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EIA Technical Review Guidelines:
Energy Generation and Transmission

Volumell

The EIA Technical Review Guidelines for Energy Power Generation and Transmission were developed as
part of a regional collaboration to better ensure successful identification, avoidance, prevention and/or
mitigation of potential adverse impacts and enhancement of potential beneficial impacts of proposed
energy projects undergoing review by government officials, non-governmental organizations and the
general public throughout the life of the projects. The guidelines are part of a broader program to
strengthen environmental impact assessment (EIA) review under environmental cooperation
agreements associated with the “CAFTA-DR” free trade agreement between the United States and five
countries in Central America and the Dominican Republic.

The guidelines were prepared by regional experts from the CAFTA-DR countries and the United States in
both the government organizations responsible for the environment and energy and leading academics
designated by the respective Ministers. This work was supported by the U.S. Agency for International
Development (USAID) contract for the Environment and Labor Excellence Program and grant with the
Central America Commission for Environment and Development (CCAD). The guidelines draw upon
existing materials from within and outside these countries and from international organizations and do
not represent the policies, practices or requirements of any one country or organization.

The guidelines are available in English and Spanish on the international websites of U.S. Environmental
Protection Agency (U.S. EPA), the International Network for Environmental Compliance and
Enforcement (INECE), and the Central American Commission on Environment and Development (CCAD):

www.epa.gov/oita/ www.inece.org/ www.sica.int/ccad/ Volume 1 contains the guidelines with a
glossary and references which track with internationally recognized elements of environmental impact
assessment; Volume 2 contains Appendices with detailed information on energy power generation and
transmission, requirements and standards, predictive tools, and international codes; and Volume 1 Part
2 contains example Terms of Reference cross-referenced to Volumes 1 and 2 for: 1) thermal/combustion
power generation, 2) hydroelectric power generation, 3) other renewable power sources i.e.
geothermal, wind and solar, and 4) transmission projects respectively for use by the countries as they
prepare their own EIA program requirements.
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A. INTRODUCTION

A. INTRODUCTION

This Environmental Impact
Assessment (EIA) Technical
Review Guideline and associated
Terms of Reference for Energy
projects (including fossil fuel fired
power plants, hydroelectric
dams, alternative energy sources
such as wind, geothermal and
solar, and transmission lines) was
developed as an outgrowth of
the Environmental Cooperation
Agreement developed in
conjunction with the CAFTA-DR
free trade agreements between
the United States, the Central

Figure A- 1: CAFTA-DR Countries
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American countries of Costa Rica,
El Salvador, Guatemala,
Honduras, and Nicaragua and the
Dominican Republic. Developed
by designated experts from all of
the countries, it can be used as a basis for country-specific adaptation to their EIA programs.

1 BACKGROUND

The CAFTA-DR “Program to Strengthen Environmental Impact Assessment (EIA) Review” was initiated as
a priority for environmental cooperation undertaken and funded in conjunction with the free trade
agreements. Designed to build on related references developed for the region or for individual
countries, the Program included: a) sustainable training to build skills in the preparation and review of
EIA documents and processes for all participants in the process, including government officials,
consultants, industry project proponents, academic institutions, nongovernmental organizations (NGOs)
and the public, b) development of EIA Technical Review Guidelines and Terms of Reference for priority
sectors: mining, energy, and tourism, c) country-specific consultation to provide tools and reforms to
improve the efficiency and effectiveness of EIA, including deployment of EPA’s GIS-based analytical tool
to support EIA project screening and administrative tracking systems, d) recommendations for
strengthening EIA procedures, and where necessary, regional and country EIA legal frameworks, and e)
regional meetings among EIA Directors to direct and support these activities and share experiences.
Work programs developed by the U.S. Environmental Protection Agency (US EPA) and the U.S. Agency
for International Development (USAID), were designed to complement other work which had been
undertaken with the Central American Commission for Sustainable Development (CCAD) and the
International Union for Conservation of Nature (IUCN) under a grant from the government of Sweden.

2 APPROACH

The guidelines were developed through a collaborative process consisting of three regional expert
meetings for discussion followed by several rounds of review and comment on draft documents. The
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guidelines also benefitted from the overall guidance and active involvement of country EIA Directors.
The work was supported by USAID and their consultants under the Environment and Labor Excellence
Program (ELE). The overall approach to the development of Energy Sector EIA Review Guidelines and
Terms of Reference was:

Creation of an expert team including the designation of senior experts by the Ministers of the
Environment and for the Energy Sector from each of the CAFTA-DR countries and the U.S.
(drawn from US EPA’s senior expert EIA Reviewers and sector experts from within EPA, the
Department of Energy, and the Federal Energy Regulatory Commission), including the
opportunity for CAFTA-DR country officials also to include the designation of a key academic
institution relied upon by the countries for relevant expertise in the energy sector

Organization of three regional expert meetings to review and guide all work products drafted
with the assistance of a USAID’s Environment and Labor Excellence contractor, Chemonics
International

Identification of existing resource materials, standards, practices, laws and guidelines related to
assessing the environmental impacts from energy projects

Development of baseline information on current practice, anticipated growth, existing standards
and guidance, norms, permits and environmental measures requirements related to energy
production and distribution in the CAFTA-DR countries and use this to assess the likely impact of
adoption of the regional guidelines

Development of information on alternatives for pollution control and environmental protection
drawn from benchmark organizations, development banks and countries including international
practices established by industry, the World Bank, the Inter American Development Bank, the
U.S., the European Union and other countries identified by the team of experts as being most
relevant

Development of options to achieve the benefits of requiring siting, design, construction,
operation and closure/reclamation and site reuse approaches which eliminate, reduce, mitigate
and/or compensate the adverse direct, indirect and/or cumulative adverse environmental
impacts related to energy generation and distribution based on best international practice
through a EIA Review guideline and Terms of Reference

Adaptation of these guidelines following country-specific training workshops to be held by CCAD
and the individual countries

3 OBIJECTIVES OF PRIORITY SECTOR EIA GUIDELINES

Specific objectives of these guidelines included:

o

Improve environmental performance in the sector

Improve EIA document quality and quality of EIA decision making for the Energy Sector
Improve efficiency and effectiveness of the EIA process for the energy sector by clarifying
expectations, providing detailed guidelines and aligning preparation and review

Tailor guidelines to needs of CAFTA-DR countries

Provide technical guidelines for the identification of environmental, social and economic
impacts of the energy sector activities

Identify potential for avoidance and measures for adverse environmental, social and economic
impacts from the energy sector in relation to established requirements of law, industry best
practice to empower options for consideration by industry and government officials
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g. Encourage public participation throughout the process, a specific priority and request of CAFTA-
DR country officials

4 SCOPE AND CONTENTS OF ENERGY GUIDELINES

The guidelines address:

e The full scope of energy generation and transmission activities, including storage and transport
of fuels and other raw materials, site selection and development, alternative technologies for
generating electricity, distribution through transmission lines, and closure of the facility

e |dentifying and evaluating the potential environmental impacts, including the physical, biological
and social-economic-cultural impacts

e Evaluating the full range of sustainable environmental measures to prevent, reduce and/or
mitigate impacts

e The need for enforceable and auditable commitment language in an EIA to ensure that
promised actions will be taken by the project proponent and that their adequacy can be
determined over time

e Model terms of reference for development of renewable energy sources that are cross-linked to
the details provided in the guidelines

The guidelines are organized around each aspect of what is typically required in an EIA document. The
guidelines are divided into ten sections with accompanying appendices. These sections are:

Introduction

EIA Process and Public Participation

Proposed Project Description and Alternatives

Environmental Setting ( Physical, Biological and Socio-Economic-Cultural)
Potential Impacts

Assessing Impacts: Predictive Tools and Considerations

Mitigation and Monitoring Measures

Environmental Management Plan

References

Example Terms of Reference

STIXIommoonwy

Guideline appendices are:

A. What is Energy Generation and Transmission

B. Overview of Energy Activities in CAFTA-DR Countries

C. Requirements and Standards Applicable to Energy Internationally and Within CAFTA-DR
Countries, the United States, and Other Countries and International Organizations

D. Rules of Thumb for Erosion and Sediment Control

E. Sampling and Analysis Plan
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B. EIA PROCESS AND PUBLIC PARTICIPATION

This section describes the general process and practices common to Environmental Impact Assessment
(EIA) procedures in CAFTA-DR countries, along with likely trends future directions of those programs as
part of the evolution of the EIA process that has been seen internationally. Because this guideline and
Terms of Reference were developed as regional products of designated experts from the CAFTA-DR
countries they can be adapted to the unique features in each country’s EIA laws and procedures.

1 EIA PROCEDURES

No work may begin, that is no site clearing, site preparation or construction, before the Environmental
Impact Assessment (EIA) process is complete and government agencies have either approved or
provided conditioned approval of a proposed project.

1.1 Project Proponents: From Project Initiation to the EIA Application

A project proponent initiates the idea for a project based on a purpose and need for the action, in this
instance there is existing or projected demand for electrical power, which maybe paid for by consumers
of the power. Between the idea and the application for EIA to the government for approval, the project
proponent will explore project alternatives. It is during this early stage that environmental, social and
economic impacts should be introduced, and alternatives developed -- even before an application is
made for EIA. Many problems can be avoided through wise selection of location, site and operations
design, and anticipation of issues such the full life cycle of the project, taking the whole of the
environmental setting into account early in the process. If environmental consultants or environmental
impact expertise are brought in late in the process, at the stage when the proponent needs to prepare
an application and an EIA document for approval, it limits the opportunities to build environmental,
social and economic considerations into the project proposal as an integral part of developing project
feasibility. This is universally considered to be a short sighted practice. Projects which require
substantial financing often will have fatal flaw analyses of all sorts performed, including environmental.
Some of the outcome of such analyses also feeds the narrative on Project Alternatives and why some of
the alternatives were rejected.

1.2 EIA Application, Screening and Categorization

Each CAFTA-DR country has established its own EIA regulations and guidelines defining different
circumstances and procedures for particular types of projects and situations. These regulations
distinguish the size and nature of proposed projects or the types of projected impacts for which the full
environmental impact assessment procedure and which types of projects or impacts might justify a
streamlined procedure based on potential lower level of impact and nature of the proposed activity.
Projects usually fall within one of three categories, some of which are further subdivided: A usually is
high impact, B1 and B2, medium impact and C low impact but this varies by country. Screening is the
process used by government officials to review an application for EIA to determine the appropriate
categorization. For the most part, energy production and distribution activities are usually considered
among those projects with potentially high or high medium impact.
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Figure B- 1: The Environmental Impact Assessment Process
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Source: Principles of Environmental Impact Assessment, U.S. Environmental Protection Agency, 1992.

Table B- 1: Responsibility in the EIA Process

“Responsibility” in the EIA Process

4 Public Participation throughout

Project Proponent Government
1 Initiate Project
2 Prepare EIA Application 2 Screening: Review EIA Application and
Categorization
3 Scope EIA Issues 3 Prepare Terms of Reference and Scope EIA issues

5a Prepare and Submit EIA Document

6 Review EIA Document

5b Correct deficiencies and respond to comment

7 Decision on Project

8 Incorporate commitments into legal agreements

9 Implementation of Project, Environmental
Measures and financial assurance

10 Correct violations 10 Auditing, compliance monitoring and enforcement

Source: Wasserman, Cheryl, U.S. Environmental Protection Agency.
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1.3 Scoping of EIA and Terms of Reference

Scoping is a process used to identify the important issues on which the EIA analysis should focus and
those on which it would not be informative to focus. Although any preparer of an EIA would have to
engage in a scoping process, the term often is used to describe a process of consultation with interested
and affected stakeholders in the project, in the area and infrastructure potentially affected by the
project and in the potentially affected resources. In CAFTA-DR countries of Central America and the
Dominican Republic, government officials issue a Terms of Reference to help guide the preparation of an
EIA document, in essence a form of scoping which usually includes a requirement for the project
proponent to engage the public and stakeholders, including local governments, NGOs and leaders of
indigenous groups, before proceeding to prepare the EIA document just for this purpose. In guidelines
issued by the International Finance Corporation and as a practice in the U.S. and some CAFTA-DR
countries, the project proponent would carry out public scoping early in the process for the most
significant types of projects, presumably to be able to influence the Terms of Reference. Section B2 in
this section of the guideline expands on public participation during the scoping process.

1.4 Public Participation throughout the process

EIA is intended to be a transparent process with the opportunity for public involvement from the
earliest stages of project development. It is customary for the Terms of Reference to include
requirements for the project proponent to engage the public and to document the results of this
outreach process in the EIA document. Countries will usually provide a formal opportunity for a public
hearing after the EIA document is reviewed by government staff and determined to be complete. The
Model Terms of Reference included in this guideline emphasizes the importance of early public
involvement to ensure that opportunities for reconciling economic, social and environmental concerns
can be considered. A special section on Public Participation is included in this guideline in subsection B2.

1.5 Preparation and Submission of the EIA Document

The structure of EIA documentation of analysis has been fairly standardized over the many years it has
been adopted as a practice. It includes:

e Executive Summary

e Table of Contents

e Project Description, Purpose and Need

Alternatives, including the proposed action

Environmental Setting

Assessment of Impacts

Mitigation and Monitoring Measures

e Commitment Document: Environmental Management Plan, which contains a facility-wide
monitoring plan and a facility-wide mitigation plan, which addresses mitigation for
environmental and socio-economic resources

e List of preparers

e List of Agencies, Organizations, and persons to whom copies of the statement are sent

e Index

e Appendices
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In countries in Central America and the Dominican Republic, deficiencies in an EIA document are usually
addressed through additional supplemental submissions of Annexes and correspondence. If deficiencies
are sufficiently significant an EIA document might be rejected and the project proponent would restart
the entire process. In the U.S. a draft EIA document is submitted for both government and public review
and a final document is then submitted which includes the response to comments and any additional
analysis that might be needed.

1.6 EIA Document Review

Government EIA Reviewers have an independent review function to determine if an EIA submitted by a
project proponent:

a) Complies with minimum requirements under country laws, regulations, and procedures

b) Is complete

c) Isaccurate

d) Is adequate for decision makers to be able to make informed decisions and choices, including
alternatives that might serve to avoid adverse impacts, and reasonable commitments to
measures for addressing adverse impacts that cannot be avoided

e) Distinguishes what may be a significant concern from those that are less significant

f) Provides a sufficient basis for assuring that commitments to environmental measures will be
met, taking into account not only the EIA but any additional supporting documents such as:
e Environmental Management Plan
e Mitigation measures that are integrated in the project design, operations and closure, and

their maintenance

e Monitoring and reporting measures
e Infrastructure investments

1.7 Decision on Project

As a decision making process which is informed by the EIA analysis, the actual decision on the project
and its rationale is important, particularly if the EIA analysis is not just to be a paper exercise. It
therefore is very important that the consideration of alternatives, impacts and their environmental
measures be written in a clear and accessible manner to the range of stakeholders who are making
decisions related to the project. Part of the decision process is engagement of stakeholders within and
outside government in a timely and constructive manner, allowing for the type of give and take needed
to address and find acceptable solutions to diverse interests.

1.8 Commitment Language for Environmental Measures

Countries differ on the vehicles they use to establish and hold project proponents accountable for
commitments made during the EIA process, ranging from reliance on the EIA document itself, a
document from the government establishing project environmental feasibility which highlights
commitments, the environmental management plan, a measures plan, an environmental permit,
concession and/or contract.
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1.9 Implementation of Environmental

Measures
The EIA process objectives can only be achieved
if promises and assumptions made in an Subsection B2 addresses requirements for
approved EIA document are followed in public participation. Included in this chapter
practice. Commitments are usually secured with are:
financial guarantees. The commitment to 1. Requirements for participation;
implement environmental measures runs 2. Methods for identifying and
throughout the process from site preparation to engaging affected and interested
closure. It is the responsibility of the project publics; and
proponent to implement measures unless the 3. Reporting on and responsiveness to
commitments are assigned and agreed to by public comments.
other parties such as might be the case in the
provision of adequate infrastructure to address
needs to treat liquid and solid waste from a site,

or to construct a road.
1.10 Auditing, monitoring and follow up enforcement of commitments

Countries employ a mix of mechanisms to ensure that commitments in the EIA document are followed,
including: short- and long-term monitoring and reporting; creating and certifying third party auditors
and defining their roles in the process; government inspection; and sometimes monitoring by the
community or NGOs to assure compliance. It is not sufficient to monitor compliance with commitments.
Failure to meet commitments should be followed by enforcement for failure to comply in order to
compel actions needed to protect the environment, cultural and economic interests. For this system to
work, commitments in the EIA, should be written in a manner which clearly provides the basis for an
independent audit and also clarity for the project proponent to ensure it is clear what they will be
undertaking and when.

2 PUBLIC PARTICIPATION

2.1 Introduction

Public participation and stakeholder involvement is an essential and integral part of the Environmental
Impact Assessment (EIA) process and CAFTA-DR countries have adopted policies and regulations and
procedures to require that this occurs throughout the EIA process. Reviewers should ensure that
minimum requirements are met, that key stakeholders and important issues have not been ignored or
under-represented, and that opportunities for effectively resolving underlying conflicts are provided.
The process for engaging the public and other stakeholders fails if it is undertaken as an afterthought or
poorly implemented or viewed as a one-time event. Opening up real opportunities for engagement by
the public, local governments, and interested and affected institutions requires a degree of openness
and disclosure which can be uncomfortable for some who fear that it might open the door to
unnecessary complication, higher costs and loss of control. However, the clear lessons from failed
public participation processes are just the reverse: if the public is engaged early, and in an open and
transparent manner, the process can help to avoid both unnecessary conflict and potential financial
hardship due to project delays and occasionally even permit denial. This chapter will refer to public and
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stakeholder involvement interchangeably, but requirements for and the timing of participation for
different subgroups may vary.

2.2 Requirements for Public Participation

Public participation requirements of individual countries should be identified and followed. Because
there is no easy formula for describing what is required to be successful in a given situation, legal
requirements for public participation are formulated as minimum requirements of law, and generally do
not reflect best practices designed to meet the full goals of public participation as an ongoing process.
To address the need to tailor a public participation plan to the circumstances some CAFTA DR countries
require that the project proponent develop and implement such a plan. The EIA should document the
steps taken to meet requirements and overall goals of public participation including: when, who was
involved, what the comments were and how they were considered.

Reviewers should carefully examine:

e Were requirements for public participation identified and complied with?

e Was timing of public notice sufficient to allow meaningful comment?

e What documents and information were disclosed and when?

e Are there obvious concerned public groups that were not involved and consulted?
e  Were opportunities to address public concerns and information overlooked?

Public participation requirements may include:

e General Requirements to include the public in the EIA process

e  Public Notification: Rules about the use of media to announce the EIA process and the points of
participation for the public and requirements for the Ministry or the owner/developer to announce
the public consultations in national and local media. Public participation and consultation ideally
should be initiated at the scoping stage of the EIA process, before steps are taken to prepare the
EIA document. This can be accomplished through a public notice of intent to prepare an EIA for a
specific action. Such a notice of intent should include a description of the proposal and describe
how the public may participate in the process

e Public Consultation: Rules about the consultations and observations that the public presents

e Public Disclosure: Requirements that the Ministry or the owner/developer publish the EIA for
review during the public consultations

e  Public Written Comment: Requirements for the public to have the opportunity to submit written
comments to the Ministry and the owner/developer in addition to the consultations.
Requirements may specify whether solicitation of comments from the public should take place in
formal public hearings, or may allow or encourage informal workshops or information sessions

e  Public Hearings: Most laws on public participation provide for the opportunity for a public hearing.
This is a formal legal process with little opportunity, if at all, for give and take discussion on
options, alternatives and assumptions. It is for that reason it is considered by most experts on
public participation to be the least effective means for actual public involvement

e Consideration of Public Comments: Requirements for public comments to be considered in the
review by the government if they have a sound basis

o Allocation of costs: Rules about who needs to pay, i.e. the owner/developer generally must pay for
the consultations with some exception where the Ministry pays.
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2.3 Methods for Identifying and Engaging Affected and Interested Publics

Successful public participation processes are built upon plans developed and tailored to a specific
project or program. This section addresses: (1) the identification of stakeholders, taking into account
the goals and objectives of the specific project or program that is being analyzed in the assessment and
the potential issues of concern; and (2) methods, or the tools and techniques to engage the identified
stakeholders, when those tolls are employed, including roles and responsibilities.

2.3.1 Stakeholder Identification Potential stakeholders to be considered:

Project proponents and their consultants e  Persons living and working in the vicinity of the project
. . . o Individual citizens with specific interests

should make a diligent effort to identify and .

L T o Local residents and property owners

engage individuals and groups both within o  lel hueinesses e sdhesls

and outside of government who might e Local, provincial, tribal, and national governmental

either be affected by or interested in a agencies, including regulators and those responsible for

infrastructure such as roads, water, solid waste
e  Citizen, civic, or religious groups representing affected
communities

proposed project and its potential impacts.
The geographic scope should include the

areas in and around the project, political e NGOs with specific interests
and natural resource boundaries, in other e  Environmentalists and conservation groups interested in
words the full geographic scope of each of protection and management of sensitive ecosystems and

protected areas
. Recreational users and organizations
° Farmers, fishermen, and others who utilize a potentially

the natural and human resources potentially
affected by the proposed action. Identifying

the specific issues presented by a proposed affected resource

project or program can help to reveal the e Industry groups such as power generation, fisheries,
key stakeholders. Much as the stakeholders forestry, and mining

also can help to identify issues for analysis. *  Technical experts

e Low income, minority, people who may be
disproportionately affected
. Indigenous peoples

Additional stakeholders can be discovered
throughout the entire assessment process
and should be included in subsequent public
participation activities.

2.3.2 Engagement Methods and Timing

A variety of tools and techniques can be utilized during the public process depending upon the level of
public participation sought, which can range from merely providing information to working in a
collaborative relationship. Although laws and regulations might only require a formal public hearing,
"talking at the public" is not a substitute for active listening. That is why public hearings are historically
poor ways to engage the public, and it is best to augment formal procedures with other processes to
enable the give and take of dialogue and discussion. Cultural nuances may make other types of
outreach helpful and informative, such as home visits with elders or people who do not trust public
meetings.

Three consistent lessons learned for effective public participation process are to:
e Adapt the process to meet the needs of the circumstances
e Reach out to and understand the audience
e Startearly in the EIA process

To be effective, public participation should be tailored to the particular audiences and meet the goals of
the specific public engagement or communication, and those goals should be clear. Communications
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which are early, clear and responsive both to information provided and concerns raised are essential to
build trust. The selection and timing of methods used to engage stakeholders and the broader public
should result in: a) encouragement to offer information important to assessing impacts and developing
alternatives, b) transparency about what is proposed, its potential impacts and means of addressing
them, and c) a clear message to all members of the public that their input is important and useful
throughout the EIA process.

Public participation tools often used in an EIA process:

e  Public meetings

e  Public hearings

e Small group meetings or workshops

e Community advisory panels

e News releases, newsletters with public comment forms,
fact sheet, flyers

e Media — feature stories, interviews, public service
announcements

e Project/program web sites

e  Public comment periods soliciting written comment
letters

e Information repositories or clearinghouses

e Speakers bureaus

e Surveys

e  Mailing lists

e Briefings by and for public officials

e Use of social networking such as Facebook, Twitter, etc.

There are several guidelines that have been developed by the
CAFTA DR countries (e.g. Guatemala) and international
organizations concerning the planning and implementation of
public participation which are noted in the reference list.
Public Participation Tool Kits are available from EPA in
different languages
(/http://www.epa.gov/international/toolkit/) and the
International Association for Public Participation Web site at
www.iap2.org on the home page under Practitioner’s Tools
(IAP2’s Public Participation Toolbox).Also see

Scoping occurs early in the EIA process
to identify key issues, and to focus and
bound the assessment. Many of the
CAFTA-DR countries require project
proponents and their consultants to
engage the public during this phase,
before beginning work on the EIA.
Scoping typically is conducted in a
meeting or series of meetings involving
the project proponent, the public, and
the responsible government agencies.
The structure of the meetings may vary
depending on the nature and complexity
of the proposed action and on the
number of interested participants.
Small-scale scoping meetings might be
conducted like business conferences,
with  participants  contributing in
informal discussions of the issues.
Large-scale scoping meetings might
require a more formal atmosphere, like
that of a public hearing, where
interested parties are afforded the
opportunity to present testimony.

Other types of scoping meetings could
include "workshops," with participants

http://www.epa.gov/care/library/community culture.pdf

in small work groups exploring different
alternatives and designs. Meetings may
need to include interpreters to translate information for people who do not speak the language in which
the meeting is being conducted, as is the case with all procedural and analytical stages of the EIA
process.

2.3.3 Reporting On and Responsiveness To Public Comments

Public input should be reflected in changes in the assessment, the project or program, or to
commitments for environmental measures. Project proponents should document specific steps taken to
engage the public and other stakeholders, and the timing of those engagements before undertaking to
prepare the EIA and during its development. Included in the annexes of the EIA should be a summary of
public outreach activities, audience, number of persons, organizations involved, concerns raised,
responses to comments and, if required, actual copies of written comments received. Reporting on
comments obtained through any of the methods identified above should be sufficiently clear to enable
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an EIA reviewer and the public to assess responsiveness to comments, including whether they were
understood, whether they were found to be appropriate or not and why, and if appropriate, what
actions were taken to respond to them and whether those actions are sufficient to fully address the
concerns. Several approaches might be acceptable to summarize or include actual transcripts and
copies of oral and written comments and to demonstrate responsiveness through narrative, tables and
cross-references to specific changes.
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C. PROJECT AND ALTERNATIVES DESCRIPTION

C. PROJECT AND ALTERNATIVES DESCRIPTION

1 INTRODUCTION

Environmental Impact Assessment starts with the
description of the proposed project with sufficient
detail to support a credible assessment of impacts
for both the proposed actions and reasonable and
feasible alternatives. This section contains some of
the most important information in the EIA since it
provides the core data for forecasting potential
environmental impacts, and to reduce, eliminate or
mitigate those impacts.

The main elements of the description of the
proposed project and alternatives should include:

e Objectives and Justification: A clear
statement with supporting information
(sometimes this might be referred to as
purpose and need)

e Description of the proposed project
detailing:

o How it meets the purpose and need.

o Facility and engineering design details
in sufficient detail to support an
accurate identification and assessment
of impacts

o Coverage of all phases of the project
both in chronological time from site
preparation to construction to
operation to closure and also phases if
there are plans to increase the capacity
at later points in time.

o Expected physical releases into the
environment

e Alternatives: an identification of

ENGINEERING DESIGN
Whether a thermal, hydropower, renewable energy
powered or power transmission project, appropriate
environmental practices for construction and operation
begin with appropriate engineering design. This design
should take into account:
e  Power generation technology
e  Location (Siting)
e  Construction
e  Fuel quality and rates of use for thermal power
e  Hydrological considerations for hydroelectric and
use of cooling water for thermal if water cooled
e  Size of the project footprint
e  Transportation of fuel to the plant, if thermal power
e  Emissions, effluents and other wastes resulting
from operation
e  Support facilities and services required
e  Use of local infrastructure and manpower
e  Closure and restoration plans, if applicable

The ultimate goal of the design is to provide a blueprint
for the construction and operation of an
environmentally and economically desirable project,
from start to finish.

Engineering design as present in the EIA should present a
clear understanding as to how the power plant or
transmission line will be operated from start to finish.
Process flow diagrams show the path of fuel, water,
other renewable energy resource or electricity
(transmission) in to the project, power out, and all major
operating components required. Maps and plan views
should be developed to show the layout of the project
and proximity of sensitive receptors of environmental
impacts. The design should also describe any planned
changes in size, fuel, capacity, e.g., for a gas fired
turbine, upgrading from simple to combined cycle.

alternatives for meeting the purpose and need which are economically and technically feasible,
and sufficient detail for the most appropriate and alternatives to permit comparative
assessment of impacts. This can include modifications to the proposed project or entirely
different projects to meet the purpose and need.

e Documentation of the economic viability of the proposed project

The proposed engineering design would already include information describing the design and
operation of a proposed energy project and its alternatives, such as fuel or energy input, location, and
technologies. Usually, by the time an EIA is being prepared, much of the preliminary planning and
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engineering design have been completed by the proponent to prove economic feasibility. The designs
and construction plans may not be detailed enough for actual construction and implementation, but all
aspects of the plan should have been contemplated and preliminary power generation or transmission
system designs prepared and compiled. The plan will also contain information on support facilities and
labor needs.

2 DOCUMENTATION OF PURPOSE AND NEED

In describing the underlying purpose and need, the EIA should be more specific than assertions that
more energy might be needed. The assessment of impacts will be different based on the responses to
several questions that need to be made clear in the EIA:

e Who needs the energy and for what purpose?

e  Where is the energy needed and what form should it take?

e How much energy is needed and when are different levels needed?
e What are the levels of uncertainty in energy need?

The purpose and need description also should help to explain whether the proposed project is a new
project, an expansion, upgrade or a replacement of an existing project, and whether and why the
project might be phased in over time. This information is an important aspect of the project description.
It also will help to clarify who the intended recipients are of the energy being generated and/or
distributed, i.e. will it be for local use or for users at a distance? Will it be used domestically or exported
to other countries?

3 PROJECT AND ALTERNATIVES DESCRIPTION

This section of the EIA should provide information on the proposed project and alternatives sufficient
not only to describe how it meets the purpose and need but as a basis for identifying and assessing its
impacts. This project description should include, the nature, size and type of project and all related
facilities and activities, its design, construction, operation, site design and land area, subsequent
anticipated expansion and decommissioning as well as the profile of direct releases into the
environment, employment, resource and waste streams, related transportation and the like which are
elaborated below for non-renewable and renewable energy generation and distribution. Additional
detail on energy technology is provided in Appendix A.

The Project Description section of the EIA should begin with an overview of the proposed activities and a
general description of background information to place the proposed energy project in context.
Overview information includes project location and access (shown on an overview map), a general
description of the overall project including project type, identification of each component including
layouts and schematic drawings, waste flowcharts, initial construction sequencing, and life of the
operation. Background information includes pre-construction land uses, land ownership and applicable
laws, regulations and best practices. In addition, other alternatives should be identified to the proposed
actions. These could include “Do Nothing,” best practices that are not included in the project proposal,
an alternative location to avoid or mitigate potential adverse impacts, or other actions as appropriate.
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3.1 Overall Project Description Information

Typically by the time an EIA is started much of the preliminary design work has been completed by the
project proponent to prove economic feasibility and support bankability of the project. The designs and
construction plans may not be entirely complete but most if not all of the details required for
environmental impact assessment should be available.

Project Description: a brief summary of the type (fossil fuel plant, biomass/biofuel plant, hydropower
facility, transmission line, etc.) and size (installed capacity and expected energy generation) of the
project that is proposed, including a description of all project facilities. It also should include a flow
diagram for power generation or transmission showing all components of the plant or transmission
system and their relationships to each other. Detailed information required for each type of facility is
presented in Subsection 4 Project Alternatives.

Project Operations: including a description of how the project will operate (seasonally, monthly, daily,
or hourly, as appropriate) and its mode of operation (peaking, base load, run-of-the-river and/or
storage). This section should include a roster of all non-power generating equipment and machinery to
be used during project operation, specifying type and quantity by size, weight, motor size, and fuel
requirements for each operational activity. Similar information on power generating equipment will be
provided below in the Project Alternative Design subsection. This section should also provide the overall
energy requirements for operation and source or sources of that energy.

Location: the general location of the project and associated activities in terms of:

e Political-administrative location (region, district, town or other relevant political-administrative
units) with accompanying location map.

e Means of site access —i.e., by air, river, road, train or vehicle.

e latitude and longitude of project area.

e Maps of project area showing location and general plan for the facilities and activities.

e Maps of the area of influence that will be included in the EIA analysis, and an explanation of how
that area of influence was determined.

Physical Description: a general description of the site and the surrounding area. This is only a summary
description as a more detailed description will be presented in the Environmental Settings section of the
EIA. This description, however, should summarize information on:

e Geology, soils and topography including topographic maps

e Vegetative cover

e Principal watersheds

e Water bodies

e Hydrogeology

e Roads and landmarks

e General land use (specific information is presented in subsection 5.18)

Summary of Proposed Project and Alternatives: a general identification and summary of all project
alternatives that are reasonable and feasible and meet the purpose and need for the proposed project.
In addition to the proposed project, alternatives may include:

e Alternative locations

e Alternative fuels
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e Alternative site configuration of elements of the project

e Alternative size and output capacity

e Alternative plans for construction, operation and decommissioning
This part of the EIA should also describe the criteria used for identifying which alternatives are fully
described and assessed in the EIA. This description should conclude by identifying which alternatives
are included in the EIA.

Associated Transmission Lines and Connections: including all new and existing lines and connections at
the site or connecting the site to existing transmission lines. The information necessary for extensive
new transmission lines are described below in Subsection 5 Transmission Lines.
e Line voltage
Total length of line in km
Minimum height of conductors over ground level
Width of the right of way in meters
Source
Destination
Number and types of towers
Height of towers
Number of circuits, stations and transformer yards
e Points of interconnection between existing and new

Construction Phase and Timetable: including the following:
e A schedule for each phase of construction for all project and ancillary facilities including, but not
limited to:
o Mobilization
Road construction and improvements
Land clearing
Drilling
Blasting
Borrow and spoil disposal
Erosion and sediment control
Excavation and sub grade preparation
Foundation preparation
Concrete work
Construction or installation of each project facility
o Stabilization of disturbed areas
e A GANTT or critical path management chart for the entire project, from start to finish
e Equipment
o Equipment Roster specifying type and quantity by size, weight, motor size, and fuel
requirements for each piece of equipment or machinery used in each activity
Transportation mobilization and mobilization frequency
Machinery and equipment mobilization routes to be used, as well as the features of the
ways on which they will be transported, including a map of routes, as applicable, and
mobilization
e Raw materials to be used for construction
o Give a complete list of the raw materials and construction materials to be used, indicating
the amounts per day, month, and the storage means

0O 0 0O 0 o 0O 0o o O o
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o Include an inventory of chemical, toxic or hazardous substances, active elements, sites and
storage means, safety aspects regarding transportation and handling and any other relevant
information

e Construction camp (if applicable)

o A map at a legible scale appropriate to the size of the project showing all buildings, roads,

transmission and communication lines, drainage systems, etc.

Water supply and distribution system including use (m>/day), rights and sources

Waste handling and disposal components including sewers, wastewater treatment and solid
waste collection, treatment and disposal facilities

Energy generation and use requirements

Closure or transition from construction camp to final onsite housing

3.2 Project Scope: Project Phases and Related or Connected Actions

All power generation and distribution projects include the following phases:
e Design engineering
e Environmental impact assessment (EIA) and permitting
e Site Preparation
e Construction
e Operation and maintenance
e Possible up-gradations or de-ratings
e Decommissioning demobilization
All phases and details about them should be provided.

All related or connected actions should be addressed in the EIA. There may be different entities and
project proponents responsible for different aspects of proposed projects and alternatives. Even if there
are different entities involved the test is whether a proposed energy project X would still be proposed if
another project Y were not also proposed. For example, an energy generation plant is proposed but the
electricity will need to be distributed and connected to transmission lines and the transmission lines
would not be proposed for that particular location if it were not for the proposed energy generation
plant. So the two projects should be assessed at the same time either by cross referencing in separate
EIA documents or within a single, integrated document. The same logic applies to related projects such
as pipelines, storage, port facilities and ships delivering fuels and the opening or expansion of quarries
for building materials to be used in construction.

4 PROJECT ALTERNATIVES
4.1 |dentification and Assessment

Consideration of alternatives is the “heart” of the EIA process and is a requirement of country EIA laws
and procedures to foster sustainable development and improved decision making to reconcile
economic, environmental and social concerns. This requirement to consider alternatives only pertains
to reasonable alternatives, which are those alternatives that meet the underlying purpose for the
project and are economically and technically feasible. In many cases analyzing in detail only a subset of
alternatives considered would adequately represent the range of reasonable alternatives also In
addition, analyzing a No Action alternative is required to provide an environmental baseline for
comparison with the proposed action and alternatives. Given the public participation requirements of
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the EIA process, it is also important for the project proponent to solicit public comment on the proposed
alternatives to be analyzed in the EIA.

There are several issues to consider in determining the scope of alternatives that will need to be
addressed. All EIAs for energy power production and distribution projects should include:

a) No Action Alternative: the analysis of
the no-action alternative, which ALTERNATIVES
provides a baseline and represents the Analyzing alternatives is important to sound decision making by

reasonable impacts, projected into the informing the decision makers of the environmental
. e consequences of project choices and providing a means for
future, of taking no action. The No

exploring opportunities to avoid environmental, social and
Action Alternative does not mean that economic concerns rather than just mitigate them for a specific
nothing will happen, but rather it proposal. Alternatives should include:

projects what would happen in the
future if the proposed project is not

approved or is withdrawn.

e No action alternative: what happens in absence of the
proposed actions

e  Modified project

Alternative size and sequencing of the project
Alternative location/sites

Alternative site design/facility design or use
alternative site access, storage

Alternative and combined energy mix

b) Reasonable technically and
economically feasible project options
that would reduce potential adverse
environmental and socioeconomic
impacts such as alternative designs,
technology, site design and facility *  Alternative Project
design options for the project location o Alternative technologies :
. . Alternative energy source or fuel mix
including proposals by stakeholders, for

(o]
el _ ) o Alternative connections to related infrastructure
modifications or new project options o Alternative project at alternative location or site
posing lower impact.

O O O O O

Project descriptions for alternatives should be of sufficient detail to assess relative impact on the
environment and support any conclusions about why the alternative may have been selected or rejected
and the project proponent and government reviewer has had the opportunity to consider whether
feasible alternatives can achieve the purpose and need in a manner which better achieves sustainable
development goals.

It becomes a challenging policy issue as to how far to go in calling for individual proposed project
proponents to explore the full range of energy production options. It is always helpful to have a clear
policy or planning context for making project specific decisions. The public and private nature of energy
production and supply makes it a likely candidate for strategic environmental assessment or
programmatic EIA. As such, some of the considerations about preferred energy mix, or preferred
locations for wind, solar and hydropower or for transmission may already have been considered. Itis
likely, however, that the assessment will not be neatly tied to either a plan or program and/or it will
remain unclear as to how to approach specific energy project proposals even when they exist.
Therefore countries will need to address the scope of consideration of alternatives in individual project
environmental impact assessments and this guideline presents a range of approaches that can be
adopted. Given the range of options that differ so dramatically, it will be something each country or the
CAFTA DR region needs to address.
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4.2 Alternative Methods of Power Generation and Transmission Overview

There are many ways to produce electric energy, but they can be broadly divided into two groups:

e Thermal/combustion power plants using a range of non-renewable fossil fuels and, in some
instances, renewable fuel energy sources such as biomass and biofuels.
e Renewable energy sources such as hydroelectric, hydrokinetic, solar, wind and geothermal.

Figure C-1: Electrical power generation and transmission alternatives.

Power generation technologies
. Non-renewable (fossil fuel is the source of energy), which can be further broken
down into external or internal combustion, or
. Renewable (the source of energy is constantly renewed/inexhaustible or
renewable over a short period of time, and is used at a sustainable rate).

Fuels and energy source alternatives Technology for converting fuels energy
Nonrenewable to electrical power
e Nuclear (not addressed in this document)
e Fossil fuel (thermal)
e Fossil fuel (reciprocating engine)

e Steam turbines

e Gas turbines

e Combined cycle (gas turbine followed by heat
recovery and steam turbine)

Renewable . e Reciprocating engines
e Hydroelectric e Microturbines
. W|ndh | e Stirling engines
* Geotherma e Impact and aerodynamic turbines
e Solar

e Biomass, Bio fuels and Waste to Energy

Types of electric power transmission projects
. Overhead transmission lines and associated transformer stations
. Underground transmission lines and associated transformer stations
. Combinations of overhead and underground, and associated transformer
stations

Emissions, effluents, wastes and other physical factors resulting from construction and operation of the
power plant or transmission line will depend on the fuel or energy source and the size and type of
energy production and distribution. It is the combination of the characteristics of the fuel and energy
sources and the technology used to convert the fuel energy into electrical power that defines the
project footprint and potential environmental and social-economic impact.

Section 3.1 of this chapter listed the general information that should be included in the project and
alternative descriptions for all energy generation and transmission projects, regardless of the power
generating technology used. Sections 4.3 through 4.8 of this chapter provide information on the specific
design information requirements for each type of energy production. Section 5 presents design
information needs for transmission projects. Table C-1 (located after Section 5) summarizes the specific
design information that should be included in the description of the proposed project and its
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alternatives, depending on the source of energy. Transmission is also included in Table C-1. Appendix A
presents more detailed information on each of these technologies.

Regardless of whether a project is for generation or transmission of electrical power and regardless of
the technology used, all project descriptions should include design drawings including plan (overhead)
views, elevations (front views) and profiles (side views). The plans should be digitized and presented in
a format which is readily readable by the reviewer.

4.3 Thermal/Fossil Fuel Power (Coal, Petroleum or Natural Gas)

Thermal/Fossil Fuel power production uses the combustion of fossil fuels to either directly or indirectly
turn generators or alternators that produce electrical energy. The technologies can be divided into two
basic categories, external combustion and internal combustion. These two technologies are discussed in
the following subsections. The third subsection presents the specific design information that should be
included in the Project Description for a thermal/fossil fuel power plant.

4.3.1 External Combustion

External combustion means that combustion of the fuel is external to the machinery that turns the
generator or alternator to produce electricity. The heat energy generated by the combustion of fuel is
transformed into electrical energy indirectly, usually by means of heating boilers or boiler tubes to
generate steam. The resulting steam is then used to power steam turbines or engines that turn
generators or alternators, thus creating electrical energy.

A steam turbine is a mechanical device that extracts thermal energy from pressurized steam and
converts it into rotary motion. It has almost completely replaced the reciprocating piston steam engine
because of its greater thermal efficiency and higher power to weight ratio. Because the turbine
generates rotary motion, it is particularly suited to be used to drive an electrical generator — about 80
percent of all electricity generation in the world is by use of steam turbines.

A typical diagram of a thermal fossil fuel power plant using external combustion is presented Figure C-2.
Although this diagram is for a coal powered plant, the basic components are similar for any thermal
power plant using external combustion. The key differences are due to differences in fuel and
combustion waste by products, so that 14 through 16 and 18 in the diagram may be different for
different types of fuels.

4.3.2 Internal Combustion

Internal combustion means that the fuel is combusted internal to the engine, as in a confined chamber
or cylinder and that resulting mechanical action directly turns generators or alternators. Sections 4.3.2.1
through 4.3.2.3 present brief descriptions of the three principal forms of internal combustion engines
used to generate electrical energy.

4.3.2.1 Simple Cycle Combustion Turbine

Simple cycle combustion turbine (SCCT) is a type of gas or oil fired turbine most frequently used in the
power industry. The main advantage of an SCCT is the ability for it to "cycle" or be turned on and off

within minutes. Due to their ability to operate from several hours per day to dozens of hours per year,
SCCTs are useful for supplying power during peak demand. In areas with a shortage of base load a gas
turbine power plant may regularly operate during most hours of the day and even into the evening. A
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typical large simple cycle gas turbine may produce 100 to 300 MW of power and have 35 to 40 percent
thermal efficiency. The most efficient turbines have reached 46 percent efficiency.

Figure C- 2: Coal-fired thermal power plant diagram

F;'I 1 IIH_-_
1. Cooling system 10. Steam Control valve 19. Superheater
2. Cooling water pump 11. High pressure steam turbine 20. Forced draught (draft) fan
3. Transmission line 12. Deaerator 21. Reheater
4. Step-up transformer 13. Feedwater heater 22. Combustion air intake
5. Electrical generator 14. Coal conveyor 23. Economiser
6. Low pressure steam turbine 15. Coal hopper 24. Air preheater
7. Condensate pump 16. Coal pulverizer 25. Emissions control
8. Surface condenser 17. Boiler steam drum 26. Induced draught (draft) fan
9. Intermediate pressure steam 18. Bottom ash hopper 27. Flue gas stack
turbine

Source: http://en.wikipedia.org/wiki/Thermal_power_station

4.3.2.2 Combined Cycle Turbine

A combined cycle turbine is characteristic of a power producing engine or plant that employs more than
one thermodynamic cycle. In a combined cycle power plant or combined cycle gas turbine plant a gas
turbine generator generates electricity and the waste heat is used to make steam to generate additional
electricity via a steam turbine. Using the direct combustion as well as the waste heat to generate
electricity enhances the efficiency of electricity generation. Usually less than 50 percent of the heat
generated is used and the remaining heat (e.g. hot exhaust fumes) from combustion is wasted. Most
new gas power plants in North America and Europe are of this type. For large scale power generation a
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typical set would be a 400 megawatt (MW) Gas Turbine coupled to a 200 MW Steam Turbine giving 600
MW. A typical power station might comprise of between 2 and 6 such sets.

4.3.2.3 Reciprocating Engine Generators

Only large capacity diesel reciprocating engine generators are considered in these guidelines as gasoline
powered systems are generally not used in the energy sector. A reciprocating engine generator is a
combination of a diesel engine, a generator and various ancillary devices such as base, canopy, sound
attenuation, control systems, circuit breakers, jacket water heaters, starting systems etc. Sizes up to
about five MW are used for small power stations, which may use up to 20 units. In these larger sizes the
engine and generator are brought to site separately and assembled along with ancillary equipment.

Diesel generators, sometimes as small as 250 kilovolt amps, are widely used at power plants not only for
emergency power, but also many have a secondary function of feeding power to utility grids either
during peak periods, or periods when there is a shortage of large power generators.

One or more diesel generators operating without a connection to an electrical grid are said to be
operating in "island" mode. Several parallel generators provide the advantages of redundancy and
better efficiency at partial loads. An island power plant intended for primary power source of an
isolated community will often have at least three diesel generators, any two of which are rated to carry
the required load. Groups of up to 20 are not uncommon.

4.3.3 Implications for Project Description

In addition to the list of general information presented in Section 3.1, thermal/fossil fuel project

descriptions should include design information and specifications for the following:
e Type of technology (external combustion with steam turbine, or internal combustion with

combined cycle turbine, simple cycle combustion turbine, or reciprocating engine)

e Design details for each power generation component (as appropriate)

Combustion chambers

Boilers

Steam controls

Turbines

Generators

Cooling systems

Noise control

Fuel storage

Amount, type and constituents of the waste from fuel combustion

Plans for storage and disposal of combustion waste

Heat and extent of thermal discharge as well as heat discharge control technology

Treatment and emission of exhaust gases

= Use of air pollution control devices (electrostatic precipitators, baghouses, cyclones,
scrubbers, dust suppressants, steam injection, limestone or ammonia injection, fuel
cleaning and or use of cleaner fuels, and other control measures)

= Disposal of dust and slag from treatment systems

=  QOptimization of stoichiometry of combustion

= Limitation of process rates or hours of operation

=  Design of stacks to minimize downwash or near field plume impacts

o Type of fuel or mix, indicating:

o o0 0O o 0o 0O oo o o o o
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Amounts required per day and month
BTU, water content, and other characteristics that will determine how well combustion will
take place and resulting air emissions
Where it will come from
How it will be transported to site
= Roads, railways or waterways
= Conveyor belts
=  Pipelines
o Storage requirements
o Required processing or cleaning
e Pre-operation Phase: projects with cooling ponds should include a filling plan including, but not
limited to:
o Proposed filling rate with definite hold periods for observation
o Options to control filling
o Schedule for inspection and evaluation of structures and instrumentation

4.4 Thermal/Biomass Power

Thermal/Biomass power production uses the combustion of biomass or biofuels to either directly or
indirectly turn generators or alternators that produce electrical energy. The technologies used to
generate energy are the same as those for Thermal/Fossil Fuel power production, but the fuels and their
generation are significantly different. Biomass and biofuels are a renewable energy source derived from
living, or recently living organisms, such as wood, waste, plants and algae (Figure C-3). It excludes
organic material such as fossil fuel such which has been transformed by geological processes over long
periods of time.

Figure C- 3: Sources of biomass used globally for energy generation, including for cooking heating
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Source: EIA Bioenergy. 2009. Bioenergy a Sustainable and Reliable Energy: A review of status
and prospects. pg. 10. http://www.ieabioenergy.com/Libltem.aspx?id=6479
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Thermal/Biomass power production includes the external combustion of biomass such as wood, hemp,
miscanthus, crop by-products (straw, field residues, rice husks, corn cobs, etc.), solid waste or biofuels
to heat boilers or boiler tubes to generate steam. The steam is then used to turn generators or
alternators. It also includes the use of biofuels to directly fuel internal combustion turbines or
reciprocating engines hooked to turbines. The system components are the same as those presented in
Figure C-2 with the exception of the fuel preparation and delivery (items 14-16).

Biofuels are derived from conversion of biomass (organic material) into a combustible fuel. Biomass can
be converted into biofuels via physical extraction (as in the case of some oils), decomposition,
fermentation, thermal processes, or chemical processes. Biofuels may be gases such as methane or
liquids such as ethanol or biodiesel. Most biofuel production comes from harvesting organic matter and
then converting it to fuel but an alternative approach relies on the fact that some algae naturally
produce ethanol and this can be collected without killing the algae. In addition to being used to power
external combustion systems, biofuels can be used to power internal combustion, so that they can be
used as fuel for the technologies described in subsection 4.3.2.

Several agricultural products are specifically grown for biofuel production:
e Corn, switchgrass and soybeans, primarily in the United States
e Rapeseed wheat and sugar beet primarily in Europe
e Sugarcane in Brazil
e Palm oil and miscanthus in South-East Asia
e Sorghum and cassava in China
e Jatropha and Pongamia pinnata in India
e Pongamia pinnata in Australia and the tropics
e Hemp has also been proven to work as a biofuel

In addition to the general list above in 3.1 and the specific design information required for thermal
plants in 4.3, biomass project descriptions should include:
e Source of biomass (specific locations of production centers, including solid waste facilities if
applicable)
e Land dedicated to growing/producing crops or trees for biomass
o Development of support facilities, such as irrigation systems including diversions, reservoirs,
canals, etc.
o Chemical use and storage for pesticides and fertilizers on production lands
e Design details for any treatment for biomass use or conversion for biofuel required before use
o Energy demands and sources for treatment
o Releases to the environment
e Storage of raw and treated materials

4.5 Hydropower

Hydropower is further subdivided into the categories of hydroelectric power and hydrokinetic power.
Hydroelectric projects generate electricity from the flow of water with use of a dam or diversion,
whereas hydrokinetic projects generate electricity from the movement of waves or currents without the
use of a dam or diversion.
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4.5.1 Hydroelectric Power

Hydroelectric power is categorized by capacity as being pico (< 5 kW), micro (< 100 kW), mini (< 1 MW),
small (< 30 MW) and large (> 30 MW), and by head, where low head is < 30 meters, medium is 30-300
meters and high head is > 300 meters. Most hydroelectric projects connected to the grid in CAFTA-DR
countries are large, however there is growing interest in smaller projects (pico, micro, mini or small
capacity) because they can serve small remote communities or individual facilities. If these facilities are
not located near endangered species and do not significantly alter the flow of the river, they can offer a
relatively benign source of energy.

There are three types of hydroelectric power projects: conventional, pumped storage and instream
energy generation technology.

a) Conventional projects, use a dam or diversion, and may operate in a run-of-the-river mode,
where outflow from the project approximates inflow, or peaking, where flows are stored and
released on a daily, monthly, or seasonal basis. To increase “head” for electrical generation, the
developer may construct the powerhouse downstream from the dam, diverting water from a
section of river known as the bypassed reach. Figures C-4 and C-5 present diagrams of typical
conventional hydroelectric projects.

b) Pumped storage projects use bodies of water at two different elevations. Water flows to the
lower body of water by gravity, generating power during periods of peak electrical use and
pumping water back uphill during off-peak hours (see Figure C-6). If both the upper and lower
bodies of water are distinct reservoirs, the pumped storage is considered closed. Conversely, an
open pumped storage system would typically have a dammed river as either the upper or lower
water body.

c) Instream energy generation technology derives power from low-head turbines placed directly in
rivers or manmade channels, where the current directly turns the turbine generating electrical
energy. These systems require no dams or diversions, so that their environmental impacts can
be relatively benign. Low-head turbines turn much slower than conventional turbines and
generate less energy per turbine (10 to 40 kW per turbine) requiring many more to be built for a
given level of energy production.
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Figure C- 4: Hydroelectric dam diagram
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Source: http://www.tva.gov/power/hydroart.htm
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Figure C- 5: Diversion hydroelectric project
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Source: World Bank. Renewable Energy Toolkit Technology Module, page 3.
http://siteresources.worldbank.org/INTRENENERGYTK/Resources/REToolkit Technologies.pdf
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Figure C- 6: Pumped Storage hydroelectric project
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In addition to the general list above in 3.1, hydroelectric project descriptions should include:
e Type (Hydroelectric dam or diversion, pumped storage, instream energy generation technology
or hydrokinetic)
e Intake: describe the water point of intake in terms of:
o Peak level in m above mean sea level
o Lengthinm
o Operation mechanisms such as grids, gates, useful volume, dead volume etc.
e Diversion (if applicable)
o Type
o Height, height of crown and length in m
o Type and number of gates
e Dam (if applicable)
o Type
o Height, height of crown and length in m
o Type and number of gates
e Reservoir (if applicable)
Surface area at specified elevations
Maximum and minimum operational pool level in m AMSL
Total volume in m?
Operational volume in m?
Information on reservoir strata and limnology
Sediment storage in m*
Retention time

O 0O O 0 O O O
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o Height-volume curve
o Lining (if applicable)
e Power house
Number and type of turbines
Minimum and maximum hydraulic capacity of turbines
Cooling system
Generators
Other special equipment
e Tunnels and canals
o Lengthsin km
o Cross sections indicating size in m and construction materials
e Penstocks and pipelines
o Lengthsin km
o Cross sections indicating size in m and construction materials
e Pre-operation Phase: Reservoir filling plan (if appropriate) including, but not limited to:
o Proposed filling rate with definite hold periods for observation
o Options to control filling
o Schedule for inspection and evaluation of structures and instrumentation

o O O O O

4.5.2 Hydrokinetic Power

Hydrokinetic power is defined as projects that generate electricity from waves or directly from the flow
of water in ocean currents, tides or inland waterways without use of a dam. Hydrokinetic power is a
newer development and it is estimated that 30% or more of global power needs in nations having
enough coastal access could be generated using hydrokinetic power.

There are four types of wave energy devices: point absorbers, attenuators, overtopping terminators,
and oscillating water column terminators (see Figure C-7). Current energy devices consist of a rotor and
generator. The two types are axial, which are typically horizontal (Figure C-8) and cross flow (either
vertical or horizontal).

Point absorbers are floating structures with one component (generally a buoy) that moves up and down
with wave action and another component that is fixed to the ocean floor or relatively fixed via a
submerged damper. The two components move independently, causing a piston action, which is
converted to energy via electromechanical or hydraulic converters. Point absorbers are not currently
being used anywhere as a major energy source, but experimental versions have proven that they
produce energy.

Attenuators are long, multi-segment floating structures oriented parallel to the direction of wave travel.
The motion of the waves moves the segments independently, causing them to flex at the joints where
the segments connect. The flexing action is converted into energy via hydraulic pumps or other
converters. Those connected to hydraulic pumps pressurize hydraulic fluid, which is then used to drive a
generator. The first commercial wave farm using Pelamis attenuators began operation in 2008 off the
coast of Portugal (Agucadoura). But since has shut down; first for technical reasons, then for later for
financial reasons.

Overtopping terminators float at or near the ocean surface, perpendicular to the direction of wave
travel and located near the shore where waves break. They have reservoirs that are filled when waves
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overtop the structure. After the device is overtopped, the water in the reservoir is above the average
surrounding sea level. The water is then released through a controlled opening in the reservoir, and
gravity causes it to fall back toward the ocean surface. The energy of the falling water is used to turn
conventional, low-head hydro turbines. No overtopping terminators are currently proposed for use in
the United States; however, projects and prototypes have been demonstrated in the United Kingdom,
Denmark and Portugal.

Oscillating water column (OWC) terminators are built on shore, perpendicular to the direction of wave
travel. When waves break on shore, water enters through a subsurface opening into a chamber with air
trapped above it. The wave action causes the captured water column to move up and down like a
piston, forcing the air though an opening connected to a wind turbine. A full-scale, 500-kW, prototype
OWC designed and built by Energetech is undergoing testing offshore at Port Kembla in Australia. The
technology has also been demonstrated in the United Kingdom and Portugal, and at least two projects
are under development in the United States.

In addition to the general list above in 3.1, hydrokinetic project descriptions should include:
e Description, including dimensions, of all devices, moorings, safety markers, and transmission
line to shore facilities
e Allland-based facilities and technologies used to capture and distribute the electricity
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Figure C- 7: Wave energy devices
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Figure C- 8: Tidal turbines
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4.6 Solar Power

Solar energy can provide electrical power for distribution by utilities in sizes ranging from 10’s of
megawatts to a 1,000 megawatts. Solar power plants can be stand-alone or hybrid plants in which solar
and other power sources are combined. Solar power can be used to generate electricity either directly
through use of photovoltaic cells or by heating a fluid or gas which then drives a steam turbine or a
Stirling or Brayton heat engine.

All solar power projects have some common design components in addition to those identified in
section 3.1. These include:
e Water sources, amounts and storage for regularly washing the collector surfaces
e Energy storage, if applicable
e Plans for back up power systems using fossil fuels or other sources, if applicable
e Alternative fluid heating system, if applicable
o Specifications
o Fuel
o Fuel storage
o Emissions controls

Solar power is divided into two generic types: concentrating solar power and photovoltaic (PV) (Figure
C-9). The following subsections present basic information on each of these technologies.

4.6.1 Concentrating Solar Power

Concentrating Solar Power (CSP) technologies use mirrors to concentrate or focus the sun’s light energy
and convert it into heat to achieve sufficient fluid temperatures to efficiently produce electrical energy.
Higher efficiencies reduce the plant's collector size and total land use per unit power generated,
reducing the environmental impacts of a power plant as well as its expense.
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There are four primary types of CSP plants:
e parabolic troughs
e linear Fresnel systems
e power towers
e parabolic dishes

With a parabolic trough system the sun’s energy is concentrated using parabolically curved, trough-
shaped reflectors (Figure C-10) onto a receiver pipe running along the focal line of the curved surface in
which there is a heat transfer fluid. A Fresnel system is similar to a trough in that mirrors focus the sun’s
energy onto a pipe in which there is a heat transfer fluid. The mirrors, however, are in long narrow
strips located close to the ground. Power towers utilize an array of sun-tracking mirrors (heliostats) to
focus sunlight on a receiver at the top of a tower in the center of the array, which contains a heat
transfer fluid. In all three systems the hot heat transfer fluid is used to generate steam to power a
turbine, similar to that used in other thermal power plants. As such, a solar thermal plant can have
most of components 1-13 in Figure C-2, as can be seen in the system diagrams presented in Figures C-11
and C-12.

Parabolic trough, linear Fresnel and power tower plants generate heat to convert water to steam, but
many plants also store excess heat for subsequent use. With current technology, storage of heat is
much cheaper and more efficient than storage of electricity. This can be seen in the “Thermal Storage”
component in Figure C-11. This design runs a heat transfer fluid through the parabolic array and to a
heat exchanger for the water/steam system, turning the water into steam that then drives a steam
turbine. When the sun is strong enough to provide more energy than is needed for the direct heat
exchange, a portion of the heated transfer fluid passes through an exchanger for the liquid salt system,
which heats liquid salt from the cold tank and stores it in the hot tank. When the solar energy is
insufficient to provide the necessary energy to transform water into steam, the hot liquid salt can be
pumped through the heat exchanger, thus boosting the temperature of the transfer fluid. When the sun
goes down, the storage system can continue to heat the fluid. In this way, the CSP plant can produce
electricity day and night. Some projects install a back-up system that uses fossil energy to fire boilers.
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Figure C- 9: Solar power technologies and their environmental requirements

CONCENTRATING SOLAR POWER SYSTEMS —
Parabolic Trough . :

*  Rows of parabolic mirrors each with
an absorber tube

e  Thermal power plant

e land requirement — 5 acres/MW

e  Water— 7,400 to 16,000 m3/yr/MW

Linear Fresnel System
e Rows of long narrow mirrors low
to ground focused on an
absorber tube
e Thermal power plant
e Land requirement — 5 acres/MW

Power Tower
e  Central tower (300-450 ft
height)/field of mirrors
e  Thermal power plant
¢ Land requirement — 9 acres/MW
e  Water— 7,400 to 16,000
m3/yr/MW

Parabolic Dish
e Dish shaped mirror/heat piston engine
e  Sterling or Brayton engine, no thermal plant
e Land requirement — 9 acres/MW
e  Water—62 m3/yr/MW

PHOTOVOLTAIC/CONCENTRATED PHOTOVOLTAIC
e Solar cell panels
® Nothermal plant

® landrequirement—10
acres/MW
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Figure C- 10: Solar parabolic trough diagram

Reflector
Absorber tube
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Source: International Energy Agency. 2010. Technology Roadmap: Concentrating Solar Power. Paris.
pg. 11. http://www.iea.org/papers/2010/csp _roadmap.pdf

Figure C- 11: Solar parabolic trough plant diagram with a liquid salt storage unit.

1. Parabolic troughs 6. Cold salt storage tank 10. Generator
2. Transfer fluid piping 7. Oil/Steam heat exchange 11. Substation
3. Oil/salt heat exchange 8. Water-Steam piping 12. Heat exchange
4. Salt piping 9. Steam turbine 13. Cooling Tower

5. Hot salt storage tank

Source: International Energy Agency. 2010. Technology Roadmap: Concentrating Solar Power. Paris. Pg. 13.
http://www.iea.org/papers/2010/csp _roadmap.pdf
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Figure C- 12: Solar power tower diagram
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Source: http://www.solarpaces.org/CSP_Technology/docs/solar_tower.pdf

In addition to the general list above in 3.1 and 4.6, project descriptions for CSP using parabolic trough,
linear Fresnel, or power tower technologies should include:
e Type (parabolic trough, linear Fresnel or power tower)
e Mirror array (concentrators)
Type
Design
Placement
Foundations
Tracking controls, if applicable
o Heating fluid
o Type — chemical composition
o Quantity
o Storage
o Disposal of spent fluid
e Piping for fluid conveyance from collectors to plant
e Heat storage
e Heat exchangers
e Boilers
e Steam controls
o Cooling system
e Cooling water
o Quantity

o O O O O
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o Source(s)

o Intakes

o Treatment and discharge
e Turbines
e Electrical generators
e Transformers

4.6.2 CSP Parabolic Dish-Engines

CSP parabolic dish systems use a mirror array (also called concentrators) to reflect and concentrate the
sun’s energy on a receiver which transfers the energy to a working fluid or gas that in turn powers an
engine that turns a generator or alternator (Figure C-13). These systems are often referred to as solar
dish-engine systems. The electrical energy is generated at each engine, so the fluid or gas does not need
to be piped through the facility. The electrical energy is transported to the collector substation via
electrical cabling. To make the arrays effective, they should track the sun in two axes, so that the
reflected energy is always concentrated on the receiver.

The engines that are generally favored are the Stirling and Brayton (gas turbine) engines. The Sterling

engines require a cooling system, which is generally a radiator. The Brayton engines discharge most of
their waste heat in the exhaust. Both types of engines can be operated using other sources of external
heat, such as fossil fuel, so that they can function even when solar radiation is too low or non-existent.

Figure C- 13: Schematic of a dish-engine system with stretched-membrane mirrors

Source: http://www.solarpaces.org/CSP_Technology/docs/solar_dish.pdf

In addition to the general list above in 3.1 and 4.6, solar dish engine project descriptions should include:
e Mirror array (concentrators)
o Type
o Design
o Foundations
o Tracking controls
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e Receivers
o Type
o Specifications
e  Working fluid/gas
Composition
Source
Transport
Storage
Disposal of spent fluid/gas
e Engines
Type
Specifications
Generators or alternators
Capacity
Cooling system
e Electrical collector lines
e System controls
e Collector substation
e Transformers

O O O O O

O 0O O O O

4.6.3 Solar Photovoltaic

A solar cell is a device that converts sunlight into electric current. The cell is constructed of
semiconductor materials similar to those used in computer chips. When exposed to the sunlight, these
materials absorb photons and release electrons. The free electrons can be captured and converted into
electrical energy. There are fourteen competing types of photovoltaic cells, including monocrystalline
silicon, polycrystalline silicon, and amorphous cells. It is too early to know which technology will
become dominant.

Each solar cell is generally very small and capable of generating only a few watts of electricity. They are
typically combined into modules of about 40 cells, and the modules are assembled into photovoltaic
(PV) arrays up to several meters on a side. A PV generating facility will have hundreds of these arrays
connected together and set at a fixed angle facing south, or mounted on tracking devices that follow the
movement of the sun (Figure C-14). A single-axis array tracks the sun from East to West during the day
and can provide 30%—40% more energy than a fixed array.

The energy collected by the arrays is direct current, so it has to be transformed into alternating current
before it can be delivered to the grid. The conversion is accomplished using inverters. The resulting
energy is than adjusted to the necessary voltage and frequency with the use of transformers, switches
and control circuits.

Concentrating PV (CPV) systems are a relatively new method of electricity generation from the sun. CPV
systems employ lenses and mirrors to focus greater amount of solar energy onto highly efficient solar
cells. This greatly increases the efficiency of the cells. CPV systems should track the sun to keep the
light focused on the PV cells, which generally requires highly sophisticated tracking devices.

In addition to the general list above in 3.1, solar photovoltaic cell project descriptions should include:
e Solar panels

CAFTA-DR AND US COUNTRY EXPERTS SUPPORTED BY USAID-ENVIRONMENT AND LABOR EXCELLENCE-CCAD-USEPA PROGRAM 42



Volume | - EIA Technical Review Guidelines: C. PROJECT AND ALTERNATIVES DESCRIPTION
Energy Generation and Transmission

o Type
o Chemical composition of materials in the cells
o Capacity

Electrical collector lines

System controls

Collector substation

Transformers

e Plans for disposing of damaged or inoperable solar panels

Figure C- 14: Schematic of a photovoltaic power generating system

]

anul

e

) |
Frtritrs

Call

Sources: U.S. Department of Energy, http://solareis.anl.gov/documents/docs/NREL PV _2.pdf and
http://solareis.anl.gov/guide/solar/pv/index.cfm

4.7 Wind Power

Due to changing meteorological conditions and wind speed variability, wind is an inconsistent source of
energy, thus wind energy requires storage or backup generation systems. This could include demand-
side energy management, but if that is insufficient the project will have to include backup power
generation from hydropower, fossil fuel or other sources.

There are two general types of wind turbine, horizontal and vertical axis. Horizontal axis wind turbines
(HAWT), the more commonly used type, are comprised of blades situated perpendicular to the direction
of wind flow and are typically like a very large three-bladed aircraft propeller. Current utility-grade wind
turbines are 100 meters or higher at the hub, and typically have capacities of one, two, three, or five
MW.

Vertical axis wind turbines (VAWT) are rare in utility applications as they are of much smaller MW
capacity. VAWTs are situated closer to the surface and therefore normally exposed to lower wind
energies than at higher elevation on the same site, and have about twice the blade sweep area as HAWT
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systems. VAWT systems are, however, gaining in popularity due to easier installation and service, lower
visual and sound profile, lower impact on bat and bird populations, and ability to collocate on the
footprints of existing HAWT farms thereby generating additional power at a lower incremental cost per
additional MW installed.

In addition to the general list above in 3.1, wind project descriptions should include:
e Wind turbines
o Type
o Nameplate capacity and capacity factor. Since wind speed is not constant, a wind farm’s
annual energy production is never as much as the sum of the generator nameplate ratings
multiplied by the total hours in a year. The ratio of actual productivity in a year to this
theoretical maximum is called the capacity factor. Typical capacity factors are 20 to 40
percent.
o Height
=  Hub height
= Rotor diameter
= Total height
o Foundations
e Electrical collector lines
e System controls
e Collector substation
e Transformers
e Energy storage, if applicable
e Backup energy source, if applicable

4.8 Geothermal Power

There are three types of geothermal power plants: dry steam, flash steam, and binary cycle. Dry steam
power plants pipe steam directly from underground wells to the power plant, where it is directed into a
steam turbine/generator unit. These systems require sources of underground steam, which are not
common.

Flash steam power plants are the most common. They use geothermal reservoirs of water with
temperatures greater than 182°C, which flows up through wells under its own pressure. As it flows
upward, the pressure decreases and some of the hot water boils into steam. The steam is then
separated from the water and used to power a steam turbine/generator.

Both dry and flash steam plants are open systems,