l l i n g  t h e  co ld  water  p i p e  are proposed. 
Equipment c o n f i g u r a t i o n  t o  s u i t  OTEC design re- 
quirements  i n  accordance wi th  s a f e t y  r equ i r emen t s ,  
in p a r t i c u l a r  h u r r i c a n e  c o n d i t i o n s ,  are proposed. 
Cleaning methods and maintenance approaches are 
d i scussed .  The p r o j e c t  i s  proposed t o  be a j o i n t  
ven tu re  of DOE and PREPA which i s  o f f e r i n g  a sub- 
s t a n t i a l  c o s t  s h a r e .  

I .  I n t r o d u c t i o n  

The P u e r t o  Rico Punta  Tuna OTEC P i l o t  P l a n t  
o f f e r s ,  we bel . ieve,  t h e  b e s t  Opportuni ty  f o r  a 
successful commercial P i l o t  ,P l an t  demonstrat ion of 
Ocean Thermal Energy Conversion (OTEC) e l e c t r i c  
power g e n e r a t i o n .  The Department of Energy Ocean 
Energy Systems D i r e c t o r a t e ,  ut  t h e  t ime of w r i t i n g  
t h i s  pape r ,  is planning t o  i n i t i a t e  a S i x  Phase 
Development Program l ead ing  t o  a commercial demon- 
s t r a t i o n  of a f o r t y  megawatt OTEC e l . e c t r i c  power 
p l a n t  using t h e  free ocean t he rma l  energy.  The 
Commonwealth of Pue r to  Rico E l e c t r i c  Power Authori-  
t y  (PREPA) is a con tende r  f o r  one of t h e  Phase I 
Conceptuai Design c o n t r a c t s .  

I assume you are acquainted wi th  t h e  OTEC 
power cyc1.e and t h e  Department of Energy OTEC P i l o t  
P l a n t  Program. 
OTEC P i l o t  P l a n t  Concept, i t s  s i te  and OTEC growth 
po ten t i a l .  i n  P u e r t o  Rico. The needs f o r  low cost  
energy are w e l l  known. OTEC o f f e r s  t h e  l a r g e s t  
cont inuous renewable sources of s o l a r  energy on cur 
p l a n e t .  The t r o p i c a l  oceans are t h e  w o r l d ' s  b ig -  
g e s t  s o l a r  t he rma l  energy c o l l e c t o r s  and S t o r e r s .  
The Punta Tuna OTEC p l a n t  could b e  t h e  forerunner 
of a v a s t  new energy source. 

T h i s  p r e s e n t a t i o n  focuses  on an 

11. P u e r t o  R i m  

The Commonwealth of Pi ier to  Rico i s  probably 
we l .1  known t o  most of you. I w i l l  provide a b r i e f  
comment on o u r  i s l a n d  and i t s  h i s t o r y  t h a t  suppor t  
t h i s  v e n t u r e  i n t o  t h i s  r e v o l u t i o n a r y  new energy -. 
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source. The i s l a n d  of P u e r t o  R i m  was d i scove red  by 
Chr i s tophe r  Columbus i n  November 1493 on h i s  second 
voyage. We have r e p e l l e d  t h e  Eng l i sh ,  Dutch and 
t h e  French i n  o u r  almost f o u r  hundred y e a r s  of 
h i s t o r y .  We r e b e l l e d  a g a i n s t  t h e  Spanish b e f o r e  our 
acqu i s i . t i on  by t h e  United S t a t e s .  Today, we are 
t h e  only commonwealth d i v i s i o n  of t h e  United S t a t e s .  
We have e l e c t e d  our governor  s i n c e  1949. P o e r t o  
R i m  is t h e  most prosperous of t h e  Caribbean I s l a n d  
Nat ions.  

Our c l i m a t e  i s  t h a t  of a t r o p i c a l  i s l a n d  w i t h  
moderate temperatures  (77-85OF). The i s l a n d  t y p i -  
c a l  of a lmost  a l l  t h e  Caribbean I s l a n d s  is of o ld  
v o l c a n i c  o r i g i n  w i t h  a c e n t r a l  sp ine  of 3500 - 
4300 f t .  h igh  mountains and some f l a t  land on t h e  
goiithwcst and n o r t h  c o a s t s .  The v o l c a n i c  n a t u r e  
of t h e  i s l a n d  o f f e r s  v e r y  c l o s e  t o  s h o r e  deep wa te r  
a t  a number of p o i n t s .  These are i d e a l  OTEC s i t e s .  

The people  of Pue r to  R i m  number Some 3.5 
m i l l i o n  on 3,400 square miles  o r  about  1,000 people 
per squa re  mi l e .  A very  dense ly  populated country.  
San Juan is o u r  major c i t y  and popu la t ion  c e n t e r .  
Other c i t i e s  are Mayaguez, Ponce, Arecibo and 
Caguas. F igu re  I shows our i s l a n d  w i t h  r e s p e c t  t o  
t h e  mainland United S t a t e s .  
a t  approximately 18' n o r t h  l a t i t u d e  and 66 west 
l ong i tude  some 800 m i l e s  e a s t  s o u t h e a s t  of M i a m i  
and about 1200 mi l e s  s o u t h e a s t  of New York. Figure 
2 g r a p h i c a l l y  shows t h e  s i z e  of o u r  i s l a n d  (some 
35 by 100 m i l e s )  roughly a r e c t a n g l e  wi th  t h e  major  
dimension of an east-west  a x i s .  A 1,000 meter  
depth of wa te r  i s o b a r  i s  shown. The OTEC site i s  
l o c a t e d  on t h e  s o u t h e a s t  corner f a c i n g  sou th  i n t o  
t h e  Caribbean Sea. 

P u e r t o  Rico is l o c a t e d  

B E R M U D A  

Figure  1 Puer to  Rico and t h e  United S t a t e s  
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Abs t rac t  

Congressional l e g i s l a t i o n  has been enacted t o  
he lp pave the  way fo r  t he  commerc ia l izat ion of  
Ocean Thermal Energy Conversion (OTEC). DOE has 
responded t o  t h i s  l e g i s l a t i o n  w i t h  a program t o  
prov ide conceptual  p l a n t  designs l ead ing  t o  OTEC 
p i l o t  p l a n t s .  I n  response t o  the  DOE program, the  
OSEA (Ocean So la r  Energy Associates) consort ium 
o u t l i n e s  here a p l a n  t o  prov ide a 40 Mwe f l o a t i n g  
p l a n t  a t  Punta Tuna, Puerto Rico, w i t h  the  pr imary 
o b j e c t i v e  o f  having t h i s  p r o j e c t  acceptably  repre- 
sen t  the techn ica l ,  f i n a n c i a l ,  environmental,  i n -  
s t i t u t i o n a l ,  and commercial aspects o f  fu ture,  f u l l  
sca le  designs. 

I n t r o d u c t i o n  ____ 
I n  September o f  1980, t h e  U. S .  Department of  

Energy (DOE), i n  response t o  the  mandates o f  Con- 
gress ional  Act  96-310, and as a con t inu ing  segment 
of  i t s  Ocean Systems Program, issued Program Oppor- 
t u n i t y  No t i ce  (PON) DE-PN01-80CS80000 f o r  a devel -  
opment p r o j e c t  l ead ing  t o  a c losed-cyc le ocean 
thermal energy conversion (OTEC) p i l o t  p l a n t .  I n  
response t o  t h a t  c a l l ,  Ocean So la r  Energy Associ- 
a tes (OSEA),  a consort ium o f  companies dedicated 
t o  the  development o f  t he  OTEC concept, submitted 
a p l a n  f o r  design, cons t ruc t i on ,  deployment, s t a r t -  
up, and opera t i on  o f  a 40 Mwe f l o a t i n g  e l e c t r i c  
oenerat ina D lan t  a t  Punta Tuna. Puerto Rico.  This  

- 

b i e f  rep& w i l l  p rov ide a d e i c r i p t i o n  o f  t h a t  o f -  
f e r i ng ,  and o u t l i n e  OSEA's proposed approach f o r  
making OTEC a successful  r e a l i t y  w i t h i n  f i v e  years.  

The OTEC Concept 

F ig .  1 i l l u s t r a t e s  the  bas ic  concept f o r  gen- 
e r a t i n g  e l e c t r i c i t y  f rom ocean thermal g rad ien ts  
u t i l i z i n g  a se l f - con ta ined  f l o a t i n g  plat form, much 
l i k e  a present-day semi-submersible o i l  d r i l l  r i g .  
The warm ocean sur face water i s  pumped through the  
system, where i t s  heat vapor izes the  working f l u i d .  
Th is  vapor d r i v e s  the  turb ine,  producing power i n  
the  generator,  and then i s  condensed by the  c o l d e r  
water from the  ocean depths. 
f i n a l l y  d i r e c t e d  back t o  t h e  evaporator t o  be r e -  
used. and the water i s  re tu rned  t o  the ocean. This  

The power f l u i d  i s  

~~ 

i s  fundamental ly t he  a p p l i c a t i o n  o f  an organic  Ran- 
k ine  c y c l e  t o  the  task of low l e v e l  heat recovery.  
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F i g .  1 - OTEC Closed Power Cycle 

Puerto Rico As An OTEC S i t e  

F ig .  2 prov ides a s imple schematic i l l u s t r a -  
t i o n  of  t h e  f l o a t i n g  p l a n t  concept. 
of  Punta Tuna as the  OSEA p i l o t  p l a n t  s i t e  i s  a 
n a t u r a l  s tep  i n  the  e v o l u t i o n  o f  an OTEC program 
which began i n  Puerto Rico as e a r l y  as 1965, as a 
r e s u l t  o f  J .  H i l b e r t  Anderson's correspondence w i t h  
Puerto Rican a u t h o r i t i e s  du r ing  t h i s  pe r iod .  A t  
t h a t  t ime, rep resen ta t i ves  o f  t h e  Governor's o f f i c e  
and members of t he  Puerto Rico Water Resources Au- 
t h o r i t y  began a p r e l i m i n a r y  eva lua t i on  of  t h i s  con- 
cep t  which subsequently l e d  t o  s tud ies  by the Uni -  
v e r s i t y  of  Puerto Rico, and u l t i m a t e l y  the  i n c l u -  
s ion  of OTEC i n  the  research programs begun when 

The s e l e c t i o n  
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