
FR
O

M
 T

H
E 

A
R
CH

IV
ES

Find Similar Titles More Information

Visit the National Academies Press online and register for...

Distribution, posting, or copying of this PDF is strictly prohibited without written permission of the National 
Academies Press.  Unless otherwise indicated, all materials in this PDF are copyrighted by the National Academy 
of Sciences. 

To request permission to reprint or otherwise distribute portions of this
publication contact our Customer Service Department at  800-624-6242.

Copyright © National Academy of Sciences. All rights reserved.

Instant access to free PDF downloads of titles from the

10% off print titles

Custom notification of new releases in your field of interest

Special offers and discounts

NATIONAL ACADEMY OF SCIENCES

NATIONAL ACADEMY OF ENGINEERING

INSTITUTE OF MEDICINE

NATIONAL RESEARCH COUNCIL

This PDF is available from The National Academies Press at http://www.nap.edu/catalog.php?record_id=19778

Pages
195

Size
8.5 x 10

ISBN
0309331870

Energy in Puerto Rico's Future:  Final Report (1980) 

Committee on Future Energy Alternatives for Puerto 
Rico; Energy Engineering Board; Assembly of 
Engineering; National Research Council 

http://www.nap.edu/catalog.php?record_id=19778
http://www.nap.edu/related.php?record_id=19778
http://www.nap.edu/catalog.php?record_id=19778
http://www.nas.edu/
http://www.nae.edu/
http://www.iom.edu/
http://www.iom.edu/


959121 P883-t44154 
Energy in Puerto R t co '• Future 
(Ffnal rept) 
National Research Counctl, Washington, DC. 
Corp. Source Codes: 019026000 
Sponsor: Puerto Rico Energy Office, Santurce. 
1980 195p 
Sponsored In part by Puerto Rico Energy Office, Santurce. 
Languages: English 
NTIS Prices: PC A09/MF AOf 
Country of Publication: United States 
�ournal Announcement: GRAI8308 
This Inquiry fnto energy alternatives for Puerto Rico ts 

presented in seven chapters: (1) The setting and the Issues, 
(2) The historical background, (3) Energy demand projections, 
(4) The oil refining end petrochemical industries, (5) The 
electric power system, (6) Energy conservation oppor.tunfties. 
and (7) Renewable anergy sources. 

Descriptors: •Energy; •Puerto Rico; Htstory; Petrolium 
refining; Petrochemistry; Industries; Electric power 

Identifiers: Energy demand; Energy conservation; Renewable 
anergy sources; NTISNASNRC; NTISOE: NTISNASNAE; NTtSNASIOM 

Section Headings: 10A (Energy Conversion (Non-propulstve)--­
Converston Techniques); 97GE (Energy--General) 

Copyright © National Academy of Sciences. All rights reserved.

Energy in Puerto Rico's Future:  Final Report
http://www.nap.edu/catalog.php?record_id=19778

http://www.nap.edu/catalog.php?record_id=19778


"\\ 

Energy in 
Puerto Rico's 
Future A -a rl/vt1 L y/ � 1 '_.,,.� F J 

Final Report 
o f  the 

0�fommittee on Future Energy Alternatives for Puerto Rico 

__ ·.zfaergy Engineering Board 

Ct)\ss embly of Engineering. 
fjCJ.-t ;r-..�.( f 1.:__• �· .-,,,: L. C/-u,• .- I 

NATIONAL ACADEMY OF SCIENCES 
Washington, D . C .  1980 

/_, 1..-

NAS-NAE 

AUG 8 1S60 

LIBRARY 
Copyright © National Academy of Sciences. All rights reserved.

Energy in Puerto Rico's Future:  Final Report
http://www.nap.edu/catalog.php?record_id=19778

http://www.nap.edu/catalog.php?record_id=19778


NOTICE 

The proj ect that is the subj ect of this report was approved 
by the Governing Board of the Nat ional Research Council, whose member s  
are drawn from the Councils of  the Nat ional Academy of  Sc iences, the 
National Academy of Engineering, and the Inst itute of Medic ine . The 
members of the committee responsible for the report were chosen for 
their special competence& and with regard for appropriate balance. 

This report has been reviewed by a group other than the authors 
according to procedures approved by a Report Review Committee con­
s isting of members of the Nat ional Academy of Sciences , the Nat ional 
Academy of Engineering and the Institute of Medicine . 

This study and report were supported under a contract between 
the Off ice of Energy/Puerto Rico and the Nat ional Academy of Sc iences . 

Copies of this publicat ion are available from: 

Office of Energy/Puerto Rico 
Minillas Governmental Center 
North Building , Office P, S top 2 2  
P.O .  Box 4 1089, Minillas Stat ion 
Santurce, Puerto Rico 00940 
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EXECtrriVE S UMMARY 

Puerto Rico , like other areas o f  the world dependent on imported oil 
for energy , is faced with a serious challenge to its plans for contin­
ued economic and social development . An adequate response will require 
the pro gressive t rans formation o f  its energy sector , with s i gni ficant 
repercus sions on its entire economy . The central p roblems of adjust­
ment to  oil price increases aris e from the fact that Puerto Rico ' s  
spectacular economic development since 195 0 ,  and the ways of life 
accompanying the present family incomes and living s t andards , took for 
granted the continuing availability o f  low-cost energy in the fo rm o f  
imported oil .  Now the society must t ry  t o  adj us t t o  higher energy cos ts 
in ways that minimize negative impacts on economic act ivity and employ­
ment opportunities , reduce the downward pressure on living s t andards , 
and contro l the outward flow o f  income in payment for energy import s , 
while contribut ing to a smooth transition to an energy regime free f rom 
excessive dependence on imported o il .  Solut ions to Puerto Rico ' s  
energy problems could s erve as examples of  e f fective energy policies 
for other oil-importing t ropical regions--a large f ract ion of the 
developing nations . 

This committee ' s  inquiry has revealed no panaceas , on either the 
supply or the demand s ide o f  the energy equation.  No s ingle low-cos t 
energy s ource in sight on a s cale sufficient to replace imported oil 
is in sight . MOdest contributions can be made by a variety of  domestic 
resources , which are becoming mo re competitive as the cos t o f  impo rted 
oil continues to ris e .  They include small hydroelectric power proj ects , 
biomass converted to solid or  liquid fuels , s olar water heating,  and 
some use of wind energy . For the medium term, some imported oil can 

X 
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be progress ively replaced by cheaper imported coal , especially for 
generating electricity . The potential of solid and liquid fuels from 
bio mass warrants especially intensive explo ration. In the longer run, 
photovolt aic conversion of sunlight to electricity and ocean thermal 
energy conversion may make contributions . On the demand s ide , like­
wise , there are no easily achievable opportunities for conservation on 
a large s cale , but in all sectors the re are not able possibilit ies o f  
improving energy efficiencies . 

Making the most of  these oppo rtunities , and coo rdinating  the 
responses to the inevitable economic and technical t ransitions in the 
Is land ' s energy situation , may require novel institutional arrange­
ments . The Puerto Rican government ' s  execut ive b ranch should maintain 
a s t rong energy policy agency to bridge gaps between the energy respon­
sibilities o f  other agencies and to fos ter smooth collaboration among 
such agencies on energy matters . 

Puerto Rico , in dealing with its own energy problems , should 
grasp its oppo rtunity to become an international energy laboratory , 
seeking and testing solutions especially appropriate to the o il­
dependent tropical and s ub t ropical regions of the wo rld . The Is land ' s 
geo graphical pos ition and its established energy research and develop­
ment facilities enhance this potential , which should be called to the 
attention o f  agencies and institut ions with inves tments to make in 
accelerat ing development overseas . 

FUTURE ENERGY DEMAND 

This committee prepared two alternative proj ections o f  Puerto Rico ' s  
future energy demand , based on two assumed levels o f  economic activity . 
The proj ections are intended to serve as a b as is for evaluating pros­
pective energy technologies and conservation s trategies . Puerto  
Rico ' s annual GDP growth rate for the higher level of  activity ( Case 
A) is proj ected at 4 . 0 percent in the period 1977-85 , 3 . 8 percent in 
1985-90 ,  and 3 . 7 percen t  in 1990-2000 . For the lower level  ( Case B) , 
The corresponding rates are 2 . 8 percent ( 1977-85), 2 . 6  percent ( 19 85-
90) , and 2 . 5 percent ( 1990-2000 ) . 

The p roj ect ions disaggregate Puerto Rico ' s  energy demand into 
three secto rs : a res idential secto r ,  a t ransportation sector,  and a 
combined indust rial and commercial sector.  The demand proj ect ions 
were broken down further as necess ary for analysis , where the necess ary 
his torical data were available in sufficient detail . For each sector , 
the proj ections give demand es timates for fuel (vi rtually all petro­
leum) and electricity . Thes e estimates reflect energy policies 
already in force or clearly foreseeable , but not additional meas ures , 
such as those recommended in this report . 

xi 
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Electricity Demand 

Resident ial Demand 

Resident ial demand for electric ity in Case A is proj ected to grow at 
a 3 . 8  percent annual rate in the period 1977-85 and 3 . 5  percent in 
1985-2000 , compared with Case B ' s  3 . 0  percent (1977-1985 )  and 2 . 4 
percent (19 85-2000) . With 1977 demand at 3 . 5  billion kWh , these growth 
rates yield demand figures for the year 2000 o f  7. 8 b illion kWh (Case 
A) and 6 . 2  billion kWh (Case B ) . 

Industrial and Commerci al Demand 

Proj ect ions o f  electricity demand in the indust rial and commercial 
sectors reflect assumpt ions about the future prospects of several 
manufact uring catego ries and the combined commercial secto r .  The 
maj or such assumptions are as follows : 

• Refining and pet ro chemicals .  

Case A - PPG Indus tries Caribe chloralkali plant will 
not reopen . 

Case B - In addit ion to Case A ass umption, Oxochem, Puerto 
Rico Olefine , and Caribe Isoprene will not resume operations . 

• Ph armaceuticals . Demand for electricity is est imated to grow 
at the following annual rates : 

Case A - 9 . 3  percent (1978-85 ) ;  6 . 5 percent (1985-2000 ) . 
Case B - 6. 5 percent (1978-85 ) ; 4 . 6  percent (1985-2000 ) .  

• Cement . Demand·for electricity is est imated to grow at the 
following annual rates : 

Case A - 1.2 percent (1978-85 ) ;  1 . 7  percent (1985-2000 ) . 
Case B - 0 . 8  percent (1978-85 ) ;  1 . 3  percent (19 85-2000 ) . 

• Other Indust ry. Growth rates equal to growth in GDP assumed 
for Cases A and B .  

• Commercial s ector .  Demand for elect ricity is proj ected to 
grow at the following annual rates : 

Case A - 3 . 4  percent (1978-2000) . 
Case B- 2.4 percent (1978-1985) ;  2 . 2 percent (1985-2000) 

The resulting proj ected aggregate elect ricity demands in the 
indust rial and commercial sectors for Case A are 2 . 4  percent (1978-
85) and 3 . 4  percent (1985-2000 ) . The corresponding rates in Case B 

xii 
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are 1 . 0  percent (19 78-85) and 2 . 3  percent (1985-2000 ) .  This yields 
total electricity demand estimates for the indust rial and co mmercial 
sector in the year 2000 of 14 . 8  b illion kWh in Case A and 1 1. 4  billion 
kWh in Case B .  

Total Electricity Demand 

The proj ected total elect ricity demands for Puerto Rico are as follows : 

• Case A - 13.6 b illion kWh (1985 )  and 22 . 6  billion kWh ( 2000) 
(respectively about 20 percent and 100 percent incre as es ove r  19 7 7  
sales ) . 

• Case B- 12 . 5  b illion kWh (1985 )  and 1 7 . 6  billion kWh (2000 ) 
(respect ively about 11 percent and 5 7  percent increases over 19 7 7 ) . 

The Puerto Rico Electric Power Authority forecasts 1985 electricity 
generat ion (which exceeds de mand by about 15  percent , due to various 
losses) at 1 7 . 0  b illion kWh. The corresponding values for 1985 in the 
proj ections presented above are 16 . 0  b illion kWh in Case A and 14 . 7  
billion k Wh  in Case B . 

Fuel Demand 

Transportation Demand 

The transportation sector in Puerto Rico is dominated by the automob ile . 
The rate o f  growth in gasoline sales averaged 10 percent per year in 
the five years prior to 19 7 3 ,  and has averaged 3 . 5  percent per year 
since then . In the proj ections , the expected increase in the number o f  
vehicles i s  more than of fset b y  an increase in fuel ef ficiency and a 
decrease in average vehicle-miles driven, so that gasoline sales drop 
4 percent in Case A and 10 percent in Case B by the year 1985 . 
Continued improvements in automobile ef ficiency through the year 
2000 offset the cont inued growth in the automob ile fleet , so that in 
Case A gasol ine demand grows at less than 1 percent per year between 
1985  and 2000 , reaching a level only 8 percent higher than 19 7 7  
demand . In Case B ,  gasoline consumpt ion b y  automobiles levels o ff at 
198 5  values for the rest of  the century . 

Industrial and Commercial Demand 

Industrial and commercial fuel consumpt ion is ass umed to grow at an 
annual rate one percentage point lower than the growth rate in GDP . 

xiii 

Copyright © National Academy of Sciences. Al l  r ights reserved.

Energy in Puerto Rico's Future:  Final Report
http:/ /www.nap.edu/catalog.php?record_id=19778

http://www.nap.edu/catalog.php?record_id=19778


Overall annual rates in Case A are 3.0 percent to 1985 and 2 .7 percent 
between 1985  and 2000 . The corresponding rates in Case B are 1 . 8  
percent a nd 1 . 5 percent . This y ields annual consumption in the year 
2000 of 29 . 1  million barrels of o il in Case A, and 22 . 2  million barrels 
in Case B . 

Total Fuel Demand 

Excluding petrochemical feedstocks , Puerto Rico ' s  oil imports are 
proj ected at 1 2 3  million b arrels (Case A) and 118 million barrels 
(Case B) in 1985 , and 159 million barrels ( Case A) and 137 million b arrels 
(Case B) in 2000 . Internal consumpt ion o f  petroleum is proj ected to 
increase to 6 3-68 million barrels per year by 1985 and to 81-102 million 
barrel s in 2000, from the current level o f  59 million barrels . Even 
at current prices for crude oil , that could imply annual oil import 
costs well in excess of  2 b illion dollars by the year 2000 . 

THE OIL REFINING AND PETROCHEMICAL INDUSTRIES 

In examining the industrial use o f  energy in Puerto Rico , this 
committee found the refining and pet rochemical industries to be  by far 
the largest industrial consumers o f  energy . For this reason , the 
committee investigated the outlook for these indust ries especially 
thoroughly , in terms of their likely impacts on future energy 
demand . The committee did not make recommendat ions about development 
of  these industries , but did reach several conclusions about their 
implications for energy use . Thes e  are summariz ed below . 

Refining 

Refining operations o n  the Island should be  able to  supply both local 
and mainland market s  profitably in the future . There are , however ,  
two problems in this regard : 

• The Jones Act , which requires that goods shipments between 
U . S .  ports (including those in Puerto Rico ) be made in U . S . -registered 
ships , bas increased the cost  o f  transport ing oil products to the 
mainland . The committee believes that the best way to o ffset this 
disadvantage would be on outright exemption for all products refined 
in Puerto Rico . If such an exemption is unavailable , the Puerto 
Rican government should apply to Congress for a s ub s idy suf ficient to 
o ffset the Jones Act disadvantage relative to the maj or Caribbean 
competitors . 
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• Securing adequate supplies of crude o il at a re ason able cos t  
may be a problem, a s  i t  i s  in other oil-importing regions . Improvements 
in the reliab ility of the procure ment system should be undertaken now 
to offset this disadvantage . 

Puerto Rican refineries must look to three principal markets in 
the future : on-island fuel consumption, sales to Puerto Rican petro­
ch emical producers , and mainland s ales of refined products . Island 
refin ers cannot take for granted prot ected markets either at home or on 
the mainland·� Refiners in the Caribbean and Mexico , and even in Europe , 
are poss ible sources o f  compet ition . 

Pet rochemicals 

The compet it ive position of the Puerto Ric an petrochemical indus t ry 
with respect to mainland manuf act urers should improve as the price o f  
domest ically produced oil rises to world levels . Power and transport 
cos t  different ials are unlikely to const itute significant cost  penalties . 

Aro matics production is likely to remain profitable , with the 
prospect of modest expansion in l ine with demand . 

Chloralkali production is not likely to be resumed in the foreseeable 
future . Artificial mar ket advantages due to electricity rate subsidies 
have been ended . 

Olefine, especially ethylene, and olefin derivatives raise crucial 
problems for petrochemical production . The Puerto Rico Olefine (PRO) 
facility , wh ich has been shut down , could be o perated pro fitably if its 
potential o utput of ethylene were matched by a corres ponding demand in 
downstream process ing units . Clos ing the chloralkali plant threatens 
to reduce demand for ethylene by halting product ion of vinyl chloride , 
and existing units pro vide l ittle demand for ethylene . Reopening the 
PRO fac ility will require investment in at least on� maj or ethylene­
consuming f acility . 

Downstream operations , such as plast ics and s ynthet ic f iber produc­
t ion , are unlikely to receive maj or  new invest ment .  These operations 
depend more on local markets than on pro ximity to raw materials ; their 
expans ion will be bas ed on demand growth in Puerto Rico . 

Energy Demand 

Proj ect ions of  future energy demand for refining and petrochemical 
manufacture should be based on the following assumpt ions : 

• Refinery production will increase slight ly , to meet 
additional demand for refined products in Puerto Rico . 

I 
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• Aromat ics production will increase at about the same rate as 
tot al u.s. demand . 

• The PPG Indus t ries Caribe chloralkali plant will remain 
closed . 

• Further balanced development o f  the petrochemical complex will 
require the reopening of the Puerto Rico Ole fine ethylene cracker . 

For ut ility planning purposes , these assumptions imply that suffi­
cient electric power generating capacity to support full operation o f  
the Puerto Rico Ole fine ethylene cracker should be kept available . Any 
change in this outlook should be ant icipated far enough ahead o f  
demand to ad Jus t  operations accordingly . 

THE ELECTRICAL GENERATING SYSTEM 

The Puerto Rico Electric Power Authority operates a large , sophis ticated 
elect ric supply system and is the third largest publicly-owned electric 
utility in the United States (outs ide of federal agencies ) . It accounts 
for close to 40 percent of the Island ' s  energy consumption and is thus 
the prime factor in any examination of Puerto Rico 's energy s ituation . 

Nearly four decades o f  extraordinarily rapid growth in this 
predominantly oil-fired system were sharply interrupted in 19 74 . This 
dramatically altered the utility ' s  financial and operational condit ions , 
rais ing the need for reass essment by its planners and administrators . 
The committee o ffers several recommendat ions , summarized below . 

Maintenance and Reliability 

To improve the reliab ility of electrical s ervice in Puerto Rico , 
PREPA should make a co ·ncentrated e f fort to improve the maintenance and 
availability o f  all s tea�electric generating facilit ies , especially 
the four large units at Aguirre and South Coast . 

So that generating capacity can be mo re smoothly and rapidly re­
placed when �ne of the larger units fails , more quick-res ponse genera­
t ing capacity should be made available by operating the large units 
s lightly below full capacity and refurbishing some gas-turbine generat ing 
unit s . In addit ion , fas t-act ing under- frequency relays should be 
installed to shed noncrit ical loads immediately in case of loss o f  
generation , s o  that priority o f  service can b e  given consumers for 
whom a loss of power has severe economic or safety consequences . 

To i mprove the reliability o f  individual units , PREPA should adopt 
a "unit overall "  maintenance s c hedule (under which every s team generating 
unit would be shut down every three to five y ears for inspection , routine 
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repai rs , and overhauls) . This would replace the present "component 
overhaul" schedule , under which each maj or component is overhauled 
separately , so that every large unit is shut down for several weeks 
each year . 

PREPA also should do disassembly work three shi fts a day, seven 
days a week , whenever a unit is shut down for overhaul, so that the 
overhaul j ob can be assessed as quickly as possib le . The Authority ' s  
maintenance pro cedure should require that rotating elements b e  opened 
for inspection in seven days or fewer. 

Adding New Generating Capacity 

The next large addition to PREPA's bas e  load generating capacity mus t  
b e  fired with coal, supplies o f  which are less expensive and in the 
long run more secure than those of oil , which now fuels 99 percent o f  
the system's  generation. Added hydroelectric capacity, as well as a 
variety of less conventional alternatives such as solar and wind­
powered generation, will make contributions in this century, but cannot 
obviate the need for a large conventional generating unit in the 1980 ' s .  

The comadttee reaffirms the conclusion in its interim report that 
the nuclear option should be preserved as a possible component of  
Puerto Rico ' s  future electric power sys tem. However, cons iderations 
o f  both s cale and timing rule it out for the next maj or addition to 
the Island' s generating capacity . 

The comadttee concludes, on the basis of these and such other 
considerations as the likely growth in load, that the Electric 
Power Authority should continue on a course that would permit a new 
coal-fired, 300 megawatt unit to be brought on line by 1986 if needed . 

Financing 

To improve internal cash generation , which in recent years has rarely 
been large enough to cover even routine construction expenditures , 
electricity rates should be increased enough to raise about $60 
million ( in 19 79 dollars) per year, in addition to increases needed to 
cover rising fuel, labor, and operating cos ts . During the fis cal 
year ending June 30 , 1979 , PREPA had to borrow $69 million merely to 
operate and make routine capital inves tments . The outlook for fiscal 
1980 shows no improvement . Net borrowings are proj ected by PREPA at 
$104 million, again without maj or capital additions . 
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ENERGY CONSERVATION OPPORTUN ITIES 

Puerto Rico is subj ect to many of the s ame incentives to conserve 
energy as the mainland , in general more intensely than most areas of 
the mainland. St rong energy conservation meas ures will be essential 
to sound economic growth and assured energy supply , in Puerto Rico as 
elsewhere in the oil-consuming world.  

The most s ignificant opportunities for energy conservation policy 
in Puerto Rico are p robably in t ransportation planning. A dual pol icy 
of improving public t ransportation and impos ing penalties on ineffi­
cient use of automob iles can have large benefits at fairly reasonable 
cos t . 

In buildings the opportunities are not so great , because Puerto 
Rican homes do not generally use much energy by mainland standards . A 
number of simple conservation measures can be undertaken by the owners 
and occupants of residential buildings to increase comfort and lower 
air-condit ioning loads , but only the simplest are generally cost­
effective at current electricity rates . Commercial and indus t rial 
buildings also offer modest opportunities for s avings . The residential 
rate subsidy for households consuming less than 42 5  kWh per month 
o ffers an especially clearly inaccurate cost signal to consumers , and 
thus an inadequate incentive to conserve .  Re form of this subsidy 
deserves a high priority . 

Electricity rate reform can be an effective instrument for energy 
cons ervation . MOst of the Puerto Rico Electric Power Authority ' s  rates 
are charged under declining block structures , which give consumers a 
false picture of the cost of service . Since the cost of service in 
most cases rises with increas ing consumption, such structures should be 
abandoned . 

Cogeneration of electricity and useful heat offers the potential 
for substantial energy savings on the Is land , in indust ry  and else­
where . The refining, pet rochemical , and sugar industries hold most of 
the potential for cogeneration . Resort hotels are also serious candi­
dates . The planning and institutional b arriers to cogeneration , however ,  
are imposing. 

RENEWABLE ENERGY SOURCES 

Puerto Rico appears to offer especially favorab le conditions fo r 
several renewable energy technolo gies . This committee appraised the 
p rospects of the main candidates in this field . Its findings , summar­
ized below , should not be taken as predictions of the future , although 
they do indicate the probab le relative priorities to be accorded these 
technologies in the near term. Unexpected technical advances could 
permit higher rates of application than those given here , and the 
Puerto Rican government should remain alert to progress in research 
and development . 
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Biomass energy cropping, based on the sugarcane indus try , and 
solar water heating appear to be the mos t important renewable energy 
sources for the medium term ; between them they could displace perhaps 
percent of Puerto Rico ' s electricity needs by the year 2000, and as 
much as 5 percent o f  the Island ' s fuel consumption . Lesser contribu­
tions may be made by wind-powered electricity generation, ocean 
thermal energy conversion, hydroelectric power,  and solar photovoltaic 
energy conversion . 

Biomass 

Biomass cropping, to contribute as much as 10 percent o f  the Island ' s 
electricity , would probably have to use about as much land as the 
present sugarcane industry , o r  90, 000 acres . Such an indus try , when 
mature , would likely produce both bagas se as a fuel for electric 
power plants and ethanol as a beverage and motor fuel .  The engineering 
problems are fairly straight- forward , and the economics appear to 
warrant further evaluation . 

We recommend that the Puerto Rican government obtain an independent 
land-use analysis to help determine the best use o f  Puerto Rican 
agricultural resources , with biomass cropping as one o f  the possibilities . 
To provide data for this study , a qualified engineering firm should be 
retained to develop a plan for a pilot-s cale facility , in enough detail 
to identify the technological problems and estimate the costs and 
energy balances o f  a full-s cale system. 

If the results of the studies are encouraging, the Puerto Rican 
government should serio us ly consider es tablishing a pilot 10-20 megawatt 
generating plant , with the intensively managed cane fields needed for 
year-round operation (about 1, 750-3 , 500 acres) . 

Further funding o f  fermentation and dis tillation research at the 
Agricultural Experiment Station ' s Rum Pilot Plant should be aimed at 
more efficient, less cos tly methods o f  manufacturing fuel ethanol .  

Solar Water Heating 

By the year 2000 , the contribution of solar water heating might dis­
place the equivalent of about 1 percent of total electricity generation ; 
the contribution to industrial heating will likely be greater,  with 
savings amounting to almost 1 percent of the Island ' s fuel consumption. 
Collectors for the Puerto Rican climate could be s imple and inexpensive 
compared to thos e that would be used in most o f  the mainland . 

High priority should be given to the formulation and maintenance 
o f  a p rogram o f  financial and other incentives , which should be revised 
as the economics of solar water heating change in the coming decades . 
The present hi gh interest rates suggest that special low-interest 
financing would be especially helpful . 
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Wind Energy 

Wind energy can supply perhaps 1 percent o f  Puerto Rico ' s  electricity 
by the year 2000 , if the large wind turb ines now under development 
become commercially available by 1985 and a number of practical s ites 
can be identified . 

Data on the winds in Puerto Rico are very l imited . A detailed 
survey could identify favorable s ites . Ins truments should be installed 
at some of the most promis ing s ites to obtain wind velocity data at 
elevat ions appropriate to modern wind turbines . 

Hydroelectric Generation 

The hydroelectric contrib ution , if expanded by adding new generating 
facilit ies and reviving capacity lost during the las t decade , would 
amount to about 1 percent of the estimated demand in 2000 . However,  
the electric power thus produced represents a direct dis placement of 
very expens ive fuel oil , so a vigorous effort to expand hydroelectric 
production is likely to be cost effective in the long run . 

On this bas is we support the act ion of PREPA, which has begun to 
s tudy the feasib ility of react ivating some ret ired capacity . We also 
recommend that the feasib ility of adding additional hydroelectric 
capacity be reviewed in light of recent increases in world oil costs . 

Photovoltaic Systems 

In this committee ' s  view, given the uncertain prospects of meet ing 
the federal cost reduction goals for photovoltaic sys tems , it would be 
wise to plan on the bas is of at leas t a five-year delay , so that 
large scale photovoltaic installat ions would not become commercially 
feasible unitl nearly 2000 at the earliest . Under this assumpt ion 
photovoltaic systems will make no appreciab le contribution to Puerto 
Rico ' s  energy needs before the year 2000 . Since Puerto Rico offers 
favorable conditions for applying such systems if and when maj or 
breakthroughs take place , technical progress should be monitored , and 
Puerto Rico should participate in the federal experimental program . 

Ocean Thermal Energy Convers ion 

The OTEC concept is at an early stage of development and mus t be 
regarded as expens ive and risky at present . With other forms of solar 
energy the uncertaint ies are mainly whether cost  goals can be met ; 
with OTEC there is the dis tinct possib ility that l it tle net usab le 
power may be produced . If OTEC proves commercially viable it will 
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1 THE SETTING AND THE ISSUES 

Puerto Rico, like other areas of  the world dependent on imported o il 
for energy, is faced with a serious challenge to its p lans for con­
tinued economic and social development . An adequate response will 
require the progressive transformation of its energy sector, with 
significant repercussions on its entire economy . 

Compared with many developing countries that, like Puerto Rico, 
lack fossil fuels and water power, the Island is more industrialized 
and enjoys a much higher s tandard o f  living . Its p er capita energy 
consumption is greater than that of Italy, for example, and much greater 
than that of any oil- impor ting developing country . Unlike most indus­
trial nations, which use varying proport ions of coal, natural gas, 
water power, and nuclear energy, Puerto Rico depends almost totally on 
oil to meet it s energy requirements . The impact o f  sharply higher oil 
prices is correspondingly severe.  

Puerto Rico, like New England, possesses no proven reserves o f  o il, 
gas, or coal and only modest resources o f  water power . It has the 
advantage over New England of not requiring fuel for space heating, but 
the disadvantage of an isolated electric power system that is too small 
at present for the introduction of nuclear power and is unable to draw 
on the output of neighboring systems . On the other hand, Puerto Rico ' s 
location in the tropics could facilitate the use of solar energy in its 
various directly and indirectly exploitable forms . 

The central problems of adjustment to oil price increases arise 
from the fact that Puerto Rico ' s  spectacular economic development 
since 1950, and the lifestyles accompanying the rapid improvements in 
family incomes and living standards, took for granted the continuing 
availabil ity of low-cost energy in the form of imported oil . Cheap 
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energy , however , was not the maj or factor in a large part o f  the indus­
trial expans ion that spearheaded the Island ' s development . On the 
contrary , mos t  indus trial employment in Puerto Rico has been in manu­
facturing areas that rely on available labo r but are not especially 
energy-intensive . In fac t ,  before 1973 industrial energy prices were 
somewhat higher in Puerto Rico than in compet ing mainland regions o f 
the Uni ted S tate s ,  especially those with cheap natural gas . The one 
out s tanding excep t ion--very important in terms of the value of it s 
output but less so in terms o f  employment--was the oil ref ining and 
petrochemical complex, based on an artificial price advantage over 
comp etitors due to quotas on o il imports to the mainland , which ended 
in 1974 . For that sector , as discussed in Chap ter 4 ,  the realistic 
challenge for the rest o f  this century is  to ensure survival at or 
near it s present scale;  expans ion beyond basic improvements in the 
produc t  balance of  the petrochemical complex is unlikely . 

For the rest o f  the economy--other l ines o f  indus t ry ,  commerce, 
t ransportation , tourism, agriculture , cons truct ion , and household 
act ivit ies-- the challenge is adj ust ing to higher energy costs in ways 
that minimize their negative impacts on economic activity and emp loy­
ment opportunities , reduce the downward pressure on living s tandards , 
and control the outward flow of  income in payment for energy imports . 
The goal is  a smooth trans ition to an energy regime that does not rely 
unduly on imported oil . Effec t ive solutions to Puerto Rico ' s  energy 
problems could serve as examples of  effective energy pol ic ies for o ther 
o il-importing trop ical regions--a large fract ion of the develop ing 
nations . 

Our inquiry into energy alternatives f or Puerto Rico has revealed 
no panaceas , on either the supply or demand side o f  the energy 
equa t ion . There is in s ight no s ingle low-co st energy source on a 
scale suff icient to replace imported o il by the year 2000 . However , a 
variety of  domes tic resources , becoming newly competitive as the cos t 
of  imported o il r ises , can make modest contribut ions . These include 
small hydroelectric proj ects , b iomass conver ted to so l id or l iquid 
fuels , solar water heating , and possibly some use of wind energy 
( Chap ter 7) .  B iomass conversion appears to warrant especially inten­
s ive further r esearch . In the longer run , contribu t ions may be made 
by pho tovoltaic conversion of sunlight to elec tr icity and by ocean 
thermal energy conversion . Puerto Rico offers  esp ecially attract ive 
condi t ions for the latter , if the technology can be made a net energy 
producer without inordinate capital costs . 

On the demand side , there are no eas ily explo itable opportunities 
fo r conservat ion on a large scale, but there are notable possibilit ies 
for making the basic p roblem of higher energy costs  more manageable 
through improved eff iciency in energy produc t ion and use .  Thes e improve­
ments , outlined in Chapt er 6 , apply to the four maj or sectors o f  
ene rgy consumption--households , transportation, commerce , and industry-­
and include some po ssibilities for cogenerat ion of electric ity and 
use ful lower temperature heat at high efficiency . 

Copyright © National Academy of Sciences. All rights reserved.

Energy in Puerto Rico's Future:  Final Report
http://www.nap.edu/catalog.php?record_id=19778

http://www.nap.edu/catalog.php?record_id=19778


3 

Puerto Rico will of  course share in benefits from nat ional energy 
development that makes use of the large continental resources of coal, 
oil shale, and heavy oils . Puerto Rico will also be a direct partici­
pant in any nat ional policies that promote direct or indirect use of 
solar energy and encourage or require conservat ion . The continuing 
uncertainties concerning such measures--their application , the timing 
and character of their results ,  and their relative costs--are such 
that Puerto Rico would be well advised to make resiliency a central 
feature of its energy policies . A number of options should be kept 
open wherever possible, and irrevocable commitments should not be made 
prematurely, though Puerto Rico cannot await national action before 
moving to ease its own energy problems . 

The Puerto Rican economy is closely integrated with that of the 
United States mainland through trade, finance, investment, tourism, 
and gpvernmental transfer payments .  Puerto Rican economic con­
ditions, and the related demands for energy, are heavily dependent on 
the economic prospects for the nation as a whole , and Puerto Rican 
energy policies are similarly intertwined with those at the national 
level . This committee has based its work on j udgments of plausible 
expectations concerning nat ional economic and energy developments , and 
has concentrated its attention on policy areas unique to Puerto Rico 
or within the direct control of the Puerto Rican authorities . 

To provide a basic quantitative framework, within which policy 
j udgments can be made and priorities set , the committee prepared a 
range of proj ect ions of energy requirements in the years 1985  and 2000, 
based on energy consumption in each economic sector in 1977 ( Chapter 3) . 
These proj ections reflect an awareness that Puerto Rico ' s  future energy 
requirements will be influenced by a wide range of economic , social , 
and political decisions that will affect populat ion size, migration 
(both in and out) , labor force partic ipation, housing, agricultural 
and industrial investment and development , and tourism. 

Energy pol icies should be designed so that they do not unduly 
constrain economic development that is otherwise feasible and 
desirable .  Some constraints result ing from the higher costs o f  imported 
oil are unavoidable . At the same time ,  if investments in alternative 
sources of energy or in energy conversion to electricity or liquid 
fuel are too far ahead o f  demand, they could absorb a large fract ion 
of the Island ' s  available cap ital and impo se excess ive and unnecessary 
constraints on o ther economic activities . Delicate j udgments will 
be required to gear energy supply capacity to demand pro sp ects . That 
principle is of  special importance in regard to electricity supply ,  
where long lead times are involved in planning and construc t ing new 
capacity and where cap ital requirements account for a large port ion 
of Puerto Rico ' s  bond market f inanc ing ( Chapter 5 ) . 

The evolution of Puerto Rico ' s  economy over the next two decades 
is exceptionally d ifficul t to forecast with confidence . Structural 
changes already underway will affect the nature of further industriali­
zation, the future of agricul ture , the s ize and character of the labor 
force, and other aspects of the economy . The twenty years from 1 980 
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to 2000 are unlikely to be a repet it ion of 1955 to 1 975 , the era o f  
Puerto Rico ' s  most rapid economic growth . The energy s ituation itself 
is one impor tant source of change , s ince the o il ref ining and petro­
chemical industr ies have lost their favored market posi t ions . The 
full application of mainland minimum wage laws could discourage some 
categories of industrial investment . Identifying and attrac t ing indus­
tries that combine desirably low energy consump tion , high value added , 
and requirements for substantial numbers o f  skilled and semi-skilled 
workers will require spec ial efforts . 

Perhaps the largest source of uncertainty concerns the economic 
prospects  o f  the mainland United States , which is the principa l market 
for Puerto Rico ' s  indust ry . In the near future , some degree o f  
economic recess ion , perhaps with a modes t slackening of  inflat ion , is 
forecast ,  but expecta t ions of its magnitude and duration are very 
diverse . In the longer run, the combinat ion o f  demographic s lowdown, 
reduced productivity growth, environmental and regula tory constraints ,  
anxiety over inflationary pressures , and much higher energy costs 
is expect ed to produce slower overall economic growth than in the post­
war decades . In that event ,  Puerto Rico will face an even greater 
challenge in f inding industrial spec ialties with larger than average 
opportunities for expansion, so as to maintain its post-war record of  
overall and per-cap ita growth rates higher than tho se o f  the mainland . 

Another important variable is the siz e  o f the labor force in 
Puerto Rico--a func t ion of populat ion growth, net migrat ion, and degree 
of participation . Populat ion growth is st ill higher than on the main­
land, although falling rapidly . However , the greatest uncertaint ies 
concern the likel ihood o f net migrat ion either to or from the Island . 
High unemployment has been a chronic feature o f  the Puerto Rican 
economy and a central concern of development policy . I f  slower main­
land growth reduces employment opportunit ies there, the pressures on 
Island labor markets will become more severe , with potent ial reper­
cuss ions on public pol icies and ult imately on energy needs . 

In point ing out this wide range of uncertaint ies , the committee 
is not evading its mandate to survey the energy alternat ives fac ing 
Puerto Rico over the rest o f  this century and to recommend act ions in 
the energy sector . Our energy demand proj ect ions are based on expl ic it 
or imp lic it assumpt ions concerning economic developments and pol ic ies 
outside the area of energy . It is clearly not the funct ion of this 
committee to develop overall economic and social plans and programs 
for Puerto Rico . Nor is it our func t ion to recommend basic energy 
policies in t he United States tha t  would have desirable impact s  on 
Puerto Rico . Without los ing s ight of these broader interconnec t ions , 
however , we have tried to identify energy pol ic ies that can be pur­
sued by the Government o f  Puerto Rico and that would contribute most 
effec t ively to Puerto Rico ' s  continued economic and social progress . 

The analys is and recommendations in the following chap ters cover 
all the principal components of Puerto Rico ' s energy problems : 
demand project ions ;  the o il r ef ining and petrochemical industr ies ; the 
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electric power system and conventional fuel options;  energy conservat ion 
opportunities;  and renewable energy sources . In addition to its 
findings in these areas , the committee wishes to call attention to two 
institutional matters that transcend the specif ic energy supplying or 
consuming sectors . 

The first o f  these matters is the importance o f  a strong energy 
policy agency at a high level in the execut ive branch of the I sland ' s  
government .  In the coming transition to new forms o f  energy supply 
and use ,  many issues will fall outside the normal respons ibilit ies 
of established agencies or require novel kinds of collaboration among 
agencies . Examples include multi-purpose use of reservoirs , pro­
duction of electric ity or fuel alcohol from biomass, arrangements for 
cogeneration of electricity and process heat or commercial refriger­
ation, and improved energy efficiency in cooling build ings and in 
transportat ion . In addition, a flexible technological response to 
higher energy costs requires active monitoring o f  energy research and 
development . For these reasons , the committee believes it highly 
desirable that the Off ice o f  the Governor maintain a technically 
qualified energy agency as a permanent feature . 

The second recommendation concerns the spec ial opportunit ies for 
energy research and development related to Puerto Rico ' s  geographical 
situat ion . Many develop ing countries share with Puerto Rico both the 
problem of dependence on increasingly expensive imported o il and 
cond itions o f  soil and climate that appear especially conducive to the 
direct or indirect use of solar energy . At the same t ime, Puerto Rico 
posse sses a universi ty of high quality and a strong base for bo th 
academic and commercial research and development , including ready access 
to the corresponding resources on the mainland . The Island should con­
sequently be an espec ially desirable s it e  for research on energy supply 
and conservat ion opportunit ies appropr iate to tropical condit ions , 
which could be o f  benef it to neighboring Caribbean and Latin America 
countries and also to many parts of Asia and Africa . The committee 
believes that these special advantages should be called to the atten­
tion o f  agencies and institutions concerned with accelerated develop­
ment overseas ,  such as the Agency for Int ernational Development ,  
the World Bank, and the Inter-American Development Bank . 
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2 THE HISTORICAL BACKGROUND 

Unt il the 1950 ' s , the Puerto Rican economy was based on agriculture . 
In 1955 , manufacturing surpass ed agriculture as an income generator 
as a result o f the Puerto Rican government ' s  indus t rial incentives 
pro gram, "Operation Boots t rap . " Under this pro gram the Puerto Rican 
government o ffered long term exempt ions from income , property , and 
other local taxes to companies establishing operat ions on the Island . 
These inducements ,  coupled with exemp tions from federal co rporate 
income taxes , wages appreciably lower than on the mainland , and an 
active promotional campaign ,  s timulated a remarkable growth in the 
manufact uring sector and in the Island ' s economy as a whole . Between 
1950 and 19 78, Puerto Rico ' s  gross domest ic product (GDP ) , meas ured 
in cons tant dollars , increased more than five fold,  with an average 
annual growth rate o f  6 . 0  pe rcent , compared to a rate o f  3 . 6  percent 
for the United States as a whole . In 1950 , agriculture accounted for 
18. 2 percent of the GDP and manufacturing for only 1 6 . 5  percent ; by 
1 9 78,  the co rresponding shares of the much larger total were 2 . 8  
percent for agriculture and 34 . 7  percent for manufacturing. ! 

This ext rao rdinary expans ion was slowed in 19 74 and tempo rarily 
reversed in 19 75 , when economic growth was negat ive for the firs t t ime 
in Puerto Rico ' s  modern his to ry .  The setback was in part due to the 
OPEC-directed rise in the world price o f  oil , which eliminated the oil 
cos t advantage enj oyed by Puerto Rico ' s  oil re fining and petro chemical 
indus tries , and in part a reflection o f  the recess ion on the United 
States mainland , which curtailed tourism and Puerto Rican exports . 
These factors were aggravated by a decline in the cons truct ion indust ry  
due t o  overbuilding in p rior years . A modest economic recovery took 
place between 1976  and 1 9 79 , b ut with growth rates substantially b elow 
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the record levels o f  the late 1960 ' s  and early 19 70 ' s . l 

In 1966, the Govemo r o f Puerto Rico asked the National Research 
Council to undertake a broad study o f  the Island ' s  options in its 
struggle to create a prosperous society, with emphas is on the use o f  
science and technolo gy. The primary conclus ion o f  the study, pub­
lished in 1967, 2 was that Puerto Rico must commit itsel f to increased 
productivity . Such a commitment, according to the report, would re­
quire developing a skilled work force, introduc ing new production­
increasing innovations , and shi fting to new production areas . 

These recommendations reinforced already exist ing t rends, from 
labor-intensive to more capital-intensive indust ries . Impress ive 
gains had been made in manufacturing, exports, and employment during 
the 1950 ' s  and 1960's. In the manufacturing secto r, the shares o f  
such t raditional industries as food processing, clothing,  and fumi­
ture manufacture fell sharply as the manufactures o f  pro fessional and 
scientific ins truments, elect rical machinery, metal products ,  petro­
chemicals , pharmaceuticals, and petroleum products assumed dominance . 
By 1978, these six industries accounted for 56 percent o f  total manu­
facturing output (27  percent in pharmaceuticals alone) ,  compared with 
only 2 3  percent in 1960. Labor-intensive indus t ries such as food 
processing and the manufacture o f clothing; textiles ; and leather, 
wood, and tobacco products were still important, but their share had 
fallen from 60 to 32 percent of manufacturing output and from 70 to 
52 percent o f  employment in manufacturing. ! 

PETROLEUM REFINING AND PETROCHEMICAL INDUSTRIES 

Although the pet roleum refining and petrochemical indus tries contri­
buted a little less than 10 percent to Puerto Rico ' s  gross domest ic 
product in 19 78, they consumed more than 20 percent o f  the Island ' s  
electricity . l, 3 They are thus very important influences on Puerto 
Rico's future energy demand. The outlook for these industries and 
its implicat ions for energy demand are discussed in Chapter 4 .  

The establishment of  these indust ries in Puerto Rico depended on 
two maj o r  competitive advantages . The firs t  was access to feedstocks 
at low cos ts . Until the 19 74 OPEC price rise, foreign crude and 
unfinished oils (naphtha) were less expensive than domestic supplies 
in the United States . Oil imports by mainland refiners were limited 
by federal quotas under the Mandatory Oil Import Pro gram (MOIP) . 
Naphtha for processing into petrochemicals generally could not be 
imported at all on the mainland . Any firm able to import these products 
outside the quotas therefo re enj oyed a s ignificant cost  advantage . The 
federal govemment had amended the MOIP in 1965 to exempt Puerto Rico 
from these limitations . Puerto Rico thus could obtain crude oil at 
about $1 . 25 per barrel less than the mainland price , a cost advantage 
o f  about 30 percent . 4, 5 
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Special tax concess ions were the other advantage a Puerto Rican 
locat ion offered indus try .  The Puerto Rican government o ffered long 
term exemptions from income , property , and other local taxes to companies 
establishing operations in Puerto Rico . With the exemption from federal 
corporate income taxes accorded by Section 9 31 o f  the United States 
Revenue Code , this provided a very attractive investment climat e .  

Att racted by thes e  incentives and encouraged b y  a s t rong United 
States econo� , the refining and petrochemical indus t ries in Puerto 
Rico expanded rapidly in the 1960 ' s  and early 1 9 70 ' s .  About 60 percent 
of the fuels produced were consumed on the Island , but most o f  the 
petrochemicals were shipped to the mainland . In the peak year 19 7 3-74 , 
these two indust ries accounted for 1 3 . 2 percent o f  Puerto Rico ' s  
manufacturing output and 4 . 6  percent o f  manufacturing employment . By 
1978,  the share in output had b een reduced to 9 . 3  percent , but the 
employment share had increased s light ly to 5 . 0  percent . 

The export of  large amounts o f  bas ic petrochemicals was looked 
upon as a short term transitional phase in the growth of Puerto Rico ' s  
petrochemi cal indus try . The long term plans o f  the Puerto Rican 
government and o f  the indust ry were to develop downs tream facilit ies 
for processing these bas ic chemicals , ultimately into pet rochemical� 
based consumer items . Downs tream indus tries provide more employment 
per unit o f  output than basic petrochemical production and generally 
involve subs tantially more value added . Furthermore , downstream 
process ing industries tend to raise fewer environmental problems than 
bas ic petrochemical facilities . 

These operat ions were expected to be  maj or s t imuli to the Is land ' s  
econo� . However , after the 1 9 7 3  embargo and the subsequent fourfold 
increase in the price of imported oil , the Puerto Rican cos t advantage 
in refining and petrochemicals was los t .  Fo reign oil became more 
expensive than domest ic oil , and the controlled prices of petroleum 
products sold in the U . S .  market were below world market levels . 
Inves tment in these indus tries in Puerto Rico virtually ceased .  The 
companies involved experienced grave financial difficulties , and several 
plants were closed . 

Without help from the federal government , the Puerto Rican oil 
refining and pet rochemical indus tries would almos t certainly ceased 
operations . The principal federal act ions were as follows : 

• Inclus ion o f  Puerto Rico in the entitlements program des igned 
to equalize crude oil cos ts among all mainland United States refiners . 
(Although this pro gram has accomplished its obj ect ive and crude oil 
costs  with entitlements are essent ially the same in Puerto Rico as 
those on the mainland , the Is land ' s  former cos t advantage relative to 
the mainland has been los t . )  

• Inclusion o f  naphtha imports into Puerto Rico in the federal 
entitlements program. (This only partially o f fsets the cos t  differential . 
As o f  December 1 ,  1 9 7 8 , Puerto Rico ' s  pet rochemical indus try paid a 
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raw material cos t penalty o f  about $5 . 00 per barrel relative to the 
mainland . ) 4 

• Waiver o f  import license fees o f  21 cents per barrel on 
crude oil and 63 cents per barrel on naphtha . 

A supplemental import fee o f  $2 . 00 per barrel was imposed by the 
federal government in mid-19 7 5  but was dis cont inued at the end o f  that 
year.  A s imilar $2 . 00-per-barrel fee on imports o f  crude oil and 
naphtha was then imposed by the government o f  Puerto Rico , with a rebate 
for products consumed o f f  the Island . The fee was eliminated July 1 ,  
19 7 8 .  (This action reduced the cos t o f  fuel oil to the Island ' s electric 
utility , which made a co r§e�ponding reduction . in the fuel adj us tment 
charge to its cus tomers . )  • 

THE ELECTRIC POWER SYSTEM 

The rapid growth in the Puerto Rican economy was accompanied by a 
corresponding increase in the demand for electric power .  This demand 
was met by the Puerto Rico Electric Power Authority (PREPA, fo rmerly 
the Puerto Rico Water Resources Authority , or PRWRA) --the government­
owned ut ility company that produces and dis trib utes virtually all 
electric power in Puerto Rico . PREPA has grown since its establishment 
in 1941 from a small system in which three-fourths o f  the power was 
produced by hydroelectric facilities to the third largest public power 
sys tem in the United States (excluding federal agencies ) .  Ninety-nine 
percent o f  PREPA' s power is provided by oil- fired generating units . 

Growth o f  Electric Generat ing Capacity 

During the pas t four decades the product ion o f  electric energy in Puerto 
Rico , as shown in Figure 1 ,  increased more than a hundred- fifty- fold.  
The average annual growth rate was about 14 percent until the sharp 
es calat ion in o il prices and U . S .  recession in 19 74-19 75 . Figure 2 
compares the growth in generating capacity with the growth in annual 
peak load for the period 1 9 35 through 1978 . During mos t o f  this period ,  
the WRA was able t o  provide enough new generat ing capacity t o  maintain 
a reserve margin o f  about 40 percent . 

Also plotted in Figure 2 is a curve showing the growth in the 
Puerto Rican gross product indexed to the year 1950 . The rate o f  
increase o f  new capacity was more than twice the economic growth rat e ,  
showing that , a s  o n  the mainland , the society was becoming much more 
intens ive in its use o f  elect ricity . 

In the mid-1960 ' s  the rapid increas e in elect ricity consumpt ion 
and the expected continuation of rapid industrial growth induced the 
Puerto Rican authorities to begin a maj or expans ion o f  generat ing 
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Figure 1 Puerto Rico Water Resources Authority electricity product ion , 
1935-19 7 8 ,  in billions o f  kilowatt-hours per year (U . S .  Army 
Corps of  Engineers . 1 9 7 7 . Ponce Regional Water Resources 
Management Study . Appendix D: Technical Appendix,  Part VI 
(Hydroelectric Power Potent ial) .  Report prepared for the 
Jacksonville Dis trict and the Government of Puerto Rico ; 
Puerto Rico Water Resources Authority . October 1976  through 
December 19 7 8 .  General MOnthly Reports . Production Divis ion . 
San Juan . ) 

Copyright © National Academy of Sciences. All rights reserved.

Energy in Puerto Rico's Future:  Final Report
http://www.nap.edu/catalog.php?record_id=19778

http://www.nap.edu/catalog.php?record_id=19778


1 ,000 

1 00  

1 0  

1 
1 930 1 940 

... 
II 

lil CJ) ... 
Q. 
c 
CJ 

11 

1 950 

Puerto Rico Groa 
Do!Mitic Product 

1 960 

F I SCAL YEAR 

Figure 2 Puerto Rico Water Resources Authority total ins talled capacity 
and peak load , 1935-19 78 ,  in megawatts per year ; Puerto Ri can 
gross domestic product , in index form with 1950 value set at 
100 (U . S .  Army Corps of Engineers . 1 9 7 7 . Ponce Regional 
Water Resources Management Study . Appendix D :  Technical 
Appendix , Part VI (Hydroelectric Power Potential) . Report 
prepared for the Jacksonville Dis trict and the Government o f  
Puerto Rico ; Puerto Rico Water Resources Authority . October 
1976 through December 19 7 8 .  General MOnthly Reports . 
Production Division . San Juan. ) 
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capacity . This pro gram included the cons t ruction of the four largest 
units in the Island ' s  system ,  all oil-fired steam plants ; South Coast 
units 5 and 6 (410 megawatts each)  became operational in 19 72 and 19 7 3 ,  
and Aguirre units 1 and 2 (450 megawatts each) became operat ional in 
19 75 . It  also included two 300 megawatt  comb ined-cycle units at the 
Aguirre s ite , which came on line in 19 7 7 .  

The expans ion pro gram o f  PREPA also included plans for the const ruc­
tion o f  a 614 megawatt  nuclear generating plant . A cont ract for this 
plant was initiated in 19 70 .  It would have b een the firs t maj or nuclear 
power p lant in Puerto Rico and the firs t  maj o r  plant not fueled by 
pet roleum. (The utility had some operat ional experience with a small 
U . S .  Atomic Energy Commiss ion nuclear demonst ration plant known as 
BONUS . ) 6 Delays were experienced in obtaining a licensed s ite and the 
startup date was expected around 1980 . 

Unfortunately , the sharp rise in oil prices and the accompanying 
leveling o f f  in electricity consumption o ccurred j us t  as the expansion 
pro gram was nearing completion . The oil- fired units were completed , 
b ut installation o f  the nuclear plant was de ferred . Elect ricity 
consumption has increased only about 3 percent annually s ince 19 75 , 
and with the completion o f  the comb ined-cycle units in 19 77  the total 
capacity of the PREPA system came to about 4 , 200 me gawatts . The reco rd 
peak load (September 1978)  is 2 , 05 7  megawatts , giving the sys tem a 
reserve capacity margin o f  more than 100 percent . (See Figure 2 . ) 

Subs idies to Consumers 

In 1967 , as an attract ion to maj o r  indust rial cus tomers , Puerto Rico 
enacted Public Law 82 , under which PRWRA was authorized to negotiate 
special contracts at lower than standard rates . 4 These subs idies are 
financed from general revenues and are a charge on the Puerto Rican 
b udget . 7 When the cos t  o f  fuel ros e  in 1974 , the increased expense 
to the utility exceeded the available subs idy o f  $ 3 . 0  mill ion . Accord­
ingly , the cont racts were adj usted to ref lect the higher fuel costs , 
and fuel adj us tment charges were added .  Revenues , howeve r ,  s till fell 
short of  cos ts in some cases . For example , the average special rate 
charged petrochemical plants was 2 . 66 cents per kilowatt-hour in 1978  
(as  compared to 5 . 14 cents per kilowatt-hour fo r other manufacturing 
indus t ries ) . ! The average p roduction cos t in 19 78 was 2 . 82 cents per 
kilowat t-hour . 3 However , in 1 9 79 only two Public Law 82 cont racts 
remained in e f fect ; these expire in 19 81 and no new ones are planned .  

Capital cos ts for rural electri fication have been reduced through 
low interest loans from the federal Rural Electrification Adminis trat ion . 
There is a small subs idy from Puerto Rico general revenues , amounting 
to about $2 million per year , for maintaining dis trib ution lines in 
rural areas . 

The larges t subs idies fo r electricity were introduced in 1 9 74 to 
o f fset the sharp inc rease in oil p rices . For any res ident ial cus tomer 
us ing less than 425 kWh in any month , the rates exclude the fuel 
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adj ustment charge o n  the firs t 400 kWh . Th e  di f ference i s  paid out o f  
funds approp riated b y  the Puerto Rican government . About 7 0  percent 
of resident ial cus tomers have qualified for this s ub s idy ,  which is 
automatically increased as the price o f  oil continues to rise . The 
record s ince the subsidy was introduced in mid-19 74 , and PREPA ' s most 
recent proj ections through 1985 , are summarized in Table 1 .  The 
implicat ions of  this subs idy for energy conservat ion obj ectives and 
our recommendat ions for its re form are discus s ed in Chapter 6 .  

OVERALL ENERGY CONSUMPTION AND OIL IMPORTS 

In addition to the electric power system and the oil refining and 
petrochemical ind us t ries , other s ectors o f  the economy have experienced 
rapid growth in nonelectric energy consumption . The t ransportation 
sector is especially important in this growth ; the number of licensed 
vehicles has grown very rapidly (Table 2) . 

These facto rs contributed to a sharp increas e in overall energy 
consumption in Puerto Rico from 1950 to 1974 . The ess ent ial facts 
are summarized in Table 3, along with a comparison of the energy 
intens ities o f  Puerto Rico and the United States mainland . The same 
informat ion is shown graphically in Figures 3 and 4 .  It will b e  noted 
not only that energy consumption in Puerto Rico grew with the indus t rial­
izat ion o f  the Is land and the increase in living s tandards , but also 
that the intens ity o f  energy use in relat ion to gross domes tic product 
also grew rapidly until the early 19 70 ' s .  When allowance is made fo r 
the fact that space heating accounts fo r over 15  percent o f  total energy 
use on the mainland , it is indeed s triking that the energy intens ity 
of the Puerto Rican economy has risen so close to mainland levels , as 
shown in the las t  column o f  Table 3 and the upper curve in Figure 4 .  

Almos t all o f  Puerto Rico ' s  energy is now s upplied by imported 
oil . Water power ac counts for only one percent o f  the electricity-­
a smaller absolute amount than in the 1940 ' s .  Very small amounts o f  
energy for sugar mills come from the burning o f  bagasse (s ugar cane 
waste material ) . Solar cont rib utions have been ins igni ficant . The 
his tory o f  overall energy consumption is essent ially the history o f  
net oil imports-- gross impo rts less expo rted oil refinery products . 

Throughout the 1950 ' s  and 1960 ' s ,  the wo rld p rice o f  oil was 
stab le in current dollars and f alling s lightly in real value . Quot�­
tions from Venezuela ,  the principal source of oil for Puerto Rico at 
that t ime--hovered between $2 . 50 and $ 3 . 00 per barrel . After 1971 , a 
gradual ris e  took place , fo llowed by the explos ive quadrupling o f  world 
oil prices at the end of 19 7 3 .  

The consequences for Puerto Rico are summarized in Table 4 .  Over 
the nine years 1968- 7 7 , the value o f  net oil imports rose from 1 . 7 to 
14 . 6  percent of  GDP . Further increases in world oil p rices threaten 
to increase this percentage even more . 
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Table 1 Res idential elec tricity sub s idy and sales , 19 75-19 85 

Year ending 
June 30 

Actual 

1975 

19 76 

19 7 7  

19 7 8  

1 9 79 

Proj ected 

1980 

1981 

19 82 

1983 

1984 

1985 

Amount o f  
subsidy 

(thousands o f  
dollars ) 

26 , 405 

32 , 403  

40 , 262 

48 , 1 7 7  

51 , 70 7 

6 8 , 500 

79 , 500 

90 , 600 

102 , 900 

118 , 300 

1 35 , 700 

Res idential 
electricity 

sales 
( thousands o f  

dollars ) 

156 , 10 7  

1 7 7 , 9 7 9  

201 , 44 7  

226 , 040 

219 , 514 

286 , 612 

32 1 , 396 

355 , 5 39 

392 , 7 7 3  

437 , 280 

486 , 951  

Share o f  subs idy 
in resident ial 

electric revenues 
(percent) 

16 . 9 

18 . 2  

20 . 0  

21 . 3 

2 3 . 6 

2 3 . 9 

24 . 7 

25 . 5  

26 . 2  

2 7 . 1  

2 7 . 9 

Source : Donovan , Hamester , and Rat tien ,  Inc . April 1 9 79 . Energy Data 
for Puerto Rico . Report to the Committee on Future Energy 
Alternatives for Puerto Rico , Ener gy Engineering Board , 
Assembly of  Engineering , Nat ional Res earch Counc i l .  
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Table 2 Licensed motor vehicles in Puerto Rico, compared with United States 

Year 

1966 

1 9 6 7  

1968 

1969 

1970 

19 71 

19 7 2  

19 7 3 

19 74 

19 75 

1976 

19 7 7  

19 78 

Puerto Rico 
Numbers Population Vehicles 

of ( thousands ) per 
vehicles thousand 

( thous ands ) persons 

295 . 6 2 , 60 3  114 

32 7 . 5 2 , 6 30 125 

366 . 0  2 , 654 138 

419 . 0  2 , 688 15 6 

4 78 . 3  2 ,  716 176 

5 34 . 8 2 , 746 195 

60 1 . 7 2 , 816 214 

6 81 . 6 2 , 91 2  2 34 

7 38 . 5 3 , 008 246 

7 7 3 . 7 3 , 121 248 

814 . 4 3 , 2 14 25 3 

830 . 4 3 , 319 250 

870 . 0 3 , 35 8 2 5 9  

United States 
Numbers Population 

o f  (mi llions )  
vehi cles 

( mi llions ) 

9 4 . 0  196 . 6  

96 . 9  19 8 . 7 

100 . 9 200 . 7 

105 . 1  202 . 7 

108 . 4  204 . 9 

113 . 0  207 . 1  

1 18 . 8 208 . 8  

12 5 . 7 2 10 . 4  

129 . 9  211 . 9 

1 33 . 0  213 . 6  

1 38 . 5  2 15 . 2  

14 3 . 8  216 . 9  

148 . 8 218 . 5  

Bat io of Puerto 
Vehicles Rican vehicle 

per concent ration to 
thousand mainland (percent ) 

persons 

4 7 8 24 

489 26 

503 2 7  

5 19 30 

52 9 

546 

569 

597 

6 13 

623  

6 44 

6 6 3 

681 

33 

36 

38 

39 

40 

40 

39 

38 

38 

Source : Jorge F. Freyre .  July 1979 . Long Term Proj ections o f  the Puerto Rican Econo� . Report to 
the Commit tee on Future Energy Alternatives for Puerto Rico , Energy Engineering Board , 
Assemb ly of Enginee ring, National Research Counci l .  

..... 
VI 
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Table 3 Energy consumption and energy intensities in Puerto Rico and the United States , 1950-19 7 7  

Year 

1950 

1955 

1960 

1965 
1966 
1967 
1968 
1 969 

1970 
1971 
1972 
1973 
1974 

1975 
1 9 7 6  
1 9 7 7  
1978 

A 
Total 

energy 
consump­

t ion 
(thousands 

o f  me tric 
tons coal 

equivalent ) 

1 , 126 

1 , 852 

3 , 448 

5 , 214 
5 , 9 74 
6 , 6 32 
7 , 565 
8 , 6 19 

9 , 0 33 
10 , 6 7 1  
l l , 3 27 
1 2 , 945 
1 3 , 5 7 2  

1 2 , 198 

1 2 , 355 
1 3 , 7 7 4  
14 , 01 5  

Puerto Rico 
B C 

Per 
capita 

consump­
t ion 

(kilograms 
coal 

equivalen t )  

507 

823 

1 , 460 

2 , 013 
2 , 280 
2 , 503 
2 , 833 
3 , 169 

3 , 31 7  
3 , 845 
3 , 952 
4 , 56 3  
4 , 729 

4 , 203 

4 , 208 
4 , 638 
4 , 664 

GDP at 
1954 

prices 
(millions 

of 
dollars )  

844 . 1  

1 , 058 . 3  

1 , 487 . 4  

2 , 212 . 6  
2 , 382 . 2  
2 , 5 38 . 0  
2 , 688 . 3  
2 , 937 . 2 

3 , 180 . 1  
3 , 401 . 9  
3 , 65 2 . 1  
3 , 981 . 2  
4 , 059 . 6  

3 , 965 . 5  
4 , 166 . 9  
4 , 44 3 . 2  
4 , 67 2 . 0  

D 
Energy con­

s ump t ion 
per mill ions 

of dollars 
of GDP 

( tons coal 
equivalent )

8 

1 , 3 34 

1 , 750 

2 , 318 

2 , 35 7  
2 , 508 
2 , 61 3  
2 , 8 14 
2 , 9 34 

2 , 840 
3 , 137 
3 , 102 
3 , 252 
3 , 34 3  

3 , 076 
2 , 965 
3 , 100 
3 , 000 

E 
Total 
energy 

consump-
t ion 

(mi llions 
of metric 
tons coal 

equivalent) 

l , ll4 . 0  

1 , 309 . 0  

1 , 4 7 6 . 5  

1 , 78 2 . 9  
1 , 903 . 4  
1 , 941 . 5  
2 , 061 . 7 
2 , 1 7 7 . 8  

2 , 2 5 7 . 9  
2 , 307 . 8  
2 , 4 26 . 2  
2 , 480 . 6  
2 , 406 . 6  

2 , 322 . 3  
2 , 4 7 3 . 4  
2 , 509 . 5  
2 , 502 . 1  

United 
F 

Per capita 
consumpt ion 
(ki lograms 

coal 
equivalent ) 

7 , 316 

7 , 889 

8 , 1 7 2  

9 , 17 6  
9 , 684 
9 , 7 7 0  

10 , 2 7 2  
10 , 745 

ll , 020 
11 , 14 6  
ll , 617 
ll , 789 
ll , 359 

10 , 8 74 
1 1 , 49 7  
1 1 , 574 
1 1 , 374 

S tates 

G 
GNP a t  

1954 
prices 

(bil l ions 
of 

dollars ) 

318 . 4  

390 . 9  

4 39 . 8  

552 . 7  
585 . 6  
601 . 5  
6 2 7 . 8  
64 3 . 9  

641 . 8  
661 . 1  
699 . 0  
7 37 . 2  
7 26 . 9  

7 1 7 . 7  

7 59 . 9  
800 . 1  
8 35 . 2 

8 
Energy 

COns WDP t ion 
p�r 

millions 
of dol lars 

of GNP 
( tons coal 

equivalent )
8 

3 , 499 

3 , 349 

3 , 35 7  

3 , 226 
3 , 2 50 
3 , 228 
3 , 284 
3 , 38 2  

3 , 518 
3 , 491 
3 , 4 7 1  
3 , 365 
3 , 311 

3 , 2 36 
3 , 255 
3 , 1 36 
2 , 996 

Puerto Rico 
as percentage 

of Uni ted States 
Per Ratio 

capita of 
con­
sump­
tion 

6 . 9  

10. 4 

1 7 . 9  

21 . 9  
2 3 . 5 
25 . 6  
2 7 . 6  
29 . 5  

30 . 1  
34 . 5  
34 . 0  
38 . 7  
41 . 6  

38 . 7  

36 . 6  
40 . 1  
4 1 . 0  

energy 
to GNP 

(GDP) 

38 . 7  

52 . 3  

69 . 0  

7 3 . 1  
7 7 . 2  
80 . 9  
85 . 7  
86 . 8  

80 . 7  
89 . 9  
89 . 4  
96 . 6  

101 . 0  

95 . 1  
91 . 1  
98 . 9  

100 . 1  

8
D • A x 1000 � C ;  8 • E x 1000 � G 

Source : Energy consump t ion totals and per capita data f rom Uni ted Nat ions . 1976 . World Energy Supplies . Series J ,  195Q-74 . 
New York ; Uni ted Nat ions . 1979 . World Energy Suppl ies . Series J ,  197 3-78 . New York . Puer to Rico GDP data for 
1955 and 1960 from J .  F reyre . 1979 . El Hodelo Economico de Puerto Rico . San Juan : Inter-American Universi ty 
Press . p .  2 5 3 . Puerto Rico GDP data for 1950 and 1965-77 from J .  Freyre . 1 9 7 9 . Long Term Proj ections of the 
Pue r to Rican Economy . Repor t prepared for the Commi t tee on Future Energy Al terna t ives for Puerto Rico , Energy 
Engineer ing Board , As semb ly of Engineering , National Research Counc i l . Tab le 3 .  Uni ted S tates GNP data from 
Counc il of Economic Advisers . January 1979 . Economic Report of the Presiden t . Washing ton , D . C . : Executive 
O f f ice of the Presiden t . Tab le B- 2 ( c onver ted to 1954 dol lars ) .  
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Table 4 Puerto Rican t rade in petroleum and petroleum products 

Year I!J:!orts E!J!orts Net i!!l!!:!rts Gross Value 
Vo lume Value Average Volume Value Average Volume Value Average product o f  net 

(mil lions ( mi llions price ( mi l l ions (millions price (mil lions (mill ions price ( ad.  !lions imports 
o f  o f  (dollars o f  o f  (dol lars o f  o f  ( dol lars o f  ( percen-

barre l s )  dollars ) per barrels ) dollars ) per barrels) dollars ) per do l lars ) tage 
barrel )  barre l )  barrel)  o f  GDP) 

1968 6 7 . 1 160 . 2  2 . 39 2 3 . 6 99 . 2  4 . 20 4 3 . 5 6 1 . 0  1 . 40 3 , 680 1 . 7 
.... 
\0 

1 9 7 3  129 . 0  338. 6 2 . 62 38. 3 209 . 6  5 . 4 7 90 . 7  129 . 0  1 . 42 6 , 2 70 2 . 1  

1 9 74 126 . 6  9 31 . 3 7 . 36 49 . 5  4 4 7 . 2  9 . 0 3 7 7 . 1  484 . 1 6 . 2 8 6 , 798 7 . 1 

1 9 7 5  11 2 . 3  1 , 2 71 . 0  l l . 32 30 . 6  4 32 . 8  1 4 . 14 81 . 7 838 . 2  10 . 26 7 , 1 36 11 . 7  

1 9 76 l l4 . 4  1 , 318. 6 ll . 5 3 24 . 3 339 . 8  1 3 . 98 90 . 1  1 , 04 1 . 7 l l . 56 7 , 508 1 3 . 9  

1 9 7 7  12 5 . 9  1 , 6 7 1 . 5 1 3 . 28 33 . 0  4 9 3 . 1 14 . 94 9 2 . 9  1 , 1 78 . 4  12 . 68 8 , 094 14 . 6  

Source : Compiled f rom material s upplied by Andres J. Ve lasque z ,  O ffice of Economic Research , Economic Development Admini s t ration , 
CoDDDOnwealth of Puerto Rico ; based on data from U. s .  Depar tment o f  Comme rce . 
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As the his to ry outlined in this chapter indicates , the oil price 
rise and recess ion of 19 74-19 75 sharp ly changed Puerto Rico ' s  energy 
consumption . Both to tal energy use and electricity use declined for 
the firs t  t ime ,  with modest increases in elect ricity use in 1976 and 
overall ener gy use in 1 9 7 7 . As in the mainland United States and in 
other indus trial countries , high p rices induced some conservation and 
improved e f ficiency in energy us e ;  this is reflected in the declining 
ratios of energy consumption to gross domes tic product . 

In the coming decades , Puerto Rico mus t find solutions to a 
problem that faces it and the entire world . That problem is how to 
survive in a wo rld where the prices of pet roleum and petroleum products 
cont inues to rise and their s upply becomes increas ingly less as sured . 
This report addresses this cent ral problem , and Puerto Rico ' s  unique 
situation , in hopes o f  aiding the people o f  Puerto Rico in this task . 
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3 ENERGY DEMAND PROJECTIONS 

This chapter presents two alternative proj ect ions o f  Puerto Rico ' s  
aggregate energy requirements over the next two decades , as a bas is for 
evaluating di fferent energy technologies and conservation st rategies . 
Because the proj ect ions are intended as aids in evaluat ing new policies 
and technologies , they inco rpo rate only those policies and programs 
currently in fo rce or clearly forseeable . 

It should be emphasized that this is a most di fficult period in 
which to make energy proj ect ions . It will be some time yet before we 
understand completely how the demand for energy is responding to the 
unprecedented price increases o f  the las t  few years . It is also very 
hard to predict the fut ure price o f  pet roleum, and the prices and 
availab ilities o f  alternative energy supplies and techno lo gies . We 
would emphasize again the conditional and heurist ic nature o f  these 
proj ect ions . They should be considered as one element in a complex 
process of decision making in an uncertain world . As further data 
become available and as Puerto Rican energy policies cont inue to 
develop , the proj ections should be altered and re fined to provide a 
cont inually improving bas is for decisions . 

To be useful in evaluating policies and technological developments 
that may af fect part icular energy uses or sectors of the economy , 
energy demand must be proj ected in some detail by end use .  Un fo r­
tunately , the available information on energy use in Puert o Rico is 
insuf ficient ly detailed for this purpose , and the proj ections in this 
chapter were made largely by inference from combinat ions of data , or 
by disaggregating available data us ing the most plaus ible information 
available . The resulting aggregate energy demand proj ections may be 
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reasonably reliable , but the det ails are considerably less certain 
of accuracy . The disaggregated demand proj ect ions should be cons idered 
as means for analyzing technology substitut ions and pol icies rather 
than as predictions in a s trict sense . The sensitivity of the results 
to variat ions in part icular ass umptions should be kept in mind . 

Th is comadttee made two demand proj ections , case A and case B ,  
based on explicit ass umptions about population growth , levels o f  
economic activity ,  and e fficiencies o f  energy convers ion . The proj ec­
tions have energy consumption values for the years 1985 and 2000 , and 
are based on 19 7 7  as a starting point (with 1 9 7 8  data used where 
available . ) In const ruct ing the two proj ections we have grouped those 
ass umpt ions that would lead to higher energy demand in Case A and those 
leading to lower demand in Case B .  

The degree o f  detail in each secto r o f  energy demand selected for 
analys is in part reflects the detail o f  the available data . In the 
resident ial sector ,  for example ,  uses are disaggregated among cooking , 
water heat in g ,  air conditioning , lighting,  and large appliances 
( refrigerators and televis ions ) .  The commercial sector has not been 
disaggregated and is t reated a subsector o f  the indus t rial sector , 
although it would be worthwhile in the fut ure to separate t rade and 
commercial energy demands l inked with freight t ranspo rtation . The 
indust rial sector is disaggregated among four groups--cement , pharma­
ceut icals , ref ining and pet rochemicals ,  and "all other . " The firs t 
three o f  these are extremely important in Puerto Rico , having accounted 
for nearly half the elect ricity consumed in indus t ry in 19 7 8 .  The "all 
other " category includes the impo rtant food pro cess ing , text ile , and 
apparel industries and agriculture , which are analyzed as a group 
because there is l ittle informat ion about them. Las t ly ,  the trans­
portation sector is b roken down among private automobiles , public 
t ransportat ion , f reight , and aviat ion . 

Electricity demand is not treated as a separate sector in our 
analys is . Instead , elect ricity requirements in all sectors are totaled 
and the fuels required to generate that elect ricity are added to those 
consumed directly . 

The proj ected energy requirements are derived from assumptions 
about populat ion growth and the character o f  economic growth , but 
energy policies can in turn affect the Island ' s  ent ire economic future . 
Energy prices , conservat ion initiatives , and the energy technologies 
that are chosen will help determine levels and t rends in overall 
product ion , investments , t rade , employment , and so on . In evaluating 
energy pol icies and pro grams , one must give care ful cons ideration to 
their economic and social e f fect s . 
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CURRENT ENERGY SUPPLY 

Puerto Rico is nearly total ly dependent on pet roleum for its energy 
needs , and all o f  its petroleum is impo rted . This situation is typical 
of several island economies that lack energy resources . Puerto Rico ' s  
energy use , however ,  is unus ual in that nearly 5 0  mill ion o f  the 120 
million barrels of crude and re fined products that are imported are in 
turn exported,  largely to th� u. s .  mainland as middle dis t illates , gaso­
l ine , and res idual oil . About another 16 mill ion are consumed in the 
re fining pro cess and by the pet rochemical indust ry (the products o f  
which in t urn are largely exported . )  Bes ides consumption as feeds tocks 
and fuel in the pet rochemical and refining complexes � the largest s ingle 
uses of pet roleum in Puerto Rico are electricity generat ion with 
res idual oil and trans portat ion fueled by gasoline . 

Pet roleum 

The statist ics on petroleum consumption in Puerto Rico are confused , 
largely by the dis tort ion created by large petrochemical feeds tock 
import s .  Naphtha (a petroleum-based feeds tock that is converted to a 
range o f  chemicals and o ther nonenergy products )  does not appear as 
output in an energy balance . The statis tics published by the Of fice o f  
Petroleum Fuels Af fairs1 resolve this b y  excluding naphtha imports to 
pet ro chemical plants from totals . The Office o f  Energy2 , however , 
publishes stat ist ics in which all naphtha imports are included , and this 
report follows that convention . 

The dest inat ions o f  impo rts are three : local consumpt ion ( for  
elect ricity generation , manufacturing,  transportat ion , and cooking) , 
export ( gasoline , distillates , etc . )  and use as fuel and feeds tock in 
the pet ro chemical indus t ry and re fineries . Figure 5 is a diagram o f  
pet roleum supply and dis posit ion on the island for 19 7 7 . A total o f  
698 . 9  trillion Btu (TBtu) , or  120 mill ion barrels o f  crude oil and 
naphtha , and 9 . 9  TBtu (1 . 7  million barrels ) o f  pet roleum products were 
imported that year . A total o f  264 . 3  TBtu (about 4 7  million barrels ) 
were exported , with the balance consumed on the Island . Of  this 
balance , 341 . 8  TBt u  ( 59 million barrels ) were dis tributed to cus tomers 
by the petroleum companies ; the consumption by refineries , as indicated 
in Figure 5 ,  is a loss of 6 percent , and the total feeds tock and fuel 
input to the petrochemical indus try is shown as an es timated 75 . 7 TBtu. 

Total imports o f  crude oil and pet roleum products have remained 
relat ively stab le s ince 19 74 , except for s ignificantly lower naphtha 
cons umpt ion in 19 75 and 19 76 . The growth in expo rts o f  pet roleum 
product s from Puerto Rican refineries has been s light s ince the 1 9 7 3-
74 oil crisis . Tables 5 and 6 present the impo rt and export figures 
through 19 7 7 . 

Internal consumpt ion in 1 9 7 7  was 59 . 4  million barrels ; 21 . 5  
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Imports ( 122.2 million bllrtwls) 

Naphtha 248.2 ----

I----- Petrochemical l ndustryb 75.7 

596.2 -��-----606.1 ----t 

Refined Products 9.9 _____ .. _ 

Crude 450.7 (0.94] 8 

8The factor (0.94] represents the conversion efficiency of refineries. 

lntemBI ConiUmption 341.8 (59.4 1  million IJMtwls) 
Residual Fuel Oil 1 72.8 (27.43) 
Gasoline 83.0 ( 1 5.81 ) 
Middle Disti l latesC 34.8 (6.01 ) 
Liquefied Petroleum Gas 20.6 (4.90) 
Aviation Fuels 14.2 (2.44) 
Otherd 1 6.4 (2.82) 

ExpofU 264.3 (47.0 million bsfTIIIs) 
Gasol ine 95.6 
Middle DistillatesC 78.7 
Aromatics 3 1 .3 
Residual Fuel Oil 21 .3 
Otherd 37.4 

bsome flows from refinery to petrochemical industry to export are included in direct exports. 
coiesel fue l ,  kerosene, and heating oi l .  
d lubricating oi l ,  asphalt, etc. 

Figure 5 Petroleum supply and dispos ition in 19 7 7 , in trillions o f  Btu (Parenthesized numbers 
represent millions of barrels . )  ( Oficina de Energia . November 1978 . Estadisticas 
Sobre el Petroleo y sus Productos Ano Natural 19 7 7 .  San Juan : Oficina del 
Govemador de Puerto Rico . )  

N 
VI 
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Tab le 5 Pet roleum impo rts ,  19 74-19 7 7 ,  in millions o f  b arrels 

Product Year 
19 74 19 7 5  19 76 19 7 7  

Crude 74 . 2  70 . 3 83 . 1 7 7 . 7 

Naphtha 40 . 2  31 . 9  35 . 7  42 . 8  

Pet roleum products 8 . 7 4 . 2 2 . 2  1 . 9 

Total 12 3 . 1 106 . 4 121 . 0  122 . 4  

Source : Oficina de Energia.  November 19 7 8 .  Estadis ticas Sob re el 
Petroleo y sus Productos Ano Natural 19 7 7 .  San Juan : 
Oficina del Governador de Puerto Rico . 

Tab le 6 Pet roleum expo rt s , 19 74-19 77 , in millions o f  barrels 

Product Year 
19 74 19 75 1 9 76 19 7 7  

Gaso line 16 . 7  16 . 6  14 . 0  18 . 2 

Middle dist illates 1 1 . 7 10 . 8  12 . 4 1 3 . 6 

Residual fuel oil 3 . 2 3 . 6 6 . 8 3 . 4 

Aromatics 6 . 2  4 . 4  6 . 4  5 . 4 

Other 4 . 3 2 . 9  3 . 1 6 . 4  

Total 42 . 1 38 . 3 42 . 7  4 7 . 0  

Source : Oficina de Energia.  Novembe r  19 7 8 .  Es tadisticas Sob re 
el Pet roleo y sus Productos Ano Natural 19 7 7 .  S an  Juan : 
Oficina del Governador de Puerto Rico .  
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million b arrels o f  this were consumed by the Puerto Rico Water Resources 
Authority (now Puerto Rico Electri c  Power Autho rity ) in generating 
elect ri city , 1 9 . 2 million barrels by the t ransportation sector ; and 
14 . 4  million barrels by indust rial and commercial activities ( excluding 
refineries and petrochemicals ) .  The residential sector consumed less 
than 1 million barrels directly . The remainder cons is ted o f  nonenergy 
petroleum products such as asphalt and lub ri cants . 

Table 7 shows selected sales data obt ained from the Office o f  
Energy2 , whi ch has published internal consumpt ion data only for the 
year 19 7 7 ;  for previous years the data are reported as " sales by 
re fineries" or " sales by who lesalers" . The latter could serve as a 
measure o f  internal use , excep t that large customers , such as the Pue rto 
Rico Electric Power Authority (PREPA) , are omitted . 

It is impo rt an t  to  remember that the pet roleum consumption figures 
in Tab le 7 exclude consumption by the re fining and pet ro chemical 
indust ries . Int ernal use by re fineries can be estimated by applying a 
conversion efficiency factor o f  0 . 94 to the total amount o f  crude oil 
imported t o  the Island . That is , 6 percent , or 350 , 000 Btu of energy 
are los t  f rom the average barrel of  crude oil (at about 5 . 8 million 
Btu per barrel)  re fined . 

About 40 percent o f  the naphtha imported into Puerto Rico is used 
by the pet rochemical indus t ry , whi ch produces o lefins , vinyl chloride , 
caustic  soda, and other chemicals . The other 60 percent is used in 
integrated refining and pet rochemical p lants , whi ch produce pet ro leum 
products , aromatics , and feedstocks for the other chemi cal plants . 
Naphtha is in addit ion produced domes tically in refining crude oil . 

Energy use by the pet ro chemi cal sector can be measured only by 
complex energy balances of the indus t ry , and no such det ailed analys is 
exis ts . Chapter 4 ,  on the oil refining and pet ro chemical indus t ries , 
discusses the special situation o f  this import ant sector o f  the Island ' s 
economy . In view o f  the recent plant shutdowns and the uncertain future 
of the indust ry , pas t fuel use by this sector would shed litt le light 
on future consumption .  

Electricity Generation 

Except fo r a few indus t ries that generate s mall amounts o f  their own 
electri city the Puerto Rico Electri c  Power Authority is the only 
source of electricity in Puerto Ri co .  (Generating capacity in 
indust ry  totals 7 7 . 9 megawatts with four ins tallations in the pharmaceu­
tical indus t ry  and one each in the pet rochemi cal , sugar refining,  and 
text ile indust ries ; 3 the output of these units is not repo rted . )  PREPA' s 
total generation in 19 7 7  was 1 3 , 291 million kWh , and s ales were 11 , 698  
million kWh , with t he dif ference los t  in transmis sion and dis t ribution . 3 
Virtually all this electri city was generated from pet roleum, in four 
oil- fired steam plants and nine diesel and gas turbine groups . Hydro­
electric p lants produce only about 1 percent o f  the Is land ' s electricity , 
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Table 7 Domes tic sales , 19 72-19 7 7 ,  in mill ions o f  barrels 

Product 

Gasoline , sales 
by wholesalers 

Res idual , sales 
by refineries 

Middle dis tillates , 
s ales by 
re fineries 

Aviation fuels ,  
sales by whole­
s alers 

Lique fied petroleum 
gas , s ales by 
wholes alers 

Asphalts and 
lubricants 

19 72 19 7 3  

12 . 7  13 . 8 

22 . 2  2 3 . 6 

4 . 9 8 . 0  

( c) (c ) 

1 . 7 1 . 8 

( c) ( c ) 

Year 
19 74 19 75 

1 3 . 6 14 . 0  

2 6 . 9 2 3 . 8 

4 . 4 5 . 0  

1 . 9  1 . 9  

1 . 4  1 . 3 

( c) (c ) 

19 76 

15 . 1  

22 . 7 

6 . 6 

1 . 8 

1 . 4 

( c) 

19 7 7  

15 . 8  

2 . 4  

2 . 8  

a
lnternal consumpt ion is reported at 2 7 . 4 mil lion barrels o f  residual 

oil . 
b 

Internal consumption is reported at 6 . 0  million b arrels o f  middle 
dis til lates . 

�ot available 
d 

Internal cons umption is reported at 4 . 9 million b arrels o f  liquefied 
pet ro leum gas . 

Source : Oficina de Energia.  November 19 78 . Estadisticas Sob re el 
Petroleo y sus Productos Ano Natural 19 7 7 .  San Juan : 
Oficina del Governador de Puerto Rico . 
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and they are the only capacity in Puerto Rico not fired by oil . Puerto 
Rico ' s  installed elect rical capacity is 4 , 20 7  megawatt s  (Table 8) , 
consist ing mainly o f  18 steam generat ing units with capacit ies ranging 
f rom 44 to 460 megawat ts . Peak demand is about 2000 megawat ts . At 
any given t ime many o f  the units are closed for maintenance and repairs , 
and some units have load rest rictions . 

The generating syst em consumed in 19 77  a total o f  126 . 0  TBtu o f  
res idual oil (20 million barrels ) and 8 . 7  TBtu o f  diesel fuel (1 . 5  
million barrels ) .  The convers ion e f ficiency o f  their system is 33 . 7  
percent ; internal use and t ransmission and distribut ion los s es amount 
to 15 . 5  percent . 4 Nearly one third of total elect ricity sales are 
consumed by the resident ial sector . The res t  is cons umed by indus t rial 
and commercial establishments ,  among whom the larges t  consumers are 
refineries and pet rochemical plants , which consume half o f  the 
indust rial electricity total . Figure 6 shows the energy balance for 
the electricity subsystem, and Table 9 presents the breakdown o f  sales 
for the period 1960 to 19 79 . 

ECONOMIC AND DEMOGRAPHIC PROJECTIONS 

The future energy needs o f  Puerto Rico will depend on a number o f  
economic factors ; s uch a s  the pattern and rate o f  economic growth , 
population growth rates , the prices and availab ilities o f  fuels , new 
technologies , and government policies in a variety o f  areas . This 
sect ion summarizes the economic and demographic determinants of  future 
energy demand , as described by Jorge F .  Freyre in his report to the 
Committee . 5 The s pecific technical assumpt ions underlying the Committee ' s  
energy proj ect ions are presented in this chapter under the heading 
"Energy Demand Proj ections . " 

Long-Range Economic Proj ect ions 

The economic proj ect ions with which this committee dealt are based on 
analyses of past t rends and on j udgments and ass umpt ions about 
inst itut ional and economic developments . For presentation purposes , 
the planning period has been subdivided into three subperiods : 19 78-
1985 , 1985-1990 , and 1990-2000 . Regarding political status , it has 
been assumed that even were statehood achieved before the year 2000 , 
many special condit ions , such as the partial tax exemption for attrac­
ting manufacturing investment , would be unchanged . 

The proj ections recognize that Puerto Ri co is b as ically a region 
within the U . S .  econo� . For the purposes o f  this committee ' s  energy 
demand proj ections , long-run forecasts for the U . S .  econo� were based 
on results of the Wharton Annual MOdel , adj usted to account for decont rol 
o f  domestic oil prices and uncertainties in the future energy s ituation . 
The resulting proj ected growth rates in U . S .  GNP were 2 . 6  percent in 
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Table 8 Puerto Rico Electric Power Authority generating capacity , 19 79 

Generat ing 
s tat ions 

Agui rre 

South Co as t 

Palo Seco 

San Juan 

Mayaguez 

Other 

Tot al 

Total 
name plate 

rating 
( 78 units ) a 

1 , 540 

1 , 11 3  

717  

488 

80 

2 82 

4 , 220 

Tot al 
( 7 8 

units)  

1 , 5 30 

1 , 128 

716  

4 88 

76 

269 

4 , 20 7  

Dependable generat ing 
St eam- Gas 

electric turbine 
( 1 8  uni t s )  ( 32 units) 

1 , 090 38 

602 114 

488 

76 

152 

3 , 080 1 , 010 

capac ity, in megawatts 
Jet Hydro 

turb ine (19  units ) 
( 1  un it )  

16 9 8  

16 9 8  

Other b 
(8  unit s )  

3 

3 

a 
Excludes two gas t urbine units (aggregate name plate capacity 40 megawatts) , which the Authority 

plans to ret i re , and ten j et t urbine units ( aggregat e name plate capacity 150 me gawat ts ) , which the 
Authority plans to sell or retire . 
b

lncludes four diesel units on the island o f  Culebra and three on the island o f  Vieques ( aggregate 
dependab le generat ing capacity 2 . 7 megawat ts ) held on s tandby reserve and one wind turbine generator 
on the island of Culebra with a capacity of 200 kilowatts . 
c 

Cons ists o f  the two larges t units in service , Aguirre Units 1 and 2 ,  each with a d�pendable generat-
ing capacity o f  450 megawatts . 
d 

Includes two combined cycle unit s ,  each made up of four 50-me gawatt gas t urbines and one heat 
recovery unit powering a 96-megawatt s team turbine . 

Source : Merri ll Lynch White Weld Capital Markets Group .  September 1 9 7 8 .  Puerto Rico Water Resources 
Authority $32 ,000 , 000 Electric Revenue Bonds ( Series 19 7 8) , $9 3 , 000 , 000 Power Revenue Bonds 
( Series E) . Official Memorandum. 
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Residual 1 26.0 

Diesel 8.7 

1 34.7 (0.337)8 46.4 (0.846)1 1i . . 38.3 
1-------- Conversion ___ .....;._.....;__ ransm1ss1on, ------1 

Distribution 

8Factors in parentheses represent the efficiencies of conversion and of transmission and distribution. 

l ndustrial 1 6.4 

Residential 1 1  .8 

Commercia1 8.7 

Other 1 .4 

Figure 6 Electricity supply and consumption , 19 7 7 ,  in t rillions of  Btu ; 3 , 41 3  Btu • 1 kWh. 
(Data from Puerto Rico Water Resources Authority . October 19 76 through December 19 7 8 .  
General Monthly Reports . Production Division. San Juan . ) 
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Table 9 Consump tion of electricity by maj or classes of  cus tomers :  selected years 1960-1979 

Fis c a l  Res ident ial 
year Mi l l ions Percentage 

1 9 6 0  

1 9 6 5  

1 9 7 0  

1 9 7 3  

1 9 7 4  

1 9 7 5  

1 9 7 6  

1 9 7 7  

1 9 7 8  

1 9 7 9  

o f  kWh o f  total 

587 3 5 . 2  

1 , 1 9 3  3 7 . 4  

2 , 4 1 5  3 7 . 2  

3 , 2 7 7  3 2 . 5  

3 , 3 3 0  3 2 . 1  

3 , 1 96 3 1 . 3  

3 , 2 7 7  31 . 0  

3 , 46 2  30 . 8  

3 , 630 31 . 4  

3 , 6 6 1  31 . 6  

Indus t r i a l  a 

Mill ions Percentage 
o f  kWh o f  t o t a l  

5 6 9  34 . 1  

9 2 3  2 9 . 0  

1 , 988 30 . 6  

4 , 180 4 1 . 5  

4 , 406 4 2 . 5  

4 , 3 39 4 2 . 6  

4 , 5 58 4 3 . 1  

4 , 80 7  4 2 . 8  

4 , 84 1  4 1 . 9  

4 , 7 09 4 0 . 7 

Connnerc ial b 

M i l l ions P e r c entage 
o f  kWh o f  t o t a l  

4 0 2  2 4 . 1  

8 2 4  2 5 . 9  

1 , 58 9  24 . 5  

2 , 1 6 2  2 1 . 4  

2 , 2 3 0  2 1 . 5  

2 , 28 3  2 2 . 4  

2 , 35 2  2 2 . 2  

2 , 5 5 3  2 2 . 7  

2 , 6 5 4  2 2 . 9  

2 , 7 8 4  2 4 . 1  

P ub l i c  l ight ing 
and o thers 

Mill ions Percentage 
o f  kWh o f  total 

109 

246 

503 

4 6 5  

4 1 1  

380 

388 

408 

4 4 2  

4 1 8  

6 . 5  

7 . 7 

7 . 7  

4 . 6  

4 . 0  

3 . 7 

3 . 7 

3 . 6  

3 . 8  

3 . 6  

Total 
(mi l l ions 

of kWh ) 

1 , 66 7  

3 , 186 

6 , 4 9 5  

1 0 , 08 4  

10 , 3 7 7  

1 0 , 19 7  

10 , 5 7 5  

1 1 , 2 30 

1 1 , 56 7  

1 1 , 5 7 2  

a
l nc l udes c onsump t ion b y  agr icul t ural f i rms . The consump t ion o f  e l e c t r i c i ty by the agr icul tural s e c t o r  was 

s egregated for the f i r s t  t ime in f i s cal year 1 9 7 8 , and amo unted to only 3 3 . 9  mill ion kWh . 
b 

Inc l udes e l e c t r i c i ty consumed by government agenc ies and ins trument a l i t ies , exc ep t for p ub l ic l ight ing . 

Sour c e : Me r r i l l  Lynch Wh i te We l d  Capi tal Marke t s  G roup . Septembe r  1 9 7 8 . Puerto Rico Wa ter Resources Author i ty 
$ 32 , 000 , 000 Elec t r i c  Revenue Bonds ( S eries 1 9 7 8 ) , $ 9 3 , 000 , 000 Power Revenue Bond s ( S e r ies E ) . Of ficial 
Memorandum .  

w 
N 
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19 79-85 , 2 . 8 percent in 19 85-90 , and 2 . 9  percent in 1990-2000 . Corres­
ponding growth rates fo r Puerto Rico were derived by analyzing key 
ins titutional and economic factors to give proj ections o f  overall 
economic expansion and real output in the maj or sectors o f  the economy . 
The key trends and prospects in the maj or sectors o f  the Puerto Rican 
economy are des cribed below. 

Economic Trends and Prospects in Puerto Rico 

It is assumed in the proj ections that despite full adherence by mos t 
manufacturers to the federal minimum hourly wage in Puerto Rico by 
1981 , a substantial dif ferential in average wage rates should prevail 
between the United States and Puerto Rico , except in such labor­
intensive indus tries as apparel and text iles . Nonetheless ,  continued 
declines in employment and real o utput o f  labor-intensive indust ri es 
are expected throughout the proj ected period.  This applies to the 
tobacco , text ile , apparel , furniture , and leather indust ries . 

Capital-intensive indus t ries as a whole should experience a sig­
ni ficant expans ion in both employment and real production during the 
planning perio d ,  although growth o f  output will far exceed that o f  
employment .  Th e  most dynamic indust ry  is expected t o  b e  pharmaceu­
ticals , followed by nonelectrical machinery . The outlook fo r s tone , 
clay , glass , and concrete products is not very promis ing in view o f  
the dim out look fo r the cons truction indus t ry .  The prospects f o r  the 
refining and pet rochemicals sector are discussed in Chapter 3 in 
det ail , reflecting this s ecto r ' s importance in Puerto Rico ' s economy 
(and energy use)  and the considerable uncert ainty about its future . 

The future behaviors o f  trade , services , and other private sectors , 
excluding tourism, are closely related to the overall performance o f  
the Puerto Rican economy . An increase in the relat ive importance o f  
the service secto r , especially in terms o f  employment , i s  predicted ; 
other sectors are assumed to grow at the s ame rates as total GOP . 

Finally , the long range proj ect ions o f  the government secto r 
assume no maj or overhaul o f  the present t ax sys tem ,  and growth in trans­
fer payments from the federal government at a lower rate than those 
experienced in recent years . 

As noted in Chapter 2 ,  Puerto Rico ' s gross domestic product ( GDP) 
over the pas t  few decades has grown more rapidly than the U . S .  GNP .  
Between 19 70 and 19 78, the Puerto Rican GOP averaged 3 . 6 percent , as 
compared to 2 . 9  percent in the United States as a whole . On the b as is 
o f  the above trends and prospects , the assumed growth rates for the 
Puerto Rican GDP are 4 . 0 percent for 19 78-85 , 3 . 8 percent for 1985-90 , 
and 3. 7 percent for 1990-2000 . Table 10 displays the application o f  
the j udgments summarized above to the sectoral compos it ion o f  the Puerto 
Rican GDP to the year 2000 , as proj ected in Case A ( the higher growth 
proj ection) . Table 11 lists the corresponding growth rates ass umed for 
the GDP and the main secto rs that compose it . 
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Table 10 Gross domes tic p roduct by majo r  sectors : fis cal year 19 78 and proj ections for 1985-2000 
( Case A) 

Sector Amount (millions o f  19 78 dollars ) Percentage o f  tot al 
19 78 19 85 1990 2000 1 9 7 8  1985 1 990 2000 

Agriculture 303 365 407 505 2 . 8  2 . 5  2 . 3  2 . 0 

Manufact uring 3 , 7 85 5 , 370 6 , 6 7 3  10 , 09 2  34 . 4  3 7 . 0  38 . 2  40 . 2  

Cons truct ion 339 381 425 5 2 8  3 . 1  2 . 6  2 . 4  2 . 1  

Transportat ion and other 
w 

pub lic ut ilit ies 969 1 , 2 61  1 , 520 2 , 160 8 . 8  8 . 7 8 . 7 8 . 6 � 

Trade 1 , 810 2 , 319 2 , 742 3 , 768  16 . 4  16 . 0  15 . 7  15 . 0  

Finance , insurance , 
and real est ate 1 , 110 1 , 361 1 , 583 2 , 169 10 . 1  9 . 4  9 . 1  8 . 6  

Services 1 , 141 1 , 62 3  2 , 04 3  3 , 190 10 . 4  1 1 . 2  1 1 . 7 12 . 7  

Governmen t 1 , 558  1 , 814 2 , 0 73  2 , 705 14 . 1  1 2 . 5  11 . 9  10 . 8  

Total 11 , 0 14 14 , 494 1 7 , 465 25 , 117  100 . 0  100 . 0  100 . 0  100 . 0  

Source : Adapted from Jorge F .  Freyre . July 19 79 . Long Term Proj ections o f  the Puerto Rican Economy . 
Report to the Committee on Future Energy Alternatives for Puerto Rico , Energy Engineering 
Board , Assembly of Engineering , Nat ional Research Council . 
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Table 11 Proj ect ions of annual growth rate of gross domes tic product , 
in percent ( Case A) 

Sector Years 
19 78-1985 19 85-1990 1990-2000 

Agriculture 2 . 7 2 . 2 2 . 2  

Manufacturing 5 . 1 4 . 4  4 . 2  

Contract , construction, 
and mining 1 . 7 2 . 2  2 . 2  

Transportation and other 
public utilities 3 . 8 3 . 8  3 . 6  

Trade 3 . 6  3 . 4 3 . 2  

Finance ,  insurance 
and real estate 3 . 0  3 . 1  3 . 2 

Services 5 . 2  4 . 7 4 . 6 

Government 2 . 2  2 . 7 2 . 7  

Total 4 . 0  3 . 8  3 . 7 

Source : Adap ted from Jorge F . Frey re .  July 19 79 . Long Term 
Proj ections o f  the Puerto Rican Economf . Report t o  the 
Commit tee on Future Energy Alternatives for Puerto Rico , Energy 
Engineering Board , Assemb ly o f  Engineering, National Research 
Cotmcil . 

An alternative view, Case B ,  embodies ass umptions o f  a lower 
demand for energy and lower rates of  economic expansion . It implies a 
more pess imis tic out look about the future real growth rate of  the u . s .  
economy : 1 . 8 percent for 1978-85 , 2 . 0  percent for 1985-90 , and 2 . 1  
percent for 1990- 2000 . The more pessimis tic view on prospects for 
Puerto Rico centers on the manufacturing sector , reflec ting increased 
wages and higher energy and transportation costs . Decreases in growth 
from Case A are assumed also for agriculture and const ruct ion . MOre­
over , lower rates o f  economic growth should cause an increase in 
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3 6  

emigration , thus dampening populat ion growth . As a result , the Puerto 
Rican GDP is est imated to grow at 2 . 8 percent in Case B for 1978-85 , 
down from 4 . 0 percent in Case A, and 2 . 6  percent and 2 . 5  percent for 
1985-1990 and 1990- 2000 respectively , down from 3 . 8  percent and 3 . 7  
percent for the same periods in Cas e A .  Tables 1 2  and 13  present the 
proj ect ions of gross domestic product growth and it s composition by 
maj or s ectors for Case B . 

Populat ion and Households 

The population proj ections used in the analysis were those prepared 
by Freyre , 6 which differ from those of the Economic Development 
Adminis t ration ' s Planning Board in their estimates of the immigrat ion­
emigration balance over the next 20 years . Based on the assumption 
that the growth rate in real product ion in Puerto Ri co will not 
s ignificantly exceed that of  the United States , and that the Is land 
will cont inue to face a difficult employment situation , it is unlikely 
that a persistent net immigration will flow to Puerto Rico , as 
proj ected by the Planning Board . 

The factors determining migrat ion movements between Puerto Rico 
and the mainland are poorly known , and even official data for certain 
years o f  the 1970 ' s are not cons idered highly reliable . The population 
growth assump t ions presented here are therefore based mainly on natural 
populat ion increases . For Case A an average annual net emigration o f  
5 , 000 persons was assumed for the period 19 78-90 , with immigration and 
emigrat ion in balance for the period 1990- 2000 . For Cas e B ,  an annual 
net emigrat ion o f  15 , 000 was assumed through the year 2000 . The 
analysis shows a total population o f  4 , 412 , 600 persons in the year 
2 000 for Case A and 4 , 0 71 , 300 persons for Case B . 

Many res idential us es of  energy are more closely related to  the 
number of  households than to the total population . Unfortunately , 
statist ics on the number o f  households in Puerto Rico are sketchy . 
The committee ' s proj ections use a f igure of  738 , 000 families . An upper 
limit on households is given by occup ied housing unit s  ( 829 , 700 units ) 
or by the number o f  resident ial elec tricity customers ( 781 , 000 
cus tomers ) .  The analysis requires that second homes be subtracted 
from these totals . 

The ratio between population and number o f  families , or the average 
number of persons per household , t ends to decrease as average income 
increas es , if recent t rends in Western Europe and the U . S .  mainland 
can serve as examples . The 19 7 7  figure of  4 . 5 persons per household in 
Puerto Rico is assumed to decline by 1 percent per year in Case A to 
3 . 6  persons in 2000 , and at a slightly lower rate in Case B to 3 . 65 
persons per household in that year . Applying the corresponding 
populat ion figures , one obtains 1 , 226 , 000 households in the year 2000 
in Case A and 1 , 115 , 000 in Case B. ( See Table 14 . )  The decrease in 
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Table 12  Gross domestic product by maj or sectors : fiscal year 19 78  and proj e ct ions for 1985-2000 
( Cas e  B)  

Sector Amount (millions o f  1 9 7 8  dolla�sl Percentage o f  to tal 
1 9 78 1985 1990 2000 19 7 8  1985 1990 2000 

Agriculture 303 334 353  394 2 . 8  2 . 5  2 . 3  2 . 0 

Manufactur ing 3 , 7 85 4 , 84 8  5 , 702 7 , 663 34 . 4  36 . 3  3 7 . 6  3 9 . 5  

Construct ion 339 361 381 429 3 . 1  2 . 7  2 . 5 2 . 2  

Transportation and o ther 
public utili t ies  969 1 , 1 7 6  1 , 337  1 , 695  8 . 8  8 . 8  8 . 8  8 . 7  w ...... 

Trade 1 , 810 2 , 1 3 7  2 , 383 2 , 90 5  16 . 4  1 6 . 2  1 5 . 7  15 . 0  

Finance , insurance , 
and real estate 1 , 110 1 , 266  1 , 391 1 , 679  10 . 1  9 . 5 9 . 2 8 . 7 

Services 1 , 141 1 , 5 22 1 , 808 2 , 501 10 . 4  11 . 4  11 . 9  12 . 9  

Government 1 , 558 1 , 694 1 , 825 2 , 118 14 . 1  12 . 7  12 . 0  10 . 9  

To tal 11 , 014 1 3 , 338 15 , 180 19 , 384 100 . 0  100 . 0  100 . 0  100 . 0  

Source :  Adap ted from Jorge F .  Freyre . July 19 79 . Long Term Projections of  the Puer to Rican Economy . 
Report to the Committee on Future Ener gy Alterna t ives for Puerto Rico , Energy Engineering 
Board , Assembly of Engineering , National Research Council . 
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Table 13 Proj ections of annual growth rate of gross domestic product , 
in percent (Case B )  

Sector Years 
19 78-1985 19 85-1990 19 90-2000 

Agriculture 1 . 4  1 . 1  1 . 1 

Manufacturing 3 . 6  3 . 3 3 . 0 

Construction 0 . 9  1 . 1 1 . 2 

Transportation and other 
public ut il it ies 2 . 8  2 . 6 2 . 4  

Trade 2 . 5  2 . 2  2 . 0 

Finance, insurance , 
and real estate 1 . 9  1 . 9  1 . 9 

Services 4 . 2  3 . 5  3 . 3  

Government 0 . 9  1 . 5  1 . 5  

Total 2 . 8  2 . 6  2 . 5  

Source : Adapted from Jorge F.  Freyre . July 1979 . Long Term Proj ections 
of the Puerto Rican Economy . Report to the Committee on Future 
Energy Alternatives for Puerto Rico , Energy Engineering Board , 
Assemb ly of  Engineering , Nat ional Research Council . 

persons per household is somewhat speculative and uses as a basis 
trends on the United States mainland (less  than 3 . 0  persons at present . ) 
The sensitivity of  the conclus ions of the s t udy to these assumptions 
should eventually be considered , particularly for the case of demand 
for electricity , one- third o f  which is consumed in households . 
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Tab le 14 Household proj ections 

Year 

1976 

1 9 7 7  

1978  

1985 

1990 

1995 

2000 

Population 
( thousands ) 

Case A Case B 

3 , 214 

3 , 319 

3 , 358  

3 , 730 3 , 62 3  

4 , 005 3 , 837 

4 , 246 3 , 991 

4 , 41 3  4 , 071  

39 

Persons per family 
Case A Case B 

4 . 5  

4 . 2 

3 . 65 

Number o f  house­
ho lds8 ( thousands) 
Case A Case B 

888 863 

1, 226 1 , 115  

a 
Calculated from population and persons per family estimates 

b 
Number o f  families , extrapolated from data contained in Donovan , 

Hamester and Rattien ,  Inc . April 19 79 . Energy Data for Puerto Ri co . 
Report to  the Committee on Future Energy Alterna tives for Puerto Ri co , 
Energy Engineering Board , Assembly o f  Engineering, Nat ional Research 
Council . 
c

Estimates 

Source : Adapted from Jorge F.  Freyre . July 1 9 79 . Long Term 
Proj ections of the Puerto Rican Economy . Repo rt to the 
Committee on Future Energy Alternatives for Puerto Rico , 
Energy Engineering Board , Assemb ly o f  Engineering, National 
Research Council . 
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4 0  

ENERGY DEMAND PROJECTIONS 

Residential Sector 

The energy demand proj ections for the res idential sector relate demand 
to the basic  household needs of cookin g ,  lighting , domes tic water 
heat ing,  and the use of app liances .  The driving force in the increase 
in res ident ial energy use is the growth in the numb er of households . 
An attempt is made to des cribe the typical energy use for each house­
hold purpose or device ; this permits evaluat ion of the effects o f  
increases in efficiency , changes in the rates o f  ues , or  the s ubst itut ion 
of new sources of energy , such as solar water heaters for electric 
water heaters . This detailed approach can be used in conj unction with 
the macro-economic approach favored by other forecasters . 

Direct consumpt ion o f  pet roleum products by residences amounts to 
no mo re than 2 percent of total pet roleum us e in Puerto Rico . About 
40 percent o f  families use bottled gas (LPG) for cooking7 , and an 
es timated 45 percent us e  electricity . B Presumably the remaining 15 
percent use kerosene , though this assumpt ion is uncertain . Similarly , 
there is no quantitative information on the us e o f  firewood or char­
coal for particular uses (such as b read making) in rural communities . 9 

The number o f  res idences using bottled gas for water heating appears 
to be negligib le . 

· 

Information on electricity use by households is more readily 
availab le . Nearly one-third of all elect ricity used in Puerto Rico 
is consumed in residences , although this share has decreased with 
growing indus t rialization . Estimates o f  average monthly consumpt ion 
per res idence were obtained f rom the Elect ric Power Authority for · 
cooking,  water heating , refrigeration , air conditioning , and televisions . 
Data on saturation (the proportion o f  homes owning a part icular 
device ) are not collected systematically , but have been es t imated from 
the results o f  s ample surveys and the outdated census . Tables 15 
through 19 present this informat ion and include some details of  the 
assumpt ions used in extrapolating to the year 2000 . The unit energy 
demand multiplied by the number of households with the device ( i . e . , 
total units multiplied by the s aturation) yields total energy use for 
that subsector . In cases for which conversion efficiency is less than 
1 . 0 ,  total energy use is obtained by dividing by the ef ficiency . 

The res idential secto r demand p roj ections are based on the number 
of households assumed for Case A and Case B in the lear 19 85 and 2000 
respectively . ( See Tab le 14 . )  Unit energy demands 0 are kept cons tant 
except fo r selected large appliances such as air conditioners , for 
which federally mandated efficiency improvements will reduce unit 
consumption ,  and fo r mis cellaneous uses ( i . e . , small appliances) . 
The demand per househo ld in this las t catego ry  (which includes lighting) 
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a 
Table 15  Energy use in cooking 

Year Elect ricity Lique fied pet roleum gas Kerosene 

1 9 7 7  

1985 

Case A 

Case B 

2000 

Case A 

Case B 

Fract ion o f  
cooking demand 

served 

0 . 45
b 

0 . 45 

0 . 45 

0 . 45 

0 . 45 

Demand 
( tril lions 

of Btu) 

1 . 37 

1 . 64 

1 . 59 

2 . 26 

2 . 06 

Fract ion o f  Demand 
cooking demand ( trillions 

served o f  Btu) 

0 . 40
b 

2 . 02 

0 . 45 2 . 7 3 

0 . 45 2 . 65 

0 . 55 4 . 61 

0 . 55 4 . 19 

Fract ion of 
cooking demand 

served 

0 . 15 

0 . 10 

0 . 10 

0 . 0  

0 . 0  

a
Conversion e f ficiencies : electricity 1 . 0 ;  lique fied pet roleum gas 0 . 60 ;  kerosene 0 . 40 

b
See notes 7 and 8.  

Demand 
( trillions 

o f  B tu) 

1 . 44 

0 . 91 

0 . 88 

0 . 0  

0 . 0  

Number o f 
househo lds 
( thousands ) 

7 38 

888 

863 

1 , 226 

1 , ll5 

Unit energy 
(llillions 

of Btu 
per year) 

4 . 1  

4 . 1  

4 . 1 

4 . 1  

4 . 1  

• 
.... 

Copyright © National Academy of Sciences. All rights reserved.

Energy in Puerto Rico's Future:  Final Report
http://www.nap.edu/catalog.php?record_id=19778

http://www.nap.edu/catalog.php?record_id=19778


Table 16  Energy use in water heating  

Year 

19 7 7  

1985 

Case A 

Case B 

2000 

Case A 

Case B 

Electricity 
(t rillions 

o f  Btu) 

3 . 93 

5 . 09 

4 .  7 7  

8 . 04 

6 . 19 

Demand 
Lique fied 
pe troleum 

gas 
( trillions 

o f  Btu) 

0+ 

Saturation 

0 . 70 

0 . 70 

0 . 80 

0 . 75 

Number 
of households 

( thousands ) 

738 

888 

86 3 

1 , 2 2 6  

1 , 115 

Unit energy 
(millions o f  Btu 

per year)a 

8 . 2  

8 . 2  

7 . 9  

8 . 2  

7 . 9  

. .  a
Saturation of 0 . 65 in 19 7 7  is obtained f rom Puerto Rico Water Resources Autho rity data on numbe r  o f  

custome rs having electric hot water heaters . Elec tricity use per water heater is also obtained f rom 
Puerto Rico Water Resources Authority . (The 19 7 7  value o f  8 . 2  million Btu per year corresponds to a 
consumption o f  200 kWh per month . )  The combination of  these figures may overes tima te somewhat the 
amount of electric water heating given the fact that about 45 percent of residential customers use 
less than 225 kWh per month . (Personal communication . October Z6 , 1 9 79 . Osvaldo Goyco , Puerto Rico 
Water Resources Authority , to  John Ber�a , National Academy of S ciences . 
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Table 1 7  Energy use in air condit ioning 

Year 

19 7 7  

1985 

Case A 

Case B 

2 000 

case A 

Case B 

Electricity 
( trillions 

of Btu) 

1 . 2 3 

1 . 92 

1 .  75 

3 . 81 

2 . 60 

Saturationa Number of  
households 
( thousands) 

0 . 12b 738 

0 . 16 

0 . 15 

0 . 28 

0 . 21 

888 

863 

1 , 226  

1 , 115 

Unit energy 
(millions of 
Btu per year) 

13 . 9  

1 3 . 5  

13 . 5  

11 . 1  

11 . 1  

�is estimate implies the exis tence of  about 88 , 000 air-condit ioned 
homes on the Island . GKCO estimates this amount to be 7 5 , 000 , based 
on the assumption that all Puerto Rico Electric Power Author ity cus­
tomers using more than 700 kWh per month have air conditioners ( GKCO 
Consultants .  October 1979 . Energy Conservat ion Measures for Puerto 
Rico . Report prepared for the Committee on Future Energy Alternatives 
for Puerto Rico , Energy Engineering Board , Assembly of Engineering , 
National Research Council . )  
b 

Saturation is increased at the rate of growth of personal income 
(Jorge F .  Freyre . July 19 79 . Long Term Proj ections of  the Puerto 
Rican Economy . Report prepared for the Committee on Future Energy 
Alternatives for Puerto Rico , Energy Engineering Board , Assembly of 
Engineering , National Research Council . ) Unit energy demand decreased 
in 2000 by 20 percent to account for increases in coefficient of 
performance . 
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Table 18 Energy use by television and refrigerato r 

Year 

19 7 7  

1985 

Case A 

Cas e B 

2000 

Case A 

Case B 

Electric ity 
( trillions 

of Btu) 

3 . 37 

4 . 40 

4 . 28  

6 . 99 

6 .  35 

a 
Saturation Number of  

househo lds 
( thousands ) 

0 . 80 7 38 

0 . 87 888 

0 . 87 863 

1. . 0  1 , 226 

1 . 0  1 , 115 

Unit energy 
(millions of 

b 
Btu per year) 

5 . 7 

5 . 7  

5 . 7  

5 . 7  

5 . 7 

8Saturation in 19 7 7  is taken at 0 . 80 to account for small re frigerators , 
black and white televis ion s ets , etc . Penetration o f  these appliances 
is given at 1 00 percent by 200 0 .  
b

The unit consumption o f  5 . 7 million B tu per year i s  equivalent to  140 
kWh per month , with the typical refrigerator consuming 90 kWh per month 
and the typical television consuming 50 kWh per month . 

is allowed to increase at the assumed rates o f  increase in personal 
income for Cases A and B ,  to account for the purchase of addit ional 
appliances and increased use of exist ing ones , but is reduced by 1 
percent per year to account �or price-induced conservation . 

A second determinant o f  final demand is the level of  s aturation . 
By the year 2000 , the number o f  households with electric water heaters 
is allowed to grow from 65 to  80 percent o f  all households in Case A ,  
and from 6 5  t o  7 5  percent in Case B .  ( There is some doubt about 
whether all water heaters now inst alled are actually being used ; see 
the note to Table 16 . ) Similarly ,  ownership o f  air conditioners is 
allowed to ris e by 2000 to 28 and 21 percent of all households in 
Cas e  A and B respectively , from a 19 7 7  s aturation o f  12 percent . 
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Table 19 Energy use b y  lighting and miscellaneous appliances 

Year 

19 77  

1985 

Case A 

Case B 

2000 

Case A 

Case B 

Elect ricity 
( t rillions 

o f  Btu) 

2 . 83 

2 . 51 

5 . 65 

3 . 94 

Number of 
households 

( thousands ) 

738 

888 

863 

1 , 226  

1 , 115 

Unit energy 
(millions 

of Btu 
per year) a 

2 . 5 7 

3 . 18 

2 . 91 

4 . 61 

3 . 53 

&unit energy demand grows at the growth rat e o f  personal income to 
account for new appliances but is reduced by 1 percent per year to 
account for the effect of increased prices . 
b Obtained as a difference from total electricity sales to res iden-
tial secto r .  

These increases are in line with the b as i c  personal income growth 
st ipulated for Cases A and B .  

Table 2 0  is a summary o f  the residential electricity proj ection . 
Residential demand grows from 3 , 460 million kWh in 19 7 7  to 4 , 65 3  
million kWh in 1985 for Case A ( 3 . 8 percent growth per annum) , and 
4 , 366 million kWh in 1985 for Case B ,  ( 3 . 0 percent growth) . For the 
year 2000 , res idential electricity requirements total 7 , 838 million 
kWh in Case A and 6 , 194 million kWh in Case B ;  this growth be tween 
1985 and 2000 corresponds to annual growth rates of 3 . 5 and 2 . 4  percent 
for Cases A and B respectively . The mos t recent Electric Power 
Authority proj ections for the residen�ial sector go only as far as 
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Table 20 Summary , r esident ial electricity demand , in tril l ions o f  Btu 

End use 19 7 7  

Cooking 1 . 37  

Water heat ing 3 . 9 3 

Air condit ioning 1 . 2 3  

Television , refrigerator 3 . 3 7  

Lighting · and mis cellaneous 
appliances 1 . 90 

Total 11 . 80 

1985 
Case A Case B 

1 . 64 1 . 59 

5 . 09 4 . 7 7  

1 . 92 1 . 75 

4 . 40 4 . 28 

2 . 83 2 . 51 

15 . 88 14 . 90 

2000 
Case A Case B 

2 . 26 2 . 06 

8 . 04 6 . 19 

3 . 81 2 . 60 

6 . 99 6 . 35 

5 . 65 3 . 9 4 

26 . 75 21 . 14 

1 9 8 3 ,  but by ext rapolating at the 1982-1983  growth rate o f  4 . 7 percent 
we obtain a 1985 sales figure of 4 , 764 mil lion kWh , which is within 
2 percent o f  this committee ' s  Case A proj ection . 

. Transportation Sector 

The t ransportation secto r  in Puerto Rico , which is dominated by the 
automobil e ,  consumed nearly 13 million b arrels of gasoline in 19 7 7  
(6 7 . 7 TBtu) . In fact , were Puerto Rico a nation , it would rank s ixth 
in the world in per capita car ownership , with one auto for each 
four persons . Data for 1975  show an average of 8 , 9 90 miles per vehicle 
in Puerto Rico , less than 5 percent under the United States average . 
The annual consumption of  692  gallons per passenger vehicle in Puerto 
Rico was slightly above the Unit ed States average in that year . ll 

The growth in automobile use is reflec ted in the 10 percent 
average annual growth in gasoline s ales in the five years p rior to 
19 73 ; the growth rate has averaged 3 . 5  percent per year since then . 
The share o f  premium gasoline in the total market has increased to 
nearly 80 percent from a pre-19 7 3  level o f  65 percent . 
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Table 21 Puerto Rican vehicle fleet , fiscal year 19 7 7  

MOde Number o f  vehicles 
( thousands ) 

Personal vehicles 

Privately owned autos 660 

Light trucks 9 3  

Subtotal 75 3 

Public vehicles 

Buses 2 

Fore-hire autos and vans 13 

Taxis 2 

Subtotal 1 7  

Freight vehicles 

Heavy t rucks and t ractors 25 

Trailers 19 

Subtotal 44 

Cycles 7 

Government vehicles 9 

Total 830 

Source : R. Shackson . August 19 79 . Asses sment of Opportunities 
for Conservation in the Transportation Sector and 
Strategies for Implementation . Report prepared for the 
Committee on Future Energy Alternatives for Puerto Rico , 
Energy Engineering Board , Assembly o f  Engineering , 
National Research Council . Arlington , Va . :  Mellon 
Inst itute-Energy Product ivity Center . 
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The increased use o f  the p rivate automobile has been paralleled by 
a decrease in public t ransport ridership . Bus ridership in the last 
several years has declined more than 25 percent , and the decline 
has pers is ted despite the rise in gasoline prices . A more efficient 
and reliable pub lic t ransportation system would be required to stem 
and reverse this decline . ( See Chapter 6 . ) During 19 75 , one-fourth 
of the San Juan sys tem ' s 390 buses were out o f  service daily due to 
mechanical prob lems or driver absenteeism. The average service life 
of a bus during this  period was less than 10 years because of poor 
maintenance performance and lack of an established maintenance program. 
In addit ion ,  service in the system had deterio rated to average speeds 
of less than 10 miles per hour . All o f  these factors contributed to  
a growing preference for the private automobile .  In addition , buses 
have been replaced for many t rips by pub licos ( taxis with fixed routes 
and mult iple riders ) . 

Intercity public transportation appears to be dominated by publicos , 
with buses in a smaller role . Intercity t ransport by air is negligib le 
in terms of fuel consump tion . Consumption o f  j et fuel on the Island 
( 14 . 2 TBtu in 1977)  is overwhelmingly for flights with destinations 
outside Puerto Rico . 

In fiscal 19 7 7  the vehicle fleet o f  Puerto Rico included about 
830 , 000 units , in the catego ries shown in Tab le 2 1 .  Private automobiles 
total ab out 660 , 000 unit s . Because roughly one- third of the automobiles 
imported into Puerto Rico each year are used cars (predominately o f  
U . S .  manufacture ) the flee t i s  o lder than that of the mainland and 
would ordinarily be expected to have a higher percentage of large cars 
and therefore poorer fuel economy . A compensating factor , however , 
is the large representation o f  foreign vehicles ( about one-third o f  
the total fleet ) . Th e  result i s  a weighted average fuel consumption 
for the entire flee£ o f  about 14 . 5 mi les per gallon , about the s ame 
as on the mainland . 2 

Light t rucks ( less . than 10 , 000 pounds gross vehicle weight ) 
cons t itute the second larges t group o f  vehicles , numbering ab out 
9 3 , 000 . While part o f this light t ruck fleet is used , at least part­
time ,  for agricultural and commercial purposes , more than half , if 
mainland use patterns are any guide , are used for personal t ransporta­
tion . Furthermore , those vehicles in commercial and agricultural 
service can be expected to be used part-time for personal t ransportation . 
Since actual use data are not available for Puer to Rico , light t rucks 
have been classified as personal vehicles . 

The tot al personal vehicle flee t there fore amount s to about three­
fourths o f  a million units . The pub lic transportation vehicle fleet 
consists of about 2 , 000 each of buses and taxis and some 1 3 , 000 
vehicles characterized as for-hire autos and vans . This fleet cons is ts 
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primarily of publicos and other vehicles used in regulated and unregu­
lated urban and intercity public transportation . 

The total vehicle fleet of 830 , 000 vehicles represents a ratio of 
approximately four persons per vehicle in Puerto Rico as of 1977 . In 
1965 the vehicle fleet numbered 250 , 000 , for a ratio of 10 persons per 
vehicle . The Department of Transportation and Public Works estimates 
that in 1995 the fleet will number approximately 1 . 5  million , for a 
ratio of 2 persons per vehicle , about equivalent to that on the main­
land at present . This 80 percent growth over 1977  is considerably in 
excess of that anticipated on the mainland for cars but somewhat less 
than is anticipated for light trucks . About half the present vehicle 
fleet is located in the San Juan metropolitan area . 

Transportation services are summarized by passenger mode in Table 
22 . The figures are derived from Office of Energy data , except those 
for light trucks , for which data on use were not availab le . It was 
assumed that light truck fuel economy and annual mileage are similar 
to those of the passenger-car fleet , and that half the vehicle mileage 
was attributable to passenger transportation . The balance of light 
truck use and fuel consumption is included with the " truck and tractor" 

segment . A little less than two-thirds of the total transportation 
energy use is in urban areas (mainly San Juan) ; about 10 percent of 
this service is provided by public transportation , a proportion close 
to that of the mainland . Public transportation plays a much more 
important role in intercity transport ,  serving about 31 percent of this 
market (a significantly greater share than on the mainland ) . Compara­
ble freight transportation statis tics are not available , but an approxi­
mation of the freight contribution can be made by considering vehicle 
miles for passenger vehicles . Freight vehicles traveled approximately 
0 . 8  billion miles , or about 8 percent of the total vehicle mileage . 

The petroleum consumed in providing these transportation services 
is disaggregated in Table 23 . Three-fourths of  the petroleum used for 
passenger transportation is consumed in urban areas , 92  percent by the 
private fleet . Freight transportation accounts for 11 percent of total 
petroleum consumption . 

The relationship between transportat ion services and petroleum 
consumption may be seen more clearly in Table 24 , which is derived from 
the two previous tables . Intercity public transportation is the mos t  
energy-produc tive , accounting for 13  percent of to tal passenger miles 
and consuming only 5 percent of passenger transport energy . Urban 
public transportation is next , representing 6 percent of passenger 
miles and 3 percent of energy . Intercity private transportation is 
next , representing 28 percent of passenger miles and 20 percent of 
energy . Urban private transportation , which accounts for more than 
half of the total passenger miles , is least energy productive , consuming 
almost three-fourths of the to tal passenger transportation energy . 
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Table 22 Passenger t ransportation s ervices , 19 7 7  

Mode Service 

Personal vehicles 

Private autos 

Light t rucks 

Subtotal 

Public vehicles 

Buses 

For-hire autos 

Taxis 

Subtotal 

Total 

(billions of passenger miles per year) 
Urban Intercity Total 

8 . 9 

0 . 5 

9 . 4  

0 . 2 

0 . 7 

0 . 05 

1 . 0 

10 . 4  

4 . 7 

0 . 3 

5 . 0  

0 . 1 

2 . 1  

0 . 02 

2 . 2  

7 . 2  

1 3 . 6  

0 . 8 

14 . 4 

0 . 3 

2 . 8  

0 . 1 

3 . 2 

1 7 . 6  

Source : R. Shackson . August 19 79 . Assessment o f  Opportunities 
for Conservat ion in the Transportation Sector and 
Strategies for Implementation . Report prepared for the 
Commit tee on Future Energy Alternatives for Puerto Rico , 
Energy Engineering Board , Assemb ly o f  Engineering , 
National Research Council.  Arlington , Va. : Mellon 
Ins titute-Energy Productivity Center . 

Proj ection of Automobile Demand 

The future requirements o f  gasoline for private t ransportation have 
been various ly linked to the number o f  vehicles in the fleet , personal 
income , and yearly purchases of new vehicles . For the purposes o f  
these proj ections , several assumpt ions were made . Firs t , the growth 
in the number o f  vehicles was obtained from the proj ections by J .  
Freyre . l3  Next , yearly vehicle miles per vehicle were reduced by 1 0  
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Table 2 3  Highway t ransportation energy use , 19 77  

Mode 

Personal vehicles 

Private autos 

Light t rucks 

Subtotal 

Public vehicles 

Buses 

For-hire autos 

Taxis 

Subtotal 

Freight vehicles 

Heavy t rucks 

Light t rucks 

Subtotal 

Total highway 
t ransport sector 

a 
Energy use ( trillions o f  Btu) 

Urban Intercity Tot al 

5 3 . 6 

3 . 2 

56 . 7 

0 . 5 

1 . 4  

0 . 4  

2 . 3 

1 4 . 2 

1 . 1 

15 . 2  

0 . 2 

3 . 8 

0 . 1 

4 . 1  

6 7 . 7 

4 . 2  

71 . 9  

o .  7 

5 . 3 

0 . 5  

6 . 5  

5 . 8  

4 . 2  

10 . 0  

88. 4 

�otals do not add due to rounding. Values are converted to B tu ' s  
at 5 . 25 million Btu per b arrel for gasoline and 5 . 80 million Btu 
per barrel for diesel.  

Source : Richard H. Shackson . Augus t 19 79 . Assessment o f  Oppor­
tunities for Conservation in the Transportat ion Sector 
and Strategies for Implementation.  Report prepared for 
the Committee on Future Energy Alternatives for Puerto 
Rico , Energy Engineering Board , Assemb ly of Engineering,  
National Research Council . Arlington , Va . : Mellon 
Ins titute-Energy Productivity Center . 
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Table 24 Relative use o f  energy in passenger t ransportat ion 

MOde 

Private 

Urban 

Intercity 

Public 

Urban 

Intercity 

Percentage of  total 
passenger transport 

energy 

72 

20 

3 

5 

Percent age o f  total 
passenger mi les 

5 3  

2 8  

6 

1 3  

percent t o  account for the impact o n  car us e  o f  the latest gasoline 
price increases . This assumption is reasonable in light of the 
high annual mileage at present . As the ratio of automobi les to 
population rises , a larger frac tion of the fleet will cons ist of 
second cars , since there is already a car for every four persons in 
Puer to Rico . Second cars in general are used les s than first cars . 
Finally , the federally · mandated gasoline efficiency standards for 
automob iles are predicted to have a maj or impact in tot al gasoline 
consump tion .  By the year 2000 , the flee t  o f  automob iles in Puerto 
Rico is es timated conservatively to  average 25  miles per gallon of  
gasoline . (Under exis ting law, the mandated average for new autos 
sold in 19 85 stands at 27 mpg ,  and the turnover of the bulk of the 
stock is no . more than 10 to 12 years . )  

The proj ec ted gasoline consumption represents a complete b reak 
with his torical precedent and deserves some dis cussion . As shown 
in Table 2 5 ,  the increase in the number of vehicles is more than off­
set by the increase in fuel efficiency and the decrease in vehicle 
miles , resulting in a drop in gasoline demand between 19 7 7  and 19 85 o f  
4 percent and 10 percent in Cas es A and B respectively . Continued 
improvements in efficiency through the year 2000 are expec ted to o f f­
set most growth in the size o f  the automobile fleet in Case B ,  
resulting in a leveling o f f  o f  annual gasoline demand at 61 TB tu 
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Tab le 2 5  Automobile energy use 

Year 

19 77  

1985 

Case A 

Cas e B 

2000 

Case A 

Case B 

Gasoline 
consumption 
( trillions 

of Btu) 

6 7 . 7  

64 . 9  

6 1 . 1 

7 3 . 0  

61 . 0  

Auto e f ficiencya 

Miles per B tu per 
gallon vehicle-

mile 

1 4 . 5 8 , 621 

1 7 . 5 7 , 143 

17 . 5  7 , 143  

25 . 0  5 , 000 

25 . 0  5 , 000 

Growth 
rate in 

number of  
autotOObiles 
( percent) b 

3 . 2 

2 . 4  

3 . 2  

2 . 4  

Vehicle 
miles 

(billions ) 

7 . 85 

9 . 09 

8 . 55 

14 . 6  

12 . 2  

Number o f  
autotOObiles 

660 

849 

79 8 

1 , 362 

1 , 1 35 

Yearly 
miles per 

autotOObilec 

11 , 900 

10 , 710 

10 , 710 

10 , 710 

10 , 710 

�onovan , Hames ter, and Rattien ,  Inc .  April 19 79 . Energy Data for Puerto Ri co . Repor t  to  the 
Committee on Future Energy Alternatives for Puerto Rico , Energy Engineering Board , Assemb ly o f  
Engineering, National Res earch Council . The e fficiency improvements in future years are in line wi th  
Federal legis lation . Due t o  the long time horizons i n  the analysis , it was assumed that Case A and 
Case B would attain the same average e fficiency , despite a slower turnover in auto f leet in a 
s ituation o f  lower economi c growth . 
b 

Jorge F .  Freyre . July 1979 . Long Term Proj ections o f  the Puerto Rican Economy .  Report to the 
Commit tee on Future Energy Alternatives for Puerto Rico , Energy Engineering Board , Assemb ly o f  
Engineering, Nat ional Research Council . 
c 

Vehic le miles per vehicle dec reased by 10 percent in Cases A and B ,  due to assumed higher gasoline 
pri ces and less  use o f  second c ars . 
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between 1985 and 2000 . For Case A,  between 1985 and 2000 gasoline 
demand grows at l es s  than 1 percent per year to 73 TBtu which is only 
8 percent higher than 19 77  use .  

The very s low increase in demand for gasoline fo r automobiles in 
case A, and the decrease in Case B ,  are due mainly to anticipated 
increases in fuel efficiency . Gaso line consump tion in the f is cal 
year that ended in June 19 79 was up 7 . 2  percent over the same period 
a year before . l4 The increas e in fis cal years 19 7 7  and 19 78  averaged 
6 . 8 percent annually . lS ·

These increases are for tot al gasoline sales , 
including t rucks and taxis , but taking into account the fact that 
automobiles in the past have consumed more than 80 percent of the 
gaso line used on the Island , it is likely that automobile use has 
increased b etween 19 7 7  and 19 79 at rates near the ones above . ( The re 
is no evidence o f  large increases in the use o f  t rucks , light vans , 
o r  taxis . )  On the o ther hand , the price increases of  the spring o f  
19 79 were in ef fect for only 2 o r  3 o f  the 2 4  months for which the 
growth rates averaged almos t 7 percent . Furthermore ,  recent analyses 
that  incorporate the effect o f  $ 1 . 00 per gallon gasoline indicate 
that gasoline demand in the United S tates as a whole may have peaked 
and will tend to decreas e over at least the next s everal years . 16 

There is considerable uncertainty in the mid-term predictions of gaso­
line use by automobiles in Puerto Rico . An increase in demand is 
possible in the near term, followed by a decrease due to e f ficiency 
improvements in the automobile flee t .  Consumption in the year 2000 
will almos t certainly not be much higher than at present , and it may 
be 10 percent or  more lower . 

Proj ection of  Truck Demand 

Growth in f reight t ransportation is linked to the growth in the 
manufacturing and service sectors o f  the e conomy . In Puerto Rico 
most freight movement is linked to the agri cultural and food distribu­
t ion network , const ruct ion , and services such as t rade and utilities . 
The maj or indus t rial activities , refining and pet ro chemicals , do not 
have large trucking requirements except for transport  of  gasoline to 
retailers . The growth o f  freight transportation is thus linked to 
the growth of  the commercial sector and of s elected manufacturing 
act ivities such as food process ing and cement production . Table 26  
summarizes the results o f  the proj ection . 

Proj ection o f  Air Demand 

It appears that mos t o f  the j e t  fuel consumed in Puerto Rico is used 
by flight leaving Puer to Rico , and the proj ections o f  energy demand 
link the growth in demand for j e t  fuel with est imates of the number 
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Table 2 6  Energy use by t rucks 

Year 

19 7 7  

1 9 85 

Cas e A 

Case B 

2000 

Cas e  A 

Case B 

Heavy 
t rucks 

5 . 8  

Energy cons umpt ion 
Freight 

Light Total t ruck 
t rucks freight 

4 . 2 10 . 0  

1 3 . 7 

12 . 5  

19 . 0  

14 . 5  

( trillions of B tu) 
Light t rucks 

passenger modea 

4 . 2 

5 . 4  

5 . 1  

8 . 7  

7 . 2  

Total 
energy 

consumpt ion 
by t rucks 

14 . 2 

19 . 1  

1 7 . 6  

2 7 . 7  

21 . 7 

Annual growt� 
rate , freight 

{percent) 

4 . 0  

2 . 8  

3 . 7 3 

2 . 5 3  

Energy 
intensity 

factorc 

1 . 0  

1 . 0  

1 . 0  

0 . 80 

0 . 80 

�e proportion o f  light t rucks used as passenger vehicles is estimated to grow at the rate of  growth 
of the automobile vehicle fleet . No improvement in their efficiency is expected . 
b 

It  is assumed that the growth in ton-miles of  freight t ranspo rtation follows the growth rate o f  GDP 
for all cases ( Tables 10-1 3) . 
cRefers to the relative energy consumed per ton-mile of  freight t ransport , with 1 9 7 7  consumption set 
at 1 . 0 .  
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of visitors to the Island . 5 This i gnores , however , the fact that 
much of the air t raffic demand s tems from t ravel by Puerto Rico 
residents to and from the United States . Another factor affecting 
future demand fo r j et fuel is the growth in air f reight , for whi ch no 
informat ion was obtained.  Aviation fuel s ales were stab le in the mid-
19 70 ' s but increased sharply in 19 7 7  (see Table 7 ) . The results o f  
the proj ections are presented i n  Table 2 7 .  

Table 2 7  Aviation fuel use 

Year 

19 7 7  

19 85 

2000 

Aviation fuels 
( trillions of  Btu) 

14 . 2  

18 . 3 

26 . 6  

Index 
( 19 7 7  - 100) 

100 

1 29 

187  

Annual growth rate a 
(percent)  

3 . 25 

2 . 5  

a
Only one set o f  growth rates ( for both freight and passenger t rucks ) is 

used because growth in the number o f  visitors is independent o f  economic 
factors in Puerto Rico ; the impact o f  growth in air freight is difficult 
to quantify . 

Source : Adap ted from Jorge F.  Frey re .  July 1979 . Long Term Proj ections 
o f  the Puerto Rican Economy . Report to the Commit tee on Future 
Energy Alternatives for Puerto Rico , Energy Engineering Board , 
Assemb ly o f  Engineering,  National Res earch Council . 

Proj ection of  Public Transportation Fuel Demand 

Nearly 90 percent o f  the fuel used by this subsector is used by pub licos 
and t axis in urban and intercity t ravel ; the rest  is consumed by buses . 
No time series information is available for publicos and t axis , but it 
would appear that high gasoline p rices wil l increase their use. Several 
recent repo rts1 7 select high-occupancy van or automobile "mass t rans it" 
systems over buses o r  t rains as the inherently least  cos t ly mode . A 
sustained growth rate o f  4 percent perannum was thus app lied to the 1 9 7 7  
number o f  passenger miles in this subsector .  The energy intensity o f  
the sector (Btu per passenger mile )  was proj ected to decrease b y  1 4  per­
cent by 2000 . This results in a total demand of 12 . 3  TBtu in 2000 
(Table 28) . 
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Table 28 Fuel use for buses , "publicos , " and taxis 

Year Fuel �t rillions o f  Btu� Index Energy 
Gasoline Diesel Kerosene Total ( 19 7 7  • lOO)

a intensity 
(bus ) (bus ) facto rb 

19 7 7  5 . 8 0 . 3 0 . 4 6 . 5  100 100 

1985 7 . 9 0 . 4 0 . 5 8 !' 8 1 3 7  100 

2000 12 . 3  1 . 3 13 . 6  246 86 

a 
Service levels ( pass enger miles t raveled) are as sumed to  increase at 

a rate o f  4 percent per year.  
b 

Corresponds to relative energy use per passenger mile . 

Bus ridership data exis t only for the San Juan Met ropolitan Bus 
Authority . Ridership declined by 40 percent between 19 70 and 19 7 7 , 
but fuel  consumption nevertheless increased 19 percent during this 
period. l8 This is caused by an erosion in load factor and indicates 
that passengers have increasingly chosen other modes of transportation 
during the last decade . The growth in future bus demand for fuel  is 
thus likely to be  low , and bus usage is slight compared with other 
public t ransport modes . Thus no separate proj ection was made for 
them. 

Summary of Transportation Sector Proj ections 

Tab le 29 contains the summary proj ections for transportation . ( Ships 
were not included in these proj ections for lack of  reliab le informa­
tion . ) The p roj ected annual growth rate for the sector is moderately 
low ( 1 . 6 percent in Case A and 1 . 0 percent in Case B for the 1985-2000 
perio d ,  and less than 1 percent in the years up to 1985 ) , with whatever 
increase in demand fo r fuel coming f rom modes other than the private 
automobile.  
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Table 29  Summary ,  transportation sector fuel use 

Mode Consumption �trillions o f  B tu� 
19 7 7  1985 2000 

Case A Case B Case A Case B 

Automob ile 6 7 . 7 64 . 9  61 . 1 7 3 . 0  61 . 0 

Trucks 14 . 2 19 . 1  1 7 . 6  2 7 . 7  2 1 . 7 

Pub lic 
t ransportation 6 . 5  8 . 8  8 . 8 13 . 6  1 3 . 6 

Aviation 14. 2 18 . 3  18 . 3 2 6 . 6 26 . 6  

Total 102 . 6  111 . 1 105 . 8  140 . 9  122 . 9  

Indust rial and Commercial Secto r 

For purposes o f  energy analysis these proj ections include in the 
indus t rial and commercial sector proj ections o f  the energy used in 
manufacturing , agriculture construction , t rade , finance , and govern­
ment and other servi ces . Table 30 shows how those elements of the 
econo� have developed since 1950 and how muCh they now contribute to 
the Is land ' s gross domestic product . The manufacturing s ector has 
grown and diversified over the last few decades and now represents 35 
percent of GDP (meanwhile agri culture has declined f rom almost 20 
to less than 3 percent ) .  A variety of activities now cons t itute the 
manufacturing sector ; most important are the food , apparel , maChinery , 
petrochemi cal,  and pharmaceutical indust ries . 

It is interest ing to note that , despite its importance in the 
energy situation on the Island , pet roleum refining contributed only 
about 1 percent to domestic product in 19 7 7  and less than 0 . 5 percent 
o f  employment . Even the petro chemical industry ' s  contributions to 
total GDP and employment were only 2 percent and 1 percent respectively . 
Pharmaceuticals , on the other hand contributed 9 percent of  total 
GDP . Table 31 summarizes the cont ributions of various indust ries to 
the manufacturing sector.  We include in the commercial secto r  a 
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variety o f  energy consuming act ivities in retail t rade , financial 
inst itut ions , services , and government .  

Th e  consumption o f  fuels and electricity in indus try and commerce 
depends on the level o f  the act ivity and on the particular processes or 
technologies used . Proj ected total energy consumpt ion consequently 
grows at a rate related to the growth in output for that secto r ,  
corrected for any anticipated change in overall energy efficiency . In 
l ight o f  rising energy prices and opportunities for conservat ion , it 
is expected in general that energy consumption will grow in Puerto 
Rico more s lowly than output in any given economic activity . l9 

The Off ice of Energy is analyzing the use o f  fuels by s pecific 
manufacturing act ivit ies in Puerto Rico . A s ummary of the preli� 
inary f indings o f  that analysis is presented in Table 32 , where each 
indust ry ' s  fuel consumpt ion is compared with its contribution to GDP . 
The very large variations in energy intensity o.f direct use o f  fuels 
are noteworthy . Consumpt ion o f  electricity by different industrial 
act ivities also shows extreme variations : three s ubsectors , pharma­
ceut icals , cement and petroleum refining-petrochemicals , use about 
60 percent of the to tal sold to industrial cus tomers . 

Proj ect ion o f  Direct Fuel Demand 

The future demand for fuels by the industrial and commercial sector 
bas been proj ected at one overall growth rate , because there is no 
detailed breakdown o f  past us e  beyond the preliminary data from the 
above-ment ioned survey , which covers only manufacturing . Data for 
agriculture , cons truct ion , government , and all service sectors are 
unavailable . 

'Iotal consumpt io n o f  petroleum products in the industrial and 
commercial sector was estimated at 84 . 6  TBtu for 19 7 7 .  This amount 
reflects sales of fuels by the petroleum indus t ry  in Puerto Rico 
(internal consumption in Figure 5 ) , and thus excludes all fuel used 
within refineries and fuels and feedstocks used in the petrochemical 
industry . 

To obtain the est imate o f  oil use by ref ineries and the petro­
chemical indus t ry , which is not reported in any published source , a 
cal culation was made o f  the difference between total imports and the 
total of exports plus "internal consumpt ion . "  For 19 77 , of the 
450 . 7 TBt u  ( 7 7 . 7  million barrels ) o f  imported crude an est imated 28 . 0  
TBtu was consumed in the refining process . (About 6 percent o f  re­
fining inputs are used as refinery fuel . )  The petrochemical sector 
consumed on the order o f  144 TBtu of  which 6 8 . 7 TBt u  (11 . 8  million 
barrels ) were exported as aromat ics , naphtha , and lubricating o ils , and 
the remainder was t rans formed into chemicals such as olefine or 
further elaborated into paints , text iles , and s imilar products . A 
part o f  this total energy f lowing through the petrochemical sector 
was used to raise steam and provide beat for chemical react ions ; 
there is no reliable informat ion on the size o f  this fract ion . The 
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Table 30 Gros s  domestic product by maj or industrial secto r :  selected fiscal years , 1950-1 9 7 8 ,  
in millions o f  dollars 

I t em  Fis cal lear 
1950 1 9 60 19 70 19 7 3  19 75 1 9 7 8  

Gross dome s t i c  produc t 72 3 . 9  1 , 69 1 .  9 5 , 0 34 .  7 7 , 0 3 0 . 4 8 , 2 0 7 . 7 10 , 902 . 5  

Agriculture 1 32 . 1  16 4 . 0 160 . 9  1 75 . 5  2 64 . 9 302 . 8  

Manufacturing 119 . 7  366 . 3 1 , 190 . 0  1 , 8 79 . 2 2 ,  309 . 8  3 , 7 84 . 6  

Cont rac t cons t ruct ion 
and mining 30 . 4  101 . 1  3 7 9 . 1  4 85 . 2  464 . 6 3 39 . 0  

0\ 
0 

Transportat ion and 
o ther pub l i c  ut i l i t ies 6 1 . 2 1 55 . 8 4 39 . 3 596 . 4  7 6 2 . 9  969 . 2  

Trade 144 . 3 319 . 1 89 8 . 3  1 , 2 26 . 4  1 , 349 . 7  1 , 80 9 . 5  

Finance , ins urance 
and real estate 7 4 . 5 1 9 7 . 7  61 3 . 8 826 . 3 8 7 3 . 9  1 , 1 10 . 1  

Se rvices 4 4 . 7 140 . 9  5 12 . 2  666 . 3 8 3 3 . 7 1 , 140 . 7 

Gove rnment 7 5 . 1  18 7 . 1  609 . 9  1 , 02 9 . 3 1 , 3 3 3 . 5 1 , 55 8 . 5 

Commonweal th 6 7 . 4  1 5 5 . 6  542 . 1  9 11 . 6  1 , 1 44 . 6 1 , 305 . 8  

Municipalit ies 7 . 7 31 . 5  6 7 . 8  1 1 7 . 7  1 88 . 8 2 52 . 6  

Sta tis tical dis crepancy 41 . 9  60 . 0  2 31 . 2  1 46 . 0  14 . 6  -1 1 1 . 9  

Percen t ase dis t ribut ion 

Gross dome s t i c  produc t 100 . 0  100 . 0  100 . 0  100 . 0  100 . 0  1 00 . 0  
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Agricult ure 1 8 . 2 9 . 7 3 . 2 2 . 5  3 . 2  2 . 8  

Manu facturing 16 . 5 2 1 . 6 2 3 . 6 2 6 . 7 2 8 . 1 34 . 7 

Con t rac t cons t ruct ion 
and mining 4 . 2 6 . 0  7 . 5  6 . 9  5 . 7 3 . 1 

Transportat ion and 
o ther pub l i c  u t i l it ies 8 . 4 9 . 2  8 . 7 8 . 5 9 . 3 8 . 9 

Trade 19 . 9  1 8 . 9 1 7 . 8 1 7 . 4  16 . 4  16 . 6  

Finance , ins urance 
and real est ate 10 . 3 1 1 . 7 12 . 2  1 1 . 8 10 . 6  1 0 . 2  

Se rvices 6 . 2 8 . 3 10 . 2  9 . 5  1 0 . 2  10 . 5  

Governmen t 1 0 . 4  1 1 . 0 1 2 . 1  1 4 . 6  1 6 . 2  14 . 3  

Commo nwea lth 9 . 3  9 . 2  10 . 8  1 3 . 0  1 3 . 9  12 . 0  

Mun icipal i t ies 1 . 1 1 . 9 1 . 3 
0\ 

1 . 7 2 . 3 2 . 3 .... 

S t at i s t ical d i s c repancy 5 . 8 3 . 5 4 . 6  2 . 1 0 . 2  -1 . 0  

Source : Pue rto Rico Economi c Deve lo pment Adminis t rat ion , Planning Board , as compiled in Jo rge F .  

Freyre . July 19 79 . Long Term Proj ect ions of the Pue rto Ri can Econo� . Report prepared for 

the Commit tee on Fut ure Ene rgy Alt ernatives for Puerto Ri co , Energy Engineering Bo ar d ,  

As semb ly o f  Engineering , National Rese arch Council . 
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Table 31 Percentage distribution of manufacturing gross domes t ic product by industrial s ector : 
selected f iscal years , 1950-19 78  

St andard Indus t rial sector Fis cal lear 
indus t rial 1950 1960 1970 19 7 3 1974 1975 19 76 19 7 7  19 78 
clas s i fi ca t ion 
( 1972 ) 

31 Leather p roducts ( a) 2 . 0  3 . 0 1 . 7 1 . 6 1 . 5  1 . 2 1 . 0 1 . 1  

0\ 
2 3 Apparal and related produc ts 14 . 7 14 . 1  14 . 7  10 . 8  10 . 1  9 . 1  9 . 0  8 . 4 8 .• 1 N 

22 Texti le mill products 1 . 0 4 . 0  3 . 8 2 . 9  2 . 7 2 . 3 1 . 5  1 . 4  1 . 2 

24 , 25 Wood p roducts and furniture 3 . 6 2 . 5  2 . 3 1 . 8 1 . 4  1 . 2  1 . 0 0 . 9 0 . 9 

21  Tobacco products 4 . 3 3 . 3 6 . 5  5 . 1 4 . 8 5 . 0  4 . 3 3 . 6  3. 3 

Sub total 2 3 . 6 25 . 9  30 . 3  22 . 4  20 . 6  1 9 . 1  1 7 . 0  15. 3 14 . 6  

30 Rubber and plas t i c  p ro ducts 0 . 5 1 . 6  1 . 7 1 . 4  1 . 5  1 . 4  1 . 5  1 . 4 1 . 4  

20 Food and related p roducts 5 8 . 6 34 . 5  2 4 . 8 20 . 2  18 . 1 19 . 2 17 . 7  15 . 7  1 7 . 6  

39 Miscellaneous manufacturing 0 . 7 2 . 2  2 . 1 1 . 3 1 . 4  1 . 4  1 . 5  1 . 4  1. 3 

38 Professional and s cientific 
inst ruments 0 . 3 2 . 2  3 . 2 4 . 0  3 . 8 4 . 2  4 . 9  5 . 0  5 . 2  

36 Elect rical machinery 1 . 2 7 . 5  8 . 4  10 . 0  10 . 5  10 . 5  10 . 3 11. 5 1 1 . 5  

284 , 285 , 287 , 
289 Othe r chemical products 0 . 3 0 . 2  0 . 6  0 . 7 0 . 4  0 . 4  0 . 6  0 . 9 0 . 6  

Subtotal 61 . 6  4 8 . 2 40 . 9  37 . 6  35. 7 37 . 2  36 . 5  35 . 9  37 . 7 
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32 S tone , clay ,  glass and concrete , 
p roducts 4 . 8 6 . 4 4 . 9  4 . 5  4 . 0 3 . 9  2 . 8  2 . 7 2 . 7 

35 , 3 7  Machinery , except elect rical , 
and transpo rtat ion equipment 0 . 2 1 . ·7 1 . 4  2 . 3 2 . 5  2 . 8  3 . 0 4 . 0  3 . 7 

3 3 ,  34 Metal products 0 . 7 4 . 2 4 . 0  4 . 0  4 . 3 4 . 1  3 . 1  2 . 8  2 . 6  

26 , 2 7  Paper products , printing and 
publishing 2 . 8  4 . 8  3 . 1 2 . 3  2 . 5  2 . 5  2 . 1 2 . 0  2 . 0  

2 83 Drug product s  3 . 1 2 . 2  8 . 0  16 . 8  1 7 . 2  21 . 9  2 3 . 1 26 . 1  2 7 . 3  

2 81 , 2 82 , 2 86 Pet rochemical products 1 . 4  1 . 0 1 . 6  3 . 4  5 . 0  4 . 5  8 . 7 7 . 6  6 . 2  

29 Pet roleum re fining and related 
products 1 . 8 5 . 6 5 . 8 6 . 7 8 . 2 4 . 0  3 . 7 3 . 5  3 . 1 

Subtotal 14 . 8 2 5 . 9 28. 8 40 . 0  4 3 . 7 4 3 . 7 46 . 6  4 8 . 7 4 7 . 7 

Total 100 . 0  100 . 0  100 . 0  100 . 0  100 . 0  100 . 0  100 . 0  100 . 0  100 . 0  

�ot available 

So urce : Puerto Rico Economic Development Adminis t ration , Planning Board , as compiled in Jorse F. Freyre . July 19 79 . "' 
w 

Long Term Proj ect ions of the Puerto Rican Econoii.Y • Report prepared for the Couadttee on Future Ener17 
Alternat ives for Puerto Rico , Ener17 Engineerins Board , Assembly of Engineering , Nat ional Research Council . 
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Table 32 Direct fuel use by industry , 19 7 7  

Standard Indus t ry  A B c 
indus t rial Fue l cons umed GDP (A � B) 
clas s i fication ( thousands o f  ( mi ll ions 

b 
barre l s )

a 
o f  dol lars ) 

2 2 , 2 3  Textiles , appare l and re lated p roduc t s  4 8 . 2 325 . 4  0 . 15 

2 1  Tobacco products 5 . 2  121 . 3  0 . 04 

2 0  Foo d an d  re lated product s 749 . 9  5 2 1 . 1  1 . 44 

38 Profess ional and s cien t i fic ins t rument s 4 . 8  16 5 . 3 0 . 0 3 

36 Elect ri cal machinery 7 79 . 4  381 . 7 2 . 09 

32 Stone , clay , glas s and conc ret e  p roduct s 1 , 839 . 9  89 . 6  20 . 5 3 

3 3 ,  34 Metal p roduc ts 20 8 . 1 9 4 . 4  2 . 20 

2 6 ,  2 7  Pap e r  product s ,  printing and pub l ishing 369 . 7 64 . 9  5 .  70 

283 Drug products 1 , 1 3 7 . 2  866 . 1 1 . 31 

281 , 282 , 286 Pet rochemi cal p roduc ts 1 , 140 . 7 25 3 . 5 4 . 50 

29 Pe t roleum re fining and re lated products 4 , 82 8
c 

1 1 7 . 8 40 . 9 8 

O ther 5 7 . 9 317 . 9  0 . 18 

Total 11 , 1 89 . 0  3 , 319 . 0  3 . 3 7  

�reliminary Res ul t s , Puerto Rico O f fice o f  Energy , Survey o f  manufacturin g  energy use , October 19 7 7 .  
b 

Jorge F .  Freyre . July 19 79 . Long Term Proj ect ions o f  the Puerto Rican Economy . Report to the 
Commi t tee on Future Energy Alternat ives fo r Puerto Rico , Energy Engineering Board , Assembly o f  
Engineering , Nat ional Res earch Counci l . See also Table 31 • 

.. 
c

Es t imated from refinery throughput ; see the section o f  this chapter entit led "Current Energy Supply . " 
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matter is further complicated by the fact that the firms are integrated ; 
for example , the main ref inery , CORCO , is also a maj or pet rochemical 
indust ry .  

Demand for fuels by the aggregated industrial and commercial 
sector is proj ected to grow until 1985 at an overall rate of 3 . 0  
percent in Case A and 1 . 8  percent in Case B (lower than the es t imated 
GDP growth rates of  4 . 0  percent and 2 . 8  percent for Cases A and B 
respect ively ) . The growth rates for the period 1985-2000 are estimated 
at 2 . 7  percent in Case A and 1 . 5  percent in Cas e B ,  s imilarly based 
on higher GDP growths of 3 . 7  percent and 2 . 5  percent res pect ively . We 
have thus assumed that industrial fuel consumpt ion will grow at a rate 
1 percent per year lower than the growth in GDP . This is cons istent 
with recent experience in the United States . l9 Table 33 shows the 
proj ected demand for pet roleum products in the year 2000 . 

Proj ect ions o f  Indus trial and Commercial Elect ricity Demand 

The future demand for electricity is es t imated on the bas is of ass umed 
growth rates for several manufacturing indus tries (ref ining and petro­
chemicals , pharmaceuticals , and cement ) . The res t of the indus t rial 
sector and the ent ire commercial secto r are described by a s ingle 
overall growth rate . 

In the refin ing and pet rochemicals indust ries , with their highly 
uncertain out looks , it was assumed that electricity demand will grow 
at an average annual rate o f  1 . 0 percent . The bas is of  the proj ect ion 
in Case A is adj usted according to the assumpt ion that the chloralkali 
plant o f  PPG Industries Caribe will not reopen . Case B assumes in 
addit ion that the Oxochem, Puerto Rico Ole f ine , and Caribe  Isoprene 
facilit ies will no t resume operat ions . Growth in thes e indust ries is 
linked to the domest ic Puerto Rican demand for petroleum products f rom 
refineries ; Freyre5 has tentat ively proj ected the output of refineries 
as increas ing by 2 percent per annum in 19 78-85 , with the growth rate 
declining to 1 . 5  percent for the rest o f  the planning period . The 
Puerto Rican pet rochemical indus t ry is highly dependent on mainland 
markets ; our economic forecast suggests a slow growth without 
quantifying what it could be . 

For the parmaceut ical indus t ry the as sumpt ion is that demand for 
elect rici2o grows at the same rate as output , es timated by Jorge 
F .  Freyre to be 9 . 3  percent per annum for 19 78-85 and 6 . 5  percent 
per annum for 19 85-2000 (Case A) . For Case B ,  growth rates o f  6 . 5  
percent and 4 . 6  percent were assumed for the two periods respect ively . 

Electricity demand for the cement indus t ry grows at the rate 
of growth o f  output of the st�8e ,  clay , glass and concrete products 
industry ,  estimated by Freyre to be 1 . 2  percent and 1 . 7  percent 
annually for the two periods analyzed in Case A and 0 . 8  percent and 
1 . 3  percent respect ively for Case B .  
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Tab le 33 Indust rial and commercial fuel demand 

Time period/ 
year 

19 7 7  

197 7-1985 

1985 

1985-2000 

2000 

Consumption 
( t rillions of Btu) 

19 7 7  Case A Case B 

84 . 6  

10 7 . 2 9 7 . 6  

159 . 9 122 . 0  

Growth rate 
(percent per year) 

GDPa Enerpb 

Case A Case B Case A Case B 

4 . 0  2 . 8 3 . 0  1 . 8 

3 .  7 2 . 0  2 . 7 1 . 5  

a 
Jorge F. Freyre . July 1 9 79 . Long Term Proj ections o f  the Puerto 

Rican Economy . Report to the Committee on Future Energy Alternatives 
for Puerto Rico , Energy Engineering Board,  Assemb ly of Engineering , 
Nat·ional Research Council . Tab les 44 , 5 4 .  
bsee note 19 . 

Growth rates corresponding to those o f  GDP are applied to the . 
remainder of  indus t ry .  These are the same as those used for pet roleum 
demand in indus t ry  ( Table 33) , except that in the case o f  electricity 
no allowance is made for improvements in efficiency . This is not 
because savings in the use of electricity in indust rial processes are 
unavailable,  but because they are likely to be countered by the 
adoption o f  new electricity-consuming pro cesses and activities . 

Demand fo r electricity in the commercial secto r  ( comprising 
t rade , financial services , insurance and real estate services , and 
government ) is proj ected at the rate o f  growth of output for this 
s ector--3 . 4 percent annually through 2000 for Case A and 2 . 4  percent 
in 1978-85 and 2 . 2  percent in 1985-2000 for Case B . 5 Table 34 
summarizes the electricity demands proj ected by these means . For 
the indust rial and commercial sectors combined , total demands of 30 . 6  
TBtu ( 8 , 950 million kWh) in 19 85 and 50 . 4  TB tu ( 14 , 800 million kWh) in 
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Table 34 Industrial and commercial electricity consumption 

Subsector 

Pharmaceuticals 

Oil re fining and
b petro chemicals 

Case A 

Case B 

Cement 

Other indust ry  

Commercial 

Total 

19788 

(trillions 
o f  Btu) 

1 . 7 

7 . 9 7 

(6 . 26)  

(5 . 49)  

0 . 68 

6 . 37 

9 . 15 

25 . 90 

Annual growth 
rate , 19 78-85 

(percent) 
Case A Case B 

9 . 3  6 . 5 

1 . 0 

1 . 0  

1 . 2 0 . 8 

3 . 7 2 . 7 

3 . 4 2 . 4  

2 . 4  1 . 0  

1985 
Consumption 

( trillions 
o f  Btu) 

Case A Case B 

3 . 1 7  2 . 64 

6 . 71  

5 . 89 

0 . 74 o.  72 

8 . 38 7 . 7 

11 . 56 10 . 80 

30 . 56 2 7 . 75 

2000 
Annual growth 

rate , 1985-2000 
(percent) 

Case A Case B 

6 . 5  4 . 6  

1 . 0  

1 . 0  

1 . 7 1 . 3 

3 . 7 2 . 5  

3 . 4  2 . 2  

3 . 4  2 . 3 

( trillions 
of Btu) 

Case A Case B 

8 . 15 5 . 18 

7 . 79 

6 . 84 

0 . 95 0 . 87 

14 . 45 11 . 15 

19 . 09 14 . 9 7 

50 . 43 39 . 01 

aJorge F .  Freyre . July 19 79 . Long Term Pro j ections o f  the Puerto Rican Economy . Report to the 
Committee on Future Energy Alternatives for Puerto Rico , Energy Engineering Board , Assemb ly o f  
Engineering,  Nat ional Research Council . Table 60 . 
bThe refining and petrochemicals f igures in parentheses refer to the demand o f  these indust ries , 
excluding that o f  the PPG Industries Caribe  chloralkali plant in Case A (some 500 million kWh) and 
excluding in addition the demand o f  the Oxochem, Puerto Rico Olefins , and Carib e Isoprene facilities 
in Case B ( some 2 75 million kWh) . 

0\ 
..... 
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Table 35 Summary of Puerto Rican energy demands 

Demand ( trillions o f  Btu) 
19 7 7  1985 2000 

Industrial and commercial 
electricity 

Res idential electricity 

Total electricity& 

c 
Oil to electricity 

Oil to residential 

Oil to t ransportation 

Oil to indust rial and 
connnerciald 

Total petro leum fuels 

Petroleum use for nonenergy 
products ( 4 . 5  percent ) 

Total internal consump­
tiond , e 

25 . 1  

11 . 8 

38 . 3
b 

1 34 . 7 

3 . 5  

10 2 . 6  

84 . 6  

325 . 4  

16 . 4  

341 . 8  

Case A Case B 

30 . 56 

15 . 88 

46 . 44 

154 . 8 

3 . 6 

111 . 1 

107 . 2  

3 76 . 7 

16 . 9  

39 3 . 6  

2 7 . 75 

14 . 90 

4 2 . 65 

142 . 2  

3 . 5  

105 . 8  

9 7 . 6  

349 . 1 

15 . 7  

364 . 8  

Cas e A 

50 . 43 

26 . 75  

7 7 . 18 

2 5 7 . 3  

4 . 6  

140 . 9  

1 59 . 9  

562 . 7 

2 5 . 4  

588 . 1  

Cas e B 

39 . 01 

21 . 14 

60 . 15 

200 . 5  

4 . 2  

122 . 9  

122 . 0  

449 . 6  

20 . 2  

469 . 8  

�is total omits public lighting, which the Elec tric Power Authority 
forecas ts to decrease gradually to 140 million kWh ( less than 0 . 5  tril­
lion Btu) by 1983 . 
b 

. 
Total includes 1 .  4 t rillion Btu o f  "other us es . "  The 19 78 electricity 

consumption by the indust rial and commercial sector , actually used as 
the basis for proj ection , was 25 . 9  trillion Btu . 
cThe continued generation o f  electricity by oil postulated here is for 
illust rative purposes only . Planning for Puer to Rico ' s  firs t coal steam 
power plant is underway at several stages within the Electric Power 
Authority , and other sources such as ocean thermal energy conversion are 
under cons ideration als o .  The proj ection incorporates a 6 percent decrease  
in generation and dist ribution losses ; for  this reason the increase in 
the "oil to electricity" total is proportionately less than that in 
"total elec tricity" . 

�xcluding use by refineries and pet rochemical plants 
f'l 

This amount corresponds to the Office o f  Energy ' s def init ion o f  " inter-
nal consump tion . " 

Copyright © National Academy of Sciences. All rights reserved.

Energy in Puerto Rico's Future:  Final Report
http://www.nap.edu/catalog.php?record_id=19778

http://www.nap.edu/catalog.php?record_id=19778


69 

2000 are obtained for Case A, and 2 7 . 8 TB tu ( 8 , 100 million kWh) and 
39 . 0  TBtu ( 11 , 400 mil lion kWh) in 19 85 and 2000 respectively for Case B .  

Th e  lates t Electric Power Authority forecas ts to 19 8321  have been 
ext rapolated at the respective 19 82-83  growth rates for the indus t rial 
and commercial sectors . This calculation yields a total demand in 
19 85 by thes e two sectors of 9 , 292 million kWh , which is nearly 4 
percent higher than our Case A and a substantial 15 percent hi gher 
than our Case B .  The dif ference is not surprising in light of this 
committee' s assumptions about the future of the refining and petro­
chemical indust ry ,  which weigh heavily in the totals . The Aughority 
eliminates only two plants in its estimates ( one o f  which , however , 
is the PPG Indust ries Caribe chloralkali plant , the larges t electricity 
consumer in the group o f  closed p lants ) ,  while our Case B proj ections 
assume four permanent shutdowns . The Authority ' s  proj ections are 
in fact s i gnificant ly different f rom this committee ' s  only in the low 
growth case , the basic assumpt ions of which are not consistent with 
those implied by the authority ' s proj ections . 

Summary o f  Demand Proj ections 

Proj ections of energy demand for the residential , transportation , and 
industrial and commercial sectors include demands for only two energy 
forms ,  electricity and petroleum products ,  omitting energy sources not 
extensively used at present , such as coal , biomas s , and s olar energy .  
The potentials o f  these alternative energy sources are the subj ect 
of Chap ter 7 .  

The sum o f  the proj ected energy demands in the res idential , 
t ransportation , and indust rial and commercial sectors ( Table 35) 
corresponds to what the Office of  Energy classi fies as internal 
consumption of energy in Puerto Rico . That is , it  leaves out 
pet roleum product expo rts ,  internal consumpt ion in refineries and 
petrochemical complexes , and chemicals manufactured from imported and 
domestically produced naphtha.  To proj ect total crude oil and naphtha 
impo rt requirements , one must make explicit assumptions about the 
future demand for fuels and chemicals on the mainland and ,  mo re 
impo rtant , the competitiveness o f  Puerto Rican products vis-a-vis 
supplies on the mainland Gulf Coast and in the res t  of the world . 

In Tab le 35 , proj ect ions of  internal consumpt ion of petroleum 
products for 1985 and 2000 are computed on the as sumption that 
electricity generation continues to be  based exclusively on petroleum. 
This is done for illus t rative purposes only , in reco gnition o f  the 
Puerto Rico Elect ric Power Authority ' s consideration of  a coal-fired 
generating unit . ( See Chapter 5 . ) 

To convert elect ricity demand into fuel requirements ,  a facto r 
o f  0 . 15 was assumed for transmiss ion and dis t ribution losses and 
internal use by the util ity , and a fac tor o f  0 . 35 fo r power plant 
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efficiency . The results o f  the p roj ection show that the fraction o f  
to tal pet ro leum fuels represented by o i l  inputs to  electricy 
generation remains stab le between 19 7 7  and 19 85 ( about 41 percent o f  
the total) but increases slight ly ( to 45-46 percent) b y  the year 2000 . 
( See Table 36 . ) This unders cores the importance of fuel substitution 
in electricity generation . 

The Puerto Rico Electric Power Authority forecasts  electricity 
generation in fiscal 1985 at 16 , 99 1 . 4 million kWh . 2 1  The corres­
ponding values for that y ear in this committee ' s  proj ection are 
16 , 00 8  million kWh in Case A and 14 , 702 million kWh in Case B ,  assuming 
that generation and demand differ by 15 percen t ,  to  account for losses 
in t ransmis s ion and dis t ribution . For our Case A,  which is b ased on 
assumptions similar to those used by the Authority in tis proj ections , 
the results are within 6 percent o f  each other. In Case B ,  the pro­
j ected pattern of s lower economi c growth yields an estimate of tot al 
electricity generation that is 1 3. 5 percent lower than the Authority ' s .  

Table 36 shows the p roj ected annual growth rates for petroleum 
demand by all sectors . Demand grows fas ter between 1985 and 2000 than 
between 19 7 7  and 1985 , in part because o f  growth in e lectricity 
demand by indus t ry .  The demand for e lectricity in the residential 
and commercial sectors grows at an approximately constant rate through­
out the p roj ection years ; only in the indust rial sector does electricity 
demand experience fas ter growth in the later period . This is caus ed by 
the assumed sus tained high growth in the pharmaceutical indus t ry ,  
which in Case A j umps from 10 percent o f  total indus trial electricity 
consumpt ion in 19 7 7  to a p roj ected 27 percent in 2000 ( Table 34) . 
The higher growth rate in oil demand in the 19 85-2000 period is also 
due in part to the character o f  the t ransportation sec tor  demand ; 
vehicle miles driven per automobile are assumed to drop before 1985 due 
to higher fuel p rices , but to s t ab ilize thereafter.  (The p roj ection 
does not incorporate further decreases in vehicle miles per year in 
response to increas ing. gasoline prices ) . The factors ment ioned here 
show the sensit ivity of the overall proj ect ions of petroleum require� 
ments to individual as sumptions made about sub sectoral growth rates . 

A final tabulat ion o f  total crude and naphtha import require­
ments is presented in Table 37 . Excluded from this table is use o f  
feeds tocks b y  pet rochemical companies . Despite expl icit assumptions 
for Case A and Case B on reopenings of thes e plants , there are no 
data on their individual inputs of raffinate , naphtha ( imported directly 
or ob tained from domestic refineries ) ,  and other feeds tocks . For all 
other pet roleum requirements , according to these proj ect ions , Puerto 
Rico will import 118 to 1 2 3  million barrels in 1985 and 137  to 159 
mill ion barrels by the year 2000 . Internal cons umption of petroleum 
is expected to increase to 6 3  to 68 mill ion barrels per year by 1985 
and to 81 to 102 mill ion barrels in 2000 , from the current level o f  
5 9  mill ion barrels . Even at current prices for crude oil , that implies 
oil import cos ts in excess of 2 b illion dollars by the year 2000 . 
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Table 36 Pet roleum demand , growth rates , and sectoral b reakdown 

Consuming Annual srowth rate �Eercentl Sectoral b reakdown �Eercentl 
s ector 19 7 7-1985 19 85-2000 19 7 7  1985 2000 

Case A Case B Case A Cas e B Case A Case B Case A · Case B 

Elect ricity 
generation 1 . 8 0 . 7 3 . 4  2 . 3  41 . 4  41 . 0  40 . 7  45 . 7  44 . 6  

Resident ial 
sector o . o o . o 1 . 6  1 . 2 1 . 1 0 . 9  1 . 0  0 . 8 0 . 9  ...... .... 

Transportation 
sector 1 . 0  0 . 4 1 . 6 1 . 0 31 . 5  2 9 . 5  ' 30 . 3  25 . 0  2 7 . 3 

Industrial and 
commercial 
sec tor  3 . 0 1 . 8  2 . 7 1 . 5 26 . 0 28 . 5  2 8 . 0  2 8 . 4 2 7 . 1  

To tal petroleum 
requirements 1 . 8 0 . 9  2 . 7 1 . 7  100 . 0  100 . 0  100 . 0  100 . 0  100 . 0  
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Table 37  Total petroleum import requirements 

Millions of  barrels per year 
19 7 7  1985 2000 

Internal consumpt ion 59 

Petroleum fuels 
exportsa 35 

Aromatics , naphtha , 
and other petroGeum 
product exports 12 

Fuel use in refineries c 4 . 5  

Other chemical feed­
stocks produced 
or imported 1 3  

Total imports 
(crude and feed-
stocks ) 12 3 

Case A Case B Case A Case B 

68 63 

38 38 

12 12 

5 . 1  4 . 8  

(d) (d) 

102 81 

38 38 

12  12 

6 . 7 5 . 7  

(d) (d) 

�is includes gasoline , res idual o il ,  and middle dis tillates . 
bAssumes that the market for aromatics cont inues to be favorable and 
Puerto Rico producers can remain compet itive 
clncreases at the rate of  production o f  pet roleum products 

«1Jnknown 
e Excludes requirements o f  Union Carbide and all other pet rochemical 
concerns that may operate again in the future 
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NOTES 

Office o f  Petro leum Affairs . April 19 7 7 .  
Situation of  Puerto Rico , 1976 . San Juan : 
of  Puerto Rico . p .  4 7 .  

Synops is of  the Energy 
Office of the Govemor 

Oficina de Energia. November 1978.  Es tadisticas Sobre el Petro leo 
y sus Product os Ano Natural 19 7 7 .  San Juan : Oficina del Govemador 
de Puerto Rico . 

3 .  Merrill Lynch White Weld Capital Markets Group . October 19 79 .  
$100 , 000 ,000 Puerto Rico Water Resources Authority Power Revenue 
Bonds , Series F .  Official Statement . 

4 .  In 19 7 7  total elect ricity generated was 13 , 291 , 000 kWh . O f  this , 
809 , 000 were us ed for in-plant auxiliary equipment , the net senera­
tion being 12 , 482 , 000 kWh . Tmasmis sion and dis tribution losses 
were 1 , 252 , 000 kWh , or about 10 percent of net generat ion. 

5 .  Jorge F.  Freyre . July 19 79 . Long Term Proj ections of  the Puerto 
Rican Economy . Report to the Comm:l.ttee on Future Energy 
Altemat ives for Puerto Rico , Energy Engineering Board , Assembly 
o f  Engineering , National Res earch Council . 

6 .  Freyre , Long Term Proj ect ions (note 5) , p .  79-81 . 

1 .  Donovan , Hames ter,  and Rattien , Inc .  April 1979 . Energy Data for 
Puerto Rico .  Report prepared for the Comm:l.ttee on Future Energy 
Altematives fo r Puerto Rico , Energy Engineering Board , Assembly of 
Engineering ,  National Research Council . p .  2 .  This source states 
that 30 to 40 percent of  households use gas fo r cooking . The 19 70 
U. S .  Census of Housing indicates that 49 percent of all year-round 
occupied housing units use gas for cooking.  A s ample o f . 605 house­
holds in the San Juan met ropo litan area shows 37 .  5 percent o f  PREP A 
cus tomers having gas ranges in 19 78 ; the survey results , however ,  
are not representative o f  the entire Island . 

8 .  Data from PREPA indicate that 5 5  percent of their cus tomers use less 
than 300 kWh per month ; a l arge fract ion of these customers have 
other appliances , including water heat ers , which makes it unlikely 
that their cooking is also electric. PREPA estimates cooking con­
sumes 100 kWh per month . The San Juan Area Survey cited in note 7 
shows a total of  59 percent o f  the hous eholds surveyed use electric 
ranges . The 1 9 70 census indicates 29 percent use electricity as a 
fuel for cooking ;  among other factors , all new public housing in 
recent times has been elect ric , so that the 19 70 saturat ion would 
be expected to increase substantially . 
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9 .  A survey o f  low income population in 19 76 indicates that about 
14 percent o f  the sample use charcoal for some household purposes . 
(Donovan , Hames ter , and Rattien , Energy Dat a (note 7) . )  

10 . MOnthly kilowatt hour usages per appliance are t aken from PRWRA, 
cited in Donovan , Hames ter and Rattien , Energy Data (note 7 ) , 
p . 18-20 .  

11 . U . S .  Department o f  Transpo rtation . 1975 . Selected Highway 
Statis t ics . Washington , D . C . ; Puerto Ri co Department o f  
Transportat ion and Public Works . 19 7 8 .  Energy and the Puerto 
Ri can Economy . San Juan . p .  40 . 

12 . This estimate was made by an analys is o f  the composition o f  the 
p rivate passenger car fleet in Puerto Rico .  ( See No rma Ayuso and 
Carlos R. Viz carrondo . Augus t 19 7 8 .  A Pro file o f  the Private 
Passenger Car Fleet in Puerto Rico and It s Average Fuel Economy . 
Research Report No . 1 .  S an  Juan : Office o f  Energy o f  Puerto 
Rico . ) 

1 3 .  Frey re ,  Long Term Proj ect ions (note 5 ) , ch . 4 .  

14 . Jorge F. Freyre .  Personal communicat ion t o  John Berga . September 
19 , 19 79 . 

15 . Puerto Rican Department o f  Transportation and Public Works , 
Of fice o f  Economics and Statistical Studies . Cited in Donovan , 
Hames ter ,  and Rattien , Energy Data (note 7) , Section Dl . 

16 . Anthony J.  Parisi .  September 16 , 19 79 . The End of  an Era : Gas 
Consumption Peaking.  New York Times . Sec.  3 ,  p .  1 .  

17 . See , fo r example , National Research Council . 1979 . Alternative 
Energy Demand Fut ures to 20 10 . Commit tee on Nuclear and 
Alternat ive Energy Sys tems , Demand and Conservation Panel .  
Washington , D . C . : National Academy o f  Sciences . ch . 5 .  

1 8 .  Office o f  Ene rgy .  19 7 8 .  Statist ical Compendium on .Energy Use for 
Int�rnal Transportat ion in Puerto Rico--19 7 7 .  San Juan : Office 
of the Governor of Puerto Rico . Tab le 6 .  

19 . During the pe riod 19 7 3-78 , indus t rial output in goods and ser­
vices rose 12 percent , while indus t rial us e  o f  energy dropped by 
mo re than 10 percent--roughly a 22 percent overall improvement in 
energy productivity ( Ro ger W� Sant . 19 79 . The Least Cos t  Energy 
St rategy--Minimizing Cons umer Costs  Th rough Compet ition . 
Arlington , Va . : Mellon Institut e . ) See also U . S .  Department of  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

E n e r g y  i n  P u e r t o  R i c o ' s  F u t u r e :   F i n a l  R e p o r t
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 7 7 8

http://www.nap.edu/catalog.php?record_id=19778


75  

Cont inued 

Energy . 19 7 7-78 . Voluntary Indus t rial Energy Conservation •. 
Progress Reports 5 ,  6 .  Washington , D . C . (DOE/ CS-00 35 ; DOE/ CS-0018) . 
All indications are that the current energy price increases , which 
are not yet reflected in available stat ist ics , will improve effi­
ciency in energy use.  

20 . Unpubl ished proj ect ions o f  manufact uring gross product by Jorge F .  
Freyre , consultant to the Committee on Future Energy Alternat ives 
for Puerto Rico , Energy Engineering Board , Assembly o f  Engineering, 
Nat ional Research Council . 

21 . Vilma Arias . August 19 79 . Forecast ing and Cost of  Service Section , 
PRWRA: Memorandum. San Juan : Puerto Rico Water Resources 
Authority . 
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4 THE OIL REFINING AND 
PETROCHEMICAL INDUSTRIES 

The re fining industry in Puerto Ri co was developed , beginning in the 
late 1950 ' s , to import crude oil at relatively low world prices and 
sell products at higher domes tic prices , on the Island and on the main­
land . As long as world crude oil prices were below domes tic p rices 
(which were insulated by the import quota sys tem) refiners on the 
Is land were able to turn a good pro fit from the di fference and als o pay 
the higher t ranspo rt at ion cos ts to the mainland that resulted from the 
Jones Act (46  U. S . C .  883) , which requires that goods traveling by water 
between U. S .  ports move in U. S . -regis tered ships . 

From Puerto Rico ' s point o f  view , the refining margin defrayed the 
cost of refined products used on the Island for power generat ion and 
transportation ; the expo rted products had a net value about equal to 
the landed cost of the crude. But the revers al of the price relation­
ships between forei gn and domes tic crude after 19 7 3  changed Puerto 
Rico ' s  advantages to disadvantages ; allo cations of entit lements to 
Puerto Rican refineries have helped to alleviate the prob lem but have 
not so lved it . 

The change in price relationships also led to di fficulties fo r 
some petrochemical operations on the Is land . The Commonwealth Oil and 
Re fining Corporation ( CORCO) had entered into j oint ventures with PPG 
Indus t ries Caribe and w. R. Grace for the p roduction of olefin deriva­
tives , becoming highly levered in the process as its debt load quad­
rupled. It could not pass along the es calation on feedstock cos ts 
because o f  fixed-price cont racts with its j oint-venture partners , 
Puerto Rico Olefins and Oxochem. The results were rapidly mounting 
losses fo r CORCO, and eventual bankruptcy . CORCO is als o reported to 
have suffered from management problems before its bankruptcy .  Some 

7 6  
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other pet rochemical ventures on  the Is land seem to  have escaped mos t of  
these difficulties . 

The maj o r  changes in pet rochemical feedstock prices in the mid-
19 70 ' s  came before the Island ' s  petrochemical complex had attained an 
opt imum st ructure , and coincided with the 19 74- 75 worldwide recession ,  
which caused a s lump in demand for pet ro chemicals . In addition , elec­
t ric costs on the Island es calated well above those o f  mainland plants . 
These events dis couraged further investment in downst ream pet ro chemical 
facilities , made the PPG Indus t ries Caribe chloralkali plant (whi ch 
produces chlorine and caus tic soda) uneconomical and arres ted the 
development o f  the CORCQ-PPG complex befo re downstream balance had been 
achieved . As a result , much o f  Puerto Rico Olefin ' s  ( PRO) potential 
ethylene p roduction could not be used within the CORCQ-PPG complex or  
anywhere else on the Island ; technical and economic obstacles have 
dis couraged development o f  an expo rt market for this o lefin. Again , 
some other pet rochemical producers in Puerto Rico do not appear to 
suffer from these p roblems to nearly the same degree . 

THE OUTLOOK 

The ques tion before us is whether and in what ways these indus t ries 
are likely to affect and be affected by the supply and use of energy 
on the Is land. Because CORCO is Puerto Rico ' s  bigges t refiner and has 
been involved wi th a very large pet rochemical complex , its prob lems 
and those of  its j oint ventures have a maj or bearing on the future 
supply and demand o f  energy. Figure 7 is a schematic diagram o f  
CORCO' s  previous complex relationships with maj or fuel an d  petrochemi­
cal consumers , including its own j oint ventures . The figure shows the 
principal facilities in the Island ' s refining and pet rochemical indus­
tries , the patterns of ownership , and the flows o f  fuels , feedstocks , 
and products .  Puerto Rico Olefins and Oxochem are currently shut 
down, as are the PPG Indus tries Caribe , Caribe Is oprene , and Air 
Products facilities . 

Re fining 

Puerto Rico ' s  total refining capacity in 19 78 was rated at 266 thousand 
barrels per day , dis t ributed among CORCO ( the larges t complex with a 
capacity o f  141 thousand barrels per day) , Yabucoa Sun , Caribbean Gul f 
Refining Co . , and a very small operation by Peerless Pet rochemicals . 
Production in 19 7 7  was 231  thousand barrels per day . Crude oil impo rts 
were 2 1 3  thousand barrels per day . 

Internal demand for refined pet roleum in 19 77  was about 1 35 thou­
s and barrels per day ; 75 thousand was for res idual fuel oil , 4 3  
thous and for gasoline , an d  the remainder for dis tillate fuel o i l  and 
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minor p roducts . Local demand in Puerto Rico is and will cont inue to 
be the principal claimant for products refined on the Island. The 
remainder of refined-products output {some 96 thous and barrels per 
day in 19 7 7 )  was expo rted , almos t all of it to the U. S .  mainland . Of 
this total , more than 50 percen t was gasoline , 40 percent middle dis­
tillates , and about 10 percent residual fuel oil . 

In addition to the crude oil imports o f  213  thousand barrels per 
day , the Island imported 116 thousand barrels per day of naphtha.  Part 
o f  this naphtha was refined into finished petroleum products and part 
was used as feeds tock in the pet ro chemical indus t ry .  The oil 
refiners on the Is land also produced naphtha that was used in some 
pet rochemical plants . CORCO produced about 10 percent of the naphtha 
needed in its refining operations . CORCO' s  share o f  19 77  output was 
1 30 thousand barrels per day , or 56 percent.  CORCO shipped 89 thousand 
barrels per day to Puerto Rican users and expo rted 41 thousand barrels 
per day . In 19 78 it continued to ship over two-thirds o f  its output 
to Is land cus tomers . 

Future Market s and Competitors 

The Puerto Rican ref ineries must look to three princ ipal markets in 
the future : domes t ic consumption of fuels ;  mainland sales of refined 
products ;  and sales to petrochemical producers on the Island . Puerto 
Rican petrochemical manufac ture is discussed in a later sect ion of this 
chap ter . The firs t two markets ,  sales on the Island and on the main­
land , are of course related . Exports to the mainland are espec ially 
important to the future economy of the Island , since they are a means 
of paying for imports . {We can probably as sume safely that no other 
important export market for refined produc ts is likely to be accessible 
to Puerto Rican ref iners . )  

Foreign refineries can supply U . S .  mainland markets and even 
markets on the I sland itself . Puer to Rican ref iners cannot take for 
granted a protected market for "home" consumpt ion ;  they must  remain 
competitive . While even Europ ean refiners could reach Puerto Rican 
markets under some cond itions , the most probable sources of competit ion 
in the supply o f  refined products for the U . S . mainland or Puerto Rico 
are in the Caribbean and in Mexico . Tabl e 38 lists the rat ed refinery 
capac ity in those areas at the end o f  1977 . {Some of these est ima tes 
over s tat e the capac ity of the refineries for sus tained product ion; the 
true capacity in Puerto Rico , for instance , is nearer 2 60 than 284 
thousand barrels per day . ) Many of  the small refineries produce for 
home consumpt ion only . Puerto Rico ' s  maj or competit ion is from the 
Bahamas { for fuel o il ) , 1 Aruba-Curaca� , Trinidad , Venezuela , and the 
Virgin Islands , and soon from Mexico . 

The mainland United States will continue to import refined products  
for the indefinite future;  additions to refinery capacity cannot be 
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Table 38 Rated refining capacity in the Caribbean Bas in and Mexico , 
January 1 ,  19 78 

Country Refining capacity 
( thousands of barrels per day) 

Bahamas 500 . 0  

Barbados 3 . 0 

Colombia 165 . 0 

Costa  Rica 10 . 0  

Dominican Repub lic 4 6 . 5 

El Salvador 16 . 5  

Martinique 1 1 . 9 

Guatemala 14 . 0  

Honduras 14 . 0  

Jamaica 32 . 6  

Mexico 1 , 2 4 3 . 5  

Netherlands Antilles 842 . 0  

Nicaragua 14 . 9  

Panama 100 . 0  

Puerto Rico 284 . 0  

Trinidad-Tobago 4 61 . 0  

Venezuela 1 , 445 . 5  

Virgin Is lands 782 . 0  

Total 5 , 986 . 4  

Source : Petroleum Pub lishers . 19 78 . International Pet roleum 
Encyclopedia.  Tuls a ,  Okla .  
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large enough t o  e liminate impo r t s  o f  product s .  The eas t e rn  s e abo ard 
of the Uni t e d  S t at es--mo re p re c i s e ly Pe t ro leum Adminis t rat ion for 
De fens e Dis t ri c t  I ( PAD I ) --wi ll i mpo rt a large p ro po rt io n of the p ro­
duct s  i t  cons umes , fo r s everal d e c ade s o r  as long as i t  can ob t ain 
s upplies elsewhere . Re fine rs in t h e  res t

3
o f  t h e  Un i t ed S t at es wi ll 

no t be ab le to s uppl y all of that deman d .  P roduc t s  wi ll come f rom 
o f f s ho re ,  c h ie f ly f rom re f in e ries in t he Ca r ibbean and Mexi co . 

There is no r eason Puerto R ic a n  r e f ine r ies should no t h e l p  
sup p l y  tha t demand i f  t h ey c a n  main t a in p ro c e s s ing e f f ic i enc ies com­
parab l e  to t ho s e  o f  the i r Ca r i bb ean c omp e t i t ion and if t h ey can ship 
to the ma in l and at equ iva lent t rans p o r t  c os t s .  The ir c rud e o il c o s t s  
will b e  t h e  wo r ld p r ic e s  i n  expo r t  market s ,  equiva lent to t hos e o f  
compe t ing fo re ign refine r ies , and t he ir process ing e f f ic i en c ie s  s hould 
b e  a t  leas t as grea t . Mainland demand can eas i ly absorb t he i r  expo r t s . 
Their ma inland markets may even be sl ight ly p ro t ec t ed i f  the Un i t ed 
S tates sho u l d  ma in t a in a d if fe rent ial tar i f f  on p roduc t s  r e f ined in 
fore ign coun t r i es . 4 

One enco uragin g  fac tor in t he f u ture o f  CORCO is the exc ell en t  
adap t a t ion o f  i ts r e f ining comp lex t o  t he produc t ion o f  unl ead e d  
gasol ine . CORCO is one o f  t h e  large s t  u . s .  producers o f  a roma t ics , 
some o f  whic h ( xy l ene , t o l uene ) are regularly used in t he p roduc t ion 
o f  unleaded gaso l ine . This p r o d u c t  i s  alr eady in sho r t  s up p ly on t he 
ma inland ; demand for i t  i s  bound t o  grow unde r  env i ronmen t a l  pro t ec­
t ion r u l e s  a l r eady in e f f ec t .  A favorab l e  marke t  for CORCO sho u l d  
resul t ,  a n d  p r ic e  d if f e rent ia l s  fo r unl eaded gasol ine sho u ld be even 
more f avo rable if p r i c e  c o n t r o l s  a re removed f rom the U . S . mar ket . 

Crude O i l  S up p ly 

Bo t h  Pue r t o  R i co an d t he ma inland w i l l b e  a f f ec t ed by a mu l t i t ude o f  
fa c to r s  a nd events r e l a t ing t o  energy dur ing t he next f ew y ea r s ; we 
canno t p re d ic t t hem a l l . One o f  t he mo s t  t rouble some is t he supp l y  o f  
c rude o i l .  Current ev en t s  a ga in have t h rown into high re l i e f  t he 
dangerous dependen c e  o f  t he Un ited S t a t e s  on fore ign o i l  supp l ie s . 
Pue r to Rico p a r t ic ip a t e s  in t ha t  d e p endenc e ,  and in the dange rs . 
Withou t say ing mo re about the U . S .  energy p redicamen t ,  we po in t  o u t  
tha t  Puer t o  R i co ' s  r equ i remen t s  f o r  c r ude o i l  a t  curren t  l evel s o f  
ope ra t ion a r e  only 3 to  4 p ercent o f  t he c rude imp o r ted b y  t h e  Un i ted 
S ta t es . ( S ee Tabl e 39 for r e l evan t magn i t ud e s  as o f  1977 . )  

I n  an equ il ibr i um marke t ,  wi t h  s upp l y  and demand in balance , 
Puer to Rico would b e  a b l e  to secure i t s  small s hare by rout ine pur­
chases on world marke t s . B u t  a v io lent ly d i sequil ibra t ed marke t ,  wi t h  
spo t sho r tages and rap idly changing p r ices , c omp l ic a ted by p r ic e  
con tro ls and suppl i er al locat ions , p r esen t s  a d i f feren t p ic t u r e . 
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Table 3 9  Crude oil and refined products : imports an d  consumpt ion, 
Puerto Rico and the U . S .  mainland , 19 77  

Crude oi l  impo rts 

To Puerto Rico
a 

To U. S .  mainland 

Shipments o f  refined product s 
to U . S .  mainland 

From Puerto Rico 

From all suppliers 

Consumption of refined products 

Puerto Rico
b 

U .  S .  mainland 

Output of refined products 

Puerto Rico 

U. S. mainland 

Thousands o f  
barrels per day 

213  

6 , 565 

96 

2 , 145 

251 

1 8 , 450 

2 31 

16 , 305 

�es not include imports of naphtha into Puerto Rico ( 116 thousand 
barrels pe r day in 1 9 7 7 ) . 
b 

Including 1 16 thousand barrels per day o f  imported naphtha .  

Source : British Pet ro leum Company Limited . 19 7 7 .  BP Statis tical 
Review of the Wo rld Oil Indust ry .  London ; The Pace Company 
Consultants and Engineers , Inc . January 1979 . Re fining 
and Pet ro chemicals in Puerto Rico . Report prepared for the 
Puerto Rican Refining/Pet rochemical Group . Houston , Tex . 
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As long as shortages persist , Is land re finers like CORCO may have 
to rely on government allocations , at leas t  in part . In the long run , 
they may find it useful to j oin buyers ' conso rtia or enter into long­
term cont racts with national companies in oil-producing countries to 
protect their crude s upplies from preemption by vertically integrated 
supplier-dis tributors .  Advice on these matters is doubtless 
unnecessary . 

Following its bankruptcy , CORCO was forced to rely on t raders and 
b rokers who were essentially buying oil in world spot markets .  Since 
the spo t price of crude oil has soared above the pos ted price in 
recent months , that reliance has been a burden, even though produc t 
prices have increased enough to enable CORCO to turn a pro fit on 
it s refining activities . CORCO has announced its intention to f ind 
more long-term contractual sources of supp ly . One possibility is 
the proposed arrangement with Arabian Seaoil Corporation , which would 
inves t $ 7 0  million in CORCO, arrange additional financing , arrange for 
the supply of 1 00 thousand barrels per day of oil from Eastern Hemi­
sphere sources at competitive prices under long-term commitments , and 
enable CORCO to emerge from bankrup tcy . 5 

The tradit ional maj or source of crude o il for Puerto Rico has 
been Venezuela . The fract ion supplied by Venezuela (over 90 percent 
in 1973 )  began to fall sharp ly several years ago , as Puerto Rican 
refiners and their intermediaries turned to Eastern Hemisphere sources . 
Both Venezuelan product ion and exports fell concurrently , apparent ly 
as a direct consequence of  a decline in production capacity . In 
197 6 ,  Puer to Rico imported about 100 thousand barrels per day from 
Venezuela , down from nearly 200 thousand in 1973 . 6 

Venezuelan exports had peaked in 1970 at 3 , 4 7 0  thousand barrels 
per day . By 1975 they fell to 2 , 050 thousand and by 197 9 were down 
to 1 , 900 thousand . Direct exports to the United States have remained 
at a fairly cons tant one-third o f  Venezuelan exports , but the absolute 
amount has decl ined considerably since 197 0 .  In 197 6 ,  direc t 
Venezuelan exports to the United States ( exc luding Puerto Rico) were 
708 thousand barrel per day--crude oil ,  262 thousand ; heavy fuel o il ,  
4 35 thousand ; and other products , 1 1  thousand . 7 (In 197 3 ,  crude exports 
to the United States had been 496 thousand barrels per day . ) Puerto 
Rico could absorb over half of the total Venezuelan crude exports to 
the United S tates ( includ ing the Island) if Venezuela were its only 
large source and if Venezuelan export levels rema ined near their 197 6-
77  levels . 

I f  Venezuelan production expands in the future , the increment 
will probably consist largely o f  heavier crudes with high sulfur 
contents . If Puerto Rican refineries come to rely on those crudes 
for a large proportion of their inputs ,  they will have to reengineer 
some refining facilities and add special iz ed storage and handling 
equipment , necessitating considerable cap ital outlays . CORCO could 
not handle crude with a very high sulfur content on the Island . It  
is already near the limit o f  to lerance of environmental rules . 
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Venezuela would prob ab ly have to build desul furization plants to remove 
sulfur before exporting the oil--something it would probab ly find in 
its interes t regardless o f  the oil ' s  destination . These future 
developments , of course , are highly speculat ive . 

Almost all count ries that export crude o il are promoting downs tream 
integration into refining and pet rochemical manufacture . In the future , 
many may re fuse to export crude at all , or may export crude only to 
countries willing to absorb growing quotas of re fined products . While 
Puerto Rico ' s  use o f  total United States crude imports is small (about 
3 percent) ,  it could possibly su ffer from such a squeeze on crude oil 
supply . It cannot look to the United States mainland for crude 
supplies . Caribbean supply would not be enough to feed Caribbean 
refining capacity if the latter relied so lely on oil from the 
Caribbean Basin . ( Compare Table 40 with Table 38 . ) Mexican oi l is 
not likely to be re fined in the Caribbean in large quantities . The 
crude that Mexico is wil ling to expo rt to the United S tates will prob­
ably be re fined in mainland plants on the Gulf Coas t or in PAD I .  

Table 4 0  Crude oil production in the Caribbean Basin and Mexico , 
1 9 7 7  

Country Production ( thous ands of 
barrels per day) 

Barbados 0 . 3 

Colombia 140 . 0  

Mexico 9 90 . 0  

Trinidad-Tobago 

Vene zuela 

Total 

2 30 . 0  

2 , 2 80 . 0  

a 
3 , 640 . 3 

a
in 19 7 3  the to tal for these count ries was 4 , 19 3  thousand barrels per 

day . Production thus has dec lined by 1 3 . 2  percent . 

Source : Donald Baer . 19 78 . Petroleum Supply , Demand , and 
Interdependence in the Caribbean Basin .  Caribbean Basin 
Economic Survey 4 ( 5 ) ( September-October) : l-1 8 .  
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Puer to Rico will have to import much o f  its §rude oil from the 
Eastern Hemisphere for the next decade at leas t . It  could f ind 
itself in a competitive scramble with mainland United States refineries 
for a diminishing volume of crude imports in the long run . ( I t  shares 
that predicament with oil-import ing entit ies everywhere in the world , 
of  course . )  

The recent announcement of a United S tates policy to l imit total 
imports to 8 , 200 thousand barrels per day for 1980 and 1981 (assuming 
that much supply to be available) ,  and to lower targets thereafter , 
may portend addit ional problems for Puerto Rican refineries . There is 
no suggest ion that Puer to Rico would be exempt from an import quota . 
Such a ceiling would probably no t be binding on the United S tates 
during 198 0 and 1981 ,  but after that an import quota could produce the 
same results as in the 1960 ' s--domes tic prices higher than world prices , 
and the need for a rationing sys tem for import rights . An auction 
system would have differen t,  and probably more threatening , impl ications 
for Puerto Rican refiners than would a 1960 ' s--style sys tem of allocating 
rights in proportion to capac ity or historic import dependence . 
Again, we can only speculate on future development of policy , but we 
think it highly l ikely that  any import-control program will include 
some safeguards for smaller , unintegrated , import-dependent ref ineries 
l ike CORCO . 

Transportat ion Co sts 

Without the Jones Act , the costs of  transporting refined products 
from Puerto Rico to the eastern seaboard refineries of PAD I would 
be approximately the same as those of the princ ipal compet ing 
refineries . With it , Puerto Rican costs of transportat ion exceeded 
those of competitors ( includ ing the Virgin Is land refineries , which 
are not subj ect to Jon�s Act restrictions) by about 45 to 50 cents 
per barrel as of  197 8 .  This d ifferential was largely offset , unt il 
recently , by the different ial tariff on refined products , described 
earlier . Even a small transportat ion cos t  d isadvantage in reaching 
East Coast ports could be dec is ive in an equilibrium market , and 
certainly depresses the earnings of  Puerto Rican refineries when they 
sell on the mainland . 

The bes t way to solve that  problem would be to exemp t transpor­
ta tion of  oil produc ts ref ined in Puerto Rico from the Jones Act .  
(This exempt ion need no t include petrochemicals ,  which are not subj ect 
to equivalent disadvantages from the Act . )  Maintaining a large enough 
different ial tariff on ref ined produc t s ,  wi th Puerto Rican refineries 
exemp t ,  might serve as an alternat ive , but future effects of import 
quotas and other c ircums tances on tariff differentials cannot easily 
be foreseen . Exemp tion of product shipment s would be more permanent . 
If  ne ither of these opt ions is available , then as a last resort the 
Puerto Rican government should apply to Congres s for cash subsidy to 
exports of refined petroleum products  to the mainland , equal to the 
Jones Act d isadvantage relative to maj or Caribbean compet itors--a 
subsidy to offset ano ther subsidy . 
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Impor t Quotas , Ent itlements , and Price Controls 

The original advantage for Puerto Rican ref ineries--the abil ity to 
buy crude at low world prices and sell produc t s  in the higher priced 
United States mainland markets--was reinforced during the 1960 ' s by the 
Mandatory O il Imports Program (MOIP ) .  The quotas f ixed by that program 
generated a pool  o f  money ( from the difference between t he wo rld price 
of  crude and the int ernal United States price) that was distributed 
to refiners , in the form o f  " right s" to import, according to a complex 
and evolving scheme . Spec ial exempt ions for Puerto Rico created f lows 
of funds-- subs idie s ,  in a word--more than suf f ic ient to o ffset the 
transportat ion cost different ial and o ther d isadvantages and to en­
courage rapid development of the refining comp lex on the I sland . Tho se 
subs idies ended in 197 3 ,  when the world price o f  crude o il rose above 
United St ates levels and MO IP quotas were phased out . 

The shock of  1973-74  has led to the present predicament . In 
looking for solut ions , we should no t merely yearn for the status guo 
ante . Sources in Puerto Rico sometimes assume that the United States 
government has a moral obligation to restore the cost-price relation­
ships that exist ed under MOIP , because investments were made in 
refining (and petrochemicals)  on the presumpt ion that the subvent ions 
would last indef initely , while the government used the import quo ta 
exemp t ion as an inducement to develop the Island economically . They 
have suggested that the ent itlements program, designed to equalize the 
blended co s t  of low-priced "old" oil and higher-priced "new'' and 
imported oil among United S tates refiners , is a cont inuation of t he 
MDIP and should be used for the same purpose . lO 

Without comment ing on the expec tations that might have been formed 
in the 1960 ' s ,  we believe it would be a mistake to use the ent itlements 
program now to create an art ific ial crude-oil advantage for Puert o  Rican 
ref ineries like the one that existed under MOIP . What is essential for 
refining is co st parity with Puer to Rico ' s competitors . Island 
refiner ies should be able to achieve the technolo gical eff ic iency of  
refineries on the mainland and elsewhere in t he Gulf/Caribbean region . l l  

Their labor cos ts should not be  a disadvantage . Fuel cos t s  on t he 
mainland are rap idly rising to world levels . The transportat ion cost 
penalty of the Jones Act ,  as suggested above , might warrant a small 
subsidy , different ial products tariff , or other compensat ion for Puerto 
Ric o ,  but that should not be t ied to the entitlements program. 

As long as price controls on old o il cont inue on the mainland , and 
prices of refined products are t ied to the blended cos t s  of  high- and 
low-cost crude,  the ent itlement s program will be needed to promo te 
equity among ref iners . The Puer to Rican refineries will part ic ipate 
in it . The program aims at cost parity , not at cost advantage . But 
parity in the future is much more likely to resul t from oil price 
decontro l .  Within a few years , p r ice controls in the United States 
are likely to be phased out , and in any event the supply of " cheap" 
old o il will be rap idly depleted . The p rices of oil in the United 
States by the middle 19 80 ' s  should be on a "wo rld" basis , and all 
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refineries in the Gulf-Caribbean area will probably have parity in 
feedstock prices . 

In a decontrolled marke t ,  the relevant competition for the Puerto 
Rican refineries will be foreign offshore refineries , no t mainland 
United States refineries ,  though the latter will probably not d iffer 
much in costs from the fore ign suppliers . The low transportation cost  
of  domestically produced crude for mainland ref ineries is irrelevant 
as a competit ive factor if crude pr ices on the mainland are determined 
by the landed costs of foreign crude . As long as the eastern seaboard 
of the United Sta tes (PAD I ) mus t import foreign-refined products in 
any volume , the prices of that incremental supply ( in an uncontrolled 
market-price system) will be the prices that Puerto Rican ref ineries 
must meet . In 197 7 ,  a large par t of  United S tates product imports 
went to PAD I .  Puerto Rico should be able to supply up to the 100 , 000 
barrels per day that it has recently been exporting to the eastern 
seaboard . It should be able to achieve cost parity for ma inland sales 
of refined oil products if the Jones Act disadvantage is neutralized 
by one means or another . 

On the other hand , Puerto Rico will not be an espec ially favored 
source of supply in the future . It has no cost advantages that would 
warrant expansion of  refining on the Island for the purpose of  enlarging 
exports to the mainland . 12  We expect that any growth in demand for 
refined products on the Island will absorb some of the present export 
flow, and poss ib ly use more of  the existing capacity , but it will not 
support maj or increases in refining capacity . 

Petrochemicals 

The problems associated with petrochemicals in Puerto Rico are primarily 
problems of economic development strategy , which is not the charge of  
this committee . They are only secondarily problems of " energy . "  But , 
s ince petrochemicals are t ied into the petroleum product ion stream 
and CORCO has been involved with petrochemicals as well as refining , 
we offer the following observations on the matter . 

Much depends on the answers to several questions : 

• Can Puerto Rican petrochemical manufacturers achieve cost 
parity with mainland manufac turers with respect to the costs of  feed­
stocks , transportat ion, power , and other factors? 

• Can the Island companies attain a more "balanced" structure? 

• What are future market conditions likely to be for Puerto 
Rican petrochemical p lants? 
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Feedstock Costs 

Puerto Rican petrochemical plants use naphtha as their principal feed­
stock . Part is produced in Island ref ineries , but mo st is imported . 
Compet itors on the mainland use naphtha in some plants,  but in the past 
most ma inland olefin plants have used liquef ied petro leum gases (LPG) 
derived from natural gas . About 75 p ercent of the ethylene produced 
in the Unit ed States is made f rom LPG . However ,  most new ethylene 
capacity being constructed on the ma inland is designed to use naphtha 
and gas o il derived from petroleum. 

Under price contro ls , domest ically produced naphtha has been 
cheaper than imported naphtha . ( I t  is dif f icult to say how much,  
sinc e most mainland naphtha moves within integrated company structures 
and has only a nominal price for accounting purposes . )  It  is one of 
the aims of  the ent itlement s p rogram to equal ize the cost o f  crude 
input s among ref iners , but it does not necessarily to the same for 
the feedstocks of petrochemical producers . Puerto Rican producers 
have recent ly been buying naphtha on the spo t market , where prices 
have escalated well above the transfer p r ices for naphtha available to 
integrated mainland producers . The ent itlements program limits the 
value of a naphtha ent itlement ( relat ive to the imputed ma inland 
naphtha co st) to no more than the value of a crude ent itlement . 13  The 
actual cos t  difference has exceeded the value o f  the en t itlement in 
recent months by upwards of  $ 5  per barrel o f  naphtha . Prices o f  some 
pe trochemicals have also escalated ,  but others (notably ethylene) have 
suffered a cost-p rice squeeze .  

When and if the buying panic recedes , the spot price o f  naphtha 
should move down toward contract prices , but the Island producers 
can p rotect thems elves bet ter with longer term buying contract s .  The 
best remedy for the problem o f  re lat ive naphtha costs  in the long run 
is , of  course , prosp ect ive decontrol of  o il prices and eliminat ion of 
ent itlements . I f  decontrol proceeds as expected ,  the long-run incre­
mental co st of naphtha on the mainland will approximate the world 
pr ice paid by Europ ean chemical producers and Puerto Rico . 

The entitlements program has l ittle bearing on relat ive feed­
stock cost s as between naphtha and LPG . The rise in world oil prices 
has rap idly pushed the price of naphtha above LPG costs . The latter 
are ris ing too , but have lagged behind naphtha p rices . We can only 
guess at the future course of both naphtha and LPG pr ices , and their 
relative use on the mainland , to apprais e the possibility of feed­
stock cost parity for Puerto Rico . 

The following observat ions on feeds tock p r ices are pert inent : 

• Light feedstocks (ethane,  propane , etc . ) , which have 
historically been preferred for ethylene manufacture in the Unit ed 
States ,  are go ing to cont inue to increase in price . In the case o f  
domestic feeds to cks , the cause will b e  the increas ing pr ice o f  
natural gas , raising the value o f  leaving the mater ials in gas . In 
the case o f  imported LPG, it is because the maj or suppl ies are in the 
hands of OPEC countries , who will no t sell at  a discount . 
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• The move in the United S tates to build ethylene plants us ing 
naphtha or gas o ils as feedstocks will continue , and by 1985 more 
than half of the nation ' s  ethylene will be produced from these 
mater ials .  

• Crude o il in the Unit ed States will cont inue t o  rise in price 
and will approach world price levels , reaching them for pract ical 
purpos es by 1985 or before . The United S tates will no longer have 
any substantial advantage in cost of feedstocks to refineries . 

• The United States will cont inue to import large quant ities of  
foreign crude oil and will import increasing quantit ies o f  ref ined 
products , including possibly ethylene feedstocks , as rising United 
States demand exceeds domestic refinery capacity . These imports , 
however , may eventually be subj ected to quota limitations and to 
allocat ion by the government . 

• The cos t of ref inery construct ion in the United States will 
likely cont inue to be higher than in those countries that are probable 
sources of naphtha for Puerto Rico . 

• The United States is losing it s cost advantage for ethylene 
feedstocks , and in terms of economic values rather than nominal 
accounting prices , Puerto Rico should be at no compet it ive disadvan­
tage by comparison with the mainland in this regard in the future . 
This says no thing, of  course , about o ther sources of competitive 
advantage or disadvantage . 

Transportation Cos ts 

Will Puerto Rican petrochemical plants suffer from an adverse 
different ial in transporta t ion costs in the future? 

The landed prices of petroleum or naphtha feeds tocks in Puerto 
Rico in the long run should be the s ame  as or less than on the United 
S tates Gulf Coast ,  which is the site of most of the competitive plants 
producing basic petrochemicals . The fact that mainland p lant s  can 
buy domestically p roduced United States oil or naphtha will be 
irrelevant if prices are not controlled ; the price of the marginal 
( imported) barrel will determine the price for all . While prices are 
st ill controlle4 presumably the entitlements program will at leas t 
part ially compensate for differences . 

Most petrochemical products will move to markets in the eastern 
United States . The Jones Act does not seem to impose an appreciable 
co st disadvantage on petrochemicals ,  and derivat ives produced on the 
Gulf Coast also have to move to these markets by ship (also subj ect 
to Jones Act res trict ions) or by higher cost modes of transport . In 
the second place, foreign produ cers such as those in the Caribbean 
will have to sell in the United S tates across a tar iff barrier which 
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at present seems more than ample to compensate for the provisions 
of the Jones Act . 15 (We recognize that the cost  of transport ing 
ethylene by sea is high, but that is a question of  what products to 
ship , not of  Jones Act costs . )  

Sal t ,  on the o ther hand , is prohibit ively expensive to ship to 
Puer to Rico (by compar ison with its cost on the Gulf Coas t ) . Salt 
was a necessary input to the chloralkali p lant of PPG,  now closed 
and being dismantled . There is no evident way of  attaining cost 
par ity for this input .  

There remains the cost o f  shipp ing equipment and some minor 
inputs from the mainland to Puerto Rico . These costs arg largely 
offset by lower construc tion labor costs on the Island . 1 In other 
respects , transportat ion does not seem to present a maj or cost dis­
advantage to Puerto Rican petroChemical producers . 

Power and Other Factor Co sts 

Power cost s are a s ignificant factor in production o f  some petro­
chemicals . At present , electric power costs on Puerto Rico are sub­
stan t ially above those on the United States Gulf ��ast ,  averaging 
perhaps twice as much to petrochemical producers .  However , as 
pointed out in the report prepared for the government by the Pace 
Company in early 1 9 7 9  (known as the "Pace Repo rt " )  , 6 fuel costs on the 
Island are current costs while those on the mainland are lagging . As 
fuel contracts exp ire , higher co sts will overtake the Gulf Coast 
plants .  (Fuel adj us tment co sts per kilowatt-hour for systems using 
natural gas on a curren t-price basis , such as San Antonio , are already 
equivalent to tho se in Puerto Rico last year . ) We may expect con­
vergence o f  fuel costs in the future , and a narrowing of the gap in 
average power costs . 

Chap ter 5 no tes that. further increases in elec tric power costs  
on the Island,  over and above higher fuel input costs ,  are inevitable ; 
the same can be said about mainland power co sts . Chapter 5 also 
recommends measures to hold cost increases down by optimiz ing the 
Island syst em. 

The Pace Report 6 predicts somewhat lower labor costs for Puerto 
Rico than for mainland plant s .  Wage rates in the refining and petro­
chemical industries on Puerto Rico are about 30 percent below mainland 
rates . However ,  these are no t labor- inten�ive industries ; labor costs 
range from 2 to 7 percent of  total costs . l 8 Tax cos ts reflect 
government p romotion policy , and can be kept at parity or less fo r 
Puerto Rican plants by its act ion.  
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Structure and Downstream Integration 

The petrochemical industry is characterized by a complex set of  
linkages and interdependences . Figures 7 and 8 show how these 
stages and interrelationships would be arranged in Puerto Rico if the 
indus trial complex were operating as planned . 

Unfortunately, no t  only is much of the existing sys tem shut down, 
but the structure of  the petrochemical industry on the Island was 
in fact never developed to an optimum or balanced system. One maj or 
anomaly has already been mentioned ; there are not enough users in 
Puerto Rico for all the ethylene that Island fac il it ies were designed 
to produce,  and the surplus cannot be shipped economically to off­
Island users . The downs tream integrat ion originally planned has no t 
mater ialized . Another anomaly is the currently uneconomical basis 
for the chloralkali plant of  PPG Industries Caribe . Its closing and 
subsequent dismantlement has further indirectly curtailed the outlets 
for ethylene by deprivf�g the vinyl chloride processes downstream of 
some essential inputs .  

The diff iculties of  Puerto Rico Olefins (PRO) seem to have been 
due in part to plans that were not consistent with market opportuni­
ties and to unanticipated changes such as abandonment of p lans to 
manufacture styrene, as well as to events in energy markets . 

The viability of the chloralkali and vinyl chloride operat ions 
of PPG depended on the very low cost o f  electric power that was 
available before 1 9 7 3  under Public Law 82 .  Power costs were dominant 
elements for this facil ity; some 100 megawatts of  electric power 
capacity ,  which would otherwise have been absorbed by it , will be · 
available for o ther kinds o f  industrial development • . In that event , 
Rico Chemicals might be able to continue operation$ us ing imported 
vinyl chloride, or ethylene dichloride to be cracked to vinyl chloride 
on the Island . But permanent closure of the .PPG · lndustries Caribe 
chloralkal i facility would mean that unused ethylene capacity in the 
PRO cracking plant could be as much as 450 mil·lion .pounds . annually • . . 

Polyethylene and styrene product ion appear to be th� · best . .  · · · .  
technical possib ilities for downstream expansion to absorb ethylene , 
but the lead t imes are long and the market opportunit ies do not look 
espec ially favorable . Both CORCO and PPG Industr ies Car ibe have 
anno�5ed their proference for disposing of  the clo sed-down ethylene 
unit . Any prospective buyer would need to establish or to attract 
at least one maj or additional ethylene user to secure the long-term 
position of the PRO plant and thereby eliminate the maj or factor 
respons ible for its current shutdown. This would require investment 
that could not become op erat ional for some considerable t ime .  How­
ever , it is conveivable that the PRO plant could be operated on an 
int erim basis,  supplying feedstocks to the exist ing ethylene-consuming 
units in the South Coast  petrochemical complex . 
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Although some opportunities do exist for further downs t�� develop­
ment on the Island , especially in plas t ics fabrication, the Puerto 
Rican experience in the development of such activiites based on 
primary petrochemical production has been disappointing . However , 
this experience is b y  no means unique . Planning agencies in many 
countries have discovered that the exis tence of  technical l inkages is 
no guarantee that apparently log ical developments will take place . 

There are several reasons for this . The nature of petrochemical 
products changes fundamentally as they pass through the different 
s tages of product ion . Technical factors that encourage the agglomer­
ation of bas ic manufacturing processes are less relevant in the later 
s tages . Generally speaking, products become more elaborate and less 
uniform with each s tage of the manufacturing process . Cooperation 
with individual consumers is an important factor affecting the volume 
and specification o f  plant product ion , and locat ion relative to maj or 
customers becomes more s ignificant than proximity to source raw 
material . 

This locat ional shift is reinforced by the fact that solid pro­
cess materials , which are relatively easy to transport,  tend to rep lace 
the less s table liquids and gases that draw the earlier s tages o f  
produc tion together . The different techniques employed in the manu­
facture and manipulat ion of plast ic materials ensure that this s tage 
in the convers ion process is generally regarded as the respons ibility 
of the plastics industry, while the initial operat ions fall within the 
scope of the petrochemical indus try . S imilar distinctions apply to 
the produc tion of petrole�derived synthet ic fibers . The manufacture 
of bas ic intermediates is performed in petrochemical complexes , but 
their conversion into fibers is carried out by the t extile industry ,  
and the location of spinning fac ilities is affected by an entirely 
different set of fac tors from those that affect the earlier stages . 

Alternative paths of economic development really do not have a 
predictable relation to energy alternat ives . If other industries 
replace petrochemical-based .activities in the development strategy 
of the Island , the effect  on energy requirements will be problematical 
until the natures of those industries are known . All that can be 
said is that the use of petroleum produc ts as fuel or feeds tocks is 
not l ikely to increase as other industries replace petrochemical 
development . 

Market Condit ions 

The principal market for petrochemicals produced in Puerto Rico is 
the mainland United States . In that market Puerto Rican petrochemicals 
enj oy the protection of a moderate tariff barrier . Imports o f  petro­
chemicals into the United S tates are not negligible--about 3 to 4 
percent of the aggregate supply is imported--and some categories are 
duty-free . Nevertheless , the main competition for Puerto Rican plants 
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is located on the Gul f  Coas t  and in the eastern s tates . 
As noted earlier , markets for aromatics produced on the Island 

appear very favorable,  including their use by CORCO in unleaded gaso­
line supplied to the mainland . For ethylene and its principal deriva­
tives , market cond itions for the next few years in the United S tates 
do not seem promising because of low profit margins and excess _ 
capaci ty .  This factor contributes to the negative assessment for 
additional capac ity in the ethylene s tream in Puerto Rico . 

Puerto Rican product ion of the finished and fabricated products 
whose production is st ill poss ible on the Is land would doubt less 
be only a small proportion of  United S ta tes output , and they would 
not in themselves have a s trong impact on mainland markets . 

The world market for petrochemical s  and derivatives appears 
uninviting . In 1978 , United S ta tes producers exported about 12 
percent of aggregate petrochemical produc t ion (by value) , but this 
export record has been based on the historically low feedstock costs  
of LPG-based plants . MOst sources agree that this advantage is 
eroding very rap idly , and that export market s will be less promis ing 
for United S tates producers in the future . 2 2  

There i s  already considerable excess capacity in the wo rld,  and 
it is expected to grow over the next decade or so . Many less­
developed o il-exporting countries are trying to create downstream 
indus tries linked to petroleum, and petrochemicals beckon as a natural 
avenue for development . Some other countries newly entering petro­
chemical produc t ion have arranged to pay back some of the external 
investment costs with the petrochemicals to be produced . 23 The general 
expans ion of capacity is not closely regulated by profit expectat ions . 
Under the c ircums tances , European and Japanese pe trochemical producers , 
with prospective excess capacity, can be expec ted to be particularly 
agressive competitors in any third markets that Puerto Rican manu­
facturers might hope to reach . Even the mainland United S tates 
markets may not be immune from subs tant ial foreign comp et it ion . 

SUMMARY AND CONCLUSIONS 

Refining 

The refining operat ions on the Island , including CORCO , appear to be 
viable .  They should be able to supply both local and mainland markets 
profitably , if the following two p roblems can be surmounted : 

• Island ref iners should seek some means of overcoming the 
(relatively small) transportat ion cost disadvantage result ing from 
the Jones Act ,  such as an exempt ion for transportat ion of refined 
petroleum products to the mainland . 
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• I sland refiners may have difficulty securing adequate supplies 
of crude oil .  This problem also afflicts mainland refiners and those 
in other oil-importing countries . A more reliable procurement system 
appears to be highly des irable . 

Petrochemicals 

The competitive position of the Puerto Rico petrochemical industry 
with respect to mainland manufacturers should improve as the latter 
become more dependent on liquid feedstocks derived from imported 
and deregulated domestic crude . Power and transport are also unl ikely 
to create s ignificant cos t penalties . Desp ite these favorable general 
conditions , the prospects for p etrochemicals differ accord ing to the 
sp ecific c ircums tances of the principal types of product : 

• Aromatics produc t ion has been and seems l ikely to remain 
a profitable operation with the prospect of some modest expans ion 
in l ine with demand . 

• Chloralkali product ion depended upon the ar tificial cir­
cums tances created by the availability of subs idized electric ity rates . 
The uneconomic nature of  the operation is emphas iz ed by the fact that 
this plant is be ing dismantled . Chloralkali product ion is unlikely 
to become a viable propos it ion on Puerto Rico under any forseeable 
circumstances . 

• The olefins (especially ethylene) and their immediate 
derivat ives raise the mo s t  important issues . The shutdown PRO 
facil ity is the critical problem. This unit could be operated pro­
fitably if its potential output of ethylene were matched by a corres­
ponding demand in downstream unit s . Exis t ing units do not have even 
the nominal capacity to provide this demand , and the c losure o f  the 
chloralkal i plant may further reduce ethylene consuming - capacity by 
threatening the viab il ity of vinyl chloride product ion . Thus ,  
reopening the PRO fac il ity will require inves tment in a t  least one 
maj or addit ional ethylene-consuming facility . 

• Maj or new inves tments in such downstream operations as 
plast ics fabrication and synthetic f ibres are unlikely . Such acti­
vities tend to depend on the proximity of a market , rather than that 
of raw materials . It  would certainly be overoptimis tic to think in 
terms of substant ial developments aimed at mainland markets . It  is 
more realist ic to ant icipate minor expans ion geared to growth in 
demand on the Island . 
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Oil Ref ining, Petrochemicals , and Energy Demand 

In proj ect ions of the future demand for energy attributable to 
ref ining and petrochemicals manufacture, the following assump tions 
appear to be prudent : 

• Refinery product ion will grow modestly to supply addi­
t ional demand for ref ined products in Puerto Rico . 

• Aromatics product ion will grow at  the same rate as total 
United S tates demand for these products . 

• The PPG Industries Caribe chloralkali plant will not be 
reopened . 

• Efforts will be made to resume operat ions of the PRO ethylene 
cracker , as a vital element in further balanced development of the 
petrochemical complex .  Hence,  enough electric power generat ion 
capacity should be " reserved" to support full operation of this 
facility until it becomes clear whether it can reopen . Any other 
significant change in energy demand from the petrochemical sector 
should become evident with enough lead time for appropriate act ion . 
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NOTES 

1 .  In 1 978 ,  Grand Bahama Petroleum Corporation , one of the two 
companies operating the pr incipal refinery in the Bahamas , 
declared bankruptcy . 

2 .  In 1978 ,  Mexican ref ining capac ity was s t ill used predominantly 
for home consumption . Mexico produced about 1 , 400, 000 barrels 
per day of crude oil and consumed about 1 , 000, 000 barrel s per 
day . Exports of crude o il to the u . s .  mainland in June 1 978  
averaged 242 , 000 barrels per day . However , PEMEX has announced 
plans to export about 1 , 100 , 000 barrels per day by 1982 , 
700 , 000 as refined products and 400, 000 as crude . Not all of 
these exports are dest ined for the mainland--perhaps no more 
than half . (OPEC Bears Brunt of  u . s .  Oil Import Slash . 1978 . 
Petroleum Intelligence Weekly 1 7 ( 46)  (November 13) : 11 ;  Hugh 
Sandeman . 1978 . PEMEX Comes Out of Its Shell .  Fortune 9 7 ( 7) 
(April ) : 45-48 . ) 

3 .  In 1976 ,  PAD I (U . S .  eastern seaboard) consumed about 3 , 190, 000 
barrels per day of  products ref ined elsewhere in the United 
S tates , mos tly on the Gulf Coast , plus 1 , 517 , 000 barrel s p er 
day refined in PAD I itself , plus 1 , 694 , 000 barrels per day 
of  products imported from offshore refineries . (Est imates are 
from E .  Victor Niemeyer and James W. MCKie . 197 9 .  u . s . Oil 
Geography in 1990:  Scenarios and Implications for Economic 
Policy . Policy Study No . 5 .  Center for Energy Studies . 
Austin: Univers ity o f  Texas . )  

4 .  Imports to the mainland from other Caribbean po ints , includ ing 
the Virgin Islands , or from any o ther foreign refineries , 
but not from Puerto Rico,  would be subj ect to these duties . 
Puerto Rico refiners would have to pay the import duties on 
crude o il and naphtha . In 1978 the tariff was 5 . 25 cents 
per barrel on heavy crude oil (below 250 API) and on residual 
fuel oil;  it was 1 0 . 5 cents per barrel on lighter crudes and 
distillate fuel o il . The tariff was 5 2 . 5 cents per barrel on 
mo tor fuel products . But there were also " l icense fees" on 
some imports-- 2 1  cents per barrel on crude o il and 63 cent s 
on refined produc ts other than residual fuel oil , including 
naphtha--against which tariff payments could be credited , on 
a dollar-for-dollar bas is . The net result of these comp li­
cated provisions would be an advantage to Puer to Rican refiners 
over o ther Caribbean refiners of over 40 cents on shipments o f  
produc ts t o  the mainland , assuming that Puerto Rican refiners 
paid higher prices for imported crude oil,  due to U . S . tariffs 
and fees . (Imports from Venezuela into Puerto Rico were 
exempt from license fees . ) These fees and dut ies on U . S . 
impor ts were suspended by Pres ident ial order early in 197 9 . 
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4 .  ( Continued) 
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The suspension will be reviewed periodically , but no perma­
nent subst itute for the withdrawn tariff on products has yet 
been proposed . 

5 .  Commonwealth Oil Ref ining Company , Inc . June 197 9 .  Report to 
Shareholders . San Antonio , Texas . 

6 .  The Pace Company Consultants and Engineers ,  Inc . January 19 7 9 . 
Ref ining and Petrochemicals in Puerto Rico . Report prepared 
for the Puerto Rican Ref ining/Petroleum Group . Houston, Texas . 

7 .  Comptroller ' s Department , LAGOVEN, S .A .  August 1977 . Data on 
Petroleum and Economy of Venezuela,  197 6 .  p .  25 . In 1977  
Venezuela expor ted 307 , 000 barrels of  crude o il per day to  
the United States mainland, plus 4 2 1 , 000 barrels per day of  refined 
products . In addition, 100, 000 barrels of crude o il per day 
were exported to Puerto Rico . A subs tantial volume of Vene-
zuelan oil (probably more than 500, 000 barrel s per day in 1976)  
was refined in the Netherlands West Indies , of  which about 40  
percent was shipped to  the U . S . ma inland . Ref ineries in 
Venezuela and Netherlands West Indies could absorb all of  
Venezuelan crude oil output . 

8 .  At present about half o f  its crude o il comes from Venezuela 
and o ther sources in the Car ibbean , and most o f  the remainder 
from Niger ia and North Africa . Naphtha is purchased in the 
Caribbean and the Bahamas and from European ref ineries . 

9 .  Based on est imates in Pace Company , Ref ining and Petrochemicals 
(note 6) . p .  40 . 

1 0 .  "In the same sense that the Mandatory O i l  Imports Program (MOIP) 
in the 1960s served as a vehicle to provide extra benefits to 
certain segments of the oil industry through the grant o f  access 
to low-cost  foreign oil,  the Entitlements Program became the 
vehicle in the lat ter part of the 1970s to confer s imilar 
benef its through the grant of access to low-co st  domest ic oil • • • •  
However , the Ent itlements Program has failed to reinstate the 
previous feedstock cost advantages enj oyed under the MOIP 
which were necessary to allow Puerto Rican firms to compete with 
mainland firms and to provide incentives for the economic 
development of Puerto Rico . "  (Government of Puerto Rico . 
January 3 1 ,  1 9 7 9 . Comments before the Office of Hearings and 
Appeals ,  U . S .  Department of Energy , Washington , D . C .  pp . 
1 1- 1 2 ,  14 . )  It  is true that the Federal government held out 
special allocat ions and exemp tions under MOIP as inducements to 
those under Operation Boots trap . 
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1 1 .  "The lower crude oil costs which CORCO enj oyed during the early 
1970s relative to its u . s .  competition served to mask higher 
operating costs and ineff iciencies . "  (Commonwealth Reorgani­
zation Co . ,  Inc . December 1978 . First Phase Repo rt to 
Commonwealth O il Ref in ing Company , Inc . ,  the United Sta tes Dis­
trict Court for the Western District of  Texas , and the Creditors ' 
Committee .  San Antonio , Texas . p .  1 3 . ) 

The report goes on to express confidence that these 
ineff ic ienc ies can be el iminated ;  it does no t ask for a sub­
sidy to perpetuate them .  This committee cannot offer useful 
suggest ions to CRC in its efforts to reorganize CORCO; tho se 
who are guiding the reorganization have the facts , the exper­
t ise , and a strong motivat ion to make it succeed . 

12 . The Commonweal th Reorganization Company has suggested that 
"an idle S tyrochem unit can be converted into a crude unit 
capable of processing 1 2 0 , 000 barrels p er day at a cost of  
approximately $20  million . "  (Firs t Phase Report (note 11) , 
p .  3 . ) This unit would replace some obsolescent capac ity , 
which would be ret ired . Although this and o ther possible 
changes might increase capac ity somewhat , their primary purpose 
would be improvement of efficiency, alter ing the product mix in 
favor o f  higher value products , and reduc ing inputs of  pur­
chased naphtha . ( The S tyrochem plant is not shown on 
Figure 7 ; it has been shut down since 19 7 6 .  It was designed to 
recover ethylbenzene, an intermed iate in the product ion o f  
styrene and po lystyrene , which were never developed o n  the 
I sland . )  

1 3 . On May 1 6 ,  1 9 7 9 , the Office of  Hearings and Appeals of  the 
U . S .  Department of Energy proposed to double the number o f  
entitlements that the Island petrochemical producers received 
for each barrel o f  impor ted naphtha used , for a six-month 
per iod . After additional cons ideration it decided to reverse 
its f indings , on the ground that no undue hardship or emergency 
had resulted from naphtha price increases . It also observed 
that the Naphtha Entitlements Program was not des igned to 
equal ize feedstock costs for Puerto Rican petrochemical 
producers . (U . S .  Department o f  Energy . August 1 5 ,  1 97 9 .  
Decis ion and Order , Application for Excep t ion . Office o f  
Hearings and App eals . Washington ,  D . C .  Case Numbers DEE-
2245 ,  2 3 1 7 , 3 148 . )  
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14 . Based on Robert S .  Spenc er and Gerald L .  Decker . 1979 . 
Petrochemical Markets and Feestocks . Repor t  to  
the Committee on Future Energy Alternatives for Puer to Rico , 
Energy Engineering Board,  Assembly of Engineer ing , National 
Research Counc il . 

15 . After the " Tokyo Round" of  19 79 , most duties on petrochemical 
products were in the range o f  5 to 12 . 5  percent ad valorem , 
although some were as low as 3 percent and some important 
products (benzene and cumene , for example} ,  were duty-free . 
For ethylene oxide the duty was 9 percent , for propylene oxide 
it was 12  percent , and for polyvinyl chloride resins it was 
10 . 1  percent.  

1 6 .  Arthur D .  Lit tle,  Inc . October 1 9 7 7 . Compet it ive Cost  
Pos ition of  the Puerto Rican Petrochemical Industry in 197 7 . 
Report to the Puerto Rican Petrochemical Group . Cambridge , 
Mass . p .  7 2 . 

1 7 . Pace Company, Ref ining and Petrochemicals (note 6} , p .  5 5 .  

1 8 . Pace Company , Ref ining and Petrochemicals (note 6 } , p .  6 1- 62 . 

1 9 .  The following paragraphs are based largely on Keith Chapman . 
197 9 .  The S tructure o f  the Petrochemical Industry in Puerto 
Rico . Report to the Committee on Future Energy Alternatives 
for Puerto Rico , Energy Engineering Board , Assemb ly o f  
Engineering, National Research Council .  

2 0 .  " • • •  PRO,  Oxochem, and C I C  [ Caribe Isoprene Corp . ] d o  no t 
offer near-term prof it opportunity , and are no t compat ible 
with CORCO ' s  resources or bus iness o�j ectives . This report 
therefore assumes the wr iteoff of thes e facilit ies in the 
aggregate amount of $82 million in 19 78 . "  (Commonwealth 
Reorganizat ion, First Phase Report (note 1 1 } , p .  52 . ) "PPG 
has indicated that it is making every effort to sell the PRO 
facil ity and that it does not contemp late reopening the 
fac ility itsel f . "  (U . S .  Depar tment o f  Energy , Dec is ion and 
Order (note 1 3} , p .  30 . }  

2 1 .  " • • •  Encouragement o f  the construct ion o f  downstream petro­
chemical facilit ies must be given high priority • • • •  " (U . S .  
Department o f  Energy , Decis ion and Order (note 1 3} , p .  22-
23} . The U . S .  Department of  Energy granted addit ional ent itle­
ment s condit ioned on dollar-for-dollar investment in such 
facil it ies . It  is not clear that a program l ike this-­
essentially shor t run and l imited in scope--could have an 
appr eciable effect on downs tream development . 
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22 . See, for ezample, Harry F .  Pfann . July 1979 . Petrochemicals : 
The Economic S ignif icance in the Domest ic Economy . Draft . 
Washington, D . C . : U . S .  Department of Commerce . 

2 3 .  Cf . Organizat ion for Economic Co-operat ion and Development . 
1979 . The Petrochemical I ndustry :  Trends in Product ion and 
Investment to 1985 . Par is . p .  12- 1 7 .  Some oil-produc ing 
countries can take advantage of large supp lies o f  low cost 
LPG as feeds tocks . 
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5 THE ELECTRIC POWER SYSTEM 

The Puerto Rico Electric Power Authority (PREPA), until recently known 
as the Puerto Rico Water Reso urces Authority , operates the larges t and 
mos t sophis ticated electricity supply sys tem in the Caribbean . Its all­
time peak load , recorded in Sep tember 1978 , was 2 , 05 7  megawatts . 

Until the mid-19 70 ' s ,  PREPA' s main problem was increas ing generating 
capacity quickly enough to meet the rapid growth in demand . S ince the 
1974 oil price ris e ,  however , increased conservat ion efforts and s luggish 
economic growth have reduced energy demand . Electricity production in 
Puerto Rico grew at annual rates of about 14 percent over the four 
decades preceding the price rise ; the growth rate s ince 19 75 has averaged 
only 3 percent . 

During the late 19 60 ' s  and early 19 70 ' s ,  sys tem planners , s t ruggling 
to keep pace with growing power demand , cons tructed six large o il-fired 
generating units that almos t doubled generating capacity . The large 
s izes o f  these 300 to 450 megawatt units make it difficul t  to maintain 
reliable service when one o f  them fails . With demand s tagnant , the 
sys tem will take at leas t a decade to grow large enough to accommodate 
these units comfortably .  

The Authority faces another problem, no less troubling;  its current 
financial pos ition is such that it  may be di fficult to finance the next 
addit ion to generating capacity . PREPA' s lates t bo rrowings have evoked 
s igns of wariness on the part of  the bond market . To cons truct the 
next generating unit , the Authority will have to borrow perhaps $300 
million each year for several years in the early 1980 ' s ;  to do this at 
reasonable cos t it will have to raise its revenues subs tantially , 
primarily by rais ing rates . 
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It  is easy for outs ide experts to tender good advice ; putting that 
advice into effect is infinitely more difficult . This committee can 
o ffer some recommendations after its s urvey o f  PREPA' s s ituat ion , but 
correcting these problems will not be simple . The operat ional and 
financial problems o f  the sys tem can be correc ted only by conscient ious 
and dedicated management and far-sighted action by the rate-set ting 
authorities . This commit tee can only s tress the urgency of the tas k .  

IMPROVING SYSTEM RELIABILITY 

The four larges t units on the PREPA sys tem have capacities of more than 
400 megawat ts each , and the large sizes of these units , in proportion 

to the typical sys tem load , is a severe handicap to the sys tem' s 
reliability . An unexpected shutdown o f  any o f  the four , when the sys tem 
is operating at loads between 1 , 500 and 2 , 000 megawatts , involves the 
loss o f  about 20 to 25  percent o f  total power generation . This is 
more than can be smoothly replaced by the availab le quick-respons e 
reserves , and the res ult is frequent interruptions in supply . 

The sys tem' s bas ic p rob lem in this s ituation is not planning future 
capacity addit ions ( though these will be necessary in the coming decade) , 
but managing the generating units now on line as effec tively as possible 
given the difficult circums tances . PREPA is an Is land sys tem, unable 
to draw on neighbo rs fo r emergency power , and it has no seasonal demand 
valleys in which to s chedule maj or maintenance . This committee ' s  interim 
report recognized these unavoidable dif ficul ties ; each raises reserve 
capacity needs beyond those o f  sys tems not handicapped in these ways . 
However , the report pointed out that with a peak demand of about 2 , 000 
megawatts and a total generat ing capacity of 4 , 200 megawatts , PREPA has 
a reserve margin o f  more than 100 percent , far greater than the 20 to 
30 percent cons idered adequate on the mainland , and much larger even 
than the reserves o f  other isolated sys tems . ( Tab le 41  is a s ummary 
of the operating characteris t ics o f  a few other is land elect rical 
systems . )  

Even with the very high reserve margin PREPA is s ubj ect to frequent 
interrupt ions in service . In explaining this , the interim report  pointed 
to the high forced outage rates of the large units , which were app roxi­
mately double those o f  comparable mainland units in the years 1967-19 7 6 .  
Th e  report recommended that " a  concentrated effort should b e  made to 
improve the maintenance and availability of all s tea�electrical 
generat ing facilities • • •  (especially)  the four large units at Aguirre 
and South Coas t • • • • "1 It also recommended that more quick-response 
generating capacity be made available by operating the large units 
s lightly below full capacity and re furb ishing some o f  the fas t-s tarting 
gas-turb ine generating units , so that los t generat ing capacity could be 
more smoothly and rapidly replaced . (The report reco gnized PREPA' s 
two-year program to improve availab ility and reduce maintenance time , 
and o f fered some general advice on s cheduling and performing inspec tions 
and maintenance . )  
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Table 4 1  A comparison o f  isolated electrical generation systems 

Attributes Taiwan Oahu, Luzon South Puerto 
Hawaii Philippines Korea Rico 

Service area 

Area (square miles ) 1 3 , 885 608 54 , 595 38 , 0 31 3 , 435 

Population ( es timate) 14 , 000 , 000 720 , 000 25 , 000 , 000 3 7 , 000 , 000 3 , 300 , 000 

Number of cus tomers 205 , 260 3 , 000 , 000 4 , 940 , 000 914 , 466 
.... 

Percent of households served 9 9 . 7 100 5 8  100 99 . 0  g 

Energy 

Net total power generated 
(millions of megawatt-hours ) 30 . 36 5 . 21 10 . 75 31 . 51 1 3 . 69  

Sales to indust ry  (percent ) 75 . 5  5 1  4 2  7 1 . 0 4 1 . 5 

Sales to commercial (percent)  3 . 9 18 26  14 . 8  29 . 2  

Sales to res idences ( percent) 20 . 6  30 6 1 4 . 2 31 . 7  

Peak 

Peak power (megawatts ) 5 ,093  905 1 , 7 80 5 , 118 2 ,01 7 

Res erve (percent peak power) 28 34 36 35 108 

Annual load factor (percent)  68 69 . 2  72 70 . 3  7 7 . 4 
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System make-up 

Thermal (s team) (megawatts ) 5 . 050 1 .068 

Nuclear (megawatts ) 6 36 0 

Hydroelect ric (megawatts) 721 0 

Coubustion (megawatts ) 100 141 

Tot al (megawatts ) 6 . 507  1 . 209 

Largest unit (me gawatts ) 

Thermal 2 X 500 1 X 1 35 

Nuclear 1 X 6 36 

Largest unit . percent o f  peak 12 . 4  14 . 9  

1 . 89 7  4 . 692 

0 487 

527  712 

5 925 

2 . 429 6 . 916 

2 X 300 

1 X 5 8 7  

17  11 . 5  

3 . 083 

0 

98  

1 .00 7 

4 . 199 

2 X 450 

2 2  
...... 0 

Source : For Taiwan . Vaclav Smil .  19 78 . Taiwan Energy Plans Emphasise Elect ricity .  Energy VI 

International 15 ( 11) : 49-51 ; for Hawaii . Hawaiian Elect ric Company . Inc . 19 7 8 .  19 7 7  Power 
Sys tem Statement . Report to the Federal Energy Regulatory Commission . Honolulu ; for 
Luzon . let ter from Conrado del Ros ario . Sr .  Vice-President . National Power Corporation . to 
H. Kurt Strass . National Research Council . August 30 . 19 79 ; for South Korea . Korea Electric 
Company . 19 79 . Elect ric Power in Korea 19 79 . Seoul . Korea ; fo r Puerto Rico . Merrill 
Lynch White Weld Capital Markets Group .  Septeuber 19 78 . Puerto Rico Water Resources 
Authority $ 32 . 000 . 000 Electric Revenue Bonds ( Series 1 9 7 8) $9 3 . 000 . 000 Power Revenue Bonds . 
Series E .  New York. 
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The importance of  taking these steps deserves emphas is . A con­
centrated effort to improve reliability can help pos tpone the date 
by which new capac ity will be needed ( though ris ing oil prices may 
j ustify fairly prompt replacement o f  some current capacity with new 
coal-fired capacity) and would contribute to the Is land ' s  economic 
health . Many indus trial and commercial consumers depend crit ically on 
assured supplies of electricity ; some have ins talled backup generators 
powered by oil to ensure reliab ility and others are cons idering such 
actions . Improving PREPA' s service reliab il ity will reduce the need for 
these relatively inef ficient sys tems , thus helping to improve the 
efficiency with which petroleum fuels are used on the Island . 

The problems des cribed above make it difficult to avoid frequent 
brie f  interrup tions in service and momentary fluctuations in voltage 
and frequency . Even in the San Juan area service is inadequate for 
automated indus trial processes . In o ther parts o f  the Is land , service 
to small res ident ial and commercial customers is o ften interrup ted fo r 
extended periods . PREPA management is aware o f  these problems , and 
recently began efforts to correct the s ituation by revis ing main­
tenance procedures , improving frequency control , and ins talling fas t­
reclos ing circuit breakers and other equipment to lower the incidence 
and length o f  service interrupt ions . These steps have taken the general 
form recommended in this committee ' s  interim report . 

Rapid Response to Generating Outages 

In an electric utility system, it  is necessary to have generating capa­
city in reserve for immediate use if  a maj or generating unit fails . 
Generally , the most economical source o f  such reserve is to operate 
some large units at sli ghtly less than full capacity so that they can 
be throttled up within seconds to make up for los t capacity . This is 
called spinning reserve • .  Some utilities also use quick-s tarting units 
like gas turbines for somewhat less rapid response to outages (within 
minutes) .  

As indicated , responding quickly to outages is especially difficult  
in a sys tem like PREPA' s ,  wi th maj or units that are very large in

. 

proportion to the load at any given time .  The loss of  any one o f  the 
four larges t units can ins tantly remove more than 20 percent of the 
sys tem' s generation , and there are no neighboring sys tems from which to 
borrow power . It would not be feas ible to carry enough spinning res erve 
to make up for the loss of  so large a unit . Nor is it realis t ic to 
maintain enough gas-turb ine capacity for such duty . This is why mos t 
util ity operators cons ider it  unwise to ins tall any generating unit 
with a capacity larger than 10 percent of the sys tem' s peak load . This 
limitation reduces the need for spinning reserve and o ther quick-response 
reserve capacity and thus increas es the reliabil ity o f  service .  
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With the generating units available to it , PREPA cannot maintain 
mainland standards o f  reliab ility . When one o f  the large generating 
units fails , the system will have to shed load to res tore sys tem 
frequency until other units can be b rought on line . Even if the load 
drop is brief , customers with frequency-sens itive equipment s uch as 
rotary printing presses , automatic packaging devices , and other complex 
process equipment will s uffer from the decline in frequency that accom­
panies a loss of generation . 

Spinning Reserve 

There is no fully satis factory solution to the problem o f  outages , 
but it is possible to minimize the impacts . This committee recommends 
that the PREPA system' s spinning reserve pos itions be enhanced by 
operating nearly all s team units at below full capacity . This would 
allow them to respond quickly to emergency demands and should reduce 
their maintenance requirements . Prac tically all s team units are al­
ready fitted with load frequency controls that automat ically maintain 
cons tant generator speed under varying load condit ions , so that no 
maj o r  cap ital expenditure would be required . 

Quick-Response Capacity 

PREPA should in addition designate certain quick-s tarting units for 
emergency s tandby duty . A forced outage o ften gives some minutes ' 
warning, and the designated units could be s tarted and synchronized in 
such a case before the failing unit is taken out o f  service . Using 
these units in such a manner will increase their maintenance require­
ments somewhat , so all quick-s tarting units should be loaded conserv­
atively except in emergencies . 

Selective Load Shedding 

Fas t-acting under- frequency relays should be ins talled th roughout the 
sys tem to shed selected loads immediately in case  of generation losses . 
Such relays would permit noncritical customer loads to be dropped 
almost ins tantly , so that priority of service could be accorded users 
for whom a loss o f  load has severe economic or safety consequences . 
This procedure is commonly used on the mainland to protect hospitals 
and other vital services , and certain industrial processes that require 
very reliable service . 

Without selective load shedding,  the loss o f  a 400 megawatt  generat­
ing unit when the total system load was 2 , 000 megawatts would produce 
the results shown in Figure 9 .  With no spinning reserve , as in the 
lower curve , there would be an immediate 25 percent overload of the 
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Figure 9 System frequency decay caused by the loss of 400 megawatts 
generating capacity , with a total system load of 2 , 000 
megawatts , without load shedding , with and without 200 
megawatts spinning reserve 
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sys tem, and the frequency would decay from 60 hertz (Hz ) at a rate o f  
1 . 5 Hz per second until about 6 seconds later , when a balance between 
the load and the generat ion was reached at 50 . 8  Hz . Nearly all electric 
moto rs connected to the sys tem would have been severely damaged unless 
equipped with automatic overload current p rotection . 

A 10 percent (200 megawatt ) spinning reserve , as shown in the 
upper (dashed) curve of Figure 9 ,  would s low the frequency decay and 
lessen its depth . It would take about 2 .seconds for these reserves 
to be called up . At that time the overload would be 11 percent , and 
frequency would be decaying at the rate o f  0 . 667 Hz per second . 
Equilibrium between load and generation would be reached at 55 . 0  Hz-­
too low for motor operation. ( In actuality , some o f  the spinning 
reserve would be slow to come on line because of hys teres is and inertia 
in the mechanical governors and throttle linkages , and the course  o f  
events would lie between the two curves . )  

Thus , even with a substant ial spinning reserve , the sys tem would 
fail unless some o f  the load were shed . With automatic load shedding 
devices , certain noncrit ical loads would be dropped less than 1 
second after the loss o f  generation , so that a balance between load 
and generation could be achieved before frequency had decayed too much . 
Figure 10 is a representation o f  the frequency behavior o f  the sys tem 
with and without automatic load-shedding.  For purposes of illustration , 
the under-frequency load-shedding relays are assumed to drop 30 percent 
of the sys tem load in three s teps o f  10 percent each , as the sys tem 
drops successively to frequencies o f  59 . 5 ,  59 . 0 ,  and 5 8 . 5 Hz . 

At the time o f  the generation loss , the initial frequency decline 
shown in Figure 10 would be the s ame as in Figure 9 ( 1 . 5 Hz per second) . 
the first-s tep under-frequency relays would t rip at 59 . 5  Hz , dropping 
200 megawatts of load by the t ime the frequency had reached 59 . 3  Hz . 
At this point the system would be less severely overloaded , and the 
rate of frequency decline would be only 0 . 667  Hz per second . At 59 . 0  
Hz , about 1 second after the t rouble started , the second-s tep relays 
would be activated and would drop a second 200 megawatts by about 1 . 2  
seconds after the initial overload , a t  which time the f requency would 
s tand at 5 8 . 8 Hz . The system would remain in equilib rium at this 
frequency until the spinning reserve b rought the frequency back to 
normal . The third set of relays would not be required in this situation . 

At the s table f requency o f  58 . 8  Hz , only especially sens itive 
equipment , such as rotary printing presses and unbuffered computer 
power s upplies , would experience trouble ; service to these would be 
protected . With 200 megawatts of spinning reserve , normal frequency 
would be restored within about 8-10 seconds . After s table sys tem 
operation was achieved and additional generation capacity b rought on 
line , the load would be j udic iously resto red. 
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Improving Maintenance Procedures 

Maintenance Schedules 

Steam generat ing units of the type installed in recent years by PREPA 
normally mus t be shut down every three to five years fo r complete 
inspect ions , routine repairs , and overhauls . This is called a "unit 
overhaul" maintenance s chedule . 

PREPA, however , uses a "component overhaul " maintenance schedule , 
under which each maj o r  component (high-pressure turb ine , low-pressure 
turbine , and generato r) is overhauled separately . The result is that 
every large unit is shut down fo r some time each year . Units spends 
mo re time in maintenance under this schedule than if each were over­
hauled completely eve ry  few years . 

For a sys tem like PREPA' s today , wi th a large reserve margin , a 
component maintenance schedule does not impair sys tem reliability . 
However ,  it nearly always increases fuel cos ts ,  because the large units 
are generally the most ef ficient . I f  gas turbines--the leas t efficient 
units--are run to make up fo r the los t generating capacity , the fuel 
cos t penalty can be high .  

As reserve margins are reduced in the future , this maintenance 
approach , if continued , will increas ingly impair sys tem reliability . 
For example , res ults o f  reliabil ity simulat ions 2 suggest that with a 
60 percent reserve margin and a component maintenance s chedule , the 
loss o f  load p robab ility (LOLP) o f  the PREPA sys tem would be about 17  
days per  year . Most mainland sys tems aim for an LOLP probab ility of  
only 1 day in 10 years . Much o f  the high LOLP record o f  the PREPA 
sys tem is due to the quick-response reserve prob lem dis cussed 
earlier , b ut the LOLP of the sys tem mi ght be reduced to less than three 
days per year by adopting a unit overhaul maintenance schedule . Under 
such a pro gram, each turb ine generator would be scheduled for overhaul 
only every third or fourth year ; boilers would undergo minor , two- to 
three-week overhauls at irre�ular intervals , once or twice each year . 

Expediting Maintenance Work 

In addit ion to adopt ing a unit maintenance schedule , PREPA should do 
disassembly work on a schedule o f  three shifts per day , seven days 
per week , whenever a unit is shut down for overhaul , so that the s ize 
of the overhaul j ob can be as sessed as quickly as poss ible . Only when 
the unit has been dis assembled can the overhaul j ob be precisely 
scheduled , taking into account the material requirements and detailed 
procedures . On a s t rai ght-time bas is , five days a week , opening a 
s team t urb ine generator takes three to four weeks . Maintenance pro­
cedures should be modified to require that rotating elements be opened 
for inspection within seven days or fewer . 
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Per formance Comparisons 

Elect ricity generat ion , t ransmiss ion , and dis tribution are common to 
almos t all count ries o f  the world . The re are many opportunities for 
comparing cos ts and quality o f  service o f  dif ferent utility sys tems 
and o f  different individual generat ing units . Such comparisons help 
sys tem operato rs to maintain the highest poss ible s tandards of relia­
bility , e f ficiency , and economy . 

The Puerto Rico Elect ric Power Authority should use such perfor­
mance comparis ons to s timulate compet it ion among its own generating 
stations , in terms of monthly and year-to-date percentage availab ili­
t ies , capacity fact ors , and unscheduled outage rates . These comparisons 
should be used to improve routine procedures and s t imulate compet ition 
among the operating personnel of the dif ferent s tations , with suitable 
rewards to the winning stat ion ' s  staff  from t ime to t ime . Similar 
competit ions might be arranged for the overhead line crews , perhaps 
in terms o f  relat ive product ivity (worker-hours per standard cons truc­
tion unit ) . 

FUTURE ADDITIONS 
TO GENERATING CAPACITY 

Electric utilities throughout the United States have found it increas­
ingly difficult  to forecas t the need fo r new capacity in recent years , 
as demand growth has s lowed while licens ing and cons truction s chedules 
lengthened . In Puerto Rico these difficult ies are exacerbated by 
de ficiencies in operat ion and maintenance , an uncertain indus trial 
outlook , and rap idly ris ing oil prices and interes t rates . I f  exis ting 
capacity can be used more ef fect ively , it should be possible to delay 
the date at which a new generating unit is needed,  all other things 
being equal . A failure o f  the petrochemical and refining industry to 
grow would  have a similar e f fect , by s lowing the growth in the demand 
for elect ricity . On the o ther hand , rapid rises in the price o f  oil 
might make it economical to install new capacity earlier than it would 
otherwise be needed , if the new capacity were fired by a fuel cheaper 
than oil . 

Clearly the decisions required in planning new capacity are very 
dif fic ul t , involving as they do these complicated tradeo ffs . This 
commit tee is prepared to o f fer some general advice , b ut , as will be 
made clear , the best course of act ion will depend on detailed examina­
t ions o f  PREPA ' s  operational difficult ies and f inancial s t atus , as wel l 
as careful assessments o f  such economic factors as fuel prices and 
cont ruct ion costs . 
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The Character and Timing 
of Future Additions 

There can be no ques tion that the next large addition to PREPA' s base 
load generating capacity should be fired with coal . Adding oil- fired 
capacity would be incons is tent with national obj ectives and would 
further expose Puerto Rico ' s electricity consumers to expected increases 
in the price o f  oil . Coal-fired generation is in any case generally 
cheaper than oil- fired generation at today ' s cons truction and fuel cos ts , 
and this advantage is likely to increase if  OPEC oil imports are signifi­
cantly curtailed . PREPA would have the advantage o f  competition for 
coal supply from several sources on the U. S .  mainland and a number o f  
foreign count ries . It  should b e  noted , however , that new operating and 
maintenance skills will be required in view o f  the relative complexity 
of coal-f ired plants ; also , if emiss ion cont rols are required to meet 
air quality s tandards , substant ial additional land will be needed for 
was te disposal . 

This recommendation does not ,  o f  cours e ,  preclude PREPA ' s sup­
plementing its generat ing capacity with new or react ivated hydroelectric 
capacity , onsite indus t rial cogeneration, or new sources of electricity 
from solar and other renewable sources ; nor does it militate against 
upgrading exis t ing oil-fired generators . These measures will all contrib­
ute to the Island ' s  elect ricity supply before the year 2000 , but they 
do no t obviate the need for coal- fired base load capacity in the next 
decade . 

With respect to nuclear energy , the Committee reaf firms the con­
clusion in its interim report that the nuclear option should be pre­
served as a poss ible component o f  Puerto Rico ' s future elec tric power 
sys tem. However ,  cons iderations o f  both scale and timing rule out 
nuclear power for the next maj or addition to generating  capacity . 
Moreover , as that report s tated , "Unless economical small nuclear 
plants become available , it will be at leas t two decades before the 
Puerto Rico sys tem becomes large enough to accommodate a nuclear 
unit • • • •  In addition , the relevance o f  the nuclear option to Puerto 
Rico is likely to depend on the clari fication of national policy in 
several respects , no tably the procedures for s iting and l icensing plants , 
ens uring safety , and providing for spent fuel management and was te 
disposal . " ) It follows , there fo re , that at an appropriate t ime toward 
the end of this decade , nuclear power generation should be reassessed 
as an alternat ive . 

Timing 

When the next s i gni ficant addition to the Island ' s generating capacity 
will be needed is uncertain . As pointed out in this committee ' s  
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inte rim report , it might be anywhere between 1986 and the late 1990 ' s ,  
depending on the growth in demand and on future reserve margin require­
ments . That report s tates that "we would expect the next addition to 
capacity to be needed on line in 1988 or 1989 • • •  "4 

Since that repo rt was written , however , the wo rld oil market has 
tightened cons iderab ly ,  OPEC members have raised prices , and future 
oil price and s upply prospects have wo rsened . Under these circu� 
s tances it may well be economical to b uild new coal-fired generating 
capacity s imply to reduce the need for oil , whether o r  not the increased 
capacity is needed to meet growing needs . The leas t ef ficient oil-f ired 
units could then be removed from service entirely or  maintained for 
occas ional emergency use .  Even if such a move were slightly mo re 
cos tly , the increased use o f  coal would contribute to the national 
obj ect ive of reducing dependence on imported oil , and there is a 
possib ility that federal ass istance might be made available fo r this 
purpos e . 

The economics o f  s uch a shi ft to coal can be illus trated by a 
simple arithmetic example . Ass ume that long-term contracts for coal 
could be placed in the mid-1980 ' s  at $48 per ton ( 20 to 33 percent 
above present prices ) , and use 15 percent as the annual capital charge 
(interes t plus depreciat ion) . Ass ume  heat rates (Btu ' s cons umed per 
kilowatt-hour) to be 12 , 500 for oil and 10 , 500 fo r coal , and assume 
that the new unit would operate at an annual capacity factor o f  60 
percent (which may be  on the low s ide ) . Given thes e ass umptions , it 
would pay to replace s t ill-serviceable oil- fired capacity by new coal­
fired capacity if the price per barrel of number 6 oil exceeded $2 3-
$25 with capital cos ts for coal- fired capacity at $1 , 000 per kilowat t .  
This threshold would be $ 30- $ 35 per barrel with capital cos ts for 
coal- fired capacity at $1 , 500 per kilowatt . The lower end o f  this oil­
price range has alr eady been reached fo r most oil in internat ional 
trade , and even the higher end may soon be s urpassed . (The c urren t  
h i gh  interes t rates would · sugges t the us e  o f  a somewhat larger capital 
charge rate , but would prob ably no t substant ially al ter the conclus ion . )  

This committee cons idered the poss ib ility o f  converting some o f  
the exis ting oil-f ired capacity to coal , in line with plans for a 
number o f  mainland power plants . In Puerto Rico , howeve r ,  none o f  the 
oil-fired plants were des igned for coal burning ; neither their boilers 
nor their plant layouts are adaptable to the use of coal . Only at 
Aguirre would s uch a convers ion be phys ically pos s ib le , and even there 
the economics o f  convers ion would be dub ious . This commit tee there fore 
does not recommend convers ion of any o f  the exis ting units to coal . 

Taking all these factors into account , this committee concludes 
that PREPA should cont inue for the time being  on i ts present co urs e ,  
which would bring a new coal- fired generating  unit on line b y  19 86 . 
However , if electric load growth continues to stagnate or becomes 
negat ive , and if prices for residual oil s tabilize or decline , this 
plan should be reassessed be fore cons t ruct ion begins . All cons truct ion 
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contract awards shoul d give PREPA the right to postpone scheduled 
const ruct ion and se rvice dates at minimum penalties . 

The Appropriate Capacity o f  New Units 

This committee ' s  interim report observed , " • • •  it is not immediately 
clear that additional units o f  this (450 megawat t )  size would be 
appropriate , " and that "some (PREPA) studies point to 300 megawat ts 
as the optimal s ize plant . "5 Further cons iderat ion of this has 
convinced the commit tee that about 300 megawatts is prob ably a mo re 
appropriate size than 450 megawatts , though the precise unit capacity 
should be selected on the basis o f  careful engineering and economic 
studies o f  the available alternat ives , determined a fter competitive 
b idding . Th ree maj o r  cons iderat ions incline the committee to  these 
conclus ions : 

• Uncertainty about future load growth . Growth in the system ' s 
load has slowed dramat ically s ince 19 74 , and this t rend has recently 
been reinforced by the clos ing of the PPG Indus t ries Caribe chloralkali 
plant . Further uncert ainties in the oil refining and petrochemical 
industries ( Chapter 4) render unclear their . potential for growth in 
electric ity demand . Between 19 74 and 19 79 , the peak load grew at a 
rate o f  only 2 . 5  percent per year ; omitting the negative growth figure 
in 1975 , the annual growth rate was 3 . 3  percent . Even i f  this rate 
should rise to 4 percent , a 300 megawat t unit would accommodate roughly 
three years ' load growth . (Note that the higher energy demand pro­
j ect ions in Chapter 3 es t imate the rise in electricity demand at a rate 
o f 2 percent annually to 1985 . )  

• Financing cons iderat ions . The availabil ity and cos t o f  capital 
are serious cons traints on the cont inuing growth of  the Puerto Rican 
economy . It is there fore important that PREPA exercise rest raint in 
its demand fo r outside capital funds and de fer the need for s uch funds 
as long as prudence permi ts . One way to do this is to minimize the 
size o f  the next addition to generating capacity . While that might 
point to units even smaller than 300 megawatts , economies o f  s cale 
would likely militate agains t coal- fired units of less than that size . 
However , that ques t ion would be  addressed in the proposed engineering 
s tudies , and requests fo r b ids should  provide a great deal of flexi­
b il ity in specifying unit size . 

• System operat ion cons iderations . For reasons described earl ie r ,  
n o  single generat ing un i t  should  ordinarily have a capacity greater 
than 10 percent of the sys tem peak load . At a 4 percent annual growth 
rate , it would take 10 years for the PREPA sys tem peak to reach 3 , 000 
megawatts , the level at which a 300 megawat t unit would comply with 
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this rule of thumb . At the same growth rate , a 400 me gawatt unit would 
no t be j us t i fied by this rule unt il 1996 . Agains t this cons ideration , 
however , one mus t place the fact that PREPA already has four units 
with capacit ies larger than 400 megawat ts . It can be argued , with a 
good deal o f  force , that adding one o r  two mo re 400 megawat t units 
would not seriously degrade the rel iab ility of the generat ing system . 
This again sugges ts that further engineering studies may be needed 
before the final decis ion on unit capacity is made . 

On balance , the forecas t ing uncertaint ies and financial problems 
seem important enough that , unless the economies of scale of larger 
units are very great , the preference should go to the 300 megawatt  
class . Rein fo rcing this view is  an important but less  tangible 
cons iderat ion ; with the next unit Puerto Rico will be embarking on the 
operat ion o f  its firs t  large coal-fired plant , the many new operat ing 
difficulties o f  wh ich will be easier to cope with in a smaller plant . 

In planning the new additions to capacity , PREPA should  probably 
make arrangements for at leas t two units of the s ize and type selected 
{presumably 300 megawatt coal-fired base load plants ) at the same s ite , 
even though their service dates may be widely separated . Building 
duplicat e units at a s ingle s ite will likely cut costs  s ub s t antially .  

Sit ing and licens in g  work , preparat ion o f  environmental impact 
s tatements , and the l ike will take several years . Meanwhile , bo iler 
and turbine bids can be sol icited and evaluated , engineering s t udies 
can be done to select the mos t appropriate size and type o f  units , 
pollut ion cont rol  alternat ives can be evaluated,  and long term coal 
suppl ies can be located and contracted for . Opt imum boiler des igns for 
the type of coal cont racted fo r (or  that likely to replace it in case 
of supply interrupt ions ) can then be selecte d .  

A final decis ion o n  the service date f o r  the next addition to capa­
city can probably be deferred for two years , if no s teps incons is tent 
with l icens ing and cons truct ion by 1986 are taken . If  all licens ing 
and s it ing problems are resolved , and maj or  facility components  are 
cont racted for in time for ground b reaking to take place by January 1 ,  
19 81 , or  sho rtly therea fte r ,  the firs t  unit could be in place by mid-
1986 . This would allow five years for construct ion , and six to eight 
months fo r shakedown operat ions . 

Financing 

This commit tee ' s  interim repo rt , in dis cus s ing the Puerto Rico Elect ric 
Power Authority ' s  financial posit ion , called for steps , "to improve 
internal cash generat ion , which in recent years has rarely been large 
enough to cover even rout ine const ruction expendi tures . "6 It 
recommended that rates be increased enough to raise about $60 million 
(of  19 79 value) per year ,  in addit ion to any increases needed to 
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cover ris ing cos ts  o f  fuel , labor ,  and other operat ing expenses . 
Developments s ince that report give added force to that recommenda­

tion . During the fis cal year ending June 30 , 19 79 ,  PREPA operations 
sustained a net loss , a fter deduct ions fo r depreciat ion computed on 
the basis o f  histo rical cos ts (which are probably less than hal f 
current replacement cos ts ) , interest ,  and payments in lieu o f  taxes . 
PREPA yielded no ret urn on Puerto Rico ' s  original inves tment or  on 
agency investments and capital funds accumulated from prior years ' 
earnings . Indeed , PREPA had to borrow $69 million merely to operate 
and make rout ine capital inves tments . 7 The out look for fis cal 19 80 
shows no improvement . Net bo rrowings are proj ected by PREPA at $104 
mill ion , again without maj o r  capital additions . B 

The consequence is a s i gnificant deteriorat ion in the financing 
environment for the fut ur e capital expansion needs o f  PREPA, with the 
potential for repercuss ions on Puerto Rico ' s  borrowing capacity for 
other public needs . In mid-October , the Authority ' s  $100 million 
tax-exempt bond issue was sold at a net cos t  o f  9 percent , compared 
with iss ues of the New Yo rk S t ate Power Authori ty carrying the same 
nominal credit rat ing but cos t ing only 8 percent . The debt service 
coverage rat io ( the rat io o f  net revenues to total debt service re­
quirements )  has fallen s ince 19 75 from 1 . 73 to 1 . 63 and the pro forma 
figure for the last  12 months , reflect ing the new bond issue ,  is only 
1 . 46 . 9 This is uncomfortably low in the eyes of bond market special­
is ts . PREPA will need to borrow $200 mill ion to $300 million annually 
in the early 1980 ' s to  finance maj o r  additions to its generat ing 
capacity . Act ion to st rengthen its financial pos ition is therefore o f  
growing urgency . For all pract ical purposes , this means rais ing rates . 

Rate increases in Puerto Rico s ince the oil price rise o f  19 7 3  
have been smaller than those o f  many mainland ut ility systems , even 
though the Island has felt the effects o f  that price rise more severely 
than any region of the mainland . In fact , with the government subs idy , 
resident ial rates in nominal terms have remained virtually unchanged 
since 19 7 4 ,  the year in which the first e f fects o f  the 19 7 3  OPEC price 
rise were felt--a substantial decrease in real terms . In the meantime ,  
the average res ident ial rate increase o n  the mainland has been 4 2  per­
cent . 

This committee reco gnizes the dif ficulty o f  rais ing rates in the 
face of mounting unemployment . It also realizes that , despite the 
modest increases of recent years , Puerto Rican rate levels are already 
higher than those o f  most mainland sys tems . However , this reflects 
the Island ' s  nearly to tal dependence on high-cost oil as fuel for 
generat ion . PREPA must raise its rates i f  it is to finance its future 
const ruct ion pro gram. 
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SOME GENERAL RECOMMENDATIONS ON 
PREPA MANAGEMENT 

This committee has not examined the Authority ' s  management and organiza­
t ion in the detail with which it has t reated the operat ional and 
financ ial sjtuat ions . Nonetheless ,  bas ed on the experience o f  mainland 
util ities , it o f fers here some general observations : 

• Because o f  their complexity , large construct ion j obs o f fer 
unusual opportunit ies for collus ion and fraud . As PREPA embarks on 
a large cons t ruction program, it will want to establish cons istent 
procurement and cont ract ing pract ices and administer them under the 
direct ion of an experienced negotiator , independent of the engineers and 
operators . Mo reove r ,  as f ield const ruct ion work gets under way , an 
independent audit staff  should be established at the s ite . 

• Establishing the independence o f  financial , purchas ing , and 
audit act ivit ies from the physical o perat ing organizat ion by placing 
these act ivit ies under the cont rol  of a s ingle financial o f f icer report ing 
directly to the Execut ive Director would increase the e f fect iveness o f  
the cons truction cont rols referred to  above . I t  woul d also b e  cons is tent 
with the internal cont rol obj ect ives of the Federal Corrupt Pract ices 
Act . 

• It has become common practice on the mainland for regulatory 
authorities to engage outside consultants to audit the management 
performance o f  ut ility companies under their j urisdict ions . The Board 
of PREPA may wish to cons ider s uch a step . Such audits would cover 
matters of o rgani zat ion , operat ion , planning,  and financ ial management 
and would be in addition to the standard outs ide account ing audit that 
is part o f  PREPA' s no rmal pract ice . 
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6 ENERGY CONSERVATION OPPORTUNITIES 

On the mainland , the bene fits of energy conservat ion have earned the 
status of accepted wisdom. No respons ible repo rt now omits the 
convent ional l itany of praise : "clean , " "quick , " "economical , "  
"in flat ion proo f , " and "environmentally benign . "  In Puerto Rico also , 
energy conservat ion is essent ial to sound economic growth with assured 
energy supply . Puerto Rico feels many of the same incentives to 
conserve as the mainland . Federal energy-e fficiency standards and 
label ing requirements , fo r example , apply in Puerto Rico , and it goes 
almost without saying that the e f fects of higher o il prices are fel t 
in Puerto Rico with an intens ity unmatched on the mainland . 

This discussion may be suggest ive ,  inst ruc tive , and in format ive 
about energy conservat ion possib ilities in Puerto Rico , but success 
must come from local ideas , developed and implemented with attention 
to the system within wh ich they mus t work . Energy conservation , con­
s idered as an energy source , is unlike convent ional centralized energy 
sources in that it depends on the act ions of thousands of individuals ,  
each making hundreds o f  decis ions for wide variet ies o f  reasons . Energy 
conservat ion is infl uenced s t rongly by lo cal cultural and economic 
condit ions , to which ef fect ive conservat ion policy mus t be accommodated . 
The care ful studies o f  conservation undertaken by the Puerto Rico Office 
o f  Energy ,  and the generally high priority the government of Puerto 
Rico has accorded energy conservat ion , are encouraging . 

Puerto Rico uses about 40 percent o f  its oil impo rts to generate 
electricity , about two-thirds of which is used in the indus t rial and 
commercial sector and the rest in residences . Transportation accounts 
for about 30 percent of the Island ' s  direct oil consumpt ion , indus t ry 
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and commerce for about 25 percent , and resident ial consumption for about 
1 percent . The remainder ,  about 4 percent , is consumed in the form o f  
nonenergy products . 

This chapter discusses four issues : 

• Energy conservat ion in t ransportat ion . Although both the Federal 
automob ile fuel e f f iciency standards and the growing pro portion o f  fuel­
ef ficient imported cars in Puerto Rico will wo rk to reduce the energy 
devoted to t ransportation , pol icy actions taken by the government to 
make public t ranspo rtat ion more at tract ive and to impose the full costs  
of  driving on those who choose to do  so can add to the savings avail­
able from such engineering solut ions . 

• Energy conservat ion in b uildings . Puerto Rico ' s  new building 
code and the federal Building Energy Per formance Standards ( to be  
imposed nat ionally within a year or so ) will both lower energy con­
sumpt ion in new buildings . Savings are poss ible also from an intelli­
gent program o f  ret ro fit t ing exis ting hous ing stock and from improving 
the ways in which commercial establishments use energy . Hotels hold 
especially att ract ive opportunit ies . 

• E nergy conservat ion through elect ricity rate re form .  Th e  obj ect 
of an e f ficient rate st ructure is to charge cus tomers the cos ts of 
elect ricity they consume and provide them the savings from elect ricity 
they conserve . The Puerto Rico Elect ric Power Authority ' s  rate 
s t ruct ure can be refo rmed to b ring it clos er to this ideal . 

• Cogenerat ion o f  electricity and s team .  
duct ion o f  elect ricity and steam for relat ively 
presents an oppo rtunity for fuel savings on the 
planning and ins t itut ional barriers are large . 

The simultaneious pro­
low temperature heating 
Island . However , the 

In Puerto Rico , as elsewhere , large indus t rial energy users are 
capable o f  making effect ive process and housekeeping changes in 
react ion to ris ing energy prices . The bes t  indust rial energy conser­
vat ion policy is to avo id shield ing indus t ry from ris ing prices . 
Higher energy prices are inescapable , and intell igent inves tment 
dec isions will be possible only when energy users confront the cos ts 
o f  consuming energy undiluted by government act ion . Fo r indus t rial 
users , for example , the special promo t ional electricity rates should 
not be renewed when they expire . 

The recommendat ion that government s tay out o f  direct energy 
conservat ion programs fo r indus t ry is tempered somewhat in the case o f  
smaller industrial and commercial business es , t o  whom the lack o f  
informat ion may b e  an impediment t o  e f fect ive conservation . As the 
federally funded Energy Extens ion Service grows in reach and sophis­
t ication� it may provide some o f  the needed help . Technical infor­
mat ion programs based in unive rsities have been success ful in some 
mainland areas . Any pro gram that can provide s peci fic how-to informa-
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t ion to smaller bus inessmen is wor th pursuing aggressively ; energy 
audits and s imila r  in fo rmation programs , for example ,  wil l  pay large 
returns by spurring individual int iative . However , no government 
pol ic ies should shield even these small bus inesses from higher energy 
prices . 

ENERGY CONSERVATION IN TRANSPORTATION 

In Puerto Rico , the transportation is almo s t  entirely by highway . The 
ratio o f  vehicles to people is about one to four (hal f that o f  the 
mainland) but by 1995 may reach one to three . About hal f the present 
fleet is located in the San Juan metropolitan area . Pub l ic trans port­
ation is poo rly coo rdinated , has a declining ridership , and s erves non­
work-related travel (an important component o f  demand) relatively poorly . 
Obviously it would be to Puerto Rico ' s  economic advantage for as many 
drivers as possible to turn to o ther , mo re effic ient , forms o f  trans­
portation and for the automob iles that are used to increase in efficiency . 
The polic ies o f  the Puerto Rican government will largely determine the 
extent o f  this trans ition , though oil price trends and nat ional fuel­
ef ficiency regulat ions will play the ir parts in lowering gasoline 
demand . 

Efforts to improve the energy e f ficiency o f  Puerto Rico ' s  t rans­
portation sys tem will entail two coo rdinate s trategies : making public 
transportation mo re attractive as an alternative to the automob ile ,  
and a t  the same time imposing penal ties ( in both travel t ime and dollars ) 
on inefficiency in private transportation . The two mus t be  undertaken 
s imul taneously , and with corresponding vigo r ,  or neither will be 
effective . 

The ef fec t iveness o f  most o f  the public-t rans portat ion-o riented 
measures discussed in this repo rt will be limited by continued increases 
in real personal income and the accompaying r ise in automob ile owner­
ship . The most ef fec tive single conservation meas ure under these 
conditions is the cont inued improvement o f  new car fuel economy , driven 
by a comb ination o f  increased gasol ine prices , the fuel economy s tand­
ards o f  the Energy Policy and Conservation Ac t ,  and the vehicle excise 
tax schedule . The ef fect o f  the lat ter two fac tors alone is expected 
to resul t in an improvement in the fuel economy of the ent ire Puerto 
Rico flee t by more than a factor  of two by the year 2000 . This factor 
is reflec ted in the baseline energy forecas ts of the commit tee . 

Increas ing the Att ract iveness 
o f  Energy-Ef ficient Transportat ion MOdes 

Improving bus service , truly integrat ing the publicos into the public 
transpor tat ion sys tem, and providing alternatives like van pools 
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where feas ible to serve the needs o f  government workers or o ther 
eas ily fo rmed groups can go far toward luring drivers from their cars 
at relatively low cos t to the Puerto Rican government . A t rue t rans­
portat ion sys tem is needed . 

A Rational ized Public Transportation Network 

In 19 70 the Metropol itan Bus Autho rity {MBA) operated 1 3  million bus 
miles and transported 60  mill ion passengers . In 19 7 7 ,  operat ing almost 
as many vehicle miles , it t ranspo rted only 35 million passengers , fewer 
than the number es timated to have been carried by publicos . Even at 
this lower level of ridership the bus sys tem is more energy efficient 
than private cars at typical occupancy rates , but without very signi­
ficant improvements in service the downward t rend in ridership may 
cont inue unt il the b us sys tem is no longer a real al ternat ive . 

The b us  sys tem has 4 7  routes , many overlapping , which have been 
laid out in an apparent attempt to serve every neighborhood from every 
other neighborhood without a trans fer . There are no true express 
routes , and only a few routes can capitalize effect ively on the priority 
bus lanes between San Juan and Rio Piedras . Sixty percent of the routes 
{ generally those lying north of the Avenue of the 65th Infantry )  trans­
port 92 percent of the passengers . The rest  o f  the routes operate at 
extremely low load factors through areas served mainly by publicos . 

A more rational system would consist o f  a t runk line with t rue 
express b uses operating as much as poss ible on priority lanes in the 
corridor linking San Juan ,  Rio Piedras , and Carolina , with a wes tward 
spur to Bayamon . This t runk system would be supported by a series of  
feeder l ines . Although many t rips would then require trans fers , the 
total elapsed t ime for most trips would be s igni ficantly reduced and the 
sys tem would become a real alternative to the automob ile . Such a 
system also shoul d  be capable o f  operating with fewer vehicle miles 
fo r a given capacity and level of service . 

I f  public t ransportation is to operate as a true sys tem, the 
publicos should be integrated into the network ,  to serve as feeders 
in neighborhoods where full-size b uses are not warranted . The problem 
o f  poor o ff-peak service must be addressed i f  publicos are to be thus 
integrated into a revised sys tem.  Adequate service could be ensured by 
issuing subsidized trans fers from and to MBA express buses , or by selling 
o ff-peak publico t ickets at the regular publico fare but redeeming them 
from publ ico drivers at a premi um .  

The MB A  has made a caut ious s tart at  rat ional iz ing i t s  system by 
const ruc ting the Carol ina trans fer facility and proposing the substi­
tution o f  feeder buses for certain o f  the thro ugh routes that serve the 
Country Club and Carolina areas . A comprehensive sys tem {including 
the publicos ) can be b uilt only by the cooperat ion of several govern­
ment ent it ies . This should be accorded a high priority by the trans­
portation task fo rce established by the Governor . 
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A Revised Taxi Fare Sys tem 

The present taxi rate structure prohib its collect ion o f  mult iple fares 
for the same trip . A revis ion o f  this s tructure , accompanied by 
promot ion of shared riding , particularly on long t rips such as those 
o riginat ing at the airport , could save fuel . In Washington , D . C . , for 
example , shared rides are permitted , at  the passengers ' discret ion , 
and multiple full fares are charged . In New York City and Bos ton , 
shared taxi sys tems have been developed for riders t raveling from air­
por ts to the central cities . 

Subscription Park-and-Ride Service 

During a s ix-month period  in 19 78- 79 ,  the Puerto Rico Of fice o f  Energy 
conducted a pilot proj ect , t ransporting employees o f  the Minillas 
Government Center in Sant urce by bus from the Juan Ramon Loubriel 
Stadium parking lo t in Bayamon . This s ervice competed with the 
availab ility o f  inside parking spaces in Minillas , priced at $1 3 per 
month . An average o f  80 participants used this service daily ; the 
proj ect was terminated because o f  lack o f  funding . The Department o f  
Transportat ion and Public Works is now beginning a n ew  proj ect with 
funding provided by the U . S .  Department o f  Transportat ion . The Office 
of Ene rgy has estimated that an expanded service to Santurce and Hato 
Rey from Bayamon and Carolina would have saved approximately 2 0 , 000 
barrels o f  fuel per year . 1 Eliminating subsidized parking fo r employees 
would probably inc rease the use o f  such alternative services . 

Employment-Based Van and Car Pools 

Prior at tempts at van pooling by several employers have been unsuccess­
ful ; employees prefer the · flexib ility of individual cars . Increasing 
gasoline prices could make such services relat ively more attractive , 
and th is concept  should be retested . 

Es tablishing Incent ives 
fo r the Efficient Use o f  Automobiles 

Even a much mo re e f fective public transportat ion system will yield 
small energy savings to Puerto Rico unless the government is able to 
apply some press ure on drivers to drive less , by such economical means 
as en forcing parking regulat ions more cons istently , raising parking 
fees and gasol ine taxes gradually , and redirecting trans portatiorl 
inves tments from highway cons t ruct ion toward facilities for alternatives 
to the automob ile . The Puerto Rican governmen t can at the same t ime 
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take measures to encourage those who st ill choose to dr ive to reduce 
their gasoline consumpt ion by dr iving more fuel-effic ient cars . Each 
of these measures would tend to raise the cos t  of driving, in incon­
venience if not in dollars;  if such a program is to have benefits 
in t erms of reduced o il consumption it must be combined with a serious 
effort to revive the public transportat ion system. It would also be 
appropriate to compensate in some way those ,  especially the less 
affluent , who must drive . 

Federal automobile efficiency standards will have a maj or impact 
on gasoline demand . By the ye ar 2000,  it is estimated (Chap ter 3) 
that the Puerto Rican fleet ' s fuel economy will average 25 miles p er 
gallon . By 1 985 total demand should be about the same as in 1977 ; 
thereafter, this study ' s p roj ections ind icate little or no increase , 
depending on the part icular growth scenario . These changes will 
occur without any direct policy action by the Puerto Rican government . 
One can, however , look to act ions other than vehicle effic iency 
standards to increase co sts and lower hidden subsidies . 

Fuel-Economy-Based Excise Taxes and Regis trat ion Fees 

Under present law, new and used passenger cars imported into Puerto 
Rico are subj ect to an excise tax ranging from 14 to 85 percent o f  
the ir values , dep ending on weight and horsepower . This tax does not 
correlate precisely with fuel economy; nor is it perceived as an 
eff ic iency tax . The Office of Energy has prepared a b ill , supported 
by the Governor,  that would subs titute a tax schedule based on the 
U . S .  Environmental Protection Agency est imates of vehicle eff ic iency . 
The bill would subst itut e a tax varying from 7 p ercent ( for a car 
achieving 30 miles per gallon) to 85 percent ( for a 1 3-miles-per­
gallon car) . If  adop t ed ,  it would reduce fuel consumpt ion by about 
400 , 000 barrels per year . 2 We support the general goals of such a 
b ill , though we have not examined the b ill in any detail . 

Parking Charges and Enforcement 

The price of parking in the San Juan met ropol itan area is controlled 
by the Department o f  Consumer Affairs , who se primary aim is to mini­
mize the impacts o f  inflation on consumers .  Parking rates are 
generally l ess  than $ 15 per month , s ignificantly below those in 
comparable metropolitan areas on the mainland . These low pr ices 
encourage the use of automobiles for trips that might otherwise 
have been made by public transportation . A study o f  these rates 
might reveal the possibility of large gasoline savings from rela tively 
modest rises in rates . I f  this hypothesis is correct , a gradual 
removal of controls ,  or at least a r ise in the controlled price, 
should be considered . 
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Compounding this s ituation is the ext remely inadequate enforce-
ment of parking regulations in the metropolitan area . Illegal parking 
spaces add some 10 , 000 units to downtown San Juan ' s  legal inventory of  
40 , 000 . 3 Towing is almost nonexistent ; the fine , when imposed , i s  $ 7  
per o ffense .  Recent experience with improved parking management in the 
Washington ,  D . C . , downtown area demonst rates that vigorous programs o f  
ticketin g ,  towing , and collect ing unpaid fines (by , for example ,  refus ing 
to renew license tags until outstanding fines are paid) can be e f fect ive 
and self-financing . 

The Price o f  Gasoline 

Es timates of  the price elas t ic ity of demand for gasoline ( that is , how 
much less gasoline motoris ts will use when faced with a given price 
increase) vary rather widely . The short-term elas t icity is a measure 
of the will ingness o f  people to react quickly by deferring t rips , taking 
shorter t rips , or comb ining trips ; its value is often cited as -0 . 2  
(meaning that in response to a 1 percent price rise , gasoline consumption 
falls by 0 . 2  percent ) .  The long-term elas ticity , wh ich measures changes 
in behavior after people have been able to buy more e f ficient cars , 
change wo rk places and residences , or  adj us t to expanded public t rans­
portat ion systems , ranges from -0 . 8  to -1 . 0 .  No matter what the exact 
figure or range , there is l ittle doubt that price rises are e f fective 
inducements to conserve ; subs titutions are poss ible , and alternat ives 
can be fo und . 

The price o f  gasoline in Puerto Rico ( $1 . 33  per gallon fo r leaded 
and $1 . 29 per gallon for unleaded as of Feb ruary 1980) includes $0 . 16 
per gallon in Puerto Rico Tax and no federal tax . Al though it would no 
doub t  be polit ically unpopular , we sugges t that the gasoline tax should 
be increased by pre-announced s teps over a number of years (say five ) 
so that consumers would be able to plan in advance measures to avoid 
increas ing their transportat ion expenditures . One interim target might 
be to bring the PuertQ Rican tax on gasoline up to equal the level o f  
state plus federal taxes o n  the mainland . A s taged impos ition o f  this 
tax would also give the trans it authorities time to implement the 
improvements in service sugges ted later in this chapter .  

Some way o f  s ub s idiz ing low-income famil ies to cover a part o f  the 
resul t ing rise in gasol ine prices ought to be considered , because the 
automob ile is fo r many the only truly usable means of t ransportation . 
Some have sugges ted a two-t ier system in which lower income families 
are given gasol ine stamps . We favor instead s imply an increase in 
general wel fare payments by an amount calculated to cover the increase 
in tax for a certain minimum automob ile use . Lower income famil ies 
would then be able to take advantage of the leas t cos tly trans po rtat ion 
alt ernatives , us ing this increase in payments , and would no t be locked 
into an increas ingly cos tly automob ile-based transportation sys tem, 
as they would be i f  given gasoline stamps . 
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Redir ect ing the Proceeds o f  Highway Taxes 

The gasol ine tax collected in Puerto Rico is now used solely for con­
s tructing and financ ing new highway fac ilities . All maintenanc e 
activities are pa id for by revenues from the general fund . Under 
present circums tances ,  this policy appear s counterproductive . The 
proceeds should be reallocated away from new construct ion into the 
general fund or ( second best ) into highway maintenance and construct ion 
of facilit ies for buse s ,  car and van pool s ,  bicycles , and the like . 

An ongo ing program , funded by the U . S .  Department of  Transpor­
tation through the Federal Highway Administration, involves efforts 
to smooth traffic flow and reduce stop-and-go driving and idling time 
by cons truc t ing right and left turn lanes , widening roads , and 
coordinating traff ic s ignals .  It  is expected to be 40 p ercent com­
pleted in Puerto Rico by 1 980;  the Off ice of Energy estimates it 
will then save 150, 000 barrels o f  o il per y ear . 4 

Unfortunately, this program is an examp le ,  in our op inion , o f  
spending money fo r a short-term benefit when a better long- term 
solution to urban transportation is available . Automobile drivers 
select paths through a highway network that results  in minimum travel 
t ime from or igin to destination . Thus , as improvements are made in 
one link o f  the network, reduc ing travel t ime in that l ink, drivers will 
switch f rom alternative paths until the increase in traff ic has raised 
travel t ime in the imp roved path up to equilibrium with others . 
Such tra f f ic engineer ing improvements can in the long run attrac t more 
traffic to the network. 

Several more produc tive inves tment s  could be made with the pro­
ceeds : 

• Priority lanes . A single lane in each direct ion in the 
corr idor between Old San Juan and Rio P iedras . has been establ ished 
fo r the sole us e  of buses . Although parts of 20 bus routes operate 
over this lane,  it represents a relat ively small port ion o f  the 
mileage on mo s t  o f  these routes and therefore has l ittle impact on 
overall travel time . The priority lanes should be expanded as the 
public transportat ion sys tem is rat ionalized . Permitting other · 
mult iple-occupancy vehicles , such as taxis and publicos , into these 
lane s shold also be considered . 

• Transfer terminals . The Metropolitan Bus Authority has 
recently completed a building near Carol ina, as a transfer terminal 
between a trunk line express bus system an4 a ser ies of feeder l ines . 
The facil ity ' s opening has been delayed pend ing the completion o f 
publ ic hearings on the necessary route restructuring . Additional 
fac ilities of this nature will be essent ial to a restructured 
transportat ion syst em, and p lanning and cons truc t ion should proceed . 

• B icycle fac ilities . In sp ite of its relatively level 
topography and a climate that is generally conducive to bicycle use, 
the San Juan metropolitan ' ar ea  has no paths intended solely for the 
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use of  bicycles . A study of a proposed b icycle path extending from Old 
San Juan along the shore through the Condado area is underway , b ut 
this appears to be intended mainly for recreat ional use by tourists . 
It wo uld probably not be prudent to build extens ive b icycle paths 
without first testing the wil l ingness of San Juan residents to use 
them . A good first step , if the Condado path is built , might be to 
provide protected bicycle s to rage facilities and showers for employees 
at the Condado hotels and other bus iness es tablishments to test their 
acceptance of b icycle transportat ion . 

Inst itut ional Issues in Transportation 

Puerto Rico ' s  transpo rtat ion sys tem is contro lled by a number o f  
government agencies , with dif ferent or  even conflict ing mis s ions . The 
Department o f  Transportation and Pub lic Wo rks is res pons ible fo r 
const ruct ing and maintaining highways and other public facilit ies and 
for administering federal highway and t rans it funds . The Met ropolitan 
Bus Authority owns and operates the public t ransportation system o f  
the San Juan met ro politan area , except for the publicos . The Pub lic 
Service Commiss ion regulates publico routes and fares . The Department 
o f  Consumer Affairs controls the rates charged for parking . The Office 
of Energy is responsible for developing energy policy , includ ing 
conservat ion programs , and for adminis tering federal and Puerto Rican 
energy funds . Even i f  each agency performed its own miss ion per fectly , 
the result would not be a sys tem opt imized fo r energy e f ficiency . The 
Director of  the Of fice o f  Ener gy recent ly was asked by the Governor to 
organize a task force o f  senior representat ives of each of the involved 
agencies , charged with developing a plan for t ransportation . This 
appears to be a necessary first step in implementing many o f  the 
measures recommended thus far . 

ENERGY CONSERVATION IN BUILDINGS 

On the mainland , buildings represent the maj o r  opportunity for energy 
conservat ion . Many o f  the convent ional solut ions in the United States , 
however ,  are not appropriate for Puerto Rico , wi th its warm, humid 
cl imate and typically low household energy use . The physical and 
economic facts require that the Puerto Rican government develop measures 
suitable for the Island , rather than drawing heavily on wo rk performed 
elsewhere . Res idences consume only about 1 3  pe rcent o f  the energy 
used in Puerto Rico , and thus do not o ffer dramatic ener gy savings 
to the Island as a whole , but important savings to the individual 
consumers are availab le at reasonable cost . 
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Energy Use in Puerto Rican Buildings 

Puerto Rican dwell ings generally consume less energy than do their main­
land counterparts . Hal f o f  Puerto Rico ' s  dwelling units consume l ess 
than 300 kWh per month , and only 5 percent consume more than 700 kWh per 
month . Consumption levels in San Juan are on the average about 20 per­
cent higher than in rural areas . Conservat ion meas ures in rural areas 
and in urban dwell ings that use little power will improve internal 
living condit ions b ut no t yield s i gnificant energy savings . 

Puerto Rican homes generally have fewer energy consuming appliances 
than the average mainland home . Table 42  is a tabulat ion o f  the appli­
ances penet rat ion , by elect ricity consumpt ion levels , in the San Juan 
metropolitan area . The basic  low-consumpt ion appliance mix consists  o f  
a re frigerator , a clothes washer , and a televis ion . Somewhat mo re than 
hal f the res idences use elect ricity for domest ic water heat ing . Any 
significant use o f  air conditioning would push consumpt ion above the 
subs idized level of 425 kWh per month . 

The typical s ingle- family residential building has poured-in-place 
concrete or block walls and a flat slab concrete roo f with no insulat ion 
or att ic space . Homes are no t heated , and few have air condit ioning . 
Where used , air condit ioners are mainly through-the-wall units ; venti­
lat ion is typically provided by j alous ie windows . The percentage o f  
homes with air condit ioners--the mo s t  energy- intens ive appliances whose 
use might reasonab ly b e  expected to grow markedly--is unl ikely to more 
than doub le by the end o f  the . century , even under the high growth 
ass umpt ions o f  our Case A ( Chapter 3) . Electric ity use for s pace cooling 
might as much as t riple by the year 2000 , · b ut it would s t ill represent 
a relat ively small percentage o f  household energy use ,  and an almos t 
insignificant percentage o f  the Island ' s  energy use . 

In multi- family cons truction (both public hous ing and privately 
financed units ) concrete construct ion again predominates . Public hous ing 
is not air condit ioned . About hal f the privately owned mul t i-family 
buildings are air condit ioned , usually with through-the-wall units . 

Dat a on nonresident ial b uildings are more difficult to gather . A 
consultant to this committee repo rted on resort hotels as targets for 
energy conservat ion and found that they are generally s imilar to their 
ma inland counterparts .  Of the 38 hotels , 26 (representing  78 percent 
of the guest rooms ) are in the San Juan Metropol itan Area . Extrapolating 
from l imited data , the consultant est imated that these 26 hotels consume 
annually abo ut 60 , 300 barrels o f  oil used directly and 164 million kWh 
o f  electricity . 
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Table 42 Percent of  Puerto Rico Elect ri c  Power Autho rity cus tomers owning various appliances--San a Juan met ropolitan area 

Usage in Percen t o f  c us t ome rs ownins a22l i an ces 
kilowa t t - Re f rig- Elect ri c  Gas Clothes Te le- E l e c t r i c  Solar Dish- Ai r Cen t ra l  
hours pe r e ra t o r  ran ge ran ge washe r vis ion wat e r  water washe r  condi- a i r  
ro n t h  h e a t e r  heater t ione r  condi-

t ione r 

l - 4 2 5
b 

100 . 00 35 . 85 . 5 9 . 1 9 7 3 .  70 9 2 . 9 3 56 . 16 0 . 00 0 . 60 1 4 . 1 5 o . oo 

4 2 6- 1 , 000 9 9 . 2 7  7 5 . 46 2 1 . 2 4  9 3 . 4 1  9 8 . 80 8 8 . 2 8  0 . 00 4 . 40 5 8 . 2 4  0 . 3 7 

Ove r 1 , 000 100 . 00 90 . 4 2 8 . 9 8  99 . 40 9 8 . 2 0  9 3 . 4 1 1 . 2 0 2 8 . 14 96 . 4 1 3 . 5 9 

Ave rage 
cons ump t io n  
by app l i an ce 
( ki l owa t t -
hours p e r  month) 90 100 0 1 5  5 0  200 0 30 340 850 

a
Gas r a t e  cus t ome rs ( re gular res ident ial rate ) . Low ren t pub l i c  hous ing cus tomers are no t inc lude d . 

b 
Fo r comput ing s ub t o t als and t o t a l  percen tages , th e d a t a  for each individual s t ra t a  were we i gh t ed to ac count for i t s  

populat ion re l a t i ve t o  t h e  other int e rvals ( f requency dis t ribut ion o f  po pulat ion ( p e rcent ) i n  San Juan me t ropo l i t an 
area by kilowa t t -hour int e rvals o f  October 1 9 7 6 ) . 

Source : Corresponden ce from Jose Ma rina , Puerto Ri c o  Wa ter Res ources Autho rity , to F .  Cas t e l lon , Dire ct o r , Pue r t o  
R i c o  O f f i ce o f  Ener gy , Ap ril 2 4 ,  1 9 7 8 .  Res ul t s  derived f rom a s u rvey conduc t e d  f rom December 1 9 7 7  t o  
Feb ruary 1 9 7 8 .  

� 
"" 
0 
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Regulatory Framework 

Puerto Rico has recently adop ted a building code that applies to 
cons truction of al l new publ ic buildings (buildings used by the public ,  
with t he excep t ion o f  public housing) . The technical bas is for the 
code is Standard 9G- 7 5 ,  developed by the American Society of Heating, 
Refrigeration, and Air Condit ioning Engineers ,  Inc . (ASHRAE) , and 
modified in some respects to make it more suitable for the local 
climate . Adopt ion of the code was encouraged by the U . S .  Department 
of Energy , act ing under legislation giving it the power to withold 
payment s to the Office of  Energy if such a code were not adopted . 

Puerto Rico , along with the other American j urisdictions,  may 
soon be required to adopt a different code , the so-called Building 
Energy Per fo rmance Standards (BEPS ) .  Instead of  spec ifying , as the 
ASHRAE s tandard does,  characteristics of building components that , 
taken together , will produce a suitably energy-eff icient building , the 
BEPS will require that any new building design be analyzed as a 
whole to determine in advance whether it will use less than a certain 
mandat ed number o f  Btu ' s p er square foot per year , depending on the 
climate zone and building clas sificat ion . The U . S . Department of 
Energy released the BEPS as a proposed regulat ion in late November , 
1979 (44 Federal Regis ter 68 1 20 ,  November 28 , 1 9 7 9 )  with the inten­
tion of promulgating final rules in August  1980 .  At that t ime ,  the 
Un it ed S tat es Congress will have the option o f  making the BEPS 
rules mandato ry in all j urisdictions . If made mandatory� BEPS will 
pr eemp t o ther nonequivalent local energy s tandards for new buildings .  

Other federal s tandards apply to household appliances , including 
hot water heater s ,  air conditioners , refrigerators , and stoves . 
However , progress in implement ing these standards has been slow . 
Moreover,  the rate at which new appl iances are introduced into the 
Puerto Rican economy appears slower than on the ma inland .  Taken 
together , these two factors will make the federal appliance standards 
less impor tant in conserving energy than they are on the mainland . 

Recommended Strate�ies for Exis t ing Buildin�s 

Resident ial Units 

A var iety of measures can be taken , in dwellings that  are air 
cond itioned or not , to increase comfort and--in air condit ioned 
buildings-- save energy that would o therwise be spent in cooling . 
A varie ty of  awnings ,  interior and exter ior shading devices , and 
reflect ive glazes for windows , for examp le , is available . Roo fs can 
be insulated to reduce the ir absorp tion of t he sun ' s hea t . Except 
in dwell ings in which t he air condit ioners are run throughout the 
afternoon and even ing hours , though, only the s implest and leas t 
costly of  these measures are economical for the homeowners as means 

Copyright © National Academy of Sciences. All rights reserved.

Energy in Puerto Rico's Future:  Final Report
http://www.nap.edu/catalog.php?record_id=19778

http://www.nap.edu/catalog.php?record_id=19778


132 

of  saving electric ity . The largest savings , obviously , lie in running 
a ir condit ioners more spar ingly , such as only during sleeping hours , 
or avoiding t he need for air condit ioning altogether by relying on 
natural air circulat ion . 

The typ ical home in Puerto Rico,  in fac t ,  is equipped with 
j alousie windows to take advantage o f  the fairly cons tant easterly 
trade winds , which average 9 miles p er hour . This pract ice deserves 
to  cont inue , though t he problem o f  associated air infiltrat ion must 
b e  correc ted in air cond it ioned dwellings . Cracks where j alousie 
panes meet can admit warm, humid air . In one calculation for an 
B OO-square-foot dwelling wit h  the indoor air condit ioned to 75°F and 
60 percent relat ive humidity and the out s ide air at 8 3°F and 75 per­
cent relat ive humidity ,  and with 10 hours per day o f air conditioning 
us e,  installat ion of vinyl sealing strips on the edges of the panes 
reduces energy consump t ion by 70 kWh per month. 6 Vinyl stripping is 
relat ively inexpens ive and can be installed eas ily . This might 
resul t  in a saving o f  as much as $55  per year per dwelling unit . It  
is  quit e co st effec t ive . 

Resort  Hot els 

The 38 resort ho tels in Puerto Rico appear to have been built with 
l ittle attention to energy consump t ion . Each differs slightly from 
t he others so that it is hard to general ize ,  but the number o f  ho tels 
is so small that a pro gram o f  targeted energy audits appears possible . 
The Puerto Rico Off ice of Energy has included energy audits as one 
of the measures in its conservation program . The Off ice est imates 
that by 1980 4 to 5 percent of  all commercial b uildings will be aud ited, 
and that this measure will result in a saving of  2 8 , 300 barrels per 
year . 7 S tudies on the mainland have suggested that savings of 30 
to 60 percent can be achieved with existing  build ings subj ect ed to 
careful audit , constrained by the requirement that all changes be 
cost-ef fec t ive to the building owner . Energy aud its of reso rt ho tem 
should be accorded high priority . 

Implementation St rategies 

Energy conservation in exist ing buildings is easy to dis cuss in the 
abs trac t , but it has proven much more dif ficul t  to achieve . The 
Puerto Rican government mus t pursue as aggress ively as possible every 
opportunity to encourage or require building owners to upgrade their 
buildings . We b el ieve that some of the following ac tions should be 
tried : 

• Training and deploying "house doc tors . "  Various s t rategies 

have b een sugges ted for training and put t ing into the field para­

pro fess ionals trained to look for b uilding energy def iciencies , to 
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correct those that are easy to handle on the spot , and to provide 
accurate ,  concrete advice on more expens ive or t ime-consuming items . 
A program to provide such technicians would est abl ish employment 
opportunit ies in a service indust ry ;  the number o f  b uildings to be 
audited is large enough to suppo rt a good number o f  such j obs . The 
government could help es tablish such an indus t ry in Puerto Rico by 
providing special ized training and by subsidiz ing PREPA to provide 
this service at lit tl e  or no cost to its cus tomers . 

• Training building inspectors . We have made no independent 
inquiry into the subj ect in Puerto Rico , b ut if  the Island is typical 
its building inspectors have virtually no t raining in energy conserva­
t ion . Training courses are necessary for tho se enforcing the law and 
the new Building Energy Per formance Standards . 

• Offering tax incent ives to building owners . Various federal 
income tax incent ives are availab le to mainland cit izens who make 
specified improvements in the energy effic iency o f  their dwellings . 
Puerto Rico might consider adopting a s imilar program. 

• Informing the pub lic . The vigorous information campaigns by 
the Office o f  Energy should be cont inued . Speci fic and pract ical 
information is more valuable than mere exhortat ion . 

• Recons idering arch itectural s tyles . Although this is a some­
what longer range conservat ion s t rategy , the committee is s t ruck by 
the fact that many of the newer buildings in Puerto Rico appear to be  
copies o f  common mainland architectural styles . In  contras t , many 
older b uildings , l ike the Fo rtaleza itsel f ,  draw on architectural 
styles that minimize energy use . Such ' 'des ign with nature" deserves a 
reevaluat ion in light o f  h igher energy costs . Of  course , not all 
t raditional des ign features are appropriate to this cent ury , but we 
urge the university and the private architectural des ign and engineering 
communit ies to reconsider some features of older buildings for adapta­
tion in new ones . Perhaps the Puerto Rican government could help by 
sponsoring a conference drawing the des ign community together to 
dis cuss this approach . 

Conclus ion 

Energy conservation in buildings will take e f fect slowly in Puerto 
Rico , and it represents a s ubstantially less significant opportunity 
than on the mainland . Puerto Rico can learn from mainland areas with 
similar climates , but much of the respons ib il ity for developing new 
s t rategies and implementat ion techniques will fall on the Office o f  
Energy . 
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ENERGY CONSERVATION THROUGH ELECTRICITY RATE REFORM 

On the mainland, interes t in electricity rate re form as a means o f  
conserving energy has ris en along with the price o f  fuel . The 
principle is s imple ; to the extent poss ible , rates should reflect the 
cos ts  of producing and dis t ributing electricity . At t imes o f  day , 
for example , when demand is high , fuel costs  are generally driven up 
by the use o f  relat ively ine fficient "peaking" units to generate the 
final few increments of  power . Many have recommended that rates be 
set to r ise generally during peak demand periods , to re flect these 
higher marginal fuel costs . Similarly , as overall demand for 
elect ricity rises , ut ilit ies mus t add new generat ing capacity , 
generally at higher cos t  then the average o f  exist ing capacity . There 
is some j us t ice in the suggest ion that the final increment of electri­
city consumed by a large user should be charged at a higher rate to 
reflect this marginal capacity cos t . Each o f  these rate pract ices 
would impose on customers financial incent ives to conserve , and would 
thus tend to lower the marginal costs o f  both fuel and · capacity . In 
addit ion , they could be j ustified as ways o f  more accurately matching 
rates to the cost of service . 

At present , most  of  PREPA ' s  resident ial , indust rial , and commercial 
rates are charged on declining b lo ck structures . That is , each 
increment of elect ricity to a given consumer is charged at a lower 
rate that the last . This gives consumers an inaccurate s i gnal o f  the 
cost of service , and tends unduly to encourage consumpt ion . 

In concept , then , it would seem fairly s imple to ins t itute the 
rate reforms necess ary to b ring PREPA ' s  rate st ructures into l ine 
with its cost st ructure . In pract ice , however , the case is not 
generally so clear as it might appear from this ideal ized discus s ion . 
This committee can recommend some basic reforms that would move rates 
in the direct ion suggested by a conceptual dis cuss ion of marginal 
cos t s , but most of PREPA ' s  rate st ructures canno t be b rought fully 
into l ine with its costs· of service without much mo re precise info� 
at ion on how these cos ts vary with the amount o f  electricity consumed . 
PREPA is now analyz ing its pattern o f  costs , under the mandate o f  
the federal Public Ut ility Regulatory Policies Act o f  19 78 (P . L .  95-
61 7 ) . Its submiss ion is due in November 19 80 ,  and p resumab ly will 
serve as the bas is for some changes in rate s t ruct ures . 

At present , however,  it is clear that all declining block rates 
should be abandoned ; set in the pas t as promo tional devices , they can no 
longer be j us t ified at today ' s  ris ing fuel costs . Whether as cending 
block rates are j us ti fied , and what the appropriate s t ructures should 
be for different classes of consumers , are ques t ions that will be 
eas ier to answer when PREPA has completed its federally mandated cost­
o f-service analys is . 
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The Rate Structure 

The Puerto Rican Elect ric Power Authority modi fied and s implified its 
rate st ructure in 19 75- 76 , b ut the s tructure still contains many 
features that need refinement . 

The Residential Subsidy 

One of the most obvious feat ures o f  the exist ing rate structure is 
the resident ial subs idy , availab le to res idential consumers who use 
less than 425 kWh per month . A set o f  declining block base rates 
(Table 4 3) is established for resident ial use .  These base rates 
reflect an oil price of $2 . 00 per barrel . Each unsubsidized res i­
dential consumer also pays a fuel cost  adj ustment charge reflecting 
the dif ference between the current price of oil and the $2 . 00 per 
barrel embodied in the base rate . For those who use fewer than 
425 kilowatt-hour per month , this fuel adj ustment charge is paid 
entirely out of Puerto Rican general funds , rather than by the con­
sumer . The subs idy is available to any res idential user , without 
regard to income or to whether the meter is for the principal place 
o f  residence . 

As a practical result , this means that resident ial consumers 
using over 225  kWh per month pay 1 . 25¢ fo r each additional kilowatt­
hour up to 425 . The cost  of the oil alone to provide each additional 
kilowatt-hour is roughly 5¢ . Thus , resident ial rate st ructure gives 
an enormously inaccurate price s ignal , as a result o f  both the sub­
sidized fuel clause and the underlying declining block nature of the 
rat e .  

Table 4 3  Exis ting residential rate structure for use less than 425  
kilowatt-hours (kWh) a 

4 . 50 cents per kWh for the f irst 75 kWh 

3 . 00 cents per kWh for the next 75 kWh 

2 . 50 cents per kWh for the next 75 kWh 

1 . 25 cents per kWh for all use between 225 and 4 25 kWh 

a 
All rates are subj ec t  to 11 percent surcharge . 
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structure . This subsidy is  equivalent to providing each res idential 
user with about 10 barrels of oil per year at a cost of $2 . 00 per 
barrel . 

Although it is beyond the scope o f  this repo rt to comment on the 
pol icy merits o f  the res ident ial rate subsidies , it is clear that in 
Puerto Rico the subsidy presents a grossly inaccurate price incent ive 
to conserve i f  the cus tomer uses fewer than 425 kWh . (The f igure o f  
4 2 5  kWh is found in the subsidy legislat ion and cannot b e  changed b y  
act ion of  the Elect ric Power Authority itsel f . ) An analys is o f  the 
residential consumers subs idized indicates that many o f  them have 
electric water heate rs and some have window air conditioners . (See 
Table 42 . )  There are probab ly other appliances the use o f  which · 
is at least somewhat discret ionary , but for all appliances s ubs tantial 
improvements in ef ficiency are achievable , and could be encouraged by 
revised res idential rate st ructures . Chapter 7 points out that the 
subsidy e f fect ively l imits the int roduction o f  solar water heat ing . 
From a distribut ional point of  view , the primary impact o f  the 
res ident ial subs idy may be not to favor  low- income Puerto Ricans 
b ut rather to shi ft wealth from Puerto Rico to the OPEC nat ions . 

Refo rm  o f  this system deserves a high priority . We list b elow a 
number o f  possible steps to be taken to reform this rate s tructure . 
Some would require a revis ion in the underlying subs idy legislat ion . 
Not all are equally ef fect ive or e f ficient in correcting the under­
lying problem. Our cho ice would be to eliminate the subs idy completely 
and correspondingly increase general wel fare payments to those in need , 
but the decis ion calls for expert ise and in format ion well beyond the 
boundary of our inquiry . Nevertheless , the impact o f  subsidiz ing o il 
use , as the current sub s idy does , suggests the necess ity for changes ; 
bet ter some gradual changes in the correct direct ion than no changes 
at all . 

• Invert the base rate . One measure that coul d  be taken without 
changing the underlying · legislat ion would be s imply to invert t�e 
base rate for elect ric ity charges for small res ident ial users , so 
that as consumpt ion increases the price per kilowatt-hour rises also . 
Table 44 contains several hypothet ical methods for do ing this , �etting 
out the total b ills that consumers would receive . It mus t be 
emphasized , however ,  that these sugges t ions are only hypothet ical . 
Bills paid by res ident ial consumers would have to be analyzed to 
ensure that the Authority would not fall short in total revenue 
collected . The net impact o f  any such invers ion would be to provide 
a considerable incent ive to customers to begin conserving elect ricity 
sooner than they now do . 

• Invert the rates and l imit the subs idy by a means test . A 
further re finement of  the reform suggested above would be to limit 
the subsidized rate to those who fall below some income level . It 
is b eyond the charge o f  the committee to comment on how such a means 
test should be selected or administered . 
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Table 4 4  Hypothe t i cal b i l l  s t ructures for the first 425 kilowatt-hours (kWh) resident ial 
a 

rate 

Rate structure kWh Number o f  Cents per Cuato•r Total 
blocks cua to•rs kWh bill revenue raised 

Present Q- 75 115 , 7 3 3  4 . 50 $ 1 . 69 $ 3 , 2 1 1 , 833 

76- 150 1 1 8 , 718 3 . 00 $ 4 . 50 

1 5 1-225 9 7 , 625 2 . 50 $ 6 . 5 6 

2 2 6-425 2 10 , 4 7 3  1 . 25 $ 8 . 75 

Variation one o- 75 1 15 , 7 3 3  2 . 00 $ o .  75 $ 3 , 481 , 256 

76- 150 1 1 8 , 718 3 . 00 $ 2 . 6 3 

151-2 25 9 7 , 625 4 . 50 $ 5 . 44 

226-425 2 10 , 4 7 3  5 . 00 $ 12 . 1 3 

Variation two 0- 75 115 , 7 3 3  4 . 50 $ 1 . 69 $4 , 187 , 56 7  .... 
w 

76-150 1 1 8 , 718 3 . 00 $ 4 . 50 " 

1 5 1-225 9 7 , 625 4 . 00 $ 7 . 1 3  

226-425 2 10 , 4 7 3  4 . 50 $ 1 3 . 1 3 

Variation three 0-75 1 15 , 7 3 3  1 . 25 $ 0 . 4 7 $ 3 , 362 , 4 74 

76-150 11 8 , 7 1 8  3 . 00 $ 2 . 06 

1 5 1-225 9 7 , 625 4 . 75 $ 4 . 9 7 

226-425 2 10 , 4 7 3  5 . 50 $12 . 25 

Variat ion four 0- 75 1 15 , 7 3 3  2 . 50 $ 0 . 94 $ 3 , 860 , 4 74 

76-150 118 , 718 3 . 50 $ 3 . 19 

151-225 9 7 , 625 5 . 00 $ 6 . 2 8  

226-425 2 10 , 4 7 3  5 . 25 $ 1 3 . 1 2 

a
Assu•s : all use rs at the mid-point of each block ;  number o f  people in each block does not change with 

changed rate structure ; total revenue should not fall from the class as a whole ; very low kWh users 
should continue to have electricity provided below cost . 
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• Offer to subs idize solar hot water heaters instead o f  
electricity . S ince many o f  the resident ial users o f  elect ricity on 
the Island use the bulk of their electricity for heating water , the 
Authority might study the costs and benefits of o f fering those cus t omers 
the oppo rtunity to exchange the rate subs idy for a capital subs idy 
on the purchase o f  solar water heaters . The solar s ub s idy ,  whose 
source could be Puerto Rican general funds , would thus be  turned to 
a domestic s ubst itute for imported oil rather than to oil itsel f . 
Moreover , for the remaining port ion o f  the b ill , the res ident ial 
consumer with the solar water heater would be confronted with the 
choice between consumption and cons ervat ion , and between us ing addi­
t ional income on elect ric ity or on some o ther good  or service . 

• Limit the subs idy to a smaller number o f  kilowatt-hours . By 
l imit ing the subsidy to a much lower figure the essent ial needs o f 
consumers would be met with subsidized elect ricity , while more dis­
cret ionary uses would no t be subs idized . In July 1978 , 4 3 . 3 percent 
of the resident ial customers used 225 kWh per month or  less , while 
70 . 8  percent used 425 kWh per month or less . Thus , a subs idy 
restricted to the first 225 kWh would reduce the number o f  cus tomers 
receiving it by some 39 percent (before adj ustments in cons umpt ion 
by those thereby withdrawn from the subs idy are taken into ac count ) . 

• Put a cap on oil price rises that will be subsidized . With 
the present subsidy , each oil price rise automatically commits the 
Puerto Rican government to a larger s ubs idy . Puerto Rico , by 
legislat ion , might make oil price rises above a certain amount the 
respons ib ility o f  res ident ial cus tomers rather than of the government .  

• Reduce the subsidy as consumpt ion approaches 425 kWh . As the 
subs idy is now cons t ituted , customers us ing 424 kWh per hour receive 
all o f  it , while those who use 426  kWh per month receive none . The 
subs idy might be redesigned so that it begins tapering o f f  at , say ,  
250 kWh per month , reaching zero at 425  kWh . This would impo se a 
gradually increas ing cost pressure to conserve , replacing the current 
sharp rat chet effect felt all at once . 

Rates for Industrial and Commercial Users 

The rates fo r indus trial and commercial users , l ike those charged 
res ident ial consumers , re flect declinin g  block struct ures . The 
j ust i ficat ion fo r these declining b lo ck feat ures is unclear ; there 
appears to be no underlying cost-o f-service analys is . It is likely 
that marginal energy cos ts are cons iderably higher than average 
energy costs . If  so , declining block rates may well result at t imes 
in the sale o f  electricity to many large users for a price below the 
cost  of the energy necessary to produce it . A full analysis o f  the 
extent of this phenomenon will require mo re data . A study of such 
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decl ining block rates is mandated b y  the federal Public Utility 
Regulato ry Policy Act of 19 78 .  

We recommend general ly the abolit ion o f  all declining block 
rate st ructures within a voltage level . Considerat ion should  also 
be given to limiting the demand charge to actual peak hours on the 
system if it appears that the risk of outages is higher during s uch 
peak hours . 

Customers might also b e  o f fered the opt ion o f  pay ing for extra­
rel iable service , in the form o f  a surcharge that would be imposed 
only if the Electric Power Authority were able to hold interrupt ions 
to a given customer below a certain level over a certain t ime period . 
A corresponding discount could be  o ffered to customers willing to 
have service interrupted on short not ice . Various levels o f  s ur­
charges and dis counts should be proposed and discussed with large 
industrial and commercial users ; the Puerto Rico Manufact urer ' s  
Association has expressed willingness to cooperate in s uch a s urvey . 
The feas ib ility o f  o ffering s uch s pec ial rates depends on the feas i­
b ility o f  wiring and relaying the sys tem to allow interrupt ion ;  
probably this is economic only for the largest customers . As 
smaller users are considered for s uch quality-dif ferent iated service , 
the complexity and cost o f  the addit ional dist ribut ion network 
necessary to allow such a system might not be  j ust ified ; an overall 
improvement in rel iab ility might be cheaper .  

The Fuel Adj ustment Clause 

To provide the system with both the resources and the incent ive to 
improve its fuel efficiency , the formula under which the fuel adj ust­
ment clause is calculated should be revised to allow the system to 
retain in a special fund 25 percent of any savings in the heat rate 
that brings average fuel consumption below 11 , 500 Btu per kilowat t­
hour . The fund ' s purpose wo uld be to improve maintenance and the 
quality of  service . The Authority should not be  penalized fo r heat 
rates above the level ; to do so would be to deprive the system o f  
the resources t o  provide the necess ary addit ional maintenance a t  the 
very time when such resources were most needed . 

The special heat rate fund would also operate to the cus tomers ' 
advantage . The system would b e  able to keep a percentage o f  the 
saving only when the heat rate improved ,  and 75 percent o f  any such 
savings would be returned to the cus tomers in the form o f  a lower 
fuel adj us tment charge . 

Other Sub j ects for Further Study 

• The cost s  of  backup capacity . Either the Electric Power 
Authority or the Of fice of Energy should  begin get t ing some est imate 
of the number and s ize of backup systems planned by various users 
on the Island . In addition , an analys is of the cos t  per kilowatt o f  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

E n e r g y  i n  P u e r t o  R i c o ' s  F u t u r e :   F i n a l  R e p o r t
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 7 7 8

http://www.nap.edu/catalog.php?record_id=19778


u o  

capacity and the fuel cos t impact o f  s uch backup systems should b e  
undertaken . These analyses may reveal that it would be cheaper to 
improve the reliability of the current sys tem even if it were 
necessary to add one mo re fairly small oil-fired base load unit than 
to allow unrel iable service to force cus tomers to bear the costs  o f  
the cons iderably mo re expens ive backup capacity . The Puerto Rico 
Manufacturers ' Association has sugges ted that it may be able to help 
in this s t udy . 

• Load shedding techniques . A feas ibility s t udy o f  various load 
shedding measures ( including interrupt ible water heaters , interrupt ible 
air condit ioners , and interrupt ible indust rial processes ) should be 
undertaken . It should be pos s ib le to obtain s uch a s t udy in the form 
o f  proposals o r  sales materials from vendors o f  _such equipment . Some 

such equipment can be  interrupted by remo te control devices and 
would not require subs tantial rewiring . 

COGENERATION OF ELECTRICITY AND STEAM 

Co generation is an arrangement of equipment so that both electricity 
and use ful heat are produced from the same primary energy source . The 
advantage is that less fuel is consumed than if  one facil ity were used 
to produce only electricity and another to produce only heat . Co­
generat ion has been pract iced for years in many indus trial plants and 
in a few ut ility cent ral power s tations . Ris ing fuel costs and 
increas ing reco gnition o f  environmental concerns have inc reased the 
at tract iveness o f  cognerat ion . 

Industry 

Much o f  the potent ial for cogenerat ion is found in industrial operat ions 
that consume large quantit ies o f  steam generated in boilers on-s ite . 
There are three common types o f  co genera t ion facilit ies : ( 1 )  a 
boiler that p roduces s team at a much higher press ure than required 
for process use , so that an ext ract ion or back-pressure turb ine 
generator can be powered , with exhaus t s team used for process heat ; 
( 2 )  a combustion t urb ine and waste heat boiler comb ined with a steam 
turb ine and generator ;  and ( 3) a diesel engine driving a generato r 
comb ined with a waste heat boiler . With the available technolo gy only 
the firs t type can use coal rather than oil . Industrial co generat ion 
in exis t ing plants almost always requires installing new facilit ies 
rather than retro fit t ing exis ting bo ilers , although it is somet imes 
poss ible to use exis t ing boilers as backup s team suppliers . 

Est imat ing the potential for indus t rial co generat ion in Puerto 
Rico with any precision is ext remely difficult becaus e  the economic 
feas ib ility of  each installation depends so heavily on individual 
c ircums tances (such as the vo lume , temperature , and pressure of the 
process steam; the temperature and pressure of steam from the boiler ; 
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the fuel used for co generat ion ; the fuel previous ly used to generate 
steam; the cost  of firm power and of backup power ; the investment 
required ; the operat ing factor o f  the indus t rial plant ; and any incen­
t ives provided by the government ) .  Such a s t udy , covering many plants , 
poses a very large task indeed .  Nevertheless , a b rie f study commiss ioned 
by this committee cites a po tent ial on the order of 81 megawat ts o f  
generating  capacity . O f  this , about 2 8  percent comes from pet rochemical 
plants , and 25  percent each from refineries and s ugar mills . Exploitat ion 
o f  this potential woUld save about 690 , 000 barrels o f  oil annually , 
or almos t  3 percent o f  the oil consumed by the Elect ric Power Authority 
in 19 7 8 . 8 

Another form of  industrial cogenerat ion is to supply process steam 
to indus t ry from a ut ility central power s t at ion . A number o f  such 
sys tems have been operat ing on the mainland for many years ; mos t  involve 
only one or two large steam users , although several s t udies have examined 
the concept o f  clus tering many indus t rial plants around a central power 
station . Such a configurat ion operates within several important con­
s traints . First , the requirements for s team and elec tricity mus t be 
such that the sys tem as a whole balances . MOreover , the cent ral power 
station and the stea�consuming indus try cannot be far apart , for steam 
cannot be shipped economically more than a few miles . But the most 
impo rtant constraint in such a proj ect is  the diff iculty of  coordinat ing 
the planning of the indus trial plants and the elect ric power s t at ion , 
with their different planning horizons , organizat ions , and goals . PREPA 
should cons ider various configurat ions o f  co generation in its planning 
pro cess . Long-range planning is necessary , s ince the full bene fit o f  
such cogeneration is hard t o  achieve unless the required amount and 
type o f  process s team is known at the time the cent ral power s tat ion 
cycle is des igned . To be s ure , power s tat ions can be retro fitted to 
supply some steam ,  and new power s tat ions can be des igned to supply 
unknown fut ure s team demands , but either approach can very eas ily 
result in ine ff icienc ies that more than eliminate any potent ial savings . 

Resort Ho tels 

Industrial plants do not represent the only oppo rtunities for co­
generat ion on the Island . The large reso rt hotels could also cogener­
ate . In fact , s ince each is sel f-contained and controlled by one 
owner , they comb ine both technical and institutional factors in an 
attract ive package . Resort ho tels currently consume each year 7 7 , 000 
barrels of  oil , plus elect ricity generated by burning another 420 , 000 
barrels per yea r .  In addit ion to the fuel conservat ion inherent in 
cogeneration , there is the possib il ity o f  further cos t savings d�e to 
the replacement o f  No . 2 fuel o il with less expens ive No . 6 oil . 

Electricity would come from a generator driven by a diesel engine . 
One configuration examined would cons titute a total energy system, 
providing elect ricity along with ho t and chilled water . This sys tem 
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would follow the electric load and would require an investment o f  a bit 
under $2 , 500 per gues t room.  Burning No . 6 fuel oil , it would pay for 
itself in about 6 . 3  years at 10 percent interest . I f  it must use 
No . 2 f uel oil , the payback period would be almost 13 years . 

A second configurat ion for resort hotels is s impler . System B 
uses some o f  the existin g  equipment , t racking the thermal demand and selling 
all the electricity it generates to the grid . Fuel savings would be 
1 , 500 Bt u for each kilowatt-hour generated on s ite , the equivalent of 
35 gallons per guest room per month . An investment of $5 30 per guest 
room would be required . The payback per iod would depend on the prices 
negot iated between the hotel and the buyer of the electricity . 

Some 85 percent o f  the sites fo r this kind o f  co generation are 
located in the San Juan Met ropolitan Area ; the potent ial amounts to 
about 31 megawatts o f  generat ing capacity and oil savings o f  1 37 , 000 
barrels per year for System A, or 7 . 3 megawatts of capacity and 78 , 000 
barrels per year for System B .  

Incentives to Co generation 

Various financial and regulatory incent ives have been proposed to 
accelerate co generation , whether in indust ry or for resort hotels . 
Among those that seem most likely to have some s i gnificant impact are : 

• Loan guarantees to reduce risk and lower the '�urdle rate" 
o f  return 

• Backup power rates that reflect cos t  savings to the ut ility 

• Reduction of local taxes 

• Favored treatment or priority on fuel availabil ity 

We do not at this t ime recommend any of these incent ives , but we 
do sugges t detailed s tudies of  s everal candidate sites . In addit ion 
to any incent ives that may be provided , PREPA should actively seek 
customer participat ion in the development o f  whatever type o f  co gener­
ation may be appropriate in each case , as long as there are no adverse 
economic or environmental impacts and the prospect exis ts for a net 
conservation of fuel and capital resources . 
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7 RENEWABLE ENERGY SOURCES 

The dramatic rise in world o il prices since 19 7 3  has opened up for 
serious cons ideration a new range of energy s upply pos s ib ilit ies , 
many o f  which were until recently only scientific curiosities or o f  
special ized practical interes t . Each is intended to meet a different 
need , and each has its own developmental t imetable . Some o f  those 
considered in this chapter are beginning to contribute now , and some 
will not be fully ready for several decades , i f  ever . All , however , 
hold enough po tential benefit to Puerto Rico in the next 20 years to 
warrant close examinat ion , and some deserve immediate meas ures to 
encourage use . 

The alternat ive energy . sources that this committee views as 
important candidates in Puerto Rico are (in order o f  probable signi­
f icance during the next 20 years )  b iomass cropping for energy , solar 
water heatin g ,  hydroelectric power , wind-powered electricity generat ion , 
solar pho tovoltaic energy convers ion , and ocean thermal energy con­
vers ion (OTEC) . Puerto Rico is peculiarly favored for most o f  these 
al ternat ives . Sunshine is intense and cons is tent over mo st of the 
Island , the trade winds blow almost constantly , the climate is suitable 
for year-round croppin g ,  and the large temperature gradient required 
by OTEC installat ions can be found in the waters relat ively close to 
shore . 

Of  all the alternatives discussed in this chapter , b iomass cropping , 
based on the present sugarcane industry ,  has probably the larges t 
potential . It could produce a significant fraction o f  the Island ' s  
elec tricity , with bagasse as a fuel , by the year 2000 . To cont ribute as 
much as 10 percent , however , it would probably have to become the 
Island ' s  dominant agricultural activity . Such an indus try , when 
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mature , would probably produce both bagasse as a fuel for power plants 
and ethanol as a beverage and motor fuel . The technolo gical problems 
are fairly s traightforward , and the economics appear reasonably encouraging . 
The main dif ficulty is l ikely to be the competition for land with other 
agricultural products . 

Solar water heating also o ffers s igni ficant potential savings o f  
electricity and fuel in Puerto Rico . Its likely contribut ion by the 
year 2000 appears to be about 2 percent of to tal electricity generation 
(in terms of energy dis placed) , and almos t 4 percent of indus trial 
and commercial energy use .  Collectors for the Puerto Rican cl imate 
could be s imple and inexpensive compared to those that would be used in 
most o ther parts o f  the United States . Without government incentives 
to encourage installations , however , deployment will be slow . 

The prospects for both wind energy and hydroelec tric generat ion 
depend largely on the availabil ity o f  useful sites . With the rapid 
increase in the marginal generat ing cos t  of new conventional power 
plants , a closer look at the potential for useful energy from these 
approaches is warranted . Hydroelectric generation now provides less than 
1 percent of  the Island ' s electricity ; refurb ishing and modifying 
exist ing reservo ir s ites could probably maintain this percentage contri­
bution as the Island ' s total generat ion grows through the rest of the 
century . Wind power , by the end o f  the century , could contribute as 
much or somewhat more . 

Solar photovoltaic generation o f  electricity will be success ful 
only if the U . S .  Department o f  Energy ' s cost reduction goals are 
achieved . This technology is unlikely to have a significant impact on 
the Puerto Rican energy si tuation unt il near the end o f  the century in 
any case . Progress in research and development should be  monitored , 
however ,  b ecause pho tovoltaic elect ric ity may be very important in 
the next cent ury , and pho tovoltaics manufacturing could be a very 
des irable indus try for Puerto Rico . 

Ocean thermal energy conversion (OTEC) , a speculat ive technolo gy 
intended to exploi t  the temperature dif ference between the sur face and 
the deeper waters in the ocean , is cons idered a high-risk undertaking 
for a number of technical and economic reasons . Puerto Rico , however , 
has several ideal s ites for OTEC power stat ions , and federal funds 
for demonst ration plants should be aggress ively pursued . This tech­
nolo gy is unlikely to cont rib ute significantly before the end o f  the 
century . 

Tables 45 and 46 s ummarize this committee ' s assessments  o f  the 
pot ent ial contributions of these technolo gies to Puerto Rico ' s  energy 
supply over the coming 20 years . The est imates are the result o f  a 
t entat ive examination of  the Puerto Rican situat ion , and the values in 
the tables should not be taken as predict ions o f  the fut ure . They 
merely indicate , in relat ive terms , the promise each technolo gy appears 
to o ffer on the Island in this period , and suggest rough priorities . 
Several o f  these technolo gies are the subj ects o f  active research and 
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Tab le 45  Potential contributions o f  renewab le energy sources to Puerto Rico ' s elect ricity needs 

Source 

Biomass-derived 
electri city 

Residential so lar 
water heat ing 

Hydroelectri c  

Wind 

c 
Photovoltaic 

Ocean thermal 
energy conversion 

Proj ected total 
electricity 
p roduction a 

1 9 7 7  

0 

0 

O . lOb 

0 

0 

0 

1 3 . 7 

Annual product ion (billions o f  kilowatt-hours ) a 

Optimis tic 
proj ect ion 

2 . 0  ( 10 . 4) 

0 . 19 ( 1 . 0) 

0 . 20 ( 1 . 0 ) 

0 . 1 7  ( 0 .  8) 

0 ( 0 )  

0 . 09 ( 0 . 5 ) 

1990 2000 

19 . 2  

Planning 
expectation 

0 . 6 ( 3 . 2 ) 

0 . 11 ( 0 . 6 ) 

0 . 10 ( 0 .  6 ) 

0 . 0 3 (0 . 2 ) 

0 (0)  

0 (0) 

Opt imis tic 
proj ection 

8 . 1 ( 30 . 0 ) 

0 . 55 ( 2 . 0 ) 

0 . 2 7 ( 1 . 0 ) 

0 . 50 ( 1 .  8) 

0 . 02 ( 0 . 1)  

o.  35 ( 1 .  3) 

2 7 . 4  

Planning 
expectation 

2 . 7 (9 . 9 ) 

0 . 2 9 ( 1 . 1) 

0 . 1 7 ( 0 . 6 ) 

0 . 13 (0 . 5 ) 

0 ( 0 )  

0 . 18 ( 0 . 6 )  

a 
Parenthesized numbers indicate the percentage o f  total demand (based on the hi gh es timates 

from Chapter 3)  that could be met or displaced by e ach es timated cont ribution. 
b 

0 . 1 percent of  total elect ricity demand 

�he contribution o f  photovoltaic devices is particularly sensitive to advances in research and 
development . Small-s cale , dispersed sys tems , for example , could have large impacts , i f  success­
fully developed ; see text . 
dFrom Chapter 3 ' s high growth proj ection ( Case A) . 

..... 
.p. 
0\ 
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Tab le 46 Potential contributions o f  renewable energy s ources t o  Puerto Rico ' s fuel needs 

Source 
19 78 

Solar water heating 
for indust rial 
process heata 0 

Biomas s-derived 
ethanolb 0 

Annual production ( trillions o f  B tu) 

Optimis tic  
p roj ection 

3 . 1 3  (2 . 0 ) 

6 . 95 ( 10 . 2 )  

1990 2000 
Planning 

expectation 

1 .  7 1  ( 1 . 1)  

2 . 12 ( 3 . 1)  

Opt imist i c  
proj ection 

7 . 8 7  ( 3 . 8)  

29 . 72 ( 40 .  7 )  

Planning 
expectat ion 

4 . 86 ( 2 .  3 )  

9 . 75 ( 13 . 4 ) 

a 
Assumed to displace distillate fuel oil with a heat content o f  5 . 8 million Btu per b arrel . 

Parenthesized numbers indicate the percentage o f  indus trial and commercial energy consumpt ion 
displaced , in Chapter 3 ' s Case A proj ection. 
bAs s umed to displace gasoline with a heat conten t  o f  5 . 25 million Btu per b arrel . Parenthe­
s ized numbers indi cate the percentage o f  total gasoline consumpt ion displaced , in terms o f  
Chapter 3 ' s Case A p roj ection ( i gno ring consumpt ion by the rum indus t ry ) . 

..... 
� 
...... 
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development effort s , funded lar gely by the federal government . Unus ually 
rapid technical advances or b reakthroughs coul d  permit higher rates o f  
application than those tab ulated here , and the Puerto Rican government 
should remain alert to such develo pments and take full advantage o f  them 
as they occur . 

BIOMASS 

The growing need for alternat ives to  oil has prompted examinat ion o f  
crops and cro p res idues a s  energy sources . In some circums t ances such 
s chemes appear very attrac t ive . 

Puerto Rico ' s  dependence on increasingly costly oil helps create 
such a favorable circums t ance . In addition , the product ion o f  s ugar 
cane--one of the most e ff icient photosynthesizers--is well-es tabl ished 
there , the climate is s uitable for year-round energy cropping , and 
the Island has well-s taf fed centers for research in the agricultural 
as pects of b iomass product ion , as well as advanced fermentat ion and 
dis t illation me thods . Puerto Rico ' s  po tent ial as a b iomass laborato ry 
for the benefit o f  t ro pical count ries around the wo rl d lends further 
importance to th is alternative .  

All in all , energy cro pping may in the intermediate term b e  for 
Puerto Rico the most impo rtant renewabl e  energy source . Given vigorous 
develo pment , it might provide 1 0 percent or mo re of the Is land ' s  
electricity by the year 2000 . Ethanol produced as a co produc t could 
el iminate the Puerto Rican rum indus try ' s  dependence on imported 
molasses and also supplement gasol ine supplies . 

Energy Crops for Puerto Rico 

The sugar indus t ry  on the Is land now aims at maximizing sucrose pro­
duct ion . This means that the cane mus t be grown on an annual cycle , 
wi th harves ting mainly in the spring ,  when s ucrose levels are at their 
peak. In terms o f  energy yield , this pro duces annually on an Island­
wide average about nine oven-dry tons o f  biomass per acre , o r  the 
equivalent of about 22  barrels of crude oil . l In the intens ive 
cropping patterns that have been propos ed for a sugar-cane-based b io­
mass product ion industry , yields of fiber , rather than sucrose ,  would 
be maximized . Such management in tes t plots has increased b iomass 
yields more than three fold , with produc tion input increases of under 
50 perc�nt . 2 , 3 Harves t ing woul d take place over an eight-month 
perio d .  

In a b iomass enterprise , cul t ivat in g ,  harvestin g ,  t ranspo rting , 
and process ing the cane would cons ume energy . Energy balances for 
Puerto Rican b iomass exploitat ion have been computed recent ly by the 
Center fo r Energy and Environment Research5 and o thers . 6 , 7 These 
es t imates sugges t that the overall energy balance , from cane to either 
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elect ricity or  ethanol , should  be  about 2 : 1 .  
Emphas is on total fiber and fermentable sol ids (molasses ) would 

appreciably lower the plant ' s sucrose content , but this would be 
partially countered by higher yields of D-fructose and D-glucose . In 
milling,  the sucrose would be retained in the concentrated j uice , o ffering 
al cohol producers a higher qual ity feeds tock ( "high-tes t " or "enriched" 
molasses)  while reducing the energy expenditures o f  sugar mill ing and 
ref ining o perat ions . A b iomass enterprise could in this way el iminate 
the Puerto Rico rum indus t ry ' s reliance on imported molasses . Surpluses 
could be us ed as gasoline addit ives or chemical feedstocks . 

Using baseline data obtained under federal sponsorship , the Center 
for Energy and Environment Research (CEER) has developed a proposal for 
an industrial-scale demonstrat ion model for year-round product ion o f  
electricity , and eight-month production o f  high-test molasses , from 
biomass . 4 Essent ially a modified sugar mill , the proposed facility 
would be a 1000-ton-per-day , 10 megawat t cog enerat ion plant using 
wast e  stack heat to improve the combus t ion propert ies o f  bagasse . The 
proposal was submitted to the Puerto Rican government late in 1979 . 

Cane Product ion , Pro cess ing , and Energy Conversion 

Product ion costs  for Puerto Rico were recently est imated in a technical 
report to the U . S .  Department of Energy2 at $25 . 46 per oven-dry ton 
of b iomass , amount ing to about $1 . 70 per mill ion Bt u .  This figure 
includes delivery charges at $ 7 . 00 per ton for each three miles o f  
haul . A "management " charge equal t o  1 0  percent o f  the produc t ion 
cost  subtotal was also listed . 

The machinery fo r planting and harvest ing  would be relatively 
simple adaptat ions o f  available equipment . Throughout the world ,  such 
machinery is adapted locally to serve local needs anyway . B 

The technolo gy fo r us ing bagasse ef ficiently as an energy source , 
while it is not commercially available , should not present dif f icult 
engineering problems . Cane preparat ion and j uice extract ion would 
actually be s impler (and much less energy intensive)  than the 
corresponding steps in sucrose manufacture . When the goal is to 
maximize total b iomass , large j uice yields are less crit ical . Perhaps 
65-70 percent , rather than 85-90 percent , o f  th e cane ' s  sugar cont ent 
would be extracted , and large savings in capital and energy cos ts would 
result . By-product heat and s team from the combus tion facility could 
be used in this process . 

The main technical problems are to devise equipment for put t ing 
the fuel in a fo rm conducive to handling and combus t ion , and for 
ef ficient comb us t ion o f  the resul t ing fuel . Mos t o f  the required 
equipment is not commercially available now . Because the bagasse is 
extremely low in both ash and s ul fur content , was te dispos al and 
pollution cont rol costs would be minimal . 
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The ethanol phase of a s ugarcane-based biomass s cheme presents 
more problems and uncertaint ies (though , unl ike bagasse , ethanol has a 
proven his tory o f  use as a fuel } . Both fermentation and dis t illation 
of fuel-grade ethanol require a good deal of improvement in efficiency 
to b ring costs  down . The Univers ity o f  Puerto Rico ' s  Agricultural 
Experiment Stat ion has an e f fective and well-equipped Rum Pilo t Plant , 
which until recently has served the needs o f  the Is land ' s  rum industry 
but is now t urning to research in the produc t ion o f  fuels from sugar 
cro ps . 

The Energy Po tent ial o f  a Sugarcane-based Biomass Indus try 

The extent to which convent ional sugarcane could help meet Puerto Rico ' s  
energy needs i s  uncertain . However ,  s ince 1 9 7 8  there has b een a 
growing body o f  data on the energy potential o f  s ugarcane managed 
especially for energy . lO , ll 

As measure for a poss ible upper limit for the year 2000 , one 
investigatorl2 indicates that if 2 70 , 000 acres of mechanizable land 
were devoted to sugarcane as an energy crop , it could produce about 
2 35 mill ion gallons of alcohol per year . This would be enough for 
both the rum indus t ry ' s needs and a mixture of perhaps 20 percent 
ethanol in the Island ' s gasol ine supplies . In addit ion , according to 
the same source , the bagasse remaining after extract ion o f  the j uices 
for ethanol product ion would be sufficient to produce 8 . 1  b il l ion 
kilowatt-hours o f  electric ity (about 30 percent of the Island ' s  pro­
j ected electricity demand} . At $ 30 per barrel , the electricity 
product ion alone would save about $405 million annually . 

This est imate is based on the assumption that the 90 , 000 acres 
of  land now devoted to sugarcane cult ivat ion would be trebled to 
include all of the improved mechanizable lands with adequate mois ture 
or irrigat ion ( 30 percent o f  the available agr icultural land on the 
Island} . Obviously , dedicating so much o f  the availab le land to an 
energy crop will be controvers ial . 

The committee cons iders this a very ambit ious pro gram. A b iomass 
indust ry is likely to grow much more slowly than this , and in the 
committee ' s j udgment will probably never attain the size given in 
this es t imate of its potent ial . It is more reasonable (though still 
optimis t ic}  to expect no more than 20 thousand acres in energy crops 
by the year 1990 , even with very encouraging results from an early 
pilot proj ect and a s t rong push thereafter . This could contribute 
about 600 mill ion kilowat t-hours--someth ing more than 3 percent o f  
the proj ected electricity demand in that year--and perhaps 17  million 
gallons o f  alcohol . By the year 2000 , given success with such a 
pro gram, b iomass crops might be expected to occupy perhaps 90 thousand 
acres , contributing 2 . 7  billion kilowat t-hours--about 10 percent o f  
the proj ected electricity demand--and about 7 8  million gallons o f  
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ethanol . The elect ricity component , with oil at  $ 30 per barrel , would 
save the Island about $130 mill ion annually in external payments . 

On the other hand , the establishment o f  a land use pol icy that 
emphasizes agriculture for foo d ,  coupled with dis couraging resul ts 
from a pilot-s cale facil ity , may limit b iomass cropping as an energy 
source to perhaps nothing more than a s ingle pilot plant during the 
rest of this century .  

Recommendat ions 

The committee canno t ,  of course , predict the future o f  a Puerto Rican 
b iomass energy indus t ry ,  but in its j udgment b iomass cropping holds 
great promise . Though it is not likely to become the dominant energy 
source on the Island , it could be a very substant ial contributor ,  as 
the est imates above indicate .  The Puerto Rican government should 
invest i gate it very thoroughly . 

In allocat ing the l imited area o f  suitable land , the economic 
and social costs  of import ing oil must be weighed against those o f  
importing food . A number o f  agronomic and technolo gical quest ions 
must also be answered in assessing the realistic  prospects for b iomass 
energy development . 

The allocat ion o f  land involves a decision clearly b eyond this 
commit tee ' s  charge . The technical and economic info rmation that will 
put that decis ion on pract ical grounds , though , can be gained at 
fairly reasonable cos t . The Puerto Rican government should  engage 
a dis interested agricult ural economist to analyze the current land use 
s ituat ion and the optimal future possib ilit ies . Biomass cropping 
should be t reated in this s t udy as one option among the others . 

To provide data for this s t udy , a qualified engineering f irm 
should be engaged to develop a plan for pilot-scale b iomass product ion 
and convers ion . This analys is should be complete enough to identify 
the technolo gical problems and determine the l ikely costs and energy 
balances o f  a full-scale system . If the prospects are encouraging 
at this point , the Puerto Rican government should serio usly cons ider 
establishing a pilot b iomass-f ired generat ing plant with a capac ity o f  
perhaps 10-20 megawatts . This plant should include all the elements 
that would make up a commercial system,  including the intens ively 
managed cane fields needed for year-round operat ion (about 1 , 750- 3 , 500 
acres , assuming a net dry b iomass yield o f  20 tons per acre ) . 

At the same t ime ,  further funding o f  fermentat ion and dis t illation 
research at the Agricultural Experiment Stat ion ' s  Rum pilot plant 
should be  aimed at more ef ficient , less costly methods of manufacturing 
fuel alcohol . This technolo gy may event ually become important on the 
Island ; it is al ready of great impor tance in some o ther countries . 
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SOLAR WATER HEATING 

The use o f  solar energy for heat ing water is one o f  the most promis ing 
near term renewable sources o f  energy for Puerto Rico , o f fering 
substant ial potent ial savings in elect ricity and thus reduct ions in 
the need for imported petroleum. The ample sunshine and temperatures 
that never go below freezing permit the use o f  s impler and less 
expensive collectors than those required in most areas of the mainland 
United States . The technology is well advanced , and commerc ially 
available systems can be substituted directly for electric and o il­
fired systems in hous ehold , commercial , and indus t rial applicat ions . 

The Res ident ial Sector 

It is est imated that 3 , 000 res idential solar water heat ing sys tems have 
been installed in Puerto . Rico . l 3  In addition , the Department o f  
De fense has completed installat ion o f  1 , 000 solar water heat ing systems 
in Navy hous ing at Roosevelt Roads and is planning to ins tall another 
3 , 000 units at various o ther installat ions on the Island . The extent 
to which solar systems can further penetrate the res ident ial water 
heating market depends on the development of cos t- competit ive ,  rel iable 
systems , the development of consumer confidence , and the degree o f  
government intervention in the market . Manufact ure and installat ion o f  
solar hot water systems in Puerto Rico began in 19 74 and has expanded 
to keep pace with local demand and exports to other Caribbean areas 
and Florida . 

In format ion on the number o f  res idences now equipped with electric 
water heating systems is very limited . It is also uncertain how many 
o f  the installed heaters are actually used . Es t imates for 19 7 7 ,  based 
on Puerto Ric�

4
Electric Power Authority (PREPA) surveys , vary from 

about 365 , 000 to 4 79 , 000 . The latter number is that used in the 
energy demand proj ections _ o f Chapter 3 ,  and will  serve as the base for 
this chapter ' s assessment of the market for solar water heat ing systems . 
We shall assume , again with Chapter 3 ,  that the number o f  resident ial 
water heaters grows at about 3 percent annually unt il the year 2000 . 

A survey by PREPA, performed in the San Juan metropolitan area 
from December 19 7 7  to February 19 7 8 , 15 indicated on the bas is of a 
small sample that the average res idential consumpt ion o f  electrical 
energy for water heat ing amounted to 200 kWh per month . If the number 
of heaters and average consumpt ion were as assumed , domestic water 
heating would have accounted for about 10 percent of Puerto Rico ' s  
total elect ricity consumpt ion in 19 78 .  

Although solar water heating is the most compet itive solar 
applicat ion on the bas is of cos t , the main barrier to widespread 
acceptance of this technolo gy in the resident ial sector , as in all 
solar energy areas , is the high init ial cos t . In Puerto Rico an 
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average solar water heat ing sys tem suitab le for a family o f  five 
cost approximately $1 , 000 in 19 79 , o r  about 3-5 t imes the cost o f  an 
equivalent elect ric unit . Using this as a reference po int it may be  
helpful to cons ider the present s ituat ion o f  many Puerto Rican 
famil ies . 

A survey by PREPA15 showed that more than half o f  its customers 
with electric hot water systems used fewer than 425 kWh per month and 
thus qualified for sub s idized rates . For a family that s tays j us t  
under the monthly l imit o f  425  kWh , the average cost o f  power would b e  
about 2 . 7  cents per kWh . If  th is family consumed the assumed average 
quant ity of 200 kWh per month for hot water , that service would cos t  
$5 . 40 per month . At this rate such a family would never recover the 
$1 , 000 that a solar unit costs , assuming 10 percent financing over 
10 years . In the absence o f  any other incent ive there is obviously no 
reason for famil ies in this catego ry ( 70 percent o f  PREPA cus tomers ) 
to cons ider convert ing to solar . 

Even the much higher electric power rates charged to unsubsidized 
customers give a fairly weak direct financial incentive . Unsub s idized 
customers pay about 6 . 8  cents per kilowat t-hour ,  based on Augus t 1979  
Elect ric Power Authority fuel charges o f  $19 . 10 per barrel . At  this 
rat e ,  an subsidized family would have to pay $13 . 60 per month for 
electr ic ho t water service and could recover the cos t of a solar unit 
in about 12  years (at 10 percent interes t ) . Further increases in 
elect ricity rates res ulting from cont inued increas es in the cost o f  
imported oil should increase the at tract iveness o f  solar water heating 
to unsubsidized customers , but rates would have to more than double 
to b ring the payback period down to a reasonable perio d ,  even for this 
minority o f  the populat ion . (For  a full dis cuss ion o f  the res ident ial 
rate structure , see Chapter 6 . )  

Recent Puerto Rican legislat ion should o f fer cons iderable 
addit ional incentive to po tential buyers o f  solar water heating systems 
by allowing 30 percent o f  the cost o f  these systems (up to a maximum 
o f  $500 ) to be deducted f rom taxable incomel6 and exempt ing sales o f  
these systems from the general 5 percent excise tax . l7  The current 
extraordinarily high interes t rates are substantial deterrents to 
consumers ; it may be desirable fo r the government also to consider 
s pecial financing mechanisms to ass ist  homeowners in purchas ing and 
installing solar water heat ing equipment . Government consumer infor­
mat ion pro grams and minimum qual ity and performance s tandards would 
bolster consumer confidence in solar water heat ing systems . 

It appears from this rough analys is that solar water heating can 
capture a significant share o f  the resident ial market over the next 
20 years . Government financial incent ives and other meas ures to 
increase consumer accept ance will be necessary , though , for solar 
water heat ing to grow much in the near term. Given some such incentives , 
one might as sume o pt imis t ically that between 1980 and 1985 , 10 percent 
of the growth in water heat ing (as given in Chapter 3 ' s  high-growth 
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Case A) would be met by solar water heaters , and that this penetrat ion 
would grow to 20 percent between 1985 and 1990 and 40 percent thereaft er . 
One could assume further that 20 percent o f  the electric water heaters 
now exist ing would be replaced with solar heaters by the year 2000 . 
Resident ial solar water heating could then displace about 1 percent o f  
the proj ected elect ricity product ion ( the equivalent o f  about 190 
million kWh per year) by 1990 and 2 percent (about 550 million kWh) by 
the year 2000 . 

A more conservat ive bas is for planning is provided by the 
assumptions that solar water heaters take 10 percent o f  the growth 
market up to 1990 and 20 percent thereafter , and that 10 percent o f  
exist ing units are replaced with solar heaters b y  2000 . This y ields 
the equivalent of about 110 million kWh in solar water heat ing by 1990 
(about 0 . 6  percent of the proj ected electricity production) and 290 
million kWh (about 1 . 1  percent)  by the year 2000 . 

Solar water heat ing may be a very attract ive o pt ion in the futur e ,  
and might well capture larger percentages o f  the replacement market 
than those used in these proj ect ions . However ,  as noted earlie r ,  the 
projections use as a baseline a number of exist ing water heaters that 
probably overstates the truth . The committee has there fore chosen 
a conservat ive estimate of  the potent ial for retro fits , so that the 
est imated contributions of solar water heat ing in the res ident ial 
market are probably o f  the correct o rders of magnitude . 

The Industrial and Commercial Sector 

This committee has very little detailed informat ion on indus trial and 
commercial energy use in Puerto Rico-- far too little for rel iable 
est imates o f  the po tent ial of  solar water heat ing in these sectors 
on the Island . The Puerto Rican government would do well to look more 
closely at the characterist ics of the Island ' s  indus trial base , and at 
the availab il ity of  land and roo f area for solar installat ions . 

However , on the bas is o f  Chapter 3 ' s energy proj ections it is 
possible to make some rough es timates . Taking the high proj ect ion in 
that chapter ( Cas e A) , and interpolating 1990 estimates o f  indus trial 
and commercial energy consumption (except ing feeds tocks ) , yields energy 
consumpt ion totals for these sectors o f  110 trillion Btu in 1 9 7 7 , 159 
t rillion Btu in 1990 , and 210 trillion Btu in 2000 . One can assume 
that 15  percent o f  the energy used in industrial and commercial 
establishments is used in quant ities and at temperatures that would 
j us t i fy investment in solar heat ing s ys tems . One may also assume that 
indus t rial and commercial establishments , accustomed as they are to 
life-cycle cos t in g ,  will be readier than individual consumers to adopt 
solar heating . 
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Comparatively s imple fixed flat plate solar collectors of the 
type presently used in solar water heat ing systems manufactured in 
Puerto Rico and in the mainland United States are adequate for 
relat ively low temperature indus trial applications used as domestic 
water heating and water preheating for a variety o f  manufacturing 
processes . More complicated solar thermal sys tems that concentrate 
the solar radiation are needed to provide the low temperature steam 
(approximately 250-4000F) used in food process ing , pharmaceutical 
manufacture , and chemical processes . Savings in this temperature 
range are l ess evident than in the typical residential water heating 
temperatures , because the technolo gy  is less well developed and 
because o f  the compet it ion o f  more conventional indust rial conservation 
measures , as well as co generat ion . 

Installat ions employing flat-plate collectors have b een made in 
several industries to serve low-temperat ure applicat ions . The larges t 
of these is at the Johnson & Johnson Company in Las Piedras and is 
composed of 350 individual panels that produce domestic hot water at 
about 120°F ,  as well as preheated water fo r higher temperature appli­
cat ions . The India Beer brewery at Mayaguez has installed a small 
solar water beating system for evaluat ion purposes . The Nestle-Libby 
Company bas s ubmitted a proposal to the U . S .  Department o f  Energy for a 
$2 . 3-million installat ion to provide water at temperatures up to 212°F , 
for use in food processing . The proposed system would use General 
Electric evacuated-tube collectors and would save an es timated 120 , 000 
gallons of fuel oil annually . 

Most opportunities for solar water heat ing in commercial and 
institutional establishments over the coming two decades would entail 
retrofits , because of the continuing lag in new cons truct ion . Solar 
water beating could supply much of the domes t ic hot water requirements 
of high rise buildings , restaurants , fas t food s tores , schools , and 
hospitals , but the expense of ret ro f it t ing installat ions will limit 
this market . Solar water heat ing systems now us ed in commercial 
and institut ional buildings are est imated to displace only about 4 
million kWh o f  electricity per year . 

As in the res ident ial secto r ,  the recent Puerto Rican legislation 
to exempt solar water heating systems from the 5 percent excise tax 
should be a s i gnificant incent ive for solar water heating in industrial , 
commercial , and institut ional facil it ies . Likewise ,  this committee ' s  
recommendat ions o f  public information campaigns and government per­
formance and quality guidel ines would be  as use ful in the indus t rial 
and commercial sectors as in the resident ial sector . 

Acceptance o f  this technolo gy could be  further encouraged by the 
Puerto Rican ' s government ' s  installing and demonstrating solar water 
heating systems in mo re public buildings ; an excellent example is a 
current plan to equip 70 public s chools with solar heating systems . 
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An optimistic assumption would be that as energy use in the 
industrial and commercial sector grows , 25 percent of the growth in 
those applications suitable for solar systems (assumed to be  15 percent 
of indus trial and commercial energy use )  between now and 1990 will be 
served by solar ins tallat ions , and 40 percent b etween 1990 and 2000 . 
One can further assume that 20 percent o f  exist ing suitable appli­
cations will be served by retro fitted solar ins tallat ions by 2000 . This 
yields a contrib ut ion of 3 . 1  trillion Btu by 1990 (equivalent to about 
2 . 0  percent o f  the proj ected indus t rial and commercial energy consumpt ion 
in Chapter 3 ' s  Case A) and 7 . 9  trillion Btu (about 3 . 8  percent o f  
proj ected consumption) in the year 2000 . 

Under the more conservative assumpt ions that only 15 percent o f  
the s uitable applicat ions are served b y  solar facil it ies between now 
and 1990 and 30 percent thereafter , with 10 percent of  current appli­
cat ions ret ro fitted , solar water heating in industry and commerce 
would displace about 1 . 7  trillion Btu in 1990 and about 4 . 9 trillion 
Btu in 2000 (about 2 . 3  percent of the proj ected energy consumpt ion 
in these sectors ) . 

Conclus ions 

This committee ' s  assumptions suggest that solar water heat ing can displace 
perhaps 1 percent of the Island ' s proj ected electricity production by 
the year 2000 , and about 2 percent of proj ected industrial and commerc ial 
fuel use , given the fairly modest incent ives already enacted or conte� 
plated by the Puerto Rican government . This would amount to annual 
o il savings of about 1 million barrels , or  $30 mill ion with oil at $30 
per barrel . 

This technology , given these incentives , appears marginally 
economic in Puerto Rico . Thus , its near-term contrib ution depends 
rather directly on Puerto Rican government policy . The direct and 
indirect incent ives suggested in this discuss ion could tip the balance 
of consumer acceptance rather sharply , speeding deployment and thus 
increasing the cumulat ive contrib ution . Of all the technolo gies dis­
cussed in this chapter , solar water heating is the most directly 
amenable to s uch prompt pol icy act ion . 

The government of  Puerto Rico should there fore give high priority 
to the formulat ion of an appropriate pro gram of f inancial and other 
incent ives . Such an incent ive pro gram should be continually revised as 
the economics of solar water heat ing change in the coming decades . It 
would , of course , be ill-advised to pay too high a premium ( in subs idies 
for solar systems ) for savings in oil imports . 
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HYDROELECTRIC POWER 

Most o f  Puerto Rico ' s rainfall occurs at high elevations and thus 
presents potent ial for hydroelectric generat ion . On the other hand , 
the small area o f  the Island makes for short rivers and thus limited 
numbers o f  sites . Many o f  the promis ing sites have already been ex­
ploited . Puerto Rico has 1 7  reservoirs , 13  o f  which are used to feed 
the various hydroelectric facilit ies . About 103 million kilowat t-hours 
o f  hydroelect ric power , or less than 1 percent o f  total current 
electricity product ion , is generated annually . l8 This is less than 
half the peak hydroelectric production o f  the 1960s . l8 , 19 The PREPA 
attributes this decline to ret irement or reduced operat ion o f  facili­
t ies that appeared uneconomic at pre-19 74 oil prices , some system 
deterioration due to age and weather , variat ions in rainfall , and 
diversion o f  water for other purposes . 20 

Only one of the exis ting nonpower reservo irs (Pat illas , b uilt in 
1914 )  is regarded as having the potent ial for cost-effect ive addit ion 
of hydroelectric capacity . 2 1 , 2 2 A recent study of  this reservoir for 
the U . S . Department of Energy concluded that the addition o f  400 
kilowatts o f  year-round base-load hydroelectric capacity would be 
economically feasib le . 2 3  Preliminary assessments indicate only minor 
environmental problems . 

Potential new s ites for additional hydroelectric capacity are 
being assessed as part o f  a comprehens ive Island-wide water supply 
study by the U . S .  Army Corps o f  Engineers . l9 , 24 The purpose is to 
serve long-term municipal , indus trial , and agricultural water require­
ment s , with electricity generat ion as a secondary b enefit where it 
can be developed without affecting the primary requirements . Estimates 
of potential power from each site were derived from synthes ized values 
for mean annual runo ff ,  based on detail�d hydrological s t udies con­
ducted over the past decade by the Puerto Rico Aqueduct and Sewer 
Authority , the u . s .  Geological Survey , and the U . S .  Army Corps o f  
Engineers . Measured stream flow data were available in many areas to 
verify the est imates . These studies do not include environmental 
assessments ; which must be part o f  any detailed , final assessment . 

Twenty-four poss ible new reservoir sites were evaluated for hydro­
electric potent ial , but only five were identified as possibly cos t 
ef fect ive based on a preliminary analys is us ing est imated 1 9 7 8  cost  
data . The total maximum capacity o f  thes e f ive new sites was esti­
mated at about 16  megawatt s , with an estimated average annual output 
o f  68 million kilowatt hours . 24 

Even if all the above-ment ioned opportunit ies for new hydro­
electric installations were taken advantage o f ,  and the los t  capacity 
in exis ting installations recovered , hydroelectric power ' s  contri­
bution , about 2 70 million kWh , would be  only a little more than 1 
percent o f  proj ected demand in the year 2000 . St ill , this would dis­
place about 450 , 000 barrels of oil that would otherwise be burned to 
generate power ; at $30 per barrel , this is almost $14 million . 
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That contribut ion should be  cons idered the most optimist ic 
possible outcome for hydroelectric power . A mo re reasonable expec­
tation for planning purposes would be that only a fourth of the s ites 
identified in the Corps of Engineers s t udy prove suitable for power 
generation , and that only hal f o f  the los t capacity can b e  reactivated . 
This would provide perhaps 170 million kWh by the year 2000 , with the 
possib il ity o f  hydroelectric capacity growing slowly afterwards , 
depending on the costs o f  the alternat ives , until all s uitable s ites 
have been used . 

To clarify that outlook , the Electric Power Autho rity recently 
init iated a s tudy o f  the feas ib il ity o f  react ivating some o f  the los t 
capacity . We recommend that in addition the conclusions o f  the Corps 
of Engineers be reviewed in l ight o f  recent increases in world oil 
cost . 

WIND ENERGY 

Altho ugh Puerto Rico apparently does not have any areas with except ional ly 
high average windspeeds , the Island does benefit from relatively 
consistent trade winds out o f  the northeas t and as a consequence may 
o ffer a number o f  s ites where electric power may b e  generated at 
compet it ive rates . A prel iminary apprais al o f  the wind energy potent ial 
in Puerto Rico , made by the General Electric Company , 25 on the bas is o f  
basic meteorolo gical data and without detailed site assessments , 
indicates that the wind could provide as much as 2 percent o f  Puerto 
Rico ' s power generat ion by the year 2000 . 

The very lar ge machines on which product ion o f  this quantity o f  
energy i s  dependent are not yet commercially availab le .  Such machines 
are under development by the Department o f  Energy b ut thus far only 
one machine of this s ize (2 megawatt s )  has been constructed and is j ust 
complet ing operat ional tes t ing at Boone , North Carolina . Three 
addit ional machines ( 2 . 5  megawatts ) of a more advanced and potent ially 
lower cost  des ign are under cons truct ion , and these are schedul ed to 
begin operation near Goldendale , Washington in 1980-81 . (Thes e  machines 
have two-bladed propellers , 300 feet in diameter , mounted on 1 80� foot­
tall towers . )  

While actual costs  remain to be determined , the U . S .  Department 
of Energy estimates that , on the mainland United States , these 2 . 5  
megawatt machines will cost about $ 3 , 400 , 000 each ( in 1 9 7 7  dollars ) 
for the second prototype units (omit ting nonrecurring costs  associated 
with the firs t proto type unit ) or $1 , 350 per kilowatt , including s ite 
preparation and installation . Costs  are estimated to decrease by one­
hal f  for product ion runs o f  100 or mo re ,  so that the hundredth unit 
after commercial manufacture has started is predicted to cost about 
$1 , 700 , 000 or $675 per kilowatt . 26 
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Bas ed on machine costs  in this range ,  the General Electric study25 

per formed for this committee , calculated electricity generat ing costs 
between 10¢ and 20¢ per kilowatt-hour at winds peeds o f  12 mile& per 
hour and an annual fixed charge rate o f  18 percent . 

There is very little detailed informat ion on the magnitude and 
dist ribut ion o f  the winds in Puerto Rico . In assess ing the wind energy 
resource it was necessary to make gross estimates o f  local values , 
using a topographical map and interpolat ing wind velocity values from 
upper air climatological data and surface data from three widely 
separated report ing stat ions . 

The General Electric study25 ident ified , at the higher elevations , 
75 possible sites for the ins tallat ion o f  one or  more very large (2 . 5  
megawatt )  wind t urb ine generators s imilar to those now b eing developed 
in the U . S • .  Department o f  Energy wind energy pro gram. All of  these 
sites are on peaks or ridges with clear access to the prevailing 
northeas terly winds . A survey o f  available maps indicates that about 
half the sites appear to be close enough to existing roads to permit 
transport of heavy components to the construct ion s ites . The other 
half would require special road construct ion . If all s ites were used , 
perhaps 85 o f  the large machines could be  accommodated by the 75 
locat ions , for a total installed capacity o f  about 200 megawatts . 

This ass essment also ident ified the region adj acent to the northern 
coast and roughly bounded by 180 15 ' N and 180 30 ' N as an area with 
generally clear access to the prevailing winds . Although specific 
s ites in this region were not ident ified,  the study es timated that 20-
50 of the 2 . 0 megawatt machines could potentially be  placed throughout 
this large area , part icularly in the less densely populated western 
port ion . The islands of  Vieques , Cordilleras , and Pineros were also 
identified in the study as o ffering potent ial addit ional s ites for 
these large machines . 

Smaller ,  100-foot-tall machines , like the 200 kilowat t machine on 
the island o f  Culebra , may find applicat ion at s ites where the larger 
turbines would no t fit . They may prove useful , for example ,  as 
supplemental power units on large farms , powering irri gation and crop 
process ing equipment . However ,  until more sophis t icated siting studies 
are completed , it will b e  difficult to ident i fy specific locat ions .  It 
is plaus ible that as many as 50 of these machines might ultimately be  
us ed .  A machine o f  this s ize is being o f fered commercially b y  at 
least one manufacturer . 

A wide variety o f  smaller machines ( in the 1-45 kilowatt range) is 
becoming available from commercial vendors . It is not pos s ible to 
est imate the potent ial market for these smaller machines , although 
they might find appl ication in the agricultural market . In any case , 
their us e will likely be  insignificant in terms of the Island ' s total 
electricity needs . 
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If  the ult imate contrib utions est imated above fo r each of the 
machine sizes were realized , the total installed capacity would be 
slightly more than 300 megawatts , with the largest machines accounting 
for over 95  percent . Because winds are intermittent and variab l e ,  the 
average output of a wind turb ine generator in Puerto Rico is generally 
about one-third that of a conventional plant with the same capacity 
ratin g .  On the bas is of the est imated average wind velocit ies and the 
operational characteris t ics of the machines , 300 megawatts  of wind 
turbine capacity is estimated to produce about 500 million kWh 
annually . This energy output value is derived from data on exis t ing 
turb ine prototypes and designs , which in the cases of the larger 
mach ines were developed for average winds peeds greater than those in 
Puerto Rico . The result is lower output per unit o f  capac ity than 
would likely b e  achieved with new des igns more appro priat e to Puerto 
Rican condit ions . 

This estimate is a small part o f  Puerto Rico ' s electric power 
needs--perhaps 2 percent of proj ected demand in the year 2000 . However , 
the elect ric power thus produced would displace nearly 850 , 000 barrels 
of fuel oil per year , or $25 . 5  million with o il at $30 per barrel . 

Site selection , installation , and tes t ing for 250-300 megawatts 
of wind turb ine capacity would take many years . The commercial avail­
ab ility of the machines will depend largely on the growth in demand 
for them throughout the United States . In an o pt imis t ic proj ection , 
one can assume that Puerto Rico will very soon install one or two 
machines o f  each s ize to gain p rocurement , installat ion , and operat ing 
experience before beginning a maj or acquis it ion program. Under this 
assumpt ion , about one-third of the total po tent ial capacity (producing 
about 170 mill ion kWh per year) could be installed by 1990 and the 
remainder of the 300 megawatt capacity by the year 2000 . 

It is much more l ikely that these estimates will no t be  attained . 
Much detailed wind s urvey work mus t be accompl ished to ident ify 
suitable s ites . Then , s ites must be acquired . Although wind technology 
has advanced greatly in recent years , there remain maj or uncertaint ies 
in machine reliab ility , installat ion and operat ing costs , and public 
acceptab il ity . Because of  these factors we bel ieve that a more 
reasonable assumption is that Puerto Rico would procure and ins tall 
one or two machines of each s ize  for evaluat ion over two to three years . 
A limited acquis ition pro gram would then be init iated ; small groups o f  
machines would be bought and ins talled one after the other , so that 
machine performance and cos ts could be continually monitored and 
further acquisition plans modified as appropriate . On this basis it 
is est imated that about 6-8 mach ines could be ins talled by the year 
2000 . This would provide a total o f  60-80 megawat ts of ins talled 
capacity , or about 125 million kWh annually by the year 2000 (about 0 . 5  
percent o f  proj ected power consumpt ion) . 
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It is the view of  the committee that wind energy , even with its 
limited potent ial may be an at tractive source of  electric power and 
is worthy o f  further study by PREPA . The present very limited data 
base on the magnitude and dis tribution of the winds in Puerto Rico 
needs to be expanded . Potentially favorable sites should b e  specifically 
identified ; then meteorolo gical towers should be ins talled at the mo s t  
promis ing s ites t o  ob tain wind velocity data a t  elevat ions appropriate 
to modern wind turbines . 

Operational experience with the experimental machine on Culebra is 
encouraged . Similar machines are operating in Clayton , New Mexico , 
and Block Island , Rhode Island , and an additional machine is planned 
for ins tallat ion on Oahu, Hawaii . The data gathered from these 
machines will provide valuab le guidance for future decis ions in this 
area . 

PHOTOVOLTAIC ELECTRICITY GENERATION 

Among the solar technologies being cons idered for use in Puerto Rico is 
the convers ion of  sunlight to electricity us ing photovoltaic cells . 
A typical pho tovoltaic energy sys tem is composed o f  three maj or elements :  
a grouping of  solar pho tovoltaic cells in an array or panel , an energy 
s torage unit (such as a battery) and a power condit ioning unit (or 
inverter ) . Sunl ight s triking the cells produces direc t current which is 
converted to the alternat ing current required by mos t end uses . 

In their s implest form, these sys tems have many advantages . They 
are entirely electronic and have no moving parts . They produce 
electrical energy at essentially constant vol tage over very wide ranges 
o f  solar intensity and thus can deliver usable energy any t ime they 
are receiving sunlight , even during per iods of cloud cover . (The 
amount o f  power is directly proportional to the amount of sunlight 
received . )  They are quiet , reliable , and s imple to operate and have 
little environmental impact  apart from their land use . Like all other 
direct solar energy systems , they require auxil iary s torage if the 
energy is to be used outs ide the daylight hours . 

However , these systems presently are quite cos tly to produce and 
use . HOst photovoltaic systems now on the market use expens ive s ingle­
crystal s il icon cells derived from spacecraft technology . Maj or efforts , 
largely supported by the government , are being pursued to develop mas s 
product ion techniques to reduce cos ts . There is also an active research 
and development program to identify and develop promis ing alternat ive 
approaches with the aim o f  decreas ing power cos ts . However ,  it is con­
s idered unl ikely that this second generat ion technology will produce 
competitive energy systems for use in this century . 

Costs for pho tovoltaic arrays are usual ly expressed in terms of  
dollars per peak watt of  output . The cos t of  silicon cell arrays is 
currently about $10 per peak watt . Since the peak output for s imple , 
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flat-plate sys tems is reached only when the array is directly facing 
the sun (normally at noon) , the average output is subs tantially less , 
even for the dayl ight hours , and output at night is o f  cours e zero . 
The ratio o f  average to peak output depends on latitude and climat e ;  
in Puerto Rico it  is est imated at the unusually high figure o f  25  
percent , givin g 6 kilowatt-ho urs per day2 7 for  each peak kilowatt of  
capacity . On that bas is ,  the average annual output would be about 
2 , 200 kWh (25 percent o f  8 , 760 hours per year) , compared with 5 , 000 to 
6 , 000 kWh annually per kilowatt of conventional base load generating 
capacity . Moreover , since complete pho tovoltaic systems always 
include wiring and support structures and often batteries and power 
conditioning equipment ,  the system cos t is generally estimated at about 
1 . 5  to 2 times the array cos t ,  making the comparison s t ill less favorable 
at present cos t levels .  

Because the output o f  a photovoltaic system is intermittent , 
it cannot directly displace much convent ional capacity .  Its capital 
plus operating costs per kilowatt-hour therefore mus t be almos t as low 
as the fuel cost  alone o f  the conventional sys tem for it to be competitive . 
With residual fuel oil at $30 per barrel , a simpl ified calculat ion 
indicates that grid-connected pho tovol taic arrays would become economical 
if their cos t could be brought below 46¢ per peak watt . The calculat ion 
is as follows : Assuming a heat rate o f  10 , 500 Btu per kilowat t-hour 
and a heat content of 6 . 3  million Btu per barrel of res idual fuel oil , 
each barrel would produce 600 kilowatt-hours , giving a fuel cos t o f  
5¢ per kilowatt-hour . Assuming that each kilowatt o f  pho tovol taic 
capacity yiel ds 2 , 200 kWh per year , the annual fuel saving would come 
to $110 . With a capital charge rate o f  12 percent per year (covering 
depreciat ion over 20 years and annual interest at 10 percent ) ,  that 
would support a total capital cost of $917  per kilowatt . On the plaus ib le 
hypothesis that the costs of the photovoltaic array amount to about 
hal f the total system costs ( including an allowance for maintenance 
and operation) , the photovoltaic array could then cos t  $458  per peak 
kilowat t ,  or 46¢ per peak watt . 

The U . S . Department o f  Energy , in its cost reduct ion pro gram, 
hopes to bring the array costs down from $10 to 50¢ per peak watt by 
1986 ( in terms of 19 75 dollars ) and to 30¢ per peak watt by 1990 . Cos t s  
in the range o f  10¢ to 20¢ per peak watt by the year 2000 represent a 
longer range goal . 2 7  Al though subs tant ial progress is being made , these 
numbers must still be regarded as aspirations rather than predictions . 

Because o f  the high cos ts , the use o f  photovoltaic cells , except 
in spacecraft , specialty consumer products ,  and experimental and 
developmental demons trat ions sponsored by the u . s .  Department o f  Energy 
(DOE) and the Department o f  De fense ,  has thus far been limited to remote 
small power applications for telecommunication relays and repeaters , 
signal systems , and cathodic protec t ion devices for pipelines . 28 
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Since currently available f ixed , flat-plate photovoltaic arrays 
convert only a small fraction ( 10-1 3 percent ) o f  the sun ' s incident 
energy into electricity , the amount of  sunlight received is crit ical 
to the output power . Most o f  the available sys tems are so-called 
nonconcentrating systems , composed o f  cells arranged in fixed flat­
plate arrays . However ,  it is pos s ible to increase the intensity o f  
the incident sunlight b y  using concentrating mirrors o r  lenses and thus 
reducing the amount o f  expens ive cell material per unit power output . 
In us ing concentrators , the focus is critical and the mo tion o f  the sun 
mus t be tracked ; this increases the complexity and cos t  o f  the sys tem . 
A further refinement to take advantage o f  heat produced in the cells 
by concentrators is poss ibl e . In this experimental des ign ,  coolant is 
circulated to the back of the cells to collect the by-product heat for 
use in space heating and hot water heat ing,  or for other purposes . 
Concentrat ing designs may be necessary if photovoltaic cell material 
remains relat ively expensive . However , if the cos t  goals can be  
achieved for this material , the s impler flat-plate systems will probably 
be more economical . 

Based on an analysis commiss ioned for this study2 7 the committee 
has ident ified two potent ial market areas in Puerto Rico ; remo te use 
( for small applicat ions for which it is no t economical to connect to 
the grid) and central utility applicat ions (as replacements for con­
vent ional power plant s ) . The second use would require much greater 
cost reductions than the firs t . In some countries there is a third 
potential appl ication in regions not served by central electric power 
grids , b ut s ince Puerto Rico already has an Island�ide distrib ution 
system, this type of application is no t relevant . 

The potential o f  small dis persed systems for residences and other 
buildings , connected to the utility grid but without s torage , was not 
considered in this analysis because o f  a lack of  technical information . 
In principle , obviating the need for storage would yield a cheaper 
system . This type o f  appl ication is receiving substant ial attention 
in the federal photovoltaic development pro gram, and its potential in 
Puerto Rico should be  evaluated carefully . 29 Fo r example ,  i f  200 , 000 
res idences could be fitted with 2 kilowatt systems , and 5 , 000 
bus inesses with 10 kilowatt  sys tems , the annual energy contribution o f  
such systems b y  the year 2000 would amount t o  almost 1 b ill ion kWh 
(roughly 4 percent o f  the proj ected electricity generation in that 
year) . 

The remo te-use market for photovoltaic systems represents appl i­
cat ions s upplying power to equipment not connected to the central 
electric grid . This category includes equipment for small , low-power 
communication and navigat ion equipment ; irrigat ion pumping ; and cathodic 
protection of various s tructures and equipment . Power requirements 
may vary from 1 to 300 watts , and the sys tems may include small 
batteries and inverters to provide regulat ed alternat ing or  direct 
current to the loads . Photovoltaic energy systems for these types o f  
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applications compete with batteries , small motor-generator sets , and 
thermoelectric generators . Al though these appl ications represent the 
earliest likely use o f  photovoltaics , with perhaps an appreciable 
dollar value , they form an ins ignificant fract ion o f  Puer to Rico ' s 
energy needs . 

The cent ral utility market is mo re important . Because pho tovoltaic 
systems depend on sunshine fo r electrical power product ion , these sys tems 
have lit tle pot ent ial as subst itutes fo r ess ential base load generat ing 
capacity , which must b e  available 24 hours a day . However , if cos t 
reduction goals are met , photovoltaic systems in the megawatt size 
range might become economically feas ible in the mid-1990s fo r limited 
applicat ion in central utility systems as a way of saving oil . Given 
the l ikelihood o f  continuing rises in crude oil prices , it is quite 
possible that savings in fuel oil  cos ts could repay the cos t s  o f  the 
photovoltaic systems . Such systems would have little requirement for 
storage batteries as long as the total pho tovoltaic capacity were small 
in comparison to the overall PREPA generat ing capacity , so that the 
utility system could readily absorb variat ions in electric power 
produc tion resulting from changes in sunshine intensity . 

Integration o f  photovoltaic systems into the Puerto Rican utility 
system will depend on extended t est ing and success ful demonst ration 
o f  s imilar systems under the U . S .  Department o f  Energy development 
program. If U . S .  Department of  Energy cost and per formance goals are 
met , photovoltaic systems in the megawatt  s ize range could become 
economically competit ive in the early 1990 ' s .  In that cas e ,  Puerto 
Rico might initiate a limited acquis ition program with the procurement 
in the mid-1990 ' s of a relat ively small system (on the order o f  1 
megawatt ) for tes t ing and evaluation over a period o f  about two years . 
PREPA then might procure an additional 10 megawatts  o f  photovoltaic 
systems by the year 2000 . 

However ,  given the uncertain pros pects o f  meet ing the federal cost  
reduction goals , it would be wise to plan on the bas is o f · at leas t a 
five year delay , so that large s cale photovoltaic inst allations would 
not become commercially feas ib le unt il nearly 2000 at the earliest .  
It is unlikely in this case that photovoltaics would make any appreciable 
contribution to Puerto Rico ' s energy needs by the year 2000 . 

I f ,  as , and when the maj or technical and economic breakthroughs 
take place , Puerto Rico o f fers unus ually favorable conditions for 
their applicat ion . Technical pro gress should there fore be  closely 
monitored , and Puerto Rico should participate in the U . S .  Department of 
Energy ' s experimental program by pursuing federal research , develop­
ment ,  and demonst rat ion funds . 
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OCEAN THERMAL ENERGY CONVERSION 

Ocean thermal energy convers ion (OTEC) is one o f  the few renewable 
energy technologies that o f fer the promis e of base-load capacity , on 
line 24 hours a day . This technology exploits the solar energy s tored 
in the upper layers of t ropical and sub-tropical ocean waters , where 
the temperature dif ference b etween the sur face layers and the colder 
deep waters is great enough to promise economic energy product ion . I f  
i t  c an  be developed , i t  may supply large amounts o f  electricity to 
many regions of the glob e .  Island economies such as Hawaii , Puerto 
Rico , the Virgin Islands , Guam, Micrones ia , and America Samoa , which 
are almost completely dependent on imported oil for electric power , 
are candidates for application o f  this new energy resource . The OTEC 
concept is at an early stage o f  development and there is l ittle infor­
mation about its components , its operat ional charact erist ics or its 
maintainab ility . 

OTEC must be regarded as an expens ive and risky undertaking , per­
haps the biggest gamble in solar power . With other forms o f  solar energy 
the uncertaint ies are mainly matters o f  whether cos t  goals can be met ; 
with OTEC there is the dist inct poss ib ility that little or no net 
usable power may be produced .  The temperature di f ference (about 20-
220C) between the surface and the deeper waters is so small that the 
expected net conversion effic iencies are on the order o f  2 to 3 percent . 
( Convent ional s team power plants operate on a t emperat ure difference 
of 400-6QOOC ,  at e f ficienc ies near 35 percent . )  

At these low efficiencies , enormous amounts o f  water must be pumped 
over the facil it ies ' heat exchangers to yield s ignificant amounts o f  
energy . The machinery for doing s o  mus t be ext remely large , with its 
own energy requirements . It is est imated that about 25 percent of the 
gross electric power output o f  a working OTEC installat ion would be 
consumed by the plant itsel f ;  conventional power plants have 
paras itic power requirements o f  about 5 percent . 30 

Another important factor af fect ing the net operat ing ef fic iency 
o f  an OTEC plant is that the efficiencies o f  the heat exchangers are 
extremely sensit ive to changes in the temperature dif ference and to 
any corros ion or foul ing o f  the heat trans fer s ur faces . Any resul t ing 
degradation in sys t em performance will disproportionately reduce the 
power output . Maintenance cos t s  and down t ime to prevent and correct 
corrosion and fouling by marine organisms are likely to be much 
greater than in convent ional power plants . 

An active program to better appraise the OTEC concept , inc luding 
construct ion of a small demons trat ion facil ity o f f  Hawaii , is b eing 
funded by the U . S .  Department of Energy . Puerto Rico appears to be  
a good candidate for an early demonst ration site for this technology . 
It o ffers an excellent locat ion on the southeas t coas t , where the 
necessary depths for a demonst rat ion facil ity can be found only 2 to 
3 miles o ffshore . It has a deep water po rt that can readily be adapted 
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to s erve as an operational and support base  and an onshore terminus 
for the undersea cable that would t ie an OTEC inst allat ion into the 
power grid . Puerto Rico has much to gain if the pro gram proves 
success ful , and should aggress ively pursue federal funding for OTEC 
research , development , and demonst rat ion . 

The Puerto Rico Electric Power Autho rity , in a propo sal to the 
U . S .  Department o f  Energy , has of fered a program for a 40 megawat t  
(electric)  pro totype unit consis t ing o f  four 1 0  megawat t  modules to 
be  operat ional by the year 1990 . If this pro gram (or its equivalent ) 
is funded and success fully carried out , it might be expected to produce 
about 1 75 mill ion kWh per year (someth ing l ess than 1 percent o f  pro­
j ected 1990 demand) . In forming an opt imist ic est imate o f  OTEC ' s  
contribution , this committee assumed that the pro to type would b e  
success fully developed but at a pace somewhat slower than planned . On 
the assumpt ion that two o f  the 10 megawat t modul es would be operat ional 
by 1990 , with full capacity being reached in the 1990s and fur ther 
additions of 40 megawatt s ' capacity by the year 2000 , to tal product ion 
would be about 350 million kWh per year by 2000 . 

A more reasonable expectat ion , for planning purposes , is that 
only one o f  the 10 megawatt modules of the prototype will be oper­
ational by 1990 , with no reliable power out put , and that it will b e  
the turn of  the century b e fore all four modules are a t  full capacity . 
The output in this case would be 1 75 million kWh , or about 0 . 6  percent 
of the Island ' s proj ect ed electricity demand at that t ime ;  over the 
following 15 years OTEC capacity in that case might be expected to 
reach about 400-500 megawatts . 

On the other hand , there is the poss ibility that OTEC will no t 
be success fully developed at all , in which case the proto type will be 
abandoned as an OTEC demonst rat ion . 
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