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Environrmenial and Soclo  -econormic Aspects

Presentation to:

Puerto Rico
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Two rnajor classifications
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s (cormpusition, gic) to
siored long ago.

fossll fuels, Provide aoout 80%

of eleciric power on a glopal pasis.

Otner source: nuclear enercy
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Environmenial Imoacis

@ Al éer/ sources nave environrmenizl
Irnpacts,

/1

@ Environmenial irmnpeacis of nor-renewaole
soureces are d]'f‘ferem' frorn tnose of
renewsaple sources, not necessarlly lower.,
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Environmental Effects of Various Energy Sourc
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Stawility of Supoly/Availaoility
Lastiwo may be considered “socioeconormic”
Flowever, impact on cuality of life may e sever
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Fossll Fuels

Power Stations consurne space
Effecis of Fuel Mining and/or Extraciiorn
A]r Ermissions (pollutarnis)
nriouse Gases
oIJrU Water Jpcmrlues
Acceptaple 0/ Puolic out “NIMB ("

Ceatastroonic fallure produces only loczal effec

Will ne eventually depleted.
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Vulneraole to rmarket and political faciors |

Must pe imported o Puerto Rico
Econormic effecis of orice volatility
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Selng ousried as aliernative |
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Generated frorn cane, corr,
C
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| aire not rl\/‘clJJchJd a5 foods or feed,
Lettlorn rllrerlrJ/ IS aipparent,

Vast arnounts of land neacded,

Producitiorn for use as fuel difficult in PR, Large
einanol groduced frorm Irmnportec d molass
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Production generates offensive effluents

Multirnedia environmeriial effecis may o
COZ and will pe supject to ever

Jff]O'lJFJOfJ Jeneraies
Calr0orn e,

NJF the magic fix oeing i

Adverse effects rlJrerrrI/ rep

Lfec I 0y sorme
oried In glooal

Effect on world
2rnounts of
Il a5 rurmn



Caroon Tax

To countieract glooal warming, & carpon teu s advocaiad
to reduce COZ ermissions.

It s III@J/ that a federally mandated tax of $10 to $1
ton of carbon will ne imposed on utllities witnin the nexi
4-5 years, and passed on to consurners,

Alternailvely, crediis will pe granied to sources inat do
not generaie COZ,

Meirret for carpon credits is alreacy under siucly In
Puerto Rico
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ffective energy prices in Puerto Rico will mfree se ever
rmore, witn acdii omrll aclverse effe Cts orn our ecororny
and cornpetitiveness in a glopal rmarret
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rlydroeleciric Power

Fequires darn to irnpouncd river and run generators witr wetter flow
Wiclely used in Puerto Rico In thie past ("Fuenies Fluviales”), wher
clernand was lower and island less populated.

Arez used for lake Is permanently impounded and *lost” to other
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Lse,
Puplic may not asiccept loss of scarce land
Falrly nigh capital cost

No ernissions
ffluents, out effect of Inpouncdrnent on river rmay be ar issue,
Weiter used to run generators may be lost for otrier uses,
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Costls not volatile, nor susceptiole to political factors
Catastroph]c failure of Jrlrge clarn ey e mejor disaster
rvolrs eventuzally fill with sec JJHJH(JF

_arge~scale Use is not really feasiple for Puerto Rico at presen!
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Wind Energy

ses large amournt of land

Energy only availzaole wnern inere is wind (~=30% of ine

Mzl neirrn wildlife, particularly pirds
Aesineiics may ne opjecied 0y sorrne
No ermissions

No greennolse gases

No effluants

Not suitaole for paseload gower generaiior
Use whern possible, but cannot oe only sourc
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Exirernely nigh gapJLaJ cost

Sarme or less space inan fossil planis

Lower effects of fuel rining and/or exiraciorn
Esserntially No Alr Err 5sum (pollutanis)
Essentially No Greennouse Gases

( )

ooling Waiter Discrarges

rlignly radioactive wastes, no rezl long-terrn solution

Puplic is afraid (Flirosnirnz, Cr emQO/J ™) P
1970’s Killed powerplant project

l_

Catastropnic failure would be mrljor disaster
supplies will last longer tnan fossil fuels.
Lessy

rlistorically less volatile tnan ol

Political Irnpli LE lons of nuclear grograrn (Iran,

Puplic opposition in PR in the

ulneraole to marret factors, out silll rust pe Irmnported to Puerto Rico

orea, Syria, Cuz)

Will be very difficult to irnplement in Puerio Rico, due to negaiive puolic

perceptions



Solar Power

@ Feasiole for srall-scale waier neating znd
ligriting

@ Cost of large scele elecir]
Using solar ¢ il

@ zrge coHec[Jon area ne
lzeirge armnounis of power

@ o emissions, dischiarges or wastes
@ Woriniwnile for limnited apolicaiions
@ \Vrat napoens at nigni?
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Tidal Energy

Qb

@ Reqlires ]mOJlJrJrJ]rJg coasial area (weiland) o
run generaiors witn cnarnges wiin cdal levels
@ Uses large armounts of coasial areas, wnicr are
not avallaole In Puerto Rico
@ lVlay nave effecis on plota

@ C=ifec ssirrJ]J: to nydropower, out concentiraied



Geotnerrmel

@ Mzay allow generation of supstariizl
arnounts of power If resource Is avallaole.
@ MVlay require significant arnouri of lard

@ Mzy generaie neated efflu
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@ Puolic rmay opject,
@ Ornily feasiole In sorme areas, noi I Puerio
FRlco @i present ime, except possioly very
small-scale projecis in siies like Coarno.



OTEC

@ o fuel needed

@ [\o emissions of conventioneal air pollutants

@ o solid wasies

@ Discnearye essenilally similar to arnolent waier

@ Siznle supply- not vulneraole to exiernal factors

@ Very nign avallaolility facior,

@ Cost Is xnown and fixed frorm day 1. Very low
volatility

@ Public tends to recepilve to idea, once ine pasic
orinciple 1s undersiood.
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OTEC s Impacts

Significant capltal cost, out very low O&M cost,
No ernissions of alr gollutants,

N egljglole COZ (greennoluse gas) released. Mucn less
than with any fossil fuel

Flurricanes/ Eartnguzces- can oe considered in design
Catastropnic fallure (tnermel fluic escap 2 nzs only local
effects, not rmajor disaster. Arnmoniza s meanaged daily in
ey co old storage facilitles. Nezarly 100 years of
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the surface, Em
s)

Effect of vlocides used for s~ can ne controlled,
J(Wéllmrl - effect of oringing nutrient-ricn deep water to
rmromrr Iced

ce iental disruptions can e reduce
0y oroper esi gn of tne discnharge. If water is discharged

at oroper depin, effect is essentially eliminatec.



Energy-Water Nexus

« Water production requires energy
 Energy requires water

* Lack of energy affects water supplies

« Lack of water affects energy production

Energy Technology Average Water Consumption
Petroleum Refining 100 gallons/barrel crude oil
Power generation 20 gallons/kwh

Nuclear hydrogen 35 gallons/kg of H2 (1 kg H2 is

equivalent to one gallon of
gasoline)

Ethanol (not including 3 gallons/gallon of ethanol
irrigation)

OTEC is only form of energy that can generate potab  le water
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@ Orn z long terrn pasls, ey 02 as imporiant as
environmenial aspec
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@ Lack of staple and relianle energy source can
callse rmejor soclal and econornic disrugiions,
ancl evern lead 1o wars.

@ Japar Used corncerns apout oll supplies as ar
excuse o attack U in WWIL,

@ Fuels usedas weapon (1970's oll emoargo,
FuUssla closes Ukralne pipeline).

@ Current econormic downiurn direcily fled to nig
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Peak Oil (Hubbert theory) Demand is expected to incr  ease and to
outstrip new production. As oil prices increase, pr ices for other
fuels (LNG, coal, ethanaol, etc) will rise according ly. Some say peak

oil will occur after 2015. Others say it's now.



Energywise, PR is



T Major Events and Real World Qil Prices, 1970-2005
{Prices adjusted by CFI far all Urban Consumers, 2008)

Iran-Irag War .
Bagins; oil prices
0 ————— .
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Incident in Middle East (e.g. Israel attack on Iran nuclear program) could
cause oil price to spike to $200/bbl.



Potenilal rajor risi for Puerio Rico



@ Besides ine adverse econormic effects of energy
rice Increases, tnere 1s an additionzal soclal

~

Investrnents, rmagnifying the econornic impacts
of energy cosis,

cisco llrrgw 0ro J LIC _r_]ve activiiles and
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snows real effort to reduce vulnerapility of Puerio Rico o
energy orice splres.

A 75 MW plant saves over 1,000,000 parrels of oll per
year,

Plant construction will serve as econormic stirnulus

r

Money paid for power will go to local and US economy,
Nnot Jrnooed away to foreign oll producers,

Snows concern for environment: Major COZ offset,
recluction In greennouse gases and air pollution in
general. Totally renewaple, clearn enercy

REPA pecomes world leader in renewable energy
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Conclusion

@ OTEC |s prooably ine most penign and less risiky
forrn of generzaiing large armounis of energy

oreserily avallaple

@ Avallaple 24/7/565

@ Not vulneraple to exiernal faciors (ermoargos,
wWelrs, dernarid nikes, eic)
@ Uszaple for critical baseloads In systermns

sired.,
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@ Can yenerate gotaple water, If so d
@ Can lead Puerio Rico towards eveniual enercy
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