
Spot th~ d1ft'c."r~ncP 
wt.en w.11t t'rlog.gt"d 
ftpt.atlon ~t.1n"lo t o 
rot. a hyd~lt!Clr'ÍC 
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From China to Norway, new hydroelectric schemes are supposed to help cut emissions of 

greenhouse gases. But will they? Fred Pearce investigates 

SHIMMFKING w.llt.'" m remolc moun· 

1.1111 '"""'''"''" pr0\1dmg hydrodcrnic11) 
•«•ma world •wa~ frorn 1hc gnm} co~l­
bunun~ powor \la1ions of mdu"n.11 
IJnd,c.1pn. 11\tlrudcclllc piam• burn 
nOI hmit .md .11>parcn1 ly cause no a11 pol 
luuon-110 add rnin. no grim\ p.1mclc' 
The\ ,1rc. ~urely, tht• ul11m.11c dt!.an 
'outcc<. nf cn~rgy Mo"il roumru.~s c,ue­
gou~c hvdrnpowc-r a"i a "zcro-cmil\\ion 
icchnolog} • • .\nd xovr1 nmcnts around 
thc world nr~ 1·omm111ed to llllllfll( thcu 
future ou1pu1 of ~wcnhome J(a•e• hy 
hu1ldmJ< hydroelccinc dams instcad of 
loçMI fucl power \tatmns. 

Bu1 lhc11 dfo11s may hr misguidcd . 
Studic' on rc•crvo1rs from rhc C;madian 
Arc11r and 1hc JUnglcs o( thc BraL1han 
AmJ/on 11rr Martmg to >how somcthmg 
odd Many o( thesc largc hod1e> of 
wa1er-m eftcct pt.•nt·up encrgy w.urmg 
to pour through 1urhines-1hcm~elve~ 

l product- y,rct.'nhou'" l(•ise<. Thry X'"' off 
i larxe umouni• ol both carhon dinx1d<' 
1. and ml1'1han ... ~. wh1ch .tcr·uinul ilt<' ln thr 

.umo,pht..·re, 1r.tppinx -.<)lJr heat .md .;o 
comnbu11ng IO 1he ~tccnhou-.e eíft'cl AS 
11 íl.'\Uh ')Omc re~ervo1r' c.:ttu4ie mor<.'" 
glnh<1I warmmg th;in coai· or oil· lircd 
power .iJ11ons pro<lormg the '"me 
amnunt of cner~•. 

Onc ol rhc wní\l offendcr'I 1s tht· Bal­
bma n·~ervo1r on the R1\'t•r Ua1umíl 1 a 
1nbu1ary of thc Am:izun tlécp m thr 
Br.u1lia11 ramf1111••1. Thc dam 'upplies 
mnst of 1tu.• ch.•ctrKll\ for Mnn;1us. tht! 
ç.1pnnl ufth~ AmaLon rt!~1on.1t 1-. a mod­
rs1 SO mc1res high bu1 íluods 3 IO 000 
hC'cl:lr{"s of nver \ialley, an arl!a thc s1zc 
uf Lancashirc or l uxrmhourg. From thc 
mr, lhe grcat cxpan'" uf waier lnok• 
more hkc " tempor.irv nood 1han a per· 
manem rewrvmt A th1rtl oí the wotcr " 
I~' th.m 4 metrt"o dcep Jl..J Lhe skl'lcton' 
,,f Jcad .md dviuii 11cc.' bréak thc surf;1cc 

t ,,lmo"i:t C\Cl')Whc.•r(' Wat«.'r tlow 1\ ~lug 

S K!Sh :md murh nf 1he rrservoir " •rng­
"í nnni oml cm cr<'<l m weeds. 
J( ln commr111 wnh manv othcr dam 
.!! hu1ldcrs, th< cnKmcer~ whn built rhc 

Balbin.1 c.lam 1n thc mid- l 980s m;idc no 
.-ffort 10 rcmov<' rhc trecs beforc ílood· 
'"t< the sue. Wilh no arcess1blc markct 
for 1hc t1mbrr. felhni was not ccononu· 
callv vwblc, so rhc n·servoir was allowcd 
te> inund.11e more than IOO m1lhun 
1onm·' of vcge1a1lon. As it decay' mo~1 
of the carhon il conra10s will evtntually 
hl' relca,ed inro the air. 

Reservoir bogs 
P~. an L"<:<>log1s1 ac Brn7.il'• 
!\ational Rc.carch lnsrnutc for Am.110· 
ma, ha' ~1ud1t.'d the g11s<" cmined from 
rhc rt•<enoír Dc{aying piam< breakmg 
thl' <urface wmcr pro<luce CO,, as does 
roning ' egctation m the oxygenated wa 
1er; wi1hm a mNrc or so of 1he <urfoc<'. 
But vegctauon m thc :inaerob1c water~ 
produces melhane. ln •hallow arca' nf 
lhe Balhina rcservmr, suv• Fcarnsidl', 
"methan<' bubhlmg can hC secn evcry· 
whcre". And more is lurking in the 
dep1h' lt is somc1imes r ... 1,.,1,l!<J sud· 
c.lenly, :is happcncd in 1993 at Balbma. 

k1lling lhnusand' nf f1'h. 01herw1sc, it 
may lcdl-.. into ctw .armospherc a~ wau~r 
pa«cs lhrough 1hc turbines. 

Fcamsu.le cnkularcs that in 1hc mne 
~"ª" smcc 1hc Balbina tcsenoir (ormed 
bchmd '" dam, 1hc1e h,1, becn a dra 
mal1<' n•le.1,c of CO ln l98H. lhe tm1 
yc.ir .1f1cr tloodmj!. tlw r~"'" mr cmiucd 
more than 10 millinn wnnc' To<lay. thc 
annual f11: ur.· h." fol11•n tu .1bou1 a ~uar· 
ler of 1ha1 ~h·1h;rne i> produccd much 
more slu"I" ln lhe lir'1 Vl'3r, 'orne• 
150 000 1onnes crnergcd froin lhe re,cr· 
voir. Bu1 th~t figure "'ili be 111:11111.uned 
more or le$s mddrni1clv ln 1hc 1\111,11011. 

savs Fc:1rns1de, it IJkc~ 500 Vl!•r~ for ~ 
1r~t• uunk to dec.1y in .\nuxic.water. 

A"c•srnic lhe dnnrnR<' rcsuhmg from 
lhe rclcJ'c of CO und methanc is cnm 
phcarcd. Cll 1wrm" much lonRer in 1he 
.11mo,phcre ;111 avcraicc mnl•cule will 
>llck .omund lot • ccmul), compareci 10 
rl dl'C'r1clc or \O for ntcth.:1ne. Bu1 wh1h.• li 
•' thl're. nwrham ... h. a much morl' poumt 
srcl·nhou'le gas. So wha1 11me hanh• 

'houlJ bc: u<.í"d for JIW J.1m.1~c ª'se:--' 
ml'nl' Fcarn'1dc adopt> • formula lrom 
llw UN's lmer);ovcrnnlt'mal Panei on 
Chmate Chan!(<, 1ha1. for lhe !ir.a l'Cll­
tury a.htr n~ rdt_•;:"c. a moh•('ult..· uf 
me1h<1nt' will h,1\e 11 11mc< ~' Pº'"'rl'ul 
a grcl!nhnme l'ffl'rl ;"a mokrnh· 11f CO, 
A. lon~l·r timc ftJrne prodm:l"' .1 lhWl'.r 
fli:ure. A <hor1c1 p<rmd produces a 
h1)lher ÍIRure On•r thl' tim ::!ll )'<'•I". 101 
rnstanre. merhant• 1\ 60 11mt•\ .:l\ p<1ll"m 

lfow e\·cr 1hc sums .ire dom-. li "d<':rr 
th::u any mcrca~<' an rtw amount nf \ 'l'): 

ctot1on roninjt to mt1th,me t.11h4:r thim 
CO, w11l ha\c a ma1<11 mílucnn· ou 1h" 
i:rccnhou..., t!ffcct of a rt'St'l\'Clll. H<x><kd 
forest!) an· oh~n m.:lJOr 't-Oun.·êl\ nf 
methane nnd nont· more so 1han tho~" ol 
1he Ama1.un ºª''"· !lerc, '·'>'' 1 c.11m1d<-. 
.. thc Cn\'lfOOffil'lll. dC\'fll<l (lf 0\\'~(·n. 
wnh rcl.niv1•ly h1Rh t<'mperJIUrt'' 11n<l 
h1gh levrh 111 n111nen1,, makc• i1 1oh•al 
for mcthanr pmdurn1~ dec.1v prrl<'r'~<'' '. 
F.ven w1thuut 1ut1f1c1.1I ílnodm~ 1he 
Amuem 1> "one <ol 1hi:- wml,l'' major 

\Ollret..'\ uf nwtham·"', ~.1vo; Ft•arn'-1<.h.• 
A.bout 2 JX'r c.'ênl nf lhe Am~"..<m rc~um 
aruund 100 000 squa1e k1lnmrtrc' 
tloods for pan ol e:1l'h .war. And reser 
voirs 3dd '1i:n1l icantly ln tht' rcgmn\ 
naturnl prope1hll) to g,cn~rah.· me1h.int'. 

Dam pollution 
A1 Balhma. Fcarn,1dc h." J~)t1<'gmcd tlw 
grecmhouse l'fr.~1 of mcth.im· Jnd CO, 
to j.!ivc a .. CO c.qun.11t•n1 ... 1h.11 hc ç,m 
compart..~ d1rt-c1ly wuh l'tlll!r-~1011'> from 
fo~\il fut>I J>OWL"r statJUn,, 1 le (',tkul,uc:. 
1hat Ralhm.1 emutcd 1ht• cq111\.1l1.·n1 ot 
more than 12 m1lhnn tnnnt•\ ur cu 111 
its fir\t vcar Th.1t fi)!ut e tell to !<-Omc 
7 milhun 1onnr< m 1990 Jnd to around 
2 milhon ronn~• la't ytar. 11 will <lip 
bclow 1 million tonnc> m Jb<1u1 IO y<':tr\' 
nntc. and drop tu O·S nullion 1oon1.-.... 111 

pcrh:tP' 50 Y"ª"'· 
Huw· do 1hcs<' ligurt'' compar~ wuh 

convcnt1011.1I puwcr \t:1111irt>' Balbmú 
"Vl'íil).!e outpu1 of f'lcrtririt)' in thc 
lirst c1~h1 ycaT' of 11• operJt1on "''" 



112 m<:'gawau~-no1 much for 3 rcser 
VOit rhc s1ze ol an F.nglish county. li 
flo<)d\ lhe Clllll\';Jlent <)f IWll SOCCt.'r 
puche~ to genernh: cnnugh power to run 
a 1-kilowau clet·1rac Ílr\.". 

lf l.h(• U.1lbina ddtn had nut bcen bu1lt, 
the authon11cs in Manaus w<>uld prob3 
bly havc construc1cd a convcn1ional 
power <rn11on bummg d1l'.Scl and focl mi. 
Such d piam would have produccd dn­
nual t·m1 .. '>mn-,- alm1P .. t .111 of ir <.·;uhon 
diox1de - ol some 0·4 mí111011 tonncs, 
says Fca1ns1dc. So for, Balhina ha• had 
somc1hmg hkc 16 1ime' as po1cni 
a grccnhousc efrrct as an cqul\ alcn1 
fossil tucl powcr stallon. And, say; 
Fearn<ide. d1•sp11e gradually reduced 
em1s.sio1v .... 11 wíll ronri.nu~ to be mure 
polluting ··for SO years, •nd probably 
indcfmncl> "'. 

Fearns1dc has looked .11 01her rcscr­
vo1rs m Braz1I. None is os bt1d as Balbína 
but •t111ssoon' are lar lrnm negloi:1blc. 
T.1ke che gianc ·l\Jcuru1 dam un 1he Rivcr 
Tocancms. Complcrcd on 1984. ll is one 
of 1h1• world'< tcn mos1 powerful hydro· 
clcctric dam,. with a 1·apacity of 4000 
megawaus. lt íloodeu a lilllP less forcst 
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Sw1mmin1 tru"k~: Aoodll!'d 
A'f'T'.uonl.an ra.lnforHt re.1dily 

dC!Cay1 to rn .. thill"lt' 

~r.unc; ui CO per \4u.ue mcLH'. 
Hudd r.1icul;11,·d thc hkcly 

1mpact of 1hc~e gases on rh<" <li· 
mosphNt' dunn~ chc cxpN·ted 
:,iJ 1c.11 p111Jud11t líldimL ,,f 
a hvdcodectnc rc<crvoor. l le cs­
uma1cd 1ha1 cwo chirds uf 1lw 
\'egct;1uon .rnd ,oil ílohdl'd hv 
n1:w tC\l'f\'Oll s would dl•f·" 

nh'r 1ha1 pcrutd. hut much ll·~' 
of the wooch· matt·rrnl. 1\nd 1ha1 
up w a ccnih uf rh<' c:irbon 111 
1he vegc1a11on would hc rc 
lca')ed as mNh.-.nc. w1th 1he 
r<'>I frirm111g CO,. Av<"r.1~cd 
owr 1hc 50 yt:m'S. hc savs, en<'h 
,quJr<• metrl· nf it. typical rescr 
\'01r in 11011hern Canada will 
cmil thc c:qu1valcnt of bet\'\recn 
400 and 700 l(rams ol CO per 
ycar 1he highcr figure> rnrn· 
o;pondmg to thO"íir tC"l'f"\Oll' 

whcrc pcat bog domm.ncs 
lc; th1<1 wors~ 1ha11 a fo,~il 

fud plant' A!(ain, it dcpen<h 
on how much l.rnd is íloodcd 
and how much clccmcny " 
generarcd. ln .morher m1d) , 
Rudd looked rn de1a1I at 1hc 
Ced:u l.1k" rc,crvon. P•ll of 
the Grand lt1pid' h~d1udcc1ric 
pruic«I on nonh«m Mannob,1 
lll• c'ti01atcs that. o\•cr us. lttc~ 
11mc. the gr<"l'nhouse cffec1 uf 
thc 12()0 square k1lometre l:ik" 

l'(H\t11hu11n~ to the }:r~cnhou~e l'ffC"cl. 
Urnh sc1cnti,ts .i~rcc.: that thc O\'crall im· 
paCI un global \\ :irn11n~ is too xrcat to 
be 1~norl'tl. t\nd yec. sn far, th•t cs JU'I 
wh.11 i!> h.1prx:rung. More thíln l 50 coun· 
1ne' ha\" \Ígned che Climate Chaniie 
Cnn\L"ntion .md are n11rcntl>· nr~otint 
'"8. na11011JI t.lf~l!tS ancJ umeh1blcs for 
rcducuons in cmissmn~ of )trccnhousc 
gases . To aid 1heir worl<. 1\.C'1rnt1\t.) arl' 
prcpann~ nat1onal líl\C'ntonc' ut nirrent 
cm1ssmn\. Rt•servmr-. l'tmld prove to bt· 
a ~1gnific.in1 p:in of m;:iny nauons' out· 
pm'> uf ~n·~nhoust· j.tasr~. Yct. to <.Jat(', no 
coun11y ha~ included crnissions from 
rescf'\01r~ in t ho~c invcntorics. 

Flood plans 
Ualbma 1~ nnr thc onh rtscrv'>ir íloodm~ 
huge •rea< 10 producc rl'ia11vl'i> '"'ªli 
amounb of el<"c1ndt1 rhc• Akowmlm 
dam an Ghana h.ts · mund+ued more 
1h,111 l l 000 square kiloml't1cs of lush 
r1op1cal vcjtctauon. tloodmg an urca 
l"qui\'alem 10 morL" than on~ socccr p1trh 
lor evNY kolow.nt ol caparny. ln Russca. 
1hc K111brhe\ d.1m cm chc· Volga lloo1b 

9,.;u:i1'1 Tucun11 hyd,.o~tectrfc 
pl.a.nt li half .u pollut1n1 u • 
convendun•I powrr •t.ation 

hnlf a scx·cct puch fnr e~ch kilo· 
Wiltf, and the fsimly,on•k On 

i 1he Don ílood< two pitches for 
l eech kilow.111. 

1 lf ~li r ,Hwln'' rr$rrvo1í' 
i cm11 a~ mm:h ~1t•('nhou..,c g.1(.t"~ 
l p<'r <qnarc k1lomctr<' uf lheir 

"urf.1cc are.1 ª' Rudd c'\tilTl:'lfcS:. 
thl.'n o\c•r thc ncu SO n~ar"' thcv \\'tll. on 
aver~lp:<:', em11 lhe équt\,\len1 •'l .13·8 nul­
lion 1onnes of CO, Thac would ade! 12 
rwr cem to Canada'..; nauonJI c..•m1~s1on~. 

Brazil h.1 .. plan .. tot J mass1v(! n•ser· 
\·oir-hu1lding pro~rumml' m thl• Amazon 
reKion th.u woul<l increasc thc 'urfoce 
arca of the coumry's rc.-sco·oirs 1wenr)'· 
fold. That, 'ªY' l'earn•ide. would rai<r 
cm1ssion-; of grt."enhnuiçc gR\t'~ frnm 
lhalil'\ rcscrvo1rs IO thL' t"QUiV1'k·n1 of 
mure 1han 200 m1lho11 "'º""' of CO .• 1 
vear-ov~r three limes thl• <-·ou111ry's 
(urr('nt annual C'míft:si<>ns from burning 
W»1I fueb. 

Worldw1dc. rhc ~mounr of hind íluudcd 
b\ hvdroclcc:tnc rt~,er\.Olí'> I\ .iround 600 
000 >quarc k1lnmcue,- •n ~xpanw of 
w;itcr l:ir>:er than lht• Nonh Sea. /\t Cana 
d ian r:ues of t"'mi .. sion' that would 
produce morc 1han 400 mclhon 1nnnt'' of 
ÇQ_ cqUJVillCOI. (li 1 per C<'nl of total 
man mad~ c..•m1s-;1nn~ uf co~. l\nd wnh 
manv mort!' re"'cn.·01r .. plannt"ll. Ft•ams1t..ll· 
w,un~ th<ll thl'\ ,lft' ",1 \l~OIÍIC~UU '>OUHI' 

c1t c•mio;,.\um' of gtL·cnhouic:c ~aw' th.11 c.1n 
no longN lx• 1gnon·c.f"'. ~ 

'No country has included en1issions fro1n reservoirs in inventaries of greenhouse gases' 
than Balbina, bu1 g1·nera1e, more than 
30 cimes as much po\>er. Even 'º· after 
six year. of operauon. 11 wa> ~till cmit· 
11ng lhe cquival<"nt uf aln1m1 3 million 
tonnc' of CO. per annum. Th1s is almos1 
half ·~ much as a fossol-furl powcr 'lil­
tion of a similar t:apacuy. sa}~ Fcarnsidr 
Hc cmmat.s that in 1990, Braz11's four 
r:nnforest rescrvoir< wcre producing the 
equivalem of some 11 nullion tonnes of 
CO, annually. 

Trends in the North 
Ir is hanJ tn imagmr two t!nvironments 
m<)re differen1 1han the t\mazon ratn· 
forest anJ the C:anadian Arctic. Yet herc 
100 rescarchcr< have found high cmis­
sions of grecnhouse ga<c< from rcser­
voirs. Canada has hvdroelcctnc reser­
vmr. covcrin~ aboÚ1 20 000 squarc 
kilomcrres. an arca ncarly thc size of 
Wale<. They produce around 60 per cem 
of the coun11y'< clecmdty. 

Thrcc years :ogo, John Rurld and h" 

collt:.rtft?ues..1l rtw Can.1d1~n ~U\C:ITinll'tll e-. 

FrC'.shv .. awr l<C'sl"allh ln..,t11uh· an \\fm 
ntpeg Hl\l'~ll~mcli -;l·H:r.il hvJ1odl·t:111r 
sues !O producc chc ÍU\l Jc1a1led ,· ,ileu 
h111ons of ~as product1un uom rt:~t.'T\'rnr.. 
Rudd condudeJ that upland lorest< and 
p('at bogs,- thr twn mmn h.lhH.H~ 

ílooded for re~en·orr• 1n CJnJda-"are 
s1ll"~ of intcn~c minoh1.ll ,f\.•("ompo"111on 
and greenhou-,c RJ' produruon whcn 
1 ht~y beco me coH•re<l m "' .. Hl'r''. 

AI thc Nol1g1 resl'rvoit rn nor1hern 
Ma1111oba. Rudd found that rwo 1•.:o.ir' 
. •ftcr the lloodmg ot a tore<r 1here ·w,-rc 
ma~c;ivc amounb or mcrhnne dt~solv<"d 
in the surfacc lawr< nf 1h1• la~c. lle ev 
tima1~d rha1 .inóu.11 proJu,·uon .11 tht11 
timL" was more than 7 i;:rnm~ o( mt•th~nr 
for evcry squarc nu~trc nf 1he rc-.enmr"s 
surfocc. ln a <econd smdv Ru,td'> te•lm 
looked ar mNhanc ant..I Co .. cm1s~mn' 
from íl()()ded peal bog;. Thcy lound Mill 
hil(her ~·" produc11on-up 10 30 i:r.1m< 
of mc1hnm• and be1w~cn -l~íl .1nd 111011 

w11J he alrnost 1dcn11cal 10 tha1 o( an 
equcvnl~m coai forcd puv.<"r >tatiun. 

Cntics 'ª' 1h.1r C:cd.tr Lake. likc Bill· 
bu1t1 in llra.~11. 1s .rn cxrrc.mc ca.,.e. Luc 
Gag1111n of ll~drn Quchec. rhe mrnpanv 
1h;11 111111 1hc hui(" .Jnme' B.w h\•dro· 
ckclric compkx 111 ()uehcc. pom1s out 
that Ccd:u 1.1ke ílond' '" tmll!> as much 
lant..I for L"\t:I)' mcgaw.u1 nl gen{'rarm~ 
cap.anl) a~ thr J.1me' Ha~ rc~t~r\'Olí"" 

Anti he sav~ H11dd cXd)t~l'tcilc:d thc t.•ffcc1 
o( melha.Íe eml!'i'»Jnn .. h" ;t~"ignmg, 11 a 
~1ecnhous1' effccc 60 1inws rhat of CO . 
compared to Fcarns1dc'< ÍJCl<Jr ol 11. 

Thcrc 1~ no onc nght way oi domi: chrs 
calculauon. Rudd 1S>1mply rc:ílcrnng rhc 
1mp41ct of me1hane nver i.l shorter 
time.calc. 8u1 Gagnon pomts ou1 1ha1 if 
Rudd hdd u'cd Fearn<idc's fnrmul,1 ir 
''ºuld n~arh halve rht• cakulntC"d gn.·en 
hou>e effc1·1 nf Ccdac Wkc·, cmi>sions. 

Despitl" 1he d1fforent mt·chodolog1l·s 
uf f·carn\l<ll' ;tnd Rudd. 1her~ " no 
denyrns tha1 hrdroclccrnc rc•ervoors ar~ StUI wacers: Canada'~ La Graf\de ,.1..,er near th• J•me:t Bar ~\et"Woln 

li 


