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Preface

The generation of electricity from wind energy is surprisingly controversial. At first glance,
obtaining electricity from a free source of energy—the wind—seems to be an optimum contribution to the
nation’s goal of energy independence and to solving the problem of climate warming due to greenhouse
gas emissions. As with many first glances, however, a deeper inspection results in a more complicated
story. How wind turbines are viewed depends to some degree on the environment and people’s
predilections, but not everyone considers them beautiful. Building wind-energy installations with large
numbers of turbines can disrupt landscapes and habitats, and the rotating turbine blades sometimes kill
birds and bats. Calculating how much wind energy currently displaces other, presumably less-desirable,
energy sources is complicated, and predicting future displacements is surrounded by uncertainties.

Although the use of wind energy has grown rapidly in the past 25 years, frequently subsidized by
governments at various levels and in many countries eager to promote cleaner alternative energy sources,
regulatory systems and planning processes for these projects are relatively immature in the United States.
At the national scale, regulation is minimal, unless the project receives federal funding, and the
regulations are generic for construction and management projects or are promulgated as guidelines.
Regulation at the state and local level is variable among jurisdictions, some with well-developed policies
and others with little or no framework, relying on local zoning ordinances. There are virtually no policy
or regulatory frameworks at the multi-state regional scale, although of course the impacts and benefits of
wind-energy installations are not constrained by political boundaries.

This is the complex scientific and policy environment in which the committee worked to address
its responsibility to study the environmental impacts of wind energy, including the adverse and beneficial
effects. Among the specified considerations were the impacts on landscapes, viewsheds, wildlife,
habitats, water resources, air pollution, greenhouse gases, materials-acquisition costs, and other impacts.
The committee drew on information from throughout the United States and abroad, but by its charge,
focused on the Mid-Atlantic Highlands (a mountainous region in Pennsylvania, Virginia, Maryland, and
West Virginia). Using existing information, the committee was able to develop a framework for
evaluating those effects; we hope this framework can inform future siting decisions of wind-energy
projects. Often, there is insufficient information to provide certainty for these decisions, and thus in the
process of its work the committee identified major research needed to improve the assessment of impacts
and inform the siting and operational decisions of wind-energy projects.

The committee membership included diverse areas of expertise needed to address the
committee’s charge. Committee members originated from across the United States, and one hails from
Denmark, adding to the international perspective of the study. Members represented the public and
private sectors, and numerous natural and social science disciplines. But most important, the committee
worked together as a cohesive group in deciding what issues were important and how important,
examining issues from multiple perspectives, recognizing and dealing with biases, framing questions and
issues in formats that would convey information effectively to decision makers, and considering,
respecting and reconciling differences of opinion, judgment, and interpretation.

The committee broadly defined “environmental” impacts to include traditional environmental
measures such as species, habitats, and air and water quality, but attention was also devoted to aesthetic,
cultural, recreational, social, and economic impacts. The committee recognized that the planning, policy,
and regulatory considerations were paramount if information about impacts was to be translated into
informed decision-making. Finally, because decision-making about wind-energy projects occurs at a

Prepublication Copy x



Preface

variety of geographic and jurisdictional levels, the committee paid careful attention to scale issues as it
addressed impacts and benefits.

The benefits of wind energy depend on the degree to which the adverse effects of other energy
sources can be reduced by using wind energy instead of the other sources. Assessing those benefits is
complicated. The generation of electricity by wind energy can itself have adverse effects, and projecting
the amount of wind-generated electricity available in the future is quite uncertain. In addition, the amount
of potential displacement of other energy sources depends on characteristics of the energy market,
operation of the transmission grid, capacity factor of the wind-energy generators as well as that of other
types of electricity generators, and regulatory policies and practices affecting the production of
greenhouse gases. Even if the amount of energy that wind energy displaces is small, it is clear that the
nation will depend on multiple energy sources for the foreseeable future and reduction of environmental
impacts will thereby require multiple approaches.

The committee began its work expecting that there would be measurable environmental impacts,
including biological and socioeconomic impacts, and that there would be inadequate data from which to
issue definitive, broadly applicable determinations. Given the complexity of the electric-power industry,
the dynamics of energy markets, and the rapidity of technological change, we also expected that
predicting the environmental benefits of wind energy would be challenging. On the other hand, the lack
of any truly coordinated planning, policy, and regulatory framework at all jurisdictional levels loomed
larger than expected throughout our deliberations. Although some predictions about future adverse
environmental effects of wind-energy use can be made, the committee recognized gaps in our knowledge
and recommended specific monitoring studies that will enable more rigorous siting and operational
decisions in the future. Similarly, the report includes descriptions of measures of social impacts of wind-
energy development, and recommends studies that would improve our understanding of these impacts.

The complexity of assessing the environmental impacts of wind-energy development can be
organized in a three dimensional action space. These dimensional axes include spatial jurisdictions (local,
state/regional, and federal), timing of project stages (pre-project, construction, operational, and post-
operational) and environmental and human impacts, each of which include their own time and space
considerations. The committee evaluated these issues in offering an evaluation guide for organizing the
assessment of environmental impacts. We hope that the results of these deliberations and the evaluations
and observations in this report will significantly improve the nation’s ability to plan, regulate, and assess
the impacts of wind-energy development.

This report has been reviewed in draft form by individuals chosen for their diverse perspectives
and technical expertise, in accordance with procedures approved by the National Research Council’s
Report Review Committee. The purpose of this independent review is to provide candid and critical
comments that will assist the institution in making its published report as sound as possible and to ensure
that the report meets institutional standards of objectivity, evidence, and responsiveness to the study
charge. The review comments and draft manuscript remain confidential to protect the integrity of the
deliberative process. We thank the following individuals for their review of this report:

Jan Beyea, Consulting in the Public Interest

Dallas Burtraw, Resources for the Future

Michael Corradini, University of Wisconsin-Madison
Samuel Enfield, PPM Atlantic Renewable

Chris Hendrickson, Carnegie Mellon University

Alan Hicks, New York Department of Environmental Conservation
Mark Jacobson, Stanford University

Kevin Porter, Exeter Associates

Paul Kerlinger, Curry & Kerlinger, LLC

Ronald Larkin, Illinois Natural History Survey

Martin Pasqualetti, Arizona State University

John Sherwell, Maryland Department of Natural Resources

Prepublication Copy X



Preface

Linda Spiegel, California Energy Commission
James Walker, enXco, Inc.

Although the reviewers listed above have provided many constructive comments and suggestions,
they were not asked to endorse the conclusions or recommendations, nor did they see the final draft of the
report before its release. The review of this report was overseen by the review coordinator, Gordon H.
Orians of the University of Washington (emeritus), and the review monitor, Elsa M. Garmire of
Dartmouth College. Appointed by the National Research Council, they were responsible for making
certain that an independent examination of this report was carried out in accordance with institutional
procedures and that all review comments were carefully considered. Responsibility for the final content of
this report rests entirely with the authoring committee and the institution.

The committee gratefully acknowledges the following for making presentations to the committee:
Dick Anderson (WEST, Inc.), Edward Arnett (Bat Conservation International), Dinah Bear (Council on
Environmental Quality), Gwenda Brewer (Maryland Department of Natural Resources), Daniel Boone
(Consultant), Steve Brown (West Virginia Department of Natural Resources), Richard Cowart (The
Regulatory Assistance Project), Samuel Enfield (PPM Atlantic Renewable), Ken Hamilton (Whitewater
Energy), Alex Hoar (U.S. Fish and Wildlife Service), Judith Holyoke Schoyer Rodd (Friends of the
Blackwater), Tom Kerr (U.S. Environmental Protection Agency), Julia Levin (California Audubon),
Patricia McClure (Government Accountability Office), The Honorable Alan B. Mollohan (U.S.
Representative, WV 1st Congressional District), Kevin Rackstraw (American Wind Energy Association
Siting Committee), Dennis Scullion (EnXco, Inc.), John Sherwell (Maryland Department of Natural
Resources), Craig Stihler (West Virginia Department of Natural Resources), Robert Thresher (National
Renewable Energy Laboratory), James A. Walker (EnXco, Inc.), and Carl Zichella (Sierra Club). In
addition, John Reynolds and Joseph Kerecman of PJM Interconnection and officials of Dominion
Resources provided helpful information to the committee through personal communications; Laurie
Jodziewicz of the American Wind Energy Association, Nancy Rader of the California Wind Energy
Association, and Linda White of the Kern Wind Energy Association provided helpful information and
contacts. We also thank Wayne Barwickowski and his colleagues at enXco, Inc. for their informative and
helpful tour of the San Gorgonio (Palm Springs) wind-energy facility.

The committee’s work was enhanced in every way by the extraordinary work of the project
director, David Policansky, who provided endless sound advice, insightful expertise, and just good sense.
The committee offers David its sincere gratitude for his attentive assistance and for his good fellowship
throughout the project, which involved five meetings in five different locations with field trips to several
wind-energy installations and public hearings. Ray Wassel and James Zucchetto also provided valuable
help in framing questions, analyzing literature, and clarifying our thought processes and writings. Bryan
Shipley helped to identify relevant literature and to summarize it for the committee. John Brown helped
with meeting planning, including arranging field trips and helping to make sure that the committee arrived
where it was supposed to be and returned in good condition. Jordan Crago supported the committee in so
many ways that [ cannot list them all, but they include literature searching and verification (along with
Mirsada Karalic-Loncarevic), organizing drafts and committee comments, and keeping the committee
housed and fed. Finally, Board Director James Reisa provided his usual wise counsel at difficult times,
and his comments have improved the clarity and relevance of this report. We are grateful to them all.

Finally, I want to offer a personal note of appreciation to the committee and the staff. This was
an extraordinary group of people, all with outstanding credentials but many points of view, who came
together over the past two years to address an important and challenging topic. During this time they
listened to each other, helped each other, and worked incredibly hard. It has been an honor to chair the
committee, and my life has been enriched by the time and talents of my committee colleagues.

Paul G. Risser, Chair

Committee on Environmental Impacts of
Wind Energy Projects
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