ECONOMICS

Non-Monetary Costs of Generating Electricity:

Where Does Hydro Stand?
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exnlermalities relaled 1o their znergy
chaices, o that these chaices will be
bess oty For all of society

The Québec. Canadas,:based Group
for Research in appleed MacroFootogy
s developed o mode] for evaluming the
costs of exiernalines for varicus eleciric-
i generation apdans, Wirh variahbles
repaesenting 3% tniernal and eateinal
eosts asd henefits, this model afTers o
wade rangs of pessibalities for analyzing
the sersiiviny of exiermality cosis. The
exvrmalifics considered inclode aimos:
pheric emissions. kass of noiural habiais,
mercury privhlems. and many oitbers.
Because of the muny asd varshle az-
spmpicms in the mdel, B dioes oot vield
ohashite cost figures. Rather. it provides
information wseful for assessing how
(411811 5 rank usder Jdifferent HESTE TR
Teiing

W usiil the modlel 1o compare six
cleciricily @endraling opiinas: hyvdro-
power. wind power coupled o hydros
pewer. P hear. fomest hinmnass, and coal-
ani zas-fired thermal planes, Dam used
in the menlel were drawn primanly from
existing ond propesed generming sia-
teons in Cradhec. The medel semuiaeon
perioad was 120 yesss, 10 ensure thal
ensermaliies expericnced by fumsre popa-
I were ndeguisely conshdered

An Ovarview of the Madel

The melel, kndwn s GEAME (Cessan
des Resasurces par Actoalisanion e
Mondtication dex Exiernainegs), coasisis
af @ sprgadskeed propram thal cakislies
thie inkermal cosbs amd exiemnalibes af the
fallpeing oplicns:

- My ifrrpower statsane with resersonres)

= Wind curbines coupded 1w the hydro-
electne grid.

— Mutlenr genering slions

— Coal-Tired sranong;

— Combiped-<sele gus-lurbane 1C0GT
skalsims; aml

— Foresd hicemass Aations.

The menlel essentially consisis of o
datafase ard o trend chari. Resulis are
generated m the form of tables and
charts, The database contains 35 sndicu-
tors: for evaluanng the internal and exrer-
nal crsis and benefis af eleciriciy pro.
duction. These indicarors are divided
irsir intereald and exeernal cosis, inelud-
ing posinve and nepative eviermadilies

Insernal cosae, or finoncasl cesis das-
sufmned by peeducers and invEsnars. are
reidilv dvailehle as mosetary fpures, We
drew  inbeinal Cosl data fromm meal
ifor hyydrob and hepotherical prajects in
Duchee, Cosls wend au sl for am o
put off 1 1orawakt-hrar (TWho per vear for
2l generating opfions. We did not admust
cots and benefils (oo guality of serace.
dlibiough a TWh generaled by an ineer:
miteenl soerce. such s o wind urbine.
acmally has less valoe than o TWh pener-
ated by o Baghly refiable source, such as
et ropower with siompe

Wi asssemed service hives of 50 years
lar a hydropower stalios, 30 years Tor
coal-Fired and muckear Lacilnies. 25 years
for wind furbinies. and 20 wears for gas.
rurhine ond fomesl Bsomass siations

Evoluating Externalities

Economists uxe several differest ape
pranches io aszign moneiary value o
imimense} the effecis of enviranmzgial
euternalivies. Soenie of 1hese oppeoc e s
are as follows:

— Damage value esbmacss, or the qune-
rary vilue of the demege cairal by eaier
malaties:

— Esiimates of the ¢osts s urmed o oom-
trol of 1o prevent the gxbernolity (for
example. the cost of eliminaling €mjs-
wies of pihusants

— Compessaison valpe eshimakes, such
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i the expenditures fégared o replace o
damuped ecosvsiem: and

— Contingent volualions, whick are
measurements of ke public’s willing-
Ness L0 pay 1 avaid an impact, ar (ke
domages clsimed as compensmion for 2
nuFsEnce,

Sentimg values for exiernalities is sube
Jeet W@ conssdemabie oncerminties. Some
vlugs dre especially difficull fo quan-
ify becaise they involve lomg fime pen-
i, wide geographical areas, or o broad
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runge of impacrs, Exlernaliny cosr esti-
mates alse misl lake into a&ccoiusi the
entire life ovile of a DEMETHIBE ap HIL
imcledling the effects of conslruction
wark. fiel exiraction and 1rafs poctabion.
AN WASIE N aST ment.

Appivimg Mesaary Principles

o Externoliie

A bBasie prohlem o impect stadies i the
lock of a universal et of measaremen
thal van be used o aceurately compasy

uiteets nelated fodeonisnes, sscial gf-
tecisn, aml envirommentsl psues The
Motz ol exemalities s ane way
tie obasn such o universal inm.

The concepr of sustpinable develap-
M provides o frumesw cek for the prin-
crple of moneesion, Sesainohls Jg-
welopment 1=, By definnnm, o fosm of
duvelopment thar cowld be peneralized
andl perpenazied withomi desiroving s
resouree base, “Perpeiuotion” jmplies
that furure generstions woulhl fel bear
meganve exiernalidics: and “pemerala.
flon meeans b= cumulative effects aff
the project of practice are considered.
Thus, in a projet folbowing he primci-
pkes o sustainuble development. coss
niweEnally d=sociated with externalities
walld e miernalized and the net aovi-
ronmsiikal less would he §il,

The imtroduction of meney as a it
el misorement creates a masar diffi-
culty. A discount raie s applied o mon.
aiury values anolyzed aver an sxiended
Nime period 1 aceoued for inflsian and
inleresi. Discouncmg. however, (= oflen
criticized For devaluing ccodigical amd
social coses. Dne fespanse 1 this ¢on-
cern is 1o use 4 very low discownting
rule=for example. 3 percent ar even



less, However thay appeoach arbigramly
disioers the true oot of chioinang fusds
1o finamce 3 project. If exernalities ane
regorded xs real costs thal have o be
sasmned asd Tinoneed, we <hould use a
disemmanning tag char reflecis 1he rue
sl o Capicel,

Chie sypnded ihidresses e (55 af dis-
exunbing by saimalating a | J0-year nime
puriond a5 well &y verioas race and das-
counting aptions. The very iong onoly-
sis. period lets =y apply che finangaal
amalysis procedanes for calculating the
infinite replacement cosis of facalses
fwhich are peeded 1o ensens equirable
comparison of facilitivs %l anagual
service lives | while mking fulure pener-
arions inpo socownl.

We msed two discouniing metsads.
each wirh consrraines amd limitabions
thar affect 1he imerpreiabon of reswlis,
The firs meghod was & wroditional
agrprnach i whaeh we oovemed infinie
replacement of [aciliies with 4 ceannu-
aus, realistie discount fane af 7 peroea.
Ewen if extornalitics can he sdequanzy
moneiiid, thes procedure will devalue
The cosd o exlernabies BECamag |5 ke
fefure unless dhey can he ememalbaal, or
inclmsded tn the wplromt cost o he proj-
ect. Foilure to ser up an imlernalizasion
find as af Year O Jeads tooan s barial”
deficii rthot becomes almesi dedal aiter
one penerarion ¢ 5k vear ). The secomd
generntina, from s standpoint & Year
), 15 foced wiih the full value of exper-
il casia

In coses wherd galerRil DOsLs are nog
Tinaswcially sneernalized. thes cas he
sludigd dsing dysgonlinesius discoun-
ing. We ancluded such & proceduss in
our mesced, in which the 12360-x¢0r penod
18 divided into Tour specessive 3-wear
horrons. each constituiing a dliscount-
ing pericd. This procedure allows as to
comgider the viswpainiz af bath the pro-
muoders amd seciery in eoch successive
gerermian, The discontinuoms disoom-
g proveduse dlso takes inta account
the effect of legacies, positive or nega-
tivee. handed down from ane generoiion
Bl 1P eyl

Mevirtheless. hi feeul muse be ipess-
preted with caulios, |6 doss w0l repre-
send the mel presas) value of fukure
coaskn, buk ibe swm o e Ner presind
values carmesponding 1o 1B Vigwpainey
af fomr surcessive genemliogs,

Quantifying External Copm

Tis inregrzie exzernal coss and henefics
et the model. we mssl first aeess
gussirans e impocts o the priject Such

guanitities mighl inslude oms oF pakly-
tanes. land areas affecrssl in lwectares
or sguare Lilomebers, or hanting days
zained or [osl. These quantities. ex-
pressed per TWh produced. are malan
plied by a cosresponding memetary cosi
per umil of iImpaoct

Our evaleatrm for hydropawer was
based on the impact study for Hydro-
Qutbec’s 3EXMW Saine. Margeerite.
¥ project, now under comsinection in
the Marih Shore regeon of Quedbhec, For

cip sfudy. we assumed thas the reses

woif wnikld comse the same mercury
coslaminatica problems that have been
diacumentsd in hvdreelecmc reservoins
i ik Faines Bey repicn, even ihougk
now appears thal ibeiury cantaming.
tion 15 aimmosl non-guisient an ghe
Morth Shore.

Atmesphenc Erraion
Tehle [ lisis the timosphens Smissons
coused by the six peneratimg aplions

MY TR RESTEW TIUST 1w 89
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smdisd. These cmession eslinsilis., Bised
o & 0 lees presented in scsenlific litesa-
mire, are grscciabed wiih the entire life
cyels of the project. Wi esied scveral
diflerem mtonetary walues for atmos-
phesi: emission in the mode], |Except
whene indicated otherwise, the mosetry
wilucy used 1n the siudy are evpressed m
%94 Canadian dallars. The average
1554 eachange rase for LS. dodlars was
LIS50.T3 i Cidn&1 .5

Cher Ivieratore review suggessed val
ues or one toen of 0. ranging from o
lovw af B11 10 o hagh oof 54 The Kigh
valoe 55 simviler e 1hag adopied by rhe
¥World Hank, which is USE2S (CdnSid
per oon i D0, Accosding 1o he LS
Depzrment of Apricolluee, 1he averape

S IEVOROREY IEW o 1L SF b

cost of achieving [0 amd 30 pemant off-
wEls Cor C0F (hrough tree planting and
feresl managemsnt o the U5, woald be
US312 (CidnE 1Y) and USEIE (Cdn52Eh
pet lan, mspeslively. We also consid-
ered hagher values based on the cmids-
wions taxes already i efTect in Five
courndries. which range on averzge fram
542 perton 1o 5115 perion

For hydroglecericity, the emission
rape of gawes such as OO, and CH,
"greephiouse” gases chat are pocenially
associared with ghohal warmingh de
creases by half in the fiems 30 vears glter
imnpoandiog.

Foor 500, emescions, Based an contnal
coals, we rerzimed o value of 5612 for
I1Be bow W poslcais amd 56122 far che

bagh hypshesis. The value of ane ten of
M, emassions ranges from $3061 10
$11.223. while the vaiue ol oo 1an of
partiche emassions ranges Trom 51,0020
v 313,26, based on conirol coses, The
wvabwe of one los af T o messioer fges
froen 3583 w £1.354. based om Jamage
valme.

W asswmed 2 cosaral cost for one ion
of atmospheric mercury emissions rang-
ing from £42 (0K to 5112 millivo per
tan, based on a 19493 sy by the Teilus
Inszinme * We slem ginovizkanally adoped
o valoe af 51 million per son for aomis.-
phEric Urnnpgin Emassices, on the basis
o the value used for mescury

Erasystemfelned ExemaliVes

Tir estimnie the valve of one heglarg of
neidural habitsl. we employed 1he So6-
Copl off replacement Cosd. Acsordeng Lo a
1981 Ducks Unlimred study on The
LUL.5.. cremting ome acre of wellands coss
becween LISSMLND and LISS70.0404E
Because wetland cresion has anlv a 50
percent success rate. we doubied these
costs.” 'We usad this valoe whibe 2ssum.
img that all fineded habinas represented
a kass of wetlands. wharever the actual
habigaz classificonnn. We also very com:
servagivedy estimared the cosa of stabis
lizing ome kilameter of newly-formed
shorelsns ar 300,000 1o 3669 (KN

We used & conlingdnl evalugion
shady From Washinghon Stang o esnimaie
B value of rapeds.” Residents of the
Sean g ared were asied hos much thes
weirahd b wrilling 1o spend 1o préserve J
| 0-mile stretch of rapids heavily wsed
fior recreatson. We adjuseed the resulting
estimates of valoe for the much lower
popuiation demsity im Québec. amiving
at @ ranpe of valoes fram $00.920 1o
£00%, 200 per kilemerer per veer. | The
high valoe is based om the possibiliny
ihul Qudher residents place 1en times
IRt vl an river redreanon than Sear-
1he-nren resadents da.)

We derived a inancial fost assosangs
wilh miercury confaminalion [roe (s
amouml set 0 oa 1956 agreemsenl be-
tween Cree groups. provineial govemn-
menl. Hydro-Québec. and the James
Bay Development Sociely. Wi ook the
amouni paid out iper TWhi a3 a mea-
wremend of Québec society s willing
ness ha pay for the externaldies coused
by dissoived mercwry in hyvdroekeoinc
reservoirs. We nssumed 1hat mercury
wauld be released ineo 1B hvdrnelecmic
reservitirg @ the lmse of impounding.
and tho concemtrations would returs
1o mormal afer 20 s 30 vears, This
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hypeheses was representuiive nf James
Bay progzers, whire inmndaied sails had
Eeen previvsly contiminaied by ammos-
pheric einissiims of mercury. bai, as
samed previcsss|y, wan oot actually e
for 1he Saeme-Marguenite- ] proes)

The value af the Land =rea accupied
by a projecl in dollars per sguane kilo-
meier. & basically imended 1o mfect the
“sacredness” of the L, o iy integral
vzlue o sociery. It is nesther o markei
svulue ror the valug of the seosasiems or
nmaimral resmeEces affedtel. |msiead, i i
the valw: amibuied by sociery o presss-
vatenn of ihe land in itz original condi-
Eiom, This value may s=em ahscrac) by
ol j= B promanend pisue inothe current
enengy detate i Canada and thice gl
the world. Much of the opposilion o
hudrmeleciric development is relaied &o
Ihe large areas cocupied by such devel-
apmenes. regardless of rhe faci dbar
these areas (specifically the reservoirs)
il can be wsed [or pirposes other tan
elecericiy prodecnion,

A very hagh value for land presssve-
tafi woini|od leadd 15 the disguelificacion of
all macwahde, low-pallutsn ERGTEY
siiroes, imchidimg neg naly hydrpower
B lso wind poswer. biomess, and salar
errgy. We used values ranging from
51,001k 10 3100000 annually far each
sguare kilomeser of lamsd uccapied.
A likough the rasps was somewhat arhi-
trary. i provided a gosoel hasas for ana-
Iyzing the model s sensitivity io ihis
impartant valus

In Quéhee, wind power s highly
dependinl aon hydrodledinic ressrvinrs
fo achievimg rehahility. In face mass ive
development of wisd power. if coupled
alh hydropower, aould be expecied 1o
l¢ad o move errabic and unforesecabies
management of reservarr levels and
river flows, with acoompany ing ecalogi-

F HYDENREYIEW ! ILKE [9%)

ol wernequences. Therelore. in addizion
o the externaligies commanly sssogi-
ated math nand power (oach os danger 1
By, aestheniy s, and land require-
mentsk. other evlgrnofities sansinned
wilh hvdropoaer must be anmibiied o
wind praer o well We gied o 1995
study af proaposed wand farms in Québes
i establish e level of dspendence
Berween wisd power end B roelecinics
sty i the maade]

Comparing Generating Options

The mundel 15 et desspned 1o determne
salegoncaily which generaiiag oplicn |&
beit, Rasking of the options will vary
according 1o the values assigned m the
wvariables amd 16 Qe discosnling ranes
and methads wsel. These chioiees are
parcly meckndological in manine. but
also parlly dewrmined by isdividual or
callective values such a3 the relative
mpeetanee dccorded o future genems
Eiilit

Takle 2 summarizes the resuls of
several simularions. For each genemiing
option. the sxiemsl oosts and the sum of
internal and =siemnsl cosms are expressad
in cemis per kebvsal-bour (kWi

The firsz wo simulasions cake the
“macroecalyd sl perspecrive, mean-
ing that moss repionol envirosinenial
elfec1s fsuch us effects an sir gualityi
were assigned relatively high casts ifar
exumme. 536 per i of C0F 5 Less
imgoriasce wis placed on the “sacred-
sess” of the land occupisd (less than
$1.0000 per sqquare kilomneteri. We con-
suleredd this spproach b0 be compaible
wilh ihe principles of susioinoble
developmest, im thai i emphasizes
long-term and gespraphicolls wids-
spread effects.

The secosd two simularicns fepae-
sented & “microecological” apprasch, in

whish we placed u very b valee an
CO 5 1MW ons and sher almuspheric
polluianis bt a very high value on the
“sacredness” ab lomd (%1 060 pEr
syuare kilomeEers.

For euch at the rao approaches. oo
simuslotion was made with contimuoms
discounung snd the second with faur
Mi-year diseounting periads, The dis-
count rae for all caves was T pergeni

The simulation least favoruble o
hydfopiiser was the one USIRE Conting-
ails diseounting and the micrsesalogecal
merspective [Simulmics 31, Usder these
assumptions. hydrislecinmity has highes
uxbormal cogts than coal or even natursl
g, However, even for the mass gnig-
vorabde hypatkesis. 1ol hydroelecri-
ity costs are oaly slighely higher tham
wind and gas-turbine costs. and Inwer
thas 101l coals for nuclear. bdemass,
and cosl,

Fhe mudel resules were gine differ-
ent e the final simulsgen, which
relnkned rhe same exvermslity valoes as
Sitalaitan I bug wead four _‘lﬂ-:,l:u dis-
souniing periods, giving weight o e
viewpaint af fuluee penerations. For thic
case. bvdao's external cosi of 0% cen
per kWE wes close 10 the exbermal cosy
of wisd power and natural gas, s it
tam] eost of 2.0 cemi=kWh was well
belew any of the aliematives

Figare | provides a lonk or 1erporal
dismibuies of costs and Benefis for
Eedrerpivwer,

Assaising Hydro's Strengths

This siudy comfirmas that kvdroelectric-
143 gEnerates migsl of 18 |=||,.|:r|11|i|_1.'
casis locally and over o chori period
ol lime. while fossil and nuclear plams
tetul 1o spread these cost over o widsr
geographic aren und o longer period
ol time (based on dalu om Qudbec),



Hydrpower shimes wirimg advantages
vver othes generating sptions, given
surtaim apprisiches o vabaing extsrabi
bies. Im punialar, bydropawer has rela-
tevely livw wsternul and caial ieds nien
assaeseed B o perspeciave thal gives
welghs 1o upooming pescralinns or
Asskgns (B prearest snvicopmeniad sig-
sificanse o ghobal pollution impacts
sich sy wlimane change. acild rain. und
serarqsphenie seane depletion,
Hydrowlecimicity appears o he ihe
errpy surc thil fdes the beea shoni -
ang imany analysis ehas places significan
fmpatance on ansininable develipses,
iflsuling glokal polluncn and lang-1em
vmpaces. This poses @ pamdoy Tor the
hvdroebecanc incusirs: the Burdes of
hydraeizearic development cincloding
expermal ardl inlernal costsi s bome pri-
marily by the curen gensration for the
benefit uf Futiere generten, Because its
exiernalines bend o be [oeal und imme-
diate, hydrowiermicity w parscularly v
nerabie o public oppesition winen,
Acgafding o our study, J leng-aemm view
reveals hydro us g pasdive legacy w
Tutry peneranans |
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