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The Big Dams Debate: 
The Environmental 
Sustainability Challenge 
for Dam Engineers 

Integrating environmental 
and social impacts into 
the planning process is 
indispensable for large-scale 
projects. 

ROBERT GOODLAND 

W:rld energy consumption is liker to 
double between 1990 and 2020. By 
he turn of the century, almost all 

growth in energy demand will be from devel
oping countries. World food consumption 
must triple over the same period. Today's one 
billion malnourished people need more low
cost food. 

There is an immense energy - and food -
gap to be closed between the few who are well
off and the many who are not. More than two
thirds of the world's people use little more than 
20 gig&joules per person, per year (or 15 kilo
watt hours per day), averaging about one-tenth 
the energy use in countries belonging to the Or-

ganization for Economic Cooperation and De
velopment (OECD). Inhabitants of OECD 
member countries consume over 100 kilo
grams of meat and 600 kilograms of grain per 
person, per annum. People in less developed 
countries (LDCs) consume barely 1 kilogram of 
meat and 200 kilograms of grain. 

If both irrigation darns and power dams pass 
through stringent economic, social and environ
mental criteria, they should proceed. Most de
veloping countries need prompt and major 
growth in energy and food supplies unless their 
peoples are to be shackled to a subsistence level 
of existence. Irrespective of affluence, just for 
subsistence everyone will need 1,000 to 2,000 
calories of food (and energy to cook that food 
every day), as well as minimal clothing and 
shelter. Just this irreducible biophysical mini
mum to keep pace with rapid population 
growth will demand much energy and food. 

The first and essential step in a big dam proj
ect-well before deciding on the type of darn -
is to integrate environmental and social con
cerns fully into national planning by evaluating 
all the food and power expansion alternatives to 
determine the least-cost alternative. 
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Determining Costs 
Pricing. The manner in which a project's costs 
are estimated need to be determined. Such 
"pricing" of the costs takes into account the en
vironmental and social costs, as well as the 
amount of money the project itself will require. 
There are two ways of attaining a realistic 
"price": internalizing costs means including en
vironmental and social costs in the overall costs 
of the project budget; and, externalizing costs 
means excluding those environmental and so
cial costs from the project budget so that all the 
costs are borne by the entire society, especially 
the poor and project-affected people, rather 
than by the people or the project imposing 
those costs (in this case, it ensures that "com
modity" prices - for example, electricity- re
flect these costs). Sound pricing is a necessary 
but, in many cases, an insufficient condition for 
securing environmental gains. It promotes wa
ter and energy conservation but postpones the 
need for new dams. One overriding considera
tion in determining pricing is that failure to in
ternalize environmental costs is socially regres
sive. Externalizing environmental and social 
costs subsidizes the rich more than the poor. 
The social costs of low prices fall on the poor. 
Correcting prices is often a good and necessary 
part of obtaining many environmental and so
cial gains. Price increases from environmental 
cost internalization need not hurt the affected 
poor if "lifeline" tariffs are implemented. Some 
poor need protection by charging a low "life
line" rate for the first part of water or electricity 
consumption. 

Energy Conservation & Efficiency. Powerful 
though pricing is, it often must be comple
mented with non-pricing measures. Most con
servation measures, including demand-side 
management (DSM), should be substantially in 
place before new dams are considered. The eco
nomic cost (including environmental externali
ties) of saving water or energy through conser
vation becomes equivalent to the cost of a new 
water scheme. 

DSM by Population Stability. The world is ex
pected to have a population of 8.1 billion by 
2020, up from 5.2 billion in 1993. Population 
stability- when the number of births matches 
the number of deaths - is a necessary condi-
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tion for economic, social and environmental 
sustainability. The importance of population in 
DSM calculations is that DSM is easier for a sta
ble population, but exceedingly difficult for a 
growing population. Population stabilization 
( or zero growth) is a necessary precondition for 
environmental sustainability in general since it 
is an enormous task to double the. food and 
electricity supply every generation. Environ
mental sustainability cannot be achieved in a 
vacuum that excludes one of its most impor
tant components, namely population stability. 
All sectors of the economy should map out 
what it would take for them to become sustain
able. Most sectors have a stake in population 
stability. For example, population cannot be to
tally the responsibility of the Ministry of Health 
or its equivalent, thus relieving other sectors for 
any role whatsoever. While dams should cer...: 
tainly not be burdened with righting all societal 
ills, it is clearly in the dam builders' interest to 
see that population consuming the benefits (wa
ter and power) of the dam stabilize. Therefore, it 
is strongly in the interest of dam proponents to 
support national population stabilization goals 
to the extent they are able, and it is in the interest 
of the dam builder to help foster family plan
ning as well as conservation. 

Environmental Assessment 
An environmental assessment (EA) historically 
has focused on an individual project. Indeed, in 
the past, an EA used to be performed after the 
project had been designed. In the last few dec
ades, EAs have been moved "upstream" to 
start more or less at the same time as project de
sign. By the time the project has been designed, 
environmental and social concerns would be 
fully internalized into the project. While this 
process is a huge improvement over adding-on 
an EA to an already designed project, it is now 
clear that a project-level EA is inherently weak 
because it has to focus solely on the project. For 
example, if the EA of a highway proposal is re
quested, that precludes the more important 
choice between highway and rail. Similarly, the 
EA of a proposed atomic energy reactor may be 
able to improve site selection, the design of the 
containment vessel, and the safety of radioac
tive transport and disposal. However, it cannot 
do much if the preferred choice would not have 



TABLE 1. 
Evolution of Transparency & Participation 

Design Team Approximate Era 

Engineers Pre-World War II 

Engineers & Economists Post-World War II 

Engineers, Economists & add-on Environmental Impact Statement (EIS) to Late 1970s 
the end of the completed design 

Engineers, Economists, Environmentalists & Sociologists Late 1980s 

Engineers, Economists, Environmentalists, Sociologists & Affected People Early 1990s 

Engineers, Economists, Environmentalists, Sociologists, Affected People & Mid-1990s 
Non-Governmental Organizations (NGOs) 

Engineers, Economists, Environmentalists, Sociologists, Affected People, Early 2000s (?) 
Non-Governmental Organizations & Public "Acceptance" 

Note: These dates hold more for industrial nations than for developing ones, although meaningful consultations with affected People or their advocates 
and local NGOs as well as the involvement of environmentalists in project design are now mandatory for all World Bank-assisted projects. The World 
Bank's mandatory environmental assessment procedures are outlined in the three-volume Environmental Assessment Sourcebook {Ref. 3). 

been atomic energy, but natural gas imports, 
for example. The EA of a proposed dam may be 
able to site the dam on a river other than what 
was originally proposed, may lower dam 
height or move it some distance upstream, thus 
valuably reducing environmental and social 
costs, but it would not make the case that some 
alternatives (such as using solar energy, or 
modifying food inputs) could possibly be less 
costly overall.2 · 

Trade-Offs. Agonizing trade-offs are being 
· faced in many countries, such as between mas

sive increases in coal burning on the one hand, 
and the construction of the world's biggest 
dams (such as Three Gorges on China's 
Yangtze River, and the Narmada River Dams in 
India) on the other. Planning should explicitly 
address these trade-offs. Global issues such as 
carbon dioxide accumulation and biodiversity 
conservation should not be compromised by 
country-specific criteria. An increasing 
number of nations want to help resolve these 
issues and are, therefore, joining the United 
Nations' Conventions on Biodiversity and on 
Climate Change. China's Three Gorges multi
purpose project is projected to generate 84,000 
gigawatt hours of electricity, which is the 
equivalent of annually burning 40 million tons 
of local coal (based on 1 ton equal to 2,100 kilo
watt hours). The health and environmental ef
fects of burning that amount of coal can be esti
mated. Such comparisons need to be made 

routinely and systematically by proponents 
and opponents alike. 

Rehabilitation. The rehabilitation and expan
sion of existing dams should be substantially 
completed before new dams are started. Since 
such renovation is almost always achieved at 
much less environmental and economic cost 
than the construction of new dams, it should 
routinely be part of the least-cost analysis. 

Transparency & Participation. Now that civil 
society or non-governmental organizations 
(NGOs) are burgeoning and national govern
ments are finding it increasingly difficult to im
pose major investments covertly on their tax
payers, new big proposals will increasingly 
need to be presented as accurately and detailed 
as possible to the general public (transparency) 
and will require the full participation of as 
much of the public as possible from the pro
ject's earliest stages. The earliest stages specifi
cally means at the planning stage (environ
mental assessment), well before an individual 
new dam project is identified. 

Such participation can no longer be re
stricted to the people directly affected by the 
project. Major dam projects are improving in 
this regard. Table 1 shows the broadening of the 
design team over recent decades. In an increas
ing number of countries, a major dam is likely 
to go ahead without massive opposition only if 
the public has been fully involved and broadly 
agrees that the proposed project is the best al-
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ternative (which also translates into the least 
objectionable, and least environmentally and 
socially costly) to meet goals that have been 
agreed on in advance. Since the entire nation 
bears the financial debts incurred, the public as 
a whole needs to be consulted before such 
debts are incurred. 

Ranking Alternatives. When pre-conditions -
environmental assessment, trade-offs, rehabilita
tion, transparency and participation - for the 
project have substantially been met, the least-cost 
alternatives should be ranked according to eco
nomic, social and environmental criteria. These 
alternatives being considered should all be sus
tainable. Unsustainable alternatives should not 
even make it to the alternatives list. The above 
pre-conditions are generic rather than specific to 
any particular country. They should all be sub
stantially met before deciding to invest in a new 
dam. It is economically, socially and environ
mentally imprudent to do less. 

Involuntary Resettlement 
Involuntary resettlement (IR) and its impacts on 
people are the most contentious of all socio
environmental issues of dams. Open-cast coal 
mines, ash disposal sites and mine drainage 
ponds also displace thousands of people, and 
displacemore as the project operates through the 
years. Reservoirs displace millions of people, but 
only before operation, so the number of affected 
people does not increase substantially with time. 
After the dam has been completed there may be a 
reduction of downstream agricultural activity 
that can also displace some people. 

Until very recently, many of the social costs 
of dams were externalized - a socially regres
sive method that penalizes the poor more than 
the rich. The worldwide record of involuntary 
resettlement after World War II (mostly bad) is 
well documented by a World Bank report.4 Re
cent years have seen a worldwide struggle to 
internalize the environmental and social costs 
of power development. Since resettlement is 
such an inescapable companion of infrastruc
ture development, and since the world has 
changed from being essentially empty of peo
ple in the 1940s to one that is now full, or over
full and still filling, it must - and can - be im
proved. The numbers of people involved is 
staggering and is on the increase (see Table 2}, 
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IR must be perceived as an opportunity to 
help the poor and not as a constraint to provid
ing more power. While adequate IR has histori
cally proved elusive, it is not impossible. It is 
not an exaggeration to claim that unless IR 
markedly and promptly improves, the future 
of dam projects needing IR will be jeopardized. 
As a result, it is essential to make IR a top prior
ity of new-style dam projects. Nothing less will 
permit the best dams to forge ahead. 

The Goal of Resettlement. The goal of IR, when 
it has to occur, is development. The people being 
displaced must be no worse off during the move 
and better off immediately after, and the move 
should be prompt. This goal is official policy in, 
for instance, China. Poverty must be reduced, 
not perpetuated or exacerbated. The eventual 
restoration of previous income levels and stan
dards of living can no longer be the goal of 
power proponents. Income restoration several 
years after displacement means a lower average 
income over the lifetime of the displaced people. 
Such a result means that poverty has been exac
erbated. Since the overarching goal of develop
ment (a goal of the dam) is to alleviate poverty, 
declining income implies stagnation (and, 
therefore, cannot be called development). Prac
tically all those displaced are poor, and the main 
aim of development - poverty alleviation -
will not be achieved by such a policy. 

Displaced persons cannot be penalized for 
the greater good of the nation. This view was 
once considered to be idealistic, just as practi
cally any provisions for IR were considered 
idealistic 50 years ago. For example, back then a 
government loudspeaker truck would inform 
the people who were going to be displaced that 
they had two weeks to get out. Some of these 
people may have received a few bales of roof
ing thatch, but not much more. The question is: 
should development "trade-off" human wel
fare? It is possible to achieve higher income lev
els (such as by income supplements) until in
comes start to rise above pre-move levels? 
Possibly such supplements are not the best way 
to go, but they show that poverty can indeed be 
reduced, given sufficient political will. While it 
is rare to achieve 100 percent of any policy goal, 
if the goal is set as low as possible (such as even
tual restoration of pre-move income), poverty 
is more likely to increase than decrease. 



TABLE 2. 
People Displaced by Reservoirs 

Year 
Reservoir/Project Type* Country People Displaced Completed 

Three Gorges M China 1,130,000 2008 

Danjiangkou M China 383,000 1974 

Sanmenxia M China 319,000 1960 

Xinanjiang M China 306,000 1961 

Dongpinghu M China 278,000 1958 

Upper Krishna II** M India 220,000 late 1990s 

Xiaolangdi Multi-purpose M China 181,600 2001 

Andhra Pradesh Irrigation II*** M India 150,000 late 1990s 

Gujarat Medium Irrigation 11 9 M India 140,000 mid-1990s 

Sardar Sarovar M India 127,000 1994 

Tehri p India 100,000 late 1990s 

Aswan High M Egypt 100,000 1970 

Sbernarekha Group p India 100,000 late 1990s 

Kossou p Cote d'Ivoire 85,000 1972 

AkosomboNolta p Ghana 84,000 1965 

Longtan p China 73,000 late 1990s 

Shuikou I & II p China 67,000 1993 

Saguling p Indonesia 60,000 1984 

Kariba p Zambia 57,000 1959 

Cirata p Indonesia 56,000 1987 

Sobradinho p Brazil 55,000 1978 

Paulo Afonso IV p Brazil 52,000 1979 

Yacyreta p Paraguay/Argentina 50,000 1997 

ltaparica p Brazil 50,000 1986 

Kainji p Nigeria 44,000 1968 

Yantan p China 40,000 1993 

Ertan p China 30,000 1998 

Notes: (from Ref. 5) 
* M = Mainly multi-purpose, irrigation or flood control. P = Mainly power 
'* Two dams comprise Upper Krisha II: Narayanpur (65,000 displaced) and Almatti (110,000 displaced); another 45,000 people are expected to be dis
placed by canals & roads. 
"* Andhra Pradesh II: many of those displaced were actually displaced by previous projects, such as Andhra Pradesh I. 
§ Gujarat Medium II includes 24 small storage dams that are expected to displace 140,000 people - of this total, approximately 43,000 are expected to 
be displaced by irrigated land, canals & roads. 

The first goal of dam project proponents 
must .be to stringently abbreviate the duration 
of the move itself. To make people wait for a 
couple of years in temporary holding camps 
before being given access to their new sites is a 
recipe for disaster and dependency, The goal is 
to make the move as painless as possible. In 
some instances, interim access to both old and 
new sites can be useful. People can go on using 
their old land while their new land starts to 

bear. The second goal must be to maintain in
come during the move, and the third must be to 
raise incomes promptly after the move. 

IR can be avoided in two ways. First, wher
ever possible, select project sites where IR is not 
needed, or can be kept to a minimum. Second, 
convert IR into voluntary resettlement by offer
ing attractive incentives to move. 

Using a site selection process that follows 
the improved least-cost assessment, conserva-
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tion and DSM methods advocated above can 
help to eliminate IR. In terms of social trauma, 
IR is both difficult and expensive and, there
fore, should be avoided altogether. 

Make Resettlement So Attractive That It Be
comes Voluntary. There is a price at which every
one becomes willing to move. Offering any
thing less than that is ultimately involuntary or 
coercive resettlement. There is a strong but al
ways overlooked economic argument for mak
ing resettlement voluntary. The first precedent 
is when a corporate executive, spouse and chil
dren are resettled overseas by a multinational, 
the deal is sweetened so much that involuntary 
resettlement becomes voluntary. Inducements 
include free furnished housing, servants, utili
ties, generous moving and entertainment al
lowances, foreign supplements, tax-free status, 
pay raises, free car and driver, frequent home 
visits and so on. The second precedent is when 
those who are to be displaced are very poor, 
landless laborers, debt bonded or debt peons, 
they may welcome resettlement because any
thing is better for them than their present lot. 

Displaced persons should be the foremost 
beneficia-;ies of any project that forces their IR. 
Projects should be designed with resettlers' 
needs in mind, especially jobs. Dam propo
nents have to acknowledge that without the 
sacrifice and cooperation of the displaced per
sons, there will be no project. The economic ar
gument is that payment to settlers is part of the 
opportunity cost of the project even when mi
gration is voluntary (at a sufficient payment). 
When migration is involuntary, even with com
pensation, it means that the payment is likely to 
underestimate the true opportunity cost (i.e., 
what it would take to persuade individuals to 
agree to move). All economic theory is based 
on voluntary exchange, so when exchange is 
not voluntary, most economic theory becomes 
irrelevant. While it is possible to estimate the 
costs of "forced choice," the previous generali
zation still holds. 

Ideally, while no one should be worse off in 
resettlement, in practice there are winners and 
losers. The winners should compensate the los
ers, but what that compensation should be rap
idly becomes subjective, which is why a mod
est allocation (say two percent of power sales) 
to social and environmental concerns, espe-
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dally retraining of the displaced persons, 
would be useful. One method of compensation 
is to offer twice the average national income for 
life, if their incomes never reached anywhere 
near the national average. 

The tool of. eminent domain - the taking of 
property by the governing body "for the 
greater good of the nation" - was designed to 
be applied to very small numbers of people 
and may not be suitable to big dam projects 
with huge numbers of people to be relocated. 
. The following sequence in project planning 

is suggested to greatly reduce problems caused 
by relocation: 

1. Minimize resettlement by project selec
tion, siting and design. 

2. Mandate property sales only to the 
project sponsors very early on so that nor
mal attrition over the decade of planning 
and design reduces the numbers still further. 

3. Create incentives to leave voluntarily. 

Financial Generosity. The costs involved with 
IR should be viewed as "rights" for the people 
whose relocation makes the power project pos
sible. IR costs should not be viewed as privi
leges to be bestowed ex gratia out of the good
ness of a government's heart. Frequently, IR 
costs have been underestimated, and resettle
ment arrangements have erred on the parsimo
nious side. Population counts, demographic 
rates, land valuation and the costs of necessary 
improvements (such as sites and services) are 
usually underestimated. IR infrastructure has 
often been provided minimally, grudgingly or 
paternalistically. Historically, the concept bf 
compensation has been adversarial. The propo
nents usually offer less, while the displaced 
plead for more. Time and time again, propo
nents' demands have prevailed and the relo
cated have had to accept what they were offered 
(which shows that IR still has not been fully rec
ognized as a right rather than a privilege). 

IR efforts are a full and essential component 
of power projects, as are cement, coal and tur
bines. Admittedly, IR was recognized as some
thing dam builders had to attend to only as re
cently as the 1930s and 1940s in developed 
countries. Even the U.S. Tennessee Valley 
Authority of the 1930s was not successful in all 



its IR efforts. This component has yet to be fully 
internalized and conscientiously implemented 
in big dam projects. IR budgets are often the 
first to be cut. However, it is most encouraging 
that several recent projects have earmarked a 
modest fraction of power sales from the outset 
for social and environmental expenditures for 
the life of the project. Acceleration of this trend 
would be highly effective in reducing the social 
and environmental problems caused by dams. 

The Impact of the Greenhouse Effect 
Two facts make it imperative to take the risk of 
climate change more seriously than develop
ment agencies do at present. First, as of 1995, 
over 186 governments have signed and 92 have 
ratified the United Nations Framework Con
vention on Climate Change (FCCC), which be
came international environmental law on 
March 21, 1994. Signatories to this convention 
seek to "achieve stabilization of Global Green
house Gas (GHG) concentrations in the atmos
phere at a level that would prevent dangerous 
anthropogenic interference with the climate 
system" and the targeted level should be 
"achieved within a frame sufficient to allow 
ecosystems to adapt naturally to climate 
change, to ensure that food production is not 
threatened and to enable economic develop
ment to proceed in a sustainable manner." 
Some signatories seek to return their GHG 
emissions to 1990 levels by the year 2000. 

The second fact is that climate has already 
started to change faster than historic fluctua
tions, although scientific debate continues on 
the precise details of this change.·Historically, 
the world's most extensive ecosystem - the 
circumpolar Boreal Forest, Muskeg and tundra 
in Siberia and Canada - has been a useful net 
carbon sink, absorbing atmospheric carbon di
oxide. But early in the 1990s, these vast tracts 

· became net carbon sources, thus worsening 
CO2 accumulation. The sudden switch from a 
carbon-sink to a carbon-source occurred be
cause respiration and rotting exceeded photo
synthesis, which is consistent with a warming 
trend. Also, the ocean is arguably the world's 
largest carbon sink. Warm equatorial surface 
layers absorb CO2, which is stored when these 
warm layers cool when they meet ice sheets. 
The CO2-rich layers cool and drop by convec-

· tion to the ocean depths for 1,000 years or more. 
Surface waters drop to the bottom in only four 
places in the world. These four convective 

, pumps shift twenty times more water than the 
flow of all the world's rivers combined. One of 
these four places, off the east coast of Green
land, south of Svalbard, ceased working in the 
last few years for reasons unclear, but possibly 
because of global warming. 

While it is still just statistically possible that 
these huge changes lie within "normal" cli
matic variation, the probabilities are falling. 
Developing countries do not have the money to 
protect themselves from climate change to the 
degree that OECD countries can. In the case of 
developing countries, prevention - not cure 
- is the only possibility. 

About half of GHG is CO2. Most CO2 (about 
80 percent) is created by energy-producing ac
tivities, and emissions now reach 22 billion 
tons of CO2 annually. Electric power genera
tion worldwide contributes 25 percent of GHG, 
mainly from coal. Because so much coal is 
available worldwide (there is possibly 236 
years' worth at current consumption levels), 
there is scant prospect for an impending fuel 
scarcity that would send the kind of price sig
nal needed to phase out coal. And because de
veloping countries persistently experience 
capital shortages, they are less likely m opt for 
higher-cost technologies (for example, solar). 
Thirteen percent of GHG is from methane, a 
substantial part of which (for example, coal 
mine gas) is from fossil fuel exploitation. 

Hydropower dams may produce many 
GHGs. The worst hydropower projects may 
produce more than a coal-fired equivalent.6,7 

Hydropower proponents claim that GHGs 
emitted from the manufacture of the dam's ce
ment and steel, plus the construction energy, 
are less than 10 percent of the CO2 avoidance 
achieved in the first year of generation, com
pared with a fossil-fueled equivalent. 8-10 

Greater quantities of GHG production arise 
from the decay of flooded biomass (soil organic 
matter, peat and trees). For big dam projects, 
the biomass varies greatly and the amount that 
will eventually rot also differs markedly. Bio
mass in mountainous, cold, deep, dark, anoxic 
water may not decay, not even anaerobically. If 
marketable timber is removed before im-
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TABLE 3. 
Contrasting Views on Hydroprojects 

Pro 

It is possible to mitigate hydropower projects' impacts 
significantly, if given sufficient political will 
Developing countries need large power projects; many 
small power projects can be environmentally and eco-
nomicallv worse than the best hvdropower project 
The impacts of hydropower projects' alternatives (for ex-
ample, coal or nuclear) cannot be mitigated 
Hydropower generates much less GHG compared with 
coal alternatives 

Gas is best reserved for transport fuels or for chemical 
feedstock; too costly for base load 
Many countries still have good hydropower sites left; 
the best sites shou Id be developed to export electricity 
to neighbors, to postpone coal or nuclear alternatives, 
to benefit the country by attracting energy-intensive in-
dustries, and to produce hvdrogen to sell to OECD 
The worst hydropower sites should not be built (tropi-
cal, many displaced, endangered species, large reser-
voir areas, shallow, etc.) 
Government regulation is needed 
Privatization needs government regulation 
Enforcement possible 
Public and private power projects should account for all 
proiect costs (social and environmental) 
Electricity sales help the country regardless of how the 
power is used (such as for export or for the already elec-
trifled elite) 

Must not let water "waste to sea" unharnessed 
Need large-scale hydropower for cities, industries and 
surpluses 

Subsidies to the rich can be cut; pricing can help the 
poor 
Foreign contractors create iobs and transfer technology 
LDCs lack capacity to build large; low maintenance 
cost & simplification of operations suitable for LDCs 
Big/small not substitutable 

poundment, the carbon will be sequestered un
til the product (furniture, buildings) rots or is 
burnt. Wood fuel extracted from the reservoir, 
even when burnt, might displace kerosene (in 
some instances, dung), so there may be a net 
carbon-balance benefit. Trees left standing in 
the filled reservoir can be harvested years later 
or when they break off and float downstream. 
It is likely that GHGs produced from deep 
partly-forested hydropower reservoirs will be 
compensated within a few years of generation. 
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Con 

Historically, hydropower projects' impacts have 
scarcely ever been mitigated in practice 
Developing countries are better served by less large-
scale power investments than a big hydropower project 

Large-scale power projects reduce DSM, so small coal 
and gas turbines make DSM more likely 
GHG reduction by hydropower is unlikely to be the 
least-cost alternative; transport improvements are more 
likelv to be least-cost 
Use natural gas for the next decade or so until other re-
newables will be competitive 
Practically all good hydropower sites have already been 
developed, especially in the U.S. and in Europe 

The best hydropower sites are non-tropical (i.e., moun-
tainous), have no biomass or resettlement issues, no fish 
or endemics, high head, deep reservoirs, etc. 
Government regulation unlikely and/or weak 
Private sector less regulable by government 
Enforcement historically lax at best 
Private sector most likely to assume least amount of 
costs 
More electricity for the elite is not needed; electricity 
for basic needs, health, education and for the poor is 
not best met from a big hydropower plant feeding the 
national grid 
Water to sea not wasted but used bv ecosystems 
Poor & rural people benefit less, if at all, from large-
scale hydropower projects; priorities should be poor 
before industries 
Projects subsidize the rich & decrease economic equity 

Too dependent on foreign exchange & contractors 
Indigenous approaches are better; big hydropower proj-
eels have huge capital costs 
Small substitutes for big with more eauitable goals 

GHGs produced from shallow and totally for
ested reservoirs may exceed the gas-fired 
equivalent, so, from that point of view, these 
types of projects should be suspect. 

The "Big Dams" Debate 
Big dam building worldwide slowed only mar
ginally, from 500 dams in 1980 down to 341 in 
1992. Not taking into account all aspects of big 
dam projects (for example, involuntary resettle
ment) has led, in part, to the decline in dam con-



struction. On the other hand, because there is 
less pressure to accept coal's even more severe 
costs (for example, CO2 production), coal use is 
increasing. However, dams should be used: 

• When all planning prerequisites - DSM, 
pricing, least-cost analysis, etc. - have 
been performed; 

• When national agreement has been 
reached that additional food or genera
tion capacity is needed; and, 

• When a dam is viewed as having the least 
social, economic and environmental cost. 

Can Dams' Generally Poor Record Be Reversed? 
Historically, some reservoir projects have been 
poorly designed and their environmental costs 
have been unnecessarily severe. India's Nar
mada Irrigation Dam debacle- where, among 
other failings, environmental assessments 
were not performed -is the most recent exam
ple.11 The large environmental costs have been 
borne disproportionately by the displaced per
sons and by the localities where they were 
moved, whereas the benefits are enjoyed 
mainly by distant consuming cities and indus
tries. The rural poor are less likely to be con
nected to one big dam than to a national system 
of smaller projects (such as in China.) The 
World Bank's review of involuntary resettle
ment documents show about two million peo
ple have been made worse off after reservoir 
projects (mainly those involving irrigation).4 

Part of hydropower 's poor image derives from 
this bad record of irrigation reservoirs. Having 
been harmed by onerous social and environ
mental costs, society as a whole refuses to as
sume that the next dam will be substantially 
better than the previous one. Bad experiences 
with irrigation or multipurpose reservoirs are 
conflated with hydropower reservoirs by op
ponents. The point that hydropower reservoirs 
have a better record than irrigation reservoirs is 
never emphasized. For example, statistics 
show that in 1993, 27 hydropower dams dis
placed less than half the number of people 
(26,000) than those displaced by 42 irrigation 
dams (89,000). 

There is a major gap in perceptions on hy
dropower projects (see Table 3). Opponents 
claim that the newer reservoir dams (the main 

example is Narmada but BioBio, Pak Mun and 
Yacyreta are also cited) are as bad as some older 
ones. Dam proponents are aware that the poor 
track record of some previous projects is ex
trapolated by opponents to all projects. Propo
nents expect that the next large dam will avoid 
previous mistakes and will be significantly dif
ferent from the last one; opponents do not ex
pect the next project to be much better than the 
previous one. Because there is such a gap in 
perception, a new approach is needed to break 
with the past. 

The result is that dam projects have now be
come contentious and subject to expensive de
lays, opposition and even cancellation (see Ta
ble 4). Therefore, proponents of the next dam 
will need to ensure that the environmental and 
social costs have been fully accounted for in the 
project and that the whole society agrees that 
the environmental precautions will be ade
quate for the life of the project. Such a poor im
age is unfortunate and counterproductive be
cause many dams have brought benefits vastly 
exceeding their costs. These cases need to be 
documented. Critics have not heard about the 
many benign projects. Proponents claim there 
are still a large number of excellent sites wait
ing to be developed worldwide, and the task is . 
to develop those and not the greater number of 
risky sites. Proponents point out that moun
tainous southwest China, all the Himalayan 
nations, mountainous Turkey and Ethiopia 
and much of the Andes, for example, have rela
tively unpopulated, inaccessible sites with lit
tle vegetation, enormous heads and potentially 
tiny reservoirs. Unfortunately, such sites pro
vide capacity, but not much energy (which is 
proportional to reservoir volume). 

Better Analysis of Alternatives. Now that an 
increasing number of hydroprojects are being 
vehemently opposed (see Table 4), there is a 
tendency to resort to alternatives that are less 
contentious but on occasion environmentally 
much more hazardous than hydropower -
namely, coal, geothermal, oil, natural gas and 
nuclear. Energy sources are environmentally 
ranked in Table 5. In that table, the goal is to 
move up the table to the energy sources with 
the least impact and to phase out the sources 
lowest on the ranking. Proponents claim that 
hydropower can, with more environmental at-
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TABLE 4. 
Examples of Controversial Hydropower Projects 

Nepal's 400-megawatt Arun hydrodam (little resettlement) twice entered Nepal's Supreme Court in 1994 because 
of opposition related to the 122-kilometer access road. A petition was lodged with the World Bank's new 
independent Inspection Panel in mid-1994. The project was cancelled in August 1995. 

Chile's 400-megawatt Pangue hydrodam on the BioBio River, the International Finance Corporation's (ICF) first 
major dam, was approved by the IFC board in 1992, entered litigation (including Chile's Supreme Court) in 1993, 
partly because the environmental assessmenffailed to address downstream impacts. 

Sweden has banned further hydropower projects on half of its rivers, partly because of the availability of Finland's 
nuclear energy. (A new government may rescind this decision.) 

Norway until recently was 100 percent hydropower-based, which w.as then considered good and sustainable. 
Norway has now postponed all new hydropower projects because of excess capacity and opposition. 

Slovakia is defying the European Commission (EC) and the EC-appointed tribunal looking into the Danube's 
Gabcikovo dam, which is alleged to have lowered the water table in Hungary's prime agricultural area (yields 
have dropped 30 percent) by 6 meters in the lower central part of Hungary's Szigetkoz wetland. Most Danube 
fish are reported to have since declined. Work was halted for a period in mid-construction. 

New York State cancelled its 20-year $12.6 billion contract to buy 1,000 megawatts of Quebec's James Bay 
power, reportedly for environmental & social reasons, in March 1992. DSM in New York played a role, too, but is 
now much more exploited than previously, so there will be decreasing scope for more DSM. HydroQuebec 
indefinitely postponed its Great Whale hydropower project in 1994. 

On March 31, 1993, India requested that the World Bank cancel the outstanding $170 million Sardar Sarovar 
(Narmada) loan on environmental & social grounds, partly because the contractual agreement schedule was 
unlikely to be met. 

China's 17,680 megawatt Three Gorges dam, the largest in the world, had U.S. support withdrawn in December 
1993 when the U.S. Secretary of the Interior ordered the Bureau of Reclamation to cease collaboration. 

Thailand's 576-megawatt ($352 million) Nam Choan dam was indefinitely postponed by the Royal Thai cabinet 
in 1982 because the 140-square-kilometer reservoir would flood 4 percent of the 4,800-square-kilometer Thung 
Hai Wildlife Sanctuary. This sanctuary was being, and has even more since, logged actively, as well as being 
poached - both activities that the project could have halted. 

tention than is standard, become sustainable 
(see Table 6). If the alternatives to hydropower 
are not coal or nuclear, they may well be diesel 
gas turbines. Gas turbines are considerably 
more expensive to operate than a hydropower 
plant, but have less environmental (except car
bon dioxide emissions) and social impact, are 
less contentious and are faster to acquire (a few 
months) and operate. 

Constructive criticism to the next alternative 
to hydropower should be sought and wel
comed. The project will be greatly improved by 
such participation. This criticism would help to 
improve the design in advance. But hydro
power opponents will do themselves a grave 
disservice if they kill a hydropower project and 
get a coal or nuclear program. Alternatives to 
the hydropower project must be thoroughly 
analyzed and the findings agreed on by the pub
lic. The economic, social and environmental 
analyses have to be open and thorough. Even 
though following least-cost planning is man-
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dated by World Bank policies, the Environmen
tal Defence Fund alleges that it has not always 
met with total success. World Bank analyses in
clude the "no-project" alternative. The no
project alternative in less developed countries 
often makes the project alternative look better 
and is good for fostering national agreement. 

Advantages of Hydropower. Proponents point 
out that if complete environmental precautions 
are taken in design, hydropower can be sustain
able (see Table 6) and its negative impacts can 
be prevented or mitigated. Hydropower plants 
can keep on generating electricity if the dam 
does not fail (dam safety needs much more at
tention than at present since dams do fail) and 
if the reservoir does not silt up so that it curtails 
live storage. Proponents may argue that if the 
reservoir silts up, the plant could be operated 
as run-of-river and still generate power. 

Good design can eliminate most unbenefi
cial impacts and even improve conditions for 
local people. The World Bank specifically notes 



TABLE 5. 
Environmental Ranking of New Energy Sources 

least Impact 
1 . Efficiency & Conservation Renewable & Sustainable 

2. Solar & Hydrogen 

3. Photovoltaics 

4. Wind 

5. Tidal & Waves 

6. Biomass (wood & alcohol) 

7. Hydropower Renewable & Potentially Sustainable 

8. Geothermal Non-Renewable & Unsustainable 

9. Gas 

10. Oil 

11. Coal 

12. Nuclear 

Most Impact 

that adjustment of the dam site and lowering 
the dam height are fully legitimate measures to 
reduce environmental and social costs. 

The few categories of environmental and so
cial impacts arising from hydropower projects 
can be largely prevented if the best projects are 
selected (see Table 7 on page 23). Even though it 
is possible to make hydropower sustainable, op
ponents point out that achieving the goals of 
mitigating negative impacts acceptably and en
suring that all of the displaced persons are in
deed better off afterwards have been rarely at
tained. In addition, many critics just do not 
believe there is the political will to ensure a high
quality project (see Table 3 on page 18). Hydro
power proponents now have to show that the 
next project will be quite unlike the last one, and 
not only show that the next project will be high 
quality, but reach agreement by all concerned 
that this will indeed be the case. Planners tend to 
think the next project will be markedly better, 
while affected people suspect the next project 
will be not much different from the last recent 
one. The global track record with involuntary 
resettlement shows that even with much money, 
good will and time, adequate standards have 
not, in fact, been met. This type of legacy argues 
for selecting those projects with little or no in
voluntary resettlement. 

The advantages of hydropower and other 
renewables are commonly assumed and pro-

ponents have not made explicit their necessity 
for the public. Opponents may not be per
suaded by a 10 percent internal rate of return, 
for example, even when environmental and so
cial costs are internalized and the life expec
tancy of the reservoir is long. The disadvan
tages of alternatives to hydropower should be 
made more explicit. The likely result of not gen
erating more power should also be made clear: 
for example, load shedding, blackouts, electric
ity rationing, higher prices, reversion to kero
sene and candles. In addition to the power gen
erated, the advantages of hydropower are 
many- such as flood protection (commonly 
undervalued), flow regulation, multiple use 
and fossil fuel avoidance. 

Hydropower is more efficient than most 
methods of converting mechanical energy to 
electrical energy, averaging 85 percent efficiency 
(versus 50 percent for the best gas turbines) and 
it is more reliable (for example, fewer outages) 
than any fossil-fueled plant. Hydropower re
sponds to rapid changes in load and is lower in 
cost than other types of power. Hydropower can 
start generating in minutes compared with the 
hours necessary to start a coal-fired baseload 
plant, a big advantage in restarting a blacked
out power system (where electricity is needed 
to crush coal and power conveyor belts, for ex
ample). A big advantage of hydropower is that 
although it may have high investment costs, 
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TABLE 6. 
What Is Environmental Sustainability in Hydropower Reservoirs? 

Involuntary Resettlement: The number of those moved is zero or very low (for example, Nepal's Arun reservoir). 
Those who are relocated are promptly better off after their move. To be no worse off means stagnation and, 
therefore, cannot be viewed as development. Of course, being "no worse off" would be an improvement over the 
historical record regarding resettlement. The World Bank and China mandate that fractions of power sales be 
allocated to those who are moved. The impact of moving the displaced people on the people who already 
inhabit the land to which the displaced are sent should also be "no worse off." 

Sedimentation: Reservoir capacity should not be reduced for the duration of the amortization of any loans for the 
project (and even longer). Opponents claim that 50 years of obtaining power is too brief a benefit and that it does 
not outweigh environmental costs. Early designs need to calculate the ratio of live to dead storage to aid in dam 
selection. Catchment protection should be an integral component to all relevant hydroprojects. Current sediment 
loadings - as well as an upstream erosion monitoring program - should be used to determine the expected life 
of the reservoir before sediment starts to curtail power generation. Once sediment build-up forces run-of-river 
power plant operation, what are the implications? Potential design features (such as bottom gates) could be used 
for de-silting and their downstream effects should be considered. 

Fish: The extent to which fish from the project area are used in the populace's diet must not decline in quantity or 
quality. Unless fish catches increase substantially and permanently, the new reservoir will have been wasted. 
How many people (and to what extent) currently depend on fish for their livelihoods (self-consumption, barter or 
sale)? Non-marketed fish value usually exceeds marketed fish value. Much weekend or recreational fishing forms 
a part of the budget of poor households, so it must be taken into account. The potential for fish cultivation in the 
new reservoir, or elsewhere, must be realized first with high initial offtake, but then with decreased harvests until 
productivity stabilizes. Dam operating rules for optimizing fisheries need to be implemented and costs included 
within the project. Reduction in all fishing, especially substistence, in downstream areas must be avoided; if not, 
it should be permanently compensated. 

Biodiversity: Species or genetic diversity.should not decline due to the project. Sustainability means that the 
project does not cause the extinction of any species. Moreover, migrations (for example, seasonal, anadromy, 
catadromy or potadromy) should not be impeded. For example, fish breeding or fish passage facilities should be 
proven in advance. Will wildlife habitat be lost? Are equivalent (or better) compensatory tracts of land 
purchasable nearby? Improvements in net biodiversity are not difficult, and should be a goal. 

Land Preempted: If agricultural production is lost, demonstrate that the net power benefits clearly exceed the net 
value of the lost agricultural production. Equivalent areas elsewhere need to be made available for farming. 

Water Quality: Can acceptable water quality be maintained? It does not mean cleaning dirty water filling the 
reservoir (for example, the Zimapan fills from Mexico City effluent). Can water weeds, decaying vegetation, and 
so forth, be controlled so that water downstream will have acceptable quality? Organic mercury releases from 
rotting biomass and phosphorus are important. 

Downstream Hydrology: Harm must be prevented to downstream uses by people (for example, irrigation, soil 
fertility restoration, recession agriculture, cattle watering, washing) and by ecosystems (for example, mangroves, 
deltaic fish,wetlands, floodplains). The benefits of water regulation downstream -for example, flood control, 
urban and industrial water supply, multiple use - can be substantial. Water temperature of releases also needs to 
be controlled. 

Regional Integration: The project is more sustainable if it is well integrated into the activities and future of the 
region. 

Greenhouse Gas Production: Total GHG production (from biomass, cement and steel fabrication, etc.) should not 
exceed a gas-fired alternative. Rotting biomass in the reservoir after filling produces estimable amounts of CO2 
and CH4. 

Note: The solar-powered hydrological cycle is the quintessence of sustainability. Because water flow is a renewable resource, the cycle must be har
nessed so that the project generates benefits (for example, power, fish) for a hundred years or more. Sustainability requires that environmental and social 
costs are low and do not increase, especially for future generations. 

these costs should be reasonably well-known. 
Hydropower's operating costs are very low 
and decreasing. Fossil plant costs, by contrast, 
are subject to fuel market uncertainties. 

Disadvantages of Hydropower. The area 
flooded for large reservoirs is often commensu
rate with its environmental impact. Where this 
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is not the case, as in mountainous sites or desert 
reservoirs where little vegetation and no peo
ple's home are flooded, size has less prejudice 
against it. (Evaporation rates in desert water
short reservoirs may be an exception.) Size is 
often the difference between power and multi
purpose or irrigation reservoirs (see Table 8 on 



TABLE 7. 
The Main Environmental Impacts of Hydroprojects 

Involuntary Resettlement of humans is difficult at best and even more so for vulnerable ethnic minorities. 
Restoration of pre-move levels of livelihood is delayed by the social trauma of deracination. Some agencies may 
not even agree that the minimal aim should be the prompt restoration of pre-move standards. 

Land Losses: Large tracts of agricultural lands, forests or other wildlands may be inundated. Careful siting can 
minimize such losses. The value of lost timber and other resources, as well as foregone use of inundated land, 
should be estimated in the economic analysis. 

Health: Some water-related diseases (for example, schistosomiasis, malaria, onchocerciasis and Japanese B 
encephalitis) may increase unless precautions or mitigatory measures are implemented. Environmental 
modifications and education of residents may need to be incorporated into the project. 

Plant & Animal Life: Biotic surveys normally are essential. Plant and animal extinction can be prevented or 
minimized by careful project siting. Loss of wildlife may be mitigated by including a wildlands management area 
equivalent to the inundated tract elsewhere in the country. Animal rescue, replenishment and relocation can be 
useful. Canal and other crqssing facilities are often essential. 

Water Weeds: Proliferation of floating weeds (for example, water hyacinth and water lettuce) can impair water 
quality and increase disease vectors and water loss (through evapo-transpiration). Clogging impairs navigation, 
recreation, fisheries and irrigation. The potential to use weeds for compost, biogas or fodder should be 
investigated. 

Water Quality: Suitability of water quality for drinking, irrigation, fisheries or other uses - both within reservoirs 
and downstream - should be addressed. Issues include saline intrusions, water retention time (i.e., flow/volume), 
loss of flushing, increased nutrients in reservoir, pollution (for example, agricultural leachates, pathogens, 
industrial effluents, mercury released from the soil), raising or contamination of water table, and salinization. 

Anaerobic Decomposition: Inundated vegetation on the bottom of reservoirs decomposes, consuming much 
oxygen. If thermal stratification occurs, mixing of surface and bottom water is impeded, and the bottom water 
may become anaerobic. Anaerobic decomposition of organic material produces noxious gases toxic to aquatic 
life and harmful to machinery. If discharged by the dam, downstream fish could be killed. Multiple-level outlets 
in the dam can alleviate the discharge of anaerobic water. Inexpensive models are available to predict thermal 
stratification. Conversion of forest to timber before reservoir filling reduces project contribution to greenhouse 
gases. GHG production should not exceed that from a gas-fired equivalent. 

Erosion: Erosion upstream in the catchment area leads to sedimentation or land slips that can impair storage. 
Catchment area management should be encouraged where appropriate. Increased erosivity of the water (the so-
called "hungry waters" effect) on the riverbed and structures below the dam - including deltaic and coastal 
changes - should be considered during preparation. Trap efficiency (the capacity of the reservoir to store 
sediments) should be estimated. The trap efficiency of all but the smallest reservoirs (in relation to inflow) is of the 
order of 70 to 90 percent. Since they store much sediment, it increases erosion downstream ("hungry waters"). 

Downstream Hydrology: Changes in downstream hydrology can impair ecosystems dependent on seasonal 
flooding, including areas that may be important for fisheries (for example, floodplains, lagoons, marshes, 
mangroves) or for traditional flood-recession agriculture. Sometimes management of downstream water releases 
can minimize such damage.by partially replicating natural flooding regimes. 

Intact Rivers: Hydroelectric and other developments should preferably be concentrated on the same rivers if 
hydrological risks and other circumstances permit, in order to preserve elsewhere a representative sample of 
rivers in the natural state. This process should be considered part of the trade-offs. 

Multiple Use: Multiple use increases benefits. It should by addressed through tourism, irrigation, fisheries, bird 
and other biotic sanctuaries, and recreation. Water flow regulation can convert seasonal rivers into perennial 
waterways, reduce flooding and improve drinking and irrigation. Communal access should be perpetuated. 

Cultural Property: Archaeological or historic patrimony should be sought, avoided, conserved or relocated. 

page 24). Some large hydropower projects 
should be displaced by the combination of 
DSM, other renewables and non-reservoir hy
dropower plants. A reliable way to start screen
ing a "good" dam from a "bad" one is to: 

1. Determine the number of persons the 
reservoir will displace. 

2. Determine the area of intact habitat that 
will be lost. 

These two figures will often suffice to rank 
most sites. If required, an additional approxi
mation breaks these two figures down into four 
criteria that will help in evaluating a dam plan 
(see Table 9 on page 25). 
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TABLE 8. 
A Comparison of Hydropower & Multipurpose Reservoir Generalizations 

Hydropower Projects 

Mountainous sites 

High head preferred 

Often remote, less populated 

Deep reservoirs; steep sides, not cultivable 

Technocratic management 

Little or no agriculture; not plowed, bed-load 
sedimentation (if any) 

Little or no water pollution 

Power sales receipts direct 

Uses water in all seasons 

Clear & single goal 

Goal: generation of energy 

Less social impact 

Generally less environmental impact 

Hydropower can be made sustainable, hence 
environmentally positive 

Some small reservoirs can displace thou
sands of people, pre-empt valuable agricul
tural land and wildlife habitat, and mar a na
tionally recognized waterfall and beauty spot 
- all that for only a couple of hundred giga
watt hours per year, as in Sri Lanka's Upper 
Kotmale Clarendon dam. Shallow reservoirs 
(those that become deltaic upstream) have their 
live storage curtailed sooner by sedimentation 
than do large, deep reservoirs. Sometimes the 
impact of the access roads or power lines ex
ceeds that of the reservoir itself (for example, 
Nepal's Arun dam). The size of'the proposed 
reservoir should also be compared with the 
area lost by adopting another alternative. For 
example, the postponement of a Thai reservoir 
means an increase in land degraded by open
cast lignite mines and spoil dump areas, which 
may displace many villages and destroy sub
stantial areas of tropical vegetation. Determin
ing how many kilowatts can be generated from 
a hectare of reservoir is useful in evaluating al
ternatives (see Table 10 on page 26). 

Disadvantages of Hydropower's Alternatives. 
Most impacts created by alternatives to hydro-
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Multipurpose Projects 

Flatter sites more often used for irrigation 

Lower head sites commonly used for irrigation; 
mountainous sites can be used for flood storage 

People are needed for agricultural intensification 

Often shallow reservoirs in fertile cultivable valley 
bottoms 

People-centered, socially.oriented management 

Much plowing; silt-rich run-off; eutrophication & 
sedimentation-risks 

Water pollution risks 

Returns on incrementally increased agricultural yields 
diffused 

Uses water in lean season 

Several goals; unavoidably partly incompatible 

Goals: timed irrigation water, flood control, power 
generation 

Normally major social impact 

Generally more environmental impact 

Agricultural intensification environmentally very 
positive 

power - coal and nuclear energy - cannot be 
avoided. "Clean coal technology" means re
duced sulfur and particulates, not reduced 
CO2. Carbon dioxide production cannot be 
avoided in coal projects. "Clean" coal may re
duce acid rain, which has caused much dam
age in North America and Europe, and which 
causes pulmonary disease, which already is 
economically damaging in large parts of Asia. 
The impossibility of preventing the major 
negative impacts of coal and nuclear power are 
compelling points in the promotion of hydro
power. Hydropower generates relatively little 
GHGs. Utilization of the world's approxi
mately 236 years' supply of coal depends on 
the ceiling set for atmospheric CO2. Goldem
berg et al. set a ceiling of 490 f.Pm (or 1.7 times 
the preindustrial age level).1 To remain below 
this ceiling coal, use would have to fall by 20 
percent from its 1980 level by the year 2020 and 
by 50 percent within 100 years. Coal use would 
have to be restricted to about 25 percent of 
known reserves. Practically all remaining coal 
(90 percent) is found in three countries: Russia, 
U.S. and China. Irrespective of the "Big Dams" 



TABLE 9. 
Environmental & Social Ranking of Hydropower Sites 

Social Rank 

1. Number of Persons Displaced: How many persons displaced per megawatt? What proportion of land that is 
lost contains dwellings? What proportion does not contain dwellings? What is the proportion of rural and urban 
land lost (rural weighing in importance more)? Is replacement land readily or scarcely available? 

2. Vulnerable Ethic Minorities: What is the proportion of displaced persons who are of ethnic minorities? The 
greater the proportion, the lower the ranking should be of the estimate from #1. 

Other Criteria: How many persons will be affected by absorbing the displaced population? What is the region's 
dependence on fishing (socio-economic & nutritional surveys needed)? What are the downstream effects of the 
dam (for example, on agriculture, water quality)? 

Environmental Rank 
3. Intact Habitat Lost: How much land will be taken out of the ecosystem? Generally, moist forest contains more 
biodiversity than dry ecosystems. Intact ecosystems are more valuable than agriculturally modified ecosystems or 
barren landscapes. Evaluation of the reservoir on the basis of kilowatts per hectare is useful (see Table 10). 

4. Water Quality: Sedimentation - How many years until sedimentation build-up starts to curtail live storage? 
Water Retention Time - What is the flow volume from the dam (sluggish turnover causes more problems than 
fast turnover)? 

debate, vastly more effort needs to be applied 
to cleaning up the next generation of coal
burning projects and c0c'1 mines. Nuclear proj
ects are inherently risky - safe waste storage 
has not yet been assured and the risk of nuclear 
weapons proliferation is still ominous. These 
risks need to be taken into account when com
paring alternatives. 

Social Costs of Hydropower's Alternatives. IR 
from dam project reservoirs is well known. 
However, IR is often as severe in thermal proj
ects. For example India's Singrauli and Farakka 
thermals displaced more than 100,000 people, 
excluding the people displaced from incre
mental open-cast coal mines (10,560 people in 
Gevra; 3,303 in Dudhichua). Indonesia's Bukit 
Assam coal mine and port has already displaced 
15,000 people, and that number is still increas
ing, whereas Kedung Ombo reservoir displaced 
29,000. China's coal thermals, coal mines, coal 
ports, etc., also displace large numbers of peo
ple. A thermal project's social costs increase 
with time as mines and ash pits spread (rehabili
tating the mines and pits is succeeding in indus
trial countries, but has barely started in less de
veloped countries). Hydropower is blessed with 
stable and upfront social costs and low mainte
nance. The maintenance of coal thermal anti
pollution technology is demanding. A plant 
may be equipped with state-of-the-art technol
ogy that often does not operate as designed after 

a couple of years. The numerous oil tanker spills 
also impose social costs. 

Hydropower Versus Solar Power. Because hy
dropower commonly has a lead time from 
ground-breaking to operation of five to ten 
years, the public must agree that the environ
mental standards used will be acceptable and 
appropriate when the project eventually oper
ates. Because such· standards are improving 
fairly fast, today's "best practice" may very 
well become unacceptable tomorrow. The com
petition between hydropower and other re
newable sources of energy is outlined in Table 
11 (on page 27). Hydropower projects con
structed after the year 2000 will increasingly be 
faced with competition from these renewables. 
The long lead time of hydropower projects also 
means that hydropower might not be as inex
pensive compared to the price of other renew
able energies (for example, photovoltaics), 
which may be substantially lower in the com
ing decades. The cost of emitting CO2 is calcu
lated already to exceed $100/ton if the Rio 
United Nations Conference on Environmental 
Development targets are to be met - namely, 
reducing CO2 emissions to 1995 levels by 
2000.13 Therefore, non-hydropower renew
ables will soon become competitive with all but 
natural gas and those hydropower projects 
with the least impact and the shortest lead 
times. 
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TABLE 10. 
Rank of Hydropower Generated per Hectare Inundated 

Final Rated Capacity Normal Reservoir 
Project Country (megawatts) (hectares) Kilowatts/hectare 

Owen Falls Uganda 150 1 150,000 

Arun Nepal 401 43 9,325 

Kihansi Tanzania 153 30 5,100 

Paolo Alfonso I-IV Brazil 3,984 1,600 2,490 

Pehuenche Chile 500 400 1,250 

Guavio Colombia 1,600 1,440 1,067 

Kapachira Malawi 125 220 625 

Ertan China 3,300 10,100 326 

Rio Grande II Colombia 324 1,041 295 

Longtan China 5,800 37,000 148 

Itaipu Brazil/Paraguay 12,600 135,000 93 

Aguamilpa Mexico 960 13,000 80 

Sayanskaya Russia 6,400 80,000 80 

Xiaolangdi China 1,800 27,200 66 

Grand Coulee us 2,025 32,400 63 

Urra I Colombia 340 6,200 55 

Guri Complex Venezuela 10,300 426,000 43 

Jupia Brazil 1,400 33,300 42 

Sao Simao Brazil 2,680 66,000 41 

Tucurui Brazil 7,600 243,000 31 

llha Solteira Brazil 3,200 120,000 27 

Paredao Brazil 40 2,300 17 

Urra II Colombia 860 54,000 16 

Three Gorges China 17,680 110,000 6 

Cabora Bassa Mozambique 2,250 380,000 6 

Churchill Falls Canada 5,225 665,000 8 

Furnas Brazil 1,216 144,000 8 

Aswan High Dam Egypt 2,100 400,000 5 

Curua-Una Brazil 40 8,600 5 

Samuel Brazil 217 57,900 4 

Tres Marias Brazil 400 105,200 4 

Petit-Saul French Guiana 87 31,000 2.8 

Kariba Zimbabwe/Zambia 1,260 510,000 2.5 

Sobradinho Brazil 1,050 412,400 2 

Balbina Brazil 250 236,000 1 

Babaquara Brazil 6,600 600,000 1 

Akosombo Ghana 833 848,200 0.9 

Garafiri Guinea 75 8,800 0.8 

Kompienga Burkina Faso 14 20,000 0.7 

Brokopondo Suriname 30 150,000 0.2 

Note: This table does not reflect the value of the land inundated. Some land inundated is river bed and islands. 

The capital cost of photovoltaics (PVs) is de
clining fast, as well as the cost of the necessary 
and currently expensive batteries required for 
their use. The costs of hydro- and coal
generation plants are increasing fast and these 
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trends will continue as environmental costs are 
included within the project. Future PVs should 
be widely used when the technology proves to 
be more environmentally and socially eco
nomical than the alternatives. Proponents of 



TABLE 11. 
Generalizations on the Competition Between Hydropower & 

Other Renewable Energy Sources 

Hydropower 

Can be made sustainable 

Can be large-scale for an industrializing market (100-
1,000 megawatts routine) 

Small scale possible (uncommon & needs to be 
promoted) 

Water wheels suitable for low power needs but even 
mini-hydropower projects are capital intensive 

Mainly few & mostly large scale 

Environmental drawbacks usually major 

More negative social impacts 

Negative impacts mitigable with political will 

Highly capital intensive; 5-10 years' constuction time 

Creates many jobs for the construction period, few 
thereafter 

Large and medium hydropower projects have little 
effect on the status of women & alleviation of poverty, 
fewer jobs are created and most of them are likely to be 
taken by men 

Relatively long machine line (about 20 years) 

Generates all the time except in the rarest dry season, 
although output varies all the time 

Some GHG production 

PVs need to tackle the problem that PV power 
is not "firm," so its economic value is less than 
the power output from a regulated hydro
power facility. Future hydropower projects 
will be built only if they calculate that PVs will 
still be more expensive when the hydropower 
plant comes on line ( usually five or ten years af
ter construction begins). Already today, small
scale PVs are competitive for rural and isolated 
uses such as lighting, radio and TV, and occa
sionally in small rural agro-industries. If the 
full economic costs were used (including trans-

Other Renewable Energy Sources 

Easier to be sustainable; mainly sustainable in 
perpetuity 

Less easy to achieve large scale yet; 1 megawatt not yet 
reached in PVs nor tidal, low to medium megawatts for 
wind, medium megawatts in agro-residues and 
dendrothermal; 354 megawatts solar-thermal operating 
in U.S.; other renewables do not yet contribute 
substantially to any industrializing nation 

PVpanels/modules largely cost-effective today (payback 
in months not years) except if connected to urban 
power grids; new housing codes needed (for example, 
Israel mandates roof-top PVs) 

PVs already widely cost-effective for remote low-power 
needs (for example, rural phones, pumps) 

Mainly many & mostly small scale 

Environmental impacts mainly small 

Few social impacts 

Negative impacts more cheaply mitigable 

Individually not capital intensive but for a whole system 
it may be equivalent to large hydropower projects; wind 
& solar-thermal 1-2 years' construction time; PVs days 
or months construction time 

More labor intensive, partly since batteries last only 1-3 
years; PVs last up to 30 years 

Small projects offer positive gains for women and for 
alleving poverty, more jobs are created that are likely to 
be filled by women 

Relatively short life of batteries; dispoal of heavy metals 
a problem 

Impossible to control weather (sun & wind); expensive 
storage (batteries) essential; highly attractive if used with 
hydropower or gas plants (used as spinning reserve or 
as standby) 

Less GHG production (in manufacturing) 

formers, lines and poles), then PV s-and other 
solar options - far away from the main power 
grid are already cost-effective in many cases. 
Avoidance of transmission costs and losses is a 
significant part of the cost-effectiveness of PVs. 
As soon as environmental and social externali
ties are internalized, renewable energy (for ex
ample, PVs, wind) will replace first coal, then 
oil, then gas, and eventually some hydro
power. PV s do not provide "firm" energy sup
ply - that will have to wait for energy storage 
improvements. 
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The time is fast approaching when big new 
centralized power projects will be taken up 
only when less costly, smaller alternatives, 
such as DSM, outstream diversions and effi
ciency have been exploited. However, the mar
ket is far from free in this case. There are strong 
vested interests favoring big centralized power 
generation for sound reliability reasons, as 
compared with many dispersed power proj
ects. For the near future, large central power 
generating facilities will still be needed to meet 
bulk demands for power. Least-cost power 
planning will accelerate the transition to re
newable energy sources. This transition will be 
most economical if it is planned for and fos
tered, rather than resisted. 

Predictions are risky, but it seems that only 
the hydropower sites with the least negative 
environmental and social impacts will be taken 
up in the 21st century, and further hydropower 
developments may decline thereafter. These 
"very best" projects would most likely have no 
or very small, high-head reservoirs (such as 
run-of-river projects) or large volume flood 
storage reservoirs (assuming all non-structural 
flood management options have been fully 
taken up) occupying low-value empty land or 
in canyons. Canyon sites usually have few peo
ple since the slopes are too steep for habitation. 
Some hydropower projects pre-empt vast areas 
of land per unit of power generated and the ag
riculture that is lost may exceed the benefits of 
the power produced. Most valley soils are more 
moist and fertile than hillslope soils above the 
valley. In addition, since the world is filling up 
so fast with people, there are fewer hydro
power sites left that do not have large popula
tions already occupying the potential reservoir 
site (and often in these cases the country lacks 
suitable empty land for IR). 

The prediction that only the very best hydro
power projects will be taken up in the 21st cen
tury is made more robust for three further rea
sons: 

• Because technology is improving and 
costs are declining rapidly for PVs as well 
as other solar and wind power generation, 
these alternatives will start to compete 
with non-renew ables and eventually with 
hydropower; 
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• Because environmental standards are be
ing tightened as the world learns more 
about, and suffers more from, environ
mental damage (particularly the cost of 
carbon dioxide emissions), renewable en
ergy sources will be preferred over non
renewables; and, 

• While technology is continuing to reduce 
coal-fired thermal emissions of SOx and 
NOx, particulates and suspended parti
cles, CO2 reduction (except efficiency and 
plant capacity gains) seems remote at 
present. Methods of coal gasification, 
separation of the sulfur and burning the 
gas in combined cycle gas-turbines/ 
steam turbines are approaching overall ef
ficiencies of 50 percent compared with 35 
percent for modern pulverized coal 
plants. Natural gas-fired combined cycle 
plants reach 53 percent efficiency today, 
but gas prices are rising steadily. The ex
ception is in Russia, where associated gas 
is flared. New generation capacity should 
be added only as flaring is reduced to ac
ceptable levels. 

The Exception to the No-Reservoir Hydropower 
Alternative. There is one important exception to 
the above generalizations on hydropower proj
ects: the case where the hydropower project 
does not create a reservoir, or at least not a large 
one. Impoundment of water to "normal" or an
nual average wet season levels has minimal im
pact. Nowadays, best reservoir operation pro
cedures include artificial fluctuations in the 
lake and downstream to emulate "normal" 
conditions (as advised by limnologists). Due to 
these minimal impacts, there should be an ac
celeration of mini-hydropower and run-of
river hydropower projects certainly after the 
year 2000. For example, Mexico's federal elec
tric commission is considering no-head and 
low-head hydropower projects on the Usumac
inta River with Guatemala. 

For environmental reasons, the operation of 
reservoirs needs to be optimized with energy 
planning. Run-of-river and daily pondage res
ervoirs provide peaking capacity. Weekly stor
age provides for the work week. Seasonal or 
pluri-annual storage provides more energy but 
with greater environmental costs. While the 



negative impacts of such projects can be rela
tively low, the effects of the access roads and 
transmission lines are often more than for one 
big hydropower project. 

Mini-hydropower projects (generating 100 to 
1,000 kilowatts) can replace some expensive 
and unreliable diesel power plants. Mini
hydropower projects delay the need for expen
sive connections to the national grid. The dis
advantage is often a fall in output in the low 
flow season since many "minis" have little stor
age capacity. Most small (1 to 30 megwatts) to 
mini-hydropower projects operate as run-of
river plants. They have no reservoir, thus creat
ing minimal negative environmental impacts. 
If there is a storage reservoir that raises river 
levels above annual wet season ( or say 10-year 
flood) levels, the impact is similar to large hy
dropower projects. A mini-h ydropower project 
is more likely to meet the electricity needs of 
many poor rural dwellers than are likely to be 
serviced by one large hydropower project. 

China leads the world with mini-· 
hydropower plants with more than two-thirds 
of its total hydropower capacity in this range. 
The disadvantage (by definition because they 
do not exploit a head) is that such plants, when 
on seasonal rivers, generate little in low-flow 
seasons. Capacity factors are very low (only 8 
percent in China) so they have to be backed up 
with alternative sources such as inflatable 
weirs. These weirs store water in the river 
channel and, therefore, do not create a reservoir 
larger than the river (they are usually much 
smaller) .. Such weirs are usually anchored in 
concrete and inflated by water or air only dur
ing the low-flow season. They can be quickly 
deflated when high flows return. To the extent 
radial gates permit the upward passage of fish, 
they can be as benign as inflatable weirs. 

However, mini-hydropower plants should 
not be relied on as an environmental panacea. 
In power terms, a large number of minis do not 
equal a major hydropower project. In addition, 
the combined environmental impacts of many 
small hydropower projects can exceed the im
pacts of one or a few large hydropower proj
ects. For example, each mini-hydropower 
plant needs an access road and a power trans
mission right-of-way corridor. Access roads 
can be the main impacts of a hydropower proj-

ect. Timber extraction certainly occurs with or 
without hydropower access roads, but such 
roads surely accelerate logging damage (which 
also contributes to reservoir sedimentation). In 
addition, access roads built where even illegal 
logging is not yet profitable suddenly make 
logging in that area profitable. 

Run-of-river (ROR) hydropower projects 
have the advantage of flooding only small ar
eas relative to their output. RORs interfere with 
fish migration less than storage plants. RORs 
are less prone to sedimentation than large res
ervoirs since they can be more readily flushed. 
RORs are almost always less costly than stor
age hydropower projects, often by 50 percent 
or more, but provide lower benefits. 

Low head RORs are generally not very eco
nomical because cost reductions are achieved 
by exploiting high heads. Low head RO Rs have 
little storage by definition so that seasonal 
flows translate into variable output. Axial tube 
or bulb turbines sit on the river bed with little 
or no storage reservoir, hence minimal impact. 
If they have big anchorage and water-training 
structures that impede silt and fish, then they 
will have greater negative impacts to a certain 
extent. Small turbines in the 100 kilowatt to 1 
megawatt range for RORs are easier to manu
facture in some developing countries than 
large turbines, although more than 20 mega
watt turbines are feasible. Manufacturing tur
bines in less developed countries helps capture 
value added, promotes local industry and con
serves foreign exchange. 

High head RO Rs may have heads over 1,000 
meters. RORs, whether low or high head, are 
characterized by the absence of seasonal regu
lation, offering only daily or weekly variance at 
most. Hydropower projects can be sited at wa
terfalls, as has been successfully done at the 
20,000 megawatt Niagara Falls hydropower 
plant. There is no impoundment, and the 
power house, penstocks and the start of the 
transmission line are underground. There are 
no fish problems since fish never could ascend 
the falls. The tail race mixes in the natural 
plunge pool of the falls. During tourist viewing 
hours, river flow is aesthetically and photo
genically optimized. Outside this relatively 
short viewing period, all flow that can be ac
commodated is turbined. 
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Canyon river diversion through a tunnel 
short-circuiting some bends in the river or 
trans-basin tunnels can capture significant 
head. The main negative impact is that a short 
stretch downstream runs dry, at least to the 
confluence. 

The interpolation of a new hydropower project 
between two existing reservoirs can be much less 
damaging than locating the new project on a 
previously undammed river. Indigenous fish 
impacts are prevented. A disadvantage is the 
"all eggs in one basket" risk of an unprece
dented dry season or any unexpected hydro
logical uncertainty. One solution would be to 
regulate the river flow by means of an up
stream storage reservoir at the top of the cas
cade and have RORs downstream all benefit
ing from the upstream regulation. 

While the demand for energy is continually 
increasing, and the environmental and regula
tory constraints are also increasing, pumped
storage is considered to be one of the most effi
cient technologies available for energy produc
tion. Water is pumped into storage during 
cheap off-peak hours and turbined for peak
time operation. The key is to site the storage 
properly and to optimize design, equipment 
and construction. Abandoned mines are ideal 
storage facilities. Because the additional costs 
associated with a pumped storage system are 
high, it is important to identify cost-effective 
sites with higher head ranges (varying be
tween 350 and 700 meters) and relatively steep 
topography. 

There are two main parameters in evaluat
ing the costs of pumped storage facilities: 

• The ratio of waterway length to head (l/h); 
and, 

• The overall head of the project. 

A low l/h will result in shorter waterway pas
sages and will reduce the need for surge tanks 
to control transient flow conditions. Higher 
head projects require smaller volumes of wa
ter for the same amount of energy storage and 
smaller size waterway passage for the same 
level of power generation. In general, pumped 
storage sites with heads in excess of 350 me
ters with an l/h ratio of six or less are more de
sirable. 
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Where one large dam would pose unac
ceptably high negative impacts, benefits of the 
single dam can be captured by redesigning one 
dams into two or three smaller dams with much 
lower impact. 

Waterwheel technology, widespread in the 
Middle Ages, has minimal environmental im
pact but generates relatively little power. The 
wheels are generally undershot and may be on 
floating or anchored barges, jetties or on the 
river bank. Waterwheels are sensitive to flow 
velocity, so they are more feasible for isolated 
systems (for example, a vill_age) rather than as a 
source of power for national grids. Many wa
terwheels are useful as a source of motive 
power (such as for grinding, pumping or saw
milling). Because a floating waterwheel has 
such minimal impact, a whole series of barges 
can be deployed on the same river. Even 
though they are economical to construct and 
operate, they are vulnerable to river flooding. 
Tropical river flooding is worse than for well
behaved temperate rivers where flows are only 
three times bigger between wet and dry sea
sons. 

Sustainable Hydropower Project Implementa
tion. Even though improved planning is impor
tant, improved implementation is often a 
greater need. Even where IR, for example, is 
well planned, it may be disastrous in practice. 
Improved implementation and more effective 
management are urgently needed in many hy
dropower projects worldwide. Most of these 
projects suffer from staggering cost over-runs. 
Improved hydropower project implementa
tion can provide enormous environmental and 
social benefits. 

In many instances, dam proponents claim 
that there are many dam sites available, and it 
rests with opponents to show that the next pro
posed dam is worse than any of the alterna
tives. Proponents say the "do nothing" option 
(no project whatsoever) must be ruled out. If 
the next project in the least-cost analysis is a 
dam, there are methods to red_uce controversy 
and improve the dam project. The river basin 
approach - now with social and environ
mental costs folded into the project - is essen
tial, because a least-cost approach demands 
that the chosen site be compared with all others 
on that river. 



The standards proposed here to ensure that 
only sustainable hydropower projects (as de
fined in Table 5) are undertaken means that 
some hydroprojects will be dropped. Oppo
nents will argue that by the time all these pre
conditions and qualifications have been met, 
there are unlikely to be enough eligible sus
tainable hydropower sites to substitute sub
stantially for fossil fuel. To the extent this is the 
case, hydropower will displace only some 
fraction of the plants that use non-renewable 
energy sources that would otherwise be built. 
Without higher standards, hydropower proj
ects will continue to decline and coal projects 
to increase. It is imprudent economics to con
tinue to ignore all of the environmental and 
social costs of coal plants. Proponents will 
claim that there are enough sustainable hydro
power sites available to displace substantial 
amounts of coal plants, and that sustainable 
hydropower is a valuable bridge to a solar/ 
wind transition. 

Policy Implications 
Thorough planning and following least-cost 
analysis is by far the most effective way of 
minimizing environmental problems. Follow
ing least-cost analysis - now including social 
and environmental costs - will accelerate the 
transition to sustainability. 

The basic theme is the win-win approach of 
reducing the price of final services - energy or 
food - while reducing the environmental and 
societal costs. End-use efficiency must be en
couraged so that it overtakes supply efficiency. 
DSM is vigorously promoted until the mar
ginal economic cost (including environmental 
effects) of conservation becomes as high as the 
short-term marginal cost of new production. 
As conservation measures are always advanc
ing, implementation will always lag behind 
any savings potential. The aim is to minimize 
this gap. Because DSM has not been vigorously 
pursued in most countries, DSM projects will 
rise rapidly since they will often be considered 
in the least-cost analysis. 

Population stability is an essential part of 
DSM. It is fiscally imprudent for development 
agencies to invest in a country whose popula
tion is growing fast (say over 2 percent or 
more), unless measures are taken to slow popu-

lation growth (for example, empowerment of 
women, girls' education, poverty alleviation, 
campaigns, social security). · 

Upgrading, expanding and rehabilitating 
existing dams should be a priority where it is 
economically feasible before building new 
ones. Upgrading improves efficiency. 

Of course, while decreasing the negative im
pacts of dams, adequate attention must also be 
paid to increasing the benefits. Proponents 
claim that one of the best ways ofincreasing the 
benefits is to optimize multiple use. Multiple 
use should be optimized in all future projects 
and existing reservoirs should be retrofitted to 
whatever extent possible. Reservoir fisheries 
can be as important as power benefits. Thai
land's Ubol Rathna hydropower reservoir 
earns more money from fish than from electric
ity sales in some years. Reservoir margin culti
vation (drawdown or recession agriculture), 
and small-scale irrigation can be beneficial. 
Water release temperatures, seasonal fluctua
tions and food web dynamics are all routinely 
factored into the operation of the best multiple
use projects. 

Conclusion 
The vision for dams is they should support eco
nomic and social progress. They should also 
become environmentally sustainable as soon 
as possible. The best and sustainable dams 
should become an interim stopgap measure on 
the transition to other renewable energy 
sources - the "lesser of two evils" as oppo
nents put it. 

NOTES - This article presents the author's per
sonal opinions and they should in no way be con
strued as representing the official position of the 
World Bank Group. While the International Com
mission on Large Dams defines a big dam as one that 
exceeds 15 meters in height, in this article a big dam 
is defined as a dam costing $100 million or more and 
generating 100 megawatts or more. 
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worked on many big dam projects such as Itaipu 
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