
ANNEX I II  — SUBTASK 6

IEA Hydropower

Agreement

IEA Te c h n i cal Re po rt

Hyd ro power and 
the Env i ro n m e nt :

Ef fe ct i ve n e s s

of Mi t i g at i o n

Me a s u re s

C H I N A F I N L A N D F R A N C E J A P A N N O R W A Y S P A I N S W E D E N U N I T E D
K I N G D O M

C A N A D A



The Hydropower Implementing Agreement is a collaborative programme among nine countries: Canada,

China, Finland, France, Japan, Norway, Spain, Sweden and the United Kingdom. These countries are 

represented by various organizations including electric utilities, government departments and regulatory

organizations, electricity research organizations, and universities. The overall objective is to improve both

technical and institutional aspects of the existing hydropower industry, and to increase the future

deployment of hydropower in an environmentally and socially responsible manner.

HYDROPOWER

Hydropower is the only renewable energy technology which is presently commercially viable on a large

scale. It has four major advantages: it is renewable, it produces negligible amounts of greenhouse gases,

it is the least costly way of storing large amounts of electricity, and it can easily adjust the amount of

electricity produced to the amount demanded by consumers. Hydropower accounts for about 17% of

global generating capacity, and about 20% of the energy produced each year.

ACTIVITIES

Four tasks are operational, they are: 1. upgrading of hydropower installations, 2. small scale hydro-

power, 3. environmental and social impacts of hydropower, and  4. training in hydropower. Most tasks

have taken about five years to complete, they started in March 1994 and the results will be available in

May 2000. To date, the work and publications of the Agreement have been aimed at professionals in 

the respective fields.

UPGRADING

The upgrading of existing hydropower installations is by far the lowest cost renewable energy available

today. It can sometimes provide additional energy at less than one tenth the cost of a new project.

One task force of the Agreement is studying certain technical issues related to upgrading projects.

SMALL SCALE HYDROPOWER

Advances in fully automated hydropower installations and reductions in manufacturing costs have 

made small scale hydropower increasingly attractive. The small scale hydropower task force will 

provide supporting information to facilitate the development of new projects.

ENVIRONMENTAL AND SOCIAL ISSUES

For some hydropower projects the environmental and social impacts have been the subject of vigorous

debate. There is a need to communicate objective information to the public, so that countries can make

good decisions with respect to hydropower projects. The environmental task force will provide such

information on possible social and environmental impacts and on mitigation measures.

TRAINING

The availability of well-trained personnel is a key requirement in the hydropower sector. The training

task force is concentrating on training in operations and maintenance, and planning of hydro power 

projects.
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Annex III — Preface

The International Energy Agency (IEA) is an autonomous body, established in November 1974 within the
framework of the Organization for Economic Co-operation and Development (OECD). The IEA carries out
a comprehensive programme of energy co-operation among 24 of the OECD’s 29 member countries. The
basic aims of the IEA, which are stated in the Agreement on an International Energy Programme, are
the following:

• Co-operation among IEA participating countries to reduce excessive dependence on oil through energy
conservation, development of alternative energy sources, and energy research and development

• An information system on the international oil market as well as consultation with oil companies
• Co-operation with oil producing and oil consuming countries with a view to supporting stable

international energy trade, as well as the rational management and use of world energy resources in the
interest of all countries

• A plan to prepare participating countries against the risk of a major disruption of oil supplies and to share
available oil in case of an emergency.

At its inception, the IEA concentrated on issues related to oil. Since that time the Agency has broadened its
work to include all forms of energy. More than forty «Implementing Agreements» have been set up to deal
with specific energy technology issues. Such Agreements comprise a number of task forces, called
«Annexes», which implement specific activities such as collection of data or statistics, assessment of
environmental impacts, joint development of technology etc. The work of these Annexes is directed by an
«Executive Committee» consisting of representatives of the participating Governments.

In 1995, seven IEA member countries agreed to co-operate in a five-year research program focused on
hydroelectric power formally called the Implementing Agreement for Hydropower Technologies and
Programmes. Italy withdrew, but France, United Kingdom and People's Republic of China subsequently
joined the remaining countries. This Agreement proposed that four distinct Task Forces («Annexes») should
be set up to address the following topics:

Annex I: Upgrading of Existing Hydropower Facilities

Annex II: Small-Scale Hydropower

Annex III: Hydropower and the Environment

Annex V: Education and Training

Annex III "Hydropower and the Environment" entered into force in February 1995 with the following
principal objectives:

• To arrive at a set of international recommendations for environmental impact assessment of hydropower
projects, and criteria for the application of mitigation measures

• To improve the understanding of hydropower's environmental advantages and suggest ways to
ameliorate its environmental drawbacks
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• To forward national experiences regarding environmental effects of hydropower development at a
project level and the legislation and decision making process at a national level

• To provide an environmental comparison between hydropower and other sources for electricity
production

To achieve these goals the following Subtasks have been implemented:

Subtask 1 : Survey of the environmental and social impacts and the effectiveness of mitigation
measures in hydropower development (Subtask leader: NVE, Norway)

Subtask 2 : Data base (included in Subtask 1)

Subtask 3 : Environmental comparison between hydropower and other energy sources for electricity
generation (Subtask leader: Vattenfall, Sweden)

Subtask 4 : Survey of existing guidelines, legislative framework and standard procedures for
environmental impact assessment related to hydropower development (Subtask leader:
UNESA, Spain)

Subtask 5 : Present context and guidelines for future action (Subtask leader: Hydro-Québec,
Canada)

Subtask 6 : Effectiveness of mitigation measures (Subtask leader: Hydro-Québec, Canada)

From a scientific perspective, environmental studies are complex because of the many interactions in the
ecosystem. In a subject area as wide as hydropower and the environment, it has been important to maintain
the scope of the work within the limits imposed by the five-year time schedule and the available financial and
human resources. However, several of the topics discussed are very extensive and complex, and as such,
ought to have been handled with resources equivalent to an Annex. The main Annex III challenges have
been to define the context and focus on the most important environmental and social issues. Two guiding
themes have been the relation to government decision-making processes, and the need to ensure the highest
possible level of credibility of the work.

Annex III is based on a case study approach combined with experience from a wide range of international
experts representing private companies, governmental institutions, universities, research institutions, and
international organizations with relevance to the subject. In all 112 experts from 16 countries, the World
Bank (WB) and the World Commission of Dams (WCD) have participated in meetings and workshops.
Additionally, 29 professional papers have been presented at the meetings. The participating countries are
responsible for the quality control of the information given at the national level. Reference groups have been
consulted in some countries.

Like all extraction of natural resources, the harnessing of rivers affects the natural and social environment.
Some of the impacts may be regarded as positive; others are negative and severe. Some impacts are
immediate, whereas others are lingering, perhaps appearing after several years. The important question,
however, is the severity of the negative impacts and how these can be reduced or mitigated. The aspect of
ecological succession is also of great interest. Through history, the ecosystems have changed, as a result of
sudden disasters or more gradual adjustments to the prevailing weather conditions. Any change in the
physico-chemical conditions seems to trigger processes that establish a new ecological equilibrium that
matches the new ambient situation. Under natural conditions environmental change is probably more
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common than constancy. Ecological winners and losers, therefore, are found in natural systems as well as
those created by man.

Even if the "fuel" of a hydropower project is water and as such renewable, the projects are often quite
controversial since the construction and operation directly influences the river systems, whereby the adverse
impacts become direct and visible. The benefits, like avoidance of polluting emissions that would have been
the unavoidable outcome of other electricity generating options is, however, less easily observed.

Access to water and water resources management will be a very important environmental and social global
challenge in the new century, because water is unevenly distributed and there are regional deficits. Dam
construction, river diversions and water withdrawal are elements in most water management systems. The
lessons learned from past hydropower projects may be of great value in future water resources management
systems. If a regional water resources master plan or management system is available, then the development
of hydropower resources could also contribute to an improved water supply for other uses.

It is necessary to underline that the Annex III reports discuss the role and effects of hydropower projects
and how to improve their sustainability. They do not consider the increased energy consumption per se since
this aspect is a national and political issue. Annex III has developed a set of international recommendations
and guidelines for improving environmental practices in existing and future hydropower projects. One main
conclusion is the necessity of an environmental impact assessment undertaken by competent experts and
forming an integrated part of the project planning.

The Annex III reports have been accomplished based on a cost and task sharing principle. The total costs
amount to USD 805 305, while the task sharing part had a budget of 93 man months. The reports which
have been completed include 4 Technical reports (Subtasks 1, 3, 4, 6) with Appendices, one Synthesis
report (Subtask 5) with Appendices and one Summary report presenting the recommendations and
guidelines.

Annex III comprises the following countries and organizations: Canada (Ontario Hydro, 1995-98, Hydro-
Québec 1995-2000), Finland (Kemijoki OY 1996-2000); Italy (ENEL 1995-98); Japan (CRIEPI 1995-
2000); Norway (NVE 1995-2000); Spain (UNESA 1995-2000) and Sweden (Vattenfall AB 1995-
2000).

Oslo 30 March 2000

Sverre Husebye
Operating Agent
IEA-Annex III
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1. Introduction

1.1 Context

The following document aims to present a review of mitigation measures (or actions) associated with
hydropower projects. The intent of the report is to provide up-to-date knowledge, guidance and references
on the best available practices. For the present document (Subtask 6), available information was obtained
on the basis of a review of recent literature, as well as on the basis of results from questionnaires submitted
to nine international hydropower producers in OECD countries. Therefore, the information is based on
actual case studies and on the experience of practitioners and environmental professionals involved in or with
the hydropower industry.

In this report, the words environment and environmental have to be understood in their more general
sense, which extends to biophysical, economic, social and health and safety aspects. The intended audience
for this report is a range of professionals and individuals concerned by, or involved in the issues raised by
hydroelectricity and the environment, whether they may be representing governments, utilities, non
governmental organizations (NGOs), bilateral and multilateral organizations, academic institutions, or others.

1.2 Designing mitigation, enhancement and compensation
measures

With due regard for the principles of sustainable development, the best hydroelectric project is one that
satisfies development requirements while maintaining the integrity of the environment as much as possible.
Integrity is taken to mean the maintenance of the environment in its natural state, as it exists before project
implementation. However, the concept of integrity cannot be taken to imply a freezing of the natural
environment in a fixed state. This observation can also be applied to the human environment. A changeless
natural environment would be possible only in the absence of interaction between human beings and their
natural environment, indeed in the absence of evolution of the natural environment itself.

The notion of unchanging integrity is thus incompatible with ecology, a science that studies the relationships
between living entities and their environment, which are in a constant state of flux. It is nevertheless justifiable
in the short and medium term to seek to preserve the integrity of the environment as far as possible. Such an
approach implies, on the one hand, minimizing as far as possible the effects of any hydroelectric
development on the environment, and on the other hand, taking advantage as much as possible of
anticipated modifications. Accepting and implementing this approach is the only way to plan and design a
project that will be acceptable to all parties concerned (stakeholders). It requires that hydroelectric project
designers use all possible means to eliminate or reduce the negative effects of the project and to maximize
the positive ones.

Mitigation, compensation and enhancement measures have to be understood in their most general sense as a
set of technically and economically feasible actions that are carried out in respect with the principle of
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sustainable development. They also have to be closely tied to all of the project phases. A first set of
mitigation measures should be identified during the planning and design of the project, in order to eliminate or
reduce from the onset all anticipated negative impacts. Once impact avoidance has been carried out to the
utmost, mitigation actions for unavoidable impacts and compensation for unavoidable losses may be applied
at a subsequent design stage. Enhancement actions may even be used to improve the state of the natural and
human environment that existed before the construction of the project.

These measures can be divided into three categories:

Mitigation measures are those used to eliminate a source of impact or reduce its intensity to an optimal or
acceptable extent. These measures are applied in the immediate work site area or in sectors that will directly
experience the effects of hydroelectric development (e.g.: reduction of flood zones, cut off or reduced flows
in rivers, loss of wildlife habitats, loss of fishing sites, removal of human settlements, reduced access to
bodies of water, requirement for weirs in reduced flow river sections to maintain biological productivity,
etc.).

Compensation measures. Such measures seek to compensate for impacts that cannot be mitigated and for
residual impacts of the project after implementation of mitigation measures.

Enhancement measures are used to improve existing environmental or social conditions which are not
directly affected by the project. Such measures may be implemented outside the study area. To be efficient,
these measures must be defined in cooperation with all stakeholders.

1.3 Presentation of the report

The report comprises three main sections. Chapter 2 presents 12 tables of various mitigation, compensation
and enhancement measures applied or proposed as part of 130 hydropower projects examined through a
literature review. Some specific examples are provided to illustrate efforts expended by producers and
public agencies to preserve the environment. Unfortunately, there is a lack of actual information on any
systematic evaluation of the effectiveness of the measures applied.

Chapter 3 sums up mitigation measures compiled in a database developed and analyzed by two working
groups of the Annex III. Information stored in the database comes from 24 projects from Canada, Finland,
Italy, Japan, Malaysia, Norway, Spain, Taiwan and Tanzania. Complete mitigation measures are given in
appendices, while three tables in the chapter summarize the main type of measures.

Chapter 4 aims to review the mitigation, compensation and enhancement measures which have proven to be
effective for both biophysical and socio-economics fields. It is based on the previous chapters, but
completed by international experts exchanges.

As concluding remarks, steps to improve hydropower design and management are proposed. They address
actual ways to integrate environment concerns in designing hydropower projects and managing their impacts.
It is not surprising if the last step involves monitoring program in regard to the scarcity of information on
effectiveness and efficiency of mitigation measures that were analyzed. This is certainly a challenge for
present and future hydropower projects.
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