USAID Economic Analysis and Planning for Global Climate Mitigation — April 28-May 2, 2014

This course will address the economic and financial analysis of climate change mitigation projects.
Mitigation projects in climate change include clean energy, energy efficiency and sustainable landscape
actions that reduce greenhouse gas emissions over a projected “Business-as-Usual” (BAU) situation.
Economic and financial assessment of mitigation projects involves cost-benefit and cost-effectiveness
analysis, marginal abatement cost curve (MACC) analysis, valuation of extra-market co-benefits (such as
environmental quality or health improvements), and multiple-objective decision criteria. The course will
also discuss the Long-range Energy Alternatives Model (LEAP) and computerized general equilibrium
(CGE) modeling for Low Emission Development Strategies (LEDS).

Location: Nairobi computer room and Cairo and Port au Prince break out rooms
Day 1: April 28

9:00-9:10 AM Welcome and Introductions: Eric Hyman (USAID/E3/EP)

9:10 AM-5:30 PM: Jerrod Mason (USAID/E3/EP)

Excel Tutorial

Energy Sector Overview

Levelized Cost of Energy

Table of Inputs

Counterfactual, Cash Flows and Discounting
Indices and Production Table

Financial Analysis and Net Present Value (NPV)
Economic Analysis and C/E Ratios

Decision Criteria

Includes an exercise on cost-effectiveness analysis of diesel generation, landfill gas, hydroelectric
development, and wind turbines

Day 2: April 29
9:00-9:15 AM Welcome and Course Objectives: Juan Belt (USAID/E3/EP)

9:15-10:15 AM USAID Climate Change Mitigation Activities for Low-Emission Development Strategies
(LEDS): Matthew Ogonowski (USAID/E3/GCC)

10:30 AM-12:30 PM Economic and Policy Analysis of Sustainable Landscape Programs to Support LEDS:
Evan Notman and Matthew Ogonowski (USAID/E3/GCC)

12:30-1:30 PM Lunch (on own)

1:30-3:15 PM Valuing Environment and Natural Resource Co-Benefits: Eric Hyman (USAID/E3/EP)



3:30-4:30 PM USAID AILEG Project Research on Valuing Environmental Benefits from Fragile Ecosystems
in Colombia: Marcia Gowen Trump (Abt Associates)

4:30-5:30 MCC Green Prosperity Project Research on Economic Valuation of Alternative Rural Land Uses
for Clean Development in Indonesia: Marcia Gowen Trump (Abt Associates)

Day 3: April 30

9:00 -10:00 AM: Valuing Health Co-Benefits From Climate Change Mitigation: Allyala Nandakumar
(USAID/GH)

10:00-10:45 AM Benefit Transfer Approach: Greater Dhaka Rapid Transit Health Benefits: Eric Hyman
(USAID/E3/EP)

11:00-11:30 AM Health Co-Benefits Analysis in China, Mexico, and Colombia: Bill Ward (USAID/E3/EP)

11:30 AM-12:45 PM Building Marginal Abatement Cost Curves (MACCs) for LEDS Programming: Bill
Ward (USAID/E3/EP)

12:45-1:45 PM Lunch (on own)

1:45-2:15 PM Case Study on Developing a MACC: Bill Ward (USAID/E3/EP)

2:15-3:15 PM Exercise on Developing MACCs: Bill Ward and Jerrod Mason (USAID/E3/EP)

3:30-4:30 PM Uses and Applications of MACCs for Climate Policy: Matthew Ogonowski (USAID/E3/GCC)

4:30- 5:30 PM Lessons from the World Bank MACCs for Mexico and Colombia and the ADB’s North Asia
Studies: Bill Ward (USAID/E3/EP)

Day 4: May 1

9:00-10:15 AM USAID AILEG Project on Marginal Abatement Cost Curves (MACCs) for Rice and Livestock
Production in Vietnam: Marcia Gowen Trump (Abt Associates)

10:30 AM-12:00 PM USAID AILEG Project on Marginal Abatement Cost Curves (MACCs) for Energy
Efficiency in Colombia and the Philippines: Marcia Gowen Trump (Abt Associates)

12:00-1:00 PM Lunch (on your own)

1:00-4:30 Stockholm Energy Institute Long-Range Energy Alternatives Planning (LEAP) Model: Charlie
Heaps (SEI)

4:30-5:30 Exercise on the LEAP Model: Charlie Heaps (SEl)



Day 5: May 2

9:00-11:00 AM Computable General Equilibrium (CGE) Models and Other Macroeconomic Models:
Erika Jorgensen (World Bank)

11:15 AM-12:15 PM Demos of CGE Models and Other Macroeconomic Models: Erika Jorgensen (World
Bank)

12:15-1:15 PM Lunch (on your own)
1:15-1:45 Economics of Intermittent Renewable Source of Electricity: Allen Eisendrath (USAID/E3/E&I)

1:45 2:30 PM Uses and Applications of Macroeconomic Analysis and Models for Climate Policy:
Matthew Ogonowski (USAID/E3/GCC)

2:30-2:45 PM Break

2:45- 4:15 PM Discount Rate, Intergenerational Equity, and Long-Term Environmental Benefits and
Costs: Bill Ward (USAID/E3/EP)

4:30-5:30 PM Panel Discussion on Cost-Effectiveness Analysis and Economic Valuation of Co-Benefits
Juan Belt (USAID/E3/EP) and selected participants
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SPEAKER BIOS

Juan Belt

jbelt@usaid.gov

Juan Belt has held senior economist and manager positions at USAID, the Inter-American
Development Bank, and the World Bank. He received USAID’s highest award, the Administrator’s
Distinguished Career Service Award. He played a key role in the liberalization and privatization of
the power and telecommunications of several countries in Central America, including co-drafting the
telecommunications privatization law of El Salvador. He directed a program to make the Central
American countries ready for a free trade agreement with the US. At the IDB, he designed the first
integrated Information and Communications Technology project. At USAID, he reintroduced cost-
benefit analysis to the agency and promoted alliances with private firms to expand connectivity to
rural areas under the “Last Mile Initiative”. He has designed over 30 agricultural, forestry, fishery,
education and transport projects, mostly for the World Bank and IDB, and taught cost-benefit
analysis at universities in the US and Latin America.

Allen Eisendrath

eisendrath@usaid.gov

Dr. Eisendrath is the Energy Division Chief in USAID’s.Office of Energy & Infrastructure. His work
focuses on water and power sector reform, corporatization and restructuring of utilities, regulation of
infrastructure and use of innovative contracts for infrastructure. He has worked with the reform of
electricity utilities in Afghanistan, Bangladesh, India, Indonesia, Iraq, Jordan, Kazakhstan, Kyrgyz
Republic, Liberia, Marshall Islands, Nepal, Nigeria, Pakistan, the Philippines, and Sri Lanka, and
with water and sanitation utilities in Afghanistan, Armenia, Colombia, Egypt, India, Jordan,
Montenegro, Nigeria, the Philippines, and Uganda. Since 2004, he has assisted the development of
a regional electricity market in Central Asia, and commercialization of power utilities in Afghanistan,
Irag and Haiti. Dr. Eisendrath supported Central Asian electricity exports to Afghanistan via the
Northeast Power System. Dr. Eisendrath is currently leading efforts to develop new programming
approaches to building smart power grids and integration of intermittent renewables in Asia, and is
supporting activities related to the privatization of Nigeria's power sector.

Prior to joining USAID in 2004, Dr. Eisendrath worked for Deloitte Emerging Markets in the
Washington, D.C. Utilities & Infrastructure Division.

Charlie Heaps

charlie.heaps@sei-us.org

Dr. Charles Heaps is the Director of the U.S. Center of the Stockholm Environment Institute and a
senior researcher in its climate and energy research programme. Dr. Heaps is the author and lead
developer of SEI's Long-range Energy Alternatives Planning System (LEAP), a scenario-based
modeling system for integrated energy planning and climate change mitigation assessment, which is
widely used by Government agencies, academic researchers, NGOs, utilities and consulting
organizations in over 190 countries. Dr. Heaps has been developing LEAP for over 20 years over
which time it has been adopted as the tool of choice by many countries for developing Low Emission
Development Strategies (LEDS) and Nationally Appropriate Mitigation Actions (NAMAS) as well for
developing their mitigation reporting as part of National Communications to the UNFCCC.
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Aside from developing LEAP, Dr. Heaps work is also focused on building capacity in the developing
world to support climate mitigation assessments. To this end, he founded and manages
COMMEND, an online initiative designed to foster a community among energy planners and climate
mitigation practitioners, which now has over 21,000 members worldwide.

Dr. Heaps has also led numerous climate mitigation studies. In 2009, he was the lead author for the
study: “Europe’s Share of the Climate Challenge”, which examined how Europe can show leadership
in keeping global climate change within safe limits: by undertaking domestic actions to rapidly
reduce emissions of greenhouse gases. In 2010 he was involved in a study that supported the
Commonwealth of Massachusetts in developing plans for reducing State-wide GHG emissions by
80% in 2050. More recently, Dr. Heaps has been providing technical support to a number of
international efforts aimed at helping developing countries build capacity for climate change
mitigation assessment. These include the UNDP's Low Emission Capacity Building (LECB)
Program, US-AID's Low Emission Asia Development (LEAD) and Analysis and Investment for Low-
Emission Growth (AILEG) programs, UNEP's Facilitating Implementation and Readiness for
Mitigation (FIRM) program, and the Southern-led Mitigation Action Plans and Scenarios (MAPS)
program.

Dr. Heaps has worked in more than 40 countries and has consulted widely with numerous national
and international agencies including EPA, AID, DOE, UNDP, UNEP, UNFCCC, UNIDO, the IAEA,
OLADE (the Latin American Energy Agency), the Asian Development Bank, APEC and the World
Bank.

Eric Hyman

ehyman@usaid.gov

Eric Hyman is an Enterprise Development Advisor in E3/Economic Policy/Capacity Building
supporting procurement reform with local organizations and the private sector. He was Co-Activity
Manager for the USAID Analysis of Low-Emissions Growth (AILEG) Project and will be Co-Activity
Manager for the upcoming Climate Economic Analysis, Development, Investment, and Resilience
(CEADIR). Dr. Hyman has over thirty-three years of experience in monitoring and evaluation,
project appraisal, policy analysis, cost-benefit analysis, and environmental and social impact
assessment. His areas of specialization include small- and micro-enterprise development;
agricultural production and processing, renewable energy, community forestry, and natural resource
management. He previously served as the International Economist/Environment Officer for the US
African Development Foundation, Chief of Program Evaluation at /EnterpriseWorks Worldwide
(Appropriate Technology International), and Congressional Fellow at the US Congress Office of
Technology Assessment. Dr. Hyman is the lead author of a book on environmental impact
assessment and co-edited books on environment/natural resources issues in cost-benefit analysis
and macro-policies for appropriate technology in the Philippines. He has published over 75 journal
articles or book chapters. He received a Ph.D. and M.R.P. in Environmental Planning from the
University of North Carolina/Chapel Hill and a B.A. in Economics and Environmental Science from
the University of Virginia.
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Erika Jorgensen

ejorgensen@worldbank.org

Ms. Erika Jorgensen holds a PhD in Economics from Harvard University as well as degrees from
Oxford University and Williams College. Mr. Jorgensen is an Economic Adviser in the
macroeconomics department of the World Bank's Europe and Central Asia Region, where she also
serves as the focal point for the economics of climate change and green growth. She recently
completed a low-carbon growth country study for Poland and is leading a major program of analytic
work and technical assistance on green growth for FYR Macedonia. Over the past twenty years,
she has worked as a macroeconomist in Europe and Central Asia, East Asia and the Pacific, and
Latin America and the Caribbean, focusing on a broad range of economic topics including financial
markets, competitiveness and growth, migration, poverty, pension policy, labor markets, governance
and corruption, and now climate change and green growth.

Jerrod Mason

jemason@usaid.gov

Jerrod Mason is an economist in the office of Economic Policy at the US Agency for International
Development (USAID), located within the Economics, Education and Environment (E3) Bureau.
Jerrod has been at USAID since 2011, and has been an integral part of the Agency’s efforts to
reintroduce cost-benefit analysis (CBA) as part of the project life-cycle. In his work at USAID, Jerrod
has led teams conducting CBA of agricultural projects in Ethiopia and Kenya, and has worked with
other office economists to author course materials which have been used to introduce CBA concepts
to more than 200 agency staff. Before joining USAID, Jerrod studied public policy at the University
of California at Berkeley’s Goldman School of Public Policy.

Allyala Krishna Nandakumar

anandakumar@usaid.gov

Dr. Nandakumar is the Chief Economist for Global Health at USAID. Dr. Nandakumar is also a
Professor of the Practice at Brandeis University where he directs the PhD Program at the Heller
School of Social Policy and is the Director of the Institute for Global Health and Development. Dr.
Nandakumar is an internationally recognized health economist, known specifically for his work in
resource tracking, health financing, and healthcare policy and research. His recent research has
focused on the fungibility of donor assistance, factors affecting technology adoption in low and
middle-income countries, the linkages between health expenditures and maternal and infant
mortality, the relationship between growth in a country’s income and its healthcare spending and the
effect of governance on health outcomes. He has studied the impact of economic transition and its
implications for increasing investments in health. A former Indian Administrative Services Officer, his
thinking is framed by the importance of governance, driven by the need for greater accountability,
arising from limited resources and a growing demand to demonstrate results. After leaving the Indian
Administrative Service, Dr. Nandakumar was an Assistant Professor at the Harvard School of Public
Health, a Principal Associate with Abt Associates, a Senior Program Officer at the Bill and Melinda
Gates foundation and a Director with Deloitte Consulting. Dr. Nandakumar has a Master of Science
Degree in Mathematics from Bangalore University where he specialized in the General and Special
Theory of Relativity and a PhD in Economics from Boston University. Dr. Nandakumar has published
extensively in peer reviewed journals and has worked on health financing issues in various countries
including Bangladesh, Egypt, India, Jordan, Kenya, Lebanon, Mongolia, Rwanda, Tonga, Western
Samoa, United States, Sudan, Yemen and Zambia.
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Evan Notman

enotman@usaid.gov

Evan Notman is a Forest and Climate specialist for USAID in the Washington, DC office where he
manages USAIDs Washington based sustainable landscapes programs and provides guidance for
USAID’s overall work on Sustainable Landscapes. Prior to joining USAID, Evan was a program
officer for the Gordon and Betty Moore Foundation where he coordinated the foundation’s program
on REDD. Evan also has experience managing cooperative research grants and programs with Latin
American countries as a program manager for the National Science Foundation’s Office of
International Science and Engineering. Previously he served as an AAAS Fellow in the USDA
Forest Service’s Office of Research and Development, and as a Congressional Fellow on the U.S.
Senate Committee on Agriculture, Nutrition, and Forestry. He has further research and teaching
experience working with the Organization for Tropical Studies. Evan received a Master’s degree in
Tropical Ecology from University Missouri — St. Louis and a PhD in Botany from Miami University. He
has done research in Peru, Colombia, Costa Rica and Panama focused on understanding the role
animals play on tropical forest regeneration and how hunting and land use impacts regeneration.

Matthew Ogonowski

mogonowski@usaid.gov

Matthew Ogonowski is a Global Climate Change Specialist in USAID’s GCC Office working on GHG
emissions mitigation (sustainable landscapes and clean energy), EC-LEDS, GHG inventories and
economic analysis of climate change policy. He has 15 years’ experience in multi-sector energy
emissions mitigation, REDD+/forestry and international climate policy. From 2004-2011, Matthew
worked at the Center for Clean Air Policy (CCAP) in Washington, D.C. He managed

CCAP’s Developing Countries Project to mitigate GHG emissions in the electric power, industry and
transportation sectors in China, India, Indonesia and other countries, and the Forestry and Climate
Change Program to design REDD+ policies in tropical forest countries. His accomplishments include
one of the first studies to quantify emission reductions from energy efficiency efforts undertaken by
China and other countries, and a study with the first estimates of opportunity costs of REDD+ in
Cambodia. Matthew has also worked for ICF Consulting, the Netherlands Development
Organisation (SNV), EPA’s Greenhouse Gas Inventory and the World Bank. He has an M.S in
International Environmental Policy from Georgetown University’s School of Foreign Service.

Marcia Gowen Trump

marcia_trump@abtassoc.com

Dr. Marcia Trump is a resource economist with 30 years of experience managing technical projects
in climate change economics, mitigation and adaptation, clean energy development, environmental
valuation, and carbon market financing. She has served from 2011-2013 as the Project Director for
AILEG, a USD5 Million USAID climate economic and investment technical assistance project. ALIEG
helped expand USAID’s low-emission development analytical, policy, and data strengthening
services to 7 EC-LEDS countries and provided technical leadership on climate change
economics/investments. Under AILEG, she led the first USAID University Cost-Benefit Analysis
(CBA) for Global Climate Change Mitigation course. She has directed interdisciplinary teams on
climate change mitigation and adaptation economics, clean energy feasibility analyses for LEDS,
environmental valuations of forestry and agricultural studies, gender analyses of farm/off-farm
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income, and investment into clean energy and sustainable landscapes projects around the world.
She has developed financial and economic cost-benefit analyses for low-emission projects around
the world. Her work for major carbon funds and investors resulted in over 2 million tons/CO,-elyr.
being sold and verified by the Clean Development Mechanism, Verified Carbon Standard, and other
trading registries. Climate change clients include USAID, ADB, World Bank, USEPA, International
Finance Corporation, private energy companies and project developers, trade associations, and
developing country governments. She has worked with activities in Argentina, Bangladesh, Brazil,
Canada, China, Chile, Colombia, Costa Rica, Guatemala, India, Indonesia, Kazakhstan, Latvia,
Liberia, Mexico, Netherlands, Pacific Islands, Philippines, Poland, Thailand, Ukraine, United
Kingdom, United States, and Vietham. Dr. Trump holds a Ph.D. and M.S. in Agricultural Economics
from the Ohio State University, a B.A. in biology from Smith College.

Bill Ward

wward@usaid.gov

Bill Ward became a Senior Economic Advisor in USAID E3/EP in 2013 following 23 years as
Professor of Economics at Clemson University. He served for seven years at the World Bank and
ten years as president of a consulting firm. He wrote course notes that became the economic
analysis section of Gittinger (1982). He co-wrote cost-benefit analysis guidelines for Ireland, the
Philippines, Portugal, South Korea, and Yugoslavia and was the author of The Economics of Project
Analysis: A Practitioners’ Guide. Dr. Ward developed the net-CBA and cost-effectiveness methods
for greenhouse gas mitigation studies in China, Colombia, and Mexico. He is currently developing
cost-benefit methods for climate change adaptation projects and new approaches to market failure in
development project identification and appraisal.
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This course will address the economic and financial analysis of climate change mitigation projects.
Mitigation projects in climate change include clean energy, energy efficiency and sustainable landscape
actions that reduce greenhouse gas emissions over a projected “Business-as-Usual” (BAU) situation.
Economic and financial assessment of mitigation projects involves cost-benefit and cost-effectiveness
analysis, marginal abatement cost curve (MACC) analysis, valuation of extra-market co-benefits (such as
environmental quality or health improvements), and multiple-objective decision criteria. The course will
also discuss the Long-range Energy Alternatives Model (LEAP) and computerized general equilibrium
(CGE) modeling for Low Emission Development Strategies (LEDS).

Location: Nairobi computer room and Cairo and Port au Prince break out rooms
Day 1: April 28

9:00-9:10 AM Welcome and Introductions: Eric Hyman (USAID/E3/EP)

9:10 AM-5:30 PM: Jerrod Mason (USAID/E3/EP)

Excel Tutorial

Energy Sector Overview

Levelized Cost of Energy

Table of Inputs

Counterfactual, Cash Flows and Discounting
Indices and Production Table

Financial Analysis and Net Present Value (NPV)
Economic Analysis and C/E Ratios

Decision Criteria

Includes an exercise on cost-effectiveness analysis of diesel generation, landfill gas, hydroelectric
development, and wind turbines

Day 2: April 29
9:00-9:15 AM Welcome and Course Objectives: Juan Belt (USAID/E3/EP)

9:15-10:15 AM USAID Climate Change Mitigation Activities for Low-Emission Development Strategies
(LEDS): Matthew Ogonowski (USAID/E3/GCC)

10:30 AM-12:30 PM Economic and Policy Analysis of Sustainable Landscape Programs to Support LEDS:
Evan Notman and Matthew Ogonowski (USAID/E3/GCC)

12:30-1:30 PM Lunch (on own)

1:30-3:15 PM Valuing Environment and Natural Resource Co-Benefits: Eric Hyman (USAID/E3/EP)



3:30-4:30 PM USAID AILEG Project Research on Valuing Environmental Benefits from Fragile Ecosystems
in Colombia: Marcia Gowen Trump (Abt Associates)

4:30-5:30 MCC Green Prosperity Project Research on Economic Valuation of Alternative Rural Land Uses
for Clean Development in Indonesia: Marcia Gowen Trump (Abt Associates)

Day 3: April 30

9:00 -10:00 AM: Valuing Health Co-Benefits From Climate Change Mitigation: Allyala Nandakumar
(USAID/GH)

10:00-10:45 AM Benefit Transfer Approach: Greater Dhaka Rapid Transit Health Benefits: Eric Hyman
(USAID/E3/EP)

11:00-11:30 AM Health Co-Benefits Analysis in China, Mexico, and Colombia: Bill Ward (USAID/E3/EP)

11:30 AM-12:45 PM Building Marginal Abatement Cost Curves (MACCs) for LEDS Programming: Bill
Ward (USAID/E3/EP)

12:45-1:45 PM Lunch (on own)

1:45-2:15 PM Case Study on Developing a MACC: Bill Ward (USAID/E3/EP)

2:15-3:15 PM Exercise on Developing MACCs: Bill Ward and Jerrod Mason (USAID/E3/EP)

3:30-4:30 PM Uses and Applications of MACCs for Climate Policy: Matthew Ogonowski (USAID/E3/GCC)

4:30- 5:30 PM Lessons from the World Bank MACCs for Mexico and Colombia and the ADB’s North Asia
Studies: Bill Ward (USAID/E3/EP)

Day 4: May 1

9:00-10:15 AM USAID AILEG Project on Marginal Abatement Cost Curves (MACCs) for Rice and Livestock
Production in Vietnam: Marcia Gowen Trump (Abt Associates)

10:30 AM-12:00 PM USAID AILEG Project on Marginal Abatement Cost Curves (MACCs) for Energy
Efficiency in Colombia and the Philippines: Marcia Gowen Trump (Abt Associates)

12:00-1:00 PM Lunch (on your own)

1:00-4:30 Stockholm Energy Institute Long-Range Energy Alternatives Planning (LEAP) Model: Charlie
Heaps (SEI)

4:30-5:30 Exercise on the LEAP Model: Charlie Heaps (SEl)



Day 5: May 2

9:00-11:00 AM Computable General Equilibrium (CGE) Models and Other Macroeconomic Models:
Erika Jorgensen (World Bank)

11:15 AM-12:15 PM Demos of CGE Models and Other Macroeconomic Models: Erika Jorgensen (World
Bank)

12:15-1:15 PM Lunch (on your own)
1:15-1:45 Economics of Intermittent Renewable Source of Electricity: Allen Eisendrath (USAID/E3/E&I)

1:45 2:30 PM Uses and Applications of Macroeconomic Analysis and Models for Climate Policy:
Matthew Ogonowski (USAID/E3/GCC)

2:30-2:45 PM Break

2:45- 4:15 PM Discount Rate, Intergenerational Equity, and Long-Term Environmental Benefits and
Costs: Bill Ward (USAID/E3/EP)

4:30-5:30 PM Panel Discussion on Cost-Effectiveness Analysis and Economic Valuation of Co-Benefits
Juan Belt (USAID/E3/EP) and selected participants
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Energy Sector Overview

Levelized Cost of Energy

Table of Inputs

Counterfactual, Cash Flows and Discounting
Indices and Production Table

Financial Analysis and Net Present Value (NPV)
Economic Analysis and C/E Ratios

Decision Criteria

Includes an exercise on cost-effectiveness analysis of diesel generation, landfill gas, hydroelectric
development, and wind turbines

Day 2: April 29
9:00-9:15 AM Welcome and Course Objectives: Juan Belt (USAID/E3/EP)

9:15-10:15 AM USAID Climate Change Mitigation Activities for Low-Emission Development Strategies
(LEDS): Matthew Ogonowski (USAID/E3/GCC)

10:30 AM-12:30 PM Economic and Policy Analysis of Sustainable Landscape Programs to Support LEDS:
Evan Notman and Matthew Ogonowski (USAID/E3/GCC)

12:30-1:30 PM Lunch (on own)

1:30-3:15 PM Valuing Environment and Natural Resource Co-Benefits: Eric Hyman (USAID/E3/EP)



3:30-4:30 PM USAID AILEG Project Research on Valuing Environmental Benefits from Fragile Ecosystems
in Colombia: Marcia Gowen Trump (Abt Associates)

4:30-5:30 MCC Green Prosperity Project Research on Economic Valuation of Alternative Rural Land Uses
for Clean Development in Indonesia: Marcia Gowen Trump (Abt Associates)

Day 3: April 30

9:00 -10:00 AM: Valuing Health Co-Benefits From Climate Change Mitigation: Allyala Nandakumar
(USAID/GH)

10:00-10:45 AM Benefit Transfer Approach: Greater Dhaka Rapid Transit Health Benefits: Eric Hyman
(USAID/E3/EP)

11:00-11:30 AM Health Co-Benefits Analysis in China, Mexico, and Colombia: Bill Ward (USAID/E3/EP)

11:30 AM-12:45 PM Building Marginal Abatement Cost Curves (MACCs) for LEDS Programming: Bill
Ward (USAID/E3/EP)

12:45-1:45 PM Lunch (on own)

1:45-2:15 PM Case Study on Developing a MACC: Bill Ward (USAID/E3/EP)

2:15-3:15 PM Exercise on Developing MACCs: Bill Ward and Jerrod Mason (USAID/E3/EP)

3:30-4:30 PM Uses and Applications of MACCs for Climate Policy: Matthew Ogonowski (USAID/E3/GCC)

4:30- 5:30 PM Lessons from the World Bank MACCs for Mexico and Colombia and the ADB’s North Asia
Studies: Bill Ward (USAID/E3/EP)

Day 4: May 1

9:00-10:15 AM USAID AILEG Project on Marginal Abatement Cost Curves (MACCs) for Rice and Livestock
Production in Vietnam: Marcia Gowen Trump (Abt Associates)

10:30 AM-12:00 PM USAID AILEG Project on Marginal Abatement Cost Curves (MACCs) for Energy
Efficiency in Colombia and the Philippines: Marcia Gowen Trump (Abt Associates)

12:00-1:00 PM Lunch (on your own)

1:00-4:30 Stockholm Energy Institute Long-Range Energy Alternatives Planning (LEAP) Model: Charlie
Heaps (SEI)

4:30-5:30 Exercise on the LEAP Model: Charlie Heaps (SEl)



Day 5: May 2

9:00-11:00 AM Computable General Equilibrium (CGE) Models and Other Macroeconomic Models:
Erika Jorgensen (World Bank)

11:15 AM-12:15 PM Demos of CGE Models and Other Macroeconomic Models: Erika Jorgensen (World
Bank)

12:15-1:15 PM Lunch (on your own)
1:15-1:45 Economics of Intermittent Renewable Source of Electricity: Allen Eisendrath (USAID/E3/E&I)

1:45 2:30 PM Uses and Applications of Macroeconomic Analysis and Models for Climate Policy:
Matthew Ogonowski (USAID/E3/GCC)

2:30-2:45 PM Break

2:45- 4:15 PM Discount Rate, Intergenerational Equity, and Long-Term Environmental Benefits and
Costs: Bill Ward (USAID/E3/EP)

4:30-5:30 PM Panel Discussion on Cost-Effectiveness Analysis and Economic Valuation of Co-Benefits
Juan Belt (USAID/E3/EP) and selected participants



Introduction to Cost-Effectiveness
for GCC Mitigation Projects

Jerrod Mason
April 26, 2014



Intro to Case Study &
Excel Tutorial



USAID Day Overview
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e Intro to case study — clean energy

e Excel tutorial

* Energy sector overview

« Table of inputs

« Counterfactuals, cashflows and discounting
* Financial analysis and NPV

e Economic analysis and C/E ratios

e Decision criteria



USAID Introto Case Study
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A realistic-but-fictional clean energy project in Vietham

Replacing high-cost, high-GHG electricity production (via diesel)
with low-emission alternative

Obijective: choosing the technology that reduces GHGs as efficiently
as possible—that is, has the lowest cost-effectiveness ratio,
USD/tCO2e mitigated

Important parameters

Investment costs Rated capacity

Asset life Capacity factor

Recurring maintenance Capacity decline per year
COStS Feed-in tariff

O&M costs Tax credits, subsidies, etc.

tCO2e per kWh Externalities



=" I JSAID  Excel Tutorial
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How many of the following tasks do you know
how to do in Excel?

e Enter a formula or a function into a cell
e Use cell references in a formula or function

e Fill the value/formula from one cell into others in the same
row/column

* Fix areference so that the reference doesn’t change when
you fill or copy the formula to another location

e Fix only the row/column so that part of a cell reference
changes while the other part doesn’t

 Use financial functions in Excel like NPV, IRR, PV and
PMT



USAID Excel Tutorial
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 The “=" key tells Excel to perform a calculation
 The “F4” key fixes the reference of a cell

o The “fill” function (lower right-hand corner of the cell,
makes a cross-shape) copies and pastes the cell’s
formula into adjacent cells

b=
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6/19 lanuary Monday

\

L

JU‘ILﬂhWI\JI-"L



Counterfactuals, Cash
Flows and Discounting



USAI|D Establishing a Counterfactual
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* |In order to evaluate the impact of our project, we first
need to understand what would happen in the
absence of the project.

 This is called the “without-project” or “baseline”
scenario, or the “counterfactual”.

« The difference between this “without-project”
scenario and the “with-project” scenario is the net (or
Incremental) impact of the project.
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i'%}USAID CBA Basics: Counterfactual

USAID Project Impact on Farm Income

Farmer

Income
Without
- Project

- -7 - J
_ - I
- - .
- — Project
- -
- - l $
- -
- -
- -
- -

“-:?::: ———————————— m— = == == = \Without
-_______ Project
————-.L__ Without
Project

Time



USAID Financial Analysis
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« Why do financial analysis for a public project?
— Ensuring the availability of funds
— ldentify financial shortfalls

— Do private sector participants have an incentive to get
iInvolved?

— Assessing distributional impacts (who wins and who loses?)

10
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. Time Horizon of Investment Decision

Investment Decision

INFLOWS

OUTFLOWS

Year, Year,
Time

11



f USAID Time Horizon of Investment Decision
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Investment Decision

[
Year, Year,
Time

12



(+)

Inflows minus
outflows

(-)

Initial investment period

Baseline

Operating Stage

7 8 9 10 11 12

Years of Project Life

13
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Almost all projects have up-front, periodic and future
costs and benefits that accrue over time.

» How can we compare these costs?

» We solve this timing problem with discounting — that

IS, converting future payments into their present-day
terms.

Opportunity

Discount

Rate

14



CBA Basics:
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And now, for some math:

Discounting can be described informally (intuitively) with
words or formally with mathematics.

Intuitively: Risks to future resources and the opportunity
cost of other uses of those resources cause us to
discount the value of resource received In the future.
We reduce the value of benefits and costs that occur in

the future.

15
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Formally:

PV(1+71)=FV

Where:
PV . value today (this present period) — present value
FV . value in one year (future period) — future value

r . thediscount rate, a measure of how much more
you would need to receive tomorrow in order to
give up some amount of money today

16



USAID CBA Basics:
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For discounting multiple time periods:

PV(1+71)" =FV

Where:
PV . value today (this present period) — present value
FV . value in one year (future period) — future value

r . thediscount rate, a measure of how much more
you would need to receive tomorrow in order to
give up some amount of money today

n . the number of time periods to be discounted

17



CBA Basics:
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Since we want to know the value of the future payment
(FV) in terms of present money (PV) we must rearrange

our equation, starting with
PV(1471)=FV

we divide both sides by (1 + r), and get:

n

1 The r in the
PV = FV denominator
1+17r .
is the
discount rate

This equation describes how we discount future
payments (FV) relative to present ones (PV)

18



Effects of discount rate

Example:

1. $300,000 paid out in
10 equal payments
over 10 years.

2. Receive
$30,000/year

3. What is the present
value of that
payment?

4. What is the effect of
the different
discount rates?

435,000
Present Value of a payment received in year (n)

430,000

. \\\\
o \ \ \
e \ \
oo \

$5,000 —~—

e 0 1 2 3 Ll 5 b 7 8 9
—0.0%| $30,000 430,000 30,000 $30,000 $30,000 $30,000 $30,000 430,000 $30,000 430,000
—12%|  $30,000 529,644 29,293 428,945 528,602 428,263 527,928 27,597 427,269 426,946
— 3% $30,000 §29,126 528,278 §27,454 §26,655 §25,878 §25,125 §24,393 §23,682 §22,993
—6% | $30,000 28,302 426,700 425,189 $23,763 422,418 521,149 419,952 418,822 $17,757
—12% | $30,000 526,786 §23,916 §21,353 §19,066 §17,023 §15,199 §13,570 §12,116 §10,818
—20% | $30,000 $24,194 $19,511 $15,735 $12,680 $10,233 48,253 46,655 $5,367 44,378

Year Payment is Received

19



Financial Analysis and
Net Present Value



USAID Net Present Value
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Now, let’s consider an example:

We have the opportunity to invest in a project. It requires an
up-front investment of $350 today, and will pay out $100 at
the end of each year for the next four years, after which the

project is finished.

Should we make the investment?

How do we make this decision?

21



= USAID Net Present Value
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Visualizing the Project’s Impacts

Benefits $100 $100 $100 $100
Costs $350
Year O Year 1 Year 2 Year 3 Year 4
(today)

We will choose an annual discount rate of 10%.

22



 USAID

¥%® FROM THE AMERICAN PEOPLE

Net Present Value

Benefits $100 $100 $100 $100
$350 I I I I
Costs
| | | | |
I | | | |
| | | | |
\ 4 \ 4 \ 4 \ 4
PV of Benefits | $91 $82.81 $75.13 $68.30
\ 4
PV of Costs $350
Year O Year 1 Year 2 Year 3 Year 4

(today)

23
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Now that all of our payments are valued in terms of the same
time period, we can add up the project’s costs and benefits
and decide whether the project is worth the investment:

Costs

Benefits

350

91

82.81
75.13
68.30

32.76

Now we can answer the question: should we undertake

this project?

24



=" USAID Net Present Value

WPPS” FROM THE AMERICAN PEOPLE

No, because, the costs of the program outweigh its benefits.
Specifically:

317.24 — 350 = -$32.76

This calculation is known as the Net Present Value (NPV) of
a project, which is the total value of the project, expressed in
terms of the present time, after accounting for all costs and
benefits.

Decision Rule: If a project’s NPV is negative, it should
not be pursued (on economic grounds).

25



Economic Analysis and
Cost-effectiveness



STATES 3
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* - - N *
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oP<>’  FROM THE AMERICAN PEOPLE

Why do we do economic analysis in addition
to financial analysis?

27



USAID Whatis adistortion?

ONGLT [ L4
4:;0“!0&»" FROM THE AMERICAN PEOPLE

[ Financial price Economic price }

e Something that causes the market to reach a financial
price for an item that is substantially different from the
economic price

 Financial price = price as seen in the market

e Economic price = price if the economy is
operating in perfect competition
and there are no externalities

28



/=" JSAID Types of distortions
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 Taxes & subsidies

e Other transfers

e Financing

e Price/quantity constraints

e Externalities

 Market power (monopolies, oligopolies, etc.)
* Foreign exchange premium (FEP)

29
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STATES 3

USAID

s
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Positive Financial NPV

+ Fin NPV + FIn NPV
- Econ NPV + Econ NPV
- Should NOT fund - USAID could
_ except for non fund —
Negative | guantifiable benefits Positive
Economic Economic
NPV - FiIn NPV - FIn NPV NPV
- Econ NPV + Econ NPV
- Should NOT fund, - USAID could fund
except for non but need to ensure
guantifiable benefits sustainability

Negative Financial NPV




: USAID CEA for GCC Projects
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« Cost-Benefit Analysis requires us to monetize all
Important costs and benefits of a project
— What is the price of a ton of CO2 equivalents emitted?

* Instead of answering this question, we assume that
reducing GHGs is good, and try to determine the
most effective way to do so

— Incremental Cost-Effectiveness Ratio: how much will it cost
to get more of the outcome | want?

 For GCC, use tCO2e
e Constrained vs. unconstrained optimization

32



= USAID CEA for GCC Projects
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 CJ/E ratio for GCC projects defined as:

USD _ Incremental NPV
tCO2e mitigated Incremental tCO2e

e Important to normalize both NPV and tCO2e
mitigated for the level of production—that is,
discounted MWh

« Goal is to pick the alternative with the lowest cost per
tCO2e mitigated

33



yUSAID

2 FROM THE AMERICAN PEOPLE

Sensitivity Analysis



USAID Why do we need sensitivity analysis?
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Assumptions expressed as
estimated, guantifiable variables

CBA Model

v

Expected
QOutcome

Input
Data




s US ASHsitivity Analysis
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Forecasts, however, are often quite different from reality

Variable

=" — | Margin of error

Possible Reality #2

~
7

Sensitivity analysis attempts to measure how Future Cash Flow
movements in variables impact the project



USAID On what variables should we perform

I’s”  FROM THE AMERICAN PEOPLE SenSitiVity analySiS?

e Variables that may affect decision-making from a
viewpoint of interest

« Variables that are expected to vary significantly over
time

 Variables that are based on limited data

The above types of variables can vary by country,
sector, and project.



USAID This is where good modeling is vital
?%® FROM THE AMERICAN PEOPLE tO CBA mOdel analySiS!

Remember the good tips for modeling:
 Only hard code in the table of parameters

* All formulas should be links to cell parameters
e Only list each parameter once

* Logically group your tables

e Don’t put too many functions into one cell



CELL REFERENCE

Key Parameters Quantity Units
Exchange Rate 43 HTG/S

Cell Reference

Haiti Gourde
Item HTG Amount of Input Total Cost (HTG)
Fertilizer 516 7
Seeds 559 3
Power Tiller 21500 1
Pesticide 860 10
Cost<<<< 1 2
Haiti Gourde
Item HTG
Fertilizer 516
Seeds 559
Power Tiller 21500

Pesticide 860




Unit Total Cost($) nit
HTG

HTG
HTG
HTG




Table of Parameters

Cost Components
Fixed Costs

Investment cost, y1
Investment cost, y2

Investment cost, y3

Life of fixed asset

Fixed asset residual value
Land rental price

Land area required

Recurring costs
Recurring cost period
Recurring cost growth

Variable Costs

Operations and maintenance
Fuel

Taxes

O&M cost growth

Fuel cost growth

First year of operation

Benefit Components
Wholesale price of electricity

Production tax credit (subsidy)

Income tax credit

Units

1000 VND
1000 VND
1000 VND
years

1000 VND
1000 VND/ha
ha

usD
years
% per year

1000 VND per kWh

USD per kWh

% of revenues less O&M
% per year

% per year

1000 VND per kWh
1000 VND per kWh
% of tax liability

Annual environmental externality 1000 VND

Carbon credit payments

Technical Components

Greenhouse gas emissions
Capacity factor
Availability factor

Rated capacity

Capacity decline

Power type

Economic Components

Financial discount rate

USD per ton of CO2 avoided

tons of CO2 equivalent per
kWh

% of annual capacity

% of annual capacity

MwW

% decline per year

%

Option 1: Diesel
Generation Plant

105,000,000

40
21,000,000
2,000

15

10,000

0.0%

0.294
0.056
10.0%
0.0%
0.0%

0
0
-1575000

0.000424
85.0%
90.0%
5
1.0%
Base

15.0%



Economic discount rate % 12.0%
Exchange rate 1000 VND per USD 21
Real exchange rate adjustment % 0.0%
Foreign exchange premium % 8.5%
Unit Conversions
kWh per MWh 1000
Days per year 365
Hours per day 24
Pounds per ton 2000
Option 1: Diesel Generation Plant
Preliminary Tables
Table A: Indices Year 0
Recurring cost growth 1.0
O&M cost growth 1.0
Fuel cost growth 1.0
Exchange rate 21.0
Table B: Production Year 0
Rated capacity less capacity decline -
After capacity factor -
After availability factor -
Total annual production (MWh) -
GHG production (tCO2e) -
Financial Cash Flows, 1000 VND
Table 1: Financial Analysis, firm perspective Year 0
Revenues
Value of production -
Production tax credit -
Income tax credit -
Carbon credit payments -
Total revenues -
Costs
Investment cost 105,000,000
Land rental 30,000
Recurring costs -
Fixed costs subtotal 105,030,000

Operations and maintenance
Fuel



Taxes
Variable costs subtotal
Total costs

Net cash flows (1000 VND)

105,030,000

(105,030,000)

Total costs (USD) 5,001,429
Net cash flows (USD) (5,001,429)
1000 VND
NPV HEHHH
IRR H#NUM!
Discounted MWh 198,953.19
tCO2 generated 258,699
Financial LCOE (cost per kWh) 1.85
Economic Resource Flows
Table 2: Economic Analysis,
economy perspective Conversion factor Year 0
Benefits
Value of production 1.40 -
Production tax credit 0.00 -
Income tax credit 0.00 -
Carbon credit payments 0.00 -
Environmental externality 1.00 -
Total benefits -
Costs
Investment cost 0.91 95,319,000
Land rental 1.00 30,000
Recurring costs 0.91 -
Fixed costs subtotal 95,349,000
Operations and maintenance 1.02 -
Fuel 1.61 -
Taxes 0.00 -
Variable costs subtotal -
Total costs 95,349,000

Net cash flows

Total costs (USD)
Net cash flows (USD)

NPV

(95,349,000)

4,540,429
(4,540,429)

1000 VND
HEHFHHHHHAH



IRR

Discounted MWh
tCO2 generated
Economic LCOE (cost per kWh)

#NUM!

235,892
258,699
2.60

Option 2: Landfill Gas Plant

Preliminary Tables

Table A: Indices
Recurring cost growth
O&M cost growth
Fuel cost growth
Exchange rate

Year

1.0
1.0
1.0
21.0

Table B: Production
Rated capacity less capacity decline
After capacity factor
After availability factor

Total annual production (MWh)

GHG production (tCO2e)

Year

Financial Cash Flows

Table 1: Financial Analysis, firm perspective
Revenues
Value of production
Production tax credit
Income tax credit
Carbon credit payments
Total revenues

Costs
Investment cost
Land rental
Recurring costs

Fixed costs subtotal
Operations and maintenance
Fuel
Taxes

Variable costs subtotal

Total costs

Net cash flows

Year

32,500

(32,500)



Total costs (USD) 1,548
Net cash flows (USD) (1,548)
1000 VND
NPV 2,107,134.60
IRR 31.8%
Discounted MWh -
tCO2 generated -
Financial LCOE (cost per kWh) #DIV/0!
Economic Resource Flows
Table 2: Economic Analysis,
economy perspective Conversion factor Year 0
Benefits
Value of production 1.40 -
Production tax credit 0.00 -
Income tax credit 0.00 -
Carbon credit payments 0.00 -
Environmental externality 1.00 -
Total benefits -
Costs
Investment cost 1.07 -
Land rental 1.00 32,500
Recurring costs 0.91 -
Fixed costs subtotal 32,500
Operations and maintenance 1.02 -
Fuel 1.61 -
Taxes 0.00 -
Variable costs subtotal -
Total costs 32,500
Net cash flows (32,500)
Total costs (USD) 1,548
Net cash flows (USD) (1,548)
1000 VND
NPV 4,084,190
IRR 32.3%
Discounted MWh -
tCO2 generated -
Economic LCOE (cost per kWh) #DIV/0!




Option 3: Hydro-dam

Preliminary Tables

Table A: Indices Year 0
Recurring cost growth 1.0
O&M cost growth 1.0
Fuel cost growth 1.0
Exchange rate 21.0
Table B: Production Year 0
Rated capacity less capacity decline -
After capacity factor -
After availability factor -
Total annual production (MWh) -
GHG production (tCO2e) -
Financial Cash Flows
Table 1: Financial Analysis, firm perspective Year 0
Revenues
Value of production -
Production tax credit -
Income tax credit -
Carbon credit payments -
Total revenues -
Costs
Investment cost 100,800,000
Land rental 10,000
Recurring costs -
Fixed costs subtotal 100,810,000
Operations and maintenance -
Fuel -
Taxes -
Variable costs subtotal -
Total costs 100,810,000
Net cash flows (100,810,000)
Total costs (USD) 4,800,476
Net cash flows (USD) (4,800,476)

1000 VND



NPV HEHHH
IRR #NUM!
Discounted MWh 174,939.55
tCO2 generated -
Financial LCOE (cost per kWh) 2.60
Economic Resource Flows
Table 2: Economic Analysis,
economy perspective Conversion factor Year 0
Benefits
Value of production 1.40 -
Production tax credit 0.00 -
Income tax credit 0.00 -
Carbon credit payments 0.00 -
Environmental externality 1.00 -
Total benefits -
Costs
Investment cost 1.07 107,654,400
Land rental 1.00 10,000
Recurring costs 0.91 -
Fixed costs subtotal 107,664,400
Operations and maintenance 1.02 -
Fuel 1.61 -
Taxes 0.00 -
Variable costs subtotal -
Total costs 107,664,400
Net cash flows (107,664,400)
Total costs (USD) 5,126,876
Net cash flows (USD) (5,126,876)
1000 VND
NPV (557,278,958)
IRR #NUM!
Discounted MWh 217,593
tCO2 generated -
Economic LCOE (cost per kWh) 2.56
Option 4: Wind Turbines
Preliminary Tables
Table A: Indices Year 0



Recurring cost growth
O&M cost growth
Fuel cost growth
Exchange rate

1.0
1.0
1.0
21.0

Table B: Production
Rated capacity less capacity decline
After capacity factor
After availability factor

Total annual production (MWh)

GHG production (tCO2e)

Year

Financial Cash Flows

Table 1: Financial Analysis, firm perspective
Revenues
Value of production
Production tax credit
Income tax credit
Carbon credit payments
Total revenues

Costs
Investment cost
Land rental
Recurring costs

Fixed costs subtotal
Operations and maintenance
Fuel
Taxes

Variable costs subtotal

Total costs

Net cash flows

Total costs (USD)
Net cash flows (USD)
NPV

IRR

Discounted MWh

tCO2 generated
Financial LCOE (cost per kWh)

Year

504,000,000
25,000

504,025,000

504,025,000

(504,025,000)

24,001,190
(24,001,190)

1000 VND

HitHHAHH TR

#NUM!

188,368.29

3.40




Economic Resource Flows

Table 2: Economic Analysis,
economy perspective
Benefits
Value of production
Production tax credit
Income tax credit
Carbon credit payments
Environmental externality
Total benefits

Costs
Investment cost
Land rental
Recurring costs

Fixed costs subtotal
Operations and maintenance
Fuel
Taxes

Variable costs subtotal

Total costs

Net cash flows

Total costs (USD)
Net cash flows (USD)
NPV

IRR

Discounted MWh

tCO2 generated
Economic LCOE (cost per kWh)

Conversion factor

1.40
0.00
0.00
0.00
1.00

1.07
1.00
0.91

1.02
1.61
0.00

Year

538,272,000
25,000
538,297,000

538,297,000
(538,297,000)

25,633,190
(25,633,190)

1000 VND
(718,683,202)
#NUM!

224,056

3.21

FNPV (USD)

IRR

Financial LCOE (USD per kWh)
Discounted MWh generated

Financi

Option 1: Diesel
Generation Plant

(17,500,574)
#NUM!
0.09
198,953



tCO2 generated 258,699
tCO2 mitgated (relative to Option 1) -

Incremental FNPV (USD)
USD/tCO2 mitigated

Econon

Option 1: Diesel
Generation Plant

ENPV (USD) (29,741,383)
EIRR #NUM!

Economic LCOE (USD per kWh) 0.12
Discounted MWh generated 235,892
tCO2 generated 258,699

tCO2 mitgated -

Incremental ENPV (USD)
USD/tCO2 mitigated




Option 2: Landfill
Gas Plant

44,100,000
500
65

0.0%

10.0%
0.0%
0.0%

0.1

98.0%

4.0%
Base

Option 3: Hydro-
dam

100,800,000
100,800,000
100,800,000
40
60,480,000
2,000

5

20,000

0.0%

1.23

10.0%
0.0%
0.0%

0

65.0%

85.0%

8

0.5%
Intermittent

Option 4: Wind
Turbines

504,000,000

20
126,000,000
1,000

25

20,000

0.0%

0.84

10.0%
0.0%
0.0%

0

30.0%

98.0%

12

0.5%
Intermittent




1 2 3 4 5 6
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0
1 2 3 4 5 6

5.00 4.95 4.90 4.85 4.80 4.75

4.25 4.21 4.17 4.12 4.08 4.04

3.83 3.79 3.75 3.71 3.67 3.64
33,507 33,172 32,840 32,512 32,187 31,865
14,206.97 14,065 13,924 13,785 13,647 13,511
1 2 3 4 5 6

30,000 30,000 30,000 30,000 30,000 30,000

- - - - 210,000 -

30,000 30,000 30,000 30,000 240,000 30,000
9,851,058 9,752,547 9,655,022 9,558,472 9,462,887 9,368,258
39,404,232 39,010,190 38,620,088 38,233,887 37,851,548 37,473,033




(4,925,529)
44,329,761
44,359,761

(44,359,761)

(4,876,274)
43,886,463
43,916,463

(43,916,463)

(4,827,511)
43,447,599
43,477,599

(43,477,599)

(4,779,236)
43,013,123
43,043,123

(43,043,123)

(4,731,444)
42,582,992
42,822,992

(42,822,992)

(4,684,129)
42,157,162
42,187,162

(42,187,162)

2,112,370 2,091,260 2,070,362 2,049,673 2,039,190 2,008,912

(2,112,370) (2,091,260) (2,070,362) (2,049,673) (2,039,190) (2,008,912)
(17,500,574)
0.088

1 2 3 4 5 6

(1,575,000) (1,575,000) (1,575,000) (1,575,000) (1,575,000) (1,575,000)

(1,575,000) (1,575,000) (1,575,000) (1,575,000) (1,575,000) (1,575,000)

30,000 30,000 30,000 30,000 30,000 30,000

- - - - 190,638 -

30,000 30,000 30,000 30,000 220,638 30,000

10,060,393 9,959,789 9,860,191 9,761,589 9,663,973 9,567,334

63,627,984 62,991,704 62,361,787 61,738,169 61,120,787 60,509,579

73,688,377 72,951,493 72,221,978 71,499,758 70,784,761 70,076,913

73,718,377 72,981,493 72,251,978 71,529,758 71,005,399 70,106,913

(75,293,377) (74,556,493)

3,510,399
(3,585,399)

3,475,309
(3,550,309)

usD
S (29,741,383)

(73,826,978)

3,440,570
(3,515,570)

(73,104,758)

3,406,179
(3,481,179)

(72,580,399)

3,381,209
(3,456,209)

(71,681,913)

3,338,424
(3,413,424)



0.12

1 2 3 4 5 6

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0

1 2 3 4 5 6

1 2 3 4 5 6
32,500 32,500 32,500 32,500 32,500 32,500
32,500 32,500 32,500 32,500 32,500 32,500
32,500 32,500 32,500 32,500 32,500 32,500

(32,500) (32,500) (32,500) (32,500) (32,500) (32,500)



1,548 1,548 1,548 1,548 1,548 1,548
(1,548) (1,548) (1,548) (1,548) (1,548) (1,548)
usD
$ 100,340
#DIV/0!
1 2 3 4 5 6
32,500 32,500 32,500 32,500 32,500 32,500
32,500 32,500 32,500 32,500 32,500 32,500
32,500 32,500 32,500 32,500 32,500 32,500
(32,500) (32,500) (32,500) (32,500) (32,500) (32,500)
1,548 1,548 1,548 1,548 1,548 1,548
(1,548) (1,548) (1,548) (1,548) (1,548) (1,548)
usD
$ 194,485

#DIV/0!




1 2 3 4 5 6
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0
1 2 3 4 5 6

- - 8.00 7.96 7.92 7.88

- - 5.20 5.17 5.15 5.12

- - 4.42 4.40 4.38 4.35

- - 38,719 38,526 38,333 38,141
1 2 3 4 5 6

- - (476,246) (473,865) (471,496) (469,138)

- - 689,512 686,064 682,634 679,220

- - 213,265 212,199 211,138 210,082

100,800,000 100,800,000 - - - -

10,000 10,000 10,000 10,000 10,000 10,000
100,810,000 100,810,000 10,000 10,000 10,000 10,000
- - 47,624,616 47,386,493 47,149,560 46,913,813

- - (4,762,462) (4,738,649) (4,714,956) (4,691,381)

- - 42,862,154 42,647,844 42,434,604 42,222,431
100,810,000 100,810,000 42,872,154 42,657,844 42,444,604 42,232,431

(100,810,000)

4,800,476
(4,800,476)

usb

(100,810,000)

4,800,476
(4,800,476)

(42,658,889)

2,041,531
(2,031,376)

(42,445,645)

2,031,326
(2,021,221)

(42,233,466)

2,021,172
(2,011,117)

(42,022,349)

2,011,068
(2,001,064)



S (21,640,118)

0.124
1 2 3 4 5 6
107,654,400 107,654,400 - - - -
10,000 10,000 10,000 10,000 10,000 10,000
107,664,400 107,664,400 10,000 10,000 10,000 10,000
- - 48,636,639 48,393,456 48,151,489 47,910,731
- - 48,636,639 48,393,456 48,151,489 47,910,731
107,664,400 107,664,400 48,646,639 48,403,456 48,161,489 47,920,731
(107,664,400)  (107,664,400) (48,646,639) (48,403,456) (48,161,489) (47,920,731)
5,126,876 5,126,876 2,316,507 2,304,926 2,293,404 2,281,940
(5,126,876) (5,126,876) (2,316,507) (2,304,926) (2,293,404) (2,281,940)
USD
$  (26,537,093)
0.12
1 2 3 4 5 6



1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0
1 2 3 4 5 6
12.00 11.94 11.88 11.82 11.76 11.70
3.60 3.58 3.56 3.55 3.53 3.51
3.53 3.51 3.49 3.48 3.46 3.44
30,905 30,751 30,597 30,444 30,292 30,140
1 2 3 4 5 6
(259,604) (258,306) (257,015) (255,730) (254,451) (253,179)
550,361 547,609 544,871 542,147 539,436 536,739
290,757 289,303 287,857 286,417 284,985 283,560
25,000 25,000 25,000 25,000 25,000 25,000

- - - - 420,000 -
25,000 25,000 25,000 25,000 445,000 25,000
25,960,435 25,830,633 25,701,480 25,572,972 25,445,108 25,317,882
(2,596,044) (2,583,063) (2,570,148) (2,557,297) (2,544,511) (2,531,788)
23,364,392 23,247,570 23,131,332 23,015,675 22,900,597 22,786,094
23,389,392 23,272,570 23,156,332 23,040,675 23,345,597 22,811,094

(23,098,635)

1,113,781
(1,099,935)

USD
$  (30,405,295)

0.162

(22,983,267)

1,108,218
(1,094,441)

(22,868,475)

1,102,682
(1,088,975)

(22,754,258)

1,097,175
(1,083,536)

(23,060,612)

1,111,695
(1,098,124)

(22,527,534)

1,086,243
(1,072,740)




25,000 25,000
25,000 25,000
26,512,094 26,379,534
26,512,094 26,379,534
26,537,094 26,404,534

(26,537,094)

(26,404,534)

3 4

25,000 25,000
25,000 25,000
26,247,636 26,116,398
26,247,636 26,116,398
26,272,636 26,141,398

(26,272,636)

(26,141,398)

5 6

25,000 25,000
381,276 -

406,276 25,000

25,985,816 25,855,887

25,985,816 25,855,887

26,392,092 25,880,887

(26,392,092)

(25,880,887)

1,263,671 1,257,359 1,251,078 1,244,828 1,256,766 1,232,423
(1,263,671) (1,257,359) (1,251,078) (1,244,828) (1,256,766) (1,232,423)
usb
S (34,223,010)
0.15
ial Summary Tables
Option 2: Landfill Option 3: Hydro- Option 4: Wind
Gas Plant dam Turbines
100,340 (21,640,118) (30,405,295)
31.8% #NUM! #NUM!
#DIV/0! 0.12 0.16
- 174,940 188,368




#DIV/0! 258,699 258,699
#DIV/0! (7,110,044) (14,613,272)
#DIV/0! 27.48 56.49
nic Summary Tables

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines
194,485 (26,537,093) (34,223,010)

32.3% #NUM! #NUM!
#DIV/0! 0.12 0.15
- 217,593 224,056
#DIV/0! 258,699 258,699
#DIV/0! 972,588 (6,289,425.99)
#DIV/0! (3.76) 24.31







7 8 9 10 11 12
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0
7 8 9 10 11 12
4.71 4.66 4.61 4.57 4.52 4.48
4.00 3.96 3.92 3.88 3.84 3.81
3.60 3.57 3.53 3.49 3.46 3.42
31,546 31,231 30,918 30,609 30,303 30,000
13,376 13,242 13,109 12,978 12,849 12,720
7 8 9 10 11 12
30,000 30,000 30,000 30,000 30,000 30,000

- - - 210,000 - -
30,000 30,000 30,000 240,000 30,000 30,000
9,274,576 9,181,830 9,090,012 8,999,111 8,909,120 8,820,029
37,098,302 36,727,319 36,360,046 35,996,446 35,636,481 35,280,116



(4,637,288)
41,735,590
41,765,590

(41,765,590)

(4,590,915)
41,318,234
41,348,234

(41,348,234)

(4,545,006)
40,905,052
40,935,052

(40,935,052)

(4,499,556)
40,496,001
40,736,001

(40,736,001)

(4,454,560)
40,091,041
40,121,041

(40,121,041)

(4,410,015)
39,690,131
39,720,131

(39,720,131)

1,988,838 1,968,964 1,949,288 1,939,810 1,910,526 1,891,435
(1,988,838) (1,968,964) (1,949,288) (1,939,810) (1,910,526) (1,891,435)
7 8 9 10 11 12
(1,575,000) (1,575,000) (1,575,000) (1,575,000) (1,575,000) (1,575,000)
(1,575,000) (1,575,000) (1,575,000) (1,575,000) (1,575,000) (1,575,000)
30,000 30,000 30,000 30,000 30,000 30,000

- - - 190,638 - -
30,000 30,000 30,000 220,638 30,000 30,000
9,471,660 9,376,944 9,283,174 9,190,343 9,098,439 9,007,455
59,904,484 59,305,439 58,712,384 58,125,260 57,544,008 56,968,568
69,376,144 68,682,382 67,995,559 67,315,603 66,642,447 65,976,022
69,406,144 68,712,382 68,025,559 67,536,241 66,672,447 66,006,022

(70,981,144)

3,305,054
(3,380,054)

(70,287,382)

3,272,018
(3,347,018)

(69,600,559)

3,239,312
(3,314,312)

(69,111,241)

3,216,011
(3,291,011)

(68,247,447)

3,174,878
(3,249,878)

(67,581,022)

3,143,144
(3,218,144)



1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0

7 8 9 10 11 12

7 8 9 10 11 12
32,500 32,500 32,500 32,500 32,500 32,500
32,500 32,500 32,500 32,500 32,500 32,500
32,500 32,500 32,500 32,500 32,500 32,500

(32,500) (32,500) (32,500) (32,500) (32,500) (32,500)



1,548 1,548 1,548 1,548 1,548 1,548

(1,548) (1,548) (1,548) (1,548) (1,548) (1,548)
7 8 9 10 11 12
32,500 32,500 32,500 32,500 32,500 32,500
32,500 32,500 32,500 32,500 32,500 32,500
32,500 32,500 32,500 32,500 32,500 32,500
(32,500) (32,500) (32,500) (32,500) (32,500) (32,500)
1,548 1,548 1,548 1,548 1,548 1,548

(1,548) (1,548) (1,548) (1,548) (1,548) (1,548)




7 8 9 10 11 12

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

21.0 21.0 21.0 21.0 21.0 21.0

7 8 9 10 11 12

7.84 7.80 7.76 7.72 7.69 7.65

5.10 5.07 5.05 5.02 5.00 4.97

4.33 431 4.29 4.27 4.25 4.23
37,951 37,761 37,572 37,384 37,197 37,011

7 8 9 10 11 12

(466,792) (464,458) (462,136) (459,826) (457,526) (455,239)
675,824 672,445 669,083 665,738 662,409 659,097
209,032 207,987 206,947 205,912 204,883 203,858
10,000 10,000 10,000 10,000 10,000 10,000

420,000 - - - - -

430,000 10,000 10,000 10,000 10,000 10,000
46,679,244 46,445,847 46,213,618 45,982,550 45,752,637 45,523,874
(4,667,924) (4,644,585) (4,621,362) (4,598,255) (4,575,264) (4,552,387)
42,011,319 41,801,263 41,592,256 41,384,295 41,177,374 40,971,487
42,441,319 41,811,263 41,602,256 41,394,295 41,187,374 40,981,487

(42,232,287)

2,021,015
(2,011,061)

(41,603,276)

1,991,013
(1,981,108)

(41,395,309)

1,981,060
(1,971,205)

(41,188,383)

1,971,157
(1,961,352)

(40,982,491)

1,961,304
(1,951,547)

(40,777,629)

1,951,499
(1,941,792)



10,000 10,000 10,000 10,000 10,000 10,000
381,276 - - - - -
391,276 10,000 10,000 10,000 10,000 10,000

47,671,178 47,432,822 47,195,658 46,959,679 46,724,881 46,491,256
47,671,178 47,432,822 47,195,658 46,959,679 46,724,881 46,491,256
48,062,454 47,442,822 47,205,658 46,969,679 46,734,881 46,501,256

(48,062,454) (47,442,822) (47,205,658) (46,969,679) (46,734,881) (46,501,256)

2,288,688 2,259,182 2,247,888 2,236,651 2,225,471 2,214,346
(2,288,688) (2,259,182) (2,247,888) (2,236,651) (2,225,471) (2,214,346)




1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0

7 8 9 10 11 12

11.64 11.59 11.53 11.47 11.41 11.36

3.49 3.48 3.46 3.44 3.42 3.41

3.42 3.41 3.39 3.37 3.36 3.34
29,990 29,840 29,690 29,542 29,394 29,247

7 8 9 10 11 12

(251,913) (250,653) (249,400) (248,153) (246,912) (245,678)
534,055 531,385 528,728 526,085 523,454 520,837
282,142 280,732 279,328 277,931 276,542 275,159
25,000 25,000 25,000 25,000 25,000 25,000

- - - 420,000 - -

25,000 25,000 25,000 445,000 25,000 25,000
25,191,293 25,065,336 24,940,010 24,815,309 24,691,233 24,567,777
(2,519,129) (2,506,534) (2,494,001) (2,481,531) (2,469,123) (2,456,778)
22,672,163 22,558,803 22,446,009 22,333,779 22,222,110 22,110,999
22,697,163 22,583,803 22,471,009 22,778,779 22,247,110 22,135,999

(22,415,021)

1,080,817
(1,067,382)

(22,303,071)

1,075,419
(1,062,051)

(22,191,680)

1,070,048
(1,056,747)

(22,500,847)

1,084,704
(1,071,469)

(21,970,568)

1,059,386
(1,046,218)

(21,860,840)

1,054,095
(1,040,992)




25,000 25,000 25,000 25,000 25,000 25,000

- - - 381,276 - -
25,000 25,000 25,000 406,276 25,000 25,000
25,726,608 25,597,975 25,469,985 25,342,635 25,215,922 25,089,842
25,726,608 25,597,975 25,469,985 25,342,635 25,215,922 25,089,842
25,751,608 25,622,975 25,494,985 25,748,911 25,240,922 25,114,842

(25,751,608) (25,622,975) (25,494,985) (25,748,911) (25,240,922) (25,114,842)

1,226,267 1,220,142 1,214,047 1,226,139 1,201,949 1,195,945
(1,226,267) (1,220,142) (1,214,047) (1,226,139) (1,201,949) (1,195,945)










13 14 15 16 17 18
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0
13 14 15 16 17 18
4.43 4.39 4.34 4.30 4.26 4.21
3.77 3.73 3.69 3.66 3.62 3.58
3.39 3.36 3.32 3.29 3.26 3.22
29,700 29,403 29,109 28,818 28,530 28,244
12,593 12,467 12,342 12,219 12,097 11,976
13 14 15 16 17 18
30,000 30,000 30,000 30,000 30,000 30,000

- - 210,000 - - -
30,000 30,000 240,000 30,000 30,000 30,000
8,731,829 8,644,510 8,558,065 8,472,485 8,387,760 8,303,882
34,927,315 34,578,042 34,232,262 33,889,939 33,551,040 33,215,529



(4,365,914)
39,293,230
39,323,230

(39,323,230)

(4,322,255)
38,900,297
38,930,297

(38,930,297)

(4,279,033)
38,511,294
38,751,294

(38,751,294)

(4,236,242)
38,126,181
38,156,181

(38,156,181)

(4,193,880)
37,744,919
37,774,919

(37,774,919)

(4,151,941)
37,367,470
37,397,470

(37,397,470)

1,872,535 1,853,824 1,845,300 1,816,961 1,798,806 1,780,832
(1,872,535) (1,853,824) (1,845,300) (1,816,961) (1,798,806) (1,780,832)
13 14 15 16 17 18
(1,575,000) (1,575,000) (1,575,000) (1,575,000) (1,575,000) (1,575,000)
(1,575,000) (1,575,000) (1,575,000) (1,575,000) (1,575,000) (1,575,000)
30,000 30,000 30,000 30,000 30,000 30,000
- - 190,638 - - -

30,000 30,000 220,638 30,000 30,000 30,000
8,917,380 8,828,206 8,739,924 8,652,525 8,566,000 8,480,340
56,398,882 55,834,893 55,276,544 54,723,779 54,176,541 53,634,776
65,316,262 64,663,100 64,016,469 63,376,304 62,742,541 62,115,115
65,346,262 64,693,100 64,237,107 63,406,304 62,772,541 62,145,115

(66,921,262)

3,111,727
(3,186,727)

(66,268,100)

3,080,624
(3,155,624)

(65,812,107)

3,058,910
(3,133,910)

(64,981,304)

3,019,348
(3,094,348)

(64,347,541)

2,989,169
(3,064,169)

(63,720,115)

2,959,291
(3,034,291)



13 14 15 16 17 18

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0

13 14 15 16 17 18

13 14 15 16 17 18
32,500 32,500 32,500 32,500 32,500 32,500
32,500 32,500 32,500 32,500 32,500 32,500
32,500 32,500 32,500 32,500 32,500 32,500

(32,500) (32,500) (32,500) (32,500) (32,500) (32,500)



1,548 1,548 1,548 1,548 1,548 1,548

(1,548) (1,548) (1,548) (1,548) (1,548) (1,548)
13 14 15 16 17 18
32,500 32,500 32,500 32,500 32,500 32,500
32,500 32,500 32,500 32,500 32,500 32,500
32,500 32,500 32,500 32,500 32,500 32,500
(32,500) (32,500) (32,500) (32,500) (32,500) (32,500)
1,548 1,548 1,548 1,548 1,548 1,548

(1,548) (1,548) (1,548) (1,548) (1,548) (1,548)




13 14 15 16 17 18

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

21.0 21.0 21.0 21.0 21.0 21.0

13 14 15 16 17 18

7.61 7.57 7.53 7.50 7.46 7.42
4.95 4.92 4.90 4.87 4.85 4.82

4.20 4.18 4.16 4.14 4.12 4.10
36,826 36,642 36,459 36,277 36,095 35,915
13 14 15 16 17 18
(452,963) (450,698) (448,444) (446,202) (443,971) (441,751)
655,801 652,522 649,260 646,013 642,783 639,569
202,839 201,825 200,816 199,811 198,812 197,818
10,000 10,000 10,000 10,000 10,000 10,000
- 420,000 - - - -

10,000 430,000 10,000 10,000 10,000 10,000
45,296,255 45,069,773 44,844,425 44,620,202 44,397,101 44,175,116
(4,529,625) (4,506,977) (4,484,442) (4,462,020) (4,439,710) (4,417,512)
40,766,629 40,562,796 40,359,982 40,158,182 39,957,391 39,757,604
40,776,629 40,992,796 40,369,982 40,168,182 39,967,391 39,767,604

(40,573,790)

1,941,744
(1,932,085)

(40,790,971)

1,952,038
(1,942,427)

(40,169,167)

1,922,380
(1,912,817)

(39,968,371)

1,912,771
(1,903,256)

(39,768,579)

1,903,209
(1,893,742)

(39,569,786)

1,893,695
(1,884,276)



13 14 15 16 17 18

10,000 10,000 10,000 10,000 10,000 10,000

- 381,276 - - - -
10,000 391,276 10,000 10,000 10,000 10,000
46,258,800 46,027,506 45,797,369 45,568,382 45,340,540 45,113,837
46,258,800 46,027,506 45,797,369 45,568,382 45,340,540 45,113,837
46,268,800 46,418,782 45,807,369 45,578,382 45,350,540 45,123,837

(46,268,800) (46,418,782) (45,807,369) (45,578,382) (45,350,540) (45,123,837)

2,203,276 2,210,418 2,181,303 2,170,399 2,159,550 2,148,754
(2,203,276) (2,210,418) (2,181,303) (2,170,399) (2,159,550) (2,148,754)

13 14 15 16 17 18



1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0
13 14 15 16 17 18
11.30 11.24 11.19 11.13 11.08 11.02
3.39 3.37 3.36 3.34 3.32 3.31
3.32 3.31 3.29 3.27 3.26 3.24
29,101 28,956 28,811 28,667 28,523 28,381
13 14 15 16 17 18
(244,449) (243,227) (242,011) (240,801) (239,597) (238,399)
518,233 515,642 513,063 510,498 507,946 505,406
273,783 272,414 271,052 269,697 268,349 267,007
25,000 25,000 25,000 25,000 25,000 25,000

- - 420,000 - - -
25,000 25,000 445,000 25,000 25,000 25,000
24,444,938 24,322,713 24,201,100 24,080,094 23,959,694 23,839,895
(2,444,494) (2,432,271) (2,420,110) (2,408,009) (2,395,969) (2,383,990)
22,000,444 21,890,442 21,780,990 21,672,085 21,563,724 21,455,906
22,025,444 21,915,442 22,225,990 21,697,085 21,588,724 21,480,906

(21,751,661)

1,048,831
(1,035,793)

(21,643,027)

1,043,592
(1,030,620)

(21,954,937)

1,058,380
(1,045,473)

(21,427,388)

1,033,195
(1,020,352)

(21,320,376)

1,028,034
(1,015,256)

(21,213,899)

1,022,900
(1,010,186)




13 14 15 16 17 18

25,000 25,000 25,000 25,000 25,000 25,000

- - 381,276 - - -
25,000 25,000 406,276 25,000 25,000 25,000
24,964,393 24,839,571 24,715,373 24,591,796 24,468,837 24,346,493
24,964,393 24,839,571 24,715,373 24,591,796 24,468,837 24,346,493
24,989,393 24,864,571 25,121,649 24,616,796 24,493,837 24,371,493

(24,989,393) (24,864,571) (25,121,649) (24,616,796) (24,493,837) (24,371,493)

1,189,971 1,184,027 1,196,269 1,172,228 1,166,373 1,160,547
(1,189,971) (1,184,027) (1,196,269) (1,172,228) (1,166,373) (1,160,547)










19 20 21

1.0 1.0 1.0

1.0 1.0 1.0

1.0 1.0 1.0

21.0 21.0 21.0

19 20 21
4.17 4.13 -
3.55 3.51 -
3.19 3.16 -
27,962 27,682 -
11,856 11,737 -

19 20 21

- - (21,000,000)
30,000 30,000 -
- 210,000 -

30,000 240,000 (21,000,000)
8,220,843 8,138,635 -
32,883,374 32,554,540 -




(4,110,422) (4,069,318) -

36,993,796 36,623,858 -
37,023,796 36,863,858 (21,000,000)
(37,023,796) (36,863,858) 21,000,000
1,763,038 1,755,422 (1,000,000)
(1,763,038) (1,755,422) 1,000,000
19 20 21

(1,575,000) (1,575,000) -

(1,575,000) (1,575,000) -
- - (19,063,800)

30,000 30,000 -

- 190,638 -
30,000 220,638 (19,063,800)

8,395,536 8,311,581 -

53,098,428 52,567,444 -

61,493,964 60,879,025 -
61,523,964 61,099,663 (19,063,800)

(63,098,964)

2,929,713
(3,004,713)

(62,674,663)

2,909,508
(2,984,508)

19,063,800

(907,800)
907,800




19 20 21

1.0 1.0 1.0
1.0 1.0 1.0
1.0 1.0 1.0
21.0 21.0 21.0
19 20 21
19 20 21

- - (44,100,000)

32,500 32,500 -
32,500 32,500 (44,100,000)
32,500 32,500 (44,100,000)

(32,500) (32,500) 44,100,000




1,548 1,548 (2,100,000)
(1,548) (1,548) 2,100,000

19 20 21

- - (47,098,800)

32,500 32,500 -
32,500 32,500 (47,098,800)
32,500 32,500 (47,098,800)

(32,500) (32,500) 47,098,800

1,548 1,548 (2,242,800)

(1,548) (1,548) 2,242,800




19 20 21
1.0 1.0 1.0
1.0 1.0 1.0
1.0 1.0 1.0
21.0 21.0 21.0
19 20 21
7.38 7.35 -
4.80 4.78 -
4.08 4.06 -
35,735 35,556 -
19 20 21
(439,542) (437,345) -
636,372 633,190 -
196,829 195,845 -
- - (60,480,000)
10,000 10,000 -
10,000 10,000 (60,480,000)
43,954,240 43,734,469 -
(4,395,424) (4,373,447) -
39,558,816 39,361,022 -
39,568,816 39,371,022 (60,480,000)
(39,371,987) (39,175,177) 60,480,000
1,884,229 1,874,811 (2,880,000)
(1,874,857) (1,865,485) 2,880,000




19 20 21

- - (64,592,640)

10,000 10,000 -
10,000 10,000 (64,592,640)
44,888,268 44,663,827 -
44,888,268 44,663,827 -
44,898,268 44,673,827 (64,592,640)
(44,898,268) (44,673,827) 64,592,640
2,138,013 2,127,325 (3,075,840)
(2,138,013) (2,127,325) 3,075,840

19 20 21




1.0 1.0 1.0
1.0 1.0 1.0
1.0 1.0 1.0
21.0 21.0 21.0
19 20 21
10.96 10.91 -
3.29 3.27 -
3.22 3.21 -
28,239 28,098 -
19 20 21
(237,207) (236,021) -
502,879 500,364 -
265,672 264,343 -
- - (126,000,000)
25,000 25,000 -
- 420,000 -
25,000 445,000  (126,000,000)
23,720,696 23,602,092 -
(2,372,070) (2,360,209) -
21,348,626 21,241,883 -
21,373,626 21,686,883  (126,000,000)
(21,107,954) (21,422,540) 126,000,000
1,017,792 1,032,709 (6,000,000)
(1,005,141) (1,020,121) 6,000,000




19 20 21

- - (134,568,000)

25,000 25,000 -
- 381,276 -
25,000 406,276 (134,568,000)
24,224,760 24,103,637 -
24,224,760 24,103,637 -
24,249,760 24,509,913 (134,568,000)

(24,249,760) (24,509,913) 134,568,000

1,154,750 1,167,139 (6,408,000)
(1,154,750) (1,167,139) 6,408,000




Table of Parameters

Cost Components
Fixed Costs

Investment cost, y1
Investment cost, y2

Investment cost, y3

Life of fixed asset

Fixed asset residual value
Land rental price

Land area required

Recurring costs
Recurring cost period
Recurring cost growth

Variable Costs

Operations and maintenance
Fuel

Taxes

O&M cost growth

Fuel cost growth

First year of operation

Benefit Components
Wholesale price of electricity

Production tax credit (subsidy)

Income tax credit

Units

1000 VND
1000 VND
1000 VND
years

1000 VND
1000 VND/ha
ha

usD
years
% per year

1000 VND per kWh

USD per kWh

% of revenues less O&M
% per year

% per year

1000 VND per kWh
1000 VND per kWh
% of tax liability

Annual environmental externality 1000 VND

Carbon credit payments

Technical Components

Greenhouse gas emissions
Capacity factor
Availability factor

Rated capacity

Capacity decline

Power type

Economic Components

Financial discount rate

USD per ton of CO2 avoided

tons of CO2 equivalent per
kWh

% of annual capacity

% of annual capacity

MwW

% decline per year

%

Option 1: Diesel
Generation Plant

105,000,000

40
21,000,000
2,000

15

10,000

0.0%

0.294
0.056
10.0%
0.0%
0.0%

2.31

0

0
-1575000

0.000424
85.0%
90.0%
5
1.0%
Base

15.0%



Economic discount rate % 12.0%
Exchange rate 1000 VND per USD 21
Real exchange rate adjustment % 0.0%
Foreign exchange premium % 8.5%
Unit Conversions
kWh per MWh 1000
Days per year 365
Hours per day 24
Pounds per ton 2000
Option 2: Landfill Gas Plant
Preliminary Tables
Table A: Indices Year 0
Recurring cost growth 1.0
O&M cost growth
Fuel cost growth 1.0
Exchange rate 21.0
Table B: Production Year 0
Rated capacity less capacity decline -
After capacity factor -
After availability factor -
Total annual production (MWh) -
GHG production (tCO2e) -
Financial Cash Flows
Table 1: Financial Analysis, firm perspective Year 0
Revenues
Value of production -
Production tax credit -
Income tax credit -
Carbon credit payments -
Total revenues -
Costs
Investment cost 73,500,000
Land rental 32,500
Recurring costs -
Fixed costs subtotal 73,532,500

Operations and maintenance
Fuel



Taxes
Variable costs subtotal
Total costs

Net cash flows

73,532,500

(73,532,500)

Total costs (USD) 3,501,548
Net cash flows (USD) (3,501,548)
1000 VND
NPV HEHHH
IRR -5.8%
Discounted MWh -
tCO2 generated -
Financial LCOE (cost per kWh) #DIV/0!
Economic Resource Flows
Table 2: Economic Analysis,
economy perspective Conversion factor Year 0
Benefits
Value of production 1.40 -
Production tax credit 0.00 -
Income tax credit 0.00 -
Carbon credit payments 0.00 -
Environmental externality 1.00 -
Total benefits -
Costs
Investment cost 1.07 78,498,000
Land rental 1.00 32,500
Recurring costs 0.91 -
Fixed costs subtotal 78,530,500
Operations and maintenance 1.02 -
Fuel 1.61 -
Taxes 0.00 -
Variable costs subtotal -
Total costs 78,530,500

Net cash flows

Total costs (USD)
Net cash flows (USD)

NPV

(78,530,500)

3,739,548
(3,739,548)

1000 VND
(150,253,748)



IRR

Discounted MWh
tCO2 generated
Economic LCOE (cost per kWh)

-6.7%

#DIV/0!

Option 3: Hydro-dam

Preliminary Tables

Table A: Indices
Recurring cost growth
O&M cost growth
Fuel cost growth
Exchange rate

Year

1.0
1.0
1.0
21.0

Table B: Production
Rated capacity less capacity decline
After capacity factor
After availability factor

Total annual production (MWh)

GHG production (tCO2e)

Year

Financial Cash Flows

Table 1: Financial Analysis, firm perspective
Revenues
Value of production
Production tax credit
Income tax credit
Carbon credit payments
Total revenues

Costs
Investment cost
Land rental
Recurring costs

Fixed costs subtotal
Operations and maintenance
Fuel
Taxes

Variable costs subtotal

Total costs

Net cash flows

Year

100,800,000
10,000
100,810,000

100,810,000

(100,810,000)



Total costs (USD) 4,800,476
Net cash flows (USD) (4,800,476)
1000 VND
NPV (49,964,743.05)
IRR 11.9%
Discounted MWh 174,939.55
tCO2 generated -
Financial LCOE (cost per kWh) 2.83
Economic Resource Flows
Table 2: Economic Analysis,
economy perspective Conversion factor Year 0
Benefits
Value of production 1.40 -
Production tax credit 0.00 -
Income tax credit 0.00 -
Carbon credit payments 0.00 -
Environmental externality 1.00 -
Total benefits -
Costs
Investment cost 1.07 107,654,400
Land rental 1.00 10,000
Recurring costs 0.91 -
Fixed costs subtotal 107,664,400
Operations and maintenance 1.02 -
Fuel 1.61 -
Taxes 0.00 -
Variable costs subtotal -
Total costs 107,664,400

Net cash flows

Total costs (USD)
Net cash flows (USD)

NPV
IRR

Discounted MWh
tCO2 generated
Economic LCOE (cost per kWh)

(107,664,400)

5,126,876
(5,126,876)

1000 VND
140,892,191
18.3%

217,593

2.56




Option 4: Wind Turbines
Preliminary Tables

Table A: Indices Year 0
Recurring cost growth 1.0
O&M cost growth 1.0
Fuel cost growth 1.0
Exchange rate 21.0
Table B: Production Year 0
Rated capacity less capacity decline -
After capacity factor -
After availability factor -
Total annual production (MWh) -
GHG production (tCO2e) -
Financial Cash Flows
Table 1: Financial Analysis, firm perspective Year 0
Revenues
Value of production -
Production tax credit -
Income tax credit -
Carbon credit payments -
Total revenues -
Costs
Investment cost 504,000,000
Land rental 25,000
Recurring costs -
Fixed costs subtotal 504,025,000
Operations and maintenance -
Fuel -
Taxes -
Variable costs subtotal -
Total costs 504,025,000
Net cash flows (504,025,000)
Total costs (USD) 24,001,190
Net cash flows (USD) (24,001,190)

NPV

1000 VND
HEHFHHHHHAH



IRR 7.5%
Discounted MWh 188,368.29
tCO2 generated -
Financial LCOE (cost per kWh) 3.63
Economic Resource Flows
Table 2: Economic Analysis,
economy perspective Conversion factor Year 0
Benefits
Value of production 1.40 -
Production tax credit 0.00 -
Income tax credit 0.00 -
Carbon credit payments 0.00 -
Environmental externality 1.00 -
Total benefits -
Costs
Investment cost 1.07 538,272,000
Land rental 1.00 25,000
Recurring costs 0.91 -
Fixed costs subtotal 538,297,000
Operations and maintenance 1.02 -
Fuel 1.61 -
Taxes 0.00 -
Variable costs subtotal -
Total costs 538,297,000

Net cash flows

Total costs (USD)
Net cash flows (USD)

NPV
IRR

Discounted MWh
tCO2 generated
Economic LCOE (cost per kWh)

(538,297,000)

25,633,190
(25,633,190)

1000 VND
390,691
12.0%

224,056

3.21

Financi



Option 1: Diesel
Generation Plant

FNPV (USD) 2,195,791
IRR 22.8%
Financial LCOE (USD per kWh) 0.10
Discounted MWh generated 198,953
tCO2 generated 258,699
tCO2 mitgated (relative to Option 1) -
Incremental FNPV (USD)
USD/tCO2 mitigated

Econon

ENPV (USD)

EIRR

Economic LCOE (USD per kWh)
Discounted MWh generated
tCO2 generated

tCO2 mitgated

Incremental ENPV (USD)
USD/tCO2 mitigated

Option 1: Diesel
Generation Plant

6,585,973
33.5%
0.12
235,892
258,699




SEI

Option 1: Diesel Generation Plant

Total Investment cost
105,000,000
115,500,000
138,600,000
180,180,000
252,252,000
378,378,000

Recurring costs
210,000
262,500
315,000
420,000
630,000
840,000

Recurring cost growth

10%
20%
40%
50%

Operations and maintenance
0.21
0.24
0.26
0.29
0.32
0.37
0.44

Fuel cost



0.039
0.045
0.050
0.056
0.062
0.067
0.073

O&M cost growth

1%
2%
3%
4%
5%

Fuel cost growth

1%
2%
3%
4%
5%

First year of operation

A Ul WN =

Wholesale price of electricity
1.85
2.08
231
2.54
2.77
3.00




Carbon credit payments

1.50
1.75
2.00
2.50
3.00
4.00

Capacity factor

55%
65%
75%
85%
90%
95%

Availability factor

60%
70%
80%
90%
95%
98%

Capacity decline

1.0%
1.5%
2.0%
2.5%
3.0%
3.5%

Financial discount rate

10.0%
12.0%
14.0%



15.0%
18.0%
20.0%

Economic discount rate

6.0%
8.0%
10.0%
12.0%
14.0%
15.0%

Real exchange rate depreciation

0.0%
1.0%
2.0%
3.0%
4.0%
5.0%

Option 2: Landfill Gas Plant

Total Investment cost

147,000,000
161,700,000
176,400,000
191,100,000
205,800,000
220,500,000

Recurring costs (USD)

14,000
15,400
16,800
18,200
19,600
21,000




Recurring cost growth

10%
20%
40%
50%

Operations and maintenance

1.37
1.57
1.61
1.79
1.96
2.14
2.32

Fuel cost

O&M cost growth

0.0%
1%
2%
3%
4%
5%

Fuel cost growth

0.0%
1%
2%
3%
4%



5%

First year of operation

N o bk N

Wholesale price of electricity

1.85
2.08
231
2.54
2.77
3.00

Carbon credit payments

1.50
1.75
2.00
2.50
3.00
4.00

Capacity factor

55%
65%
75%
85%
90%
95%

Availability factor

75%
85%



90%
95%
98%
99%

Capacity decline

2.0%
3.0%
4.0%
4.5%
5.0%
6.0%

Financial discount rate

10.0%
12.0%
14.0%
15.0%
18.0%
20.0%

Economic discount rate

6.0%
8.0%
10.0%
12.0%
14.0%
15.0%

Real exchange rate depreciation

0.0%
1.0%
2.0%
3.0%
4.0%
5.0%

Option 3: Hydro-dam



Total Investment cost

302,400,000
332,640,000
362,880,000
393,120,000
423,360,000
453,600,000

Recurring costs (USD)

20,000
22,000
24,000
26,000
28,000
30,000

Recurring cost growth

10%
20%
40%
50%

Operations and maintenance

0.97
1.11
1.13
1.26
1.39
1.51
1.64

Fuel cost



O&M cost growth

0.0%
1%
2%
3%
4%
5%

Fuel cost growth

0.0%
1%
2%
3%
4%
5%

First year of operation

00 NO UL AW

Wholesale price of electricity

1.85
2.08
231
2.54
2.77
3.00

Carbon credit payments

1.50



1.75
2.00
2.50
3.00
4.00

Capacity factor
50%
55%
60%
65%
70%
75%

Availability factor
65%
70%
75%
80%
85%
90%

Capacity decline
0.0%
0.25%
0.5%
1.0%
2.0%
3.0%

Financial discount rate
10.0%
12.0%
14.0%
15.0%
18.0%
20.0%




Economic discount rate
6.0%
8.0%
10.0%
12.0%
14.0%
15.0%

Real exchange rate depreciation
0.0%
1.0%
2.0%
3.0%
4.0%
5.0%

Option 4: Wind Turbines

Total Investment cost
504,000,000
554,400,000
604,800,000
655,200,000
705,600,000
756,000,000

Recurring costs (USD)
20,000
22,000
24,000
26,000
28,000
30,000

Recurring cost growth

10%
20%
40%



50%

Operations and maintenance

0.65
0.74
0.76
0.84
0.92
1.01
1.09

Fuel cost

O&M cost growth

0.0%
1%
2%
3%
4%
5%

Fuel cost growth

0.0%
1%
2%
3%
4%
5%

First year of operation



O Ul WN =

Wholesale price of electricity
1.85
2.08
231
2.54
2.77
3.00

Carbon credit payments
1.50
1.75
2.00
2.50
3.00
4.00

Capacity factor
20%
25%
30%
35%
40%
50%

Availability factor
80%
85%
90%
95%
98%
99%




Capacity decline
0.0%
0.25%
0.5%
1.0%
2.0%
3.0%

Financial discount rate
10.0%
12.0%
14.0%
15.0%
18.0%
20.0%

Economic discount rate
6.0%
8.0%
10.0%
12.0%
14.0%
15.0%

Real exchange rate depreciation
0.0%
1.0%
2.0%
3.0%
4.0%
5.0%

Incremental Sensitivity Analysis




Recurring cost growth

Base Case
0%
1%
2%
3%
4%
5%

Fuel

Base Case
0.043
0.049
0.050
0.056
0.062
0.067
0.073

O&M cost growth

Base Case
0%
1%
2%
3%
4%
5%

Fuel cost growth

Base Case
0%
1%
2%
3%
4%
5%




Wholesale price of electricity

Base Case

1.78
2.03
2.08
231
2.54
2.77
3.00

Production tax credit (subsidy)

Base Case

0.21
0.25
0.29
0.34
0.38
0.42

Carbon credit payments

Base Case

2.00
2.25
2.50
3.00
4.00
5.00

Greenhouse gas emissions

Base Case



0.00036
0.00037
0.00038
0.00042
0.00047
0.00051
0.00055

Financial discount rate Base Case
10%
12%
15%
18%
20%

Economic discount rate Base Case
8%
10%
12%
14%
15%

Real exchange rate depreciation Base Case
0%
1%
2%
3%
4%
5%




Option 2: Landfill
Gas Plant

73,500,000
73,500,000
20
44,100,000
500

65

14,000

0.0%

1.8

10.0%
0.0%
0.0%

2.31
0.21

0.1
-840000

0.0003392
85.0%
98.0%
5
4.0%
Base

Option 3: Hydro-
dam

100,800,000
100,800,000
100,800,000
40
60,480,000
2,000

5

20,000

0.0%

1.23

10.0%
0.0%
0.0%

2.31
0.21
0.1

0

65.0%

85.0%

8

0.5%
Intermittent

Option 4: Wind
Turbines

504,000,000

20
126,000,000
1,000

25

20,000

0.0%

0.84

10.0%
0.0%
0.0%

2.31
0.21
0.1

0

30.0%

98.0%

12

0.5%
Intermittent




1 2 3 4 5 6

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

21.0 21.0 21.0 21.0 21.0 21.0

1 2 3 4 5 6

1 2 3 4 5 6
73,500,000 - - - - -

32,500 32,500 32,500 32,500 32,500 32,500

73,532,500 32,500 32,500 32,500 32,500 32,500




73,532,500 32,500 32,500 32,500 32,500 32,500
(73,532,500) (32,500) (32,500) (32,500) (32,500) (32,500)
3,501,548 1,548 1,548 1,548 1,548 1,548
(3,501,548) (1,548) (1,548) (1,548) (1,548) (1,548)
USD
$  (6,452,319)
#DIV/0!
1 2 3 4 5 6
- (840,000) (840,000) (840,000) (840,000) (840,000)
- (840,000) (840,000) (840,000) (840,000) (840,000)
78,498,000 - ; ) ) )
32,500 32,500 32,500 32,500 32,500 32,500
78,530,500 32,500 32,500 32,500 32,500 32,500
78,530,500 32,500 32,500 32,500 32,500 32,500
(78,530,500) (872,500) (872,500) (872,500) (872,500) (872,500)
3,739,548 1,548 1,548 1,548 1,548 1,548
(3,739,548) (41,548) (41,548) (41,548) (41,548) (41,548)

usD
S (7,154,940)



#DIV/0!

1 2 3 4 5 6
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0
1 2 3 4 5 6
- - 8.00 7.96 7.92 7.88
- - 5.20 5.17 5.15 5.12
- - 4.42 4.40 4.38 4.35
- - 38,719 38,526 38,333 38,141
1 2 3 4 5 6
- - 89,441,352 88,994,145 88,549,175 88,106,429
- - 8,131,032 8,090,377 8,049,925 8,009,675
- - 418,167 416,077 413,996 411,926
- - 689,512 686,064 682,634 679,220
- - 98,680,063 98,186,663 97,695,729 97,207,251
100,800,000 100,800,000 - - - -
10,000 10,000 10,000 10,000 10,000 10,000
100,810,000 100,810,000 10,000 10,000 10,000 10,000
- - 47,624,616 47,386,493 47,149,560 46,913,813
- - 4,181,674 4,160,765 4,139,961 4,119,262
- - 51,806,290 51,547,258 51,289,522 51,033,074
100,810,000 100,810,000 51,816,290 51,557,258 51,299,522 51,043,074
(100,810,000)  (100,810,000) 46,863,773 46,629,404 46,396,207 46,164,176



4,800,476 4,800,476 2,467,442 2,455,108 2,442,834 2,430,623
(4,800,476) (4,800,476) 2,231,608 2,220,448 2,209,343 2,198,294
usD
$  (2,379,273)
0.135
1 2 3 4 5 6
- - 125,217,893 124,591,803 123,968,844 123,349,000
- (840,000) (840,000) (840,000) (840,000) (840,000)
- (840,000) 124,377,893 123,751,803 123,128,844 122,509,000
107,654,400 107,654,400 - - - -
10,000 10,000 10,000 10,000 10,000 10,000
107,664,400 107,664,400 10,000 10,000 10,000 10,000
- - 48,636,639 48,393,456 48,151,489 47,910,731
- - 48,636,639 48,393,456 48,151,489 47,910,731
107,664,400 107,664,400 48,646,639 48,403,456 48,161,489 47,920,731
(107,664,400)  (108,504,400) 75,731,254 75,348,347 74,967,356 74,588,269
5,126,876 5,126,876 2,316,507 2,304,926 2,293,404 2,281,940
(5,126,876) (5,166,876) 3,606,250 3,588,017 3,569,874 3,551,822
usD
$ 6,709,152

0.12




usD
s

1 2 3 4 5 6
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0
1 2 3 4 5 6
12.00 11.94 11.88 11.82 11.76 11.70
3.60 3.58 3.56 3.55 3.53 3.51
3.53 3.51 3.49 3.48 3.46 3.44
30,905 30,751 30,597 30,444 30,292 30,140
1 2 3 4 5 6
71,391,197 71,034,241 70,679,070 70,325,674 69,974,046 69,624,176
6,490,109 6,457,658 6,425,370 6,393,243 6,361,277 6,329,471
454,308 452,036 449,776 447,527 445,289 443,063
550,361 547,609 544,871 542,147 539,436 536,739
78,885,974 78,491,545 78,099,087 77,708,591 77,320,048 76,933,448
25,000 25,000 25,000 25,000 25,000 25,000
- - - - 420,000 -
25,000 25,000 25,000 25,000 445,000 25,000
25,960,435 25,830,633 25,701,480 25,572,972 25,445,108 25,317,882
4,543,076 4,520,361 4,497,759 4,475,270 4,452,894 4,430,629
30,503,511 30,350,994 30,199,239 30,048,243 29,898,001 29,748,511
30,528,511 30,375,994 30,224,239 30,073,243 30,343,001 29,773,511
48,357,463 48,115,551 47,874,848 47,635,349 46,977,047 47,159,937
1,453,739 1,446,476 1,439,249 1,432,059 1,444,905 1,417,786
2,302,736 2,291,217 2,279,755 2,268,350 2,237,002 2,245,711

(9,665,946)



0.173

1 2 3 4 5 6
99,947,676 99,447,937 98,950,697 98,455,944 97,963,664 97,473,846
- (840,000) (840,000) (840,000) (840,000) (840,000)
99,947,676 98,607,937 98,110,697 97,615,944 97,123,664 96,633,846
25,000 25,000 25,000 25,000 25,000 25,000
- - - - 381,276 -
25,000 25,000 25,000 25,000 406,276 25,000
26,512,094 26,379,534 26,247,636 26,116,398 25,985,816 25,855,887
26,512,094 26,379,534 26,247,636 26,116,398 25,985,816 25,855,887
26,537,094 26,404,534 26,272,636 26,141,398 26,392,092 25,880,887
73,410,581 72,203,403 71,838,061 71,474,546 70,731,572 70,752,959
1,263,671 1,257,359 1,251,078 1,244,828 1,256,766 1,232,423
3,495,742 3,438,257 3,420,860 3,403,550 3,368,170 3,369,189
usD
$ 18,604
0.15

ial Summary Tables



Option 2: Landfill Option 3: Hydro- Option 4: Wind
Gas Plant dam Turbines
(6,452,319) (2,379,273) (9,665,946)
-5.8% 11.9% 7.5%
#DIV/0! 0.13 0.17
- 174,940 188,368
#DIV/0! 258,699 258,699
#DIV/0! (4,901,663) (12,404,891)
#DIV/0! 18.95 47.95
nic Summary Tables
Option 2: Landfill Option 3: Hydro- Option 4: Wind
Gas Plant dam Turbines
(7,154,940) 6,709,152 18,604
-6.7% 18.3% 12.0%
#DIV/0! 0.12 0.15
- 217,593 224,056
#DIV/0! 258,699 258,699
#DIV/0! 687,402 (6,566,385.54)
#DIV/0! (2.66) 25.38




NSITIVITY ANALYSES

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
1,695,791 20.5% 0.10 - 6,132,073 30.4%
595,791 16.6% 0.11 - 5,133,493 25.0%
(1,384,209) 12.0% 0.12 - 3,336,049 18.7%
(4,816,209) 7.1% 0.13 - 220,479 12.3%
(10,822,209) 2.4% 0.16 - (5,231,768) 6.4%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,010,120 22.2% 0.10 - 6,372,501 33.1%
1,961,381 22.1% 0.10 - 6,316,465 33.0%
1,912,643 22.0% 0.10 - 6,260,429 32.9%
1,815,165 21.7% 0.10 - 6,148,356 32.6%
1,620,210 21.0% 0.10 - 5,924,211 32.2%
1,425,256 20.4% 0.10 - 5,700,066 31.7%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,181,412 22.8% 0.10 - 6,567,510 33.5%
2,135,040 22.7% 0.10 - 6,504,099 33.5%
1,404,436 21.3% 0.10 - 5,438,994 33.0%
(545,107) #NUM! 0.11 - 2,533,373 4.8%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%



33.1% 0.08 - 53.6%
29.7% 0.09 - 47.0%
26.3% 0.09 - 40.3%
22.8% 0.10 - 33.5%
19.3% 0.10 - 26.8%
15.7% 0.11 - 19.9%
(812,381) 12.0% 0.11 - 12.7%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
22.8% 0.10 - 33.5%
22.7% 0.10 - 33.4%
22.6% 0.10 - 33.3%
22.5% 0.10 - 33.2%
22.5% 0.10 - 33.1%
22.4% 0.10 - 33.0%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
22.8% 0.10 - 33.5%
22.5% 0.10 - 32.9%
22.1% 0.10 - 32.2%
21.8% 0.10 - 31.5%
21.4% 0.10 - 30.8%
21.1% 0.10 - 30.2%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
22.8% 0.10 - 33.5%
18.7% 0.10 - 26.2%
16.0% 0.11 - 21.8%
(394,171) 14.0% 0.11 - 18.8%
(1,043,923) 12.3% 0.12 - 16.5%
(1,609,476) 11.0% 0.13 - 14.7%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
(1,743,482) 8.4% 0.10 - (679,498) 9.6%
15.8% 0.10 - 21.9%
22.8% 0.10 - 33.5%
29.6% 0.10 - 45.0%
36.3% 0.10 - 56.4%
42.9% 0.10 - 67.7%




FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
(332,084) 13.8% 0.11 - 2,483,410 20.4%
510,541 16.9% 0.11 - 3,850,931 24.8%
1,353,166 19.9% 0.10 - 5,218,452 29.2%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,617,104 24.3% 0.10 - 7,269,733 35.7%
3,038,417 25.7% 0.10 - 7,953,494 37.9%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
(191,647) 14.3% 0.11 - 2,711,330 21.1%
604,166 17.2% 0.11 - 4,002,878 25.3%
1,399,979 20.0% 0.10 - 5,294,425 29.4%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,593,698 24.2% 0.10 - 7,231,746 35.6%
2,832,442 25.0% 0.10 - 7,619,211 36.8%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,013,937 22.3% 0.10 - 6,255,329 33.0%
1,839,640 21.8% 0.10 - 5,939,449 32.5%
1,672,520 21.3% 0.10 - 5,637,553 32.0%
1,512,216 20.8% 0.10 - 5,348,905 31.4%
1,358,389 20.4% 0.10 - 5,072,813 30.9%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
4,740,321 22.8% 0.09 - 6,585,973 33.5%
3,560,812 22.8% 0.09 - 6,585,973 33.5%
2,606,017 22.8% 0.10 - 6,585,973 33.5%



2,195,791 22.8% 0.10 - 6,585,973 33.5%
1,173,514 22.8% 0.10 - 6,585,973 33.5%
628,319 22.8% 0.11 - 6,585,973 33.5%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 12,403,365 33.5%
2,195,791 22.8% 0.10 - 10,000,671 33.5%
2,195,791 22.8% 0.10 - 8,104,100 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 5,354,530 33.5%
2,195,791 22.8% 0.10 - 4,824,701 33.5%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,074,679 22.5% 0.10 - 6,309,464 32.9%
1,955,942 22.1% 0.10 - 6,038,376 32.2%
1,839,510 21.8% 0.10 - 5,772,553 31.5%
1,725,318 21.4% 0.10 - 5,511,842 30.8%
1,613,300 21.1% 0.10 - 5,256,096 30.2%

FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(6,452,319) -5.8% #DIV/0! #DIV/0! (7,154,940) -6.7%
(1,239,602) 11.4% 0.13 53,140 6,178,712 25.2%
(1,239,602) 11.4% 0.13 53,140 6,178,712 25.2%
(1,239,602) 11.4% 0.13 53,140 6,178,712 25.2%
(1,239,602) 11.4% 0.13 53,140 6,178,712 25.2%
(1,239,602) 11.4% 0.13 53,140 6,178,712 25.2%
(1,239,602) 11.4% 0.13 53,140 6,178,712 25.2%

FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(6,452,319) -5.8% #DIV/0! #DIV/0! (7,154,940) -6.7%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,239,143) 11.4% 0.13 53,140 5,652,803 24.2%
(1,240,061) 11.4% 0.13 53,140 5,651,716 24.2%
(1,240,979) 11.4% 0.13 53,140 5,650,630 24.2%
(1,241,897) 11.4% 0.13 53,140 5,649,544 24.2%
(1,242,815) 11.4% 0.13 53,140 5,648,458 24.2%

FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR



(6,452,319) -5.8% #DIV/0! #DIV/0! (7,154,940) -6.7%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,254,089) 11.4% 0.13 53,140 5,633,954 24.2%
1,300,097 11.2% 0.13 53,140 5,573,999 24.1%
( 7 7 ) 7 7
(1,829,557) 8.6% 0.13 53,140 4,854,804 23.5%
2,940,265 #NUM! 0.14 53,140 3,319,533 22.0%
( 7 7 ) 7 ’ ’
FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(6,452,319) -5.8% #DIV/0! #DIV/0! (7,154,940) -6.7%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%
FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(6,452,319) -5.8% #DIV/0! #DIV/0! (7,154,940) -6.7%
. (o) . . (o)
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
. (o) . . (o)
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
. (o) . . (o)
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
. (o) . . (o)
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
) , -2.0/0 ! ! , ) -0./%
(6,452,319) 5.8% #DIV/0! #DIV/0! (7,154,940) 6.7%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
. (o) . . (o)
(2,081,496) 8.4% 0.13 53,140 4,431,549 22.3%
(2,998,609) 3.7% 0.14 53,140 3,093,565 19.9%
(3,997,555) 7.2% 0.14 53,140 1,626,717 16.8%
(5,087,284) #NUM! 0.15 53,140 16,145 12.1%
(6,277,822) #NUM! 0.16 53,140 (1,754,862) #NUM!
FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(6,452,319) -5.8% #DIV/0! #DIV/0! (7,154,940) -6.7%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%



(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(6,452,319) -5.8% #DIV/0! #DIV/0! (7,154,940) -6.7%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,948,326) 9.8% 0.13 29,192 4,205,753 19.8%
(2,567,054) 8.6% 0.14 2,860 2,908,289 16.9%
(3,106,382) 7.6% 0.15 (26,021) 1,745,166 14.7%
(3,576,718) 6.8% 0.16 (57,612) 701,797 13.1%
(3,987,119) 6.0% 0.17 (92,071) (234,852) 11.7%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(6,452,319) -5.8% #DIV/0! #DIV/0! (7,154,940) -6.7%
(4,473,039) 1.2% 0.13 53,140 (281,809) 11.3%
(2,855,632) 6.5% 0.13 53,140 2,686,040 18.0%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%

379,182 16.1% 0.13 53,140 8,621,738 30.1%
1,996,589 20.5% 0.13 53,140 11,589,587 35.7%
3,613,997 24.7% 0.13 53,140 14,557,436 41.1%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(6,452,319) -5.8% #DIV/0! #DIV/0! (7,154,940) -6.7%
(1,245,076) 11.4% 0.13 53,140 5,653,889 24.2%
(1,241,651) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,231,374) 11.4% 0.13 53,140 5,653,889 24.2%
(1,224,523) 11.5% 0.13 53,140 5,653,889 24.2%
(1,210,821) 11.5% 0.13 53,140 5,653,889 24.2%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(6,452,319) -5.8% #DIV/0! #DIV/0! (7,154,940) -6.7%
(3,078,494) 5.8% 0.15 53,140 1,133,126 14.6%
(2,465,071) 7.7% 0.14 53,140 2,640,047 17.9%
(1,851,648) 9.6% 0.13 53,140 4,146,968 21.1%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%

(931,514) 12.3% 0.13 53,140 6,407,349 25.7%
(624,802) 13.2% 0.12 53,140 7,160,810 27.2%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(6,452,319) -5.8% #DIV/0! #DIV/0! (7,154,940) -6.7%
(2,461,941) 7.7% 0.14 53,140 2,647,735 17.9%

(1,929,891) 9.3% 0.13 53,140 3,954,758 20.7%



(1,663,865) 10.1% 0.13 53,140 4,608,270 22.1%

(1,397,840) 10.9% 0.13 53,140 5,261,782 23.4%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,185,020) 11.6% 0.13 53,140 5,784,591 24.5%
FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(6,452,319) -5.8% #DIV/0! #DIV/0! (7,154,940) -6.7%
(718,242) 13.1% 0.12 37,848 7,087,220 26.0%
(988,596) 12.2% 0.13 45,710 6,339,893 25.1%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
1,355,876 11.0% 0.13 56,695 5,332,000 23.8%
( 7 7 ) 7 7
(1,469,052) 10.6% 0.13 60,146 5,023,262 23.3%
1,682,806 9.8% 0.13 66,740 4,442,684 22.5%
( 7 7 ) 7 7
FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(6,452,319) -5.8% #DIV/0! #DIV/0! (7,154,940) -6.7%
642,521 11.4% 0.12 54,802 5,653,889 24.2%
(236,782) 11.4% 0.12 54,354 5,653,889 24.2%
(939,409) 11.4% 0.13 53,612 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,972,751) 11.4% 0.13 51,363 5,653,889 24.2%
2,357,040) 11.4% 0.14 49,914 5,653,889 24.2%
(
FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(6,452,319) -5.8% #DIV/0! #DIV/0! (7,154,940) -6.7%
(1,238,225) 11.4% 0.13 53,140 12,331,284 24.2%
1,238,225 11.4% 0.13 53,140 9,573,138 24.2%
( 7 7 ) 7 7
(1,238,225) 11.4% 0.13 53,140 7,396,060 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 4,241,775 24.2%
1,238,225) 11.4% 0.13 53,140 3,634,809 24.2%
(
FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(6,452,319) -5.8% #DIV/0! #DIV/0! (7,154,940) -6.7%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
1,225,785) 11.4% 0.13 53,140 5,597,802 24.2%
(
(1,213,589) 11.4% 0.13 53,140 5,542,815 24.2%
1,201,629) 11.4% 0.12 53,140 5,488,896 24.2%
(
(1,189,900) 11.4% 0.12 53,140 5,436,014 24.2%

(1,178,394) 11.4% 0.12 53,140 5,384,139 24.2%




FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,380,308) 11.9% 0.13 258,699 6,707,959 18.3%
(2,381,343) 11.9% 0.13 258,699 6,706,766 18.3%
(2,382,377) 11.9% 0.13 258,699 6,705,574 18.3%
(2,383,412) 11.9% 0.13 258,699 6,704,381 18.3%
(2,384,446) 11.9% 0.13 258,699 6,703,188 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(409,804) 14.5% 0.12 258,699 9,458,291 20.7%
(1,460,491) 13.1% 0.13 258,699 7,991,660 19.4%
(1,651,525) 12.9% 0.13 258,699 7,725,000 19.2%
(2,606,695) 11.6% 0.14 258,699 6,391,699 18.1%
(3,561,865) 10.2% 0.14 258,699 5,058,399 16.9%
(4,517,035) 8.8% 0.15 258,699 3,725,098 15.6%
(5,472,205) 7.3% 0.15 258,699 2,391,798 14.4%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%



(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%

(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(3,803,602) 10.3% 0.15 258,699 4,203,424 15.7%
(5,042,696) 9.0% 0.16 258,699 1,964,610 13.6%
(6,120,719) 7.9% 0.18 258,699 (35,897) 12.0%
(7,058,684) 6.9% 0.20 258,699 (1,823,637) 10.6%
(7,874,860) 6.0% 0.22 258,699 (3,421,415) 9.4%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(5,881,563) 6.6% 0.13 258,699 7,290 12.0%
(4,130,418) 9.4% 0.13 258,699 3,358,221 15.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(628,129) 14.2% 0.14 258,699 10,060,083 21.2%
1,123,016 16.4% 0.14 258,699 13,411,014 23.8%
2,874,161 18.5% 0.14 258,699 16,761,945 26.4%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%

(2,416,361) 11.8% 0.13 258,699 6,709,152 18.3%



(2,397,817) 11.8% 0.13 258,699 6,709,152 18.3%

(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,342,186) 11.9% 0.13 258,699 6,709,152 18.3%
(2,305,099) 12.0% 0.13 258,699 6,709,152 18.3%
(2,230,925) 12.1% 0.13 258,699 6,709,152 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(4,706,562) 8.5% 0.16 258,699 1,979,824 14.0%
(3,930,799) 9.7% 0.15 258,699 3,556,266 15.5%
(3,155,036) 10.8% 0.14 258,699 5,132,709 16.9%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(1,603,511) 12.9% 0.13 258,699 8,285,595 19.7%
(827,748) 13.9% 0.13 258,699 9,862,037 21.0%
FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(4,752,195) 8.4% 0.16 258,699 1,887,092 13.9%
(4,158,964) 9.3% 0.15 258,699 3,092,607 15.1%
(3,565,734) 10.2% 0.14 258,699 4,298,122 16.2%
(2,972,504) 11.0% 0.14 258,699 5,503,637 17.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(1,786,043) 12.7% 0.13 258,699 7,914,667 19.4%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,121,552) 12.3% 0.13 258,699 7,291,260 18.7%
(2,251,703) 12.1% 0.13 258,699 6,997,102 18.5%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,626,909) 11.5% 0.14 258,699 6,151,279 17.9%
(3,093,757) 10.7% 0.14 258,699 5,103,653 17.1%
(3,525,550) 10.0% 0.14 258,699 4,139,775 16.3%
FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
1,919,848 11.9% 0.11 258,699 6,709,152 18.3%
(119,049) 11.9% 0.12 258,699 6,709,152 18.3%
(1,713,464) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(3,974,584) 11.9% 0.15 258,699 6,709,152 18.3%

(4,778,910) 11.9% 0.16 258,699 6,709,152 18.3%




FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR

(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 19,880,374 18.3%
(2,379,273) 11.9% 0.13 258,699 14,336,854 18.3%
(2,379,273) 11.9% 0.13 258,699 10,055,350 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 4,064,771 18.3%
(2,379,273) 11.9% 0.13 258,699 2,951,042 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,354,350) 11.9% 0.13 258,699 6,642,607 18.3%
(2,329,915) 11.9% 0.13 258,699 6,577,366 18.3%
(2,305,955) 11.9% 0.13 258,699 6,513,392 18.3%
(2,282,455) 11.9% 0.13 258,699 6,450,649 18.3%
(2,259,403) 11.9% 0.13 258,699 6,389,101 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(12,065,946) 6.3% 0.19 258,699 (2,544,596) 10.6%
(17,345,946) 4.3% 0.21 258,699 (8,183,636) 8.1%
(26,849,946) 1.7% 0.26 258,699 (18,333,908) 4.9%
(43,323,546) -1.2% 0.35 258,699 (35,927,712) 1.5%
(72,152,346) -4.3% 0.50 258,699 (66,716,871) 2.1%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,667,803) 7.5% 0.17 258,699 16,470 12.0%
(9,669,659) 7.5% 0.17 258,699 14,335 12.0%
(9,671,516) 7.5% 0.17 258,699 12,200 12.0%
(9,673,373) 7.5% 0.17 258,699 10,065 12.0%
(9,675,229) 7.5% 0.17 258,699 7,931 12.0%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,694,704) 7.4% 0.17 258,699 (18,321) 12.0%
(9,787,449) 7.3% 0.17 258,699 (145,143) 11.9%

(11,248,656) 3.2% 0.18 258,699 (2,275,354) 10.4%



(15,147,743) #NUM! 0.20 258,699 (8,086,596) #NUM!

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(8,088,927) 8.8% 0.16 258,699 2,123,726 13.3%
(8,843,153) 8.1% 0.17 258,699 1,116,929 12.7%
(8,980,285) 8.0% 0.17 258,699 933,875 12.6%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%

(10,351,606) 6.9% 0.18 258,699 (896,666) 11.5%
(11,037,267) 6.3% 0.18 258,699 (1,811,936) 10.9%
(11,722,928) 5.7% 0.18 258,699 (2,727,206) 10.3%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%

(10,114,226) 7.0% 0.18 258,699 (643,548) 11.6%
(10,605,119) 6.4% 0.18 258,699 (1,373,756) 11.1%
(11,143,585) 5.7% 0.18 258,699 (2,180,342) 10.6%
(11,735,211) 4.9% 0.18 258,699 (3,072,706) 10.0%
(12,386,284) 3.8% 0.19 258,699 (4,061,469) 9.2%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR

(9,665,946) 7.5% 0.17 258,699 18,604 12.0%



b b 2% . ’ b 0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
’ ’ -27/0 . )] ’ 5 D2/
(11,605,378) 6.5% 0.19 258,699 (2,987,982) 10.3%
) ) /70 . ) ) ) J70
(13,293,463) 5.7% 0.22 258,699 (5,675,593) 9.0%
’ ’ -J7/0 . )] ’ 5 I/
(14,761,925) 4.9% 0.24 258,699 (8,076,732) 7.9%
’ ’ 970 . ’ b ) U7
(16,039,413) 4.3% 0.28 258,699 (10,222,100) 7.0%
’ ) -/ 70 . ’ ’ ’ -1 /0
(17,150,840) 3.7% 0.32 258,699 (12,139,108) 6.1%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
) ) £ 70 . ) ) ) /170
(13,437,079) 4.2% 0.17 258,699 (6,882,331) 7.7%
’ ’ . (o] . ) ’ ’ . (o]
(11,551,512) 5.9% 0.17 258,699 (3,431,863) 9.9%
’ y -2/0 . ) y U/
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
’ ) -J7/0 . ’ ’ ’ -170
(7,780,379) 9.0% 0.17 258,699 3,469,072 14.1%
(5,894,813) 10.5% 0.18 258,699 6,919,540 16.1%
’ ’ -J /0 . ’ ’ ’ -1 /0
(4,009,246) 12.0% 0.18 258,699 10,370,008 18.1%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,705,880) 7.4% 0.17 258,699 18,604 12.0%
(9,685,913) 7.4% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,626,012) 7.5% 0.17 258,699 18,604 12.0%
(9,586,078) 7.5% 0.17 258,699 18,604 12.0%
(9,506,210) 7.6% 0.17 258,699 18,604 12.0%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(14,346,772) 3.4% 0.24 258,699 (8,432,054) 6.7%
(12,006,359) 5.5% 0.20 258,699 (4,206,725) 9.4%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(7,325,533) 9.4% 0.15 258,699 4,243,934 14.5%
(4,985,119) 11.2% 0.14 258,699 8,469,263 17.0%
(304,293) 14.8% 0.12 258,699 16,919,921 21.8%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(12,245,177) 5.3% 0.20 258,699 (4,637,881) 9.1%
(11,528,724) 5.9% 0.19 258,699 (3,344,413) 9.9%
(10,812,271) 6.5% 0.18 258,699 (2,050,945) 10.7%
(10,095,818) 7.1% 0.18 258,699 (757,477) 11.5%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,522,655) 7.6% 0.17 258,699 277,298 12.2%




FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,287,384) 7.9% 0.17 258,699 786,768 12.5%
(9,478,720) 7.7% 0.17 258,699 398,208 12.2%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(10,028,490) 7.1% 0.18 258,699 (714,692) 11.6%
(10,708,735) 6.3% 0.18 258,699 (2,083,985) 10.7%
(11,334,111) 5.5% 0.19 258,699 (3,334,715) 9.8%
FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(4,236,716) 7.5% 0.14 258,699 18,604 12.0%
(6,775,288) 7.5% 0.15 258,699 18,604 12.0%
(8,802,848) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(11,794,508) 7.5% 0.19 258,699 18,604 12.0%
(12,916,174) 7.5% 0.21 258,699 18,604 12.0%
FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 14,404,427 12.0%
(9,665,946) 7.5% 0.17 258,699 8,397,784 12.0%
(9,665,946) 7.5% 0.17 258,699 3,718,988 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 (2,950,722) 12.0%
(9,665,946) 7.5% 0.17 258,699 (4,218,755) 12.0%
FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,568,846) 7.5% 0.17 258,699 18,209 12.0%
(9,473,650) 7.5% 0.17 258,699 17,821 12.0%
(9,380,302) 7.5% 0.17 258,699 17,441 12.0%
(9,288,749) 7.5% 0.17 258,699 17,068 12.0%
(9,198,940) 7.5% 0.16 258,699 16,702 12.0%
Financial Incremental NPV Economic Incremental
Option 2: Landfill Option 3: Hydro- Option 4: Wind Option 2: Landfill Option 3: Hydro-
Gas Plant Turbines Gas Plant dam



#DIV/0!
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)

(4,901,663)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)

(12,404,891)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)

#DIV/0!
416,747
416,747
416,747
416,747
416,747
416,747

687,402
884,909
884,909
884,909
884,909
884,909
884,909

Financial Incremental NPV

Economic Incremental

Option 2: Landfill Option 3: Hydro- Option 4: Wind Option 2: Landfill Option 3: Hydro-
Gas Plant dam Turbines Gas Plant dam
#DIV/0! (4,901,663) (12,404,891) #DIV/0! 687,402
(6,026,689) (7,207,929) (14,711,157) (4,571,520) (4,218,674)
(4,923,693) (6,104,932) (13,608,160) (2,225,136) (1,872,290)
(4,723,148) (5,904,387) (13,407,616) (1,798,521) (1,445,675)
(3,720,424) (4,901,663) (12,404,891) 334,555 687,402
(2,717,700) (3,898,939) (11,402,167) 2,467,632 2,820,478
(1,714,976) (2,896,215) (10,399,443) 4,600,708 4,953,554
(712,252) (1,893,491) (9,396,719) 6,733,784 7,086,630
Financial Incremental NPV Economic Incremental
Option 2: Landfill Option 3: Hydro- Option 4: Wind Option 2: Landfill Option 3: Hydro-
Gas Plant dam Turbines Gas Plant dam
#DIV/0! (4,901,663) (12,404,891) #DIV/0! 687,402
(3,720,424) (4,901,663) (12,404,891) 334,555 687,402
(3,695,356) (4,876,595) (12,379,823) 368,282 721,128
(3,670,288) (4,851,527) (12,354,755) 402,009 754,855
(3,645,220) (4,826,459) (12,329,687) 435,735 788,582
(3,620,151) (4,801,391) (12,304,619) 469,462 822,308
(3,595,083) (4,776,323) (12,279,551) 503,189 856,035

Financial Incremental NPV

Gas Plant

#DIV/0!
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)

Option 2: Landfill Option 3: Hydro-

dam

(4,901,663)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)

Option 4: Wind

Turbines

(12,404,891)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)

Economic Incremental

Option 2: Landfill Option 3: Hydro-

Gas Plant

#DIV/0!
416,747
416,747
416,747
416,747
416,747
416,747

dam

687,402
884,909
884,909
884,909
884,909
884,909
884,909




Financial Incremental NPV

Option 2: Landfill Option 3: Hydro-

Gas Plant

#DIV/0!

(2,658,317)
(2,658,317)
(2,658,317)
(2,658,317)
(2,658,317)
(2,658,317)
(2,658,317)

dam

(4,901,663)
(3,834,992)
(3,834,992)
(3,834,992)
(3,834,992)
(3,834,992)
(3,834,992)
(3,834,992)

Option 4: Wind

Turbines

(12,404,891)
(11,341,089)
(11,341,089)
(11,341,089)
(11,341,089)
(11,341,089)
(11,341,089)
(11,341,089)

Economic Incremental

Option 2: Landfill Option 3: Hydro-

Gas Plant

#DIV/0!

416,747
416,747
416,747
416,747
416,747
416,747
416,747

dam

687,402
884,909
884,909
884,909
884,909
884,909
884,909
884,909

Financial Incremental NPV

Option 2: Landfill Option 3: Hydro-

Gas Plant

#DIV/0!

(3,720,424)
(3,322,517)
(2,924,611)
(2,526,705)
(2,128,798)
(1,730,892)

dam

(4,901,663)
(4,901,663)
(4,503,757)
(4,105,851)
(3,707,944)
(3,310,038)
(2,912,132)

Option 4: Wind

Turbines

(12,404,891)
(12,404,891)
(12,006,985)
(11,609,079)
(11,211,172)
(10,813,266)
(10,415,360)

Economic Incremental

Option 2: Landfill Option 3: Hydro-

Gas Plant

#DIV/0!

334,555
334,555
334,555
334,555
334,555
334,555

dam

687,402
687,402
687,402
687,402
687,402
687,402
687,402

Financial Incremental NPV

Option 2: Landfill Option 3: Hydro-

Option 4: Wind

Turbines

(12,404,891)

Economic Incremental

Option 2: Landfill Option 3: Hydro-

Gas Plant dam
#DIV/0! (4,901,663)
(2,607,982) (3,784,657)
(2,607,982) (3,784,657)
(2,607,982) (3,784,657)
(2,607,982) (3,784,657)
(2,607,982) (3,784,657)
(2,607,982) (3,784,657)

(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)

Gas Plant dam
#DIV/0! 687,402
416,747 884,909
416,747 884,909
416,747 884,909
416,747 884,909
416,747 884,909
416,747 884,909

Financial Incremental NPV

Option 2: Landfill Option 3: Hydro-
Gas Plant dam

#DIV/0! (4,901,663)

Option 4: Wind
Turbines

(12,404,891)

Economic Incremental

Option 2: Landfill Option 3: Hydro-
Gas Plant dam

#DIV/0! 687,402



(2,633,448)
(2,633,448)
(2,633,448)
(2,633,448)
(2,633,448)
(2,633,448)
(2,633,448)

(3,810,123)
(3,810,123)
(3,810,123)
(3,810,123)
(3,810,123)
(3,810,123)
(3,810,123)

(11,316,220)
(11,316,220)
(11,316,220)
(11,316,220)
(11,316,220)
(11,316,220)
(11,316,220)

416,747
416,747
416,747
416,747
416,747
416,747
416,747

884,909
884,909
884,909
884,909
884,909
884,909
884,909

Financial Incremental NPV

Gas Plant

#DIV/0!
(3,955,580)
(3,850,640)
(3,720,424)
(3,623,565)
(3,576,101)

Option 2: Landfill Option 3: Hydro-

dam

(4,901,663)
(2,723,196)
(3,689,873)
(4,901,663)
(5,917,818)
(6,519,962)

Option 4: Wind

Turbines

(12,404,891)

(9,190,196)
(10,693,998)
(12,404,891)
(13,665,171)
(14,330,071)

Economic Incremental

Gas Plant

#DIV/0!
334,555
334,555
334,555
334,555
334,555

Option 2: Landfill Option 3: Hydro-

dam

687,402
687,402
687,402
687,402
687,402
687,402

Financial Incremental NPV

Gas Plant

#DIV/0!
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)

Option 2: Landfill Option 3: Hydro-

dam

(4,901,663)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)

Option 4: Wind

Turbines

(12,404,891)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)

Economic Incremental

Gas Plant

#DIV/0!
1,814,746
1,814,746
1,814,746
1,814,746
1,814,746

Option 2: Landfill Option 3: Hydro-

dam

687,402
4,851,652
4,851,652
4,851,652
4,851,652
4,851,652

Financial Incremental NPV

Gas Plant

#DIV/0!
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)

Option 2: Landfill Option 3: Hydro-

dam

(4,901,663)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)

Option 4: Wind

Turbines

(12,404,891)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)

Economic Incremental

Gas Plant

#DIV/0!
416,747
416,747
416,747
416,747
416,747
416,747

Option 2: Landfill Option 3: Hydro-

dam

687,402
884,909
884,909
884,909
884,909
884,909
884,909







7 8 9 10 11 12

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

21.0 21.0 21.0 21.0 21.0 21.0

7 8 9 10 11 12

7 8 9 10 11 12
32,500 32,500 32,500 32,500 32,500 32,500
294,000 - - - - 294,000
326,500 32,500 32,500 32,500 32,500 326,500



326,500 32,500 32,500 32,500 32,500 326,500
(326,500) (32,500) (32,500) (32,500) (32,500) (326,500)
15,548 1,548 1,548 1,548 1,548 15,548
(15,548) (1,548) (1,548) (1,548) (1,548) (15,548)
7 8 9 10 11 12
(840,000) (840,000) (840,000) (840,000) (840,000) (840,000)
(840,000) (840,000) (840,000) (840,000) (840,000) (840,000)
32,500 32,500 32,500 32,500 32,500 32,500
266,893 - - - - 266,893
299,393 32,500 32,500 32,500 32,500 299,393
299,393 32,500 32,500 32,500 32,500 299,393
(1,139,393) (872,500) (872,500) (872,500) (872,500) (1,139,393)
14,257 1,548 1,548 1,548 1,548 14,257
(54,257) (41,548) (41,548) (41,548) (41,548) (54,257)



7 8 9 10 11 12
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0
7 8 9 10 11 12
7.84 7.80 7.76 7.72 7.69 7.65
5.10 5.07 5.05 5.02 5.00 4.97
4.33 431 4.29 4.27 4.25 4.23
37,951 37,761 37,572 37,384 37,197 37,011
7 8 9 10 11 12
87,665,896 87,227,567 86,791,429 86,357,472 85,925,685 85,496,056
7,969,627 7,929,779 7,890,130 7,850,679 7,811,426 7,772,369
409,867 407,817 405,778 403,749 401,730 399,722
675,824 672,445 669,083 665,738 662,409 659,097
96,721,214 96,237,608 95,756,420 95,277,638 94,801,250 94,327,244
10,000 10,000 10,000 10,000 10,000 10,000
420,000 - - - - -
430,000 10,000 10,000 10,000 10,000 10,000
46,679,244 46,445,847 46,213,618 45,982,550 45,752,637 45,523,874
4,098,665 4,078,172 4,057,781 4,037,492 4,017,305 3,997,218
50,777,909 50,524,019 50,271,399 50,020,042 49,769,942 49,521,092
51,207,909 50,534,019 50,281,399 50,030,042 49,779,942 49,531,092
45,513,305 45,703,589 45,475,021 45,247,596 45,021,308 44,796,151



2,438,472 2,406,382 2,394,352 2,382,383 2,370,473 2,358,623
2,167,300 2,176,361 2,165,477 2,154,647 2,143,872 2,133,150
7 8 9 10 11 12
122,732,255 122,118,594 121,508,001 120,900,461 120,295,959 119,694,479
(840,000) (840,000) (840,000) (840,000) (840,000) (840,000)
121,892,255 121,278,594 120,668,001 120,060,461 119,455,959 118,854,479
10,000 10,000 10,000 10,000 10,000 10,000
381,276 - - - - -
391,276 10,000 10,000 10,000 10,000 10,000
47,671,178 47,432,822 47,195,658 46,959,679 46,724,881 46,491,256
47,671,178 47,432,822 47,195,658 46,959,679 46,724,881 46,491,256
48,062,454 47,442,822 47,205,658 46,969,679 46,734,881 46,501,256
73,829,802 73,835,772 73,462,343 73,090,782 72,721,078 72,353,222
2,288,688 2,259,182 2,247,888 2,236,651 2,225,471 2,214,346
3,515,705 3,515,989 3,498,207 3,480,513 3,462,908 3,445,392




7 8 9 10 11 12

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

21.0 21.0 21.0 21.0 21.0 21.0

7 8 9 10 11 12

11.64 11.59 11.53 11.47 11.41 11.36

3.49 3.48 3.46 3.44 3.42 3.41

3.42 3.41 3.39 3.37 3.36 3.34
29,990 29,840 29,690 29,542 29,394 29,247

7 8 9 10 11 12
69,276,055 68,929,675 68,585,026 68,242,101 67,900,891 67,561,386
6,297,823 6,266,334 6,235,002 6,203,827 6,172,808 6,141,944
440,848 438,643 436,450 434,268 432,097 429,936
534,055 531,385 528,728 526,085 523,454 520,837
76,548,781 76,166,037 75,785,207 75,406,281 75,029,249 74,654,103
25,000 25,000 25,000 25,000 25,000 25,000

- - - 420,000 - -

25,000 25,000 25,000 445,000 25,000 25,000
25,191,293 25,065,336 24,940,010 24,815,309 24,691,233 24,567,777
4,408,476 4,386,434 4,364,502 4,342,679 4,320,966 4,299,361
29,599,769 29,451,770 29,304,511 29,157,989 29,012,199 28,867,138
29,624,769 29,476,770 29,329,511 29,602,989 29,037,199 28,892,138
46,924,012 46,689,267 46,455,696 45,803,292 45,992,051 45,761,966
1,410,703 1,403,656 1,396,643 1,409,666 1,382,724 1,375,816
2,234,477 2,223,298 2,212,176 2,181,109 2,190,098 2,179,141



96,986,477

(840,000)
96,146,477

25,000
25,000
25,726,608

25,726,608
25,751,608

70,394,869

1,226,267
3,352,137

96,501,544

(840,000)
95,661,544

25,000
25,000
25,597,975

25,597,975
25,622,975

70,038,570

1,220,142
3,335,170

96,019,037

(840,000)
95,179,037

25,000
25,000
25,469,985

25,469,985
25,494,985

69,684,052

1,214,047
3,318,288

10

95,538,941

(840,000)
94,698,941

25,000
381,276
406,276

25,342,635

25,342,635
25,748,911

68,950,031

1,226,139
3,283,335

11

95,061,247

(840,000)
94,221,247

25,000
25,000
25,215,922

25,215,922
25,240,922

68,980,325

1,201,949
3,284,777

12

94,585,940

(840,000)
93,745,940

25,000
25,000
25,089,842

25,089,842
25,114,842

68,631,098

1,195,945
3,268,148







Econ. LCOE

0.12
0.12
0.13
0.13
0.14
0.15
0.17

Econ. LCOE

0.12
0.12
0.12
0.13
0.13
0.13
0.13

Econ. LCOE

0.12
0.12
0.12
0.12
0.13
0.14

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12




0.10
0.11
0.11
0.12
0.13
0.14
0.15

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.13
0.13
0.13
0.13

Econ. LCOE

0.12
0.12
0.13
0.13
0.13
0.14
0.14

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12




Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.13
0.13
0.13
0.12
0.12
0.12

Econ. LCOE

0.12
0.13
0.13
0.13
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.13
0.13
0.13

Econ. LCOE

0.12
0.12
0.12
0.12




0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.13
0.13

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

#DIV/0!

0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

#DIV/0!

0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE




#DIV/0!
0.12
0.12
0.12
0.13
0.14

Econ. LCOE
#DIV/0!
0.10
0.10
0.10
0.10
0.10
0.10
0.10

Econ. LCOE
#DIV/0!
0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE
#DIV/0!
0.12
0.13
0.14
0.14
0.15
0.16

Econ. LCOE
#DIV/0!
0.12
0.12
0.12
0.12
0.12




0.12

Econ. LCOE
#DIV/0!
0.12
0.13
0.13
0.14
0.15
0.15

Econ. LCOE
#DIV/0!
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE
#DIV/0!
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE
#DIV/0!
0.14
0.13
0.13
0.12
0.12
0.12

Econ. LCOE
#DIV/0!
0.13
0.13




0.13
0.12
0.12
0.12

Econ. LCOE
#DIV/0!
0.12
0.12
0.12
0.12
0.13
0.13

Econ. LCOE
#DIV/0!
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE
#DIV/0!
0.11
0.11
0.12
0.12
0.13
0.13

Econ. LCOE
#DIV/0!
0.12
0.12
0.12
0.12
0.12
0.12




Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.11
0.12
0.12
0.12
0.13
0.14
0.14

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12




0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.13
0.14
0.15
0.17
0.18

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.12




0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.14
0.13
0.13
0.12
0.12
0.11

Econ. LCOE

0.12
0.14
0.14
0.13
0.13
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.13
0.13

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12




Econ. LCOE

0.12
0.10
0.11
0.11
0.12
0.13
0.14

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.15
0.15
0.16
0.19
0.23
0.31
0.45

Econ. LCOE

0.15
0.15
0.15
0.15
0.15
0.15
0.15

Econ. LCOE

0.15
0.15
0.15
0.15
0.16




0.19

Econ. LCOE

0.15
0.14
0.15
0.15
0.15
0.16
0.16
0.16

Econ. LCOE

0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15

Econ. LCOE

0.15
0.15
0.16
0.16
0.16
0.17
0.17

Econ. LCOE

0.15
0.15
0.15
0.15
0.15
0.15
0.15

Econ. LCOE

0.15




0.15
0.17
0.19
0.21
0.23
0.26

Econ. LCOE

0.15
0.15
0.15
0.15
0.15
0.15
0.15

Econ. LCOE

0.15
0.15
0.15
0.15
0.15
0.15
0.15

Econ. LCOE

0.15
0.21
0.18
0.15
0.14
0.12
0.11

Econ. LCOE

0.15
0.18
0.17
0.16
0.16
0.15
0.15




Econ. LCOE
0.15
0.15
0.15
0.15
0.16
0.16
0.17

Econ. LCOE
0.15
0.15
0.15
0.15
0.15
0.15
0.15

Econ. LCOE
0.15
0.11
0.12
0.14
0.15
0.17
0.18

Econ. LCOE
0.15
0.15
0.15
0.15
0.15
0.15
0.15

NPV Financial CEA (USD/tCO2 mitigated)

Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines



(6,566,386) #DIV/0! 18.9 48.0
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) #DIV/0! 18.9 48.0
(11,472,461) 113.4 27.9 56.9
(9,126,077) 92.7 23.6 52.6
(8,699,462) 88.9 22.8 51.8
(6,566,386) 70.0 18.9 48.0
(4,433,309) 51.1 15.1 44.1
(2,300,233) 32.3 11.2 40.2
(167,157) 13.4 7.3 36.3
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) #DIV/0! 18.9 48.0
(6,566,386) 70.0 18.9 48.0
(6,532,659) 69.5 18.9 47.9
(6,498,932) 69.1 18.8 47.8
(6,465,206) 68.6 18.7 47.7
(6,431,479) 68.1 18.6 47.6
(6,397,752) 67.7 18.5 47.5
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) #DIV/0! 18.9 48.0
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6




NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) #DIV/0! 18.9 48.0
(6,259,834) 50.0 14.8 43.8
(6,259,834) 50.0 14.8 43.8
(6,259,834) 50.0 14.8 43.8
(6,259,834) 50.0 14.8 43.8
(6,259,834) 50.0 14.8 43.8
(6,259,834) 50.0 14.8 43.8
(6,259,834) 50.0 14.8 43.8
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) #DIV/0! 18.9 48.0
(6,566,386) 70.0 18.9 48.0
(6,566,386) 62.5 17.4 46.4
(6,566,386) 55.0 15.9 449
(6,566,386) 47.5 14.3 43.3
(6,566,386) 40.1 12.8 41.8
(6,566,386) 32.6 11.3 40.3
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) #DIV/0! 18.9 48.0
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) #DIV/0! 18.9 48.0




(6,259,834) 186.9 17.3 51.5
(6,259,834) 186.9 17.3 51.5
(6,259,834) 186.9 17.3 51.5
(6,259,834) 186.9 17.3 51.5
(6,259,834) 186.9 17.3 51.5
(6,259,834) 186.9 17.3 51.5
(6,259,834) 186.9 17.3 51.5
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) #DIV/0! 18.9 48.0
(6,566,386) 72.2 10.5 35.5
(6,566,386) 70.8 14.3 41.3
(6,566,386) 70.0 18.9 48.0
(6,566,386) 70.5 22.9 52.8
(6,566,386) 71.6 25.2 55.4
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) #DIV/0! 18.9 48.0
(795,615) 49.1 14.6 43.6
(795,615) 49.1 14.6 43.6
(795,615) 49.1 14.6 43.6
(795,615) 49.1 14.6 43.6
(795,615) 49.1 14.6 43.6
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) #DIV/0! 18.9 48.0
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6







13 14 15 16 17 18

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

21.0 21.0 21.0 21.0 21.0 21.0

13 14 15 16 17 18

13 14 15 16 17 18

32,500 32,500 32,500 32,500 32,500 32,500
- - - - 294,000 -

32,500 32,500 32,500 32,500 326,500 32,500



32,500 32,500 32,500 32,500 326,500 32,500
(32,500) (32,500) (32,500) (32,500) (326,500) (32,500)
1,548 1,548 1,548 1,548 15,548 1,548
(1,548) (1,548) (1,548) (1,548) (15,548) (1,548)
13 14 15 16 17 18
(840,000) (840,000) (840,000) (840,000) (840,000) (840,000)
(840,000) (840,000) (840,000) (840,000) (840,000) (840,000)
32,500 32,500 32,500 32,500 32,500 32,500

- - - - 266,893 -
32,500 32,500 32,500 32,500 299,393 32,500
32,500 32,500 32,500 32,500 299,393 32,500
(872,500) (872,500) (872,500) (872,500) (1,139,393) (872,500)
1,548 1,548 1,548 1,548 14,257 1,548
(41,548) (41,548) (41,548) (41,548) (54,257) (41,548)



13 14 15 16 17 18
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0
13 14 15 16 17 18
7.61 7.57 7.53 7.50 7.46 7.42
4.95 4.92 4.90 4.87 4.85 4.82
4.20 4.18 4.16 4.14 4.12 4.10
36,826 36,642 36,459 36,277 36,095 35,915
13 14 15 16 17 18
85,068,576 84,643,233 84,220,017 83,798,917 83,379,922 82,963,023
7,733,507 7,694,839 7,656,365 7,618,083 7,579,993 7,542,093
397,723 395,735 393,756 391,787 389,828 387,879
655,801 652,522 649,260 646,013 642,783 639,569
93,855,607 93,386,329 92,919,398 92,454,801 91,992,527 91,532,564
10,000 10,000 10,000 10,000 10,000 10,000

- 420,000 - - - -
10,000 430,000 10,000 10,000 10,000 10,000
45,296,255 45,069,773 44,844,425 44,620,202 44,397,101 44,175,116
3,977,232 3,957,346 3,937,559 3,917,871 3,898,282 3,878,791
49,273,487 49,027,119 48,781,984 48,538,074 48,295,384 48,053,907
49,283,487 49,457,119 48,791,984 48,548,074 48,305,384 48,063,907
44,572,121 43,929,210 44,127,414 43,906,727 43,687,143 43,468,658



2,346,833 2,355,101 2,323,428 2,311,813 2,300,256 2,288,757
2,122,482 2,091,867 2,101,305 2,090,797 2,080,340 2,069,936
13 14 15 16 17 18
119,096,006 118,500,526 117,908,024 117,318,484 116,731,891 116,148,232
(840,000) (840,000) (840,000) (840,000) (840,000) (840,000)
118,256,006 117,660,526 117,068,024 116,478,484 115,891,891 115,308,232
10,000 10,000 10,000 10,000 10,000 10,000

- 381,276 - - - -
10,000 391,276 10,000 10,000 10,000 10,000
46,258,800 46,027,506 45,797,369 45,568,382 45,340,540 45,113,837
46,258,800 46,027,506 45,797,369 45,568,382 45,340,540 45,113,837
46,268,800 46,418,782 45,807,369 45,578,382 45,350,540 45,123,837
71,987,206 71,241,744 71,260,655 70,900,102 70,541,351 70,184,395
2,203,276 2,210,418 2,181,303 2,170,399 2,159,550 2,148,754
3,427,962 3,392,464 3,393,365 3,376,195 3,359,112 3,342,114




13 14 15 16 17 18
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0
13 14 15 16 17 18

11.30 11.24 11.19 11.13 11.08 11.02
3.39 3.37 3.36 3.34 3.32 3.31

3.32 3.31 3.29 3.27 3.26 3.24
29,101 28,956 28,811 28,667 28,523 28,381
13 14 15 16 17 18
67,223,579 66,887,461 66,553,024 66,220,259 65,889,158 65,559,712
6,111,234 6,080,678 6,050,275 6,020,024 5,989,923 5,959,974
427,786 425,647 423,519 421,402 419,295 417,198
518,233 515,642 513,063 510,498 507,946 505,406
74,280,833 73,909,429 73,539,881 73,172,182 72,806,321 72,442,289
25,000 25,000 25,000 25,000 25,000 25,000

- - 420,000 - - -

25,000 25,000 445,000 25,000 25,000 25,000
24,444,938 24,322,713 24,201,100 24,080,094 23,959,694 23,839,895
4,277,864 4,256,475 4,235,192 4,214,016 4,192,946 4,171,982
28,722,802 28,579,188 28,436,292 28,294,111 28,152,640 28,011,877
28,747,802 28,604,188 28,881,292 28,319,111 28,177,640 28,036,877
45,533,031 45,305,241 44,658,589 44,853,071 44,628,681 44,405,413
1,368,943 1,362,104 1,375,300 1,348,529 1,341,792 1,335,089
2,168,240 2,157,392 2,126,599 2,135,861 2,125,175 2,114,543



13

94,113,011

(840,000)
93,273,011

25,000
25,000
24,964,393

24,964,393
24,989,393

68,283,618

1,189,971
3,251,601

14

93,642,446

(840,000)
92,802,446

25,000
25,000
24,839,571

24,839,571
24,864,571

67,937,875

1,184,027
3,235,137

15

93,174,233

(840,000)
92,334,233

25,000
381,276
406,276

24,715,373

24,715,373
25,121,649

67,212,585

1,196,269
3,200,599

16

92,708,362

(840,000)
91,868,362

25,000
25,000
24,591,796

24,591,796
24,616,796

67,251,566

1,172,228
3,202,456

17

92,244,821

(840,000)
91,404,821

25,000
25,000
24,468,837

24,468,837
24,493,837

66,910,983

1,166,373
3,186,237

18

91,783,596

(840,000)
90,943,596

25,000
25,000
24,346,493

24,346,493
24,371,493

66,572,103

1,160,547
3,170,100














































Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind
Gas Plant dam Turbines



#DIV/0! (2.7) 254

(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines
#DIV/0! (2.7) 25.4
84.1 16.3 44.3
40.9 7.2 35.3
33.1 5.6 33.6
(6.2) (2.7) 25.4
(45.4) (10.9) 17.1
(84.6) (19.1) 8.9
(123.9) (27.4) 0.6

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines

#DIV/0! (2.7) 25.4
(6.2) (2.7) 25.4
(6.8) (2.8) 25.3
(7.4) (2.9) 25.1
(8.0) (3.0) 25.0
(8.6) (3.2) 24.9
(9.3) (3.3) 24.7

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines

#DIV/0! (2.7) 25.4
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2

(7.7) (3.4) 24.2




Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines

#DIV/0! (2.7) 25.4
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines

#DIV/0! (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines

#DIV/0! (2.7) 25.4
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind
Gas Plant dam Turbines

#DIV/0! (2.7) 254




(27.2) (4.0) 28.5

(27.2) (4.0) 28.5
(27.2) (4.0) 28.5
(27.2) (4.0) 28.5
(27.2) (4.0) 28.5
(27.2) (4.0) 28.5
(27.2) (4.0) 28.5

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines

#DIV/0! (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines

#DIV/0! (2.7) 25.4
(33.0) (18.8) 3.1
(33.0) (18.8) 3.1
(33.0) (18.8) 3.1
(33.0) (18.8) 3.1
(33.0) (18.8) 3.1

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines

#DIV/0! (2.7) 25.4
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2

(7.7) (3.4) 24.2







19 20 21

1.0 1.0 1.0

1.0 1.0 1.0

21.0 21.0 21.0

19 20 21

19 20 21

] - (44,100,000)
32,500 32,500 -

32,500 32,500 (44,100,000)




32,500 32,500 (44,100,000)
(32,500) (32,500) 44,100,000
1,548 1,548 (2,100,000)
(1,548) (1,548) 2,100,000
19 20 21
(840,000) (840,000) -
(840,000) (840,000) -

- - (47,098,800)
32,500 32,500 -
32,500 32,500 (47,098,800)
32,500 32,500 (47,098,800)

(872,500) (872,500) 47,098,800
1,548 1,548 (2,242,800)
(41,548) (41,548) 2,242,800




19 20 21

1.0 1.0 1.0

1.0 1.0 1.0

1.0 1.0 1.0

21.0 21.0 21.0

19 20 21
7.38 7.35 -
4.80 4.78 -
4.08 4.06 -
35,735 35,556 -

19 20 21
82,548,208 82,135,466 -
7,504,383 7,466,861 -
385,940 384,010 -
636,372 633,190 -
91,074,901 90,619,527 -

- - (60,480,000)
10,000 10,000 -

10,000 10,000 (60,480,000)
43,954,240 43,734,469 -
3,859,397 3,840,100 -
47,813,637 47,574,569 -

47,823,637 47,584,569 (60,480,000)

43,251,264 43,034,958 60,480,000




2,277,316 2,265,932 (2,880,000)
2,059,584 2,049,284 2,880,000
19 20 21
115,567,491 114,989,653 -
(840,000) (840,000) -
114,727,491 114,149,653 -
- - (64,592,640)
10,000 10,000 -
10,000 10,000 (64,592,640)
44,888,268 44,663,827 -
44,888,268 44,663,827 -
44,898,268 44,673,827 (64,592,640)
69,829,223 69,475,826 64,592,640
2,138,013 2,127,325 (3,075,840)
3,325,201 3,308,373 3,075,840




19 20 21
1.0 1.0 1.0
1.0 1.0 1.0
1.0 1.0 1.0
21.0 21.0 21.0
19 20 21
10.96 10.91 -
3.29 3.27 -
3.22 3.21 -
28,239 28,098 -
19 20 21
65,231,913 64,905,754 -
5,930,174 5,900,523 -
415,112 413,037 -
502,879 500,364 -
72,080,078 71,719,678 -
- - (126,000,000)
25,000 25,000 -
- 420,000 -
25,000 445,000  (126,000,000)
23,720,696 23,602,092 -
4,151,122 4,130,366 -
27,871,817 27,732,458 -
27,896,817 28,177,458  (126,000,000)
44,183,261 43,542,219 126,000,000
1,328,420 1,341,784 (6,000,000)
2,103,965 2,073,439 6,000,000




19

91,324,678

(840,000)
90,484,678

25,000
25,000
24,224,760

24,224,760
24,249,760

66,234,918

1,154,750
3,154,044

20

90,868,055

(840,000)
90,028,055

25,000
381,276
406,276

24,103,637

24,103,637
24,509,913

65,518,142

1,167,139
3,119,912

21

(134,568,000)

(134,568,000)

(134,568,000)

134,568,000

(6,408,000)
6,408,000




Table of Parameters

Cost Components
Fixed Costs

Investment cost, y1
Investment cost, y2

Investment cost, y3

Life of fixed asset

Fixed asset residual value
Land rental price

Land area required

Recurring costs
Recurring cost period
Recurring cost growth

Variable Costs

Operations and maintenance
Fuel

Taxes

O&M cost growth

Fuel cost growth

First year of operation

Benefit Components
Wholesale price of electricity

Production tax credit (subsidy)

Income tax credit

Units

1000 VND
1000 VND
1000 VND
years

1000 VND
1000 VND/ha
ha

usD
years
% per year

1000 VND per kWh

USD per kWh

% of revenues less O&M
% per year

% per year

1000 VND per kWh
1000 VND per kWh
% of tax liability

Annual environmental externality 1000 VND

Carbon credit payments

Technical Components

Greenhouse gas emissions
Capacity factor
Availability factor

Rated capacity

Capacity decline

Power type

Economic Components

Financial discount rate

USD per ton of CO2 avoided

tons of CO2 equivalent per
kWh

% of annual capacity

% of annual capacity

MwW

% decline per year

%

Option 1: Diesel
Generation Plant

105,000,000

40
21,000,000
2,000

15

10,000

0.0%

0.294
0.056
10.0%
0.0%
0.0%

2.31

0

0
-1575000

0.000424
85.0%
90.0%
5
1.0%
Base

15.0%



Economic discount rate % 12.0%
Exchange rate 1000 VND per USD 21
Real exchange rate adjustment % 0.0%
Foreign exchange premium % 8.5%
Unit Conversions
kWh per MWh 1000
Days per year 365
Hours per day 24
Pounds per ton 2000
Option 2: Landfill Gas Plant
Preliminary Tables
Table A: Indices Year 0
Recurring cost growth 1.0
O&M cost growth 1.0
Fuel cost growth 1.0
Exchange rate 21.0
Table B: Production Year 0
Rated capacity less capacity decline -
After capacity factor -
After availability factor -
Total annual production (MWh) -
GHG production (tCO2e) -
Financial Cash Flows
Table 1: Financial Analysis, firm perspective Year 0
Revenues
Value of production
Production tax credit -
Income tax credit -
Carbon credit payments -
Total revenues
Costs
Investment cost
Land rental 32,500
Recurring costs -
Fixed costs subtotal 32,500

Operations and maintenance
Fuel



Taxes
Variable costs subtotal
Total costs

Net cash flows
Total costs (USD)

Net cash flows (USD)

NPV
IRR

Discounted MWh
tCO2 generated
Financial LCOE (cost per kWh)

1000 VND

#NUM!

161,579.14
166,944

Economic Resource Flows

Table 2: Economic Analysis,
economy perspective
Benefits

Conversion factor

Value of production

Production tax credit

Income tax credit

Carbon credit payments

Environmental externality
Total benefits

Costs
Investment cost
Land rental
Recurring costs

Fixed costs subtotal
Operations and maintenance
Fuel
Taxes

Variable costs subtotal

Total costs

Net cash flows
Total costs (USD)

Net cash flows (USD)

NPV

1.40
0.00
0.00
0.00
1.00

1.07
1.00
0.91

1.02
1.61
0.00

Year 0

32,500

(32,500)

1,548
(1,548)

1000 VND
(1,668,248)



IRR 9.2%
Discounted MWh 192,717
tCO2 generated 166,944
Economic LCOE (cost per kWh) (0.02)
Option 3: Hydro-dam
Preliminary Tables
Table A: Indices Year 0
Recurring cost growth 1.0
O&M cost growth 1.0
Fuel cost growth 1.0
Exchange rate 21.0
Table B: Production Year 0
Rated capacity less capacity decline -
After capacity factor -
After availability factor -
Total annual production (MWh) -
GHG production (tCO2e) -
Financial Cash Flows
Table 1: Financial Analysis, firm perspective Year 0
Revenues
Value of production -
Production tax credit -
Income tax credit -
Carbon credit payments -
Total revenues -
Costs
Investment cost 100,800,000
Land rental 10,000
Recurring costs -
Fixed costs subtotal 100,810,000
Operations and maintenance -
Fuel -
Taxes -
Variable costs subtotal -
Total costs 100,810,000

Net cash flows

(100,810,000)



Total costs (USD) 4,800,476
Net cash flows (USD) (4,800,476)
1000 VND
NPV (49,964,743.05)
IRR 11.9%
Discounted MWh 174,939.55
tCO2 generated -
Financial LCOE (cost per kWh) 2.83
Economic Resource Flows
Table 2: Economic Analysis,
economy perspective Conversion factor Year 0
Benefits
Value of production 1.40 -
Production tax credit 0.00 -
Income tax credit 0.00 -
Carbon credit payments 0.00 -
Environmental externality 1.00 -
Total benefits -
Costs
Investment cost 1.07 107,654,400
Land rental 1.00 10,000
Recurring costs 0.91 -
Fixed costs subtotal 107,664,400
Operations and maintenance 1.02 -
Fuel 1.61 -
Taxes 0.00 -
Variable costs subtotal -
Total costs 107,664,400

Net cash flows

Total costs (USD)
Net cash flows (USD)

NPV
IRR

Discounted MWh
tCO2 generated
Economic LCOE (cost per kWh)

(107,664,400)

5,126,876
(5,126,876)

1000 VND
140,892,191
18.3%

217,593

2.56




Option 4: Wind Turbines
Preliminary Tables

Table A: Indices Year 0
Recurring cost growth 1.0
O&M cost growth 1.0
Fuel cost growth 1.0
Exchange rate 21.0
Table B: Production Year 0
Rated capacity less capacity decline -
After capacity factor -
After availability factor -
Total annual production (MWh) -
GHG production (tCO2e) -
Financial Cash Flows
Table 1: Financial Analysis, firm perspective Year 0
Revenues
Value of production -
Production tax credit -
Income tax credit -
Carbon credit payments -
Total revenues -
Costs
Investment cost 504,000,000
Land rental 25,000
Recurring costs -
Fixed costs subtotal 504,025,000
Operations and maintenance -
Fuel -
Taxes -
Variable costs subtotal -
Total costs 504,025,000
Net cash flows (504,025,000)
Total costs (USD) 24,001,190
Net cash flows (USD) (24,001,190)

NPV

1000 VND
HEHFHHHHHAH



IRR 7.5%
Discounted MWh 188,368.29
tCO2 generated -
Financial LCOE (cost per kWh) 3.63
Economic Resource Flows
Table 2: Economic Analysis,
economy perspective Conversion factor Year 0
Benefits
Value of production 1.40 -
Production tax credit 0.00 -
Income tax credit 0.00 -
Carbon credit payments 0.00 -
Environmental externality 1.00 -
Total benefits -
Costs
Investment cost 1.07 538,272,000
Land rental 1.00 25,000
Recurring costs 0.91 -
Fixed costs subtotal 538,297,000
Operations and maintenance 1.02 -
Fuel 1.61 -
Taxes 0.00 -
Variable costs subtotal -
Total costs 538,297,000

Net cash flows

Total costs (USD)
Net cash flows (USD)

NPV
IRR

Discounted MWh
tCO2 generated
Economic LCOE (cost per kWh)

(538,297,000)

25,633,190
(25,633,190)

1000 VND
390,691
12.0%

224,056

3.21

Financi



Option 1: Diesel
Generation Plant

FNPV (USD) 2,195,791
IRR 22.8%
Financial LCOE (USD per kWh) 0.10
Discounted MWh generated 198,953
tCO2 generated 258,699
tCO2 mitgated (relative to Option 1) -
Incremental FNPV (USD)
USD/tCO2 mitigated

Econon

ENPV (USD)

EIRR

Economic LCOE (USD per kWh)
Discounted MWh generated
tCO2 generated

tCO2 mitgated

Incremental ENPV (USD)
USD/tCO2 mitigated

Option 1: Diesel
Generation Plant

6,585,973
33.5%
0.12
235,892
258,699




SEI

Option 1: Diesel Generation Plant

Total Investment cost
105,000,000
115,500,000
138,600,000
180,180,000
252,252,000
378,378,000

Recurring costs
210,000
262,500
315,000
420,000
630,000
840,000

Recurring cost growth

10%
20%
40%
50%

Operations and maintenance
0.21
0.24
0.26
0.29
0.32
0.37
0.44

Fuel cost



0.039
0.045
0.050
0.056
0.062
0.067
0.073

O&M cost growth

1%
2%
3%
4%
5%

Fuel cost growth

1%
2%
3%
4%
5%

First year of operation

A Ul WN =

Wholesale price of electricity
1.85
2.08
231
2.54
2.77
3.00




Carbon credit payments

1.50
1.75
2.00
2.50
3.00
4.00

Capacity factor

55%
65%
75%
85%
90%
95%

Availability factor

60%
70%
80%
90%
95%
98%

Capacity decline

1.0%
1.5%
2.0%
2.5%
3.0%
3.5%

Financial discount rate

10.0%
12.0%
14.0%



15.0%
18.0%
20.0%

Economic discount rate

6.0%
8.0%
10.0%
12.0%
14.0%
15.0%

Real exchange rate depreciation

0.0%
1.0%
2.0%
3.0%
4.0%
5.0%

Option 2: Landfill Gas Plant

Total Investment cost

147,000,000
161,700,000
176,400,000
191,100,000
205,800,000
220,500,000

Recurring costs (USD)

14,000
15,400
16,800
18,200
19,600
21,000




Recurring cost growth

10%
20%
40%
50%

Operations and maintenance

1.37
1.57
1.61
1.79
1.96
2.14
2.32

Fuel cost

O&M cost growth

0.0%
1%
2%
3%
4%
5%

Fuel cost growth

0.0%
1%
2%
3%
4%



5%

First year of operation

N o bk N

Wholesale price of electricity

1.85
2.08
231
2.54
2.77
3.00

Carbon credit payments

1.50
1.75
2.00
2.50
3.00
4.00

Capacity factor

55%
65%
75%
85%
90%
95%

Availability factor

75%
85%



90%
95%
98%
99%

Capacity decline

2.0%
3.0%
4.0%
4.5%
5.0%
6.0%

Financial discount rate

10.0%
12.0%
14.0%
15.0%
18.0%
20.0%

Economic discount rate

6.0%
8.0%
10.0%
12.0%
14.0%
15.0%

Real exchange rate depreciation

0.0%
1.0%
2.0%
3.0%
4.0%
5.0%

Option 3: Hydro-dam



Total Investment cost

302,400,000
332,640,000
362,880,000
393,120,000
423,360,000
453,600,000

Recurring costs (USD)

20,000
22,000
24,000
26,000
28,000
30,000

Recurring cost growth

10%
20%
40%
50%

Operations and maintenance

0.97
1.11
1.13
1.26
1.39
1.51
1.64

Fuel cost



O&M cost growth

0.0%
1%
2%
3%
4%
5%

Fuel cost growth

0.0%
1%
2%
3%
4%
5%

First year of operation

00 NO UL AW

Wholesale price of electricity

1.85
2.08
231
2.54
2.77
3.00

Carbon credit payments

1.50



1.75
2.00
2.50
3.00
4.00

Capacity factor
50%
55%
60%
65%
70%
75%

Availability factor
65%
70%
75%
80%
85%
90%

Capacity decline
0.0%
0.25%
0.5%
1.0%
2.0%
3.0%

Financial discount rate
10.0%
12.0%
14.0%
15.0%
18.0%
20.0%




Economic discount rate
6.0%
8.0%
10.0%
12.0%
14.0%
15.0%

Real exchange rate depreciation
0.0%
1.0%
2.0%
3.0%
4.0%
5.0%

Option 4: Wind Turbines

Total Investment cost
504,000,000
554,400,000
604,800,000
655,200,000
705,600,000
756,000,000

Recurring costs (USD)
20,000
22,000
24,000
26,000
28,000
30,000

Recurring cost growth

10%
20%
40%



50%

Operations and maintenance

0.65
0.74
0.76
0.84
0.92
1.01
1.09

Fuel cost

O&M cost growth

0.0%
1%
2%
3%
4%
5%

Fuel cost growth

0.0%
1%
2%
3%
4%
5%

First year of operation



O Ul WN =

Wholesale price of electricity
1.85
2.08
231
2.54
2.77
3.00

Carbon credit payments
1.50
1.75
2.00
2.50
3.00
4.00

Capacity factor
20%
25%
30%
35%
40%
50%

Availability factor
80%
85%
90%
95%
98%
99%




Capacity decline
0.0%
0.25%
0.5%
1.0%
2.0%
3.0%

Financial discount rate
10.0%
12.0%
14.0%
15.0%
18.0%
20.0%

Economic discount rate
6.0%
8.0%
10.0%
12.0%
14.0%
15.0%

Real exchange rate depreciation
0.0%
1.0%
2.0%
3.0%
4.0%
5.0%

Incremental Sensitivity Analysis




Recurring cost growth

Base Case
0%
1%
2%
3%
4%
5%

Fuel

Base Case
0.043
0.049
0.050
0.056
0.062
0.067
0.073

O&M cost growth

Base Case
0%
1%
2%
3%
4%
5%

Fuel cost growth

Base Case
0%
1%
2%
3%
4%
5%




Wholesale price of electricity

Base Case

1.78
2.03
2.08
231
2.54
2.77
3.00

Production tax credit (subsidy)

Base Case

0.21
0.25
0.29
0.34
0.38
0.42

Carbon credit payments

Base Case

2.00
2.25
2.50
3.00
4.00
5.00

Greenhouse gas emissions

Base Case



0.00036
0.00037
0.00038
0.00042
0.00047
0.00051
0.00055

Financial discount rate Base Case
10%
12%
15%
18%
20%

Economic discount rate Base Case
8%
10%
12%
14%
15%

Real exchange rate depreciation Base Case
0%
1%
2%
3%
4%
5%




Option 2: Landfill
Gas Plant

73,500,000
73,500,000
20
44,100,000
500

65

14,000

0.0%

1.8

10.0%
0.0%
0.0%

2.31
0.21

0.1
-840000

0.0003392
85.0%
98.0%
5
4.0%
Base

Option 3: Hydro-
dam

100,800,000
100,800,000
100,800,000
40
60,480,000
2,000

5

20,000

0.0%

1.23

10.0%
0.0%
0.0%

2.31
0.21
0.1

0

65.0%

85.0%

8

0.5%
Intermittent

Option 4: Wind
Turbines

504,000,000

20
126,000,000
1,000

25

20,000

0.0%

0.84

10.0%
0.0%
0.0%

2.31
0.21
0.1

0

30.0%

98.0%

12

0.5%
Intermittent




1 2 3 4 5 6

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0

1 2 3 4 5 6

- 5.00 4.80 4.61 4.42 4.25

- 4.25 4.08 3.92 3.76 3.61

- 4.17 4.00 3.84 3.68 3.54

- 36,485 35,026 33,625 32,280 30,989

- 12,376 11,881 11,406 10,949 10,511

1 2 3 4 5 6

- 7,661,934 7,355,457 7,061,238 6,778,789 6,507,637

- 129,946 124,749 119,759 114,968 110,370
32,500 32,500 32,500 32,500 32,500 32,500
32,500 32,500 32,500 32,500 32,500 32,500




usb

S -
1 2 3 4 5 6
- (840,000) (840,000) (840,000) (840,000) (840,000)
- (840,000) (840,000) (840,000) (840,000) (840,000)
32,500 32,500 32,500 32,500 32,500 32,500
32,500 32,500 32,500 32,500 32,500 32,500
32,500 32,500 32,500 32,500 32,500 32,500
(32,500) (872,500) (872,500) (872,500) (872,500) (872,500)
1,548 1,548 1,548 1,548 1,548 1,548
(1,548) (41,548) (41,548) (41,548) (41,548) (41,548)

USD

S (79,440)



(0.00)

1 2 3 4 5 6
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0
1 2 3 4 5 6
- - 8.00 7.96 7.92 7.88
- - 5.20 5.17 5.15 5.12
- - 4.42 4.40 4.38 4.35
- - 38,719 38,526 38,333 38,141
1 2 3 4 5 6
- - 89,441,352 88,994,145 88,549,175 88,106,429
- - 8,131,032 8,090,377 8,049,925 8,009,675
- - 418,167 416,077 413,996 411,926
- - 689,512 686,064 682,634 679,220
- - 98,680,063 98,186,663 97,695,729 97,207,251
100,800,000 100,800,000 - - - -
10,000 10,000 10,000 10,000 10,000 10,000
100,810,000 100,810,000 10,000 10,000 10,000 10,000
- - 47,624,616 47,386,493 47,149,560 46,913,813
- - 4,181,674 4,160,765 4,139,961 4,119,262
- - 51,806,290 51,547,258 51,289,522 51,033,074
100,810,000 100,810,000 51,816,290 51,557,258 51,299,522 51,043,074

(100,810,000)

(100,810,000)

46,863,773

46,629,404

46,396,207

46,164,176



4,800,476 4,800,476 2,467,442 2,455,108 2,442,834 2,430,623
(4,800,476) (4,800,476) 2,231,608 2,220,448 2,209,343 2,198,294
usD
$  (2,379,273)
0.135
1 2 3 4 5 6
- - 125,217,893 124,591,803 123,968,844 123,349,000
- (840,000) (840,000) (840,000) (840,000) (840,000)
- (840,000) 124,377,893 123,751,803 123,128,844 122,509,000
107,654,400 107,654,400 - - - -
10,000 10,000 10,000 10,000 10,000 10,000
107,664,400 107,664,400 10,000 10,000 10,000 10,000
- - 48,636,639 48,393,456 48,151,489 47,910,731
- - 48,636,639 48,393,456 48,151,489 47,910,731
107,664,400 107,664,400 48,646,639 48,403,456 48,161,489 47,920,731
(107,664,400)  (108,504,400) 75,731,254 75,348,347 74,967,356 74,588,269
5,126,876 5,126,876 2,316,507 2,304,926 2,293,404 2,281,940
(5,126,876) (5,166,876) 3,606,250 3,588,017 3,569,874 3,551,822
usD
$ 6,709,152

0.12




usD
s

1 2 3 4 5 6
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0
1 2 3 4 5 6
12.00 11.94 11.88 11.82 11.76 11.70
3.60 3.58 3.56 3.55 3.53 3.51
3.53 3.51 3.49 3.48 3.46 3.44
30,905 30,751 30,597 30,444 30,292 30,140
1 2 3 4 5 6
71,391,197 71,034,241 70,679,070 70,325,674 69,974,046 69,624,176
6,490,109 6,457,658 6,425,370 6,393,243 6,361,277 6,329,471
454,308 452,036 449,776 447,527 445,289 443,063
550,361 547,609 544,871 542,147 539,436 536,739
78,885,974 78,491,545 78,099,087 77,708,591 77,320,048 76,933,448
25,000 25,000 25,000 25,000 25,000 25,000
- - - - 420,000 -
25,000 25,000 25,000 25,000 445,000 25,000
25,960,435 25,830,633 25,701,480 25,572,972 25,445,108 25,317,882
4,543,076 4,520,361 4,497,759 4,475,270 4,452,894 4,430,629
30,503,511 30,350,994 30,199,239 30,048,243 29,898,001 29,748,511
30,528,511 30,375,994 30,224,239 30,073,243 30,343,001 29,773,511
48,357,463 48,115,551 47,874,848 47,635,349 46,977,047 47,159,937
1,453,739 1,446,476 1,439,249 1,432,059 1,444,905 1,417,786
2,302,736 2,291,217 2,279,755 2,268,350 2,237,002 2,245,711

(9,665,946)



0.173

1 2 3 4 5 6
99,947,676 99,447,937 98,950,697 98,455,944 97,963,664 97,473,846
- (840,000) (840,000) (840,000) (840,000) (840,000)
99,947,676 98,607,937 98,110,697 97,615,944 97,123,664 96,633,846
25,000 25,000 25,000 25,000 25,000 25,000
- - - - 381,276 -
25,000 25,000 25,000 25,000 406,276 25,000
26,512,094 26,379,534 26,247,636 26,116,398 25,985,816 25,855,887
26,512,094 26,379,534 26,247,636 26,116,398 25,985,816 25,855,887
26,537,094 26,404,534 26,272,636 26,141,398 26,392,092 25,880,887
73,410,581 72,203,403 71,838,061 71,474,546 70,731,572 70,752,959
1,263,671 1,257,359 1,251,078 1,244,828 1,256,766 1,232,423
3,495,742 3,438,257 3,420,860 3,403,550 3,368,170 3,369,189
usD
$ 18,604
0.15

ial Summary Tables



Option 2: Landfill Option 3: Hydro- Option 4: Wind
Gas Plant dam Turbines

- (2,379,273) (9,665,946)
#NUM! 11.9% 7.5%

- 0.13 0.17

161,579 174,940 188,368

166,944 - -
53,140 258,699 258,699
(2,195,791) (4,901,663) (12,404,891)
41.32 18.95 47.95
nic Summary Tables
Option 2: Landfill Option 3: Hydro- Option 4: Wind
Gas Plant dam Turbines

(79,440) 6,709,152 18,604
9.2% 18.3% 12.0%

(0.00) 0.12 0.15

192,717 217,593 224,056

166,944 - -

54,354 258,699 258,699
(6,683,210) 687,402 (6,566,385.54)
122.96 (2.66) 25.38




NSITIVITY ANALYSES

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
1,695,791 20.5% 0.10 - 6,132,073 30.4%
595,791 16.6% 0.11 - 5,133,493 25.0%
(1,384,209) 12.0% 0.12 - 3,336,049 18.7%
(4,816,209) 7.1% 0.13 - 220,479 12.3%
(10,822,209) 2.4% 0.16 - (5,231,768) 6.4%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,010,120 22.2% 0.10 - 6,372,501 33.1%
1,961,381 22.1% 0.10 - 6,316,465 33.0%
1,912,643 22.0% 0.10 - 6,260,429 32.9%
1,815,165 21.7% 0.10 - 6,148,356 32.6%
1,620,210 21.0% 0.10 - 5,924,211 32.2%
1,425,256 20.4% 0.10 - 5,700,066 31.7%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,181,412 22.8% 0.10 - 6,567,510 33.5%
2,135,040 22.7% 0.10 - 6,504,099 33.5%
1,404,436 21.3% 0.10 - 5,438,994 33.0%
(545,107) #NUM! 0.11 - 2,533,373 4.8%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%



33.1% 0.08 - 53.6%
29.7% 0.09 - 47.0%
26.3% 0.09 - 40.3%
22.8% 0.10 - 33.5%
19.3% 0.10 - 26.8%
15.7% 0.11 - 19.9%
(812,381) 12.0% 0.11 - 12.7%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
22.8% 0.10 - 33.5%
22.7% 0.10 - 33.4%
22.6% 0.10 - 33.3%
22.5% 0.10 - 33.2%
22.5% 0.10 - 33.1%
22.4% 0.10 - 33.0%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
22.8% 0.10 - 33.5%
22.5% 0.10 - 32.9%
22.1% 0.10 - 32.2%
21.8% 0.10 - 31.5%
21.4% 0.10 - 30.8%
21.1% 0.10 - 30.2%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
22.8% 0.10 - 33.5%
18.7% 0.10 - 26.2%
16.0% 0.11 - 21.8%
(394,171) 14.0% 0.11 - 18.8%
(1,043,923) 12.3% 0.12 - 16.5%
(1,609,476) 11.0% 0.13 - 14.7%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
(1,743,482) 8.4% 0.10 - (679,498) 9.6%
15.8% 0.10 - 21.9%
22.8% 0.10 - 33.5%
29.6% 0.10 - 45.0%
36.3% 0.10 - 56.4%
42.9% 0.10 - 67.7%




FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
(332,084) 13.8% 0.11 - 2,483,410 20.4%
510,541 16.9% 0.11 - 3,850,931 24.8%
1,353,166 19.9% 0.10 - 5,218,452 29.2%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,617,104 24.3% 0.10 - 7,269,733 35.7%
3,038,417 25.7% 0.10 - 7,953,494 37.9%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
(191,647) 14.3% 0.11 - 2,711,330 21.1%
604,166 17.2% 0.11 - 4,002,878 25.3%
1,399,979 20.0% 0.10 - 5,294,425 29.4%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,593,698 24.2% 0.10 - 7,231,746 35.6%
2,832,442 25.0% 0.10 - 7,619,211 36.8%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,013,937 22.3% 0.10 - 6,255,329 33.0%
1,839,640 21.8% 0.10 - 5,939,449 32.5%
1,672,520 21.3% 0.10 - 5,637,553 32.0%
1,512,216 20.8% 0.10 - 5,348,905 31.4%
1,358,389 20.4% 0.10 - 5,072,813 30.9%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
4,740,321 22.8% 0.09 - 6,585,973 33.5%
3,560,812 22.8% 0.09 - 6,585,973 33.5%
2,606,017 22.8% 0.10 - 6,585,973 33.5%



2,195,791 22.8% 0.10 - 6,585,973 33.5%
1,173,514 22.8% 0.10 - 6,585,973 33.5%
628,319 22.8% 0.11 - 6,585,973 33.5%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 12,403,365 33.5%
2,195,791 22.8% 0.10 - 10,000,671 33.5%
2,195,791 22.8% 0.10 - 8,104,100 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 5,354,530 33.5%
2,195,791 22.8% 0.10 - 4,824,701 33.5%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,074,679 22.5% 0.10 - 6,309,464 32.9%
1,955,942 22.1% 0.10 - 6,038,376 32.2%
1,839,510 21.8% 0.10 - 5,772,553 31.5%
1,725,318 21.4% 0.10 - 5,511,842 30.8%
1,613,300 21.1% 0.10 - 5,256,096 30.2%

FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
- #NUM! - 53,140 (79,440) 9.2%
(1,239,602) 11.4% 0.13 53,140 6,178,712 25.2%
(1,239,602) 11.4% 0.13 53,140 6,178,712 25.2%
(1,239,602) 11.4% 0.13 53,140 6,178,712 25.2%
(1,239,602) 11.4% 0.13 53,140 6,178,712 25.2%
(1,239,602) 11.4% 0.13 53,140 6,178,712 25.2%
(1,239,602) 11.4% 0.13 53,140 6,178,712 25.2%

FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
- #NUM! - 53,140 (79,440) 9.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,239,143) 11.4% 0.13 53,140 5,652,803 24.2%
(1,240,061) 11.4% 0.13 53,140 5,651,716 24.2%
(1,240,979) 11.4% 0.13 53,140 5,650,630 24.2%
(1,241,897) 11.4% 0.13 53,140 5,649,544 24.2%
(1,242,815) 11.4% 0.13 53,140 5,648,458 24.2%

FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR



- #NUM! - 53,140 (79,440) 9.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,254,089) 11.4% 0.13 53,140 5,633,954 24.2%
(1,300,097) 11.2% 0.13 53,140 5,573,999 24.1%
(1,829,557) 8.6% 0.13 53,140 4,854,804 23.5%
(2,940,265) #NUM! 0.14 53,140 3,319,533 22.0%

Fin. LCOE tCO2 mitigated ENPV EIRR
- #NUM! - 53,140 (79,440) 9.2%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%

Fin. LCOE tCO2 mitigated  ENPV EIRR

- #NUM! - 53,140 (79,440) 9.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%

Fin. LCOE tCO2 mitigated ENPV EIRR

- #NUM! - 53,140 (79,440) 9.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(2,081,496) 8.4% 0.13 53,140 4,431,549 22.3%
(2,998,609) 3.7% 0.14 53,140 3,093,565 19.9%
(3,997,555) 7.2% 0.14 53,140 1,626,717 16.8%
(5,087,284) #NUM! 0.15 53,140 16,145 12.1%
(6,277,822) #NUM! 0.16 53,140 (1,754,862) #NUM!

Fin. LCOE tCO2 mitigated ENPV EIRR

- #NUM! - 53,140 (79,440) 9.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%



(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- #NUM! - 53,140 (79,440) 9.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,948,326) 9.8% 0.13 29,192 4,205,753 19.8%
(2,567,054) 8.6% 0.14 2,860 2,908,289 16.9%
(3,106,382) 7.6% 0.15 (26,021) 1,745,166 14.7%
(3,576,718) 6.8% 0.16 (57,612) 701,797 13.1%
(3,987,119) 6.0% 0.17 (92,071) (234,852) 11.7%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- #NUM! - 53,140 (79,440) 9.2%
(4,473,039) 1.2% 0.13 53,140 (281,809) 11.3%
(2,855,632) 6.5% 0.13 53,140 2,686,040 18.0%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
379,182 16.1% 0.13 53,140 8,621,738 30.1%
1,996,589 20.5% 0.13 53,140 11,589,587 35.7%
3,613,997 24.7% 0.13 53,140 14,557,436 41.1%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- #NUM! - 53,140 (79,440) 9.2%
(1,245,076) 11.4% 0.13 53,140 5,653,889 24.2%
(1,241,651) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,231,374) 11.4% 0.13 53,140 5,653,889 24.2%
(1,224,523) 11.5% 0.13 53,140 5,653,889 24.2%
(1,210,821) 11.5% 0.13 53,140 5,653,889 24.2%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- #NUM! - 53,140 (79,440) 9.2%
(3,078,494) 5.8% 0.15 53,140 1,133,126 14.6%
(2,465,071) 7.7% 0.14 53,140 2,640,047 17.9%
(1,851,648) 9.6% 0.13 53,140 4,146,968 21.1%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(931,514) 12.3% 0.13 53,140 6,407,349 25.7%
(624,802) 13.2% 0.12 53,140 7,160,810 27.2%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- #NUM! - 53,140 (79,440) 9.2%
(2,461,941) 7.7% 0.14 53,140 2,647,735 17.9%
(1,929,891) 9.3% 0.13 53,140 3,954,758 20.7%



(1,663,865) 10.1% 0.13 53,140 4,608,270 22.1%

(1,397,840) 10.9% 0.13 53,140 5,261,782 23.4%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,185,020) 11.6% 0.13 53,140 5,784,591 24.5%
FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
- #NUM! - 53,140 (79,440) 9.2%
(718,242) 13.1% 0.12 37,848 7,087,220 26.0%
(988,596) 12.2% 0.13 45,710 6,339,893 25.1%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,355,876) 11.0% 0.13 56,695 5,332,000 23.8%
(1,469,052) 10.6% 0.13 60,146 5,023,262 23.3%
(1,682,806) 9.8% 0.13 66,740 4,442,684 22.5%
FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
- #NUM! - 53,140 (79,440) 9.2%
642,521 11.4% 0.12 54,802 5,653,889 24.2%
(236,782) 11.4% 0.12 54,354 5,653,889 24.2%
(939,409) 11.4% 0.13 53,612 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,972,751) 11.4% 0.13 51,363 5,653,889 24.2%
(2,357,040) 11.4% 0.14 49,914 5,653,889 24.2%
FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
- #NUM! - 53,140 (79,440) 9.2%
(1,238,225) 11.4% 0.13 53,140 12,331,284 24.2%
(1,238,225) 11.4% 0.13 53,140 9,573,138 24.2%
(1,238,225) 11.4% 0.13 53,140 7,396,060 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 4,241,775 24.2%
(1,238,225) 11.4% 0.13 53,140 3,634,809 24.2%
FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
- #NUM! - 53,140 (79,440) 9.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,225,785) 11.4% 0.13 53,140 5,597,802 24.2%
(1,213,589) 11.4% 0.13 53,140 5,542,815 24.2%
(1,201,629) 11.4% 0.12 53,140 5,488,896 24.2%
(1,189,900) 11.4% 0.12 53,140 5,436,014 24.2%

(1,178,394) 11.4% 0.12 53,140 5,384,139 24.2%




FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,380,308) 11.9% 0.13 258,699 6,707,959 18.3%
(2,381,343) 11.9% 0.13 258,699 6,706,766 18.3%
(2,382,377) 11.9% 0.13 258,699 6,705,574 18.3%
(2,383,412) 11.9% 0.13 258,699 6,704,381 18.3%
(2,384,446) 11.9% 0.13 258,699 6,703,188 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(409,804) 14.5% 0.12 258,699 9,458,291 20.7%
(1,460,491) 13.1% 0.13 258,699 7,991,660 19.4%
(1,651,525) 12.9% 0.13 258,699 7,725,000 19.2%
(2,606,695) 11.6% 0.14 258,699 6,391,699 18.1%
(3,561,865) 10.2% 0.14 258,699 5,058,399 16.9%
(4,517,035) 8.8% 0.15 258,699 3,725,098 15.6%
(5,472,205) 7.3% 0.15 258,699 2,391,798 14.4%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%



(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%

(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(3,803,602) 10.3% 0.15 258,699 4,203,424 15.7%
(5,042,696) 9.0% 0.16 258,699 1,964,610 13.6%
(6,120,719) 7.9% 0.18 258,699 (35,897) 12.0%
(7,058,684) 6.9% 0.20 258,699 (1,823,637) 10.6%
(7,874,860) 6.0% 0.22 258,699 (3,421,415) 9.4%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(5,881,563) 6.6% 0.13 258,699 7,290 12.0%
(4,130,418) 9.4% 0.13 258,699 3,358,221 15.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(628,129) 14.2% 0.14 258,699 10,060,083 21.2%
1,123,016 16.4% 0.14 258,699 13,411,014 23.8%
2,874,161 18.5% 0.14 258,699 16,761,945 26.4%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%

(2,416,361) 11.8% 0.13 258,699 6,709,152 18.3%



(2,397,817) 11.8% 0.13 258,699 6,709,152 18.3%

(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,342,186) 11.9% 0.13 258,699 6,709,152 18.3%
(2,305,099) 12.0% 0.13 258,699 6,709,152 18.3%
(2,230,925) 12.1% 0.13 258,699 6,709,152 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(4,706,562) 8.5% 0.16 258,699 1,979,824 14.0%
(3,930,799) 9.7% 0.15 258,699 3,556,266 15.5%
(3,155,036) 10.8% 0.14 258,699 5,132,709 16.9%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(1,603,511) 12.9% 0.13 258,699 8,285,595 19.7%
(827,748) 13.9% 0.13 258,699 9,862,037 21.0%
FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(4,752,195) 8.4% 0.16 258,699 1,887,092 13.9%
(4,158,964) 9.3% 0.15 258,699 3,092,607 15.1%
(3,565,734) 10.2% 0.14 258,699 4,298,122 16.2%
(2,972,504) 11.0% 0.14 258,699 5,503,637 17.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(1,786,043) 12.7% 0.13 258,699 7,914,667 19.4%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,121,552) 12.3% 0.13 258,699 7,291,260 18.7%
(2,251,703) 12.1% 0.13 258,699 6,997,102 18.5%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,626,909) 11.5% 0.14 258,699 6,151,279 17.9%
(3,093,757) 10.7% 0.14 258,699 5,103,653 17.1%
(3,525,550) 10.0% 0.14 258,699 4,139,775 16.3%
FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
1,919,848 11.9% 0.11 258,699 6,709,152 18.3%
(119,049) 11.9% 0.12 258,699 6,709,152 18.3%
(1,713,464) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(3,974,584) 11.9% 0.15 258,699 6,709,152 18.3%

(4,778,910) 11.9% 0.16 258,699 6,709,152 18.3%




FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR

(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 19,880,374 18.3%
(2,379,273) 11.9% 0.13 258,699 14,336,854 18.3%
(2,379,273) 11.9% 0.13 258,699 10,055,350 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 4,064,771 18.3%
(2,379,273) 11.9% 0.13 258,699 2,951,042 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,354,350) 11.9% 0.13 258,699 6,642,607 18.3%
(2,329,915) 11.9% 0.13 258,699 6,577,366 18.3%
(2,305,955) 11.9% 0.13 258,699 6,513,392 18.3%
(2,282,455) 11.9% 0.13 258,699 6,450,649 18.3%
(2,259,403) 11.9% 0.13 258,699 6,389,101 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(12,065,946) 6.3% 0.19 258,699 (2,544,596) 10.6%
(17,345,946) 4.3% 0.21 258,699 (8,183,636) 8.1%
(26,849,946) 1.7% 0.26 258,699 (18,333,908) 4.9%
(43,323,546) -1.2% 0.35 258,699 (35,927,712) 1.5%
(72,152,346) -4.3% 0.50 258,699 (66,716,871) 2.1%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,667,803) 7.5% 0.17 258,699 16,470 12.0%
(9,669,659) 7.5% 0.17 258,699 14,335 12.0%
(9,671,516) 7.5% 0.17 258,699 12,200 12.0%
(9,673,373) 7.5% 0.17 258,699 10,065 12.0%
(9,675,229) 7.5% 0.17 258,699 7,931 12.0%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,694,704) 7.4% 0.17 258,699 (18,321) 12.0%
(9,787,449) 7.3% 0.17 258,699 (145,143) 11.9%

(11,248,656) 3.2% 0.18 258,699 (2,275,354) 10.4%



(15,147,743) #NUM! 0.20 258,699 (8,086,596) #NUM!

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(8,088,927) 8.8% 0.16 258,699 2,123,726 13.3%
(8,843,153) 8.1% 0.17 258,699 1,116,929 12.7%
(8,980,285) 8.0% 0.17 258,699 933,875 12.6%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%

(10,351,606) 6.9% 0.18 258,699 (896,666) 11.5%
(11,037,267) 6.3% 0.18 258,699 (1,811,936) 10.9%
(11,722,928) 5.7% 0.18 258,699 (2,727,206) 10.3%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%

(10,114,226) 7.0% 0.18 258,699 (643,548) 11.6%
(10,605,119) 6.4% 0.18 258,699 (1,373,756) 11.1%
(11,143,585) 5.7% 0.18 258,699 (2,180,342) 10.6%
(11,735,211) 4.9% 0.18 258,699 (3,072,706) 10.0%
(12,386,284) 3.8% 0.19 258,699 (4,061,469) 9.2%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR

(9,665,946) 7.5% 0.17 258,699 18,604 12.0%



b b 2% . ’ b 0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
’ ’ -27/0 . )] ’ 5 D2/
(11,605,378) 6.5% 0.19 258,699 (2,987,982) 10.3%
) ) /70 . ) ) ) J70
(13,293,463) 5.7% 0.22 258,699 (5,675,593) 9.0%
’ ’ -J7/0 . )] ’ 5 I/
(14,761,925) 4.9% 0.24 258,699 (8,076,732) 7.9%
’ ’ 970 . ’ b ) U7
(16,039,413) 4.3% 0.28 258,699 (10,222,100) 7.0%
’ ) -/ 70 . ’ ’ ’ -1 /0
(17,150,840) 3.7% 0.32 258,699 (12,139,108) 6.1%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
) ) £ 70 . ) ) ) /170
(13,437,079) 4.2% 0.17 258,699 (6,882,331) 7.7%
’ ’ . (o] . ) ’ ’ . (o]
(11,551,512) 5.9% 0.17 258,699 (3,431,863) 9.9%
’ y -2/0 . ) y U/
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
’ ) -J7/0 . ’ ’ ’ -170
(7,780,379) 9.0% 0.17 258,699 3,469,072 14.1%
(5,894,813) 10.5% 0.18 258,699 6,919,540 16.1%
’ ’ -J /0 . ’ ’ ’ -1 /0
(4,009,246) 12.0% 0.18 258,699 10,370,008 18.1%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,705,880) 7.4% 0.17 258,699 18,604 12.0%
(9,685,913) 7.4% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,626,012) 7.5% 0.17 258,699 18,604 12.0%
(9,586,078) 7.5% 0.17 258,699 18,604 12.0%
(9,506,210) 7.6% 0.17 258,699 18,604 12.0%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(14,346,772) 3.4% 0.24 258,699 (8,432,054) 6.7%
(12,006,359) 5.5% 0.20 258,699 (4,206,725) 9.4%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(7,325,533) 9.4% 0.15 258,699 4,243,934 14.5%
(4,985,119) 11.2% 0.14 258,699 8,469,263 17.0%
(304,293) 14.8% 0.12 258,699 16,919,921 21.8%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(12,245,177) 5.3% 0.20 258,699 (4,637,881) 9.1%
(11,528,724) 5.9% 0.19 258,699 (3,344,413) 9.9%
(10,812,271) 6.5% 0.18 258,699 (2,050,945) 10.7%
(10,095,818) 7.1% 0.18 258,699 (757,477) 11.5%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,522,655) 7.6% 0.17 258,699 277,298 12.2%




FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,287,384) 7.9% 0.17 258,699 786,768 12.5%
(9,478,720) 7.7% 0.17 258,699 398,208 12.2%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(10,028,490) 7.1% 0.18 258,699 (714,692) 11.6%
(10,708,735) 6.3% 0.18 258,699 (2,083,985) 10.7%
(11,334,111) 5.5% 0.19 258,699 (3,334,715) 9.8%
FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(4,236,716) 7.5% 0.14 258,699 18,604 12.0%
(6,775,288) 7.5% 0.15 258,699 18,604 12.0%
(8,802,848) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(11,794,508) 7.5% 0.19 258,699 18,604 12.0%
(12,916,174) 7.5% 0.21 258,699 18,604 12.0%
FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 14,404,427 12.0%
(9,665,946) 7.5% 0.17 258,699 8,397,784 12.0%
(9,665,946) 7.5% 0.17 258,699 3,718,988 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 (2,950,722) 12.0%
(9,665,946) 7.5% 0.17 258,699 (4,218,755) 12.0%
FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,568,846) 7.5% 0.17 258,699 18,209 12.0%
(9,473,650) 7.5% 0.17 258,699 17,821 12.0%
(9,380,302) 7.5% 0.17 258,699 17,441 12.0%
(9,288,749) 7.5% 0.17 258,699 17,068 12.0%
(9,198,940) 7.5% 0.16 258,699 16,702 12.0%
Financial Incremental NPV Economic Incremental
Option 2: Landfill Option 3: Hydro- Option 4: Wind Option 2: Landfill Option 3: Hydro-
Gas Plant Turbines Gas Plant dam



(2,195,791)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)

(4,901,663)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)

(12,404,891)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)

(6,683,210)
416,747
416,747
416,747
416,747
416,747
416,747

687,402
884,909
884,909
884,909
884,909
884,909
884,909

Financial Incremental NPV

Economic Incremental

Option 2: Landfill Option 3: Hydro- Option 4: Wind Option 2: Landfill Option 3: Hydro-
Gas Plant dam Turbines Gas Plant dam
(2,195,791) (4,901,663) (12,404,891) (6,683,210) 687,402
(6,026,689) (7,207,929) (14,711,157) (4,571,520) (4,218,674)
(4,923,693) (6,104,932) (13,608,160) (2,225,136) (1,872,290)
(4,723,148) (5,904,387) (13,407,616) (1,798,521) (1,445,675)
(3,720,424) (4,901,663) (12,404,891) 334,555 687,402
(2,717,700) (3,898,939) (11,402,167) 2,467,632 2,820,478
(1,714,976) (2,896,215) (10,399,443) 4,600,708 4,953,554
(712,252) (1,893,491) (9,396,719) 6,733,784 7,086,630
Financial Incremental NPV Economic Incremental
Option 2: Landfill Option 3: Hydro- Option 4: Wind Option 2: Landfill Option 3: Hydro-
Gas Plant dam Turbines Gas Plant dam
(2,195,791) (4,901,663) (12,404,891) (6,683,210) 687,402
(3,720,424) (4,901,663) (12,404,891) 334,555 687,402
(3,695,356) (4,876,595) (12,379,823) 368,282 721,128
(3,670,288) (4,851,527) (12,354,755) 402,009 754,855
(3,645,220) (4,826,459) (12,329,687) 435,735 788,582
(3,620,151) (4,801,391) (12,304,619) 469,462 822,308
(3,595,083) (4,776,323) (12,279,551) 503,189 856,035

Financial Incremental NPV

Gas Plant

(2,195,791)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)

Option 2: Landfill Option 3: Hydro-

dam

(4,901,663)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)

Option 4: Wind

Turbines

(12,404,891)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)

Economic Incremental

Option 2: Landfill Option 3: Hydro-

Gas Plant

(6,683,210)
416,747
416,747
416,747
416,747
416,747
416,747

dam

687,402
884,909
884,909
884,909
884,909
884,909
884,909




Financial Incremental NPV

Gas Plant

(2,195,791)
(2,658,317)
(2,658,317)
(2,658,317)
(2,658,317)
(2,658,317)
(2,658,317)
(2,658,317)

Option 2: Landfill Option 3: Hydro-

dam

(4,901,663)
(3,834,992)
(3,834,992)
(3,834,992)
(3,834,992)
(3,834,992)
(3,834,992)
(3,834,992)

Option 4: Wind

Turbines

(12,404,891)
(11,341,089)
(11,341,089)
(11,341,089)
(11,341,089)
(11,341,089)
(11,341,089)
(11,341,089)

Economic Incremental

Gas Plant

(6,683,210)
416,747
416,747
416,747
416,747
416,747
416,747
416,747

Option 2: Landfill Option 3: Hydro-

dam

687,402
884,909
884,909
884,909
884,909
884,909
884,909
884,909

Financial Incremental NPV

Gas Plant

(2,195,791)
(3,720,424)
(3,322,517)
(2,924,611)
(2,526,705)
(2,128,798)
(1,730,892)

Option 2: Landfill Option 3: Hydro-

dam

(4,901,663)
(4,901,663)
(4,503,757)
(4,105,851)
(3,707,944)
(3,310,038)
(2,912,132)

Option 4: Wind

Turbines

(12,404,891)
(12,404,891)
(12,006,985)
(11,609,079)
(11,211,172)
(10,813,266)
(10,415,360)

Economic Incremental

Gas Plant

(6,683,210)
334,555
334,555
334,555
334,555
334,555
334,555

Option 2: Landfill Option 3: Hydro-

dam

687,402
687,402
687,402
687,402
687,402
687,402
687,402

Financial Incremental NPV

Gas Plant

(2,195,791)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)

Option 2: Landfill Option 3: Hydro-

dam

(4,901,663)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)

Option 4: Wind

Turbines

(12,404,891)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)

Economic Incremental

Gas Plant

(6,683,210)
416,747
416,747
416,747
416,747
416,747
416,747

Option 2: Landfill Option 3: Hydro-

dam

687,402
884,909
884,909
884,909
884,909
884,909
884,909

Financial Incremental NPV

Gas Plant

(2,195,791)

Option 2: Landfill Option 3: Hydro-

dam

(4,901,663)

Option 4: Wind

Turbines

(12,404,891)

Economic Incremental

Gas Plant

(6,683,210)

Option 2: Landfill Option 3: Hydro-

dam

687,402



(2,633,448)
(2,633,448)
(2,633,448)
(2,633,448)
(2,633,448)
(2,633,448)
(2,633,448)

(3,810,123)
(3,810,123)
(3,810,123)
(3,810,123)
(3,810,123)
(3,810,123)
(3,810,123)

(11,316,220)
(11,316,220)
(11,316,220)
(11,316,220)
(11,316,220)
(11,316,220)
(11,316,220)

416,747
416,747
416,747
416,747
416,747
416,747
416,747

884,909
884,909
884,909
884,909
884,909
884,909
884,909

Financial Incremental NPV

Gas Plant

(2,195,791)
(3,955,580)
(3,850,640)
(3,720,424)
(3,623,565)
(3,576,101)

Option 2: Landfill Option 3: Hydro-

dam

(4,901,663)
(2,723,196)
(3,689,873)
(4,901,663)
(5,917,818)
(6,519,962)

Option 4: Wind

Turbines

(12,404,891)

(9,190,196)
(10,693,998)
(12,404,891)
(13,665,171)
(14,330,071)

Economic Incremental

Gas Plant

(6,683,210)
334,555
334,555
334,555
334,555
334,555

Option 2: Landfill Option 3: Hydro-

dam

687,402
687,402
687,402
687,402
687,402
687,402

Financial Incremental NPV

Gas Plant

(2,195,791)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)

Option 2: Landfill Option 3: Hydro-

dam

(4,901,663)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)

Option 4: Wind

Turbines

(12,404,891)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)

Economic Incremental

Gas Plant

(6,683,210)
1,814,746
1,814,746
1,814,746
1,814,746
1,814,746

Option 2: Landfill Option 3: Hydro-

dam

687,402
4,851,652
4,851,652
4,851,652
4,851,652
4,851,652

Financial Incremental NPV

Gas Plant

(2,195,791)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)

Option 2: Landfill Option 3: Hydro-

dam

(4,901,663)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)

Option 4: Wind

Turbines

(12,404,891)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)

Economic Incremental

Gas Plant

(6,683,210)
416,747
416,747
416,747
416,747
416,747
416,747

Option 2: Landfill Option 3: Hydro-

dam

687,402
884,909
884,909
884,909
884,909
884,909
884,909







7 8 9 10 11 12

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

21.0 21.0 21.0 21.0 21.0 21.0

7 8 9 10 11 12

4.08 3.91 3.76 3.61 3.46 3.32
3.47 3.33 3.19 3.07 2.94 2.83
3.40 3.26 3.13 3.00 2.88 2.77
29,749 28,559 27,417 26,320 25,267 24,257
10,091 9,687 9,300 8,928 8,571 8,228
7 8 9 10 11 12
6,247,332 5,997,439 5,757,541 5,527,239 5,306,150 5,093,904
105,955 101,717 97,648 93,742 89,992 86,393
32,500 32,500 32,500 32,500 32,500 32,500
294,000 - - - - 294,000
326,500 32,500 32,500 32,500 32,500 326,500



(840,000) (840,000) (840,000) (840,000) (840,000) (840,000)
(840,000) (840,000) (840,000) (840,000) (840,000) (840,000)
32,500 32,500 32,500 32,500 32,500 32,500
266,893 - - - - 266,893
299,393 32,500 32,500 32,500 32,500 299,393
299,393 32,500 32,500 32,500 32,500 299,393
(1,139,393) (872,500) (872,500) (872,500) (872,500) (1,139,393)
14,257 1,548 1,548 1,548 1,548 14,257

(54,257) (41,548) (41,548) (41,548) (41,548) (54,257)



7 8 9 10 11 12
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0
7 8 9 10 11 12
7.84 7.80 7.76 7.72 7.69 7.65
5.10 5.07 5.05 5.02 5.00 4.97
4.33 431 4.29 4.27 4.25 4.23
37,951 37,761 37,572 37,384 37,197 37,011
7 8 9 10 11 12
87,665,896 87,227,567 86,791,429 86,357,472 85,925,685 85,496,056
7,969,627 7,929,779 7,890,130 7,850,679 7,811,426 7,772,369
409,867 407,817 405,778 403,749 401,730 399,722
675,824 672,445 669,083 665,738 662,409 659,097
96,721,214 96,237,608 95,756,420 95,277,638 94,801,250 94,327,244
10,000 10,000 10,000 10,000 10,000 10,000
420,000 - - - - -
430,000 10,000 10,000 10,000 10,000 10,000
46,679,244 46,445,847 46,213,618 45,982,550 45,752,637 45,523,874
4,098,665 4,078,172 4,057,781 4,037,492 4,017,305 3,997,218
50,777,909 50,524,019 50,271,399 50,020,042 49,769,942 49,521,092
51,207,909 50,534,019 50,281,399 50,030,042 49,779,942 49,531,092
45,513,305 45,703,589 45,475,021 45,247,596 45,021,308 44,796,151



2,438,472 2,406,382 2,394,352 2,382,383 2,370,473 2,358,623
2,167,300 2,176,361 2,165,477 2,154,647 2,143,872 2,133,150
7 8 9 10 11 12
122,732,255 122,118,594 121,508,001 120,900,461 120,295,959 119,694,479
(840,000) (840,000) (840,000) (840,000) (840,000) (840,000)
121,892,255 121,278,594 120,668,001 120,060,461 119,455,959 118,854,479
10,000 10,000 10,000 10,000 10,000 10,000
381,276 - - - - -
391,276 10,000 10,000 10,000 10,000 10,000
47,671,178 47,432,822 47,195,658 46,959,679 46,724,881 46,491,256
47,671,178 47,432,822 47,195,658 46,959,679 46,724,881 46,491,256
48,062,454 47,442,822 47,205,658 46,969,679 46,734,881 46,501,256
73,829,802 73,835,772 73,462,343 73,090,782 72,721,078 72,353,222
2,288,688 2,259,182 2,247,888 2,236,651 2,225,471 2,214,346
3,515,705 3,515,989 3,498,207 3,480,513 3,462,908 3,445,392




7 8 9 10 11 12

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

21.0 21.0 21.0 21.0 21.0 21.0

7 8 9 10 11 12

11.64 11.59 11.53 11.47 11.41 11.36

3.49 3.48 3.46 3.44 3.42 3.41

3.42 3.41 3.39 3.37 3.36 3.34
29,990 29,840 29,690 29,542 29,394 29,247

7 8 9 10 11 12
69,276,055 68,929,675 68,585,026 68,242,101 67,900,891 67,561,386
6,297,823 6,266,334 6,235,002 6,203,827 6,172,808 6,141,944
440,848 438,643 436,450 434,268 432,097 429,936
534,055 531,385 528,728 526,085 523,454 520,837
76,548,781 76,166,037 75,785,207 75,406,281 75,029,249 74,654,103
25,000 25,000 25,000 25,000 25,000 25,000

- - - 420,000 - -

25,000 25,000 25,000 445,000 25,000 25,000
25,191,293 25,065,336 24,940,010 24,815,309 24,691,233 24,567,777
4,408,476 4,386,434 4,364,502 4,342,679 4,320,966 4,299,361
29,599,769 29,451,770 29,304,511 29,157,989 29,012,199 28,867,138
29,624,769 29,476,770 29,329,511 29,602,989 29,037,199 28,892,138
46,924,012 46,689,267 46,455,696 45,803,292 45,992,051 45,761,966
1,410,703 1,403,656 1,396,643 1,409,666 1,382,724 1,375,816
2,234,477 2,223,298 2,212,176 2,181,109 2,190,098 2,179,141



96,986,477

(840,000)
96,146,477

25,000
25,000
25,726,608

25,726,608
25,751,608

70,394,869

1,226,267
3,352,137

96,501,544

(840,000)
95,661,544

25,000
25,000
25,597,975

25,597,975
25,622,975

70,038,570

1,220,142
3,335,170

96,019,037

(840,000)
95,179,037

25,000
25,000
25,469,985

25,469,985
25,494,985

69,684,052

1,214,047
3,318,288

10

95,538,941

(840,000)
94,698,941

25,000
381,276
406,276

25,342,635

25,342,635
25,748,911

68,950,031

1,226,139
3,283,335

11

95,061,247

(840,000)
94,221,247

25,000
25,000
25,215,922

25,215,922
25,240,922

68,980,325

1,201,949
3,284,777

12

94,585,940

(840,000)
93,745,940

25,000
25,000
25,089,842

25,089,842
25,114,842

68,631,098

1,195,945
3,268,148







Econ. LCOE

0.12
0.12
0.13
0.13
0.14
0.15
0.17

Econ. LCOE

0.12
0.12
0.12
0.13
0.13
0.13
0.13

Econ. LCOE

0.12
0.12
0.12
0.12
0.13
0.14

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12




0.10
0.11
0.11
0.12
0.13
0.14
0.15

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.13
0.13
0.13
0.13

Econ. LCOE

0.12
0.12
0.13
0.13
0.13
0.14
0.14

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12




Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.13
0.13
0.13
0.12
0.12
0.12

Econ. LCOE

0.12
0.13
0.13
0.13
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.13
0.13
0.13

Econ. LCOE

0.12
0.12
0.12
0.12




0.12
0.12
0.12

Econ. LCOE
0.12
0.12
0.12
0.12
0.12
0.13
0.13

Econ. LCOE
0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE
(0.00)
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE
(0.00)
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE




(0.00)
0.12
0.12
0.12
0.13
0.14

Econ. LCOE
(0.00)
0.10
0.10
0.10
0.10
0.10
0.10
0.10

Econ. LCOE
(0.00)
0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE
(0.00)
0.12
0.13
0.14
0.14
0.15
0.16

Econ. LCOE
(0.00)
0.12
0.12
0.12
0.12
0.12




0.12

Econ. LCOE
(0.00)
0.12
0.13
0.13
0.14
0.15
0.15

Econ. LCOE
(0.00)
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE
(0.00)
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE
(0.00)
0.14
0.13
0.13
0.12
0.12
0.12

Econ. LCOE
(0.00)
0.13
0.13




0.13
0.12
0.12
0.12

Econ. LCOE
(0.00)
0.12
0.12
0.12
0.12
0.13
0.13

Econ. LCOE
(0.00)
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE
(0.00)
0.11
0.11
0.12
0.12
0.13
0.13

Econ. LCOE
(0.00)
0.12
0.12
0.12
0.12
0.12
0.12




Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.11
0.12
0.12
0.12
0.13
0.14
0.14

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12




0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.13
0.14
0.15
0.17
0.18

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.12




0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.14
0.13
0.13
0.12
0.12
0.11

Econ. LCOE

0.12
0.14
0.14
0.13
0.13
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.13
0.13

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12




Econ. LCOE

0.12
0.10
0.11
0.11
0.12
0.13
0.14

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.15
0.15
0.16
0.19
0.23
0.31
0.45

Econ. LCOE

0.15
0.15
0.15
0.15
0.15
0.15
0.15

Econ. LCOE

0.15
0.15
0.15
0.15
0.16




0.19

Econ. LCOE

0.15
0.14
0.15
0.15
0.15
0.16
0.16
0.16

Econ. LCOE

0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15

Econ. LCOE

0.15
0.15
0.16
0.16
0.16
0.17
0.17

Econ. LCOE

0.15
0.15
0.15
0.15
0.15
0.15
0.15

Econ. LCOE

0.15




0.15
0.17
0.19
0.21
0.23
0.26

Econ. LCOE

0.15
0.15
0.15
0.15
0.15
0.15
0.15

Econ. LCOE

0.15
0.15
0.15
0.15
0.15
0.15
0.15

Econ. LCOE

0.15
0.21
0.18
0.15
0.14
0.12
0.11

Econ. LCOE

0.15
0.18
0.17
0.16
0.16
0.15
0.15




Econ. LCOE
0.15
0.15
0.15
0.15
0.16
0.16
0.17

Econ. LCOE
0.15
0.15
0.15
0.15
0.15
0.15
0.15

Econ. LCOE
0.15
0.11
0.12
0.14
0.15
0.17
0.18

Econ. LCOE
0.15
0.15
0.15
0.15
0.15
0.15
0.15

NPV Financial CEA (USD/tCO2 mitigated)

Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines



(6,566,386) 41.3 18.9 48.0
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) 41.3 18.9 48.0
(11,472,461) 113.4 27.9 56.9
(9,126,077) 92.7 23.6 52.6
(8,699,462) 88.9 22.8 51.8
(6,566,386) 70.0 18.9 48.0
(4,433,309) 51.1 15.1 44.1
(2,300,233) 32.3 11.2 40.2
(167,157) 13.4 7.3 36.3
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) 41.3 18.9 48.0
(6,566,386) 70.0 18.9 48.0
(6,532,659) 69.5 18.9 47.9
(6,498,932) 69.1 18.8 47.8
(6,465,206) 68.6 18.7 47.7
(6,431,479) 68.1 18.6 47.6
(6,397,752) 67.7 18.5 47.5
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) 41.3 18.9 48.0
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6




NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) 41.3 18.9 48.0
(6,259,834) 50.0 14.8 43.8
(6,259,834) 50.0 14.8 43.8
(6,259,834) 50.0 14.8 43.8
(6,259,834) 50.0 14.8 43.8
(6,259,834) 50.0 14.8 43.8
(6,259,834) 50.0 14.8 43.8
(6,259,834) 50.0 14.8 43.8
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) 41.3 18.9 48.0
(6,566,386) 70.0 18.9 48.0
(6,566,386) 62.5 17.4 46.4
(6,566,386) 55.0 15.9 449
(6,566,386) 47.5 14.3 43.3
(6,566,386) 40.1 12.8 41.8
(6,566,386) 32.6 11.3 40.3
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) 41.3 18.9 48.0
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) 41.3 18.9 48.0




(6,259,834) 186.9 17.3 51.5
(6,259,834) 186.9 17.3 51.5
(6,259,834) 186.9 17.3 51.5
(6,259,834) 186.9 17.3 51.5
(6,259,834) 186.9 17.3 51.5
(6,259,834) 186.9 17.3 51.5
(6,259,834) 186.9 17.3 51.5
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) 41.3 18.9 48.0
(6,566,386) 72.2 10.5 35.5
(6,566,386) 70.8 14.3 41.3
(6,566,386) 70.0 18.9 48.0
(6,566,386) 70.5 22.9 52.8
(6,566,386) 71.6 25.2 55.4
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) 41.3 18.9 48.0
(795,615) 49.1 14.6 43.6
(795,615) 49.1 14.6 43.6
(795,615) 49.1 14.6 43.6
(795,615) 49.1 14.6 43.6
(795,615) 49.1 14.6 43.6
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) 41.3 18.9 48.0
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6







13 14 15 16 17 18

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

21.0 21.0 21.0 21.0 21.0 21.0

13 14 15 16 17 18

3.19 3.06 2.94 2.82 2.71 2.60

2.71 2.60 2.50 2.40 2.30 2.21

2.66 2.55 2.45 2.35 2.26 2.17

23,286 22,355 21,461 20,602 19,778 18,987

7,899 7,583 7,279 6,988 6,709 6,440

13 14 15 16 17 18

4,890,148 4,694,542 4,506,760 4,326,490 4,153,430 3,987,293

82,937 79,619 76,435 73,377 70,442 67,624

32,500 32,500 32,500 32,500 32,500 32,500
- - - - 294,000 -

32,500 32,500 32,500 32,500 326,500 32,500



13 14 15 16 17 18

(840,000) (840,000) (840,000) (840,000) (840,000) (840,000)
(840,000) (840,000) (840,000) (840,000) (840,000) (840,000)
32,500 32,500 32,500 32,500 32,500 32,500
- - - - 266,893 -

32,500 32,500 32,500 32,500 299,393 32,500
32,500 32,500 32,500 32,500 299,393 32,500
(872,500) (872,500) (872,500) (872,500) (1,139,393) (872,500)
1,548 1,548 1,548 1,548 14,257 1,548

(41,548) (41,548) (41,548) (41,548) (54,257) (41,548)



13 14 15 16 17 18
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0
13 14 15 16 17 18
7.61 7.57 7.53 7.50 7.46 7.42
4.95 4.92 4.90 4.87 4.85 4.82
4.20 4.18 4.16 4.14 4.12 4.10
36,826 36,642 36,459 36,277 36,095 35,915
13 14 15 16 17 18
85,068,576 84,643,233 84,220,017 83,798,917 83,379,922 82,963,023
7,733,507 7,694,839 7,656,365 7,618,083 7,579,993 7,542,093
397,723 395,735 393,756 391,787 389,828 387,879
655,801 652,522 649,260 646,013 642,783 639,569
93,855,607 93,386,329 92,919,398 92,454,801 91,992,527 91,532,564
10,000 10,000 10,000 10,000 10,000 10,000

- 420,000 - - - -
10,000 430,000 10,000 10,000 10,000 10,000
45,296,255 45,069,773 44,844,425 44,620,202 44,397,101 44,175,116
3,977,232 3,957,346 3,937,559 3,917,871 3,898,282 3,878,791
49,273,487 49,027,119 48,781,984 48,538,074 48,295,384 48,053,907
49,283,487 49,457,119 48,791,984 48,548,074 48,305,384 48,063,907
44,572,121 43,929,210 44,127,414 43,906,727 43,687,143 43,468,658



2,346,833 2,355,101 2,323,428 2,311,813 2,300,256 2,288,757
2,122,482 2,091,867 2,101,305 2,090,797 2,080,340 2,069,936
13 14 15 16 17 18
119,096,006 118,500,526 117,908,024 117,318,484 116,731,891 116,148,232
(840,000) (840,000) (840,000) (840,000) (840,000) (840,000)
118,256,006 117,660,526 117,068,024 116,478,484 115,891,891 115,308,232
10,000 10,000 10,000 10,000 10,000 10,000

- 381,276 - - - -
10,000 391,276 10,000 10,000 10,000 10,000
46,258,800 46,027,506 45,797,369 45,568,382 45,340,540 45,113,837
46,258,800 46,027,506 45,797,369 45,568,382 45,340,540 45,113,837
46,268,800 46,418,782 45,807,369 45,578,382 45,350,540 45,123,837
71,987,206 71,241,744 71,260,655 70,900,102 70,541,351 70,184,395
2,203,276 2,210,418 2,181,303 2,170,399 2,159,550 2,148,754
3,427,962 3,392,464 3,393,365 3,376,195 3,359,112 3,342,114




13 14 15 16 17 18
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0
13 14 15 16 17 18

11.30 11.24 11.19 11.13 11.08 11.02
3.39 3.37 3.36 3.34 3.32 3.31

3.32 3.31 3.29 3.27 3.26 3.24
29,101 28,956 28,811 28,667 28,523 28,381
13 14 15 16 17 18
67,223,579 66,887,461 66,553,024 66,220,259 65,889,158 65,559,712
6,111,234 6,080,678 6,050,275 6,020,024 5,989,923 5,959,974
427,786 425,647 423,519 421,402 419,295 417,198
518,233 515,642 513,063 510,498 507,946 505,406
74,280,833 73,909,429 73,539,881 73,172,182 72,806,321 72,442,289
25,000 25,000 25,000 25,000 25,000 25,000

- - 420,000 - - -

25,000 25,000 445,000 25,000 25,000 25,000
24,444,938 24,322,713 24,201,100 24,080,094 23,959,694 23,839,895
4,277,864 4,256,475 4,235,192 4,214,016 4,192,946 4,171,982
28,722,802 28,579,188 28,436,292 28,294,111 28,152,640 28,011,877
28,747,802 28,604,188 28,881,292 28,319,111 28,177,640 28,036,877
45,533,031 45,305,241 44,658,589 44,853,071 44,628,681 44,405,413
1,368,943 1,362,104 1,375,300 1,348,529 1,341,792 1,335,089
2,168,240 2,157,392 2,126,599 2,135,861 2,125,175 2,114,543



13

94,113,011

(840,000)
93,273,011

25,000
25,000
24,964,393

24,964,393
24,989,393

68,283,618

1,189,971
3,251,601

14

93,642,446

(840,000)
92,802,446

25,000
25,000
24,839,571

24,839,571
24,864,571

67,937,875

1,184,027
3,235,137

15

93,174,233

(840,000)
92,334,233

25,000
381,276
406,276

24,715,373

24,715,373
25,121,649

67,212,585

1,196,269
3,200,599

16

92,708,362

(840,000)
91,868,362

25,000
25,000
24,591,796

24,591,796
24,616,796

67,251,566

1,172,228
3,202,456

17

92,244,821

(840,000)
91,404,821

25,000
25,000
24,468,837

24,468,837
24,493,837

66,910,983

1,166,373
3,186,237

18

91,783,596

(840,000)
90,943,596

25,000
25,000
24,346,493

24,346,493
24,371,493

66,572,103

1,160,547
3,170,100














































Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind
Gas Plant dam Turbines



123.0 (2.7) 254

(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines
123.0 (2.7) 25.4
84.1 16.3 44.3
40.9 7.2 35.3
33.1 5.6 33.6
(6.2) (2.7) 25.4
(45.4) (10.9) 17.1
(84.6) (19.1) 8.9
(123.9) (27.4) 0.6

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines
123.0 (2.7) 25.4
(6.2) (2.7) 25.4
(6.8) (2.8) 25.3
(7.4) (2.9) 25.1
(8.0) (3.0) 25.0
(8.6) (3.2) 24.9
(9.3) (3.3) 24.7

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines
123.0 (2.7) 25.4
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2

(7.7) (3.4) 24.2




Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines
123.0 (2.7) 25.4
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines
123.0 (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines
123.0 (2.7) 25.4
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind
Gas Plant dam Turbines

123.0 (2.7) 254




(27.2) (4.0) 28.5

(27.2) (4.0) 28.5
(27.2) (4.0) 28.5
(27.2) (4.0) 28.5
(27.2) (4.0) 28.5
(27.2) (4.0) 28.5
(27.2) (4.0) 28.5

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines
123.0 (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines
123.0 (2.7) 25.4
(33.0) (18.8) 3.1
(33.0) (18.8) 3.1
(33.0) (18.8) 3.1
(33.0) (18.8) 3.1
(33.0) (18.8) 3.1

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines
123.0 (2.7) 25.4
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2

(7.7) (3.4) 24.2







19 20 21

1.0 1.0 1.0

1.0 1.0 1.0

1.0 1.0 1.0

21.0 21.0 21.0

19 20 21
2.50 2.40 -
2.12 2.04 -
2.08 2.00 -
18,228 17,499 -
6,183 5,935 -

19 20 21
3,827,801 3,674,689 -
64,920 62,323 -

] - (44,100,000)
32,500 32,500 -

32,500 32,500 (44,100,000)




19 20 21

(840,000) (840,000) -
(840,000) (840,000) -

- - (47,098,800)
32,500 32,500 -
32,500 32,500 (47,098,800)
32,500 32,500 (47,098,800)

(872,500) (872,500) 47,098,800
1,548 1,548 (2,242,800)

(41,548) (41,548) 2,242,800




19 20 21

1.0 1.0 1.0

1.0 1.0 1.0

1.0 1.0 1.0

21.0 21.0 21.0

19 20 21
7.38 7.35 -
4.80 4.78 -
4.08 4.06 -
35,735 35,556 -

19 20 21
82,548,208 82,135,466 -
7,504,383 7,466,861 -
385,940 384,010 -
636,372 633,190 -
91,074,901 90,619,527 -

- - (60,480,000)
10,000 10,000 -

10,000 10,000 (60,480,000)
43,954,240 43,734,469 -
3,859,397 3,840,100 -
47,813,637 47,574,569 -

47,823,637 47,584,569 (60,480,000)

43,251,264 43,034,958 60,480,000




2,277,316 2,265,932 (2,880,000)
2,059,584 2,049,284 2,880,000
19 20 21
115,567,491 114,989,653 -
(840,000) (840,000) -
114,727,491 114,149,653 -
- - (64,592,640)
10,000 10,000 -
10,000 10,000 (64,592,640)
44,888,268 44,663,827 -
44,888,268 44,663,827 -
44,898,268 44,673,827 (64,592,640)
69,829,223 69,475,826 64,592,640
2,138,013 2,127,325 (3,075,840)
3,325,201 3,308,373 3,075,840




19 20 21
1.0 1.0 1.0
1.0 1.0 1.0
1.0 1.0 1.0
21.0 21.0 21.0
19 20 21
10.96 10.91 -
3.29 3.27 -
3.22 3.21 -
28,239 28,098 -
19 20 21
65,231,913 64,905,754 -
5,930,174 5,900,523 -
415,112 413,037 -
502,879 500,364 -
72,080,078 71,719,678 -
- - (126,000,000)
25,000 25,000 -
- 420,000 -
25,000 445,000  (126,000,000)
23,720,696 23,602,092 -
4,151,122 4,130,366 -
27,871,817 27,732,458 -
27,896,817 28,177,458  (126,000,000)
44,183,261 43,542,219 126,000,000
1,328,420 1,341,784 (6,000,000)
2,103,965 2,073,439 6,000,000




19

91,324,678

(840,000)
90,484,678

25,000
25,000
24,224,760

24,224,760
24,249,760

66,234,918

1,154,750
3,154,044

20

90,868,055

(840,000)
90,028,055

25,000
381,276
406,276

24,103,637

24,103,637
24,509,913

65,518,142

1,167,139
3,119,912

21

(134,568,000)

(134,568,000)

(134,568,000)

134,568,000

(6,408,000)
6,408,000




Table of Parameters

Cost Components
Fixed Costs

Investment cost, y1
Investment cost, y2

Investment cost, y3

Life of fixed asset

Fixed asset residual value
Land rental price

Land area required

Recurring costs
Recurring cost period
Recurring cost growth

Variable Costs

Operations and maintenance
Fuel

Taxes

O&M cost growth

Fuel cost growth

First year of operation

Benefit Components
Wholesale price of electricity

Production tax credit (subsidy)

Income tax credit

Units

1000 VND
1000 VND
1000 VND
years

1000 VND
1000 VND/ha
ha

usD
years
% per year

1000 VND per kWh

USD per kWh

% of revenues less O&M
% per year

% per year

1000 VND per kWh
1000 VND per kWh
% of tax liability

Annual environmental externality 1000 VND

Carbon credit payments

Technical Components

Greenhouse gas emissions
Capacity factor
Availability factor

Rated capacity

Capacity decline

Power type

Economic Components

Financial discount rate

USD per ton of CO2 avoided

tons of CO2 equivalent per
kWh

% of annual capacity

% of annual capacity

MwW

% decline per year

%

Option 1: Diesel
Generation Plant

105,000,000

40
21,000,000
2,000

15

10,000

0.0%

0.294
0.056
10.0%
0.0%
0.0%

2.31

0

0
-1575000

0.000424
85.0%
90.0%
5
1.0%
Base

15.0%



Economic discount rate % 12.0%
Exchange rate 1000 VND per USD 21
Real exchange rate adjustment % 0.0%
Foreign exchange premium % 8.5%
Unit Conversions
kWh per MWh 1000
Days per year 365
Hours per day 24
Pounds per ton 2000
Option 2: Landfill Gas Plant
Preliminary Tables
Table A: Indices Year 0
Recurring cost growth 1.0
O&M cost growth 1.0
Fuel cost growth 1.0
Exchange rate 21.0
Table B: Production Year 0
Rated capacity less capacity decline -
After capacity factor -
After availability factor -
Total annual production (MWh) -
GHG production (tCO2e) -
Financial Cash Flows
Table 1: Financial Analysis, firm perspective Year 0
Revenues
Value of production -
Production tax credit -
Income tax credit -
Carbon credit payments -
Total revenues -
Costs
Investment cost 73,500,000
Land rental 32,500
Recurring costs -
Fixed costs subtotal 73,532,500

Operations and maintenance
Fuel



Taxes
Variable costs subtotal
Total costs

Net cash flows

73,532,500

(73,532,500)

Total costs (USD) 3,501,548
Net cash flows (USD) (3,501,548)
1000 VND
NPV (26,002,725.55)
IRR 11.4%
Discounted MWh 161,579.14
tCO2 generated 166,944
Financial LCOE (cost per kWh) 2.69
Economic Resource Flows
Table 2: Economic Analysis,
economy perspective Conversion factor Year 0
Benefits
Value of production 1.40
Production tax credit 0.00 -
Income tax credit 0.00 -
Carbon credit payments 0.00 -
Environmental externality 1.00 -
Total benefits -
Costs
Investment cost 1.07 78,498,000
Land rental 1.00 32,500
Recurring costs 0.91 -
Fixed costs subtotal 78,530,500
Operations and maintenance 1.02 -
Fuel 1.61 -
Taxes 0.00 -
Variable costs subtotal -
Total costs 78,530,500
Net cash flows
Total costs (USD) 3,739,548
Net cash flows (USD) -
1000 VND

NPV



IRR

Discounted MWh

tCO2 generated 166,944
Economic LCOE (cost per kWh) #DIV/0!
Financi

Option 1: Diesel
Generation Plant

FNPV (USD) 2,195,791
IRR 22.8%
Financial LCOE (USD per kWh) 0.10
Discounted MWh generated 198,953
tCO2 generated 258,699
tCO2 mitgated (relative to Option 1) -
Incremental FNPV (USD)
USD/tCO2 mitigated

Econon

ENPV (USD)

EIRR

Economic LCOE (USD per kWh)
Discounted MWh generated
tCO2 generated

tCO2 mitgated

Incremental ENPV (USD)
USD/tCO2 mitigated

Option 1: Diesel
Generation Plant

6,585,973
33.5%
0.12
235,892
258,699




Option 1: Diesel Generation Plant

SEI

Total Investment cost

105,000,000
115,500,000
138,600,000
180,180,000
252,252,000
378,378,000

Recurring costs

210,000
262,500
315,000
420,000
630,000
840,000

Recurring cost growth

10%
20%
40%
50%

Operations and maintenance

0.21
0.24
0.26



0.29
0.32
0.37
0.44

Fuel cost
0.039
0.045
0.050
0.056
0.062
0.067
0.073

O&M cost growth

1%
2%
3%
4%
5%

Fuel cost growth

1%
2%
3%
4%
5%

First year of operation

A Ul WN =




Wholesale price of electricity

1.85
2.08
231
2.54
2.77
3.00

Carbon credit payments

1.50
1.75
2.00
2.50
3.00
4.00

Capacity factor

55%
65%
75%
85%
90%
95%

Availability factor

60%
70%
80%
90%
95%
98%

Capacity decline

1.0%
1.5%
2.0%
2.5%
3.0%



3.5%

Financial discount rate

10.0%
12.0%
14.0%
15.0%
18.0%
20.0%

Economic discount rate

6.0%
8.0%
10.0%
12.0%
14.0%
15.0%

Real exchange rate depreciation

0.0%
1.0%
2.0%
3.0%
4.0%
5.0%

Option 2: Landfill Gas Plant

Total Investment cost

147,000,000
161,700,000
176,400,000
191,100,000
205,800,000
220,500,000

Recurring costs (USD)

14,000



15,400
16,800
18,200
19,600
21,000

Recurring cost growth

10%
20%
40%
50%

Operations and maintenance
1.37
1.57
1.61
1.79
1.96
2.14
2.32

Fuel cost

O&M cost growth
0.0%

1%
2%
3%
4%
5%




Fuel cost growth

0.0%
1%
2%
3%
4%
5%

First year of operation

N o b N

Wholesale price of electricity

1.85
2.08
231
2.54
2.77
3.00

Carbon credit payments

1.50
1.75
2.00
2.50
3.00
4.00

Capacity factor

55%
65%
75%
85%



90%
95%

Availability factor

75%
85%
90%
95%
98%
99%

Capacity decline

2.0%
3.0%
4.0%
4.5%
5.0%
6.0%

Financial discount rate

10.0%
12.0%
14.0%
15.0%
18.0%
20.0%

Economic discount rate

6.0%
8.0%
10.0%
12.0%
14.0%
15.0%

Real exchange rate depreciation

0.0%



1.0%
2.0%
3.0%
4.0%
5.0%

Option 3: Hydro-dam

Total Investment cost

302,400,000
332,640,000
362,880,000
393,120,000
423,360,000
453,600,000

Recurring costs (USD)

20,000
22,000
24,000
26,000
28,000
30,000

Recurring cost growth

10%
20%
40%
50%

Operations and maintenance

0.97
1.11
1.13
1.26
1.39
1.51
1.64




Fuel cost

O&M cost growth

0.0%
1%
2%
3%
4%
5%

Fuel cost growth

0.0%
1%
2%
3%
4%
5%

First year of operation

00 NO UL AW

Wholesale price of electricity

1.85
2.08
231



2.54
2.77
3.00

Carbon credit payments
1.50
1.75
2.00
2.50
3.00
4.00

Capacity factor
50%
55%
60%
65%
70%
75%

Availability factor
65%
70%
75%
80%
85%
90%

Capacity decline
0.0%
0.25%
0.5%
1.0%
2.0%
3.0%

Financial discount rate



10.0%
12.0%
14.0%
15.0%
18.0%
20.0%

Economic discount rate

6.0%
8.0%
10.0%
12.0%
14.0%
15.0%

Real exchange rate depreciation

0.0%
1.0%
2.0%
3.0%
4.0%
5.0%

Option 4: Wind Turbines

Total Investment cost

504,000,000
554,400,000
604,800,000
655,200,000
705,600,000
756,000,000

Recurring costs (USD)

20,000
22,000
24,000
26,000
28,000
30,000




Recurring cost growth

10%
20%
40%
50%

Operations and maintenance

0.65
0.74
0.76
0.84
0.92
1.01
1.09

Fuel cost

O&M cost growth

0.0%
1%
2%
3%
4%
5%

Fuel cost growth

0.0%
1%



2%
3%
4%
5%

First year of operation

O Ul WN =

Wholesale price of electricity

1.85
2.08
231
2.54
2.77
3.00

Carbon credit payments

1.50
1.75
2.00
2.50
3.00
4.00

Capacity factor

20%
25%
30%
35%
40%
50%




Availability factor
80%
85%
90%
95%
98%
99%

Capacity decline
0.0%
0.25%
0.5%
1.0%
2.0%
3.0%

Financial discount rate
10.0%
12.0%
14.0%
15.0%
18.0%
20.0%

Economic discount rate
6.0%
8.0%
10.0%
12.0%
14.0%
15.0%

Real exchange rate depreciation
0.0%
1.0%
2.0%
3.0%
4.0%
5.0%




Incremental Sensitivity Analysis

Recurring cost growth

Base Case

0%
1%
2%
3%
4%
5%

Fuel

Base Case

0.043
0.049
0.050
0.056
0.062
0.067
0.073

O&M cost growth

Base Case

0%
1%
2%
3%
4%
5%




Fuel cost growth

Base Case

0%
1%
2%
3%
4%
5%

Wholesale price of electricity

Base Case

1.78
2.03
2.08
231
2.54
2.77
3.00

Production tax credit (subsidy)

Base Case

0.21
0.25
0.29
0.34
0.38
0.42

Carbon credit payments

Base Case

2.00
2.25
2.50



3.00
4.00
5.00

Greenhouse gas emissions Base Case
0.00036
0.00037
0.00038
0.00042
0.00047
0.00051
0.00055

Financial discount rate Base Case
10%
12%
15%
18%
20%

Economic discount rate Base Case
8%
10%
12%
14%
15%




Real exchange rate depreciation

Base Case
0%
1%
2%
3%
4%
5%




Option 2: Landfill
Gas Plant

73,500,000
73,500,000
20
44,100,000
500

65

14,000

0.0%

1.8

10.0%
0.0%
0.0%

2.31
0.21

0.1
-840000

0.0003392
85.0%
98.0%
5
4.0%
Base

Option 3: Hydro-
dam

100,800,000
100,800,000
100,800,000
40
60,480,000
2,000

5

20,000

0.0%

1.23

10.0%
0.0%
0.0%

2.31
0.21
0.1

0

65.0%

85.0%

8

0.5%
Intermittent

Option 4: Wind
Turbines

504,000,000

20
126,000,000
1,000

25

20,000

0.0%

0.84

10.0%
0.0%
0.0%

2.31
0.21
0.1

0

30.0%

98.0%

12

0.5%
Intermittent




1 2 3 4 5 6

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

21.0 21.0 21.0 21.0 21.0 21.0

1 2 3 4 5 6

- 5.00 4.80 4.61 4.42 4.25

- 4.25 4.08 3.92 3.76 3.61

- 4.17 4.00 3.84 3.68 3.54

- 36,485 35,026 33,625 32,280 30,989

- 12,376 11,881 11,406 10,949 10,511

1 2 3 4 5 6

= 84,281,274 80,910,023 77,673,622 74,566,677 71,584,010

- 7,661,934 7,355,457 7,061,238 6,778,789 6,507,637

- 186,076 178,633 171,487 164,628 158,043

- 129,946 124,749 119,759 114,968 110,370

= 92,259,230 88,568,861 85,026,106 81,625,062 78,360,060
73,500,000 - - - - -

32,500 32,500 32,500 32,500 32,500 32,500

73,532,500 32,500 32,500 32,500 32,500 32,500

- 65,673,720 63,046,771 60,524,900 58,103,904 55,779,748




- 1,860,755 1,786,325 1,714,872 1,646,277 1,580,426
- 67,534,475 64,833,096 62,239,773 59,750,182 57,360,174
73,532,500 67,566,975 64,865,596 62,272,273 59,782,682 57,392,674
(73,532,500) 24,692,255 23,703,264 22,753,834 21,842,380 20,967,385
3,501,548 3,217,475 3,088,838 2,965,346 2,846,794 2,732,984
(3,501,548) 1,175,822 1,128,727 1,083,516 1,040,113 998,447
USD
$  (1,238,225)
0.128
1 2 3 4 5 6
- (840,000) (840,000) (840,000) (840,000) (840,000)
- (840,000) (840,000) (840,000) (840,000) (840,000)
78,498,000 - - - - -
32,500 32,500 32,500 32,500 32,500 32,500
78,530,500 32,500 32,500 32,500 32,500 32,500
- 67,069,287 64,386,515 61,811,054 59,338,612 56,965,068
- 67,069,287 64,386,515 61,811,054 59,338,612 56,965,068
78,530,500 67,101,787 64,419,015 61,843,554 59,371,112 56,997,568
3,739,548 3,195,323 3,067,572 2,944,931 2,827,196 2,714,170

usb



#DIV/0!

ial Summary Tables

Option 2: Landfill Option 3: Hydro- Option 4: Wind
Gas Plant dam Turbines
(2,379,273) (9,665,946)
11.4% 11.9% 7.5%
0.13 0.13 0.17
161,579 174,940 188,368
166,944 - -
53,140 258,699 258,699
(2,195,791.33) (4,901,663) (12,404,891)
18.95 47.95
nic Summary Tables
Option 2: Landfill Option 3: Hydro- Option 4: Wind
Gas Plant dam Turbines
- 6,709,152 18,604
0.0% 18.3% 12.0%
#DIV/0! 0.12 0.15
- 217,593 224,056
166,944 - -
#DIV/0! 258,699 258,699
#DIV/0! 687,402 (6,566,385.54)
#DIV/0! (2.66) 25.38




NSITIVITY ANALYSES

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
1,695,791 20.5% 0.10 - 6,132,073 30.4%
595,791 16.6% 0.11 - 5,133,493 25.0%
(1,384,209) 12.0% 0.12 - 3,336,049 18.7%
(4,816,209) 7.1% 0.13 - 220,479 12.3%
(10,822,209) 2.4% 0.16 - (5,231,768) 6.4%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,010,120 22.2% 0.10 - 6,372,501 33.1%
1,961,381 22.1% 0.10 - 6,316,465 33.0%
1,912,643 22.0% 0.10 - 6,260,429 32.9%
1,815,165 21.7% 0.10 - 6,148,356 32.6%
1,620,210 21.0% 0.10 - 5,924,211 32.2%
1,425,256 20.4% 0.10 - 5,700,066 31.7%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,181,412 22.8% 0.10 - 6,567,510 33.5%
2,135,040 22.7% 0.10 - 6,504,099 33.5%
1,404,436 21.3% 0.10 - 5,438,994 33.0%
(545,107) #NUM! 0.11 - 2,533,373 4.8%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%



22.8% 0.10 - 33.5%
22.8% 0.10 - 33.5%
22.8% 0.10 - 33.5%
22.8% 0.10 - 33.5%

FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
33.1% 0.08 - 53.6%
29.7% 0.09 - 47.0%
26.3% 0.09 - 40.3%
22.8% 0.10 - 33.5%
19.3% 0.10 - 26.8%
15.7% 0.11 - 19.9%
(812,381) 12.0% 0.11 - 12.7%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
22.8% 0.10 - 33.5%
22.7% 0.10 - 33.4%
22.6% 0.10 - 33.3%
22.5% 0.10 - 33.2%
22.5% 0.10 - 33.1%
22.4% 0.10 - 33.0%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
22.8% 0.10 - 33.5%
22.5% 0.10 - 32.9%
22.1% 0.10 - 32.2%
21.8% 0.10 - 31.5%
21.4% 0.10 - 30.8%
21.1% 0.10 - 30.2%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
22.8% 0.10 - 33.5%
18.7% 0.10 - 26.2%
16.0% 0.11 - 21.8%
(394,171) 14.0% 0.11 - 18.8%
(1,043,923) 12.3% 0.12 - 16.5%
(1,609,476) 11.0% 0.13 - 14.7%




FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
(1,743,482) 8.4% 0.10 - (679,498) 9.6%
226,155 15.8% 0.10 - 2,953,237 21.9%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
4,165,428 29.6% 0.10 - 10,218,708 45.0%
6,135,064 36.3% 0.10 - 13,851,444 56.4%
8,104,701 42.9% 0.10 - 17,484,179 67.7%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
(332,084) 13.8% 0.11 - 2,483,410 20.4%
510,541 16.9% 0.11 - 3,850,931 24.8%
1,353,166 19.9% 0.10 - 5,218,452 29.2%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,617,104 24.3% 0.10 - 7,269,733 35.7%
3,038,417 25.7% 0.10 - 7,953,494 37.9%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
(191,647) 14.3% 0.11 - 2,711,330 21.1%
604,166 17.2% 0.11 - 4,002,878 25.3%
1,399,979 20.0% 0.10 - 5,294,425 29.4%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,593,698 24.2% 0.10 - 7,231,746 35.6%
2,832,442 25.0% 0.10 - 7,619,211 36.8%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,013,937 22.3% 0.10 - 6,255,329 33.0%
1,839,640 21.8% 0.10 - 5,939,449 32.5%
1,672,520 21.3% 0.10 - 5,637,553 32.0%
1,512,216 20.8% 0.10 - 5,348,905 31.4%



1,358,389 20.4% 0.10 - 5,072,813 30.9%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
4,740,321 22.8% 0.09 - 6,585,973 33.5%
3,560,812 22.8% 0.09 - 6,585,973 33.5%
2,606,017 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
1,173,514 22.8% 0.10 - 6,585,973 33.5%
628,319 22.8% 0.11 - 6,585,973 33.5%

FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 12,403,365 33.5%
2,195,791 22.8% 0.10 - 10,000,671 33.5%
2,195,791 22.8% 0.10 - 8,104,100 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 5,354,530 33.5%
2,195,791 22.8% 0.10 - 4,824,701 33.5%

FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,195,791 22.8% 0.10 - 6,585,973 33.5%
2,074,679 22.5% 0.10 - 6,309,464 32.9%
1,955,942 22.1% 0.10 - 6,038,376 32.2%
1,839,510 21.8% 0.10 - 5,772,553 31.5%
1,725,318 21.4% 0.10 - 5,511,842 30.8%
1,613,300 21.1% 0.10 - 5,256,096 30.2%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- 11.4% 0.13 53,140 - 0.0%
(1,239,602) 11.4% 0.13 53,140 6,178,712 25.2%
(1,239,602) 11.4% 0.13 53,140 6,178,712 25.2%
(1,239,602) 11.4% 0.13 53,140 6,178,712 25.2%
(1,239,602) 11.4% 0.13 53,140 6,178,712 25.2%
(1,239,602) 11.4% 0.13 53,140 6,178,712 25.2%
(1,239,602) 11.4% 0.13 53,140 6,178,712 25.2%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- 11.4% 0.13 53,140 - 0.0%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%



(1,239,143) 11.4% 0.13 53,140 5,652,803 24.2%

(1,240,061) 11.4% 0.13 53,140 5,651,716 24.2%
(1,240,979) 11.4% 0.13 53,140 5,650,630 24.2%
(1,241,897) 11.4% 0.13 53,140 5,649,544 24.2%
(1,242,815) 11.4% 0.13 53,140 5,648,458 24.2%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- 11.4% 0.13 53,140 - 0.0%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,254,089) 11.4% 0.13 53,140 5,633,954 24.2%
(1,300,097) 11.2% 0.13 53,140 5,573,999 24.1%
(1,829,557) 8.6% 0.13 53,140 4,854,804 23.5%
(2,940,265) #NUM! 0.14 53,140 3,319,533 22.0%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- 11.4% 0.13 53,140 - 0.0%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%
1,739,998 19.8% 0.11 53,140 10,166,981 32.9%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- 11.4% 0.13 53,140 - 0.0%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- 11.4% 0.13 53,140 - 0.0%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(2,081,496) 8.4% 0.13 53,140 4,431,549 22.3%
(2,998,609) 3.7% 0.14 53,140 3,093,565 19.9%
(3,997,555) -7.2% 0.14 53,140 1,626,717 16.8%
(5,087,284) #NUM! 0.15 53,140 16,145 12.1%

(6,277,822) #NUM! 0.16 53,140 (1,754,862) #NUM!




FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- 11.4% 0.13 53,140 - 0.0%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- 11.4% 0.13 53,140 - 0.0%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,948,326) 9.8% 0.13 29,192 4,205,753 19.8%
(2,567,054) 8.6% 0.14 2,860 2,908,289 16.9%
(3,106,382) 7.6% 0.15 (26,021) 1,745,166 14.7%
(3,576,718) 6.8% 0.16 (57,612) 701,797 13.1%
(3,987,119) 6.0% 0.17 (92,071) (234,852) 11.7%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- 11.4% 0.13 53,140 - 0.0%
(4,473,039) 1.2% 0.13 53,140 (281,809) 11.3%
(2,855,632) 6.5% 0.13 53,140 2,686,040 18.0%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
379,182 16.1% 0.13 53,140 8,621,738 30.1%
1,996,589 20.5% 0.13 53,140 11,589,587 35.7%
3,613,997 24.7% 0.13 53,140 14,557,436 41.1%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- 11.4% 0.13 53,140 - 0.0%
(1,245,076) 11.4% 0.13 53,140 5,653,889 24.2%
(1,241,651) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,231,374) 11.4% 0.13 53,140 5,653,889 24.2%
(1,224,523) 11.5% 0.13 53,140 5,653,889 24.2%
(1,210,821) 11.5% 0.13 53,140 5,653,889 24.2%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- 11.4% 0.13 53,140 - 0.0%
(3,078,494) 5.8% 0.15 53,140 1,133,126 14.6%
(2,465,071) 7.7% 0.14 53,140 2,640,047 17.9%
(1,851,648) 9.6% 0.13 53,140 4,146,968 21.1%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%



(931,514) 12.3% 0.13 53,140 6,407,349 25.7%
(624,802) 13.2% 0.12 53,140 7,160,810 27.2%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- 11.4% 0.13 53,140 - 0.0%
(2,461,941) 7.7% 0.14 53,140 2,647,735 17.9%
(1,929,891) 9.3% 0.13 53,140 3,954,758 20.7%
(1,663,865) 10.1% 0.13 53,140 4,608,270 22.1%
(1,397,840) 10.9% 0.13 53,140 5,261,782 23.4%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,185,020) 11.6% 0.13 53,140 5,784,591 24.5%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- 11.4% 0.13 53,140 - 0.0%
(718,242) 13.1% 0.12 37,848 7,087,220 26.0%
(988,596) 12.2% 0.13 45,710 6,339,893 25.1%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,355,876) 11.0% 0.13 56,695 5,332,000 23.8%
(1,469,052) 10.6% 0.13 60,146 5,023,262 23.3%
(1,682,806) 9.8% 0.13 66,740 4,442,684 22.5%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- 11.4% 0.13 53,140 - 0.0%
642,521 11.4% 0.12 54,802 5,653,889 24.2%
(236,782) 11.4% 0.12 54,354 5,653,889 24.2%
(939,409) 11.4% 0.13 53,612 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,972,751) 11.4% 0.13 51,363 5,653,889 24.2%
(2,357,040) 11.4% 0.14 49,914 5,653,889 24.2%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- 11.4% 0.13 53,140 - 0.0%
(1,238,225) 11.4% 0.13 53,140 12,331,284 24.2%
(1,238,225) 11.4% 0.13 53,140 9,573,138 24.2%
(1,238,225) 11.4% 0.13 53,140 7,396,060 24.2%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%
(1,238,225) 11.4% 0.13 53,140 4,241,775 24.2%
(1,238,225) 11.4% 0.13 53,140 3,634,809 24.2%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
- 11.4% 0.13 53,140 - 0.0%
(1,238,225) 11.4% 0.13 53,140 5,653,889 24.2%



(1,225,785) 11.4% 0.13 53,140 5,597,802 24.2%

’ ’ &7/0 . ’ ’ 5 L/
(1,213,589) 11.4% 0.13 53,140 5,542,815 24.2%
’ ’ /0 . ’ ) ) L/
(1,201,629) 11.4% 0.12 53,140 5,488,896 24.2%
(1,189,900) 11.4% 0.12 53,140 5,436,014 24.2%
) ) <70 . ) ) ) <& /0
(1,178,394) 11.4% 0.12 53,140 5,384,139 24.2%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
’ 7 . (] . ) ) ) . 0
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
) ) «J/0 . » /) » «97/0
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
’ ’ .70 . ’ ) ) .0/0
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
’ ’ 770 . ’ ) ) .0/0
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,380,308) 11.9% 0.13 258,699 6,707,959 18.3%
(2,381,343) 11.9% 0.13 258,699 6,706,766 18.3%
(2,382,377) 11.9% 0.13 258,699 6,705,574 18.3%
(2,383,412) 11.9% 0.13 258,699 6,704,381 18.3%
(2,384,446) 11.9% 0.13 258,699 6,703,188 18.3%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(409,804) 14.5% 0.12 258,699 9,458,291 20.7%
(1,460,491) 13.1% 0.13 258,699 7,991,660 19.4%
(1,651,525) 12.9% 0.13 258,699 7,725,000 19.2%
(2,606,695) 11.6% 0.14 258,699 6,391,699 18.1%
(3,561,865) 10.2% 0.14 258,699 5,058,399 16.9%
’ ’ .0/0 . ’ ) ) .00
(4,517,035) 8.8% 0.15 258,699 3,725,098 15.6%

(5,472,205) 7.3% 0.15 258,699 2,391,798 14.4%




FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(3,803,602) 10.3% 0.15 258,699 4,203,424 15.7%
(5,042,696) 9.0% 0.16 258,699 1,964,610 13.6%
(6,120,719) 7.9% 0.18 258,699 (35,897) 12.0%
(7,058,684) 6.9% 0.20 258,699 (1,823,637) 10.6%
(7,874,860) 6.0% 0.22 258,699 (3,421,415) 9.4%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(5,881,563) 6.6% 0.13 258,699 7,290 12.0%
(4,130,418) 9.4% 0.13 258,699 3,358,221 15.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%



(628,129) 14.2% 0.14 258,699 10,060,083 21.2%
1,123,016 16.4% 0.14 258,699 13,411,014 23.8%
2,874,161 18.5% 0.14 258,699 16,761,945 26.4%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,416,361) 11.8% 0.13 258,699 6,709,152 18.3%
(2,397,817) 11.8% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,342,186) 11.9% 0.13 258,699 6,709,152 18.3%
(2,305,099) 12.0% 0.13 258,699 6,709,152 18.3%
(2,230,925) 12.1% 0.13 258,699 6,709,152 18.3%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(4,706,562) 8.5% 0.16 258,699 1,979,824 14.0%
(3,930,799) 9.7% 0.15 258,699 3,556,266 15.5%
(3,155,036) 10.8% 0.14 258,699 5,132,709 16.9%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(1,603,511) 12.9% 0.13 258,699 8,285,595 19.7%
(827,748) 13.9% 0.13 258,699 9,862,037 21.0%

FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(4,752,195) 8.4% 0.16 258,699 1,887,092 13.9%
(4,158,964) 9.3% 0.15 258,699 3,092,607 15.1%
(3,565,734) 10.2% 0.14 258,699 4,298,122 16.2%
(2,972,504) 11.0% 0.14 258,699 5,503,637 17.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(1,786,043) 12.7% 0.13 258,699 7,914,667 19.4%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,121,552) 12.3% 0.13 258,699 7,291,260 18.7%
(2,251,703) 12.1% 0.13 258,699 6,997,102 18.5%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,626,909) 11.5% 0.14 258,699 6,151,279 17.9%
(3,093,757) 10.7% 0.14 258,699 5,103,653 17.1%
(3,525,550) 10.0% 0.14 258,699 4,139,775 16.3%

FNPV FIRR Fin. LCOE tCO2 mitigated ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%



1,919,848 11.9% 0.11 258,699 6,709,152 18.3%

(119,049) 11.9% 0.12 258,699 6,709,152 18.3%
(1,713,464) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(3,974,584) 11.9% 0.15 258,699 6,709,152 18.3%
(4,778,910) 11.9% 0.16 258,699 6,709,152 18.3%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 19,880,374 18.3%
(2,379,273) 11.9% 0.13 258,699 14,336,854 18.3%
(2,379,273) 11.9% 0.13 258,699 10,055,350 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 4,064,771 18.3%
(2,379,273) 11.9% 0.13 258,699 2,951,042 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,379,273) 11.9% 0.13 258,699 6,709,152 18.3%
(2,354,350) 11.9% 0.13 258,699 6,642,607 18.3%
(2,329,915) 11.9% 0.13 258,699 6,577,366 18.3%
(2,305,955) 11.9% 0.13 258,699 6,513,392 18.3%
(2,282,455) 11.9% 0.13 258,699 6,450,649 18.3%
(2,259,403) 11.9% 0.13 258,699 6,389,101 18.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(12,065,946) 6.3% 0.19 258,699 (2,544,596) 10.6%
(17,345,946) 4.3% 0.21 258,699 (8,183,636) 8.1%
(26,849,946) 1.7% 0.26 258,699 (18,333,908) 4.9%
(43,323,546) -1.2% 0.35 258,699 (35,927,712) 1.5%
(72,152,346) -4.3% 0.50 258,699 (66,716,871) 2.1%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,667,803) 7.5% 0.17 258,699 16,470 12.0%
(9,669,659) 7.5% 0.17 258,699 14,335 12.0%
(9,671,516) 7.5% 0.17 258,699 12,200 12.0%
(9,673,373) 7.5% 0.17 258,699 10,065 12.0%

(9,675,229) 7.5% 0.17 258,699 7,931 12.0%




FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,694,704) 7.4% 0.17 258,699 (18,321) 12.0%
(9,787,449) 7.3% 0.17 258,699 (145,143) 11.9%
(11,248,656) 3.2% 0.18 258,699 (2,275,354) 10.4%
(15,147,743) #NUM! 0.20 258,699 (8,086,596) #NUM!
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(8,088,927) 8.8% 0.16 258,699 2,123,726 13.3%
(8,843,153) 8.1% 0.17 258,699 1,116,929 12.7%
(8,980,285) 8.0% 0.17 258,699 933,875 12.6%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(10,351,606) 6.9% 0.18 258,699 (896,666) 11.5%
(11,037,267) 6.3% 0.18 258,699 (1,811,936) 10.9%
(11,722,928) 5.7% 0.18 258,699 (2,727,206) 10.3%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(10,114,226) 7.0% 0.18 258,699 (643,548) 11.6%
(10,605,119) 6.4% 0.18 258,699 (1,373,756) 11.1%
(11,143,585) 5.7% 0.18 258,699 (2,180,342) 10.6%
’ ’ .77 . ’ ’ ’ -J7
(11,735,211) 4.9% 0.18 258,699 (3,072,706) 10.0%
(12,386,284) 3.8% 0.19 258,699 (4,061,469) 9.2%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%



(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(11,605,378) 6.5% 0.19 258,699 (2,987,982) 10.3%
(13,293,463) 5.7% 0.22 258,699 (5,675,593) 9.0%
(14,761,925) 4.9% 0.24 258,699 (8,076,732) 7.9%
(16,039,413) 4.3% 0.28 258,699 (10,222,100) 7.0%
(17,150,840) 3.7% 0.32 258,699 (12,139,108) 6.1%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(13,437,079) 4.2% 0.17 258,699 (6,882,331) 7.7%
(11,551,512) 5.9% 0.17 258,699 (3,431,863) 9.9%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(7,780,379) 9.0% 0.17 258,699 3,469,072 14.1%
(5,894,813) 10.5% 0.18 258,699 6,919,540 16.1%
(4,009,246) 12.0% 0.18 258,699 10,370,008 18.1%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,705,880) 7.4% 0.17 258,699 18,604 12.0%
(9,685,913) 7.4% 0.17 258,699 18,604 12.0%
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(9,626,012) 7.5% 0.17 258,699 18,604 12.0%
(9,586,078) 7.5% 0.17 258,699 18,604 12.0%
(9,506,210) 7.6% 0.17 258,699 18,604 12.0%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR
’ ’ . o . ) ) . (o]
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
’ /) /0 . ’ ) ) 10
(14,346,772) 3.4% 0.24 258,699 (8,432,054) 6.7%
’ ’ -27/0 . )] ) 5 487
(12,006,359) 5.5% 0.20 258,699 (4,206,725) 9.4%
’ y -2/0 . ) y U/
(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
’ ’ «F/0 . ’ ’ ’ -2 7/0
(7,325,533) 9.4% 0.15 258,699 4,243,934 14.5%
(4,985,119) 11.2% 0.14 258,699 8,469,263 17.0%
(304,293) 14.8% 0.12 258,699 16,919,921 21.8%
FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR



(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(12,245,177) 5.3% 0.20 258,699 (4,637,881) 9.1%
(11,528,724) 5.9% 0.19 258,699 (3,344,413) 9.9%
(10,812,271) 6.5% 0.18 258,699 (2,050,945) 10.7%
(10,095,818) 7.1% 0.18 258,699 (757,477) 11.5%

(9,665,946) 7.5% 0.17 258,699 18,604 12.0%

(9,522,655) 7.6% 0.17 258,699 277,298 12.2%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR

(9,665,946) 7.5% 0.17 258,699 18,604 12.0%

(9,287,384) 7.9% 0.17 258,699 786,768 12.5%

(9,478,720) 7.7% 0.17 258,699 398,208 12.2%

(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(10,028,490) 7.1% 0.18 258,699 (714,692) 11.6%
(10,708,735) 6.3% 0.18 258,699 (2,083,985) 10.7%
(11,334,111) 5.5% 0.19 258,699 (3,334,715) 9.8%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR

(9,665,946) 7.5% 0.17 258,699 18,604 12.0%

(4,236,716) 7.5% 0.14 258,699 18,604 12.0%

(6,775,288) 7.5% 0.15 258,699 18,604 12.0%

(8,802,848) 7.5% 0.17 258,699 18,604 12.0%

(9,665,946) 7.5% 0.17 258,699 18,604 12.0%
(11,794,508) 7.5% 0.19 258,699 18,604 12.0%
(12,916,174) 7.5% 0.21 258,699 18,604 12.0%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR

(9,665,946) 7.5% 0.17 258,699 18,604 12.0%

(9,665,946) 7.5% 0.17 258,699 14,404,427 12.0%

(9,665,946) 7.5% 0.17 258,699 8,397,784 12.0%

(9,665,946) 7.5% 0.17 258,699 3,718,988 12.0%

(9,665,946) 7.5% 0.17 258,699 18,604 12.0%

(9,665,946) 7.5% 0.17 258,699 (2,950,722) 12.0%

(9,665,946) 7.5% 0.17 258,699 (4,218,755) 12.0%

FNPV FIRR Fin. LCOE tCO2 mitigated  ENPV EIRR

(9,665,946) 7.5% 0.17 258,699 18,604 12.0%

(9,665,946) 7.5% 0.17 258,699 18,604 12.0%

(9,568,846) 7.5% 0.17 258,699 18,209 12.0%

(9,473,650) 7.5% 0.17 258,699 17,821 12.0%

(9,380,302) 7.5% 0.17 258,699 17,441 12.0%

(9,288,749) 7.5% 0.17 258,699 17,068 12.0%

(9,198,940) 7.5% 0.16 258,699 16,702 12.0%




Financial Incremental NPV

Gas Plant

(2,195,791)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)

Option 2: Landfill Option 3: Hydro-

dam

(4,901,663)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)

Option 4: Wind

Turbines

(12,404,891)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)

Economic Incremental

Option 2: Landfill Option 3: Hydro-

Gas Plant

#DIV/0!
416,747
416,747
416,747
416,747
416,747
416,747

dam

687,402
884,909
884,909
884,909
884,909
884,909
884,909

Financial Incremental NPV

Economic Incremental

Option 2: Landfill Option 3: Hydro- Option 4: Wind Option 2: Landfill Option 3: Hydro-
Gas Plant dam Turbines Gas Plant dam
(2,195,791) (4,901,663) (12,404,891) #DIV/0! 687,402
(6,026,689) (7,207,929) (14,711,157) (4,571,520) (4,218,674)
(4,923,693) (6,104,932) (13,608,160) (2,225,136) (1,872,290)
(4,723,148) (5,904,387) (13,407,616) (1,798,521) (1,445,675)
(3,720,424) (4,901,663) (12,404,891) 334,555 687,402
(2,717,700) (3,898,939) (11,402,167) 2,467,632 2,820,478
(1,714,976) (2,896,215) (10,399,443) 4,600,708 4,953,554
(712,252) (1,893,491) (9,396,719) 6,733,784 7,086,630
Financial Incremental NPV Economic Incremental
Option 2: Landfill Option 3: Hydro- Option 4: Wind Option 2: Landfill Option 3: Hydro-
Gas Plant dam Turbines Gas Plant dam
(2,195,791) (4,901,663) (12,404,891) #DIV/0! 687,402
(3,720,424) (4,901,663) (12,404,891) 334,555 687,402
(3,695,356) (4,876,595) (12,379,823) 368,282 721,128
(3,670,288) (4,851,527) (12,354,755) 402,009 754,855
(3,645,220) (4,826,459) (12,329,687) 435,735 788,582
(3,620,151) (4,801,391) (12,304,619) 469,462 822,308
(3,595,083) (4,776,323) (12,279,551) 503,189 856,035

Financial Incremental NPV

Economic Incremental



Gas Plant

(2,195,791)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)

Option 2: Landfill Option 3: Hydro-

dam

(4,901,663)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)

Option 4: Wind

Turbines

(12,404,891)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)

Option 2: Landfill Option 3: Hydro-

Gas Plant

#DIV/0!
416,747
416,747
416,747
416,747
416,747
416,747

dam

687,402
884,909
884,909
884,909
884,909
884,909
884,909

Financial Incremental NPV

Gas Plant

(2,195,791)
(2,658,317)
(2,658,317)
(2,658,317)
(2,658,317)
(2,658,317)
(2,658,317)
(2,658,317)

Option 2: Landfill Option 3: Hydro-

dam

(4,901,663)
(3,834,992)
(3,834,992)
(3,834,992)
(3,834,992)
(3,834,992)
(3,834,992)
(3,834,992)

Option 4: Wind

Turbines

(12,404,891)
(11,341,089)
(11,341,089)
(11,341,089)
(11,341,089)
(11,341,089)
(11,341,089)
(11,341,089)

Economic Incremental

Option 2: Landfill Option 3: Hydro-

Gas Plant

#DIV/0!
416,747
416,747
416,747
416,747
416,747
416,747
416,747

dam

687,402
884,909
884,909
884,909
884,909
884,909
884,909
884,909

Financial Incremental NPV

Gas Plant

(2,195,791)
(3,720,424)
(3,322,517)
(2,924,611)
(2,526,705)
(2,128,798)
(1,730,892)

Option 2: Landfill Option 3: Hydro-

dam

(4,901,663)
(4,901,663)
(4,503,757)
(4,105,851)
(3,707,944)
(3,310,038)
(2,912,132)

Option 4: Wind

Turbines

(12,404,891)
(12,404,891)
(12,006,985)
(11,609,079)
(11,211,172)
(10,813,266)
(10,415,360)

Economic Incremental

Option 2: Landfill Option 3: Hydro-

Gas Plant

#DIV/0!
334,555
334,555
334,555
334,555
334,555
334,555

dam

687,402
687,402
687,402
687,402
687,402
687,402
687,402

Financial Incremental NPV

Gas Plant

(2,195,791)
(2,607,982)
(2,607,982)
(2,607,982)

Option 2: Landfill Option 3: Hydro-

dam

(4,901,663)
(3,784,657)
(3,784,657)
(3,784,657)

Option 4: Wind

Turbines

(12,404,891)
(11,290,754)
(11,290,754)
(11,290,754)

Economic Incremental

Option 2: Landfill Option 3: Hydro-

Gas Plant

#DIV/0!
416,747
416,747
416,747

dam

687,402
884,909
884,909
884,909



(2,607,982) (3,784,657)
(2,607,982) (3,784,657)
(2,607,982) (3,784,657)

(11,290,754)
(11,290,754)
(11,290,754)

416,747 884,909
416,747 884,909
416,747 884,909

Financial Incremental NPV

Option 2: Landfill Option 3: Hydro- Option 4: Wind
Gas Plant dam Turbines
(2,195,791) (4,901,663) (12,404,891)
(2,633,448) (3,810,123) (11,316,220)
(2,633,448) (3,810,123) (11,316,220)
(2,633,448) (3,810,123) (11,316,220)
(2,633,448) (3,810,123) (11,316,220)
(2,633,448) (3,810,123) (11,316,220)
(2,633,448) (3,810,123) (11,316,220)
(2,633,448) (3,810,123) (11,316,220)

Economic Incremental

Option 2: Landfill Option 3: Hydro-

Gas Plant dam
#DIV/0! 687,402
416,747 884,909
416,747 884,909
416,747 884,909
416,747 884,909
416,747 884,909
416,747 884,909
416,747 884,909

Financial Incremental NPV

Option 2: Landfill Option 3: Hydro- Option 4: Wind
Gas Plant dam Turbines
(2,195,791) (4,901,663) (12,404,891)
(3,955,580) (2,723,196) (9,190,196)
(3,850,640) (3,689,873) (10,693,998)
(3,720,424) (4,901,663) (12,404,891)
(3,623,565) (5,917,818) (13,665,171)
(3,576,101) (6,519,962) (14,330,071)

Economic Incremental

Option 2: Landfill Option 3: Hydro-

Gas Plant dam
#DIV/0! 687,402
334,555 687,402
334,555 687,402
334,555 687,402
334,555 687,402
334,555 687,402

Financial Incremental NPV

Option 2: Landfill Option 3: Hydro- Option 4: Wind
Gas Plant dam Turbines
(2,195,791) (4,901,663) (12,404,891)
(2,607,982) (3,784,657) (11,290,754)
(2,607,982) (3,784,657) (11,290,754)
(2,607,982) (3,784,657) (11,290,754)
(2,607,982) (3,784,657) (11,290,754)
(2,607,982) (3,784,657) (11,290,754)

Economic Incremental

Option 2: Landfill Option 3: Hydro-

Gas Plant dam
#DIV/0! 687,402
1,814,746 4,851,652
1,814,746 4,851,652
1,814,746 4,851,652
1,814,746 4,851,652
1,814,746 4,851,652

Financial Incremental NPV

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam

Turbines

Economic Incremental

Option 2: Landfill Option 3: Hydro-
Gas Plant dam



(2,195,791)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)
(2,607,982)

(4,901,663)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)
(3,784,657)

(12,404,891)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)
(11,290,754)

#DIV/0!
416,747
416,747
416,747
416,747
416,747
416,747

687,402
884,909
884,909
884,909
884,909
884,909
884,909







7 8 9 10 11 12

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0

21.0 21.0 21.0 21.0 21.0 21.0

7 8 9 10 11 12

4.08 3.91 3.76 3.61 3.46 3.32

3.47 3.33 3.19 3.07 2.94 2.83

3.40 3.26 3.13 3.00 2.88 2.77
29,749 28,559 27,417 26,320 25,267 24,257
10,091 9,687 9,300 8,928 8,571 8,228

7 8 9 10 11 12
68,720,650 65,971,824 63,332,951 60,799,633 58,367,647 56,032,942
6,247,332 5,997,439 5,757,541 5,527,239 5,306,150 5,093,904
151,721 145,652 139,826 134,233 128,864 123,709
105,955 101,717 97,648 93,742 89,992 86,393
75,225,657 72,216,631 69,327,966 66,554,847 63,892,653 61,336,947
32,500 32,500 32,500 32,500 32,500 32,500
294,000 - - - - 294,000
326,500 32,500 32,500 32,500 32,500 326,500
53,548,558 51,406,616 49,350,351 47,376,337 45,481,284 43,662,032



1,517,209 1,456,521 1,398,260 1,342,330 1,288,636 1,237,091
55,065,767 52,863,137 50,748,611 48,718,667 46,769,920 44,899,123
55,392,267 52,895,637 50,781,111 48,751,167 46,802,420 45,225,623
19,833,390 19,320,994 18,546,854 17,803,680 17,090,233 16,111,324
2,637,727 2,518,840 2,418,148 2,321,484 2,228,687 2,153,601
944,447 920,047 883,184 847,794 813,821 767,206

7 8 9 10 11 12

(840,000) (840,000) (840,000) (840,000) (840,000) (840,000)
(840,000) (840,000) (840,000) (840,000) (840,000) (840,000)
32,500 32,500 32,500 32,500 32,500 32,500
266,893 - - - - 266,893
299,393 32,500 32,500 32,500 32,500 299,393
54,686,465 52,499,006 50,399,046 48,383,084 46,447,761 44,589,851
54,686,465 52,499,006 50,399,046 48,383,084 46,447,761 44,589,851
54,985,858 52,531,506 50,431,546 48,415,584 46,480,261 44,889,244
2,618,374 2,501,500 2,401,502 2,305,504 2,213,346 2,137,583






Econ. LCOE

0.12
0.12
0.13
0.13
0.14
0.15
0.17

Econ. LCOE
0.12
0.12
0.12
0.13
0.13
0.13
0.13

Econ. LCOE
0.12
0.12
0.12
0.12
0.13
0.14

Econ. LCOE
0.12
0.12
0.12
0.12




0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.10
0.11
0.11
0.12
0.13
0.14
0.15

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.13
0.13
0.13
0.13

Econ. LCOE

0.12
0.12
0.13
0.13
0.13
0.14
0.14




Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.13
0.13
0.13
0.12
0.12
0.12

Econ. LCOE

0.12
0.13
0.13
0.13
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.13
0.13




0.13

Econ. LCOE
0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE
0.12
0.12
0.12
0.12
0.12
0.13
0.13

Econ. LCOE
0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE
#DIV/0!
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE
#DIV/0!
0.12




0.12
0.12
0.12
0.12
0.12

Econ. LCOE
#DIV/0!
0.12
0.12
0.12
0.13
0.14

Econ. LCOE
#DIV/0!
0.10
0.10
0.10
0.10
0.10
0.10
0.10

Econ. LCOE
#DIV/0!
0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE
#DIV/0!
0.12
0.13
0.14
0.14
0.15
0.16




Econ. LCOE
#DIV/0!
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE
#DIV/0!
0.12
0.13
0.13
0.14
0.15
0.15

Econ. LCOE
#DIV/0!
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE
#DIV/0!
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE
#DIV/0!
0.14
0.13
0.13
0.12




0.12
0.12

Econ. LCOE
#DIV/0!
0.13
0.13
0.13
0.12
0.12
0.12

Econ. LCOE
#DIV/0!
0.12
0.12
0.12
0.12
0.13
0.13

Econ. LCOE
#DIV/0!
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE
#DIV/0!
0.11
0.11
0.12
0.12
0.13
0.13

Econ. LCOE
#DIV/0!
0.12




0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.11
0.12
0.12
0.12
0.13
0.14
0.14




Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.13
0.14
0.15
0.17
0.18

Econ. LCOE

0.12
0.12
0.12
0.12




0.12
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.14
0.13
0.13
0.12
0.12
0.11

Econ. LCOE

0.12
0.14
0.14
0.13
0.13
0.12
0.12

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.13
0.13

Econ. LCOE

0.12




0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.12
0.10
0.11
0.11
0.12
0.13
0.14

Econ. LCOE

0.12
0.12
0.12
0.12
0.12
0.12
0.12

Econ. LCOE

0.15
0.15
0.16
0.19
0.23
0.31
0.45

Econ. LCOE

0.15
0.15
0.15
0.15
0.15
0.15
0.15




Econ. LCOE

0.15
0.15
0.15
0.15
0.16
0.19

Econ. LCOE

0.15
0.14
0.15
0.15
0.15
0.16
0.16
0.16

Econ. LCOE

0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15

Econ. LCOE

0.15
0.15
0.16
0.16
0.16
0.17
0.17

Econ. LCOE

0.15
0.15
0.15




0.15
0.15
0.15
0.15

Econ. LCOE

0.15
0.15
0.17
0.19
0.21
0.23
0.26

Econ. LCOE

0.15
0.15
0.15
0.15
0.15
0.15
0.15

Econ. LCOE

0.15
0.15
0.15
0.15
0.15
0.15
0.15

Econ. LCOE

0.15
0.21
0.18
0.15
0.14
0.12
0.11

Econ. LCOE




0.15
0.18
0.17
0.16
0.16
0.15
0.15

Econ. LCOE

0.15
0.15
0.15
0.15
0.16
0.16
0.17

Econ. LCOE

0.15
0.15
0.15
0.15
0.15
0.15
0.15

Econ. LCOE

0.15
0.11
0.12
0.14
0.15
0.17
0.18

Econ. LCOE

0.15
0.15
0.15
0.15
0.15
0.15
0.15




NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) - 18.9 48.0
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) - 18.9 48.0
(11,472,461) 113.4 27.9 56.9
(9,126,077) 92.7 23.6 52.6
(8,699,462) 88.9 22.8 51.8
(6,566,386) 70.0 18.9 48.0
(4,433,309) 51.1 15.1 44.1
(2,300,233) 32.3 11.2 40.2
(167,157) 13.4 7.3 36.3
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) - 18.9 48.0
(6,566,386) 70.0 18.9 48.0
(6,532,659) 69.5 18.9 47.9
(6,498,932) 69.1 18.8 47.8
(6,465,206) 68.6 18.7 47.7
(6,431,479) 68.1 18.6 47.6
(6,397,752) 67.7 18.5 47.5
NPV Financial CEA (USD/tCO2 mitigated)




Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) - 18.9 48.0
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) - 18.9 48.0
(6,259,834) 50.0 14.8 43.8
(6,259,834) 50.0 14.8 43.8
(6,259,834) 50.0 14.8 43.8
(6,259,834) 50.0 14.8 43.8
(6,259,834) 50.0 14.8 43.8
(6,259,834) 50.0 14.8 43.8
(6,259,834) 50.0 14.8 43.8
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) - 18.9 48.0
(6,566,386) 70.0 18.9 48.0
(6,566,386) 62.5 17.4 46.4
(6,566,386) 55.0 15.9 44.9
(6,566,386) 47.5 14.3 43.3
(6,566,386) 40.1 12.8 41.8
(6,566,386) 32.6 11.3 40.3
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) - 18.9 48.0
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6




(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
(6,259,834) 49.1 14.6 43.6
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) - 18.9 48.0
(6,259,834) 186.9 17.3 51.5
(6,259,834) 186.9 17.3 51.5
(6,259,834) 186.9 17.3 51.5
(6,259,834) 186.9 17.3 51.5
(6,259,834) 186.9 17.3 51.5
(6,259,834) 186.9 17.3 51.5
(6,259,834) 186.9 17.3 51.5
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) - 18.9 48.0
(6,566,386) 72.2 10.5 35.5
(6,566,386) 70.8 14.3 41.3
(6,566,386) 70.0 18.9 48.0
(6,566,386) 70.5 22.9 52.8
(6,566,386) 71.6 25.2 55.4
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind
Turbines Gas Plant dam Turbines
(6,566,386) - 18.9 48.0
(795,615) 49.1 14.6 43.6
(795,615) 49.1 14.6 43.6
(795,615) 49.1 14.6 43.6
(795,615) 49.1 14.6 43.6
(795,615) 49.1 14.6 43.6
NPV Financial CEA (USD/tCO2 mitigated)
Option 4: Wind Option 2: Landfill Option 3: Hydro- Option 4: Wind

Turbines

Gas Plant dam Turbines




(6,566,386)
(6,259,834)
(6,259,834)
(6,259,834)
(6,259,834)
(6,259,834)
(6,259,834)

49.1
49.1
49.1
49.1
49.1
49.1

18.9
14.6
14.6
14.6
14.6
14.6
14.6

48.0
43.6
43.6
43.6
43.6
43.6
43.6







13 14 15 16 17 18
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
21.0 21.0 21.0 21.0 21.0 21.0
13 14 15 16 17 18
3.19 3.06 2.94 2.82 2.71 2.60
2.71 2.60 2.50 2.40 2.30 2.21
2.66 2.55 2.45 2.35 2.26 2.17
23,286 22,355 21,461 20,602 19,778 18,987
7,899 7,583 7,279 6,988 6,709 6,440
13 14 15 16 17 18
53,791,624 51,639,959 49,574,361 47,591,386 45,687,731 43,860,221
4,890,148 4,694,542 4,506,760 4,326,490 4,153,430 3,987,293
118,761 114,010 109,450 105,072 100,869 96,834
82,937 79,619 76,435 73,377 70,442 67,624
58,883,469 56,528,130 54,267,005 52,096,325 50,012,472 48,011,973
32,500 32,500 32,500 32,500 32,500 32,500

- - - - 294,000 -
32,500 32,500 32,500 32,500 326,500 32,500
41,915,551 40,238,929 38,629,372 37,084,197 35,600,829 34,176,796



1,187,607 1,140,103 1,094,499 1,050,719 1,008,690 968,343
43,103,158 41,379,032 39,723,871 38,134,916 36,609,519 35,145,139
43,135,658 41,411,532 39,756,371 38,167,416 36,936,019 35,177,639
15,747,811 15,116,598 14,510,634 13,928,909 13,076,453 12,834,335
2,054,079 1,971,978 1,893,161 1,817,496 1,758,858 1,675,126
749,896 719,838 690,983 663,281 622,688 611,159
13 14 15 16 17 18
(840,000) (840,000) (840,000) (840,000) (840,000) (840,000)
(840,000) (840,000) (840,000) (840,000) (840,000) (840,000)
32,500 32,500 32,500 32,500 32,500 32,500

- - - - 266,893 -
32,500 32,500 32,500 32,500 299,393 32,500
42,806,257 41,094,006 39,450,246 37,872,236 36,357,347 34,903,053
42,806,257 41,094,006 39,450,246 37,872,236 36,357,347 34,903,053
42,838,757 41,126,506 39,482,746 37,904,736 36,656,740 34,935,553
2,039,941 1,958,405 1,880,131 1,804,987 1,745,559 1,663,598
















































Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines

#DIV/0! (2.7) 25.4
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines
#DIV/0! (2.7) 25.4
84.1 16.3 44.3
40.9 7.2 35.3
33.1 5.6 33.6
(6.2) (2.7) 25.4
(45.4) (10.9) 17.1
(84.6) (19.1) 8.9
(123.9) (27.4) 0.6

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines

#DIV/0! (2.7) 25.4
(6.2) (2.7) 25.4
(6.8) (2.8) 25.3
(7.4) (2.9) 25.1
(8.0) (3.0) 25.0
(8.6) (3.2) 24.9
(9.3) (3.3) 24.7

Economic CEA (USD/tCO2 mitigated)




Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines

#DIV/0! (2.7) 25.4
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines

#DIV/0! (2.7) 25.4
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines

#DIV/0! (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines

#DIV/0! (2.7) 25.4
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2

(7.7) (3.4) 24.2




(7.7) (3.4) 24.2
(7.7) (3.4) 24.2
(7.7) (3.4) 24.2

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines

#DIV/0! (2.7) 25.4
(27.2) (4.0) 28.5
(27.2) (4.0) 28.5
(27.2) (4.0) 28.5
(27.2) (4.0) 28.5
(27.2) (4.0) 28.5
(27.2) (4.0) 28.5
(27.2) (4.0) 28.5

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines

#DIV/0! (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4
(6.2) (2.7) 25.4

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind

Gas Plant dam Turbines

#DIV/0! (2.7) 25.4
(33.0) (18.8) 3.1
(33.0) (18.8) 3.1
(33.0) (18.8) 3.1
(33.0) (18.8) 3.1
(33.0) (18.8) 3.1

Economic CEA (USD/tCO2 mitigated)

Option 2: Landfill Option 3: Hydro- Option 4: Wind
Gas Plant dam Turbines




#DIV/0!

(7.7)
(7.7)
(7.7)
(7.7)
(7.7)
(7.7)

(2.7)
(3.4)
(3.4)
(3.4)
(3.4)
(3.4)
(3.4)

254
24.2
24.2
24.2
24.2
24.2
24.2







19 20 21

1.0 1.0 1.0

1.0 1.0 1.0

1.0 1.0 1.0

21.0 21.0 21.0

19 20 21
2.50 2.40 -
2.12 2.04 -
2.08 2.00 -
18,228 17,499 -
6,183 5,935 -

19 20 21
42,105,813 40,421,580 -
3,827,801 3,674,689 -
92,961 89,242 -
64,920 62,323 )
46,091,494 44,247,834 -

- - (44,100,000)
32,500 32,500 -

32,500 32,500 (44,100,000)
32,809,724 31,497,335 -




929,609 892,424 -
33,739,333 32,389,760 -
33,771,833 32,422,260 (44,100,000)
12,319,661 11,825,575 44,100,000
1,608,183 1,543,917 (2,100,000)
586,651 563,123 2,100,000
19 20 21
(840,000) (840,000) -
(840,000) (840,000) -
- - (47,098,800)
32,500 32,500 -
32,500 32,500 (47,098,800)
33,506,931 32,166,654 -
33,506,931 32,166,654 -
33,539,431 32,199,154 (47,098,800)
1,597,116 1,533,293 (2,242,800)







Foreign exchange premium

8.50%

Value of production
Investment cost (diesel)
Investment cost (renewables)
Recurring costs

Operations and maintenance
Fuel

Financial value

231

e e

% traded

0%
80%
80%
80%
25%
90%




Effective
subsidy/tax

40%
-15%
0%
-15%
0%

50%

Economic value

3.23
0.91
1.07
0.91
1.02

1.61

CF

1.40
0.91
1.07
0.91
1.02
1.61




Mitigation Pre-day Case Study Handout

Strategic Context

This case study is a fictional (although realistic) example of clean energy project alternatives in the
context of Vietnam. The situation that this analysis would reflect is as follows:

The mission has XX million dollars to spend on GCC mitigation activities, and is trying to determine how
to spend it. One option which has been proposed is to provide loan guarantees or co-financing to a
power company which is exploring clean energy alternatives to diesel-based electricity production. The
company is considering three alternatives: landfill gas, wind and small-scale hydro (run-of-the-river)
power. The following analysis will attempt to answer several questions:

- Which alternative has the greatest potential to reduce GHG emissions?

- Which alternative has the greatest cost-effectiveness (USD invested/ton of CO2e mitigated)?

- What kind of incentives could induce the energy producer to switch to the preferred
technology?

The analysis evaluates three clean energy technologies against a counterfactual which assumes that the
energy produced by the project would instead be produced by a small-scale diesel-powered turbine
electrical plant. The following paragraphs provide the relevant information on each energy generation
technology that you will need for the case study.

Notes about the model:

- The model has been left partially blank, so you will need to fill in the blanks in order to complete
the model and evaluate each intervention

- Cellsin dark grey are blanks that need to be filled in during the course of the case-study. All
other cells that need to be filled in for the model have already been completed.

- Cells highlighted in yellow are input cells, and can be hard-coded. All cells outside of the table of
inputs should only use references, not hard-coding. If you enter any hard numbers in other cells
in the model, it will not generate correct answers (particularly when you perform sensitivity
analysis)

- Cells which are light grey should not be filled in.

General Parameters

The electricity generated as a result of this project will be fed into the grid and the firm will be paid a
fixed price of 2,310 Vietnamese Duong (VND) per kilowatt-hour (kWh) generated by the utility, no

matter how it is generated. The firm will pay a corporate income tax rate of 10% of the difference
between revenues (the quantity of electricity generated * the price of electricity) and operations and
maintenance costs. The financial discount rate for the firm is 15% per year, and the economic discount
rate for the analysis is 12%. The exchange rate is 21,000 VND per US dollar. For each technology type,
the recurring costs and fuel costs, if applicable, are in USD, since it is necessary to import these. The
Vietnamese government provides a number of incentives to encourage clean energy production. These



include a production tax credit of 210 VND per kWh generated using certified clean energy methods

(including LFG, wind and hydro), a 10% reduction in total income tax liability. Additionally, if the firm
generates its electricity using clean energy, it is eligible to receive a payment for $2 per ton of CO2
equivalent (tCO2e) mitigated.

Project Flow Tables

Diesel Generator — counterfactual

The diesel generator costs 105,000,000,000 VND to purchase and requires one year to bring online (it is
purchased and installed in year 0 and begins to produce electricity at the beginning of year 1). It has a
useful life of 40 years, and at the end of the 20-year analysis period, it has a residual value of
21,000,000,000 VND. In addition to the initial investment, the generator requires recurring investments
of 10,000 USD every five years, beginning in year 5 of operations. Operations and maintenance costs for
the generator are 294 VND/kWh, and fuel costs are 5.6 cents/kWh.

The diesel generator has a nameplate capacity of 5 megawatts (MW), with a capacity factor of 85% and
an availability factor of 90%. The capacity of the plant is projected to decline by 1% per year. The plant
will produce 0.000424 tCO2e per kWh generated. The generator creates a negative environmental
externality of 1,575,000,000 VND per year.

Landfill Gas Plant

The landfill gas plant (LFG) costs 147,000,000,000 VND over two years to purchase and requires two

years to bring online (it is purchased and installed over years 0 and 1 and begins to produce electricity at
the beginning of year 2). It has a useful life of 20 years, and at the end of the 20-year analysis period, it

has a residual value of 41,100,000,000 VND. In addition to the initial investment, the plant requires
recurring investments of 14,000 USD every five years, beginning in year 5 of operations. Operations and
maintenance costs for the plant are 1,800 VND/kWh.

The LFG plant has a nameplate capacity of 5 megawatts (MW), with a capacity factor of 85% and an

availability factor of 98%. The capacity of the plant is projected to decline by 4% per year. The plant will
produce 0.0003392 tons of CO2 equivalent (tCO2e) per kWh generated. The plant generates a negative

environmental externality of 840,000,000 VND per year.

Small Hydro Plant

The small hydro plant costs 302,400,000,000 VND over three years to purchase and requires three years
to bring online (it is purchased and installed in years 0 through 2 and begins to produce electricity at the
beginning of year 3). It has a useful life of 40 years, and at the end of the 20-year analysis period, it has
a residual value of 60,480,000,000 VND. In addition to the initial investment, the plant requires
recurring investments of 20,000 USD every seven years, beginning in year 7 of operations. Operations
and maintenance costs for the plant are 1,230 VND/kWh.



The LFG plant has a nameplate capacity of 8 megawatts (MW), with a capacity factor of 65% and an
availability factor of 85%. The capacity of the plant is projected to decline by 0.5% per year. The plant
produces no CO2, and no negative environmental externality.

Wind Turbines

The wind turbines cost 504,000,000,000 VND to purchase and require one year to bring online (they are
purchased and installed in year 0 and begin to produce electricity at the beginning of year 1). They have
a useful life of 20 years, and at the end of the 20-year analysis period, they have a residual value of
126,000,000,000 VND. In addition to the initial investment, the turbines require recurring investments
of 20,000 USD every five years, beginning in year 5 of operations. Operations and maintenance costs for
the plant are 840 VND/kWh.

The LFG plant has a nameplate capacity of 12 megawatts (MW), with a capacity factor of 30% and an
availability factor of 98%. The capacity of the plant is projected to decline by 0.5% per year. The plant
produces no CO2, and no negative environmental externality.

Questions based on the case:

- What is the incremental financial NPV of each clean energy option? What do these NPVs
indicate about the likelihood that these projects will be undertaken absent public intervention?

- What is the incremental economic NPV of each clean energy option? What do these NPVs
indicate about the benefit to society of each of these alternatives?

- Given the financial and economic NPVs of each of these projects, would you recommend
undertaking any of these alternative projects?

- Which alternative will decrease CO2 emissions by the greatest amount?

- Not including the benefits of reduced CO2 emissions, which alternative will have the greatest
positive economic impact?

- Interms of the financial analysis of these alternatives, what would the market price of reduced
CO2 emissions need to be (in USD/tCO2 mitigated) in order to make each alternative financially
viable?

- Interms of the economic analysis of these alternatives, what would the economic value of
reduced CO2 emissions need to be (in USD/tCO2 mitigated in order to make each alternative
beneficial to society?

- For each alternative, what are some ways we might structure an intervention in order to make
the alternative financially viable from the perspective of the power producer?

- Without having yet performed a sensitivity analysis, what do you think are some of the variables
that most impact the value of each of the project alternatives?

- What are some simplifications, assumptions or other features of this model with which you
don’t agree? What are some ways that you can think of improving the structure of the model?

- What important questions about this project are not answered by this CBA? What are some
other sources of information or analysis you would like to consider in order to make a decision
about which project alternative you should support?
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Introduction

e Purpose

— Show how these courses are components of
wider initiatives
e Outline

— Why CBA?
— Progress in reintroducing CBA at AID: early efforts
concentrated in Feed the Future
— Main priorities going forward:
« GCC
e Power, water, roads, education



Why CBA?

CBA can help answer critical questions

e |s this project beneficial for the

economy/society?
— Is it financially sustainable? Sustainability analysis is mandatory
as part of project design
— Who are the winners and who are the losers?
— What are the risk factors?
— Are the benefits to society higher than the costs?

« CBA is closely linked with Project Design & M&E
— CBA can help guide design process alongside LOGFRAME

— Performance monitoring: CBA defines a without project situation,
generates targets & identifies critical variables to monitor

— Impact evaluation: CBA compares with and without the project
scenarios. Ex-post economic rate of return a good summary statistic



Project Design, M&E and CBA in USAID
Mid 1990s to 2010




Reintroducing CBA at USAID 2010-13

e 2010: Mary Ott & Gary Linden Initiative

— Arnold (Al) Harberger USAID Chief Economic
Advisor

— 25 USAID officers trained at Duke

— Supply of USAID CBA analysts exceeded demand:
no CBAs were carried out

« 2011: June BFS management mandates CBA
of Feed the Future programs

e 2012: Getting ready for CBA in other sectors
Including power, roads, water, GCC

e 2013: Working in other sectors & greater
emphasis on CPCs



CBA Training 2010 to 2013

# of courses

# of participants

Four-week intensive course in CBA

Online course in CBA

Feed the Future Workshops

Project Design & CBA

GCC Mitigation

GCC Adaptation

RDMA: energy, agriculture, GCC

Pakistan CBA power and agriculture
Afghanistan CBA for power and agriculture
CBA for agricultural project design

Advanced Topics in CBA power, education, & health

South Africa CBA for government counterparts
Kenya CBA course for government counterparts
TOTAL

4
2

=
o

N S N = T S = N

=

27

90
130
200

30

20

30

25

25

25

25

25

40
40
705




CBA of Feed the Future Programs

First Round: Haiti, Uganda, Ghana, Tanzania, Rwanda, &

Bangladesh

Teams: E3/EP, BFS DLIs, & mission staff

E3/EP predominant role with help from G. Jenkins (CRI)
Second Round: Additional 13 countries

Teams E3, BFS, & mission staff

Trainings on CBA of agricultural projects

— Regional workshops East Africa, West Africa, South
Africa (2), Asia, Europe & Central America

— Country workshops in Haiti and Kosovo
— 200 USAID officers trained (mostly AG officers)
Reduced role for E3/EP in CBAS




Findings from 14 Feed the Future Focus
Countries: Radelet Model Validated

Average Median Range

ERR* (%) 30% 229 14%-64%

» Useful for new and on-going projects —
but most useful at design stage

e Important for ensuring sustainability of investments
e Most useful if model “installed” in the mission
 FSN participation critical

« Multidisciplinary effort necessary

* Field visits useful/necessary

* Modified IRR
** Excluding farmer costs



CBA/CEA Into the Future

o Continue to support BFS

 New directions:
1. Carry out CBA early in the project cycle
2. Strive for impact on resource allocation

3. Use CBA throughout the project cycle: design,
monitoring, and final evaluation

4. Train partner country officials
5. Encourage greater use of CBA by partner countries

6. Work in sectors other than agriculture such as power,
water, education, transport, GCC discussed next slide

Should CBA be mandatory?



GCC Activities

e PAST

— Eric Postel AA/E3 requested EP include GCC In
CBA/CEA plans

— Courses on Mitigation & Adaptation March 2013 Abt
Associates

— Hiring Bill Ward May 2013

« PRESENT Courses on Mitigation & Adaptation 2014
« FUTURE TRAINING

_ Mozambique . Coqrses based on actual
projects

— RDMA * |Include partner government

— El Salvador officials




Questions?

Points of Contact for Cost Benefit Analysis

 Juan Belt (jbelt@usaid.gov) (juan.a.b.belt@gmail.com)
e Eric Hyman (ehyman@usaid.gov)

 Sarah Lane (slane@usaid.qov)

e Jerrod Mason (jlemason@usaid.gov)

o Kristen Schubert (krschubert@usaid.gov)

* Bill Ward (wward@usaid.gov)

More information on CBA @ AID

http://245elmp0l1.blackmesh.com/Strengthening_ CBA _US
AlID_Juan_Belt/story content/external files/USAID-CBA-
STRENGTHENING CBA-FINAL.pdf
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mailto:wward@usaid.gov

INTRODUCTION TO
CLIMATE CHANGE
MITIGATION AT USAID

APRIL 29, 2014
MATTHEW OGONOWSKI
E3/GLOBAL CLIMATE CHANGE OFFICE



GREENHOUSE GAS (GHG) TYPES AND SOURCES

Main GHGs

Carbon Dioxide (CO,)
Methane (CH,) -- global warming potential 21 X CO,
Nitrous Oxide (N,O) global warming potential 310 X CO,

Key Sources

Burning of fossil fuels for electricity, transportation,
Industrial production, etc.

Land use change (land clearing, deforestation, forest
degradation)

Land use (agricultural methane and N,O)



GLOBAL GHG EMISSIONS BY SECTOR

Waste
Land-Use Change 3% Electricity &

& Forestry™ Hest
18% 27%

Agriculture
13%
Manufacturing &

Industrial Construction
Processes 1156
3% _
Cther Energy Transportation
sector 129%,
13%

Source: http://earthtrends.wri.org



http://earthtrends.wri.org/

PROJECTED CLIMATE CHANGE

As emissions increase > average global temperature increases
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Source: http://www.epa.gov/climatechange/science/futuretc.html



http://www.epa.gov/climatechange/science/futuretc.html
http://www.epa.gov/climatechange/science/futuretc.html
http://www.epa.gov/climatechange/science/futuretc.html

CLIMATE CHANGE IMPACTS

e Increasing average temperatures
(with large increases or decreases
IN some countries, regions)

 More extreme weather events,
Including stronger storms

« Changing precipitation patterns
(droughts, floods more common)

e Rising sea levels (submerges
coastal lands, harm to local
ecosyStemS) Image source: Global Post

 Ocean acidification (leads to coral
die-off, disruption of marine food chains

« Melting glaciers (additional sea level rise) 5


http://www.globalpost.com/dispatch/news/regions/americas/peru/120716/lima-water-shortage-desert-city-climate-change-global-warming

ALL NATIONS CONTRIBUTE TO GHG EMISSIONS

Business-as-usual CO, Emission Projections by Region
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Data derved from Global Energy Technology Stralegy, Addressing Climate Change: Phase 2 Findings from an Infernalional Public-Private Sponsored Research
Prograrm, Battelle Mamaorial Institute, 2007,
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ADDRESSING GCC MAKES ECONOMIC SENSE

e Reducing GHG emissions now | >
avoids future climate change damages

 Difficult to accurately predict both climate change
Impacts and associated costs, and costs of mitigation...

e ...but investing in climate change mitigation and
adaptation NOW is a smart long-term investment.



UN FRAMEWORK CONVENTION ON CLIMATE CHANGE

Adopted at Rio Earth Summit in 1992

.ffcaa
Sets overall framework for global t" C };‘
response to climate change w
Objective: www.unfccc.int

— To stabilize greenhouse gas concentrations in the
atmosphere at a level that will prevent dangerous
anthropogenic interference with the climate system.

Common but differentiated responsibilities

Conference of the Parties (COP): Supreme decision-
making body of the Convention. All States that are Parties
to it are represented at the COP, at which they review
progress and take decisions necessary for the effective
Implementation of the Convention. o


http://www.unfccc.int/

UNFCCC: COPENHAGEN ACCORD

 Agreed in December 2009 in Copenhagen, Denmark at
COP 15

* Not legally binding, but meaningful step forward

e Agreed to limit climate change to no more than 2
degrees Celsius by 2100

e $30 billion in climate finance pledged from developed
countries (“fast start” finance) by 2012

* Developed countries also agreed to mobilize $100 billion
In climate finance per year by 2020

UNITED
NATIONS
CLIMATE
CHANGE
CONFERENC!

COPENHAGEN 2008

9



UNFCCC: CURRENT STATUS

* |n Warsaw last year at COP 19, countries agreed to
develop a new international climate agreement

« Agreement to be finalized at COP 21 in Paris in
December 2015, implemented starting in 2020

« Agreement will apply to all Parties

e Countries requested to make “nationally
determined contributions” to global GHG mitigation

10



WHY CLIMATE CHANGE MATTERS FOR DEVELOPMENT (1)

 The poorest and most vulnerable people and countries
will suffer the most from climate change.

11



WHY CLIMATE CHANGE MATTERS FOR DEVELOPMENT (2)

« Altering water availability
e Disrupting food production

 Damaging or destroying
Infrastructure

« Expanding the range of .
human and animal diseases §

o EXxacerbating existing environmental problems

e Contributing to migration

« Disrupting how people earn a living

e Causing conflicts over resources and governance
problems

12



CLIMATE CHANGE: ADMINISTRATION/USAID PRIORITY

* President’s Global Development Policy includes Global
Climate Change Initiative (GCCI) in 2010

 One of USAID’s top three priorities along with Feed the
Future and Global Health

« Obama’s 2013 Climate Action Plan: deploying clean
energy and improved transportation in the United States
to reduce emissions; preparing the country to adapt to
climate change; promoting international action

USAID

sl Lt ,f FROM THE AMERICAMN FEOPLE
H'--L-"

13



USAID CLIMATE CHANGE & DEVELOPMENT STRATEGY

USAID’s Climate Change & (Z}USAID
Development Strategy =
(2012-2016)

Goal: Help countries accelerate their
transition to climate resilient, low
emission sustainable economic
development

Overarching Principle: Strengthen
development outcomes through direct SO
climate change program investments and [Esu"— ot
by integrating climate change throughout ez
USAID programming, learning, policy
dialogues, and internal operations

JANUARY 2012

http://www.usaid.qgov/climate/gccs

14


http://www.usaid.gov/climate/gccs

STRATEGIC APPROACH

« Emphasizes seeking large and systemic impacts by
Investing in enabling environments

« Highlights the importance of mobilizing private sector
resources, which have the potential to be several orders
of magnitude greater than foreign aid resources alone

 Instructs that demonstration projects should have clear
potential to catalyze national policy or institutional
changes

15



USAID CLIMATE CHANGE APPROACH: THREE PILLARS

Global Climate Change

Mitigation: “ l
reducing
GHG __, Greenhouse gas Climate change
emissions emissions impacts
reduces
severity of
climate
change
Clean Sustainable
Energy Landscapes

Adaptation:
reduces
vulnerability
to climate
change
impacts;
reduces losses

Integration

16




TO AVOID GOING BEYOND 2 DEGREES WARMING...

... we need to bend emissions curves

GHG emissions

d
(current emissions level) tb"'/ay

Time

17



CLIMATE CHANGE & DEVELOPMENT STRATEGY:
MITIGATION

Anticipated outcomes

 Greenhouse gas emissions reduced or sequestered
through expanded use of clean energy or improved
ecosystem management

e Partner countries implement laws, policies, or
regulations addressing climate change mitigation

* Increased number of institutions with improved
capacity to address climate change mitigation

e Public or private resources leveraged for climate
change

« Low Emission Development Strategies (LEDS)
supported in 20 partner countries

18



WHAT IS A LEDS?

A Low Emission Development Strategy is...

...a strategic economic development and environmental
planning framework

...that articulates actionable programs and policies

...to put a country on a climate-resilient development
path

...while working toward long-term measurable GHG
emission reductions.

19



ORGANIZING, DEVELOPING AND IMPLEMENTING LEDS

1. Organize
A LEDS Process

2. Assess
Current Situation

e Each step serves as a
foundation for the next

e Feedback loops make the LEDS
process iterative

3. Analyze
Options

4. Prioritize
Actions

5. Implement v
and Monitor

Feedback
sdealg

20



WHAT IS THE ENHANCING CAPACITY FOR LOW EMISSION
DEVELOPMENT STRATEGIES (EC-LEDS) PROGRAM?

A whole-of-government U.S. Initiative to support partner
countries’ efforts to pursue long-term, transformative
development and accelerate sustainable, climate resilient

economic growth while slowing the growth of greenhouse
gas (GHG) emissions

Objectives:

1. To provide targeted technical assistance for LEDS
design and implementation

2. To build global dialogue and a shared international
knowledge base on LEDS

21



EC-LEDS PRINCIPLES

e Focus on enhancing capacity of partner
countries

« Build upon existing climate change-related
strategies in partner countries

e Support partner country priorities and national
development objectives

e Adopt a whole-of-government approach both for
U.S. and partner countries

« Coordinate closely with other donors, existing
processes, national programs

22



EC-LEDS US GOVERNMENT AGENCIES

EC-LEDS is a joint initiative led by USAID and the Department of State.

=
'.ii —=
ﬁg FROM THE AMERICAN PEOPLE

EC-LEDS brings to bear the resources and expertise of numerous U.S.
Government agencies.

These agencies provide support through scoping, assessments,
technical assistance, and capacity building activities.

23



EC-LEDS AND USAID MITIGATION PILLARS

« USAID funding for climate change mitigation
Includes Clean Energy (CE) and Sustainable
Landscapes (SL)

* In EC-LEDS partner countries, both Clean Energy
and Sustainable Landscapes funding must be
used for activities that support the improvement or
Implementation of a partner country’s LEDS

 Promotes large-scale action and long-term
sustainability

24



MISSIONS RECEIVING GCC MITIGATION FUNDS FY2013

e Clean Energy: Bangladesh, Barbados, Ghana,
India, Indonesia, Kazakhstan, Philippines,
Vietnam, Colombia, Mexico, Kenya, South
Africa, Georgia, Ukraine

 Regional missions RDMA, East Africa, Southern
Africa, West Africa, ECAM

e Sustainable Landscapes: Bangladesh,
Cambodia, Ecuador, India, Indonesia, Nepal,
Philippines, Vietham, Colombia, Guatemala,
Jamaica, Mexico, Peru, Malawi, Zambia

 Regional missions RDMA, West Africa, Central
Africa, ECAM 25



CLEAN ENERGY: BASICS

The Issue: Energy is crucial for
development, but increasing fossil fuel
energy use exacerbates climate change

— GHG emissions from developing
countries rising

— BUT billions of people in poor
countries need modern energy

The Response: Achieve economic growth
without significant increases in GHG
emissions through energy efficiency and
renewable energy development

26



CLEAN ENERGY: COMMON OBJECTIVES

Why should What benefits

does it bring to a
country/economy?

developing
countries promote
CE?

1. Economic growth and stability
2. Energy security

3. Greenhouse gas (GHG) reductions

27



CLEAN ENERGY (CE) PILLAR: CONTEXT

* Developing countries making energy investments now
that will impact long-term energy consumption and GHG
emissions

« USAID sees energy as a critical and cross-cutting
Input with significant development impacts

— EX. Energy sector reform can strengthen democracy and
governance

 USAID CE programming addresses barriers to clean
energy development and deployment in developing
countries

— Ex. National policies and planning frameworks, energy sector
reform, and creating and/or strengthening the enabling
environment

28



CLEAN ENERGY (CE) PILLAR: DEFINITION

« (Goal: enable countries to accelerate their transition to low
emission development through investments in clean energy

 Programs work toward one or both of the following results:

— National frameworks for low emission development established
or improved

— Clean energy use and investment enabled

o Support activities that reduce, mitigate and/or sequester
greenhouse gases that contribute to global climate change

o Support and promote the sustainable use of renewable
energy technologies and end-use energy efficiency
technologies, carbon sequestration [in forests and other
lands] and carbon accounting
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ELIGIBLE CLEAN ENERGY PROGRAMMING EXAMPLES (1)

e Assistance to develop and implement Low Emission
Development Strategies (LEDS)

« Renewable energy generation and demand-side
energy efficiency

e Strengthening GHG inventory and accounting
systems and promoting measurement, reporting and
verification (MRV) systems, including carbon market
readiness

« Developing or improving the enabling environment
(policies, laws, regulations and institutions) for
sustainable renewable energy and/or end-use energy
efficiency programs
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LEVERAGING PRIVATE SECTOR INVESTMENT

e Development Credit
Authority (DCA)
Guarantees

e Global Development
Alliance (GDA)

* Private Financing
Advisory Network
(PFAN)
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SUSTAINABLE LANDSCAPES: BASICS

The Issue:

 Landscapes are a
significant source of GHG
emissions in developing
countries, and are the
primary source in many

The Response:

* Preserve forests through Reducing Emissions from
Deforestation and Forest Degradation, and
conservation, sustainable management of forests and
enhancement of forest carbon stocks (REDD+)

 Reduce emissions from agricultural lands and other
landscapes that are significant sources of emissions
through policy and on-the-ground engagement 2



FOREST AND AGRICULTURE MITIGATION

 Avoiding losses of carbon stocks

— Reducing deforestation and forest
degradation

Reducing GHG emissions

e Increasing carbon stocks
— Replanting or creating forests
— Developing agroforestry
— Sustainable forest management

Removing GHG emissions

 Reducing emissions from agriculture
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SUSTAINABLE LANDSCAPES (SL) PILLAR: CONTEXT

 Many countries already working with the World Bank
Forest Carbon Partnership Facility, and the United
Nations Collaborative Programme on Reducing
Emissions from Deforestation and Forest Degradation in
Developing Countries (UN-REDD). USAID investments
aim to build on these efforts.

 Where national REDD+ planning processes do not exist,
USAID investments can lay the groundwork for such
processes

o Key aspects of early action will include institutional and
human capacity building, as well as creating enabling
environments through policy actions
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SUSTAINABLE LANDSCAPES (SL) PILLAR: DEFINITION

e Goal: Slow, halt, and reverse
emissions from land use

a) National frameworks for low emission
development established or
improved, and

b) Capacity in partner countries for
national scale implementation of low
emission development strategies in
the land use sector increased

e SL funds contribute to moving a
country to a low emission, high-
sequestration development
pathway in the land use sector
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EXAMPLES OF ELIGIBLE FOCUSED SL ACTIVITIES

e Direct/focused SL funded activities: Have primary goal of
reducing emissions or building national or sub-national
capacity for planning/implementation of low emission
development

« Creating or improving national or sub-national LEDS or
REDD+ strategies

* Implementing or improving measurement, reporting and
verification (MRV) systems

e Establishing or strengthening effective institutions that
support low emission development

 Field-level land use practices that result in quantified
sequestration and are linked to national or sub-national
mitigation plans or strategies
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EXAMPLES OF ELIGIBLE INDIRECT SL ACTIVITIES

 Indirect activities: Primary purpose not climate change
mitigation, but achieve forest conservation/emission
reduction benefits

e Supporting a forest conservation project that leads to
reduced impact logging and less deforestation

 Improving land tenure systems, creating incentives for
communities to manage and restore forested areas,
Increasing carbon sequestration

e Supporting an agricultural activity that promotes the
adoption of no-till systems and incorporation of
agricultural residue, leading to lower use of nitrogen
fertilizers
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USG COMMITMENTS: REDD+ STRATEGY

U.S. pledged $1 billion under
Copenhagen Accord
[\ u.s. REDD+ Programs — FY2010-FY2012 timeframe

Addressing Climate Change by Conserving and

R — Part of “fast start financing” of
SRR R developing country support

— USG achieved its $1 billion goal

e (Goal: Help countries that put
forward “ambitious REDD+
plans’

e Objectives:
— REDD+ Global Architecture
— REDD+ Readiness
— REDD+ Demonstration
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REDD+ READINESS

Common elements of REDD+ Readiness

 National REDD+ Strategy
v' Governance structure / REDD+ implementation plan
v Creates plan / road-map for achieving reductions

e Legal infrastructure
v Carbon rights and ownership
v" Dispute resolution mechanisms

« Social and financial infrastructure
v Consultation process and mechanisms
v" Funding streams and benefits distribution

« Measurement, reporting and verification (MRV)

systems
v Balancing quality and cost, uncertainties and risks
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USAID SUPPORT: GHG MITIGATION IN AGRICULTURE

 International Food Policy Research Institute (IFPRI):
Modeling impacts of increased agricultural production on
GHG emissions in Bangladesh, Colombia, Vietham

« US Environmental Protection Agency (USEPA):
Methodologies for estimating agricultural emissions for
national GHG inventories

e Center for International Forestry Research (CIFOR):
Understanding and estimating landscape-level emissions

 Development of MRV for GHG emissions from rice In
Vietham

e Participating in various “climate smart” agriculture activities
(with Bureau for Food Security)
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Integrating Economic and Policy
Analysis in Sustainable Landscapes
for Low-Emission Development

April 30, 2014
Evan Notman & Matthew Ogonowski
E3/Global Climate Change Office



OUTLINE

e Land-use emissions intro

* Project level approaches to reducing emissions
— Approaches
— Challenges

« National or Large Scale approaches
— Opportunity Costs and Marginal Abatement Cost Curves
— Other benefits and Costs

 Low emission development planning and implimentation
e Conclusion



Why do Forests and Land USE Matter for Climate Change?

« GHG Emissions from Agriculture, Forestry and other
Land Uses (AFOLU) account for 20-25%* of global
emissions

— *This has declined from 25-30% of total over last 10 years
(IPCC 2014 data)

 Huge potential source of future
. . . . . waStE
Emissions if deforestation increases. tandusethage 3% Electicty &

& Forestry” Heat
18% 7%

* Low cost mitigation potential with

additional associated benefits Aaulture

Manufacturing &
Construction
115

Industrial
Processes

(ther Energy Transportation
Sector 12%
13%



Causes Of Deforestation

e Standing forests are not
valued

* Ecosystem services provided
by forests are not captured by
markets

* Un-occupied lands used as
political escape valve —
Incentivizing or allow
migration to low population
areas

* Perverse incentives often
tying land tenure claims to
forest clearing.

i@ 2008 mongabay.com

Bauxite mining in Suriname "



Incomplete market incentives drive forest losses

*» For a private good: Landholder receives compensation
from commodity markets (soy, beef, timber, shrimp,...) for
extractive behavior: S/he cannot fully capture the value
from other ecosystem benefits

* For a public good: Non-monetized forest ecosystem
services (e.g., habitat, biodiversity, carbon sequestration)
benefit all but there are not easy ways to charge for these
services

= Externality: Extraction negatively affects downstream
parties (e.g., water consumers) but this cost remains
external to the transaction



Emissions by regions
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Emissions From Land Use In Developing Countries
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Deforestation/Degradation Drivers By Region

S/SE Asia —
Palm oil, logging,
and aquaculture

Congo Basin —
Logging, and subsistence
small-scale agriculture

Large scale agriculture,
grazing and Road-
building

Asia

[] Shifting Cultivation
B Fuelwood Harvest

[l Pasture

Africa

Latin America

[l 'ndustrial Harvest
[] Croplands
[ Afforestation

Sources of Carbon Emissions

from Deforestation and

Degradation in Tropical Regions

Boucher et al. 2011




Potential fixes

 Regulate: Prohibit overuse & protect
 not easily legislated and enforced in many settings

 Policy incentives: Policies not based on direct compensation
. Change agricultural loan requirements, allow land rights not based
on land use conversion

e« Alternative Livelihoods: Promoting and implementing
alternative economic activities
e sustainable forest management, agroforestry, ecotourism, non-
timber forest products

« Compensate: change financial/market incentives
= Compensate for provision of public goods to retain sustainable
landscapes, offer payments for ecosystem services (PES)
= Payments to reduce CO, emissions from Deforestation and forest
Degradation and sustainable management of forests, conservation of
forest carbon stocks and enhancement of forest carbon stocks
(REDD+)



Assessing SL projects benefits and costs (CBA)

« At the project level need to decide if a project should
take place.

o Use the best practices to quantify the benefits and
costs of sustainable landscape projects.
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OVERALL ASSESSMENT APPROACH

 Financial assessment: Compare present value of alternative
land uses (project versus baseline use, e.g., agriculture)

= |dentify, quantify and monetize all benefits and costs

= Select time frame for assessment (20 yr+) and discount rate
for future benefit/cost flows

» Financial decision making: opportunity cost of capital
= Economic: social rate of time preference

 Environmental assessment

— Does the project support/undermine other environmental
objectives?

* Institutional assessment: can this work? _

— Social assessment/Local buy-in -

— Benefit-sharing e

— Legal: Ablility to enforce agreements




 Benefits (monetized and non-monetized)
e Carbon
e Non-carbon: selective logging, multi-cropping
options (agro-forestry), watershed
management, eco-tourism, non-timber forest
products, biodiversity
e Social



ASSESSING COSTS OF SL PROJECTS

o Start-up (pre-project) costs:
* Project planning
= Assessment
» Registration

 Implementation costs:
— Capital costs
— Ongoing operating and
maintenance costs

— Measurement, reporting and
verifying (MRV)

13



@

e Process:

1. Estimate amount of GHGs saved (not released
to atmosphere) from sustainable land
management from avoided deforestation and/or
degradation: tCOze/yr

a) Estimate GHG reference baseline w/o project
b) Estimate GHG absorption w/project

2. Know carbon market value and the social cost of
carbon of SL projects: $/tCO2e

 Potential carbon stock pool categories:
e Live biomass: Above and below ground
 Dead wood, litter, soil
e Harvested wood products




ESTABLISHING SL GHG REFERENCE

 Challenge: estimating the counterfactual Business
As Usual (BAU) baseline emissions (without
project)

 Baseline carbon stock:
SBt — ABt*DBt
= AB, = Forest area in baseline, Year t
= DB, = Carbon density of forest area

—— Heslomcal data Fi 38
poak and GHG
= EFISCEN

w A

e e il ] —— Whoetheis Sreeraage
[
4 -
_’.I'-_:_,-_-—"'_' ] = — gty 2
e FM =1 harse=ss

proposad Fofemence
Ll
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GHG RELEASE AVOIDED (EMISSIONS SAVED

 Project emissions

* An estimate of the carbon trajectory within the project
boundaries expected to occur if project took place (ex
ante), or actual emissions (ex post)

« Net GHGs saved/avoided release: Compare baseline to
the actual proiect emissions to auantifv reduction credits
CC, = [SP, — SP, ;] — [SB, — SB, ;] — adjustments*

Where

« CC, = Credits issued at the end of period t (tCOze)

« SF 1) = Observed carbon stock in place in the project area at the
end of period t (t-1)

« SP, 1) = Crediting baseline: estimated carbon stock that would be
In the project area at the end of period t (t-1) if the project did not
take place
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WHAT ARE ISSUES WITH THE BASELINE?

I'II:!j: a it '.f'-l | ‘\

e Data needs
= [Forest area:
= |nitial: GIS, inventory,...

» Area change: Land use model, qualitative 8 ot

estimation
= Carbon density (tCO2e/ha):
= |nitial: default factors, sampled data

» Change : forest stand models, observed
degradation trends

« EXx-Post monitoring of project emissions easier:

» Quantifying actual carbon stocks as the project proceeds is
(somewhat) more straightforward

17



Carbon market benefits a

« Developing country carbon buyers (compliance or
voluntary regimes) pay carbon benefits over time
period (t)

Carbon benefits ($) = C€, * V¢,

= CC, = Credits issued at the end of period t (tCOze)
= V¢ = Market value of credits ($/tCOze)

Current Market Prices:

» USA carbon projects ~

$10/per ton
* No price discovery
yet

e non-USA projects~ $6-
10 (Ecosystem
Marketplace)

« CDM < $1 (A/R only)

triplepundit.com
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WHAT ARE ISSUES WITH CARBON CREDITS AT THE
PROJECT LEVEL?

e Uncertainty

— Uncertainty “haircuts”/reserves: Crediting registries have
protocols that require projects to take a discount on their credits

— Provides incentive for better methods

 Leakage

— Shifting land use (deforestation/degradation) to another place
= Local activity shifting
= Distant shifting via markets

— Diminishes net benefits, various methods for estimating leakage
using economic models

 Permanence

— Buffers to protect against carbon “reversals” — future loss of
credited carbon from natural or human-caused disturbance
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MONETIZING NON-CARBON BENEFITS

» Ecosystem services of retained forest (e.g.)
— Sustainable harvests
— Non-timber forest products (NTFP)
— Water quality provision
— Micro-climate regulation
— Species habitat (consumption and existence values)
— Cultural and aesthetic values

 These can all be valued in principle, using a variety
of market and non-market valuation methods

— See other presentations in this workshop




 Opportunity costs

= What economic opportunities do
landholders/resource users forego in order
to engage in the project: revenue from

timber, agriculture, development,... ? Guardian
= “LLand rents” — net returns from alternative
land uses

= Estimation — using budget data, existing land
values, econometric models

= Usually 80% or more of REDD+ costs* Worldforestry.org

1,004

e Q: Will buyers pay each seller their =
actual costs or will they pay more
(price determined on the margin)?
 Other social costs

= Access to forests for locals

» Loss in local economic activity?

Cpportunity Cost (kg 00 2a)

] 5 12 E] - 1 1 & 5 Al
Emision Peria Anea g CO2-eqiHa vear| 321




Working at the National or Jurisdictional scale
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OPPORTUNITY COST VS. MARGINAL ABATEMENT COST

o Opportunity cost (OC): Net present value (NPV) of benefits
forgone

— From land-use activities (e.g., timber harvesting, agriculture) not
undertaken (to achieve GHG mitigation)

— Expressed as average dollars per hectare or per ton of emissions
avoided over the time period

« Marginal abatement cost (MAC): NPV of difference in
opportunity and other costs (implementation, transaction)
minus benefits of REDD+ and other actions, expressed Iin
dollars per ton.

* In climate policy related to mitigation from forests and other
land use, OC and MAC analysis are both important (used
Interchangeably here)
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OCs/MACs: APPLICATIONS (1)

 Estimate costs of REDD+ agrlcultural
m|t|gat|on proJeCtS I—

 |dentify likely future
drivers of deforestation

 Identify forest/land areas most likely to be
prioritized for development

— Can help determine candidate areas for
REDD+, improve spatial planning
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OCs/MACs: APPLICATIONS (2)

« Estimate potential leakage patterns

« Evaluate impacts of REDD+ programs across
different social groups (see World Bank,
Estimating Opportunity Costs of REDD+ at the
Country Level, 2009)

— Helpful in designing benefit distribution systems

— But need to account for political decisions as well as
economics

e Estimate levels of payment for Payments for
Ecosystem Services (PES) programs
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OCs/MACs: ANALYTICAL CHALLENGES

o Key data often uncertain, difficult to obtain

— Historical rates of deforestation can be volatile,
disputed

— Future growth of drivers of deforestation (e.g.
commodities)

— lllegal activities (e.g., logging, mining)
— Valuation of some ecosystem services

* Whether to discount emissions (tons) avoided
when benefits occur far in future >> increases
OCs/MACs
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OCs/MACs: BASELINES AND ADDITIONALITY

Baselines: Estimate what would have happened under BAU
conditions
« Smallholder degradation difficult to estimate

» Whether/what portion of timber in year 1 is assumed to be sold,
consumed locally or burned can have major impact on NPV

Additionality: Must demonstrate that
mitigation actions to be undertaken T TR
would not have happened under BAU SEEGSEEES

« [Easiest to do with projects involving
businesses holding official permits for
forest clearing/land development

 How to address in reducing emissions
from “protected” areas

e Conservation also challenging

|
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OCs/MACs: APPLICATION CHALLENGES (1)

 Diverse expertise needed for accurate OC/MAC
analysis often lacking in developing countries

— EXxperience in adapting past forest/land management
experience to climate policy limited

« Ecosystem services
Which to include?
Include potential as well as
existing uses?

 Less helpful for developing
Incentives to address
deforestation driven by
production of high value
commodities
e e.g., mining, palm oll, illegal

activities




OCs/MACs: APPLICATION CHALLENGES (2)

* OCs typically understate costs

— Estimating implementation/transaction costs
can be more difficult than OCs

— OCs/MACs do not account for changes in
prices and supplies >> broader economic
Impacts

« Evaluating the full cross-sectoral impacts
of GHG mitigation in forests/other lands
requires more detailed economic and
policy analysis at the macro level
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POTENTIAL MACROECONOMIC IMPACTS OF SL PROJECTS

e Decreased production: timber, agricultural
commodities, minerals/fuels

* Increased prices of raw materials used as inputs to
other sectors, finished goods

— Potential impacts on food supplies/prices very
controversial

* Increased imports of raw materials
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POTENTIAL MACROECONOMIC IMPACTS OF SL PROJECTS

* Production of non-timber forest products (NTFPS)
 Development of ecotourism, agroforestry activities
e Changes In forestry/agricultural employment

* Increased transportation bottlenecks (compared to BAU)
— Can occur if roads through protected forests/lands not built

* Increased forest degradation
— Potential in forest areas previously slated for clearing

 Emissions leakage




MACROECONOMIC ANALYSIS: MODELS AND TOOLS

* |[FPRI Impact model

 INVEST (Integrated
Valuation of

Environmental Services

and Tradeoffs)

e Millennium Institute’s

Threshold 21 (T21)

dynamic simulation tool

Urban growth &
changes in food habits
(demand elasticities)

Income growth
projections

Population growth
projections

Model Inputs and Scenario Definitions)

Area elasticities w.r.t.

Supply, demand, and
trade data from
FAOSTAT, IFPRI, UN,
World Bank, and others

crop prices

ield elasticities w.r.t,
crop, labor, and

capital prices

Area and yield annual
growth rates

o

Iteration
for World
Market
Clearing

—

| ¥

Domestic Prices
f(world price, trade wedge, marketing margin)

Demand Projection Supply Projection

Net Trade
exports - imports

(" Water Simulation )

Water Demand
- Irrigation
- Livestock
- Domestic *
- Industry

- Environment

Water Supply
~ Renewable H20
~ Effective H20 for
Irrigated and Rainfed
Crops

Climate Scenarios

World
Trade Balance

Malnutrition
Hunger .
YES

[Rainfall, Runoff, Potential ET]
oy

Update
Inputs

Adjust
‘World Price

Model Calculations (Food))

-

Goto
Next Year
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Potentials In The AFOLU Sector

Mitigation

Economic

Demand-Side
Measures -

Technical
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LEDS IMPLEMENTATION: MRV AND CREDITING

 Measurement, Reporting and Verification (MRV):
— Degradation difficult to measure -- very site-dependent

— Also challenging with conservation, sustainable
management of forests — are no standard, universally
accepted methodologies

e Crediting baselines

— REDD+ projects typically use projected/BAU baselines
to estimate credits for sale

— Historical or hybrid crediting baselines produce greater
net reductions globally
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REDD+ CREDITING BASELINES

Forest
emissions REDD credits

Past emissions
(historic baseline)

BAU baseline

Crediting baseline

Realised path

Source: Optimal Reference Level Setting for REDD+, REDD-Net, 2010 ]
Commitment period Time
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LEDS IMPLEMENTATION: LAND AND CARBON RIGHTS

* Defining consistent land and (in programs
designed to generate credits for sale) carbon
rights is key to effective SL projects

* Tenure rights are frequently unrecognized,
overlapping or violated in many countries

— Makes it difficult to apply economic analysis to
design/implementation of real-world policies

— Can generate mistrust, opposition to mitigation efforts
— Can reduce incentive effectiveness

 Need transparent, legal arrangements for
land/carbon rights and dispute resolution
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LEDS IMPLEMENTATION: LEAKAGE AND PERMANENCE
NATIONAL SCALE

 Leakage

— Integrated multi-regional, cross-sectoral land use
planning, increased monitoring, tailored incentives to
local conditions

 Permanence: Reversals from end of REDD+
projects, illegal actions, political decisions

— Long term: Transition away from payments to
Integrated self-sustaining development activities (e.g.,
agroforestry, ecotourism, plantations, NTFPS)
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LEDS IMPLEMENTATION: OTHER CHALLENGES

« Defining appropriate role of SL projects/sub-
national programs in LEDS planning
— Maximizing reductions/revenues vs. testing policies
— Need method to integrate into national level REDD+
plan/LEDS
e Cross-sectoral interactions often significant
— Integrated policy planning and implementation,
Institutional coordination key
e Sale of GHG reductions as offsets on carbon
markets
— Can generate revenues for communities

— If sold, low-hanging fruit cannot be used to meet national
GHG reduction targets >> attainment more expensive
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GLOBAL GREENHOUSE GAS MACC

V2.1 Global GHG abatement cost curve beyond BAU - 2030

Abatement cost
EUR per tCO.e Gas plant CCS retrofit
8 r — Reduced slash-and-bum Iron and steel CCS new build —‘
- — agriculture conversion
g0 | Lighting - switch incandescent ; Coal CCS new build
to LED (residential) Reduced pastureland conversion 'I
40 Appliances electronics Grassland management Coal CCS retrofit 4
Mo@ S—— afﬁaency Organic soils restoration
20 First-generation biofuels
I]— Cars = full hybrid
0 i i | i AL A 4 ll I 1
5 10 L 15 20 25 30 35 38
- Geothermal Abatement potential
GiCO.e per year
40 k Rice management
Small hydro Solar CSP
60 | Waste recycling | Reduced intensive-
) ) ) agriculture conversion
-80 Efficiency |m;')r.cwemenls.‘ other industry L High-penetration wind
- Landfill gas electricity generation Solar PV
-100 L Clinker substitution by fly ash B _
L Building efficiency new build - Low-penetration wind
-120 | L Insulation retrofit (residential) — Degraded forest reforestation
140 k - Tillage and residue management “ Pastureland afforestation
- Cropland nutrient management - Degraded-land restoration
-160 F - Cars plug-in hybrid ~ Nuclear
- Retrofit residential HVAC
aer L Second-generation biofuels
200 L - Appliances residential

Note: The curve presents an estimate of the maximum potential of all technical GHG abatement measures below EUR 80 per tCO,e if each lever
was pursued aggressively. It is not a forecast of what role different abatement measures and technologies will play

Source: McKinsey & Company, Global GHG abatement cost curve vZ2.1
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Conclusions

e Emissions from land use a major source of emissions

« Economic value of intact forests and other high carbon
ecosystems often low or poorly captured

* Improving management of high-carbon ecosystems can
be cost effective means of reducing emissions.

 Modeling of costs and benefits an important element of
planning improved management.

e Capturing value of carbon through markets or other
policy measures can also be used to incentivize reducing
emission reduction and/or increasing sequestration.

« Approaches may be implemented at project or national
scale.
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AILEG Project Valuing Environmental
Benefits from Fragile Ecosystems in
Colombia

Dr. Marcia Gowen Trump (Abt Associates)

USAID University E3 Course on Economic Analysis and Planning
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Learning Objectives

Understand:

« Key definitions critical to environmental valuation
* Challenge: Paramo ecosystem losses in Colombia

e Solution: Valuation of the environmental benefits from
Paramo de Santurban ecosystem

 Methodology: Application of environmental valuation
and payment for environmental services methods

e EXxercises

e Results and recommendations
e EXxercises

* Planning decisions




Key Definitions (1)

Ecosystem
= Plant, animal, and micro-organism communities
= Physical (abiotic) environment
= Dynamic interactions

Ecosystem Services
= Benefits people obtain from ecosystems
» (Goods and services of nature

Ecosystem Degradation
= Persistent reduction in capacity to provide
ecosystem services

Natural Capital
= Extension of economic concept of capital
 (means of production) to environment
= Capital stock = resource base
* Flow = consumptive and non-consumptive uses




Key Definitions (ll)

Sustainable Landscapes

» Sustainable landscape management essential to curbing
global emissions where there is maintenance of an
environmental area for sustainable use

» |ncludes forest degradation and deforestation, and non-
forest landscapes, such as peatlands, wetlands, and
agricultural lands.

Environmental Valuation

= Estimating the monetary value of the goods and services
provided by the environment

Payments for Environmental Services (PES)

= Monetary compensation paid to owners of an area for the
damages or potential loss of environmental services to
conserve an ecosystem




Challenge: The Paramo Ecosystems in Colombia

« Paramos
= Unigue high altitude alpine tundra ecosystems (e.g., moors)

= All high, neo-tropical montane ecosystems above the
contiguous timberline but below the permanent snowline

= Northern Andes of South America (mostly in Colombian
Andes)

= Evolutionary “hot spots”

 Provide:
* Fresh water
= Hydropower
= Agriculture and livestock grazing
= Mining (gold)
= Biodiversity
= Recreational value & tourism
= Bequest value 5




Drivers of Paramo de Santurban Ecosystem Losses

e Supplying Water Demand: 48 municipalities
(population of 2.3 million people)

 Hydroelectricity Use: Tasajero thermoelectric
station critical to watershed sustainability

e Agriculture and Forest losses: Land _
degradation and conversion creates biodiversity J§
losses

e Gold Mining: Small, illegal mining operations
pollute streams and water masses




Key Policy Drivers of Paramo Ecosystems

« Governance and Policy Responses %

= Paramos are protected areas by law

= But no clarity on how to draw boundaries

L)
(&=
= Ministry of Environment wants to determine

ecosystem benefits of valuing and paying for
environmental services (PES) to protect Paramos

= Government has other PES systems in place

= Utility owning a hydroelectric plant in Upper
Magdelena Watershed pays land owners
annually



AILEG Project Paramo Ecosystem
Benefits Valuation and PES Activit

« USAID Request:

» Government of Colombia/ Ministry of Environment and
USAID/Colombia requested AILEG focus one of its LEDS

activity on environmental valuation of benefits of Paramo
de Santurban

 AILEG LEDS Solution

= AILEG supported an economic analysis to estimate the

value of the ecosystem services provided by the Paramo
de Santurban

= Purpose to inform government on sustainable land use
and payment for environmental services options



Exercise 1A: What eco-benefits to measure?

Environmental Data
Benefits Methodology Collection



Exercise 1B: What methods are appropriate?

Environmental Data
Benefits Methodology Collection

10



Exercise 1C: What data collection process?

Environmental Data
Benefits Methodology Collection

11



AILEG: Eco-Benefits Measured

Economic Value of the Paramo de

Santurban
Use value Non-use value
Use of resources Ecological Recreation and .
for economic : Option ,
functions research Existence and
purposes bequest
;- Use of soil for I.VWater regulation
arming 2. Carbon

2. Use of water for ||| sequestration
irrigation, consuption,
and power

1. Hiking trails I. Genetic data

3. Soil protection 2 Research 2 Recreation
4. Biodiversity options

3. Extraction of i
conservation

natural resources

(gold)

12



AILEG: Actual Eco-Benefits Measured

Environmental Data Collection
Benefits Methodology

Existence and Willingness to pay (WTP) Survey residents of
Bequest Value for non-use costs by nearby Bogota and Medellin
urban inhabitants not to receive direct
services
Carbon Benefits transfer analysis Carbon market value
Sequestration using Colombia’s carbon of land as COz2 sink In
price for CO2 sequestration Colombia
Recreation Travel cost methodology of Travel costs and other
visitors to the area payments from
tourism
Water Provision Contingent valuation of Payments (WTP) by 3
residential water users city users (750 HH

surveys) 13



Method: Contingent Valuation of Existence
and Bequest Values of Paramo

e EXxistence value

= Value to conserve natural resources, such as natural parks,
regardless of their desire to visit them.

« Bequest value

= Desire to preserve a natural resource for their descendants.
e.g., expect their children or grandchildren to enjoy the direct
services (water, recreation, biodiversity)

« Contingent value

= Creates a hypothetical market through surveys, asking about
iIndividuals’ willingness to pay for the conservation of a
natural resource.

14



Results: Bequest Value from Bogota and Medellin

Frequency
(Persons)
Medellin Bogota
Minimum WTP 2,447,348 5,154,948
Maximum
WTP 2,447,348 5,154,948

Willingness to Pay
(WTP)

(Pesos)

31,335

102,172

Total

(Million Pesos)

238,217.95

776,741.79

15



Results: Bequest Value from Bogota and Medellin

« WTP Survey Facts:

= People from 400 surveys in Bogota and Medellin, although
not directly benefited by the Paramo de Santurban

= Estimated WTP as USD 15 or 30,310 pesos (not actual
paid) to convert the paramo into a regional natural park to
ensure its preservation

=  WTP increases with higher education, greater incomes,
gender, and a higher environmental concern

16



Exercise 2: What issues might change values?

« What are potential WTP Issues/Biases?

 What are Factors that change WTP?

17



Exercise 2: What issues might change values?

« WTP Issues/Biases:
= Starting point bias
= Stated versus actual market WTP
= “Multi-good” versus “single-good” WTP

 Factors that change WTP:
» |nformation
= Education
= Gender
= |ncome
= Response Bias

18



Method: Benefit Transfer Valuation of Carbon
Sequestration of Paramo

e Benefit Transfer Method

= The benefit transfer method was used to assess carbon
sequestration in the Paramo de Santurban

= Benefits transfer is an economic valuation technigue for
environmental goods and services that uses secondary
sources of information

 Objective
= To transfer and adapt the monetary value calculated for

certain environmental services in a place where primary
estimates have been determined

19



Results: Protecting Carbon Sequestration

« Carbon Sequestration Results
= Total area of Paramo de Santurban = 80,000 hectares
= Paramos have 10 percent carbon and over 70 percent water

= Each acre of protected paramo sequesters 79.8 tons of CO,
per hectare

= Protection of the Paramo de Santurban would avoid the
emission of 6.3 million tons of CO, currently stored in the
soil.

 Value of Carbon Sequestration: Financial value

= Assuming USD 5/tCO:e, conservation of the paramo for its
carbon content gives a value of USD 31.92 million, or 58,340
million pesos.

* Priced at USD 2 per ton of carbon, the value would be
US$12.77 million, or 23,336 million pesos.

20



Results: Travel Cost Method for Recreation Value
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Recommendations: Travel Cost Recreation Value

Annual Surplus per Zone Annual Surplus per Annual Surplus per Zone
Total Cost e Reported Cost
Travel Cost
1,363 pesos/yr 1,150 pesos/yr 2,169 pesos/yr

e Travel Cost Recreation Value:
= USD 0.77-100/yr or 1,150 and 2,169 million pesos/yr

« Payment for Environmental Services:
= 92 % visitors agree with declaring area a regional natural park
= 58 % would agree to pay an entrance fee (PES) if park
= Average WTP is USD 11/yr or 21,176 pesos/yr

22



Contingent Valuation of Water Provision and
Regulation in Paramo de Santurban

1. What makes an individual likely to be willing to pay
to preserve the gquantity and quality of water from the
Paramo de Santurban?

2. How much are they willing to pay?

“To preserve the quantity and quality of the water you receive, it is
necessary to protect its sources in the Paramo de Santurban, which
implies increased funding by users. How much more are you willing to pay
on each water services bhill, in addition to what you currently pay?”

23



Results: Contingent Valuation of Water
Provision and Regulation

Value Assigned to WiI'IAi\:]/eLaegses o Annual W;I'OPI;Ae g:greigia;ted
the Protest Votes J Aggregated WTP _ P y
(Pesos) PEY (T (Million Pesos) (r n ¢2 HIENEIETL)
(Pesos) (Million Pesos)
1,000 3,066 15,259.90 127,165.87
2,000 6,180 30,758.71 256,322.60
3,000 11,461 57,042.97 475,358.15

4,000 17,686 88,025.66 733,547.18

24



Results and PES Recommendations:
Water Provision and Regulation

 WTP Estimate:

= The average value per person of between 3,066 and 17,686
pesos (minimum values) as considers only residential water
users in Bucaramanga, Cucuta, and Pamplona

e Factors Affecting WTP:

= Variables increasing WTP to protect water quality and
guantity are related to individuals’ medium-term goals:
children, and know the Paramo de Santurban

e PES Recommendation:

= A payment for environmental services (PES) scheme could
be funded through the water bill. A payment of 3,000 pesos,
the minimum payment estimated in the analysis, would be
acceptable to a large part of the population. An acceptable

minimum would be 3 percent of the water bill.
25



AILEG Paramo de Santurban Eco-Benefit
Analysis Results and Recommendations

Service

Water provision and
regulation

Recreation

Carbon
sequestration

Existence and
bequest

Total Economic
Value

Method
Used

Contingent
valuation

Travel cost

Benefit transfer

WTP

Minimum Value

Maximum Value

(Million Pesos/yr) (Million Pesosl/yr)

127,165.87

9,592.00

23,336.00

238,217.95
398,311.82

(USD 206)

733,547.18

18,075.00
58,340.00

776,741.79
1,586,703.97

(USD 820)
26



Ecosystem-Benefit Analysis Conclusions

. WTP

= a current bimonthly rate of 3,000 pesos can be established
for the paramo’s conservation, with just Bucaramanga,
Cucuta, and Pamplona, resources would amount to 7,393
million pesos annually.

= With these resources, it would be possible to establish a
PES scheme, under which paramo landowners would be
compensated for conserving paramo areas outside the areas
declared as regional natural park.

= Unlike a scheme in which the government buys the land or
pays the owners from a budget, studies show that a PES
scheme is more successful if there is a direct relationship
between the provider and the environmental service user.

 Ministry Recommendations
= Expand values included in analysis and regions of analysis .,



Exercise 3: Discuss methods and values estimated

Environmental Data Collection
Benefits Methodology

Existence and Willingness to pay (WTP) Survey residents of
Bequest Value for non-use costs by nearby Bogota and Medellin
urban inhabitants not to receive direct
services
Carbon Benefits transfer analysis Carbon market value
Sequestration using Colombia’s carbon of land as COz2 sink In
price for CO2 sequestration Colombia
Recreation Travel cost methodology of Travel costs and other
visitors to the area payments from
tourism
Water Provision Contingent valuation of Payments (WTP) by 3
residential water users city users (750 HH

surveys)



Exercise 4. Suggest Recommendations

e Advice to and from Government

e Advice to USAID

29



Reference

« Adapted from “Valuation of the Environmental Goods
and Services Provided by the Paramo de Santurban:
Final Report” by Fedesarrolo with Santiago Enriquez
and Michele Laird (Abt Asociates) for the USAID

AILEG Project.
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Contacts

e Marcia Trump, Abt Associates
Marcia Trump@abtassoc.com

e Santiago Enriquez, Abt Associates
Santiago Enriguez@abtmexico.com

e Dr. Eric Hyman, USAID E3/EP
ehyman@usaid.gov

31


mailto:Marcia_Trump@abtassoc.com
mailto:Santiago_Enriquez@abtmexico.com
mailto:ehyman@usaid.gov

Millennium Challenge Corporation
(MCC) Green Prosperity Project
Sustainable Landscapes Valuation in
Muaro Jambi, Indonesia

Dr. Marcia Gowen Trump (Abt Associates)

USAID University E3 Course on Economic Analysis and Planning
for Climate Change Mitigation

April 29, 2014



Learning Objectives

Understand:

o Key definitions

e Challenge: Land conversion and
degradation

o Solution: Government of Indonesia
(Gol) is seeking green, low emission
Investments through valuation of
sustainable landscapes

 Methodology: Cost-benefit analysis
of alternative land uses

e EXxercises
 Results and recommendations
* Planning decisions 2




Key Definitions

Ecosystem Services
= Benefits people obtain from ecosystems
» (Goods and services of nature

Ecosystem Degradation
= Persistent reduction in capacity to provide
ecosystem services

Social Cost of Carbon
= The social cost of carbon reflects the true cost of
carbon to society

Carbon Market Price
=  Price of carbon is what local or international market
may be willing to provide for mitigation activities.



MCC Green Prosperity Study: Strategic
Environmental Assessment (SEA

e Goals

= Determine potential low emission investments for
areas with serious land degradation and losses occur
In strategic assessments

= Analysis part of a broader Millennium Challenge
Corporation (MCC) and Millennium Challenge
Account — Indonesia (MCA-I) program, where the
country controls and defines the MCA assistance, to
identify investment options that protect sustainable
land uses

« MCC Green Prosperity Analysis

= Compare the economic value of natural resources
not accruing to the community, or accruing but not
recognized by the community — are discussed in
detail in the context of Muaro Jambi.




Objective: Seek Low Emission Investments

« Assess current land use allocation and potential
land use changes in Muaro Jambi.

e Estimate financial and economic returns to land
and how distributed by stakeholder groups.

 Evaluate land pressures on forests to aid in
formulation of ecosystem management plans.

e Evaluate options to reduce future emissions.

* Assess the demand for renewable energy
Investments by examining electrification rates

e Assess socio-economic and political landscape
that may impede or enhance investments.



Muaro Jambi District, Indonesia

« Muaro Jambi district is home to the Berbak National Park, a protected
area in Indonesia’s Ramsar Site (1971 Convention of Wetlands of
International Importance designated area) and an internationally
recognized waterfowl! habitat

 The Berbak national park has an area of peatlands:

= 110,000 hectares
» Forest park (Taman Hutan Raya or Tahura) covers 60,000 hectares

e Land use in the district is dominated by:
» Dry agricultural land (293,256 hectares)
» QOil palm plantations (87,992 hectares)
= Wet agricultural land suitable for rice (17,000 hectares).



Location of Muaro Jambi District, Indonesia

[ourism and Vacation in Jambi
Province, Sumatera, Indonesia




Land Use Map in Muaro Jambi

42

abliP TN. BERBAK |

[

= Vilages Land Cover (Year 2011) |:| Estate Crop Plantation
Palm Ol Plantation Permits || Settiement [ rice Field
Forest Area [ | Primary Swamp Forest - Dryland Farming
B2 Conservation Forest I secondary Swamp Forest - Water
Protected Forest I swamp/Bush/Shrub B oiher
[<25] Production Forest I Forest Plantation [ | Bamen Land

Limited Production Forest

N Miles
A 0 25 5 10 15 20




Challenge: Land Uses in Muaro Jambi

Agriculture contributing 30% of
gross regional economic product

Mining (petroleum) giving 26% of
gross regional economic product

Smallholder and estate oil palm plantations
contribute most to local GDP in the agriculture

Oil plantations seen by land owners as having
the highest financial returns per acre



Challenge: Forest Land Losses in Muaro Jambi

 Deforestation rates:
» |nside Berbak National Park (BNP) 2.44%/yr
= Qutside BNP 4.66%/yr

« Reasons for losses and economic impacts:

» Forest fires from illegal logging and land clearing for
plantation agriculture

» [orest fires lead to loss of timber, plantations, farmland,
tourism, commerce, industry, travel, health, and
degrade hydrologic functioning to cause soil erosion

 Peatlands:

= Peatlands = 40% of the district, used for heat

= Peat forest area in Muarjo Jambi has reduced from
68% in 1989, to 25% in 2007

10



Objectives for Valuing Sustainable Landscapes

 To inform resource management decisions this
analysis assesses:

1. Current land uses - based on the current land
conversion patterns

2. Future land use changes

3. Financial and economic returns to land from
various uses

4. Distribution of impacts by groups

5. Low emission investments — protected
forestlands, electricity production from palm
oil (?)

11



Exercise 1: What and how to measure values?

 What landscape values could be measured?

 What methodologies to measure ecosystem
benefits?

12



Sustainable Landscape Benefits

« Carbon sequestration
» Carbon market value (financial value)
= Social cost of carbon (economic value)
e Critical habitats (tigers, orangutans)

= Berbak National Park also provides habitat for
critically endangered Sumatran tigers and other
flora and fauna.

 Climate regulation and hydrological value

 Direct uses
» Productive (timber, non-timber forest products)
= QOil palm, other crops
= Tourism

 Non-use values (option, bequest, existence)

13



Financial Returns to the Land Stakeholders

 Direct-use financial returns from protected and
production forests include:
= Visitor entry fees
* Logging (only legal logging was estimable)
= Non-timber forest products(only legal extraction estimated)

» Qil palm plantation, rubber plantation, and crops such as rice
and corn each have higher financial returns than forest

= Returns from crops vs forests compared

» Forest areas that are not national parks are under particular
threat from the pressure exerted by agricultural use.

e Used annualized values (using a 10% discount rate)
of private, financial returns to land in its various uses
In Muaro Jambi 14



Economic Returns to Land

Ecosystem services are economic returns to land
Including:

Indirect use values: Benefits from ecosystems’ regulation
of climate, carbon sequestration, hydrological, and other

processes.
Option values: Having the option to use a resource in the

future.
Non-use values:

» Inherent attributes of an ecosystem
= existence value

= bequest value (future benefits to a person’s
descendants)

= altruistic value (knowing that someone else benefits).
15



Results: Valuing Peat Forests

e Peat forest economic returns

» Protected peat forests are USD 83 or 968,604
rupiah/hectare/year

= Carbon sequestration value of the forests (an
indirect use value) equals the net carbon |
emissions resulting from land use changes
valued at the social price of carbon.

e Socilal cost of carbon

= The carbon emissions from peat conversion |
accounts for positive emission from drainage, §
net of carbon sequestration provided by
alternative land use

= USG Interagency Working Group (2013)
midpoint value : USD 52/ton or 636,481 Rp/ton

16



Valuing Benefits from Production Forests

e Production forests carbon value

» Since production forests less dense than protected forest,
carbon sequestration from production forests are 40% of the
sequestration from protected forests, valued at USD 32 or
370,450 rupiah/hectarel/year.

e Production value of forests

= The total economic return from production forest is USD
112 or 1.3 million rupiah/hectare/year

= Production value of forests is higher than economic returns
from protected forests because of the financial returns they
provide.

17



Results: Valuing Critical Habitats

= Net present value for forest habitat conservation

» |n the Leuser Ecosystem (in Northern Sumatra) is USD 171-
828 million (2.1-10.1 trillion Rp) using a 4% discount rate
and a 30-year time period) based on WTP by Indonesians
and foreigners for Sumatran rhinoceros, tigers, primates,
mammals, and birds.

= Separate tiger-only WTP analysis Extrapolated supporting
the population of tigers is USD 158 or 1,836 billion Rp.

» Estimated the annualized value of USD 9.15 million or 106
billion Rp for conservation of tigers’ habitat USD 3.67 or
42,470 Rp/hectarel/year, which is an upper bound

* Willingness-to-pay for tiger habitat in Muargela
calculated directly '

SN 1o
."l I* . |



Valuing Social Costs from Agricultural Use

« Emissions Net of Sequestration

= Economic values for palm oll, rubber, corn, and rice
production include the net social value of carbon
sequestration and carbon (CO,) dioxide emissions.

= For three agricultural uses, emissions are greater than
sequestration, resulting in net social costs

» Used: 64 tons/hectare on palm oil plantations; 41 for rubber
plantations tons/hectare; and 45 tons/hectare for paddy
farming.

» Used an estimate of USD 54.8 or 636,481 Rp/ton of carbon
dioxide equivalents as the social cost of these agriculture
emissions.

19



Financial and Economic Returns from Land Uses
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Economic Valuation (in Rp using 3% Discount Rate)
___|Rice Field: -23,185,645

| Community-Owned Palm Qil: -16,569,104

| Estate Plantation (Rubber): -13,610,659

| Large-Scale Palm Qil: -13,535,336

[ Bush/Shrub: -11,456,658

P Dryland Farming (Corn): -9,522,211

I Barren Land: 0

B Swamp: 700,129

I Primary Forest: 1,121,147

I Secondary Forest & Forest Plantation: 1,324,316




Exercise 2: Interpretation of Results

* Financial results point towards?

e Economic results point towards?

 How to reconcile with sustainable landscape
perspective for green growth?

21



Distributions of Financial and Economic Returns
to Landowners

Cropland Rubber Plantation Palm Plantation
Protected Forest Production Forest

B Community B Government
M Private Company m Global Interests
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Exercise 3: Recommendations to Locals and Gol

 What economic preferences and guidance do you
recommend to different stakeholders?

Locals

District

= Gol

MCC/MCA-I

USAID




Government and MCC Recommendations (l)

« Awareness Campaigns: Protecting forest and peat
land communities in Muaro Jambi need information
and incentives to maintain sustainable landscapes.

e Information needed on:

* Protecting the biodiversity and peat forests
= Maintaining water resource flows

* Reducing fires and soil subsidence

* Providing increased agricultural productivity

24




Government and MCC Recommendations (ll)

e Low Emission Investments:

= Conversion of forests to oil palm plantations has the highest
impact on cumulative carbon emissions.

» |ncentives for conversion are high because the benefits of
keeping land in forests do not accrue to the entities engaged
In conversion.

» |ncentives schemes such as payment for environmental
services (PES) may be needed to align the private incentives
with the social incentive.

25
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Reference

« Tulika Narayan et. al. February, 2014. Ecosystem
Valuation Based Strategic Environmental Assessment:
Muaro Jambi Case Study. Prepared by Abt Associates
for Millennium Challenge Corporation (MCC) and
Millennium Challenge Account Indonesia (MCA-I).

e http://abtassociates.com/AbtAssociates/files/83/83fdcbl
1-dece-4cc2-973a-76bde787¢c455.pdf



http://abtassociates.com/AbtAssociates/files/83/83fdcb11-dece-4cc2-973a-76bde787c455.pdf
http://abtassociates.com/AbtAssociates/files/83/83fdcb11-dece-4cc2-973a-76bde787c455.pdf

Contacts

e Dr. Marcia Trump, Abt Associates
Marcia Trump@abtassoc.com

e Dr. Tulika Narayan, Abt Asociates
Tulika Narayan@abtassoc.com

e Dr. Eric Hyman, USAID E3/EP
ehyman@usaid.gov
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Learning Objectives

|dentify potential terrestrial emission
reductions (ERS)

Assess avallable resources and synergies
Assess constraints on achieving ERs

Assess what constraints can be addressed,
and to what degree

Set terrestrial ER goals

Develop terrestrial ER implementation
strategy



Terrestrial GHG Emission Sources

* Globally, deforestation is the largest
terrestrial source, 4.4 billion tCOZ2e/year (van
der Werf et al. 2009); %4 Is to get land for
agriculture; higher proportion in tropics

» Livestock enteric fermentation, about 2.1
billion tCO2elyear

* Nitrogen fertilizer and manure on lands: 1.5
billion tCO2elyr

* Rice paddies: 0.5 billion tCO2e/yr

Amounts from FAO 2014 unless otherwise cited 3



Other Potentially Large Sources

 Forest degradation estimates are uncertain

— Wood products, primarily commercial, including charcoal
— Fuel wood, primarily subsistence and local markets
— Fire

« Often degradation is counted within later
deforestation, or trees grow back

e Peat decomposition or burning, greater than
1.7 billion tCO2elyr, including methane from
burning (Wetlands International 2010)

 Manure management, 2.2 billion tCO2e/yr
(FAO 2013), (this double counts some land
application emissions counted with fertilizer)



Which Potential Reductions are Large?

Source Emissions Fraction Reduction
Deforestation High High

Enteric Moderately High Low
Fertilizer Nitrogen Moderately High Low*

Rice Methane Moderate Moderate
Forest Degradation Moderately High? Moderate?
Peat Moderately High High
Manure Management Moderately High Moderate




Potential Deforestation Reductions

ncrease agricultural yields, or crop
narvest/processing efficiency on non-forest
ands so new land from forests is not needed

Secure land tenure and improve capacity of
forest communities to exclude squatters and
accrue economic returns from forest

Increase non-subsistence livelihood
opportunities so rural population growth does
not require new farms

Zone lands and require forest conservation



Potential Enteric Emission Reductions

Change livestock types from ruminant (cattle,
sheep, goats) to non-ruminants (pigs, poultry)

Change feed to more digestible with more
grain and oil (must count emission from
oroducing grain or oil) & supplements

_ivestock breeding for lower emissions

—0or meat production, change management to
shorten growth periods

Develop Tier 2 or Tier 3 emission factors
(accounting reduction only, not emission
reduction)



Potential Nitrogen Fertilizer Reductions

Fertilizer use and emissions are low on
subsistence farms

Emissions mainly on commercial farms

Change form of fertilizer from more volatile or
soluble to slower releasing

Timing fertilizer application to be at the time
and place where crop plants absorb more

Limit amounts of fertilizer to amounts crops
can take up

Improve soll tilth: carbon, structure &
microbial communities .



Potential Rice Emission Reductions

 Reduce duration and/or depth of flooding
— Additional benefit: reduces water use

— Mid season drainage may decrease CH4 but increase N20;
consider entire system

 Change varieties to reduce transmission of
methane from roots, through stems

 Change from paddy rice to upland rice

— Yields are often lower, requiring more land per unit of
production



Potential Forest Degradation Reductions

e Change forest management to maintain
timber stocks

— Increase rotation lengths (may displace harvest to new
locations during transition period)

— Decrease harvest intensity (may displace harvest to new
locations)

— Increase tree growth rates

— Increase wood utilization rates (including charcoal
production efficiency) provides same amount of product with
less harvest

* Reduce shifting agriculture

 Fuel wood: establish woodlots or expand
agroforestry

10



Potential Peat Emission Reductions

e Stop new clearing of forest on peat
e Stop new drainage

e Stop tillage

 Rewet drained peat

11



Potential Manure Emission Reductions

 Reduce wet storage of manure

— Generally confined animal feeding operations, not
subsistence farms

o Capture methane from stored manure and

burn it
— May generate power

 Change animal feed

» Watch for displacement between CH, and
N,O emissions

12



Which Potential Reductions are Large? (1)

Deforestation is a large source and potentially
most or all can be eliminated

Enteric emissions are moderately large, but
probably only a small fraction can be
eliminated

Nitrogen fertilizer emissions are moderately
large, but only a modest fraction can be
eliminated

Rice emissions are moderate; potentially a
moderate fraction can be eliminated

13



Which Potential Reductions are Large? (2)

Forest degradation may be a moderately
large source but understanding is limited and
many emissions are in areas with increasing
population pressure

Peat emissions are moderately high and can
e stopped by stopping new deforestation
and draining on peat, and rewetting drained
peat

Manure management has high emission
mitigation potential in developed countries but
limited potential in developing countries

14



Every Country is Different

» Global sectors with biggest mitigation

potential:

— Deforestation
— Peat: very large emissions per hectare

— Forest degradation?

 |dentify large emissions and reduction
potential in your country/target area and

address those
« But work to mitigate all emissions

15



Carbon Sequestration

Increase soll organic matter:

— Improves soil nutrient exchange capacity and water holding
capacity

— Achieved by increasing carbon inputs and/or decreasing soil
disturbance

— Practices: Retain residue in the field; increase residue by
changing variety or increasing growth with fertilizer; switch
from plowing to conservation tillage

Agroforestry

 Forest management: Increase timber/carbon
stock

Convert non-forest to forest
— Can produce timber or other wood products or fuel

16



ldentify Actions

 What policies or actions would be
Implemented to achieve desired outcome?

17



SL project benefits and costs

* Analyze from perspectives of farmer/land
manager, banker, government

e Benefits (monetized and non-monetized)

— Market products: Crops, wood products
— Non-consumptive products: Eco-tourism

— Non-market products: Food consumed by household,
medicines

— Ecological products: Carbon, watershed services,
ecosystem services

— Social and cultural benefits

e Costs
— Capital
— Operating and Maintenance costs
— Opportunity cost of land in another use



More on Benefits

e Can increase net revenue by increasing

productivity or decreasing costs

— Example: Improving roads decreases cost of getting
goods to market

* Increase value by moving up the value
chain

— Example: Sell dried lumber instead of logs



Valuing Environmental Benefits

* Requires baseline land use projection

— Baseline is counterfactual and requires assumptions
about future behavior

— Selections of comparison areas and time matter

— One REDD project may capture much of a province’s
baseline

* Observed payments are more reliable than
stated preferences
 Land user may not be able to monetize

environmental benefits
— May not have rights
— May not be able to quantify effects
— Transaction costs may be greater than benefits



Financial Assessments

* Analyze from perspectives of farmer/land
manager, investor, government

e Socilal discount rate lower than investor
discount rate

— Reducing risk can lower investor & land manager
discount rates

e Shorter time horizon for investor NPV
 Land user may not be able to monetize
environmental benefits



Long Term Sustainability

e Land user revenues > costs, forever

— Crops or wood products are often largest revenue source
e Can have loss periods but must cover cash

flow
e Donor funds and carbon revenues are short

term; good for startup costs
— Setting up systems
— Initial implementation of new practices
— Training
— Capital investments, infrastructure



Assess Available Resources

Largest resource is land users

— Commercial
— Smallholder

1.5 billion ha global arable land, including
permanent crops (FAOSTAT 2014)

 Private investment
 Development funds

e Climate funds

— Green Climate Fund supposed to be $100bn/yr; so far
$2.5bn, all sectors

23



Annual Investment in Agriculture
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Source: FAO “The State of Food and Agriculture 2012” Figure 5. 24



Who Pays?

 If policies change where private investment is
made, large investments might be achieved
with small public cost

e Strategic investment in public goods can
generate large social benefit

 Input subsidies may transfer wealth with net
loss of welfare

25



Synergy Examples

e Reduce farmer costs or increase net income

— 40% of crops are wasted in harvest or processing;
Increasing efficiency can give significant gain to farmer for
same cropping inputs while reducing demand for new land

« Support other government goals

— Forest management that maintains harvest and productivity
over time (and maintains operator cash flow) can avoid
further degradation and maintains many forest dependent
species (but may not maintain key species of interest)

e Practices that sequester soil carbon often
Increase crop yields, especially in drought
years

26



Assess Constraints on Achieving ERs

* Poor access to capital
e Poor access to information

* Poor access to inputs or equipment
e Timing or amount of labor

e Food insecurity (producing less than annual
nousehold consumption)

* Poor access to markets

e Insecure tenure

* Percelved risk of new practices
e Cultural preferences

27



Barrier: Value of Emitting Activities

Returns from land uses causing emission
may be larger than non-emitting uses

Deforestation pays: returns from agriculture

genera

Develo
genera

ly greater than from forestry
oment pays: returns from development

ly greater than from agriculture

Corollary: Faclilitating access to developed
uses elsewhere can spare forest

Corollary: Increasing value of agriculture
Increases demand for agricultural land,

zoning

IS required to maintain forest

28



Addressing Constraints (1)

Gender affects access

Access to capital

— Commercial: Develop lending programs
— Smallholder: Recruit microfinance programs

Access to information

— Partner with influential farmers
— NGO technical transfer programs
— Mobile text information systems

Access to inputs and equipment

— Farmer cooperative saving groups

— Cooperative buying programs

— Facilitate seed production and distribution

— Facilitate development of agricultural service providers 29



Addressing Constraints (2)

e Timing or amount of labor

— Can practice changes or equipment reduce demand for
labor, or change time when labor is needed? Weeding
consumes a lot of smallholder labor

— Increasing production beyond household needs can
generate revenue to pay to hire labor

e Food insecurity (producing less than annual

household consumption)
— Increase yields or farm size

e Access to markets

— Transportation infrastructure
— Cooperative pooling and marketing

— Mobile information services
30



Addressing Constraints (3)

e |nsecure tenure

— Biases against conservation
— Blocks commercial investment
— High risk = high discount rate
 Demonstrate new practices/varieties locally
with respected farmers to mitigate perceived
risk of new things

e Cultural preferences

— Articulate values served by new practices, such as food
security, risk reduction, income increase

— Proposed activities may not be socially acceptable

31



Value Barriers

Returns from land uses causing emission
may be larger than non-emitting uses

Deforestation pays: returns from agriculture

genera

Develo
genera

ly greater than from forestry
oment pays: returns from development

ly greater than from agriculture

Carbon values are small

Ecosystem service values are usually
unpriced

32



Addressing Value Barriers (1)

e Requiring conservation keeps forest but

landowners forgo development value

— Seek compatible uses, especially wood products and
agricultural practices that build soil

— Product certification and lending criteria are tools
— Frequent, comprehensive monitoring is required

— Conservation: Map forest or require retention of a % of each
ownership

— Facilitating access to cleared lands or developed uses
elsewhere can spare forest

— But: Increasing the value of agriculture increases demand for
agricultural land

33



Addressing Value Barriers (2)

 Payments for ecosystem services

— Values are often very small per hectare

— Hard to show that change in land management changes
ecosystem service

— Hard to get beneficiaries to pay unless benefit is
concentrated

— Urban use of water can be valuable

— In remote areas with poor links to markets, development
values are low and carbon values might exceed
development values

34



Scale

« Monitoring and verification costs are relatively
Insensitive to project size

* Pooling carbon revenues
— Carbon payments to individual landowners are trivially small

— A share to communities can pay for community benefits like
water systems and schools

— A share to governments can pay for tech transfer,
Infrastructure, or law enforcement

e Landscapes: identify high emission localities
and sites with high value for protection

 Nested carbon projects can claim much of a
region’s baseline

35



Setting Goals: Strategies

Look for synergies, especially changes that
Increase value to landowners

_ook for emissions that can be changed
_arger scale gives more resources

Policy approaches tend to address national or
sub national scale

Service delivery amenable to project scale

What adoption rate is required to make
activity successful?

36



Setting Goals: Other Factors

e Resources needed

— Financial
— Institutional

e Partners

37



Pay for Performance?

Increasing population and need to improve
nutrition requires significant increase in
agricultural production in Africa

May not be absolute decrease in emissions
even with large decrease in emission per unit
of production

Might have rising baseline

Might target specific locations or sectors for
reductions

38



Developing an ER Strategy

State goal, and metric(s) of success

— Metrics should be measureable
— Requires a monitoring system

Specify all necessary activities and changes
required to achieve goa

ldentify who controls achievement of each
activity and how to get them to act

ldentify resources needed and source of each

Make a realistic timeline
— Show when later steps are dependent on earlier steps

39
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Learning Objectives

« Understand actions taken in example
agriculture, livestock and forestry projects

e Understand expected costs and benefits of
projects

e To the extent information exists, understand
outcomes of projects

e See economic similarities across sectors



Example Projects and Activities

« Agriculture: Vi Agroforestry

» Livestock: Kaptumpo Dairy Project

e Forestry, REDD: Kasigau Corridor
 Forest management: Wijma Cameroun S.A.




Vi Agroforestry

Targets smallholder farmers; works with
farmer groups

Integrated program: Tech transfer for
Integrated cropping systems, crop seeds, tree
seeds, economic analysis, saving groups,
social support

Projected 200,000 ha, 133,000 farmers

Paid for by grants, carbon credits; intend that
farmers continue adopted practices without
support






Vi Agroforestry

Scenarios analyzed (Tennigkeit et al. 2011):

Management only: Tillage, residue and
nutrient management, no new seed or
fertilizer inputs

Seed: Management changes plus high yield
seed

Management plus seed and fertilizer: Seed
scenario plus fertilizer

Agroforestry: Management plus seed, plus
trees and low fertilizer inputs



Vi Agroforestry

Scenario Manage- Seed Seed & Agro-

ment Fertilize forestry
NPV $/ha -$91 $140 $397 $107
Yield
Increase, 225 1500 3000 1500
kg/ha-yr
Labor
Increase, 30 45 60 50
days/ha-yr

Baseline maize yield 1000kg/ha-yr
Discount rate 10%/yr; NPV over 20 years
Source: Tennigkeit et al. 2011 7



Kaptumo Dairy Project

Targets smallholder farmers; works through
farmer groups

— Average farm size 1.15 ha; 3 cows
— Increasing population; decreasing farm size

* Funded by Gates Foundation, to East Africa

Dairy Development program, implemented by
Helfer International

 GHGs estimated using FAO Ex-Ante Carbon-
balance Tool (EX-ACT)

 Needed GHG quantitative data not available
(Jonsson 2012); used IPCC Tier 1 factors




Kaptumo Dairy Project




Actions

» Livestock management changes

— Improve feed quality: Napier & Rhodes grasses, lucerne and
dismodium fodder for protein; increase dry fodder

— Improve pasture; 30% fertilized
— Improved breeds

— Veterinary care & vaccines

e Shift some maize production to cash crops
 Interplant cash crop trees: Tea, passionfruit
 Reduce forest clearing (small percent of area)
« Milk chilling and marketing centers

« Adoption rates vary by practice

10



Modeled GHG Outcomes

“Realistic” adoption rate scenario

Reduce average emission from 3 tCO,e/ha-yr
to 1 tCO.e/ha-yr sink, averaged over 20 years

Most of benefit iIs biomass sequestration in
crop trees

Large soil carbon sink
Livestock emissions reduced 24%

Modest reduction in deforestation emissions
(little forest present at start)

11



Surveyed Financial Outcomes

* Average income increase from dairy is 6% of

median farmer income
— Higher milk yield per cow
— Healthier cows

 No data on income increase from crops

e Project participants had 2.5 times crop
Income of non-participants; suspect much of
this difference is because higher earners
enrolled in the project, not income gain from
the project

12



Program Cost

 Phase Il: $25.5 million grant from Gates
Foundation

e Goal to assist 200,000 farmers
e Cost would be $127.50/farmer

« Activities expected to continue after grant
funding ends

13



Kasigau Corridor REDD+ Project

200,000 ha in southeast Kenya
Avoid conversion of woodland to cropland

Large private land ownerships, including
group ranches

Project developer: Wildlife Works, for-profit

— Does monitoring & verification and some project activities

Paid for by carbon credit sales into the
voluntary market (VCS)

— Requires private capital to initiate projects

14



Kasigau Corridor REDD+ Project




Kasigau Corridor REDD+ Project

Baseline deforestation rate 3%/year
_ittle deforestation occurred after project start

Revenue split: 1/3 communities, 1/3
andowners (may be community ownership),
1/3 project developer

2011: Gross avoided deforestation 1.54
million tCO,e; 1.2 million tCO.e sellable
credits

More avoided emissions from solil than trees

16



Kasigau Outcomes

 Little deforestation since project start

« Communities use revenues for general
benefit

— School fees
— Water systems
— School construction

 Where the landowner is a community,
landowner share of revenues also goes to
community benefit

e Over $100,000/year monitoring & verification
costs

17



Wijma Cameroun S.A.

Forest Stewardship Council certified since
2006, gets access to European market

251,083 ha forest in four forest management
units in Cameroon -

Harvest more than 90,000 m3/yr /f

3 sawmills f —\\
Certified chain of custody from \
forest to consumer 4
Dutch owned, for profit em




Wijma Cameroun S.A.




Wijma Observations

0.36 m3/ha-yr is very low harvest rate

High value products: 2013 Cameroon non-
coniferous roundwood export: $378/m3 (ITTO
online database)

$136/ha-yr export value of logs

Concession rates to Cameroon government
tend to be low

Challenging operational environment

20



General Observations: Revenues

Competitive returns to land users
Long term revenues from commodities

Start up revenues from grants or carbon
credits

— tech transfer, social or physical infrastructure, community
benefits

Front-loading payments encourages
smallholder participation

21



General Observations: Carbon Payments

e Carbon benefits in these examples are mostly
soll, less biomass

* Globally, few carbon projects have generated
many credits

« Large percent of verified credits are unsold
(VCS Mai Ndombe)

— Kasigau credit sale to Althelia took 3 years: 2012 credits not
issued until October 2014

— No other known terrestrial offset large sales

e Project developers waiting for sales to start
projects

22



General Observations: Projects vs Programs

 Few locations support projects; selection bias

e Lower opportunity costs make modest project
revenues more attractive

 Programs and policies can address all lands

— Mandates applying to all avoid selection bias

— See: Nationally Appropriate Mitigation Actions (NAMAS),
Low Emission Development Strategies (LEDS), Intended
Nationally Determined Contributions (INDCs)

e Monitoring required to measure outcomes

« Real time monitoring assists law enforcement
(Brazil, Indonesia)

23



Scale

Monitoring and verification costs are relatively
Insensitive to project size; >$100k/yr

Pooling carbon revenues

— Communities payments for community benefits like water
systems and schools, need community group to decide and
operational actor to implement (can be NGO)

— A share to governments can pay for tech transfer,
Infrastructure, or law enforcement

Landscapes: identify high emission localities
— Estimate adoption rates for voluntary programs

Nested carbon projects can claim much of a
region’s baseline

24
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= USAID What is a cost-effectiveness
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S FROM THE AMERICAN PEOPLE

analvsis

* In the context of health and medicine, a cost-

effectiveness analysis (CEA) 1s a method for
evaluating tradeotfs between health benetits and

COStS resulting from alternative courses of action

* CEA supports decision makers; it is not a complete
resource allocation procedure



USAID pDifferent Types of Analysis

%> FROM THE AMERICAN PEOPLE

* Cost Effective Analysis: The costs of the

intervention relative to some outcome.

* Cost-Utility Analysis: Cost Effectiveness using a
Health Related Quality of Life measure.

* Cost-Benefit Analysis: A dollar value is placed on
the benefits as well as the cost of the intervention.




i) USAID Nymerator / Denominator

%> FROM THE AMERICAN PEOPLE

Cost

Effectiveness Cost/HIV Infection Averted

Cost-Utility

Cost/QALY (or DALY or HYE)
Analysis

Cost Cost/(Direct+ Indirect Benefits of Intervention)
Benefit Cost/(Willingness to Pay for Intervention)
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* Resources are limited

* The need for health interventions is vast

* Donors and implementers want the greatest
possible improvement



USAID Steps in

Qoo 7$?’  FROM THE AMERICAN PEOPLE C oS t_Effe CtiVeIle SS Al’lal SiS

Define The Program
Compute Net Costs
Compute Net Health Effects
Apply Decision Rules
Perform Sensitivity Analysis

kWi



= USAID Define Program, Perspective
ST FROM THE AMERICAN PEOPLE an d C OStS

* Develop alternative approaches to the problem

* Define precisely programs to be analyzed (who,
what, where, when, and how)

* Decide from whose perspective the analysis 1s being
conducted: donor, households, society

* Counts all resources used by a health program,
regardless of their source.



51.““@,2 U S AI D
SHEPS FROM THE AMERICAN PEOPLE Compute COStS and Beneﬁts

e (Costs

o Compute gross program costs

« Compute monetary savings

« Discount costs and savings to present value
o Compute net costs (gross costs less savings)

« Benefits (In health one option is)
o Additional years with full health
o Additional years of disease
« Improvement in health (no extension of life)
« Negative effects (inconveniences and morbidity)



‘“ FROM THE AMERICAN PEOPLE ComPUte COSt'effeCtiveneSS ratiO

Net costs (in monetary terms, e.g.,

dollars)

Net health effects (in utility terms,
e.g., DALYs or QALYY)

One can compare the CER of different approaches
One should vary parameters and conduct sensitivity analysis



Models for decision analvsis
="USAID y
and CEAs

* Decision model: a schematic representation of all of
the clinically and policy relevant features of the
decision problem

— Includes the following in its structure:
e Decision alternatives
* Clinical and policy-relevant outcomes
* Sequences of events

— Enables us to integrate knowledge about the decision
problem from many sources (i.e., probabilities, values)

— Computes expected outcomes (1.e., averaging across
uncertainties) for each decision alternative



= g A|D Building decision-analytic
Vowaoes FROM THE AMERICAN PEOPLE model

1. Define the model’s structure

2. Assign probabilities to all chance events in the
structure

3. Assign values (i.e., utilities) to all outcomes
encoded in the structure

4. Evaluate the expected utility of each decision
alternative

5. Perform sensitivity analyses

Simple enough to be understood; complex enough to
capture problem’s elements convincingly (assumptions)



=) USAID Example: decision tree

%> FROM THE AMERICAN PEOPLE

* Pregnant women seeking maternal care in health
facilities

e Two alternatives:
— Statue quo

— Community Health Workers Program

* To simplity the analysis, here we focus on maternal
outcomes only

* Goal: maximize life expectancy for the pregnant
women
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Gaumer, G., Zeng, W., Nandakumar, A.K., “Modeling the
returns on options for improving malaria case management

in Ethiopia.” Health Policy and Planning (2013)



= YSAID Why is Scale up Still Needed?

1.80

g Too Many preventable deaths 1,60

c 1.40
D malnly < 5 0 /\
' Free drug policy

1.00
0.80

has saved many lives

[ ] mainly poor

[] additional burdens for survivors o
[] huge health system burdens 0.20
. 1980 2004 2010
g Big segments of Poor People still not treated .

[ ] In Ethiopia, for illustration:

[ ] For children <5 with fever

[ 83% self treated by family

[] 16% treated in a government facility

[] 1% treated by CHW

From IHME, Lancet Feb 2012



Lans USAID A few explanations

FROM THE AMERICAN PEOPLE

g Poor diagnosis of malaria and pneumonia

g Wastage of anti-malaria drugs
g Lack of antibiotics

g Hard to access health facilities



=" IJSAID

%® FROM THE AMERICAN PEOPLE Scale up Strategies

Scenario I: Assuming that availability of antibiotic increases from 70% to 95%.

Scenario II: Assuming that 40% of febrile cases seek case at health facilities, increased
from 16% at the baseline, RDT scales up from 40% to 100% in health facilities, use of
RDT among CHW increases from 0% to 100%, the adherence to malaria test results
increases from 60% to 100%.

Scenario III: In addition to changes in Scenario 2, it assumes that RRT's are fully used
by both health facilities and CHWSs to diagnose pneumonia, with RRT compliance rate
of 90%.

Scenario IV: In addition to changes in Scenario 2 except few cases seeking care at health
facilities, it assumes that CHWs took major role in diagnosing and managing 70%
febrile cases, self-treatment cases reduced from 83% to 20%, and availability of
antibiotics increase from 70% to 100%.

Scenario V: In addition to changes in Scenario 4, it assumes that RRTs are fully used by
both health facilities and CHWs to diagnose pneumonia, with RRT compliance rate of
90%.



fe .m USAID Collaborating with Gates and

@,
L% FROM THE AMERICAN PEOPLE

Global Fund Researchers we:

g Built a decision-analytic model that triages children with febrile illness
through decision points relating to

[ ] care seeking choices,
[] testing options,
[] treatment options,

[[] and related cost and survival outcomes

g 594 nodes in the model, fit with data and assumptions from the literature for
Ethiopia as a pilot country

g Create a baseline, and difference it against results for 4 primary policy
scenarios -- cost per life saved for society and for the donor/government

g Changing key assumptions that would follow from the policy options
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FROM THE AMERICAN PEOPLE

s USAID Driving Issues in the CEA

g Current policy 1s to see only about 16% of the kids in facilities, where free
malaria drugs (ACT) are available

g Free Malaria drugs (ACT) have been excessively used due to donor’s support

g Presenting febrile illness of unknown cause slow confirmatory testing for
malaria and for other infections (only 40% of facilities have RDT for malaria)

g Stock outs of antibiotics (30% of the time is the assumption for Ethiopia) and
free Malaria drugs

g All conspire to cause many clinicians and families to ‘start with’ the free and
available malaria drugs

g This means that many drugs are wasted, more when areas have lower
prevalence of malaria. This ‘savings of waste’ is a source of financing for
scenarios in the CEA
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g Vastly reducing the 30% stock out rates (to 5%)---and avoiding the wasteful
substitution of antimalarial drugs.

--Would save 2098 <5 lives a year
--Would cost < million for the antibiotics

--Net cost 1s low, due to reduced costs of antimalarial drugs
--Costs Per life saved 1s $615

--But the benefits are bounded (can’t be scaled up any further)



= USAII:)The other Four Scenarios

Unbundled scale ups would add RDTs
Bundling would also add RDT& RRTs & free antibiotic

Expanded CHW delivery Delivery thru Health

system Facilities
Bundled Program Lives saved 31,500 Lives saved 18,000
Added Costs $8.5M Added costs $5.8M
Society C/LS $270 Society C/LS $318
Unbundled Program Lives saved 12,000 Lives saved 5,000
Added Costs $10.5M Added costs  $5.6M
Society C/LS $884 Society C/LS  $922

* Bundled scale up is more cost effective
--saves many more pneumonia deaths
--reduces more wastage in presumptive use of drugs



=" USAID CHYW delivery offer far more
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benefits due to better accessibility

g But also costs a lot more to implement (training)

g The differences in C/LS for the two delivery

modes are not large

g Bundling is better under both delivery scenarios.



USAID There are large differences in the C/LS between

%? FROM THE AMERICAN PEOPLE . .
the perspective of Society and the Donots

Bundled Facility delivery Unbundled CHW delivery

Donot/government §$727 $ 2258
Society at Large $318 $ 884
HH cost savings $7.5 M HH cost savings  § 16.5 M

« For all scenarios, C/LS are higher than for the donors

« Huge household savings are from reduced purchases of
[] Medicines from private sources and some

[ ] Transport savings for the CHW scenario



USAID scale up cost per life saved sensitive to
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baseline malaria incidence
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Table 5 Sensitivity of cost per life saved to mix of delivery system
models

Seeking care

Cost/life saved ($)

in health

1 Government/donors Society
facility (%) Malaria- Bundled- Malaria- Bundled-
Faality Faality Facility Facility

0 2701 777 1118 246

10 2564 764 1069 264

20 2427 752 1020 282

30 2289 739 971 300

40 2150 727 922 318

30 2011 714 873 336
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What is a cost-effectiveness

analysis

* In the context of health and medicine, a cost-
effectiveness analysis (CEA) is a method for

evaluating tradeotts between health benefits and

costs resulting from alternative courses of action

* CEA supports decision makers; it 1s not a complete
resource allocation procedure



Different Types of Analysis

* Cost Effective Analysis: The costs of the

intervention relative to some outcome.

* Cost-Utility Analysis: Cost Effectiveness using a
Health Related Quality of Life measure.

* Cost-Benefit Analysis: A dollar value is placed on
the benefits as well as the cost of the intervention.




Numerator / Denominator

Cost
IV Infection A
Effectivencss Cost/HIV Infection Averted
Cost-Utili

ost-Utility Cost/QALY (or DALY or HYE)

Analysis
Cost Cost/(Direct+ Indirect Benefits of Intervention)

Benefit Cost/(Willingness to Pay for Intervention)



Why CEA

e Resources are limited
e The need for health interventions is vast

* Donors and implementers want the greatest
possible improvement



Steps in
Cost-Effectiveness Analysis

Define The Program
Compute Net Costs
Compute Net Health Effects
Apply Decision Rules
Perform Sensitivity Analysis

s GO [0 —



Define Program, Perspective
and Costs

* Develop alternative approaches to the problem

* Define precisely programs to be analyzed (who,
what, where, when, and how)

* Decide from whose perspective the analysis is being
conducted: donor, households, society

* Counts all resources used by a health program,
regardless of their source.



Compute Costs and Benefits

e (Costs

o Compute gross program costs

e Compute monetary savings

« Discount costs and savings to present value
e Compute net costs (gross costs less savings)

» Benefits (In health one option is)
e Additional years with full health
e Additional years of disease
e Improvement in health (no extension of life)
« Negative effects (inconveniences and morbidity)



Compute cost-effectiveness ratio

Net costs (in monetary terms, e.g,,

dollars)

Net health effects (in utility terms,
e.g., DALYs or QALY3S)

One can compare the CER of different approaches
One should vary parameters and conduct sensitivity analysis



Models for decision analysis
and CEAs

* Decision model: a schematic representation ot all of
the clinically and policy relevant features of the
decision problem

— Includes the following in its structure:
* Decision alternatives

* Clinical and policy-relevant outcomes

* Sequences of events

— Enables us to integrate knowledge about the decision
problem from many sources (i.e., probabilities, values)

— Computes expected outcomes (1.e., averaging across
uncertainties) for each decision alternative

10



Building decision-analytic
model

1. Define the model’s structure

2. Assign probabilities to all chance events in the
Structure

3. Assign values (1.e., utilities) to all outcomes
encoded in the structure

4. Evaluate the expected utility of each decision
alternative

5. Perform sensitivity analyses

Simple enough to be understood; complex enough to
capture problem’s elements convincingly (assumptions).



Example: decision tree

* Pregnant women seeking maternal care in health
facilities

e 'T\wo alternatives:
— Statue quo

— Community Health Workers Program

* To simplity the analysis, here we focus on maternal
outcomes only

* Goal: maximize life expectancy for the pregnant
women

12



Gaumer, G., Zeng, W., Nandakumar, A.K., “Modeling the
returns on options for improving malaria case management

in Ethiopia.” Health Policy and Planning (2013)
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Why is Scale up Still Needed?

Millions of Deaths from Malaria

B Too Many preventable deaths 50
. 1.60
[ mamly <5 1.40
) 1.20

| malnly pOOf 1.00 has saved many lives
0.80
B additional burdens for survivors 0.60
0.40
B huge health system burdens 020
0.00

1980 2004 2010
B Big segments of Poor People still not treated AT

In Ethiopia, for illustration:
From IHME, Lancet Feb 2012

For children <5 with fever
83% self treated by family

16% treated in a government facility

1% treated by CHW

14



A few explanations

B Poor diagnosis of malaria and pneumonia

B Wastage of anti-malaria drugs
B Lack of antibiotics
B Hard to access health facilities

15



Scale up strategies

Scenario I: Assuming that availability of antibiotic increases from 70% to 95%.

Scenario II: Assuming that 40% of febrile cases seek case at health facilities, increased
from 16% at the baseline, RDT scales up from 40% to 100% in health facilities, use of
RDT among CHW increases from 0% to 100%, the adherence to malaria test results
increases from 60% to 100%.

Scenario III: In addition to changes in Scenario 2, it assumes that RRTs are fully used by
both health facilities and CHWs to diagnose pneumonia, with RRT compliance rate of
90%.

Scenario IV: In addition to changes in Scenario 2 except few cases secking care at health
facilities, it assumes that CHWSs took major role in diagnosing and managing 70%
tebrile cases, self-treatment cases reduced from 83% to 20%, and availability of
antibiotics increase from 70% to 100%.

Scenario V: In addition to changes in Scenario 4, it assumes that RRTs are fully used by

both health facilities and CHWs to diagnose pneumonia, with RRT compliance rate of
90%.

16



Collaborating with Gates and Global

Fund Researchers we:

B Built a decision-analytic model that triages children with febrile illness
through decision points relating to

B care secking choices,
B testing options,

WM treatment options,
|

and related cost and survival outcomes

B 594 nodes in the model, fit with data and assumptions from the literature
for Ethiopia as a pilot country

B Create a baseline, and difference it against results for 4 primary policy
scenarios -- cost per life saved for society and for the donor/government

B Changing key assumptions that would follow from the policy options

17



Febrile cases suspected of malaria

RDT

Health facilities

Presumptive
diagnosis

CHW

Microscopy
diagnosis

Self-treatment

No treatment

Test positive

{ Test negative ==

Survive
Pneumonia+ AMT+Antibiotics
Die
= Survive
Penumonia- AMT =
— Die
— Survive
Antibiotics =
— Die
Pneumonia+
Survive
No antibiotics === AMT
Die
Comply to Further inverstion
- neumonia test ation
_| Comply to malaria P g
test
Not comply to A
pneumonia test Antibiotics
Pneumonial - — Survive
Comply to o
pneumonia test AMT
— = Die
|| Notcomply to
malaria test
= Survive
Not coply to T
pneumonial test AMT+antibiotics
— Die

Simplified Scenario Impact
Model

18



Driving Issues in the CEA

Current policy is to see only about 16% of the kids in facilities, where free
malaria drugs (ACT) are available

Free Malaria drugs (ACT) have been excessively used due to donot’s support

Presenting febrile illness of unknown cause slow confirmatory testing for
malaria and for other infections (only 40% of facilities have RDT for malaria)

Stock outs of antibiotics (30% of the time 1s the assumption for Ethiopia) and
free Malaria drugs

All conspire to cause many clinicians and families to ‘start with’ the free and
available malaria drugs

This means that many drugs are wasted, more when areas have lower
prevalence of malaria. This ‘savings of waste’ is a source of financing for
scenarios in the CEA

19



Policy Option 1: Provide Free Antibiotics to

B Vastly reducing the 30% stock out rates (to 5%)---and avoiding the wasteful
substitution of antimalarial drugs.

--Would save 2098 <5 lives a year

--Would cost < million for the antibiotics

--Net cost 1s low, due to reduced costs of antimalarial drugs
--Costs Per life saved is $615

--But the benefits are bounded (can’t be scaled up any further)

20



The other Four Scenarios

Unbundled scale ups would add RDTs
Bundling would also add RDT& RRTs & free antibiotic

Expanded CHW delivery Delivery thru Health

system Facilities
Bundled Program Lives saved 31,500 Lives saved 18,000
Added Costs $8.5M Added costs  $5.8M
Society C/LS  $270 Society C/LS $318
Unbundled Program Lives saved 12,000 Lives saved 5,000
Added Costs $10.5M Added costs  $5.6M
Society C/LS $884 Society C/LS  $922

« Bundled scale up 1s more cost effective
--saves many more pneumonia deaths
--reduces more wastage in presumptive use of drugs

21



CHVW delivery offer far more

benefits due to better accessibility

Bl But also costs a lot more to implement (training)

B The differences in C/LS for the two delivery

modes are not large

B Bundling is better under both delivery scenarios.

22



There are large differences in the C/LS between
the perspective of Society and the Donors

Bundled Facility delivery Unbundled CHW delivery

Donot/government §$727 $ 2258
Society at Large $318 $ 884
HH cost savings $7.5 M HH cost savings  $ 16.5 M

« For all scenarios, C/LS are higher than for the donors

« Huge household savings are from reduced purchases of
B Medicines from private sources and some

B Transport savings for the CHW scenario

23



Scale up cost per life saved sensitive to
baseline malaria incidence
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Figure 4 Sensitivity ol outcomes to incidence of malaria for society
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Delivery approaches make
difference

Table 5 Sensitivity of cost per life saved to mix of delivery system

models

Seeking care Cost/life saved (%)

i_" ]:n:‘a]th Government/donors Society

facility (%) Malaria- Bundled- Malaria- Bundled-
Faality Faality Facility Facility

0 2701 777 1118 246

10 2564 764 1069 264

20 2427 752 1020 282

30 2289 739 971 300

40 2150 727 922 318

30 2011 714 873 336
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Background Diverse opinions have emerged about the best way to scale up malaria interven-
tions. Three controversies seem most important: (1) should the scale-up focus on a
broader target of febrile illness (including infectious disease and pneumonia)? (2)
should the scale-up feature a single intervention or be targeted to the situation? (3)
should scale-up have a preference for one kind of delivery mechanism or another?

Methods A decision model of 576 nodes describes the patterns of access, treatment and
outcomes of an episode of febrile illness for a child below 5 years. Incremental
costs and outcomes relative to baseline (2010) are computed for particular
scenarios for Ethiopia using data from the literature. Two perspectives define the
relevant costs: society at large and financiers (government and donors) where
the costs borne by households are not included.

Findings Scaling up malaria interventions by one means or another is a very inexpensive
way of saving young lives in poor countries. The low cost per life saved stems from
two main reasons: the excessive baseline costs of presumptive use of antimalarial
drugs for non-malaria cases, and the excessive costs of delayed treatment of
pneumonia. A very limited policy of supplying antibiotics to facilities to eliminate
stockouts would save 2100 lives, at a cost of only $615 a life. A much broader
programme option, bundling malaria and pneumonia together for patients
presenting with febrile illness [including rapid diagnostic test (RDT) for malaria,
respiratory rate timers (RRTs) and free antibiotics], would save tens of thousands
of young lives at and still cost society less than child fever management in the
baseline situation! It is not clear that scale-up via community health workers
(CHWs) is to be preferred to a facility-based intervention. The delivery through
CHWs allows for a broader coverage of using RDT and RRT, but with limited
effectiveness due to limited skills of CHWs in treating and managing patients.

Keywords: Malaria, scale-up, decision analytic model, cost effectiveness, Ethiopia

Introduction off, drug wastage, provider compliance rigidities, how best to

After $1.5 billion in international funding for malaria in 2009
and much success (World Health Organization 2010), the
prospects of further scale-up of the malaria treatment pro-
gramme has begun to expose diverse opinions about the best
way forward. Accompanying the shortage of financing have
been concerns about issues such as high costs, diminished pay

access rural and isolated groups, and others (Reyburn et al.
2004; Bell et al. 2006; d’Acremont ef al. 2010; Cohen ef al. 2011).
Proposals for scaling up need to cope with these issues, and
experts have come to see the way forward in quite different
ways. The programme of Affordable Medicines Facility—mal-
aria (AMFm) starts addressing some of these issues with
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promising results (Littrell et al. 2011; ICF International and
London School of Hygiene & Tropical Medicine 2012; Tougher
et al. 2012; Malm ef al. 2013).

One area about the scale-up reacts to concerns about the high
levels of inappropriate use of antimalarial drugs (AMDs),
including artemisinin-based combination therapies (ACTs),
and the shortage of essential drugs (i.e. antibiotics) in
resource-limited settings. One possible scale-up strategy to
address the concerns would be to amend the ‘malaria model” by
adding antibiotics (e.g. commodities) to eliminate antibiotic
stockouts. Alternatively, we could consider a broader strategy
aimed at all febrile illness in order to better accommodate to
provider practice realities. This kind of intervention might
capture benefits from more appropriate (compliant) patterns of
treatment (Hildenwall 2009). Broader interventions of febrile
illness would combine pneumonia, malaria and even other
diagnoses, along with new rapid testing technologies, making
appropriate drugs widely available, and wusing training to
support appropriate provider behaviours (World Health
Organization 2010). This kind of solution might reduce wide-
spread waste of ACTs and get antibiotics to patients who need
them more quickly.

Beyond scale-up solutions that would bundle diagnoses and
better integrate treatment decisions, other lines of thinking are
beginning to suggest that further scale-up must move beyond
the idea of ‘one type of universal malaria or bundled solution
with multiple interventions’. This thinking is beginning to
consider more nuanced, or tailored, or targeted programmes,
where different kinds of interventions and delivery mechanisms
could be implemented in different situations (Sabot ef al. 2011;
Tren et al. 2012).

The third important dimension on which opinion seems to be
fracturing relates to how the delivery system needs to be
structured to support scale-up (Steketee and Eisele 2009). Both
kinds of alternate thinking about scale-up noted earlier
(bundling or not, and targeted or not) are suggestive of a
broader integration of the programme with extant health
services delivery structures and policy. Some see the need to
emphasize the role of trained community health workers
(CHWs) to eliminate distance and knowledge barriers and
allow scale-up to reach the vast majority of the population
(Chanda et al. 2011). Others see the scale-up differently,
emphasizing health facilities including private facilities
(Chinkhumba ef al. 2010), reasoning that training costs for
CHWs are high and that some countries have not chosen the
CHW as an important form of service delivery.

Methods

A decision model is used to examine the consequences of
alternative ways of scaling up the malaria intervention for
children below 5 years. The impacts of intervention changes are
computed by differencing baseline outcomes (costs, mortality)
with the modelling results obtained for a particular intervention
scenario. Both health system and societal perspectives are used
for defining the relevant costs (and cost savings).

The modelling is based on Ethiopia, using data for a baseline
of 2010, the most recent time for which the data on some key
epidemiological parameters were available. We chose Ethiopia

because it has a mid-range incidence of malaria, a mixed
delivery system (CHWs and facilities) and three successful
grants from the Global Fund for Malaria programming
(The Global Fund 2013). In 2010, Ethiopia had nearly 14
million people below age 5 (United Nations Statistics Division
2012). Incidences of malaria and pneumonia in this population
are estimated at 0.15 and 0.30 per person year, respectively
(Salomon ef al. 2011). Deaths from malaria and pneumonia are
about 16200 and 88000, respectively. Febrile illness is treated
in facilities (16%), by access to a CHW (1%) and by self-
treatment (83%) (Salomon ef al. 2011). In the country, there are
412 government health facilities with 1806 physicians and
35000 CHWs (World Health Organization 2010). For persons
treated in government facilities, we assume that about 40% of
the febrile cases now get rapid diagnostic tests (RDTs)
(Nankabirwa et al. 2009; Ndofor et al. 2013) and 30% of the
time when antibiotics are prescribed, they are not available
(Ministry of Health of Ethiopia and WHO 2003; Carasso ef al.
2009).

Five scenarios are used to understand likely impacts of scaling
up the current activities to fight malaria. The determination of
scenarios of interest was based on initial discussions with
programme officials in the Global Fund and the Bill and
Melinda Gates Foundation, followed up with a review of policy
discussions found in the literature. The five scenarios include a
limited intervention scenario wherein antibiotics would be
provided to health facilities in amounts that would eliminate
stockouts, which occur about 30% of the time at baseline, and
four scenarios defined by interacting the disease scope of the
scale-up (two approaches) with the way service delivery are
done (two approaches). In all four of these scale-up scenarios,
we made no changes in the way the private sector functioned,
other than the way scale-up alters the numbers of patients
seeking care in that sector.

All scale-up options assume that there will be increases in the
number of children with febrile illness who are seen by
providers. Now, only about 16% are seen in Ethiopia (Salomon
et al. 2011). In two of the scenarios, we assumed expansion to
50% (these scale-up scenarios utilize a service delivery model
featuring facility-based care). Two other scenarios expand care
seeking to 80% of children with febrile illness (these scale-up
scenarios utilize service delivery centred around CHWS).

We defined two scale-up approaches regarding disease scope;
one scale-up possibility is to continue the current intervention
of focusing on malaria alone, but enhanced by adding universal
access to RDT; the other scope option is to broaden the malaria
programme to include helping providers identify and treat
pneumonia. This would be done with added interventions
including provision of antibiotics, and by making respiratory
rate timers (RRTs) available. The ‘bundled’ scenarios referenced
in the tables and figures refer to scaling up interventions to
manage both malaria and pneumonia.

The model is illustrated in Supplementary Figure S1. For an
episode of febrile illness, the model captures sequence of
choices and results in 576 nodes. The sequence includes

e family decisions about whether and where to seek care
(facility, CHW, self-treatment);

e provider approach to diagnosing the underlying condition
(microscopy, RDT, RDT+RRT, presumptive);
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Table 1 Parameters that differentiate the baseline and five intervention scenarios

Baseline 1 2 3 4 5
Antibiotics® Malaria-Facility” Bundled-Facility* Malaria-CHW* Bundled-CHW*®
Facility access rate (%) 16 16 40 40 10 10
CHW access rate (%) 1 1 10 10 70 70
Self-treat rate (%) 83 83 50 50 20 20
Facility antibiotics availability (%) 70 95 70 70 95 95
Use rate of RDT-facilities (%) 40 40 100 100 100 100
Use rate of RDT-CHW (%) 0 0 100 100 100 100
Use rate of RRT in facilities (%) 0 0 0 100 0 100
Use rate of RRT in CHW (%) 0 0 0 100 0 100
RDT negative compliance (%) 60 60 100 100 100 100
RRT negative compliance (%) 90 90

?Assuming that availability of antibiotic increases from 70% to 95%.

bAssuming that 40% of febrile cases seek case at health facilities, increased from 16% at the baseline, RDT scales up from 40% to 100% in health facilities, use
of RDT among CHW increases from 0% to 100%, the adherence to malaria test results increases from 60% to 100%.
“In addition to changes in Scenario 2, it assumes that RRTs are fully used by both health facilities and CHWs to diagnose pneumonia, with RRT compliance

rate of 90%.

9In addition to changes in Scenario 2 except few cases seeking care at health facilities, it assumes that CHWs took major role in diagnosing and managing 70%
febrile cases, self-treatment cases reduced from 83% to 20%, and availability of antibiotics increase from 70% to 100%.

‘In addition to changes in Scenario 4, it assumes that RRTs are fully used by both health facilities and CHWs to diagnose pneumonia, with RRT compliance

rate of 90%.

e given the diagnosis result, provider decision about test
compliance and decisions about treatment;

e course of the condition and subsequent care needs (hospital
stay, follow-up outpatient care, nothing);

e outcomes in terms of total costs and mortality.

Scenarios are created by positing changes in one or more
baseline parameters. In the case of parameters like adherence
(compliance) rates and disease incidence rates, we also examine
the sensitivity of scenario outcomes to a range of plausible
values for the parameter in question. The characteristics for
each scenario are shown in Table 1.

The scenarios differ not only in terms of the access to care
assumption but also in terms of the practice patterns, or
choices, of providers. Overall compliance with RDT negative test
results (not giving ACTs when RDT test results are negative) is
assumed to be improved in all the scale-up scenarios since the
initial introduction of RDT, RRT and antibiotics at least will
appropriately treat those who are given ACT due to lack of
antibiotics.

The data for modelling the baseline situation in such a
complex model are not fully available for any country.
Parameters are taken to the extent possible from the 2010
values for Ethiopia available from the World Health
Organization, CHOosing Interventions that are Cost Effective
(WHO-CHOICE). Other important data sources include exten-
sive African malaria modelling efforts by Salomon ef al. (2011)
and Shillcutt et al. (2008). Other data sources used are also
identified in the data and assumption tables provided in the
Supplementary data. If data were not available from these
sources or the literature, assumptions were made to perform
the simulation. The baseline model assumptions were also
adjusted to conform to known child death rates for malaria and
pneumonia.’ Due to the lack of data on the case fatality rate
(CFR) of malaria and pneumonia, we did not distinguish the

CFRs by treatment settings. The key epidemiological and cost
parameters are showed in Tables 2 and 3.

Results

The baseline situation is shown in the first column of Table 4.
Using the model, we estimate the baseline 2010 level of total
spending on febrile illness at about $50 million a year in
Ethiopia, about 44% of which is financed directly by house-
holds, mainly on purchases of drugs from retail private sources.
Government/donor cost on febrile illness (66% of $50 million) is
mainly on hospital and health facility follow-up care (85%) and
both AMDs and antibiotics (14%). The level of government cost
on antibiotics is not much different than the amount costed by
households. Nearly 113000 children died from febrile illness at
baseline, over 75% of them from pneumonia.

Question 1: Does eliminating the antibiotic stockouts in
government facilities save lives and create efficiencies relative
to baseline? We created an intervention scenario wherein
sufficient antibiotics were purchased and distributed to gov-
ernment facilities to eliminate stockouts, which at baseline are
assumed to be 30% (in 3 of 10 patients where the clinician
would administer antibiotics, such drugs are not available at
the facility). No other changes from the baseline were made in
this scenario, including no changes in the use of the private
sector delivery system. The cost of the programme is limited to
the costs of the antibiotics (the supply systems are not altered
in the scenario). The benefits will be the reductions in deaths
for persons who did not promptly receive antibiotics (pneumo-
nia deaths) and cost savings achieved by not wasting the free
AMDs that are often administered by clinicians who are often
pressured to ‘do something” when faced with stockouts for the
drug of choice.
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Table 2 Key epidemiological parameters among children below 5 years

Parameters Estimate (%) Source

Epidemiology
Incidence of febrile illness (per person year) 56 Salomon ef al. (2011)
Incidence of malaria (per person year) 15 Salomon ef al. (2011)
Incidence of pneumonia (per person year) 30 Salomon ef al. (2011)
Incidence of co-infection of malaria and pneumonia (per person year) 2 d’Acremont et al. (2010)

Care seeking behaviour

Receiving care at health facilities 16 Salomon ef al. (2011)
Receiving care at community health workers 1 Salomon et al. (2011)
Self-treatment 83 Salomon ef al. (2011)

Sensitivity and specificity of diagnostic approaches

Sensitivity of RDT 93 Meena et al. (2009)
Specificity of RDT 98 Meena et al. (2009)
Sensitivity of microscopy 79 Uzochukwu et al. (2009)
Specificity of microscopy 82 Uzochukwu et al. (2009)
Sensitivity of presumptive diagnosis for malaria 85-90 Ajayi et al. (2009)
Specificity of presumptive diagnosis for malaria 2042 Ajayi et al. (2009)
Sensitivity of RRT 80 Assumption

Specificity of RRT 75 Assumption

Sensitivity of presumptive diagnosis for pneumonia 40-80 Assumption

Specificity of presumptive diagnosis for pneumonia 35-63 Assumption

Case fatality rate

Malaria CHWs treated with initial proper treatment 3 Assumption + calibration
Malaria treated without initial proper treatment 1 Assumption + calibration
Pneumonia without initial proper treatment 6 Gwer et al. (2007) + calibration
Pneumonia with initial proper treatment 2 Assumption + calibration

Table 3 Key cost estimates used in the model

Parameters Estimate($) Sources or assumptions

Diagnostics
RDT 0.80 Lemma ef al. (2011); Uzochukwu et al. (2009)
Microscopy 1.30 Chanda et al. (2009); Uzochukwu et al. (2009)
RRT 3.50 Assumption

Drugs (per treatment course)
ACT for uncomplicated plasmodium falciparum (p.f.) cases 1.59 Tougher ef al. (2012) + assumption
Choloquine for uncomplicated plasmodium vivax (p.v.) cases 0.90 $0.3 per day for 3 days
Intravenous quinine for severe malaria cases 5.47 Uzochukwu et al. (2009)
Antibiotics for uncomplicated pneumonia 2.52 Banja (2010)
Antibiotics for complicated pneumonia 15.54 Banja (2010)

Health care cost

Inpatient health care cost (per bed day) 3.56 WHO-CHOICE
Outpatient health care cost (per visit) 0.98 WHO-CHOICE
Lab cost for inpatients
Lab cost for malaria inpatients 36 Kone et al. (2010)
Lab cost for pneumonia inpatients 36 Kone et al. (2010) 4+ assumption

Cost of training
Cost of training/CHW (bundled) 50 $5 for material cost+ half day of training and per diem
Cost of training/CHW (unbundled) 100 $10 for material cost+ 1 day of training and per diem
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Table 4 Annual costs and deaths for febrile cases <5 in Ethiopia for baseline and five intervention scenarios®

Baseline Amibi:nics Malariaz—FaCilily Bundle;—FaCility Malarit—CHW Bundle’):i—CHW
Health outcomes
Number of death due to co-infection 9351 9331 8139 7697 7078 6371
Number of malaria death 16226 16311 15608 15760 15158 15461
Number of pneumonia death 87771 85607 83551 71698 79114 60150
Total death 113348 111250 107298 95155 101350 81982
Death rate (per 1000 population) 19.61 19.46 19.17 18.29 18.74 17.34
Costs of government/donors ($)
Cost of RDT 435192 435192 3473242 3473242 5953043 5953043
Cost of RRT 0 0 0 128 821 0 128 821
Cost of antibiotics 2501487 3170917 8115278 9276373 14 637 600 15012134
Cost of AMD 1325864 1149023 2483594 1824247 4200546 2995063
Cost of training 0 0 3500000 1750000 3500000 1750000
Other health care cost” 23930748 24729494 23629947 24960762 26992063 27324514
Subtotal 28193291 29484626 41202 060 41413445 55283252 53163575
Costs of household (HH) ($)
HH transportation cost 888 601 888 601 2221503 2221503 555376 555376
HH cost of AMD 7834026 7834026 4337430 4337430 1734972 1734972
HH cost of antibiotics 13245491 13245491 7979211 7979211 3191685 3191685
Subtotal 21968118 21968118 14538 145 14538 145 5482032 5482032
Total ($) 50161409 51452744 55740205 55951589 60765284 58 645 607
Cost/life saved (programme) 615 2150 727 2258 796
Cost/life saved (society) 615 922 318 884 270

AMD, anti-malaria drug, including ACT, chloroquine and quinine.
4Same note for the five intervention scenarios as Table 1.

Other health care costs include the labour costs of medical staff, facility capital costs and costs of laboratory tests other than RDT and RRT.

The results for this scenario are shown in the second column
of Table 4. The programme would cost about $670 000 a year for
the additional antibiotics, another $800 000 in other health care
costs that include labour costs of medical staff, facility capital
costs, and costs of laboratory tests other than RDT and RRT,
and result in saving 2100 pneumonia deaths in children. The
cost per life saved is only $615. One reason this is so
inexpensive is that the added costs of testing and other
health care are offset by the reduced costs of presumptive use
of AMDs including ACTs. A weakness of this very limited
intervention is that (without supplementary provision of RDT)
only about 40% of suspected malaria cases treated in health
facilities are able to be tested with RDT. This commodity
strategy for antibiotics is a better payoff (for society and for
governments/donors) when pneumonia incidence rates are
higher. As Figures 5 and 6 indicate, as incidence rates for
pneumonia rise, the costs per life saved become even lower.

Question 2: Does scale-up using a bundled approach to febrile
illness yield more programme efficiencies and saved lives than a
malaria-only approach? Bundling directly addresses the clinical
distortions created by better clinician access to AMDs than to
other treatments for conditions that also present as a febrile
illness. These distortions manifest as excessive use of the least
expensive/more accessible treatment alternative when clinicians
face a situation of uncertainty about the underlying condition.

The bundled programme would improve access to RDT for
malaria, would provide universal access to RRTs (to better
discriminate the condition of pneumonia and compromised
pulmonary function) and would offer required supplies of both
AMDs, including ACTs, and antibiotics (e.g. no stockouts at
facilities). We would expect an increase in lives saved (particu-
larly for pneumonia) and modest increments in cost because
the costs of the programme of interventions would be largely
offset by the reduction in wastage of AMDs. Results are shown
on Table 4. In that table, the bundled programme results are
shown in column 3 (emphasizing facility-delivered mechanism)
and column 5 (emphasizing CHW-delivered mechanism). The
scale-up is evident in assumptions made about access to
government providers in all scenarios. Now about 83% of
febrile patients are self-treated (Salomon ef al. 2011), with or
without privately purchased pharmaceuticals. In the roll out
scenarios, we alternatively assume that this is reduced to 50%
(in the case where facility delivery is emphasized) and to 20%
(where the intervention emphasizes the CHW strategy, where
there are much more widely dispersed points of testing and
treatment services).

As a scale up alternative, the bundling alternatives (Scenarios
3 and 5) save more lives saved than the malaria-only
intervention (Scenarios 2 and 4). In terms of net cost outlays
by government/donors, the bundled programme roll out that
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emphasizes the facility delivery mechanism (Scenario 3) would
cost about $13 million each year more than current intervention
(Baseline). The malaria-only programme under the same
assumptions (Scenario 2) would cost $13 million over baseline.
The scale-up that emphasizes CHWs would have a net incre-
mental cost increase over baseline of $25 million for the
bundled programme (Scenario 5) and $27 million for the
malaria-only programme (Scenario 4). While costing more to
implement (RRTs and antibiotics), the net costs of bundling are
lower or similar relative to the malaria-only programme
primarily because of savings that accrue by reducing the
wasted AMDs (partly by reducing stockouts for antibiotics
and by improving the accuracy of diagnosis). There is no real
differential in the household costs between the bundled scale-
up with the scale-up that continues to emphasize malaria only.

Scale-up of a bundling alternative improves febrile care
outcomes for the population under 5 more than a malaria-
only intervention. The savings in lives are primarily due to
fewer deaths from pneumonia. Using a facility-focused delivery
model, the bundled intervention saves about 18000 lives each
year relative to baseline. The malaria-only intervention would
save only about 6000 lives. With the CHW delivery emphasis
the mortality benefits of bundling are even more pronounced:
with bundling about 31000 lives would be saved a year, and for
a malaria-only roll out, only about 12 000 lives would be saved.
Consequently, cost per life saved is far lower for bundled scale-
up than for malaria-only scale up. When considering the costs
borne by donors/government and households, the bundled
intervention scale up more than pays for itself from society’s
perspective. The cost reductions of the scale-up for the
households are not relevant for the government/donor perspec-
tive, so the cost per life saved from this perspective is much
greater, though they still favour a bundled intervention.

Question 3: Does it matter how scale-up is delivered? Does
the emphasis on one or the other service delivery modality
influence intervention efficiency and mortality? The interven-
tion options we tested here are defined by a CHW dominant
one (80% overall coverage, with 70% going to CHWs and only
10% to facilities) and a facility dominant model (only 50%
coverage, of which 40% seek care in facilities and only 10% to
CHWs). These results are shown in Table 4, columns 2 and 4,
respectively. CHWs require lots of expensive training, but more
people can be reached because distance and ignorance barriers
to care-seeking are lower.

The overall costs for scaling up via CHW are higher mainly
because of the further reach of the programme to more people.
The added net costs to the government/donors for the facility
centred model of scale-up will be around $13 million, whereas
the CHW approach will cost twice that much ($25-27M). The
delivery model emphasizing facilities saves far fewer lives
(6000-18000 lives) than the CHW model (12000-31000).
Overall, from the vantage point of payers or from the vantage
point of society at large, the cost per life saved is somewhat
lower for a facility-based roll out (for both a bundled and
unbundled service approach).

Sensitivity tests

To better understand the impact of delivery system options on
outcomes, we performed sensitivity tests. Table 5 shows some

Table 5 Sensitivity of cost per life saved to mix of delivery system
models

Seeking care
in health

Cost/life saved ($)

Government/donors Society
facility (%) Malaria- Bundled- Malaria- Bundled-
Facility Facility Facility Facility
0 2701 777 1118 246
10 2564 764 1069 264
20 2427 752 1020 282
30 2289 739 971 300
40 2150 727 922 318
50 2011 714 873 336

sensitivity tests on the mix of the two delivery systems, holding
overall scale-up access constant at 50% (e.g. 50% of the
population are self-treated). For example, when 20% of the
families seek care in facilities, it means that 30% seek care with
CHWSs. When 50% seek care in facilities, it means that 0% seek
care with CHWs. Whether the intervention is bundled or not,
from the perspective of the donor/government, it is more cost
effective to make maximum use of facilities in delivering the
scaled up intervention. As the care seeking choices emphasize
more and more use of facilities, the cost per life saved falls.
However, from the societal perspective, the story is mixed: the
cost per life saved drops when using more and more health
facilities to deliver the service for the unbundled intervention,
but the cost per life saved increases for the bundled interven-
tion. This is due to the higher facility costs in comparison with
the unbundled facility-delivered option, for treating pneumonia,
which is part of the bundled intervention.

How important is provider compliance with diagnostic testing
in scale-up effectiveness? Compliance rates with RDT negative
findings for malaria in facilities were assumed to be 60% in the
baseline and 100% in the scale-up options. In the case of CHW,
we assume that this compliance rate is also 100%. Figures 1
and 2 examine the effect of varying these compliance assump-
tions for RDT tests. As expected, better compliance rates, other
things the same, reduce the cost per life saved for all
approaches to scale up and from the perspective of the
financiers or society at large. Improving compliance is one
key to improving the efficiency of these interventions.

Do scale-up options perform equally well across places with
different disease patterns? Keeping the incidence of pneumonia
at the baseline level of 0.30 per child per year, when the
incidence of malaria is increasing between 0% and about 15%
per child per year, the cost per life saved from scaling up the
RDT intervention in both facilities and CHW settings decreases
from the government/donors perspective. Beyond the incidence
of malaria of about 15%, higher malaria incidence is associated
with higher cost per life saved for all four of the scale-up
strategies from donor/government perspective. Figures 3 and 4
show these results. In the latter case, with moderate malaria
burden, and without considering the savings from households,
this pattern is largely the result of less wastage from
presumptive use of ACTs when malaria incidence gets higher.
More intuitively, as malaria incidence increases, the presump-
tive diagnosis of malaria by default becomes more rational.
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Investment in RDT becomes less attractive as more febrile cases
are malaria cases. This wastage is a large component of
financing for scale-up, hence the positive correlation between
malaria incidence and cost per life saved. However, from the
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Figure 4 Sensitivity of outcomes to incidence of malaria for society
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Figure 5 Sensitivity of outcomes to incidence of pneumonia for
government/donors

society’s perspective, the cost per life saved declines as the
incidence of malaria increases.

Holding the incidence of malaria at 15%, sensitivity to
pneumonia incidence is more complex (see Figures 5 and 6).
For donors/governments, all scale-up strategies have better
payoffs as pneumonia incidence rates climb. For society as a
whole, the scale-up featuring a malaria-only intervention also
shows better payoffs as pneumonia rates climb, cet par. But, in
the bundled approaches to scale up the cost per life saved
become higher as pneumonia incidence rises. Essentially, the
bundled intervention (of better diagnostics and commodities
allows clinicians to find and treat pneumonia better) becomes
less valuable as pneumonia incidence soars, largely because the
savings per live saved from households declines (due to reduced
costs for transportation, AMDs and antibiotics).

Discussion

Although great efforts have been made towards malaria
prevention such as the use of long-lasting insecticidal nets
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and indoor residual spraying (Otten ef al. 2009), the malaria
burden remains high and threatens population health. And, the
economic burden is high on governments and on households.
The case management of malaria cases becomes critical in
saving lives and doing it in as economical a fashion as is
possible. Improving quality and coverage of child fever case
management programmes by one means or another seems to be
a sensible and inexpensive way of saving young lives in poor
countries. The benefits of the scale-up to households can be
considerable, shifting the cost of care for febrile illness from
their own pockets (mainly purchasing drugs from private
pharmacies) to the scaled up public programme. From the
vantage point of the financier, on the other hand, the scaling
up costs are higher, ranging from $1000 to $3600 per life saved
across the options we studied. This large disparity of interests
reminds us of the huge financial burdens of out-of-pocket
spending for health care in poor countries and how it
influences policy discussions.

Would it save money and lives to pursue a policy limited to
supplying antibiotics to facilities, reducing stockout problems?
The answer to this question is affirmative. This tactic would
save around 2100 young lives lost to pneumonia each year, at a
cost of about $615 a life. But, this is not a scale-up strategy.
Further low cost benefits could be achieved by investing more
in scaling up other life-saving interventions associated with
febrile illness and malaria in children.

Should the scale-up prefer a bundled intervention focusing on
both malaria and pneumonia? The answer is yes. The bundled
intervention has a lower cost per life saved in all cases: from
the vantage point of the society and from the vantage point of
the financier, and whether delivery emphasizes facilities or
whether delivery emphasizes CHWs. This seems true because
modelling shows that the vast majority of lives being saved in
the scale-up are preventable pneumonia deaths, and the
bundled intervention provides clinicians tools for doing a
better job of identifying and treating pneumonia.

Should the scale-up prefer facility delivery or the use of
CHWSs? This is not clear from the modelling solution for the
scenarios we studied. The accessibility advantages of CHWs
may offer more upside total benefits, because the approach can
likely reach more people. Getting high access rates is important

since the benefits to households can be considerable as they
(and their spending) can be shifted from the private to public
sectors for their febrile illness care. But the facility-based scale-
up is somewhat more efficient per life saved (than the
CHW solution) when overall access rate is controlled in the
comparison (Table 5). This advantage is due to a number of
cost-related advantages of the facility model such as more
accurate diagnosis of pneumonia and malaria, which signifi-
cantly reduces the wastage of both ACTs and antibiotics.
Facility-based rollout makes economic sense as far as it can go,
but this strategy probably does not offer very high scale-up
potential. Using CHWs or some other outreach approach is
going to be required to reach remote and thinly populated
areas.

We have no evidence that one scale-up intervention is to be
preferred at low incidence rates, and another configuration at
higher incidence rates. We find that from the government and
donor perspective, cost per life saved is $100-200 (about 30-
50% higher) across scale up scenarios when comparing a site
with malaria incidence of 0.50 with a situation where incidence
is only 0.20. In a setting with moderate malaria burden, the
primary reason why high incidence populations cost more is
that with high incidence, less of the presumptive usage of ACTs
in the baseline is wasted, offering less potential as a course of
financing for the scale-up. Whatever the intervention included,
the scale-up is simply going to cost more per life saved
when malaria incidence is high. This inverse relationship is
consistent with literature showing an inverse relationship
between the cost-effectiveness of a diagnostic test and inci-
dence rate of the associated illness (Shillcutt et al. 2008). If one
disease is dominant, investment in diagnostic tests to accurately
diagnose the dominant disease will result in high cost/life
saved.

There are some other implications of the modelling work. The
modelling of impacts of the scale-up strategy for malaria tells
an unusual story. From the perspective of donors and govern-
ments, the scale-up alternatives each save thousands of
preventable pneumonia deaths, and are all largely financed by
reduced spending on AMDs! For society at large, the story is the
same, plus large benefits to households as the scale-up moves
health care for febrile illness away from the out-of-pocket
spending to the public sector. Why are the benefits of malaria
intervention scale-up found in fewer pneumonia deaths? Why
are cost impacts driven by the baseline levels of waste in the
use of anti-malaria drugs? What has been happening in the
malaria programme to date? This appears to be a story of
distorted incentives facing clinicians. Pneumonia and malaria
and other diseases usually present as fever in children. Rather
than consider the interdependencies of the triage situation, the
silo (vertical) programme for malaria distorted the incentives by
making available copious supplies of free drugs for malaria (the
Global Fund and other international donors have promoted
ACTs by subsidizing private-sector ACT distribution) (Tozan
et al. 2013). The lack of parasitological testing, the unreliability
of tests when they are available, subjective clinical interpret-
ations, and the pressures from experience and parents all
contribute to the excessive use of the free and available ACTs.
That is the bad news. The good news is that efforts to scale up
RDT have been observed (Zhao ef al. 2012) and the scale-up of
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RDT can use this waste (the product of the distortion) to
partially finance the scale-up. Have the high level of the
(preventable) pneumonia deaths at baseline been the result of
the distortion? Probably, as the models confirm that compliance
rates with RDT negative results are inversely correlated with
pneumonia deaths. This is not a positive story about clinical
decision-making incentives for the malaria-only intervention to
date. It certainly suggests that co-dependent clinical problems
are prone to distortion if one disease or treatment approach is
singled out over the others. Such distortions should be larger
the more co-dependent the diseases and the more important is
subjectivity in the provider’s behaviour.

How quickly will the results predicted by the models actually
occur even if RDTs and RRTs, free antibiotics and other
interventions could be made to happen tomorrow? Changes in
practice patterns will not happen quickly in the face of
longstanding practices, family pressures and known levels
(however modest) of unreliability of the tests. The model
cannot help us here beyond sensitivity tests (Figures 1 and 2),
but it is a very important problem. In the model, the
effectiveness of training is not studied directly, but we do
examine the sensitivity of outcomes to the rates of compliance
(high, low, etc.). And, we find that compliance is a consistent
and important predictor of cost effectiveness for these
programmes.

Improvement of adherence to malaria or fever case manage-
ment guidelines will take time to realize. Merely investing in
the supply of diagnostic tests and free drugs does not
necessarily bring about positive behaviour changes and com-
pliance (Smith ef al. 2009; Chandler ef al. 2011, 2012). One
approach to achieve compliance could be through additional
training, and this would be slow and expensive. Some
successful stories of using training to improve clinician adher-
ence to testing results have been reported (Bastiaens ef al. 2011;
Chanda ef al. 2011; Mukanga et al. 2011; Cohen et al. 2012).
Another potential approach would be through provision of
financial incentives for providers, possibly involving explicit
criteria, a financial pool and some kind of ex post audit of
records. Although the effectiveness of pay for performance in
developing countries remains in dispute (Witter ef al. 2012), in
Rwanda and Haiti, for example, pay for performance to health
providers and CHWs has shown great impact on maternal
health services (Basinga et al. 2011; Zeng ef al. 2012). A similar
approach, in conjunction with strong implementation, could be
considered in the malaria field to shape provider behaviour in a
more direct and faster way.

The generalizability of these cost and mortality findings to the
situation in other countries is not known. The sensitivity testing
for baseline incidence rates and compliance parameters offers
some guidance as to what to expect in countries with baseline
febrile illness and care delivery situations different from
Ethiopia. The model could be fit to baseline data from other
countries.

Supplementary data

Supplementary data are available at Health Policy and Planning
online.
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Health Co-Benefit Analysis in China (1992-1993)

e Focus was Industrial 25 Technology Options
Energy Efficiency » Metallurgy

e Chemicals

e Building Materials

« Cement

o Textiles

 Pulp & paper

* Electric motors

 Coal

e Point-source polluters ||« Electric power

* Residential construction

 NO cutting edge — ‘old’
technologies compared
to advanced market
economies (1-3
technologies behind
the cutting edge)




What we did...

e Localized pollution analysis (Todd Johnson & Gary

Wel

* Ana

S)

yzed in parallel with remainder of EE CBA

e Wor

Ked with leading scholars in academia in analyzing

plume models and epidemiological studies

 Focused on health impacts only from
— Particulates
— Sulfur compounds

 Did not include corrosion damages, etc.



Why we did not include health co-benefits in final C/E
calculations...

o 24 of 25 projects were attractive in financial terms

 Economic analyses without health co-benefits also were
very attractive — e.g., Metallurgy Industry:

Fin IRR Econ IRR

Openhearth vs BOF Project 16.08% 15.71%
Continuous Casting Project 18.63% 19.42
Steel Rolling/Furnace Project 35.90% 37.65%
Blast Furnace Gas Recovery 28.21% 41.44
Aluminium Plant Renovation 84.31% 82.80%



Health Co-Benefit Analysis in Mexico (2007-2009)

e Sectors included in Mexico
— Electric Power
— Energy End-use
— Oll & Gas
— Transport
— Agriculture & Forestry

« Health co-benefit analysis came into play only for
Transport

e Spent more time supervising Transport Group
than all other groups combined....



The Mexico MACC...
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Same MACC, flipped side-ways

net mitigation benefits <+— —+ et mitigation costs 3
($/t COe)
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Transport dominated win-wins....

 Bus System Optimization

* Railway Freight

* Border Inspection of Vehicles
« Urban Densification

 Bus Rapid Transit
 Non-motorized Transport

 Road Freight Logistics



GEF “Manual” list of co-benefits*

a. Travel time savings (commensurate)

b. Expanded travel options and opportunities

c. Job growth

d. Technical capacity building

e. Economic development

f. Income growth

g. Additional employment

h. Air pollution reductions (commensurate**)

l. Increases in physical activity that improve public health
]. User cost savings (commensurate)

* Next Slide
** Much bigger in LDCs than in developed countries



Take-aways

Teams from different sectors tend to compete with each
other to have lowest cost (or highest win-win) C/E ratios

Co-benefit potential much higher in some sectors than
others — especially those impacting human health

Health co-benefits from transport & fuel combustion
potentially huge in comparison to rich countries

Transport co-benefits—multiple sources of potential abuse
— Valuation of time

— Valuation of lives-saved

— Valuation of health benefits



GEF Manual for Transport Projects

Michael A. Kinder (ed.). Undated. Manual for
Calculating Greenhouse Gas Benefits of Global
Environment Facility Transportation Projects.
nstitute for Transportation and Development Policy.
Prepared for Scientific & Technical Advisory Panel.
nttp://www.thegef.org/gef/sites/thegef.org/files/publica
tion/GEF CalculatingGHGbenefits webCD.pdf



http://www.thegef.org/gef/sites/thegef.org/files/publication/GEF_CalculatingGHGbenefits_webCD.pdf
http://www.thegef.org/gef/sites/thegef.org/files/publication/GEF_CalculatingGHGbenefits_webCD.pdf

WHO. 2011. Health in the Green
Economy: Health co-benefits of
climate change mitigation — Transport

sector.

http://www.who.int/hia/examples/trspt
comms/hge transport lowresdurban
30 11 2011.pdf


http://www.who.int/hia/examples/trspt_comms/hge_transport_lowresdurban_30_11_2011.pdf
http://www.who.int/hia/examples/trspt_comms/hge_transport_lowresdurban_30_11_2011.pdf
http://www.who.int/hia/examples/trspt_comms/hge_transport_lowresdurban_30_11_2011.pdf

Economic Analysis and Planning for
Global Climate Change Mitigation

Marginal Abatement Cost Curves
(MACCs) for LEDS Programming

William A. Ward
E3/EP
USAID-Washington

30 April 2014



Objectives of this session

* Improve abllity to interpret typical MACC
presentations

 Reveal the most relevant questions to ask
about the MACC

e Describe process for deriving bottom-up
MACCs

* Translate lessons from deriving MACCs Into
skills for lighting the black box



First of all...what does one look like?

Marginal cost of abatement - examples

€/t CO2
Cellulose Soil— High cost
ethanol power sector
100 abatement
Water heating Forestation —
50 ! |
1
: - E.I*«lu‘tzlear Solar L
. Industrial Biodiesel
— Fuel efficient vehicles |,y 4 motor
100 ,T— Lighting systems systems
L Fuel efficient commercial vehicles Capture & storage,—
| Insulation improvements coal retrofit
0 5 10 15 20 25 30

Abatement potential
Gt CO2 / year in 2030

Negative abatement [ Abatement marginal [ Abatement marginal
marginal cost cost below €40/t cost above €40/t




MACC is a marginal cost curve

* |t slopes up-to-right
» Axes matter — here X’ Is Mt of CO.e
e 'y’ axis iIs cost for incremental Mt of CO.e

* Increments NOT infinitesimally small—width
has meaning



What are the rectangles on the MACC?

e HEIGHT: Generated from cost-effectiveness

(C/E or CEA) Ratios comparing pairs of
alternatives — this gives the height of rectangle

« WIDTH: Scale (Replicability) of the alternative
gives width of that rectangle (e.g., ‘avoided
deforestation’ on McKinsey MACC)

 Arrayed low-to-high by C/E ratio — costs per
tonne of GHG (Mt of COZ2e)

 Sum of widths = Mt of CO2e abated by program



Here is another one...
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4 Questions MACCs Should Answer

e Are the negative cost options logical? (also

called “win-win”, “no regrets”)

* Does the ‘knee’ of the MACC function (also
called the ‘elbow’) limit us to a small number of
options?

*|s the MACC presented as financial or
economic analysis?

What is the nature of the options on the
curve — Technologies? Projects? Meta
Interventions? Chimera?



What are the McKinsey MACC negative cost
options?

What might it cost?

Global cost curve for greenhouse gas abatemnent measures beyond ‘business as usual’; greenhouse gases measured in GtCO,e!

#&  Npproximate abatement required
beyond ‘business as usual,” 2030

Biodiesel
Carbon capture arnd storage (CCS); new coal Waste | Industrial CCS
i Coal-to-gas shift
Medium-cost forestation CCS; coal retrofit
Cofiring biomass Industrial Higher-cost
o Wind; low penetration motor systems abatement
Industrial feedstock substitution ;
CCS, enhanced oil recovery, new coal ?;?A?:;atinn
= 50 Low-cost forestation [ _______
éia !_svesm{:_k
= Muclear l =
= 0 o Al
‘g Industrial non-CO;
E Standby losses ., -
‘E —50 Sugarcane hiofuel ~ =abppm 450 ppm
= | Fuel efficiency in vehicles ~Z5 ~40
R~ | Water heating Marginal cost,® € per tC0.e?
= —100 Air-conditioning
Lighting systems
uel efficiency in commercial vehicles
—150 . ;
5 10 15 = 20 25 30 35
AE: Abatement beyond 'business as usual,” GtCO.e? per year in 2030

Building insulation

: = goaton of carbon dios
demand for e vy and trapspor
e

riycentratien of ail greenh F£AReS 1
t =f avoiding cmissions of 1 o of 8O, e

o oparts per andllion.
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McKinsey MACC negative cost options

* Building insulation (2 options)
* Fuel efficiency in commercial vehicles
e Lighting systems
e Air-conditioning
« Water heating

 |ndustrial non-CO:




The Mexico MEDEC GHG negative cost options?

S331A18S |BJUBLIUOIAUS
uawafieusw ajl|p|im ——
Aouaiolys Alsulsl ———

[euLay1oah ——-

|oueyle aueaehng ——

OIPAY |[BWS e
UOIEI0}58] 1§ UOIBISAI0LaI

UOIEISAI0HE ——
Buly-02 poomjan) ——
|8581poiq |10 wied ——
[oueys wnybios .\\s\\\.

uonelausbos assebeq
Jamod purm

sef0|q ——— |
58A01$4000 paaosdul) ———|

AN1311198]8 $5BWIOI0 —mee
Buiuopuad Jfe [epuapisal

uoianpa. abeyes| seb / i
uonetsfilal jenuapisal f...(f

—

BulLOHPUDI JIB |EIIUBpISaIuoU
SPJEPUE]S ALIOU0D8 [8N) —

luawsbeue Ll 18310}
Buiieay Ja1em JB|05 e

S8} |7 Ut Ng) —__ |

Ansnpui uj uopelausfios U

aziew abe||n-0482 — _ff
Aousiiya Ayijan —_—1

5.010W |2LISNPU| ———m

uopanpold [Bodjeyd ——

1] [BnUapISAIUOU
unybi| enuopisas —__

BunyBl ye81s ——»F

Xawiad uj uonesaushos

sansiBoy JyBiasy peos — |
Hodsuell peziiojouuou i -

Hsuel) pidel snq ——
uoljealisusp UeqIn ——

uojioadsu| ajoiyaa Japiog

1461811 Aemjied L

uoiBziw1do We)sAs SN0 em—

(800 ¥/$)
$}5092 uopebiiw 19U + — sujsuaq uonebiiw jau

& 3,000 4,000 5,000

2,000

1,000

2009-30 (Mit CO,e)

ion

t

ive mitiga

cumulat



Same MACC, flipped side-ways

net mitigation benefits «+— -— net mitigation costs
($/t CO,e)
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What causes ‘negative’ (net) costs?

e Co-benefits that exceed the gross
costs of saving CO2e

 Incorrectly-handled non-carbon
attributes

 ‘Irrational’ behavior on the part of
the technology user(s)



Co-benefits

* Co-benefits are the secondary (i.e., non-
carbon) impacts that accompany the
technology choice

— Burning less fuel not only reduces CO2 emissions,
It also reduces particulate and sulfur emissions

— Improving bus routes not only reduces fuel use and
GHG emissions, it also saves passengers’ time



GEF “Manual” list of co-benefits

a. Travel time savings (commensurate)

b. Expanded travel options and opportunities

c. Job growth

d. Technical capacity building

e. Economic development

f. Income growth

g. Additional employment

h. Air pollution reductions (commensurate*)

l. Increases in physical activity that improve public health
]. User cost savings (commensurate)

*Much bigger in LDCs than in developed countries



Co-benefit analysis versus Standardization of Impacts

e MACC has 2 axes — Costs & Mt of CO2e

— ‘Objective’ is on horizontal axis, and
— ‘Cost’ on vertical axis

e Co-benefits are non-carbon attributes convertible
Into +/- vertical axis values —i.e., into $

« Everything not convertible to an ‘axis’ value must
e standardized between the BAU and the

proposed alternative technology—e.qg., number of
passengers, amenities, etc.




One objective but multiple attributes

EXAMPLE: Optimized bus system
saves carbon— the primary objective

Also achieves other objectives

—Time savings by passengers

—Health benefits from reduction In
particulate matter and sulfur compounds

—Reduced traffic congestion...

16



Two (alternative) Ways to Handle
Non-Carbon Attributes

1. STANDARDIZE:

Non-carbon attributes = counterfactual’s
non-carbon attributes

—In terms of quantity
—In terms of quality
—In terms of timing

17



Two (alternative) Ways to Handle Non-
Carbon Attributes (Cont.

2.VALUE:

If difference In non-carbon
attributes can be valued, then
add to (subtract from)
Incremental costs (benefits) of
carbon savings

(‘co-benefit analysis’)




Mis-handled Standardization

Major source of incorrectly identified win-win

options

e Cooking stoves with attributes wives do not
like....

e Fuel-efficient vehicles that are not as
convenient to re-fuel, do not accelerate...

« Generation alternatives not as easily
Integrated into production...



Some terminology

Aggregate Consumption Objective:
 The economic efficiency objective
 Measured by willingness to pay (WTP)

o Costs (benefits) expressed

—Using revealed preference analysis, or
—Using stated preference analysis

20



Terminology (Cont.)

« COMMENSURATE. If the non-carbon attribute can
be valued in WTP terms, then it is said to be
commensurate with respect to the aggregate
consumption objective

e NON-COMMENSURATE (INCOMMENSURATE). If
not expressible in WTP terms, then the attribute Is
non-commensurate with respect to the objective
function that is being optimized

21



Negative Cost Options

If MACC Is In economic terms, then
negative cost options are explainable
by Public Goods & Market Failures

— Externalities/spillovers (TCs, missing markets)
— Split Incentives

— Asymmetric Information

— Imperfect competition/Hierarchical organization

22



Negative cost options in private,
financial terms

If MACC Is expressed In financial terms,
then negative cost options must be
explained by

—Behavioral failures (e.g., bounded
rationality)

—Faulty set-up of CEA (e.qg., failure to
handle secondary attributes correctly)

23



Negative cost options

EXPECT negative costs options if the MACC is built
In economic terms.

Do NOT expect negative cost options on
MACCs built in financial terms — WHY?

“That cannot possibly be a $5 bill laying on the
sidewalk — somebody already would have

picked it up!”




Knee of the Cost Function

$ per
% Clean .
Marginal Cost
¥— Knee \ Marginal Benefit
0 100% Cleaned-

up



Take-aways

. Negative cost options need a reason...

. Negative cost options In financial terms
guestionable

. Co-benefits (co-costs) are secondary
attributes that can be converted into WTP
values

. Don’t implement options beyond the ‘knee
of the cost (technology) function

. Seek clarity on what the options represent



Annex: Socially-Optimal Level of
Pollution

Benefits
& Costs

B Marginal Abatement Cost

.— Optimisation

Discovery & Stage
Argumentation Marginal
s Stage Benefit

rd

0% <~  Dirty’ ‘Clean’ — 100%

% ‘Cleaned Up’



China MACC exercise debriefing

Bob Taylor’'s work on
energy efficiency in China
— From 1994 to present as
follow-up to study



Steam trap technology

A steam trap Is a device used to discharge condensate
and non-condensable gases with a negligible
consumption or loss of live steam. Most steam traps are
nothing more than automatic valves. They open, close
or modulate automatically. The three important
functions of steam traps are:

* Discharge condensate as soon as it is formed.
e Have a negligible steam consumption.

 Have the capability of discharging air and other non-
condensable gases.


http://en.wikipedia.org/wiki/Steam
http://en.wikipedia.org/wiki/Valve

Continuous Casting

Continuous casting, also called strand casting, is the
process whereby molten metal is solidified into a

"semifinished" billet, bloom, or slab for subsequent rolling in
the finishing mills. Prior to the introduction of continuous
casting in the 1950s, steel was poured into stationary molds
to form ingots. Since then, "continuous casting" has evolved
to achieve improved yield, quality, productivity and cost
efficiency. It allows lower-cost production of metal sections
with better quality, due to the inherently lower costs of
continuous, standardised production of a product, as well as
providing increased control over the process through
automation. This process is used most frequently to cast
steel (in terms of tonnage cast). Aluminium and copper are
also continuously cast.
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Coal Washing

A coal preparation plant (CPP) is a facility that

washes coal of soil and rock, crushesit into graded sized
chunks (sorting), stockpiles grades preparing it for transport to
market, and more often than not, also loads coal into rail cars,
barges, or ships. A CPP may also be called a coal handling
and preparation plant (CHPP), coal handling plant, prep
plant, tipple or wash plant.

The more of this waste material that can be removed from
coal, the lower its total ash content, the greater its
market value and the lower its transportation costs.
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Micro-analytics of China Industrial Energy

JWELFARE OUTCOME: Reduced Agg Cons

JLOCAL ECONOMIC ENVIRONMENT:

» Hierarchically-organized firms dominated
» Firms focused on growth rather than internal efficiency
» Banks accustomed to lending for growth, not efficiency
» Limited mkt specialization in the economy, thus

= Few industry clusters

= No ESCO industry (very contract-intensive business

model)

» Doing Business Database shows weak contracting
Institutions — but not as weak as expected



Analysis of economic causes

» Hierarchical organization & Limited firm-level
specialization — from New Industrial Organization
Theory (Coase-Williamson), high TCs for market
form of value chain

« Bank lending for growth but not efficiency — High up-
front TCs for new lending lines

e Absence of ESCO industry — contracting institutions
AND financial/capital market difficulty with
performance contracting, up-front learning costs for
ESCO start-up
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