Brazil Low-carbon
Country Case Study




© 2010 The International Bank for Reconstruction and Development / The World Bank

1818 H Street, NW

Washington DC 20433
Telephone: 202-473-1000
Internet: www.worldbank.org
Email: feedback@worldbank.org

All rights reserved

This volume is a product of the staff of the International Bank for Reconstruction and Development / The World
Bank. The findings, interpretations, and conclusions expressed in this volume do not necessarily reflect the
views of the Executive Directors of The World Bank or the governments they represent.

The World Bank does not guarantee the accuracy of the data included in this work and accepts no responsibility
whatsoever for any consequence of their use. The boundaries, colors, denominations, and other information
shown on any map in this work do not imply any judgment on the part of The World Bank concerning the legal
status of any territory or the endorsement or acceptance of such boundaries.

Rights and Permissions

The material in this publication is copyrighted. Copying and/or transmitting portions or all of this work without
permission may be a violation of applicable law. The International Bank for Reconstruction and Development /
The World Bank encourages dissemination of its work and will normally grant permission to reproduce portions
of the work promptly.

For permissions to photocopy or reprint any part of this work, please send a request with complete information
to the Copyright Clearance Center Inc., 222 Rosewood Drive, Danvers, MA 01923, USA; telephone: 978-750-8400;
fax: 978-750-4470; Internet: www.copyright.com.

All other queries on rights and licenses, including subsidiary rights, should be addressed to the Office of
the Publisher, The World Bank, 1818 H Street, NW, Washington, DC, 20433, USA; fax: 202-522-2422; email:
pubrights@worldbank.org.

The Energy Sector Management Assistance Program (ESMAP) is a global knowledge and technical assistance
program administered by the World Bank that assists low- and middle-income countries to increase know how
and institutional capacity to achieve environmentally sustainable energy solutions for poverty reduction and
economic growth.

For more information on the Low Carbon Growth Country Studies Program or about ESMAP’s climate change
work, please visit us at www.esmap.org or write to us at:

E S}\v/LAuD

Energy Sector Management Assistance Program

Energy Sector Management Assistance Program
The World Bank

1818 H Street, NW

Washington, DC 20433 USA

email: esmap@worldbank.org

web: www.esmap.org



Brazil Low-carbon
Country Case Study

The World Bank Group

Lead Author

Christophe de Gouvello
Sustainable Development Department of the Latin America and Caribbean Region

Themes coordinators:

Britaldo S. Soares Filho, CSR-UFMG e
Andre Nassar, ICONE

(for Land Use, Land Use Change and Forests)

Roberto Schaeffer, COPPE-UFR]
(for Energy)

Fuad Jorge Alves, LOGIT
(for Transport)

Joao Wagner Silva Alves, CETESB
(for Waste Management)

Contributions:

CENEA, CETESB, COPPE-UFR], CPTEC/INPE, EMBRAPA, UFMG, ICONE
INICIATIVA VERDE, INT, LOGIT, PLANTAR, UNICAMP, USP






Contents

Foreword 11
Acknowledgments 13
Acronyms and Abbreviations 15
Units of Measure 18
Currency Exchange 18
Executive Summary 19
Introduction 37
11 Managing Risk: Target Levels 38
1.2 The Brazilian Context: Key Role of Forests and Other Sectors 38
1.3 A National Commitment To Combat Climate Change 39
14 Study Objective and Approach 40
1.4.1 Method Overview 40
1.4.2 A Consultative and Iterative Process 42
1.5 Structure of This Report 43
Land Use, Land-use Change, and Forestry: Reference Scenario 45
2.1 Effects of Land Use and Land-use Change on Emissions 46
2.1.1 Deforestation 46
2.1.2 Agricultural Production 47
2.1.3 Livestock Activities 47
2.1.4 Forestry-based Carbon Uptake 47
2.2 Modeling Land Use and Land-use Change 48
2.2.1 Economic and Geospatial Models 48
2.2.2 Projected Land Use: Agriculture and Livestock 49
2.2.3 Expected Land-use Change: Deforestation 50
2.3 Estimating Emissions Balance for Land Use and Land-use Change 50
2.3.1 Deforestation 52
2.3.2 Livestock Activities 52
2.3.3 Agricultural Production 54
2.3.4 Carbon Uptake 55
2.4 Reference-scenario Emissions Results 56
Land Use, Land-use Change, and Forestry: Toward a Low-carbon Scenario 59
31 Mitigation Options for Agricultural Production 60
3.2 Mitigation Options for Livestock Activities 62
33 Increased Livestock Productivity to Reduce Deforestation Emissions 64
3.4 GHG Removal via Carbon Uptake Options 65
3.4.1 Production Forests 65
3.4.2 Native Forest Recovery 66
35 Striking a Balance: A New Dynamic for Land Use and Land-use Change 71
3.5.1 A New Dynamic for a Low-carbon Scenario 71
3.5.2 A New Carbon Balance Close to Equilibrium 79
3.6 Additional Forest Protection Measures 80
3.7 Integrated Strategy for a Low-carbon Scenario 83
Energy Sector: Reference Scenario and Mitigation Potential 85
4.1 Methodology Overview 87
4.2 Reference Scenario 87
4.3 Mitigation Options 91
4.3.1 Demand-side Mitigation Options 91
4.3.2 Supply-side Mitigation Options 95
4.4 Additional Options: Ethanol Exports and Hydro-complementarity with Venezuela 100
4.5 Results: Summary of the Energy Sector Low-carbon Scenario 102
Transport Sector: Reference and Low-carbon Scenarios 107
5.1 Bottom-up Load and Emissions Model 108




5.1.1 Modeling Supply and Demand of Transport Modes to Model Emissions 109
5.1.2 Emissions Model for the Transport Sector 111
5.2 Government Plans for Designing Scenarios 112
5.2.1 PAC and PNLT: Basis for Regional-transport Scenarios 113
5.2.2 Urban Mobility Plans: Basis for Urban-transport Scenarios 113
53 Emissions Projections in the Reference Scenario 115
5.4 Emissions Mitigation Options for Regional Transport 117
5.4.1 Freight Transport: Modal Shift from Road to Rail and Waterways 118
5.4.2 Passenger Transport: Modal Shift from Road and Air to Intercity Rail 120
5.5 Emissions Mitigation Options for Urban Transport 120
5.5.1 Use of High-Capacity, Public Transport Systems 121
5.5.2 Travel Demand Management 123
5.5.3 Incentive Policies for Use of Non-motorized Transport 123
5.6 Increased Use of Bio-ethanol as a Fuel for Vehicles 124
5.7 Aggregate Results: Low-carbon Scenario for the Transport Sector 126
Waste Sector: Reference and Low-carbon Scenarios 131
6.1 Method Overview 132
6.1.1 Waste Management Methods in the Reference Scenario 133
6.1.2 Projecting Solid-waste Volume in the Reference Scenario 135
6.1.3 Estimating Solid-waste Emissions in the Reference Scenario 137
6.2 Reference Scenario for Liquid Effluents 138
6.2.1. Methods for Managing Liquid Effluents in the Reference Scenario 138
6.2.2 Liquid Effluents Projected in the Reference Scenario 140
6.3 Low-carbon Scenario for the Solid-waste and Effluents Sector 142
6.3.1 Low-carbon Scenario for Solid-waste Management 142
6.3.2 Low-carbon Scenario for Effluents Management 146
6.4 Conclusion 150
Economic Analysis 151
7.1 Microeconomic Assessment Method 153
7.1.1 The “Social Approach”: Building a Marginal Abatement Cost Curve 153
7.1.2 The “Private Approach”: Determining the Break-even Carbon Price 160
7.1.3 Costs of Reducing Emissions from Deforestation 165
7.1.4 Internalization of Development Benefits 174
7.1.5 Sensitivity Analysis against Oil Price Variations 176
7.2 Macroeconomic Benefits Assessment 178
7.2.1 Methodological Background 178
7.2.2 Effects on GDP and Employment 180
7.3 Concluding Remarks 184
National Low-carbon Scenario for Brazil 185
8.1 The Reference Scenario 186
8.1.1 Method and Principles 186
8.1.2 Results and Interpretation 187
8.2 Proposed Low-carbon Scenario 189
8.2.1 Methods and Principles 189
8.2.2 Results and Interpretation 190
8.3 Key Uncertainties for Emissions Estimates 193
8.3.1 Macroeconomic Projections 194
8.3.2 Land-use Questions 194
8.3.3 Energy 196
8.3.4 Transport 197
8.3.5 Waste Management 197
8.4 Looking Ahead 197
Financing the Low-carbon Scenario 199
9.1 Overall Investment Requirements 200
9.2 Land Use and Land-use Change Financing Needs 203
9.3 Energy Financing Needs 205
9.4 Transport Financing Needs 210
9.5 Waste Financing Needs 211
9.6 Financial Incentive Mechanisms 213
9.7 Capital Intensity 214




Meeting the Low-carbon Scenario Challenge 219

10.1 Drastic Reduction in Deforestation 220
10.2 Better Transport-sector Policies and Institutional Coordination 222
10.2.1 Urban Transport 222
10.2.2 Regional Transport 223
10.2.3 Further Substitution of Gasoline by Ethanol 223
10.3 Exploration of Existing Energy-sector Potential 223
10.3.1 Secure the Low-carbon Options in the Reference Scenario 224
10.3.2 Fully Explore the Existing Framework for Energy Conservation 224
10.3.3 Resolve the Smart-grid Financing Issue 225
10.3.4 Increase Energy-sector Mitigation via Ethanol Exports 225
10.4 Institutional Framework and Incentives for the Waste Sector 225
10.5 Final Remarks 226
Annex A - Set of Common Assumptions 227
Annex B - Maps of Results by State 231
REFERENCES 247
Annex C - Table of Contents of the Attached CD
Reports:

Main report in English and Portuguese
Individual technical consultant reports in Portuguese
Spreadsheets and Maps:
Master file for economic analysis and emissions curves at the national level (reference and low-carbon scenarios)
Results by States:
Emissions data and maps (reference and low-carbon scenarios)
Economic results (MAC, BE Carbon Price, Investment)
Series of sector specific indicators

LIST OF FIGURES

Figure 1: GHG Mitigation Wedges in the Low-carbon Scenario, 2008-30 32
Figure 2.1: Evolution of Deforestation in the Reference Scenario, 2009-30 51
Figure 2.2: Map of Carbon Stock Used To Estimate Emissions from Deforestation 52 .
Figure 2.3: Flowchart of Prototypical Farms 53 “
Figure 2.4: Reference Scenario Results: Emissions from Land Use and Land-use Change, 2009-30 57
Figure 3.1: Avoided Emissions via Zero-tillage Cultivation in the Low-carbon Scenario, 2010-30 61
Figure 3.2: Comparison of Methane Emissions per Unit of Meat (kg CO2e per kg), 2008-30 62
Figure 3.3: Comparison of Methane Emissions from Beef-cattle Raising (Mt CO2e per year), 2008-30 63
Figure 3.4: Flowchart of Model Used To Map Potential CO2 Removal by Reforestation 67
Figure 3.5: Maps of Biomass Potential in Brazil’s Cerrado and Atlantic Forest Biomes (tCO2 per ha) 68
Figure 3.6: Carbon Uptake Potential of Forest-recovery Activities and Production Forests 70
Figure 3.7: Variation in Number of Head of Cattle in Productive Systems, 2009-30 73
Figure 3.8: Evolution of Brazil's Demand for Land by Crop, 2006-30 (Millions of Ha) 74
Figure 3.9: Comparison of Land-use Dynamic for Sugar-cane Cultivation, 2007-30 76
Figure 3.10: Comparison of Land-use Dynamic for Pasture Areas, 2007-30 77
Figure 3.11: Comparison of Cumulative Deforestation, 2007-30 78
Figure 3.12: Evolution of Deforestation in the Low-carbon Scenario (curve) (km2 per year) 79
Figure 3.13: Emissions from Land use and Land-use Change under the New Land-use Dynamic in the Low-carbon Scenario ----- 79
Figure 4.1: Internal Supply Structure for Primary Energy, by Source (2006) 86
Figure 4.2: PNE 2030 Calculation Models 89
Figure 4.3: Evolution of Brazil's Energy Emissions (Mt CO2) by Sector, 2005-30 90
Figure 4.4: Evolution of Sugar-cane and Ethanol Production in the Reference and Low-carbon Scenarios, 2005-30 ------------------ 96
Figure 4.5: Projected Installed Capacity for Wind Energy in the Reference and Low-carbon Scenarios, 2010-30 -----------=---=------ 98
Figure 4.6: Energy-sector Reference Scenario and CO2 Emissions Mitigation Potential (PNE 2030), 2005-30---------------=--=------ 103
Figure 5.1: Fossil-fuel Consumption, by Sector 108
Figure 5.2: Sequencing of Four-stage Transport Model- 110
Figure 5.3: Multimodal Georeferenced Network 110
Figure 5.4: Linking Regional and Urban Transport to Fuel Consumption 111
Figure 5.5a: Evolution of Emissions by Vehicle Type for the Reference Scenario, 2008-30 117
Figure 5.5b: Projected Transport-sector Emissions without Biofuels, 2008-30 117
Figure 5.6: Example of modal shift for Regional Transport - Bahia 118
Figure 5.7: Example of modal shift for urban transport - Belo Horizonte 122
Figure 5.8: Evolution of Individual Vehicle Sales by Engine Type, 1979-2007 (showing number of cars sold per year)-------------- 125
Figure 5.9: Comparison of Modal Distribution of Freight Load, 2008-30 127
Figure 5.10: Comparison of Modal Distribution of Passenger Load, 2008-30 127

Figure 5.11 Emissions-reduction Potential in the Transport Sector, 2008-30 128




Figure 5.12: Comparison of Emissions in Reference, Low-carbon, and “Fossil-fuel” Scenarios, 2008 -30
Figure 6.1: GHG Sources Resulting from Solid-waste Disposal and Treatment

Figure 6.2: Evolution of Waste Collection: Simulation Results, 1970-2030

Figure 6.3 Potential Methane Generation, 1970-2030
Figure 6.4 Reference Scenario for the Waste Sector, 2010-30

Figure 6.5: Distribution of Solid-waste Management Services and Treatment in the Reference Scenario, 2010-30-----

Figure 6.6: Sources of GHG Emissions from Effluent Treatment
Figure 6.7: Sources of Sewage and Effluents, Treatment Systems, and Potential Methane Emissions

Figure 6.8: Residential and Commercial Effluents, 2010-30

Figure 6.9: Reference Scenario for the Industrial Effluents Sector, 2010-30 (MtCOZ2e/year)
Figure 6.10: Low-carbon Scenario for Solid Waste: Burning Methane

with 75-percent Collection Efficiency at Landfill Site, 2010-30

Figure 6.11: Per-capita Waste Generated: Scenario 2010-30
Figure 6.12: Distribution of Waste Treatment and Services in the Low-carbon Scenario, 2010-30

Figure 6.13: Percentage Distribution of Waste Treatment in the Low-carbon Scenario, 2010-30
Figure 6.14: Comparison of Low-carbon and Reference Scenarios for Domestic Wastewater, 2010-30
(100% of biogas is burnt)

Figure 6.15: Comparison of Low-carbon and Reference Scenarios for Industrial Effluents,
2010-30 (100% of biogas is burnt from 2010 on)

Figure 6.16: Comparison of Reference and Low-carbon Emissions Scenarios, 2010-30
Figure 7.1a: Marginal Abatement Cost Curves for Mitigation Measures with MACs
below US$50 per tCO2e (8-percent social discount rate)

Figure 7.1b: Marginal Abatement Cost Curves for Mitigation Measures below US$50

per tCOZ2e, Excluding Deforestation and Reforestation (8-percent social discount rate)
Figure 7.1c: Marginal abatement Cost Curves for Mitigation Measures above US$50 per tCO2e

(8-percent social discount rate)

Figure 7.2a: Break-even Carbon Price of the Mitigation and Carbon Uptake Measures with MACs below US$50 --------

Figure 7.2b: Break-even Carbon Price for Mitigation and Carbon Uptake Measures with

MACs under US$50 (Excluding Deforestation and Reforestation)
Figure 7.2c: Break-even Carbon Price for Mitigation and Carbon Uptake Measures with
MACs above US$50 (Excluding Deforestation and Reforestation)

Figure 7.3: Marginal Abatement Cost (8-percent social discount rate) and Break-Even Carbon Price
(considering an IRR of 12%) for Deforestation Avoidance Measures

Figure 7.4: Variation in Forest-restoration Costs, by Intervention Scenario

Figure 7.5: MAC and Break-even Carbon price for CO2 Removal via Legal Forest Restoration
Figure 7.6: Effect of Transport Improvement Benefits on the MAC

Figure 7.7: Sensitivity Analysis of MAC and Break-even Carbon Price for Ethanol against Oil Price

Figure 7.8: Sensitivity of Break-even Carbon Price of Mitigation Measures in the Energy and Transport Sector ---------

Figure 7.9: Framework for Assessment of Macroeconomic Impacts

Figure 7.10: Cumulative Effects of GHG Mitigation Options on the Brazilian Economy, 2010-30

Figure 8.1: Gross Sectoral Emissions in the Reference Scenario, 2008-30

Figure 8.2: Emissions Reduction Potential in the Low-carbon Scenario, 2010-30, Compared to the Reference Scenario ------------

Figure 8.3: GHG Mitigation Wedges in the Low-carbon Scenario, 2010-30

Figure 8.4: Gross Sectoral Emissions under the Low-carbon Scenario, 2010-30
Figure 8.5: Comparisons of Gross Emissions Distribution among Sectors in the Reference

and Low-carbon Scenarios, 2008-30

Figure 8.6: Comparison of Emissions Distribution among Sectors in the Reference and Low-Carbon Scenarios, 2008-30 ----------

Figure 9.1: Investment-intensity Carbon Abatement Curve

Figure 9.2: Evaluating Marginal Abatement Costs, Capital Intensity and Potential for Emissions Reduction, by Sector
Figure 9.3: Evaluating Required Incentives and Capital Intensity, by Subsector

Figure A.1: Evolution of International Oil Prices (Brent type)

Figure A.2: International Natural-gas Prices

LIST OF BOXES

128
134
136
136
137
138
138
140
141
141

144
145
146
146

148

149
149

158

159

160
164

164

165

171
173
174
176
177
178
179
180
188
191
191
192

192
193
216
217
217
230
230

Box 2.1: Projecting Land Use for Crops to 2030: BLUM
Box 2.2: Allocating Future Land Use to Locations and Years: SIM Brazil

48
49

69

Box 3.1: Toward a “Legal Scenario”: Key Areas for Protection Permanent Preservation Areas

Box 5.1: COPERT Model: A Bottom-up Approach to Estimating Emissions
Box 6.1: Calculating Incineration Emissions

Box 6.2: Calculating Emissions from Various Forms of Effluent Treatment

Box 7.1: Calculating Marginal Abatement Costs
Box 7.2: Calculation of Transport Improvement Co-benefits

Box 8.1: Uncertainties for Economic land-use Scenarios

112
133
139
155
175
195



LIST OF TABLES
Table 1: Summary of Additional Land Needs in the Reference and Low-carbon Scenarios

25

Table 2: Comparison of Emissions Distribution among Sectors in the Reference and Low-carbon Scenarios, 2008-30 -------------

-31
40

Table 1.1: Summary of Study Method, by Sector
Table 2.1: Projected expansion of land used for agricultural production and livestock activities for selected

49

years in the period 2006-30 (millions of ha)

Table 2.2: Absolute Variation in Area Allocated, 2006-30 (thousands of ha)

Table 2.3: Area and Number of Cattle in Each Production System for the Reference-scenario Base Year (2008) ----------------------

50
-53
55

Table 2.4: Emissions from Agricultural Production in the Reference Scenario
Table 3.1: Reduced Agricultural-production Emissions in the Low-carbon
Scenario Using Zero tillage Cultivation for the 2010-2030 period

61

65

Table 3.2: Average Productivity of Selected Crops in Various Countries (tons per ha), 2008

Table 3.3: Area Needed for Reforestation under Brazil’s Legal Reserve Law, by State

Table 3.4: Mitigation and Carbon uptake Options for a Low-carbon Scenario and Associated Needs for Additional Land -----------

70
-72
74

Table 3.5: Comparison of Land-use Results for the Reference and Low-carbon Scenarios (millions of ha)

Table 3.6: Snapshot of Protected Areas in the Amazon Biome and ARPA Participation
Table 3.7: INPE Resources for Amazon Monitoring via Satellite, 2006-08

80
81

82

Table 3.8: Projected Costs for Public Forest Management, 2009
Table 4.1: Macroeconomic Growth Parameters of the PNE 2030

89

Table 4.2: Energy Parameters of the PNE 2030

90

Table 4.3: Potential of Additional Mitigation Options, 2010-30
Table 4.4: Sugar Cane and Ethanol Production: Reference and Low-carbon Scenarios

Table 4.5: Ethanol Exports and Emissions Reductions in the Low-carbon Scenario

Table 4.6: Potential Energy-sector Emissions Reduction for Brazil, 2010-30
Table 4.7 - Energy Differences between the Low Carbon and the Reference Scenarios (Mtoe)

Table 5.1: PAC and PNLT Investments Considered for the Reference and Low-carbon Scenarios

Table 5.2: Available Urban-transport Master Plans
Table 5.3: Investments in Public and Mass Transport Systems

Table 5.4: Load and GHG Emissions for the Reference Scenario, 2007-30

Table 5.5: Regional Freight Transport: Comparison of Investments in the Reference and Low-carbon Scenari

0s,2010-30---------

Table 5.6: Comparison of Projected Emissions Reduction for Regional Transport in 2030: Modal Shift Scenario ----------------------

Table 5.7: Emissions Reduction in 2030 with Expanded Diesel BRT and Metro Systems
Table 5.8: Bikeway Loads and Gains in Avoided Emissions, 2010-30

Table 5.9: Composition of Fleet of Individual Cars for Passengers by Engine Type, 2010-30

Table 5.10: Transport-sector Load and GHG Emissions in the Reference and Low-carbon Scenarios
Table 6.1: Barriers in Sanitary Landfills and Incinerators and Suggested Mitigation

Table 6.2: Summary of Evolution in Waste Distribution in the Low-carbon Scenario (2010-30), by Method

Table 6.3: Barriers to Adopting Effluent Treatment Systems and Suggested Mitigation Measures
Table 6.4: Evolution of Various Effluent Treatment Methods, 2008-30

Table 7.1: Mitigation Potential and Marginal Abatement Cost of Various Alternatives, Based on Three Discount Rates --------------

Table 7.2a: Comparison of Sector Benchmark IRRs and Break-even Carbon Prices for
Various Mitigation Options (8-percent social discount rate)

Table 7.2b: Volume of incentive required (undiscounted) in order to achieve the

emissions reductions considered in the Low-carbon Scenario over 2010-2030
Table 7.3: Investment and Expenditures for Prototypical Livestock Systems (2009-30)

Table 7.4: Economic and Financial Performance of Prototypical Livestock Systems (2009-30)

Table 7.5: Investment and Expenses in the Reference and Low-carbon Scenarios
Table 7.6: Comparative Economic and Financial Performance of the Livestock Sector

Table 7.7: Projection of Forest Protection Costs in Areas Where Deforestation is Illegal (million US$)
Table 7.8: Livestock-sector Investment and Expenses To Release Land To
Absorb Additional Land Needed in the Reference and Low-carbon Scenarios (2010-30)

Table 7.9: Macroeconomic Impacts of GHG Reduction Options: Land Use
Table 7.10: Macroeconomic Impacts of GHG Reduction Options in the Industrial,
Commercial, and Residential Sectors, 2010-30

Table 7.11: Macroeconomic Impacts of Transport-sector Mitigation Options
Table 7.12: Macroeconomic Impacts of Waste-management Sector Mitigation Options

Table 8.1: Sectoral Distribution of Gross Emissions in the Reference Scenario, 2008 and 2030

Table 8.2: Comparison of Annual Emissions Distribution in the Reference and Low-carbon Scenarios, by Sector ---------------------

Table 8.3: Comparison of Cumulative Emissions Distribution among Sectors in
the Reference and Low-carbon Scenarios, 2010-30

Table 9.1: Comparison of Sectoral Investment Requirements for the Reference and
Low-carbon Scenarios by Mitigation Option,* 2010-30

Table 9.2: Capital Intensity and Marginal Abatement Costs of Mitigation Options in the Low-carbon Scenario
Table A.1: Macroeconomic and Sector Model Parameters and Sources

100
101
101
104
105
113
114
114
116
119
120
122
124
126
129
142
145
147
148
157

162

163
166
166
167
167
168

172
181

182
183
184
188
190

193
201

215
228




Table A.2: PNE 2030 Macroeconomic Scenarios

229

Table A.3: Population (millions of inhabitants), 2005-30

229

Table A.4: Urban Population Rate in 2030

229

MAP ANNEX

Agriculture
Map 1: Change in Area Cultivate by Crop by Region, 2010-2030
Map 2: Total Cumulative Emissions from Agriculture, 2010-2030

Livestock

Map 3: Number of Heads of Cattle
Map 4: Total Cumulative Emissions from Livestock, 2010-2030

Deforestation

232

233

234

Map 5: Total Area Deforested, 2010-2030
Map 6: Total Cumulative Emissions from Deforestation, 2010-030

Land Use - Total

Map 7: Area used for Agriculture, Pasture, and reforestation by Region
Map 8: Total Cumulative Emissions from Land Use (Agriculture, Livestock, Deforestation, Reforestation), 2010-2030
Map 9: Land Area Used by Pasture

Electricity
Map 10: Annual Electricity Consumption

Map 11: Annual Electricity Generation

Map 12: Cumulative Emission Mitigation from Conservation of Electricity, 2010-2030

Map 13: Installed Cogeneration Capacity, 2010 and 2010, and Resulting Emission Mitigation, 2030

235

237

Existing Refineries
Map 14: Annual Emissions and Mitigation from Existing Refineries for the period 2015-2030

Industry - Use of Fossil Fuels
Map 15: Total Energy from Fossil Fuels used in Industry
Map 16: Cumulative Emissions from Industry, 2010-2030
Map 17: Cumulative Mitigation by Activity, 2010-2030

Energy - Total
Map 18: Total Cumulative Emissions from the Energy Sector, 2010-2030
Map 19: Cumulative Mitigation by Activity, 2010-2030

Transport

Map 20: Growth in Transport Fleet, 2007 to 2030

Map 21: Changes in Passenger Load

Map 22: Cumulative Emissions and Mitigation from Urban and Regional Transport, 2010-2030
Map 23: Total Cumulative Mitigation by Activity, 2010-2030

Waste

Map 24: Total Waste Produced by State, 2010 and 2030
Map 25: Total Cumulative Emissions from Waste, 2010-2030

All Sectors

Map 26: Cumulative Emissions and Mitigation by Sector, 2010-2030
Map 27: Total Cumulative Emissions, 2010-2030

This data corresponds to a disaggregation by state of the results presented for the entire country.
The data by state is available in an electronic file in the CD attached with the main report.

239

240

241

242

244

245




Foreword

In order to mitigate the impacts of climate change, the world must drastically reduce global
GHG emissions in the coming decades. According to the IPCC, to prevent the global mean
temperature from rising over 30C, atmospheric GHG concentrations must be stabilized at 550
ppm. By 2030, this will require countries to reduce annual global emissions from 60 GtCO2e
to less than 30 GtCOZ2e. Atthe same time, industrialized countries’ emissions are expected to
stabilize around 22 GtCO2e per year, with the rest of the world responsible for the remaining
38 GtCOZ2e. Therefore, it is clear that developed countries alone cannot sufficiently reduce their
emissions to stabilize global GHG concentrations. It will be necessary for emerging economies
to shift toward a low carbon development path in to reduce global GHG concentrations on the
required scale.

Without Brazil playing a prominent role, it is difficult to envisage an effective solution at the
global level, given its importance in setting political agendas. To date, Brazil has lead many key
domestic and international initiatives to reduce greenhouse gas emissions. First, Brazil has
implemented innovative policies to reduce emissions from deforestation, land use and land
use changes (LULUCF), which, until recently, accounted for around 20% of global emissions.
Second, in the energy sector, Brazil has accumulated unprecedented experience in renewable
energy, particularly bioenergy and, as a result, Brazil’s per capita fossil fuel-based emissions
are significantly lower than those in other countries. Third, on December 29, 2009 the Brazilian
Parliament adopted a National Climate Change Policy, which includes an ambitious voluntary
national GHG reduction target for 2020. Furthermore, on the international level, Brazil has
for decades been a key participant in developing agreements to tackle the climate change
challenge. InJune 1992, the country hosted the United Nations Conference on Environment and
Development, also known as the Rio Earth Summit. The Clean Development Mechanism of the
Kyoto Protocol was also a Brazilian proposal.

The Brazil Low Carbon Study aims to support Brazil’s continued efforts to foster development
while reducing GHG emissions. The World Bank Group has always been committed to supporting
growth in developing countries, and in October 2008, it adopted a Strategic Framework on
Climate Change and Development (SFCCD) to integrate climate change into the development
agenda without compromising growth and poverty reduction efforts. Within the context of
the SFCCD, the World Bank has undertaken a series of initiatives to support climate change
mitigation within country-led development processes. One of these initiatives has been to
coordinate several low-carbon growth studies through close interactions with its longstanding
partners. This study is the result of thatinitiative.

In order to build upon the best available knowledge, the study process emphasized a
consultative, iterative approach that involved extensive participation by Brazilian experts and
government representatives. In particular, this study adheres to the government’s development
plans, exploring options to achieve the same development goals while reducing emissions in
four main areas - LULUCE, energy, transport, and waste management. However, it does not stop
at establishing a list of low-carbon technical options. It builds understanding of the current
dynamics that drive emissions in these sectors and examines the necessary conditions for these




low-carbon options to be effectively scaled-up in place of conventional ones. By doing so, the
study provides technical and analytical elements for exploring possible emissions reductions
through 2030, going beyond the 2020 voluntary commitments announced by the Government.

Many developing countries have already indicated their commitment to addressing climate
change by declaring their willingness to implement Nationally Appropriate Mitigation Actions
(NAMAs), which in many cases will require external financial support. Brazil has demonstrated
a growing interestin helping other developing countries to move along sustainable development
paths through increased South-South cooperation. It is our hope that both the tools and the
findings of this study will be of use to Brazil and other countries as they seek to move towards
low-carbon development paths.

Laura Tuck, Director Makhtar Diop, Director for Brazil
Sustainable Development Department Country Management Unit

Latin America and the Caribbean Region Latin America and the Caribbean Region
The World Bank The World Bank
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Executive Summary

Brazil’s commitment to combat climate change had already begun when the country
hosted the United Nations Conference on Environment and Development, also known as
the Rio Earth Summit, in June 1992. The resulting United Nations Framework Convention
on Climate Change (UNFCCC) led to the creation of the Kyoto Protocol. Today, Brazil remains
strongly committed to voluntarily reducing its carbon emissions. On December 1,2008 President
Luiz Inacio Lula da Silvalaunched the National Plan on Climate Change (PNMC), based on work of
the Interministerial Committee on Climate Change, in collaboration with the Brazilian Forum
on Climate Change and civil society organizations. The PNMC calls for a 70-percent reduction in
deforestation by 2017, a particularly noteworthy goal given that Brazil has the world’s second largest
block of remaining native forest. On December 29,2009 the Brazilian Parliamentadopted Law 12.187,
which institutes the National Climate Change Policy of Brazil and set a voluntary national greenhouse
gasreduction target of between 36.1% and 38.9% of projected emissions by 2020.

As the world’s largest tropical country, Brazil is unique in its greenhouse gas (GHG) emissions
profile. In prior decades, the availability of large volumes of land suitable for crop
cultivation and pasture helped to transform agriculture and livestock into key sectors
for sustaining the country’s economic growth. In the past decade alone, these two sectors
accounted for an average of 25 percent of national GDP. The steady expansion of crop land
and pasture has also required the conversion of more native land, making land-use change
the country’s main source of GHG emissions today. At the same time, Brazil has used
the abundant natural resources of its vast territory to explore and develop low-carbon
renewable energy.

Currently, per capita fossil fuel-based emissions in Brazil are much lower than those in
other countries,' owing to the large role of renewable-energy sources for electricity and fuels.
Hydropower represents more than three-fourths of installed electricity generation capacity,
while ethanol substitutes for two-fifths of gasoline fuel. Without the historically large
investments in renewable energy, Brazil’'s current energy matrix would be far more
carbon intensive. If Brazil’s energy matrix reflected the worldwide average, energy-sector
emissions would presumably be twice as high and total national emissions 17 percent
greater. The energy and transport sectors in Brazil are, thus, already widely based on
low-carbon alternatives and current efforts to keep the energy matrix clean must be
acknowledged. However, the maintenance of alow-carbon development path in Brazil will
continue to require larger investments in low-carbon options and additional measures to
reduce emissions in the Brazilian energy sector may require increased efforts.

YetBrazil used to be one of the largest GHG emitters from deforestation and would probably
continue to be so if not for the government’s recent adoption of a series of measures to protect
the forest. Although drastically reduced in recent years, deforestation could continue to be a
potentially large emission source in the future. Exacerbating this outlook are expected growth
in carbon-intensive sources of electric power, accelerated use of diesel-based transport, and a larger
volume of methane (CH,) emissions from expanded landfill development.

1 Fossil fuel-based emissions amount to about 1.9 tCO, per year per capita or less than one-fifth of the OECD
country average.




At the same time, Brazil is likely to suffer significantly from the adverse effects of
climate change. Some advanced models suggest that much of the eastern part of the Brazilian
Amazon region could be converted into a savannah-like ecosystem before the end of this century.
A phenomenon known as the Amazon dieback, combined with the shorter-term effects of
deforestation by fires, could reduce rainfall in the Central-West and Northeast regions, resulting
in smaller crop yields and less available water for hydropower-based electricity?. Urgent
solutions are thus needed to reduce Brazil's vulnerability to climate change and to enable the
implementation of adaptation actions in the country.

Like many other developing countries, Brazil faces the dual challenge of encouraging
development and reducing GHG emissions. President Lula echoed this concern in his
introduction to the National Plan, stating that actions to avoid future GHG emissions should not
adversely affectthe developmentrights of the poor, who have done nothing to generate the problem.
Efforts to mitigate GHG emissions should not add to the cost of development, but there are strong
reasons to shift toward a low-carbon economy. Low-carbon alternatives would offer important
development co-benefits, ranging from reduced congestion and air pollution in urban transport
areas to better waste management, jobs creation and costs savings for industry, and biodiversity
conservation. Countries that pursue low-carbon development are more likely to benefit from
strategic and competitive advantages, such as the transfer of financial resources through the carbon
market, new international financing instruments, and access to emerging global markets for low-
carbon products. In the future this may create a competitive advantage for the production of goods
and services, due to the lower emission indexes associated with the life cycle of products.

Study Overview

The overall aim of this study was to support Brazil’s efforts to identify opportunities
to reduce its emissions in ways that foster economic development. The primary objective
was to provide the Brazilian government the technical inputs needed to assess the potential and
conditions for low-carbon development in key emitting sectors.

To this end, the World Bank study adopted a programmatic approach in line with the
Brazilian government’s long-term development objectives, as follows: (i) anticipate the
future evolution of Brazil’'s GHG emissions to establish a reference scenario; (ii) identify and
quantify lower carbon-intensive options to mitigate emissions, as well as potential options
for carbon uptake; (iii) assess the costs of these low-carbon options, identify barriers to their
adoption, and explore measures to overcome them; and (iv) build a low-carbon emissions
scenario that meets the same development expectations. The team also analyzed the
macroeconomic effects of shifting from the reference scenario to the low-carbon one and the
financing required.

To build on the best available knowledge and avoid duplicate effort, the study team
undertook a broad consultative process, meeting with more than 70 recognized Brazilian
experts, technicians, and government representatives covering most emitting sectors and
surveying the copious literature available. This preparatory work informed the selection of
four key areas with a large potential for low-carbon options: (i) land use, land-use change, and
forestry (LULUCF), including deforestation; (ii) transport systems; (iii) energy production and
use, particularly electricity and oil and gas; and (iv) solid and liquid urban waste.?

2 “Assessment of the Risk of Amazon Dieback,” World Bank, 2010.

3 Certain industrial sources of nitrous oxide (N,0), hydroflourocarbons (HFCs), perflourocarbons (PFCs),
sulfur hexafluoride (SF,), and other non-Kyoto GHG gases are not covered by this study. Without a recent




In order to estimate the emissions Brazil would generate in these four key areas over
the study period, the study team defined a “reference scenario” thatis later compared with
the projected “low-carbon scenario”. Itis worth noting that the reference scenario is based
on a different methodology than the one used by the Brazilian government in its national
GHG inventory. In particular, having focused on these four areas, the reference scenario built by
this study does not cover 100 percent of all emission sources of the country and therefore, should
notbe considered as a simulation of future national emissions inventories.

Since the objective of this study was not to simulate the future development of the Brazilian
economy or to question the government’s stated development objectives, this study has
adhered, to the extent possible, to existing government plans to establish the reference scenario.
Therefore, the 2030 National Energy Plan (PNE 2030), published by the Ministry of Mines and
Energy (MME) in 2007, was adopted as the reference scenario for the energy sector. The study
also took into account of Brazil’s Government Accelerated Growth Plan (PAC) and the National
Logistic and Transport Plan (PNLT), launched in 2007, and other policies and measures in other
sectors that were already published by the time the reference scenario was established*. Where
long term planning publications were unavailable, the team built its own reference scenarios,
using sector models developed or adapted for the project, consistent with the main assumptions
of the PNE 2030. Key interfaces (e.g., determining the land needed for solid and liquid biofuels
production in the transport and energy sectors) were addressed jointly by the teams in charge of
these sectors and the land-use modeling.

Reference-scenario results for these main areas show that deforestation remains
the key driver of Brazil’'s future GHG emissions through 2030. Modeling results indicate
that, after a slight decrease in 2009-11, deforestation emissions are expected to stabilize at an
annual rate of about 400-500 Mt CO,. Even so, the relative share declines to about 30 percent as
emissions from the energy, transport, and waste-management sectors continue to grow. Since
transport and energy consumption are both functions of economic growth, certain subsectors
dependent on fossil fuels (e.g., urban bus systems or thermal power generation and industrial
processes) have high emissions growth; for subsectors that depend on energy forms with alower
carbon intensity (e.g., bioethanol-powered vehicles or hydropower-generated electricity), levels
of emission remain relatively stable. An annex of maps and an electronic database detail the
results of the study by state.

Land Use and Land-use Change: Toward a New Dynamic

Despite its significant decline in the past four years, deforestation remains Brazil’s
largest source of carbon emissions, representing about two-fifths of national gross
emissions (2008). Over the past 15 years, deforestation has contributed to reducing Brazil’s

complete inventory, it is not possible to determine precisely the share of other sources in the national GHG
balance. However, based on the first Brazil National Communication (1994), it is expected that they would
notexceed 5 percent of total Kyoto GHG emissions. Not all agriculture activities were taken into account when
estimating emissions from that sector; crops taken into account in the calculation of the emissions from
agriculture representaround 80% of the total crop area.

4  Asaresult of the methodology used to establish this reference scenario, it differs from the projections of
national and sectoral emissions officially announced by the Brazilian Government in 2009 along with the
voluntary commitment to reduce emissions, which are reflected in law Law 12.187. The difference between
the reference scenario defined in this study and the one established by the Brazilian government on the basis
of past trends reflects the positive impact on emission reductions of the policies already adopted at the time
this study’s reference scenario was established. Noticably, the reference scenario was defined before the
elaboration of the National Plan on Climate Change (PNMC) and the adoption of Law 12.187, which institutes
the National Climate Change Policy of Brazil and seta voluntary national greenhouse gas reduction target.




carbon stock by about 6 billion metric tons, the equivalent of two-thirds of annual global
emissions.” Without the Brazilian government’s recent forest protection efforts, the current
emissions pattern from deforestation would be significantly higher.® The drivers of deforestation
occur at multiple levels. In the Amazon and Cerrado regions, for example, the spatial dynamics
of agricultural and livestock expansion, new roads, and immigration determine the pattern of
deforestation. At a national or international scale, broader market forces affecting the meat and
crop sectors drive deforestation.

Agricultural production and livestock activities also produce direct emissions, together
accounting for one-fourth of national gross emissions. Agricultural emissions mainly result from
the use of fertilizer and mineralization of nitrogen (N) in the soil, cultivation of wetland irrigated rice, the
burning of sugar cane,and use of fossil fuel-powered agricultural equipment. Livestock emissionsresult
mainly from the digestive process of beef cattle, whichreleases of methane (CH, ) into theatmosphere.

Models and Reference-scenario Results

To estimate future demand for land and LULUCF emissions, the study developed two
complementary models: i) Brazilian Land Use Model (BLUM) and (ii) Simulate Brazil (SIM
Brazil). BLUM is an econometric model that estimates the allocation of land area and measures
changesinland use resulting from supply-and-demand dynamics for major competing activities.”
SIM Brazil, a geo-referenced spatialization model, estimates future land use over time under
various scenarios. SIM Brazil does not alter BLUM data; it finds a place for land-use activities,
taking into account such criteria as agricultural aptitude, distance to roads, urban attraction, cost
of transport to ports, declivity, and distance to converted areas. SIM Brazil works at a definition
level of 1 km? makingit possible to generate detailed maps and tables.

Under the reference scenario, about 17 million ha of additional land are required to
accommodate the expansion of all activities over the 2006-30 period. In Brazil as a whole,
the total area allocated to productive uses, estimated at 257 million ha in 2008, is expected to
grow 7 percent—to about 276 million ha—in 2030; 24 percent of that growth is expected to
occurinthe Amazonregion. In2030,asin 2008, pastures are expected to occupy most of this area
(205 million hain 2008 and 207 million in 2030). Growth of this total amount over time makes it
necessary to convert native vegetation to productive use, which mainly occurs in frontier regions,
the Amazonregion, and, on asmaller scale, in Maranhao, Piaui, Tocantin, and Bahia.

To estimate the corresponding balance of annual emissions and carbon uptake over the
next 20-year period, these and related models calculated land use and land-use change
for each 1-km? plot at several levels.® Results showed that land-use change via deforestation
accounts for the largest share of annual LULUCF emissions—up to 533 Mt CO_e by 2030. Direct
annual emissions from land use only (agriculture and livestock) increase over the period,
with an average annual rate of 346 Mt CO_e. Carbon uptake offsets less than 1 percent of gross
LULUCF emissions, sequestering 29 Mt COZe in 2010, down to 20 Mt COZe in 2030. Over the 20-
year period, LULUCF gross emissions increase one-fourth, reaching 916 Mt CO,e by 2030. The

5 From 1970 to 2007, the Amazon lost about 18 percent of its original forest cover; over the past 15 years,
the Cerrado lost 20 percent of its original area, while the Atlantic Forest, which had been largely deforested
earlier, lost 8 percent.

6  After peaking at 27,000 km’ in 2004, deforestation rates have declined substantially, falling to 11,200 km® in
2007, the second lowest historical rate recorded by the PRODES deforestation observation program (INPE
2008).

7  These include six key crops (soybean, corn, cotton, rice, bean, and sugar cane), pasture, and production
forests; the model also projects demand for various kinds of meatand corresponding needs for chaffand corn.

8  Microregion, state, and country.



net balance between land use, land-use change, and carbon uptake results in increased
emissions, whichreachabout 895 Mt CO,e annually by 2030°.

Low-carbon Options for Emissions Mitigation

Avoiding deforestation offers by far the largest opportunity for GHG mitigation in
Brazil. Under the resulting low-carbon scenario, avoided emissions from deforestation would
amountto about 6.2 Gt CO,e over the 2010-30 period, or more than 295 Mt CO e per year.

Brazil has developed forest-protection policies and projects to counter the progression
of pressure at the frontier and is experienced in economic activities compatible with forest
sustainability. Shifting to alow-carbon scenario that ensures growth of agriculture and the
meat industry—both important to the Brazilian economy—would also require acting on
the primary cause of deforestation: demand for more land for agriculture and livestock.

To drastically reduce deforestation, this study proposed a dual strategy: (i) eliminate
the structural causes of deforestation and (ii) protect the forest from illegal attempts to
cut. Eliminating the structural causes of deforestation would require a dramatic increase in
productivity per hectare. Increasing livestock productivity could free up large quantities
of pasture. This option is technically possible since Brazil’s livestock productivity is generally
low and existing feedlots and crop-livestock systems could be scaled up; use of more intensive
production systems could trigger higher economic returns and a net gain for the sector
economy (chapter 7). The potential to release and recover degraded pasture is enough to
accommodate the most ambitious growth scenario.

The combination of reducing pasture area and protecting forests can lead to a sharp
decline in deforestation emissions. This was demonstrated in 2004-07, when new forest-
protection efforts, combined with a slight contraction in the livestock sector and resultant
pasture area,' led to a 60-percent reduction in deforestation (from 27,000 km" to 11,200 km).
Such a rapid reduction resulted from deforestation and its associated emissions being
related to the marginal expansion ofland for agriculture and livestock activities,* without
which there would be no need to convert additional native vegetation and incidentally
generate GHG emissions. If the effort to reduce pasture area and protect forests were
neglected, emissions from deforestation would resume immediately. To protect against
illegal cuts, the forest should be further protected against fraudulent interests. The
Brazilian government has made considerable efforts in this area, particularly under the 2004
Plan of Action for the Prevention and Control of Deforestation in the Legal Amazon (PPCDAM).

Model-based projections indicate that, under the new land-use dynamic, deforestation
would be reduced by more than two-thirds (68 percent) in 2030, compared to projected
levels in the reference scenario; in the Atlantic Forest, the reduction would be about 90 percent,
while the Amazon region and Cerrado would see reductions of 68 percent and 64 percent,

9  When calculating national carbon inventories, some countries consider the contribution of natural regrowth
towards carbon uptake; therefore, although this study does not compute this contribution in the carbon
balance of LULUCF activities, it would be fair to add that information for comparison purposes. If the carbon
uptake from the natural regrowth of degraded forests were to be included, then the potential uptake would
increase by 109MtCO2 per year, thus reducing the net emissions.

10 The2005-07 period witnessed the first decline in herd size (from 207 million to 201 million head), following
adecade-longincrease, together with a slight contraction in pasture area (from 210 million to 207 million ha).

11 Unlike other sectors, whose energy-based emissions are usually proportional to the full size of the sector
activity, emissions from deforestation are related only to the marginal expansion of agriculture and livestock
activities.




respectively. Accordingly, in 2030, annual emissions from deforestation would be reduced
nearly 63 percent (from about 530 Mt CO, to 190 Mt CO,) compared to the projected
reference scenario. In the Amazon, the level of deforestation would fall quickly to about 17
percent of the historic annual average of 19,500 km? observed in the recent past, thus complying
withthe PNMCgoal of reducing deforestation in the Amazonregionby 72%by 2017

The study also proposed ways to reduce direct emissions from agricultural production
and livestock activities. For agriculture, the study proposed an accelerated dissemination
of zero-tillage cultivation. Compared to conventional farming systems, zero-tillage involves far
fewer operations and can thus reduce emissions caused by altering soil carbon stock and using
equipment powered by fossil fuels. Done effectively, zero-tillage cultivation can help control soil
temperature, improve soil structure, increase soil water-storage capacity, reduce soil loss, and
enhance the nutrient retention of plants. For these reasons, expansion of zero-tillage cultivation
is accelerated in the low-carbon scenario, reaching 100 percent by 2015 and delivering 356 Mt
CO.e ofavoided emissions over the 2010-30 period.

To lower direct emissions from beef-cattle farming, the study proposed shifting
to more intensive meat-production systems, as mentioned above. It also proposed
genetic-improvement options to reduce CH,, including improved forage for herbivores
and genetically superior bulls, which have a shorter life cycle. The study projects that the
combination of improved forage and bulls, along with increased productivity, would reduce
direct livestock emissions from 272 to 240 Mt CO, per year by 2030; that is, maintain them close
tothe 2008.

The study also explored two major carbon uptake options: (i) recovery of native forests
and (ii) production forests for the iron and steel industry . For forest recovery, the low-
carbon scenario considered compliance with legal actions for mandatory reconstitution, in
accordance with the laws of riparian forests and legal reserves.'® In this sense, the low-carbon
scenario engendered a “Legal Scenario.” Using these defined areas for reforestation, the study
modeled their potential for CO, removal.'* Results showed that the Legal Scenario has a high
carbon-uptake potential: a cumulative total of 2.9 Gt CO, e over the 20-year period or about 140
Mt CO,e per year on average'. For production forests, the reference scenario assumed that the
thermo-reduction process would be based on coke (66 percent), non-renewable plant charcoal
(24 percent),and renewable plant charcoal (10 percent). The low-carbon scenario assumed total
substitution of non-renewable plant charcoal by 2017 and use of renewable plant charcoal for up
to 46 percent of total production of iron and steel ballast by 2030; the volume of sequestered
emissions would total 377 Mt CO,in 2030, 62 Mt CO, more than in the reference scenario.

A New Dynamic for Land Use

Building a low-carbon scenario for land use involves more than adding emissions
reductions associated with mitigation opportunities; it must also avoid the potential for
carbon leakage. For example, increasing forest recovery leads to carbon uptake, but it also

12 Overthe 1996-2995 period, the historical rate of deforestation in the Amazon region was 1.95 million ha per
year,according to the PNMC.

13 Inareas with optimal conditions, forest recovery can remove 100 tC per ha on average in the Amazon Region.
(Saatchi, 2007). In the reference scenario, its contribution is limited in terms of quantity.

14 The study model used meteorological and climatic variables (e.g., rainfall, dry season, and temperature) and
edaphic (soil and topography) variables to estimate potential biomass.

15 If the carbon uptake from the natural regrowth of degraded forests were to be included, then the potential
uptake would increase by 112MtCO2 per year on average.



reduces the land area otherwise available for expanding agriculture and livestock activities. This,
in turn, could provoke an excess in demand for land use, which could generate deforestation,
inducing alower net balance of carbon uptake. To avoid a carbon leakage, ways must be found to
reduce the global land demand for other activities, while maintaining the same level of products
supply found in the reference scenario.

In the low-carbon scenario, the amount of additional land required for emissions
mitigation and carbon uptake totals more than 53 million ha. Of that amount, more than 44
million ha—over twice the land expansion projected under the reference scenario—is for forest
recovery. Together with the additional land required under the reference scenario, the total volume
of additional land required is more than 70 million ha, more than twice the total amount of land
planted with soybean (21.3 million ha) and sugar cane (8.2 million ha) in 2008 or more than twice
the area of soybean projected for 2030 in the reference scenario (30.6 million ha) (table 1).

Table 1: Summary of Additional Land Needs in the Reference and Low-carbon Scenarios

Scenario Additional land needed (2006-30)

Reference Scenario:

additional volume of Expansion of agriculture and livestock production to meet the needs
land required for the anticipated in 2030:
expansion of agriculture —16.8 million ha

and livestock activities

Elimination of non-renewable charcoal in 2017 and the
participation of 46% of renewable planted charcoal for iron and
steel production in 2030:

- 2.7 million ha

Expansion of sugar cane to increase gasoline substitution with
ethanol to 80% in the domestic market and supply 10% of
estimated global demand to achieve an average worldwide gasoline
mixture of 20% ethanol by 2030:

- 6.4 million ha

Restoration of the environmental liability of “legal reserves” of
forests, calculated at 44.3 million ha in 2030.
- 44.3 million ha

Total 70.4 million additional hectares

To increase livestock productivity to the level needed to release the required volume
of pasture, the low-carbon scenario considered three options: (i) promote recovery of
degraded pasture, (ii) stimulate the adoption of productive systems with feedlots for finishing,
and (iii) encourage the adoption of crop-livestock systems. The increased carrying capacity
that results from recovery of degraded areas, combined with more intensive integrated crop-
livestock systems and feedlots for finishing are reflected in an accentuated reduction in demand
for land, projected at about 138 million ha in the low-carbon scenario, versus 207 million ha in
the reference scenario, for the year 2030. The difference would be enough to absorb the demand
for additional land associated with both expanded agriculture and livestock activities in the
reference scenario and expanded mitigation and carbon uptake in the low-carbon scenario.

Low-carbon
scenario:
additional volume
of land required for
mitigation measures




Energy: Sustaining a Green Energy Matrix

The intensity of GHG emissions in Brazil’s energy sector is comparatively low by
international standards, owing to the significant role of renewable energy in the national
energy matrix. Renewable energy accounts for nearly half of Brazil’s domestic energy supply—
more than three-quarters of it provided by hydroelectricity (MME 2007). In 2005, the country’s
energy sector accounted for just 1.2 percent of the world’s 27 Gt CO,, of fossil-fuel emissions,
corresponding to an annual average per capita of 1.77 tCO,, significantly less than annual global
(4.22tCO,) and OECD-country (11.02 tCO,) per-capita averages (IEA 2007). In 2010, emissions
from energy production and consumption, excluding transport, represented about one-fifth of
national emissions.

Reference Scenario: 97-percent Increase in Emissions

The PNE 2030, on which the sector reference scenario is based, reflects recent
sector policies and basic market tendencies and features, including the dynamics of
incorporating technology and the evolution of supply and demand?®. The view toward long-
term technical and economic consistency renders the PNE 2030 animportanttool for creating the
energy-sector reference scenario; however, for circumstantial reasons, (i.e. adverse hydrological
conditions), Brazil’s higher use of thermoelectric power in recent years was anticipated by the
PNE 2030. If this were to continue over a longer term, the Brazilian grid’s average emissions
factor would be greater than that projected by the MME in 2007. If hydroelectricity proves
substantially less than predicted, the reference scenario considered in this study would prove
conservative.

Although the PNE 2030 assumes greater use of renewable energy sources over the
2010-30 study period, Brazil’s energy matrix should result in higher emissions over time
under the reference scenario. For 2030, the projected emissions figure, excluding fuels for
transport, is just over 458 Mt CO,, representing a 97-percent increase or more than one-fourth
of national emissions. Cumulative sector emissions are estimated at 7.6 Gt CO, over the 20-year
period.

Low-carbon Mitigation Potential: Less Than 20 Percent

To develop the low-carbon scenario, the study analyzed mitigation options for energy
efficiency and fuel switching in industry, refining and gas-to-liquid (GTL), wind-energy
generation and bagasse cogeneration, and high-efficiency appliances.'” Since most of
Brazil’s main remaining large-hydropower potential will have been fully exploited by 2030
(PNE 2030), the study assumed no further opportunities to significantly reduce emissions via
hydropower expansion beyond what was established in the reference scenario. Beyond options to
reduce domestic emissions, the study considered two opportunities to reduce emissions abroad:
(i) hydro-complementarity (to reduce CO, emissions of energy sectors in Brazil and Venezuela) and

16 The reference scenario adopted in this study, the PNE2030, differs from the emissions projections for
the energy sector officially announced by the Brazilian Government in 2009 along with the voluntary
commitment to reduce emissions, which are reflected in law Law 12.187. The difference between the
reference scenario defined in this study and the one established by the Brazilian government on the basis
of past trends reflects the positive impact on emission reductions of the policies already adopted in the
PNE2030.

17 To avoid double counting, this study considered emissions reductions from vehicular fuel switching as
transport-sector emissions reduction.



(ii) large-scale ethanol exports (to reduce fossil-fuel emissions of transport sectors worldwide).

Over the 2010-30 period, cumulative emissions reductions would amount to 1.8 Gt CO,
or less than 25 percent of cumulative emissions of the sector in the reference scenario.'®
If all of the proposed low-carbon mitigation options were implemented, annual energy-sector
emissions would be reduced by 35 percent in the year 2030.1° Not surprisingly, the industrial
sector, which still relies heavily on fossil fuels, would account for 75 percent of 2030 reductions
(68 Mt CO, per year), followed by renewable charcoal for the steel industry (31 percent) and
biomass cogeneration (9 percent). Even so, energy-sector emissions under the low-carbon
scenario would remain about 28 percent higherin 2030 thanin 2008.

Scaled-up Ethanol Exports: One-third Increase in Mitigation Potential

Brazil’s success with bio-ethanol offers an opportunity to reduce global emissions by
increasing ethanol exports. It terms of emissions, social costs, and economic production costs,
ethanol from sugar in Brazil is superior to alternatives in others countries, reflecting a significant
comparative advantage to serve the growing international demand for low-carbon vehicle fuels.
Reducing or eliminating the high trade barriers and enormous subsidies currently in place in
many countries would produce economic benefits for both Brazil and its trade partners, and
reduce GHG emissions. While the size of such exports depends on counterfactual assumptions,
this study adopted a target of 70 billion liters by 2030—57 billion more than in the PNE 2030
reference scenario and slightly more than 2 percent of estimated global gasoline consumption
for thatyear (equal to 10 percent of bio-ethanol demand to reach an average target of 20 percent
ethanol blend in gasoline worldwide). This target corresponds to the lower bound of a recent
study on the feasibility of scaled-up ethanol production for export.2°

The added emissions reductions achieved via ethanol exports would reach 73 Mt
CO, per year in 2030 and would amount to 667 Mt CO, over the 2010-30 period or about
one-third of the total reduction in energy emissions. The additional ethanol would require
increasing the area planted to sugar cane by 6.4 million ha in 2030 (from 12.7 to 19.1 million
ha), still less than the current area planted to soybean (22.7 million ha in 2006) and one-tenth
the current pasture area (210 million ha).?! As explained above, it is assumed that, as long as
the proposed goals for increasing livestock-raising productivity are met, sugar-cane expansion
would not result in deforestation, either directly or indirectly through pasture expansion, and
sugar-cane production would not occur on conservation lands.

Transport: Modal Shifts and Fuel Switching

Brazil’s transport sector has a lower carbon intensity compared to that of other
countries because of the widespread use of ethanol as a fuel for vehicles. Still, the transport
sector accounts for more than half of the country’s total fossil-fuel consumption. In 2008, the
sector emissions were about 149 Mt CO e, representing 12 percent of national emissions.

18 Excluding 667 Mt CO, of avoided emissions from ethanol exports and 28 Mt CO, from the transmission line
between Venezuelaand Brazil.

19 In2030,annual emissions would be reduced from 458 to 297 Mt CO, (excludingtransport) or from 735 to 480
Mt CO, (including transport); thatis, an annual reduction similar to Krgentina’s emissionsin 2000.

20 NIPE/UNICAMP reportfor CGEE/MCT, Campinas, December 2007.

21 The measures proposed to reduce deforestation under the low-carbon scenario considered the added land
required for planting sugar-cane for ethanol export to avoid carbon leakage.




Urban transport accounts for about 51 percent of direct sector emissions in 2008. The
main causes are increased use of private cars, congestion, and inefficient mass transport systems.
The study revealed that a modal shift to Bus Rapid Transit (BRT) and Metro plus traffic
management measures have a potential to reduce urban emissions by about 26 percentin
2030; however, policy, coordination, and financing issues often prevent their implementation.
The country’s more than 5,000 municipalities administer their own transit and transport
systems, making it difficult to mobilize resources where needed. In addition, mass transport
systems are capital-intensive.

For regional transport, the study revealed a potential for reducing emissions by about
9 percent in 2030 via modal shifts for both passenger and freight transport. Simulations
showed that expanding the high-speed passenger train between Sao Paulo and Rio de Janeiro,
for example, can attract passengers from higher emitting transport modes (e.g., planes, cars, and
buses). For freight transport, shifting from road- to water- and rail-based transport can reduce
emissions significantly. Obstacles to making the shift include inadequate infrastructure for
efficientinter-modal transfer and lack of coordination among publicinstitutions.

Without bio-ethanol, which already contributes to the transport sector’s low carbon
intensity, 2030 transport emissions would be nearly 32 percent more than in the
reference scenario and more than twice as much as current emissions. Because of the
increase in flex-fuels vehicles and fuel switching from gasoline to bio-ethanol, emissions from
light-duty vehicles are expected to stabilize over the next 25 years, despite a projected rise in
the number of kilometers traveled. Under the low-carbon scenario, this fuel switch could
be further increased from 60 to 80 percent in 2030, thus delivering half of the emissions
reductions in 2030 and more than one-third of the total emissions reductions targeted
for the transport sector over the period (nearly 176 Mt CO,). The key challenge is to ensure
that market price signals are aligned with that objective. Because of volatile oil prices, an
appropriate financial mechanism would be needed to absorb price shocks and maintain ethanol’s
attractiveness for vehicle owners.

Implementing the low-carbon scenario would mean reducing increased emissions of
the transport sector from almost 65percent to less than 17%(from 149 Mt CO, in 2008 to
174Mt CO, instead of 245 Mt CO, per year in 2030). Total avoided emissions would amount to
nearly 524Mt CO, over the 2010-2030 period, or about 35 Mt CO,, per year on average, roughly
equivalent to the combined emissions of Uruguay and El Salvador.

Waste Management: Leverage of Financial Resources

Brazil’'s waste-management sector has a history of underinvestment and little private-
sector participation. This situation can be attributed, in part, to a lack of long-term planning,
insufficient allocated funds, and lack of incentives. Both solid and liquid waste management face
a high level of institutional complexity and decentralization, making it more difficult to leverage
the required financial resources. As of 2008, sector emissions were relatively limited, at 62
Mt CO,e, representing 4.7 percent of national emissions.

In modern landfills, where fermentation is anaerobic, methane (CH,) is released into the
atmosphere; emissionsincrease as waste collection and disposal sites continue to expand. Under
the reference scenario, the CH, generated is a powerful end-of-pipe GHG, which is not necessarily
destroyed. The emissions are quickly boosted and could increase more than 50 percent
over the study period as ever greater numbers of people begin to benefit from solid and



liquid waste-collection services. But given that CH, can easily be destroyed, incentives created
by the carbon market under the low-carbon scenario could encourage participation in projects
designed to destroy landfill gases. To meet the waste-management sector’s challenges, it is
imperative that the appropriate capacitation is developed in the municipalities with respect to
long-term planning and project development capabilities, expanded awareness of and capacity
to use the existing legal structure, regulations and procedures, and improving access to the
available financing resources. In particular, inter-municipal and regional consortia should be
created to handle waste treatment, and public-private partnerships (PPPs) should be developed
via concessions under long-term contracts.

Implementing the low-carbon scenario would reduce annual sector emissions by
80 percent (from 99 Mt CO,e to 19 Mt CO,e in 2030). Over the 2010-30 period, total avoided
emissions would equal 1,317 Mt CO, or an average of 63 Mt CO, per year, comparable to the
annual emissions of Paraguay.

Economic Analysis of Mitigation Options

To inform the Brazilian government and larger society of the economic costs involved in
shifting to a low-carbon development pathway, the study team conducted an economic analysis
to determine the financial conditions under which the proposed mitigation and carbon uptake
options might be implemented. The economic analysis was also used to select the mitigation
options that could be retained in a low-carbon scenario. Two complementary levels of
economic analysis were undertaken: (i) a microeconomic assessment of the options
considered from both social and private-sector perspectives and (ii) a macroeconomic
assessment of the impacts of these options, either individually or collectively, on the national
economy using an input-output (I-O) model.

The social approach provided a cross-sectoral comparison of the cost-effectiveness
of the mitigation and carbon uptake options considered for the overall society. For that
purpose, a marginal abatement cost (MAC) was calculated for each measure using a social
discountrate of 8 percent. Results were sorted by increasing value and plotted in a single graph,
known as the marginal abatement cost curve (MACC), which permits a quick reading of how the
various measures compare in terms of costand volume of GHG emissions.

The private-sector approach explored the conditions under which the proposed measures
would become attractive to individual project developers. It corresponds to the same principle
underlying the cap-and-trade approach adopted in the Kyoto Protocol: providing additional revenues
to economic agents who opt for carbon-intensive solutions that are less intensive than those in the
baseline. This approach aims at estimating the minimum economic incentive—the “break-even
carbon price”—that should be provided for the proposed mitigation measure to become attractive.
This approach is based on the expected rates of return from real economic agents in the considered
sectors, as observed by the major financing institutions consulted in Brazil.

Because the rates of return expected by the private sector are generally higher than
the social discount rate, the break-even carbon price is usually higher than the MAC. In
certain cases, the MAC is negative and the break-even carbon price is positive (e.g., cogeneration
from sugar-cane, measures to prevent deforestation, fuel substitution with natural gas, electric
lighting and motors or GTL), which helps one to understand why a measure with a negative
MAC is not automatically implemented. Most mitigation and carbon uptake options presume an
incentive to become attractive, with the exception of energy efficiency measures.




The total volume of incentives needed over the study period would amount to US$445 billion
or US$21billion per year on average. .

The incentive for the measures proposed to avoid deforestation-related emissions is
estimated at about US$34 billion over the period, equivalent to US$1.6 billion per year and
US$6 per tCO, (including forest protection costs of $24 billion over the period). For 80 percent of
the mitigation and carbon uptake potential under the low-carbon scenario—that is, more than 9
Gt CO,—therequired level of incentives is US$6 per tCO,e orless.

The economic incentive to be provided is not necessarily through the sale of carbon
credits. Other incentives, such as capital subsidies for low-carbon technologies, investment
financing conditions, tax credits, regulations, or other instruments can sometimes be more
effective in making the low-carbon option preferable to project developers.

The macroeconomic effects of the mitigation options considered were estimated
individually and collectively, with the incremental impact of the low-carbon scenario
calculated in comparison to the reference scenario using a simple Input-Output (I0) modeling.
While results should be viewed with caution, used only to suggest the magnitude of the impact,
the 10-based simulation indicates that investment under the low-carbon scenario is not
expected to negatively affect economic growth. Rather, both GDP and employment might
improve slightly, owing to economy-wide spillover from the low-carbon investment. It
is estimated that GDP could increase 0.5 percent per year on average over the 2010-30 period,
while employment could increase an average of 1.13 percentannually over the same period.

Based on this two-level economic analysis, the study selected the mitigation and carbon
uptake options retained for a low-carbon scenario for Brazil over the 2010-30 period. The
criteria adopted were that the MAC, which represents the social perspective usually adopted in
government planning exercises, should not exceed US$50, except for the options triggered more by large
expected co-benefits and their positive macroeconomic impacts, which would balance the higher MAC.
Thisistypically the case for most of the measures proposed by the transportand waste sectors.

A National Low-carbon Scenario

The low-carbon scenario constructed for Brazil under this study is an aggregate of the
low-carbon scenarios developed for each of the four sectors considered in this study. In each
sector; the most significant opportunities to mitigate and sequester GHGs were analyzed, while less
promising or fully exploited options in the reference scenario were not further considered. In short,
this national low-carbon scenario is derived from a bottom-up, technology-driven simulation for
single subsectors (e.g., energy conservation in the industry or landfill gas collection and destruction),
based on in-depth technical and economic assessments of feasible options in the Brazilian context,
and sector-level optimization for two of the four main sectors (land use and transport).

This national low-carbon scenario has been built in a coordinated way to ensure full
consistency among the four main sectors considered. To ensure transparency, the methods
and results were presented and discussed on various occasions with a range of government
representatives.?” But this low-carbon scenario is not presumed to have explored all
possible mitigation options or represent a preferred recommended mix. This scenario,

22 Three seminars were held over the past several years (September 14-16, 2007; April 30, 2008; and March
19, 2009) to present and discuss the study methodology, intermediate results, and near-final results with
representatives of 10 ministries. Sectoral teams also interacted on various occasions with technical-area and
public-agency representatives.



which simulates the combined result of all the options retained under this study, should
be considered modular—as a menu of options—and not prescriptive, especially since
the political economy between sectors or regions may differ significantly, making certain
mitigation options that at first appear more expensive easier to harvest than others that initially
appear more attractive economically.

This low-carbon scenario represents a 37-percent reduction in gross GHG emissions
compared to the reference scenario over the 2010-30 period. The total cumulative emissions
reduction over the period amounts tomore than 11.1 Gt CO, e, equal to approximately 37 percent of the
cumulative emissions observed under the reference scenario. Projected gross emissions in 2030 are
40 percentlower under the low-carbon scenario (1,023 Mt CO_e per year) compared to the reference
scenario (1,718MtCO e peryear) and 20 percentlower thanin 2008 (1,288 Mt CO, e peryear) (table 2,
figure 1). In addition, forest plantations and recovery of legal reserves will sequestrate the equivalent
of 16 percentofreference-scenario emissionsin 2030 (213 Mt CO,e peryear) .

Table 2: Comparison of Emissions Distribution among Sectors in the
Reference and Low-carbon Scenarios, 2008-30

Reference scenario, Reference scenario, Low-carbon scenario,
2008 2030 2030

Sector MT CO.c
29

Energy 232 18 458 27 297

Transport 149 12 245 14 174 17
Waste 62 5 99 6 18 2
Deforestation 536 42 533 31 196 19
Livestock 237 18 272 16 249 24
Agriculture

___

Carbon uptake | (29) | 2) | (21) | 1) | (213) | (21)

The two areas where the proposed low-carbon scenario succeeds most in reducing
net emissions are reducing deforestation and increasing carbon uptake. The main drivers
are (i) reduction of total land area needed, via significant gains in livestock productivity, to
accommodate expanded agriculture and meat production and (ii) restoration of legal forest
reserves and production forests for producing renewable charcoal for the steel industry.
By 2017, the proposed low-carbon scenario would reduce deforestation by more than 80
percent compared to the 1996-2005 average, thereby ensuring compliance with the Brazilian
government’s December 2008 commitment.

23 Ifthe carbon uptake from the natural regrowth of degraded forests were to be included, then the potential
uptake would increase by 112MtCO2 per year on average, thus reducing the net emissions.
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Figure 1: GHG Mitigation Wedges in the Low-carbon Scenario, 2008-30
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In the energy and transport sectors, it is more difficult to reduce emissions since they
are already low by international standards, owing mainly to hydroelectricity for power
generation and bioethanol as a fuel substitute for gasoline in the current energy matrix. As a
result, these sectors’ relative share of national emissions increases more in the low-carbon
scenario than in the reference scenario.

Assessment of Financing Needs

Implementing the low-carbon scenario options would require more than twice the
volume of financing needed for the alternatives in the reference scenario—about US$725
billion in real terms versus US$336 billion over the 2010-30period. The per-sector distribution
isUS$344 billion for energy, $157 billion for land use and land-use change, $141 billion for
transport, and $84 billion for waste management.

An average of US$20billion in added annual investment would be required. This would
represent less than 10 percent of the annual $250 billion in national investments in 2008 (at
approximately 19 percent of GDP?*), or less than half of the $42 billion in loan disbursements by
the BNDES and two-thirds of the US$30 billion in FDI in Brazil during 2008. These requirements
also compare well with Brazil’s Government Accelerated Growth Plan (PAC), which anticipated
spending $504 billionin 2007-10.

To implement the reference and low-carbon scenarios, both public and private
investments are necessary. Under either scenario, the transport and waste sectors require
more private-sector investments than today, while the energy sector continues to benefit from
significant public sector participation; potential implementation of new rules or modification of
existing ones may favor better use of resources (such as GTL). For the land-use sector, reducing
emissions from deforestation continues to require public-sector intervention, albeit in the form
of special funds, such as the Amazon Fund, and legal enforcement; while increased livestock
productivity relies on better access to both public- and private-sector financing. Similarly,
restoration of forests via compliance with the Legal Reserve Law requires public-sector

24 GDPof$1.573 trillion per the CIA the World Factbook



enforcement and potentially greater private-sector participation.

To mobilize the private investment, incentives would be required to turn the low carbon
options attractive when compared with more conventional options. Transport mitigation
options would require the greatest amount of average annual incentives at approximately $9
billion, followed by energy at $7 billion, waste at $3 billion and LULUCF at $2.2 billion. However,
most of energy efficiency measures would notrequire incentives.

Few of Brazil’s many economic financing mechanisms and instruments currently in
place target climate change-related activities. Non-climate financing mechanisms might be
applicable to low-carbon options, as they would to reference-scenario alternatives. However,
their availability, reach, configuration, and scale may be limited, especially when applied
to unconventional alternatives. Although the overall costs may not appear exorbitant for
implementing a low-carbon development scenario, the available resources for implementing
mitigation activities at the site-specific level may not be as easily identifiable or sufficient,
or financing mechanisms may not be appropriately defined for such options. Thus, specific
financing instruments and new sources that promote implementation of the proposed
mitigation activities would be required.

Meeting the Challenge of the Low-carbon Scenario

Implementing the proposed low-carbon scenario requires tackling a variety of
challenges in each of the four areas considered. The combined strategy of releasing pasture
and protecting forests to reduce deforestation to 83 percent of historically observed levels
involves five major challenges. First, productive livestock systems are far more capital-
intensive, both atthe investment stage and in terms of working capital. Having farmers shift
to these systems would require offering them a large volume of attractive financing far beyond
current lending levels. Thus, a large volume of financial incentives, along with more flexible
lending criteria, would be needed to make such financing viable for both farmers and the banking
system. A first attempt to estimate the volume of incentives required indicates an order of
magnitude of US$1.6 billion per year, or US$34 billion during the period.Second, these systems
require higher qualifications than traditional extensive farming, which is used to move on
to new areas as soon as pasture productivity has degraded, eventually converting more native
vegetation into pasture. Therefore, the financing effort should be accompanied by intensive
development of extension services.

A third challenge is preventing a rebound effect: The higher profitability of needing less
land to produce the same volume of meat might trigger an incentive to produce more meat and
eventually convert more native forest into pasture. Such a risk is especially high in areas where
new roads have been opened or paved. Therefore, the incentive provided should be selective,
especially in the Amazon region. It should be given only when itis clearly established, based on
valid and geo-referenced land ownership title, that the project will include neither conversion of
native vegetation nor areas converted in recentyears (e.g., less than 5 years).

Fourth, several attractive options in the low-carbon scenario to mitigate emissions or
increase carbon uptake amplify the requirement of freeing up pasture to prevent carbon
leakage. For example, while replanting the forest to comply with the Legal Reserve Law would
remove a large amount of carbon dioxide (CO,) from the atmosphere, this area would no longer
be available for other activities. The equivalent additional amount of pasture would need to
be freed up; otherwise, a portion of production would have to be reduced or more native forest




would eventually be destroyed elsewhere. A more flexible legal obligation regarding forest
reserves would make the goal of accommodating all agriculture, livestock and forestry
activities without deforestation less difficult, butit might also mean less carbon uptake.

For urban transport, the major challenge is not technological, although some
efficiency gains can still result from technology innovations. Mass-transport technologies,
non-motorized transport options, and demand management measures are all available and
road-tested. Rather, the main challenge centers on a lack of financing and need for
more institutional coordination. For example, Brazil’s more than 5,000 municipalities
independently administer their transit and transport systems, making it difficult to harmonize
nationwide plans and policies. In addition, mass transport systems in urban areas are capital-
intensive, which prevents many municipalities from implementing them. One way to overcome
the limited investment capacity of the public sectoris to promote PPPs.

For regional transport, meeting the freight transport targets under the low-carbon
scenario requires better integration and partnerships among rail concessionaires and
between concessionaires and government, including regulatory authorities. The various
transport modes are generally operated privately; thus, their efficient integration requires
new infrastructure and terminals, calling for more coordination of and support from public
authorities. Regarding the Amazon region, the opening of new roads in Amazon forests can
lead to increased deforestation and thus emissions. For policies involving intermodal-transfer
projects to succeed and mitigate negative impacts, there must be adequate planning, appropriate
allocation of resources, as well as measures to facilitate the financing of the large investments
required to build and adaptthe needed infrastructure.

Regarding further substitution of gasoline by bio-ethanol, the key challenge is how to
ensure that market price signals are aligned with this objective. Most new cars produced
in Brazil are flex-fuel vehicles, which, by definition, can switch continuously from gasoline to
ethanol and vice-versa. Market price signals are key determinants of ethanol’s high market share.
Because of the high volatility of oil prices, a financial mechanism would need to be designed and
implemented to absorb price shocks and maintain the attractiveness of ethanol for vehicle
owners.

For the energy sector, the main challenges to emissions mitigation involve not
only implementation of the measures proposed in the low-carbon scenario; certain
assumptions that underpin the reference scenario also require significant efforts. In the
low-carbon scenario, the energy sector’s low carbon intensity results, in large part, from the
already low carbon intensity of the reference scenario for that sector. The PNE 2030 projects that
hydroelectricity will represent more than 70 percent of power generation in 2030, which implies
increasing hydropower generation capacity ata pace notyet observed.

The participation of hydro-energy at new energy auctions has been limited by the
environmental licensing process. As a result, the participation of fuel oil, diesel, and even
coal-based power plants, which often face less difficulty in obtaining environmental licenses,
has increased. Measures to improve the efficiency of the environmental licensing process for
hydropower generation could include (i) ensuring that the design of electricity-sector plans,
programs, and policies take social and environmental factors into account, along with economic,
financial, and technical factors; (ii) promoting and establishing mechanisms to resolve disputes
among players in the licensing process; (iii) preparing an operations guide, which defines the
approaches used during the process; and (iv) building technical capacity and upgrading and



diversifying the professional skills of environmental agencies.?®

Harnessing the mitigation potential of energy efficiency under the low-carbon
scenario requires fully exploring the options offered by the existing framework. Progress,
albeit slow, has been made in implementing the energy efficiency law, and several available
mechanisms promoting energy efficiency address the needs of all consumer groups (e.g.,
PROCEL, CONPET, and EPE planned auctions). These initiatives offer the possibility of creating
a sustainable energy-efficiency market. Key problems to address are: (i) price distortions that
introduce disincentives for energy conservation and (ii) separation of the energy-efficiency
efforts of power and oil-and-gas institutions. Better institutional coordination mightbe achieved
viaa committee responsible for the development of both programs.

For bagasse cogeneration and wind energy, the main barrier to implementation is
the cost of interconnecting with the sometimes distant or capacity-constrained sub-
transmission grid. If this cost continues to be fully borne by the respective sugar mills and
wind-farm developers, the contribution of cogeneration and wind energy will likely remain low,
resulting in the entry of more fossil fuel-based alternatives. The key question is how to finance
the required grid. An ambitious smart-grid development program would help to optimize the
exploration of this promising but distributed low-carbon generation potential.

With regard to the waste sector, both solid and liquid waste management face a high level
of institutional complexity and decentralization, making it more difficult to leverage
the large amount of required financial resources. Scaling up appropriate collection,
treatment and disposal, together with emissions avoidance, would require more inter-municipal
coordination, clear regulationsand PPPs, along with a continuation of carbon-based incentives to
destroy or use landfill gas.

Final Remarks

Brazil harbors large opportunities for GHG emissions mitigation and carbon uptake.. This
positions the country as one of the key players to tackle the challenge posed by global climate
change. This study has demonstrated thata series of mitigation and carbon uptake measures are
technically feasible and that promising efforts are already under way. Yetimplementing these
proposed measures would require large volumes of investment and incentives, which may
exceed a strictly national response and require international financial support. Moreover,
for Brazil to harvest the full range of opportunities to mitigate GHG emissions, market
mechanisms would not be sufficient. Public policies and planning would be pivotal, with
management ofland competition and forest protection at the center.

25 See “Environmental Licensing for Hydroelectric Projects in Brazil: A Contribution to the Debate,” Summary
Report. World Bank Country Management Unit, March 28,2008.







Chapter 1

Introduction




The urgent need to combat global climate change has been firmly established. An
overwhelming body of scientific evidence, including the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC 2007) and a recent review on the economics
of climate change led by Nicholas Stern (Stern 2007), underscore the severe risks to the natural
world and global economy. According to Stern, how we decide to live over the next 20-30 years—
how we treat forests, generate and use energy, and organize transport—will determine whether
therisks of global climate change can remain manageable (Stern 2009).

1.1 Managing Risk: Target Levels

Failure to hold greenhouse gas (GHG) concentrations below certain levels would carry great
risk to our planet. Recent studies have put forward various target levels, all of which would need
emissions to peak soon. The IPCC (2007) concluded that stabilizing GHG concentrations at 550
particles per million (ppm)—the level at which it may be possible to hold the rise in global mean
temperature under 3°C above pre-industrial levels?*—would require concentrations to peak
not later than 2030 and then fall drastically by 2050; in this scenario, the IPCC estimates global
emissions would need to be reduced to about 29 Gt CO_e by 2030.

Another recent study, conducted by the United Nations Framework Convention on Climate
Change (UNFCCC), projects emissions to 61.5 Gt CO,e by 2030. In this scenario, annual
emissions from Annex I (industrialized) countries would grow from 21 Gt CO,e to just 22.1 Gt
CO,e by 2030,?” while the bulk of global emissions—50-70 percent of the emissions-mitigation
potential—would come from non-Annex I (developing) countries. Despite the range of
uncertainty, it is clear that developing countries have a vital role to play in shaping international
policies and actions to cut emissions to the required scale.

1.2 The Brazilian Context: Key Role of Forests and Other Sectors

Without Brazil playing a prominent role, it is difficult to imagine an effective solution to
stabilizing GHG concentrations to the required scale. The Amazon rainforest, which covers
more than half the country, is a reservoir of about 100 billion tons of carbon, sequestering more
than 10 times the amount of carbon emitted globally each year. Given Brazil’s large forested
areas—second only to those of Indonesia—it is perhaps not surprising to discover that most of
the world’s emissions from deforestation come from these two countries.

At the same time, Brazil is likely to suffer from the adverse effects of climate change. Some
advanced models suggest that much of the eastern part of the Brazilian Amazon region could
be converted into a savannah-like ecosystem before the end of this century. This phenomenon,
known as the Amazon dieback, combined with the shorter-term effects of deforestation by fires,
could reduce rainfall in the Central-West and Northeast regions, resulting in smaller crop yields
and less water available for hydropower-based electricity.?®

As the world’s largest tropical country, Brazil is unique in its GHG emissions profile. In prior
decades, the availability of large volume of land suitable for cultivating crops and pasture
helped to transform agriculture and livestock into key sectors for sustaining the country’s
economic growth. In the past decade alone, these two sectors accounted for an average of 25
percent of national GDP. The steady expansion of crop lands and pasture has also required the

26 Orabout2.5°Cabovethelevel of the early 2000s.
27 Detailsareavailableathttp://unfccc.int/ghg_data/ghg data_unfccc/time_series_annex_i/items/3814.php
28 “Assessmentofthe Risk of Amazon Dieback,” World Bank, 2010.



conversion of more native land, making land-use change the country’s main source of GHG
emissions today. At the same time, Brazil has used the abundant natural resources of its large
territory to explore and develop renewable energy, having built numerous large hydropower
plants and scaled up bio-ethanol production as a gasoline substitute, which, in turn, account
for the low carbon intensity of its energy matrix.

Apart from land use, land-use change, and forestry (LULUCF), Brazil accounts for only 2.3
percent of global GHG emissions; but until a few years ago, that percentage used to rise another 3
percent when considering LULUCE? Indeed, the LULUCF sector is pivotal, accounting for about
two-thirds of Brazil’s gross CO,e emissions (2008), two-thirds of that amount represented by
deforestation alone. By contrast, Brazil's energy sector has a per-capita carbon intensity of only
1.9 tCO, per year—about half the global average and less than one-fifth the average for OECD
countries. Were it not for Brazil’s previous large investments in renewable energy, the country’s
current energy matrix would be far more carbon intensive, with presumably twice the amount of
energy-sector emissions and national emissions 17 percenthigher.

Four sectors are key contributors to Brazil’s GHG emissions. First and most important is
LULUCF, which covers the forestry dimensions described above. In addition, there are three
other major emitting sectors: (i) energy, (ii) transport, and (iii) waste management. In 2008,
the respective emissions contributions of these three sectors were 18, 14, and 5 percent. While
waste management’s contribution was low in 2008, it has increased more than 60 percent over
the pasttwo decades.

1.3 A National Commitment To Combat Climate Change

Climate change has long been a vital part of Brazil’s national agenda. In June 1992, Brazil
hosted the United Nations Conference on Environment and Development, known as the Rio
Earth Summit, which resulted in an agreement on the UNFCCC and, in turn, the Kyoto Protocol.
Since then, Brazil has played an active role in the international dialogue on climate change. In
2007, the Brazilian government created the Secretariat for Climate Change within its Ministry
of Environment. The following year, President Luiz Inacio Lula da Silva launched the National
Plan on Climate Change (PNMC),** which put the issue at the forefront of the national agenda. On
December 29, 2009 the Brazilian Parliament adopted Law 12.187, which institutes the National
Climate Change Policy of Brazil and set a voluntary national greenhouse gas reduction target of
between 36.1% and 38.9% of projected emissions by 2020.

Like other developing countries, Brazil faces the dual challenge of encouraging development
while reducing GHG emissions. President Lula echoed this concern in his introduction to
the PNMC, stating that actions to avoid future GHG emissions should not adversely affect the
development rights of the poor, who have done nothing to generate the problem. Recognizing
the need for a low-carbon pathway to growth, Brazil has chosen to benefit from the Clean
Development Mechanism (CDM), an innovative financial mechanism, originally proposed by
Brazil, which is defined in Article 12 of the Kyoto Protocol.?! To date, Brazil has initiated more
than 300 projects under the CDM.

29 Aligning the methods used for carbon removal accounting in Brazil with those of other countries may affect
these percentages.

30 ThePNMCisbased on work of the Interministerial Committee on Climate Change and its Executive Group, in
collaboration with the Brazilian Forum on Climate Change and civil society organizations.

31 The CDM allows non-Annex I countries to host project activities that reduce GHG emissions. These emission
reductions can be certified and acquired by Annex I countries to comply with their emissions-reduction
commitments under the Kyoto Protocol.




1.4 Study Objective and Approach

To support Brazil’s integrated effort to reduce GHG emissions and promote long-term
economic development, this study aimed to build a transparent and internally consistent low-
carbon scenario that the Brazilian government could use as a tool to assess the inputs required to
forge alow-carbon pathway to growth.??

1.4.1 Method Overview

The study team analyzed opportunities in each of the four sectors identified (table 1.1). The
team constructed the reference scenario to the year 2030 based on current projections and
available modeling exercises for each of the sectors. For the energy and transport sectors, the
team built on existing long-term national and citywide plans.*®* Because no similar plans were
available for the LULUCF and waste-management sectors, new models and sets of equations were
developed, consistent with the macroeconomic and demographic projections of the energy and
transport sectors to the year 2030.>* For the LULUCF sector, the team used two complementary
models: (i) Brazil Land Use Model (BLUM), an econometric model to project future land use
for crops, developed by the Institute for International Trade Negotiations (ICONE) and (ii) SIM
Brazil, a georeferenced spatialization model to allocate land use to specific sites and years,
developed by the Remote Sensing Center (CSR) of the Federal University of Minas Gerais (UFMG).
For the waste-management sector, the team worked with the Sdo Paulo State Waste Management

Agency (CETESB) to develop sets of equations for modeling disposal.

Table 1.1: Summary of Study Method, by Sector
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32 This study is one of five country case studies that contributed to the preparation of the Clean Energy
Investment Framework (CEIF).
33 For the energy sector, the team built on the 2030 National Energy Plan developed by the Energy Planning
Company (EPE), a public institution attached to the Ministry of Mines and Energy (MME). For the transport
sector; the team built on the Government Accelerated Growth Plan (PAC), the National Logistics and Transport
Plan (PNLT), and urban logistic and transport plans developed by key cities.
34 For deforestation-related emissions, the team built on modeling exercises of the SimAmazonia system,
calibrated on historical satellite data (Soares etal. 2006), and extended this modeling to the Cerrado and Mata
Atlantica biomes. For livestock and crop-farming emissions, the team worked with the Brazilian Agricultural
Research Corporation (EMBRAPA), a publicinstitution that has worked extensively on livestock and land-use

emissions.
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The study team then explored mitigation and carbon uptake options. For each sector, relevant
subsectors were screened to identify the main technical options for reducing GHGs to 2030; it
ranked these options for incremental costs and compared them with the reference-scenario
options. The team adapted the “wedge” concept developed by Pacala and Socolow (2004), which
scales up a single area or technology to achieve significant reductions in GHG emissions that can
be deducted from the reference scenario. Because of the systemic nature of emissions in the
LULUCF and transport sectors, the team found that a pure wedge approach was not appropriate
and developed a specific modeling approach®®. For the LULUCF sector, the team analyzed the
country’s potential for large carbon removal and avoidance of GHG emissions in other countries
viascaled-up ethanol exports.

To determine the feasibility of the mitigation and carbon uptake options identified, the
study team assessed the added costs faced by technical options in the low-carbon scenario and
compared them to those in the reference scenario. For low-carbon options that were more
cost-effective in theory, the team identified the major barriers preventing their adoption and
proposed measures to overcome them. Since many of the proposed options were either not cost-
effective or would face financing difficulties, the team assessed the volume of supportrequired to
ensure their funding or competitiveness.

The final step was to build the low-carbon scenario aggregated from the diversified findings of the
sectors and subsectors. To ensure consistency of mitigation and carbon uptake estimates, including
avoidance of conflict or double counting, the study team built an indicative low-carbon scenario: The
scenario developed is not a projection of Brazil’s full GHG emissions inventory, and does not pretend
to capture 100 percent of all sources of GHG emissions.*® Indeed, to the extent possible, the team
developed and used modeling tools to allow for building other low-carbon scenarios in a modular
manner.’” In addition to analyzing the potential trade-offs that such alow-carbon scenario may incur
in terms of sector-level sustainability, the team investigated the potential macroeconomic impacts of
shifting from the reference scenario to the low-carbon one (table 1.1).

1.4.2 A Consultative and Iterative Process

The study emphasized two important dimensions. First, to the extent possible, it relied on
existing literature and studies so as to effectively leverage the wealth of existing information.
Second, the process emphasized a consultative, iterative approach that involved extensive
discussions and give-and-take with expertsin the field and Brazilian government representatives
(Annex B). The team conducted an extensive literature survey and, through a broad consultative
process, met with more than 70 recognized Brazilian experts, technicians, and government
representatives. The consultative process, combined with the World Bank’s extensive knowledge
of Brazilian institutions, enabled the team to build partnerships with centers of excellence
recognized for their national and international expertise in these sectors.

35 Possible feedback effects of climate change impacts on mitigation and carbon removal opportunities could
notbeintegrated in the modeling at this stage.

36 Forexample,industrial sources of nitrous oxide (N,0), hydroflourocarbons (HFCs), perflourocarbons (PFCs),
sulfur hexaflouride (SF ), and other non-Kyoto GHG gases are not accounted for here. In the absence of a
recent complete inventory, it is not possible to determine precisely the share of other sources in the national
GHG balance. However, based on the first Brazil National Communication (1994), it is expected that they
would not exceed 5 percent of total Kyoto GHG emissions.

37 Given the many possible combinations and that removal of certain barriers, particularly those related to
incremental costs and financing, may or may not be possible, this low-carbon scenario should be considered
asoneamongothers that could also be simulated.



1.5 Structure of This Report

Chapters 2 through 6 describe the study results for the four sectors analyzed. Results for
the LULUCF sector are divided into two chapters: Chapter 2 presents the reference-scenario
results, while chapter 3 describes the low-carbon scenario. Chapters 4 through 6 describe the
reference and low-carbon scenarios for the energy, transport, and waste sectors, respectively;
while chapter 7 provides the economic analysis for the various mitigation and carbon uptake
options used to build them. Chapter 8 presents the national reference scenario and proposed
low-carbon scenario, based on the aggregate results from the four sectors. An annex of maps
and an electronic database detail the results of the study by state. Chapter 9 then assesses the
financing needs of the proposed low-carbon scenario. Finally, chapter 10 outlines the main
challenges toitsimplementation.







Chapter 2

Land Use, Land-use
Change, and Forestry:
Reference Scenario




Brazil’s forests represent an enormous carbon stock. The Amazon, a reservoir of about
47 billion tons of carbon®?, permanently sequesters more than 5 times the amount emitted
globally each year. At the same time, in 2000, Brazil was the world’s second largest emitter of
carbon dioxide (CO,) resulting from deforestation—often driven by the need to convert land for
agricultural production and livestock pasture*’.

Not surprisingly, the land use, land-use change, and forestry (LULUCF) sector accounts for
more than two-thirds of Brazil’s gross CO_e emissions; of this amount, approximately two-thirds
results from deforestation, with the remainder from agricultural production and livestock
activities. Conversion of forest land to other land uses results in GHG emissions from soils,, while
the digestive process of ruminants results in methane (CH,) emissions. A key sector challenge is
identifying opportunities to curb the net balance of GHG emissions from deforestation and foster
economic growth.

This chapter describes the background and development of the LULUCF reference scenario.
Section 2.1 explains how LULUCF affects GHG emissions. Section 2.2 outlines the integrated
modeling approach used and estimates future land use for agricultural production and livestock
activities and projected land-use change from deforestation. Section 2.3 then estimates GHG
emissions from these activities, as well as potential carbon uptake. Finally, section 2.4 presents
the emissions results for the reference scenario.

2.1 Effects of Land Use and Land-use Change on Emissions

There are three main ways through which land use and land-use change contribute to carbon
emissions: (i) conversion of forest land to other land uses (agriculture, grassland, settlements,
etc.), (ii) agricultural production, and (iii) livestock activities. In addition, the carbon uptake via
reforestation activities affectsnet GHG levels.

2.1.1 Deforestation

According to the results of this study, in 2008, deforestation accounted for 40 percent of
Brazil’s gross emissions. When the forestbiomassis destroyed, mainly by fire and decomposition,
carbon is emitted into the atmosphere. Brazil has been converting forested areas at a rapid pace
(approximately 420,000 km? over the past 20 years). The Amazon lost approximately 18 percent
of its original forest cover between 1970 and 2007; the Cerrado lost about 20 percent of its
original areabetween 1990 and 2005, while the Atlantic Forestlost approximately 8 percent over
the same period (INPE 2009). Between 1990 and 2005, Brazil’s carbon stock was reduced by 6
billion metric tons, largely as the result of deforestation*. This amount is equivalent to one year
of global emissions, ifall sources are combined.

Since peaking at 27,772 km? during the 2004-2005 period, Brazil's deforestation rates have
declined sharply to 11,200 km?in 2007, the second lowest annual historical rate estimated by the
deforestation assessment program (PRODES) since the year 1988, according to INPE ( 2008)*.
This decrease continued in the following years. This drop reflects, in part, the higher valued
Brazilian currency, the Real (R$), compared to the U.S. Dollar (US$), which has made export-based

38 Phillipsetalii,2009: “Drought Sensitivity of the Amazon Rainforest” in Science.

39 Erin C. Myers Madeira: “Policies to Reduce Emissions from Deforestation and Degradation (redd) in
Developing Countries”, RFF, December 2008.

40 National Plan for Climate Change, p.67

41 11,030km?in 1990.



production less profitable. Implementation of the Plan of Action for the Prevention and Control
of Deforestation in the Legal Amazon (PPCDAM), improved enforcement of environmental laws
via increased monitoring capacity, and more rigorous conservation policies for the Amazon
rainforest have all contributed to this reduction.*?

While the spatial dynamics of livestock and agricultural expansion in the Amazon determine
the pattern of deforestation at the regional level, deforestation is also affected by broader
dynamics. National and international market forces drive the development of Brazil’s meat and
crop sectors. Depending on price trends, an array of agricultural and livestock activities compete
for land. Many geographical studies have shown that the resulting spatial dynamics are national
in scale. Over the past three decades, the soybean cultivation has progressed more than 1,500
km from south to north (de Gouvello, 1999).

Recent geo-statistical analysis shows that livestock activities are the primary reason for the
conversion of forest areas, followed by the expansion of agricultural production as the main
drivers of deforestation. Other contributing phenomena include migration, opening of paved
roads, and land speculation (Soares-Filho etal. 2009).

2.1.2 Agricultural Production

GHG emissions from agricultural production are caused mainly by changes in soil carbon
stocks, and to a lesser extent by fertilizers and residues, cultivation of wetland irrigated rice,
burning of agricultural residues, and use of fossil fuels to power agricultural operations.
According to the results of this study, in 2008, direct emissions from agriculture accounted for
about 6 percent of gross national emissions. Variation in soil carbon stock corresponds to the
loss of organic matter in the soil as aresult of a particularland use.

2.1.3 Livestock Activities

The main source of livestock emissions in Brazil is methane (CH,) from the digestive process
of ruminants. According to the results of this study, in 2008, direct emissions from livestock
activities accounted for about 18 percent of gross national emissions. Livestock emissions are
related predominantly to beef-cattle farming. According to the Initial National Communication
to the United Nations Framework Convention to Climate Change, in 1994 the methane emissions
from the beef-cattle subsector were responsible for more than four-fifths of the total amount of
enteric emissions caused by Brazilian livestock. Thus, this study emphasized emissions from and
mitigation alternatives for this subsector.

2.1.4 Forestry-based Carbon Uptake

Apart from GHG emissions sources associated with land use and land-use change trees remove CO,
from the atmosphere and store it in the trunk, branches, leaves, flowers and fruits, counteracting part of
the emissions from LULUCE*? In Brazil, carbon uptake takes place mainly in natural re-growth of degraded
forestsand production forests. Inaccordance with the results of this study, in 2008, it was estimated
that forestry-based carbon removal offsetabout 4 percent of national gross emissions.

42 In2003-07,for example, 148 protected areas were created, covering 640,000 km?.
43 Forannual crops, increase in biomass stocks in a single year is assumed equal to biomass losses from harvest
and mortality in that same year - thus there is no netaccumulation of biomass carbon stocks. (IPCC GPG, page 3.71)




2.2 Modeling Land Use and Land-use Change

This section focuses on the emissions modeling and results for the LULUCF reference scenario.
Section 2.2.1 highlights the economic and geospatial modeling approach used to establish the
model. Section 2.2.2 presents the modeling results for projected land use from agricultural
production and livestock activities. Finally, section 2.2.3 estimates land-use change from
deforestation.

2.2.1 Economic and Geospatial Models

Exploring options for mitigating deforestation emissions first requires projecting future
deforestation, which, in turn, requires simulating future land use and land-use change. To
establish the reference scenario, the study developed two models: i) Brazilian Land Use Model
(BLUM) (box 1) and (ii) Simulate Brazil (SIM Brazil) (box 2). These complementary models were
used sequentially. The BLUM projected land use and land-use change through 2030. SIM Brazil
then allocated thisland use and land-use change to specificlocations and years.

Box 2.1: Projecting Land Use for Crops to 2030: BLUM

The Brazilian Land Use Model (BLUM), a partial equilibrium econometric model developed by
the Institute for International Trade Negotiations (ICONE), operates at two levels: (i) supply
and demand of final crops and (ii) land allocation for agricultural products, pasture, and
production forests. Supply and demand are calculated simultaneously, in accordance with the
microeconomic principle of market balance, whereby offer equals demand for each product.
This balance occurs when there is a price that leads to the convergence between supply and
demand during the same period of time. The main parameters are demand income and price
elasticity, supply price elasticity and cross-elasticity.

Land allocation for every crop in each region was estimated using two explanatory variables (i)
regional profitability of the considered crop and (ii) regional profitability of competing crops.
Regions that showed higher expected returns for particular products had larger areas allocated
to them. Estimating the quantity of land allocated to pasture depended on (i) amount of land
used for agricultural crops and (ii) expected herd evolution. Projections to 2030 were obtained
for six large regions, all of which were divided into micro-regions created by the Brazilian
Institute of Geography and Statistics (IBGE).



Box 2.2: Allocating Future Land Use to Locations and Years: SIM Brazil

Simulate Brazil (SIM Brazil) is a georeferenced spatialization model structured and
implemented according to the Environment for Geoprocessing Objects (EGO) Dynamic,

an integrated software platform. Developed by the Remote Sensing Center (CSR) of the
Cartography Department at the University of Minas Gerais (UFMG), SIM Brazil operates at two
spatial levels: (i) IBGE micro-region and (ii) raster of 1-km2 resolution. The model creates
favorability maps for crop allocation via such criteria as agricultural aptitude (Assad and Pinto
2008), distance to roads, urban attraction, cost of transport to ports, declivity, and distance to
converted areas. For each micro-region, the model allocates the land-use activities projected
by BLUM at a level of 1 km2, using agricultural aptitude as a basis for each crop modeled and
estimated production cost factors according to infrastructure proxis and distance to consumer
markets.

When available land in a given micro-region is insufficient, SIM Brazil reallocates the
distribution to neighboring regions, creating an overspill effect. In this way, calculated

rates of agricultural expansion are accounted for. Three main sequences were constructed:

(i) calculation of land available for expansion, (ii) simulation of land-use change, and (iii)
estimation of resulting carbon emissions.

2.2.2 Projected Land Use: Agriculture and Livestock

Modeling results project 7 percent growth (about 16.8 million ha) in land allocated to
agricultural production and livestock activities from 2006 to 2030 (table 2.1). Of the six major
regions studied, it is estimated that the Amazon will have the highest growth rate, at 24 percent;
livestock pasture is expected to account for the largest share. These results suggest that it will
be necessary to convert native vegetation for productive uses (mainly in the frontier regions,
Amazon, and, to alesser extent,in MAPITO and Bahia).

Table 2.1: Projected expansion of land used for agricultural production and
livestock activities for selected years in the period 2006-30 (millions of ha)

2006 2008 2018 2030

South 34.17 33.56 33.61 34.24
Southeast 54.84 53.52 53.75 53.96
Center-West (Cerrado) 61.78 61.09 61.84 62.99
Northern Amazon 56.64 57.70 61.83 70.40
Northeastern Coast 14.57 14.62 14.91 15.23
MAPITO and Bahia 37.30 36.82 37.68 39.30

Total 259.28 257.30 263.62 276.13

Source: ICONE.

Growth in productive land use is expected in Brazil’s frontier regions as a result of two
phenomena: (i) increased demand for meat and significant growth in herd size, principally in the
Amazon (44 percent) and, to alesser extentin MAPITO and Bahia (13 percent) and (ii) expansion
of crop production, especially in MAPITO. Expected growth in herd size and pasture in these
regions may be an indirect effect of increased crop production in pasture areas of the south-
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central regions. The study model projects that growth of grazing land in Northern Amazon,
where livestock productivity is lower, will exceed the loss of pasture land in the other five regions
asaresult of competition with agriculture and production forests (table 2.2).

Demand for soybean—Brazil’s most important land-use crop, especially in the South and
East Central regions, Triangle Mineiro, and parts of the states of Bahia, Piaui, and Maranhdo—is
expected to grow; land for soybean cultivation is expected to expand, and part of this expansion
is projected on the Amazon frontier. Sugar-cane cultivation is expected to expand mainly in
northeastern Parand, Goias, west-central Sao Paulo, Triangle Mineiro, Goias, central Tocantins,
Mato Grosso do Sul, and the Northeastern Coast. Expansion is also expected in the states of
Bahia, Santa Catarina, Rio Grande do Sul, Rio de Janeiro, Espirito Santo, Piaui, Maranhao, and
Mato Grosso. According to Assad (2008) and other data sources used to create favorability
maps, sugar-cane cultivation is increasing in all states that show potential for its development.
Corn cultivation, which is widely distributed throughout the territory, is expected to increase or
remain stable in most states, exceptin Mato Grosso, where it will likely decline.

Table 2.2: Absolute Variation in Area Allocated, 2006-30 (thousands of ha)

South- Center- Northern North- MAPITO Total
Land use South - West Amazon eastern and Brazil
(Cerrado) Coast Bahia
Cotton (8) (25) 270 12 8 297 555
Rice 206 (14) (46) 5 20 42 213
Beans (1* harvest) | (195) | (122) (39) (101) (122) 279 (300)
Beans (2" harvest) 6 6 (2) - - (212) (201)
Corn (1% harvest) (123) 169 330 (24) 205 103 660
Corn (2" harvest) 632 (56) 1,344 328 - 28 2,276
Soybean 3,097 228 1,845 1,615 - 1,067 7,852
Sugar cane 809 3,111 1,093 (3) 235 1,275 6.520
Production forest 1,160 255 591 188 310 677 3,181
Pasture (4,881) | (4,488) (2,806) 12,074 11 (1,739) | (1,829)
Total 65 (884) 1,239 13,765 667 2,001 16,852

Values in parantheses represent negative values

With regard to pasture land, expansion in the Amazon, which to date has resulted mainly from
conversion of forests, is expected to continue. Relatively stable pasture lands are projected for
the states of Minas Gerais (except in the Triangle region), Bahia (except in the west), Ceara, Rio
de Janeiro, parts of Rio Grande do Sul, much of Mato Grosso do Sul, as well as Sergipe, Alagoas,
Pernambuco, Rio Grande do Norte, and Paraiba. By contrast, in central and southern Brazil,
pasture expansion is expected to remain limited because of direct competition with agricultural
production.

2.2.3 Expected Land-use Change: Deforestation

The study team combined the results of economic land-use modeling and geostatistical
analysis to project the expected conversion of forest land to other land uses (deforestation).*

44 The geostatistical analysis of deforestation reflects socioeconomic, demographic, and public-policy
processes, which are usually less obvious than processes associated with direct conversion to meet crop and
pasture demand forland.



The team used the EGO Dynamic platform to model deforestation and worked with three fixed
variables (migration rates, protected areas, and infrastructure [including paved and non-paved
roads]) and two others (areas occupied by crops and herd growth). Base dataincluded the micro-
regions map and tabular entries for protected areas, original forest area, crop and herd tables for
the years studied, and road-density tables. A spatial lag regression that combined annual rates of
crop and cattle expansion (calculated per micro-region), road-density tables, net migration rates,
and protected areas was applied. Based on the regression results, the model calculated the net
deforestation rate for each micro-region. In the Amazon region, estimated deforestation in the
reference scenario was higher than land-use conversion projected by the economic modeling,
reflecting the effect of variables other than agricultural expansion.

The expected annual rate of gross deforestation rate in the reference scenario isabout 14,500-
15,500 km? on average for the period 2010-2030. This range is lower than the annual historic
average of 19,000 km? (1996-2005), but well above the targets outlined by Brazil’s National Plan
on Climate Change (PNMC) (figure 2.1).*

The Brazilian government aims to reduce deforestation rates by 72 percent or more (to about
5,300 km? by 2017). To make this ambitious target feasible, the government is implementing
a series of measures, including the creation of a forest policy, the PPCDAM, which focuses on
deforestation monitoringand control.

Figure 2.1: Evolution of Deforestation in the Reference Scenario, 2009-30
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Source: UFMG (2009).

2.3 Estimating Emissions Balance for Land Use and Land-use Change

The projected land use and land-use change results, along with potential carbon uptake,
constituted the basis to project future GHG emissions. The following subsections describe the
key emission sources and uptake sinks, calculation methods, and total projected emissions over
the period considered.

45 Modeling did not incorporate the potential effects of deforestation-reduction objectives in Brazil’s PNMC.

Compliance with forest codes and new laws on permanent preservation areas and legal reserves are
considered in the context of a “Legal Scenario” (chapter 3).




Brazil Low-carbon Country Case Study

2.3.1 Deforestation

The estimate of future emissions from conversion of forest land to other land uses was
based in the methodologies provided in the Good Practice Guidance for Land Use, Land-use
Change and Forestry of the Intergovernmental Panel on Climate Change (GPG/LULUCF) (IPCC,
2003).*® Pasture carbon stock after conversion was subtracted from forest carbon stock before
conversion. Because of biomass variation, an indicative carbon-stock map for the start of the
period was built as a basis for that calculation (figure 2.2). Values varied between 0 and 276.5
tC per ha (biomass above and below ground), while the average pasture value was 4 tC per ha.*’
Total expected emissions from deforestation were 9.9 Gt CO_e over the 2010-30 period, or 474
Mt CO,e peryear onaverage.

Figure 2.2: Map of Carbon Stock Used To Estimate Emissions from Deforestation
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2.3.2 Livestock Activities

Ruminants emit CH, and nitrous oxide (N,0) as a function of quantity of food ingested and
quality of diet. In general, the more fibrous the food (for a given level of ingestion), the higher
the quantity of CH, emitted; the higher the protein content—and thus the more nitrogen (N)
execrated—the higher the quantity of N,O emissions. The more food ingested, the higher the
daily emissions of CH, and N, O for a given diet per animal. However, increasing food intake
also increases the animal’s performance, thus shortening the animals’ life cycle or lowering the
number of calves necessary for the production of animals for slaughter, and eventually reducing
CH, emissions per productunitand for total meat production.

To estimate the quantity of food ingested and CH, emissions, it is necessary to determine
the animal’s weight, physiological state, breed, and performance (weight gain, birth rate, and milk
production). Since these characteristics are heterogeneousin the herd, itis good practice to categorize
the herd and calculate the ingestion and emissions for each category (IPCC 2006).*8

46 SeelPCC(2003), “Good Practice Guidance for Land Use, Land-use Change, and Forestry;” Aavailable at www.
ipcc-nggip.iges.or.jp/public/gpglulucf/gpglulucf.html.

47 SeeSaatchietal.(2007) for the Amazonregion and (PROBIO-MMA 2007) for the rest of the country.

48 In this study, the herd was divided into nine categories of animals according to age (cows, bulls, heifers less
than 1 year old, heifers 1-2 years old, bullocks 2-3 years old, bullocks less than 1 year old, young bulls 1-2
years old, youngbulls 2-3 years old, and young bulls more than 3 years old.



The study team used a systemic approach to keep track of GHG emissions from beef-cattle
farming. Prototypical farms were identified using various types of systems in a complete cycle
(pre-stock, post-stock, finishing), which reflects levels of land use and animal productivity
intensification. Four types of production systems were considered: (i) complete cycle on
degraded pasture, (ii) complete cycle on extensive pasture, (iii) extensive cow-calf raising on
pasture plus supplemented stocking and finishing in crop-livestock systems, and (iv) extensive
cow-calfraising on pasture plus supplemented stocking and finishing in feedlots.

Prototypical farms were modeled to estimate the pasture-land needs of these production
systems (figure 2.3); GHG emissions were calculated using inputs on projected meat demand and
characteristics of each production system. Thus, the volume of livestock emissions is a function of the
mix of production systems observed at the national level to meet the corresponding demand for meat.

Figure 2.3: Flowchart of Prototypical Farms
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For each production system, herd composition, average weight, and performance were
calculated based on typical zootechnical indices. The productivity of each prototypical farm,
representing each of the four production systems, was thus calculated based on these indexes.
The resulting figures may be considered as a basis for estimating the number of cattle confined
(FNP 2008), average productivity estimated for the total production of carcasses (CNA 2009),
and number of cattle (IBGE 2009) (table 2.3). Beef-production data generated by the land-use
economic model were used to project the required herd size, composition, and distribution per
production system to meet national demand.

Table 2.3: Area and Number of Cattle in Each Production System
for the Reference-scenario Base Year (2008)

Area No. of cattle | Emissions
Production system (millions | (millionsof | (MtCO,e/

of ha) head) year)
Complete cycle on degraded pasture 59.53 22.38 26.94
Complete cycle on extensive pasture 132.18 155.51 171.36
Exten.swe cow_—cglf raising on pgsture, plus supplemented 550 10.00 1211
stocking and finishing in crop-livestock systems
Exten.swe cow_-cfalf raising on pasture, plus supplemented 818 14.88 18.94
stocking and finishing in feedlots

205.39.00

202.77.00

&



CH, and N,0 emissions were estimated based on animal weight, quality of diet, and
performance for each production system according to tiered IPCC models (2006). Modifications
considered estimates of dry-material ingestion for the NRC reverse calculation (2000) with a
maintenance factor for Nelore zebus (predominant in Brazil) and the CH, equation described by
Ellisetal. (2006).

According to this study’s projections, annual livestock emissions will increase from 229 Mt CO e in
2008t0272MtCO,ein2030. The cumulative total over the 2010-30 periodis 5.2 Gt COe.

2.3.3 Agricultural Production

Main GHG emissions sources related to agricultural production are (i) changes in soil carbon
stocks, (ii) CH, from cultivation of irrigated rice and burning of crop residues, (iii) N,O from
fertilizers and manure management, and (iv) CO, from the use of fossil energy in agricultural
operations. To estimate CO, equivalent emissions from changes in soil carbon stock, this study
used the methodology in the GPG/LULUCF for changes in carbon stock in soils in cropland, which
takesintoaccount changes in the reference carbon stock (expected carbon stockin the type of soil
under native vegetation) and its change due to management (e.g., tillage), land use (e.g.long-term
cultivated, setaside), and inputs to soil (e.g. organic or mineral fertilizers). Associated emissions
depend notonly on the size of the area under use, as determined by the land-use economic model,
but also on (i) carbon stock under native vegetation and (ii) carbon-stock changes in the soil,
which vary by region and type of agricultural activity.

The study team estimated the carbon stock under native vegetation for regions defined by the
different soil classes and vegetation. Using simplified soil and vegetation classifications, 30 soil x
vegetation combinations were created; each was attributed a value of the soil carbon stock based
on available published data and soil databases in the EMBRAPA Agrogas Network. Subsequently,
the team created a map of the soil carbon stock under native vegetation.

Conventional soil-preparation systems used for cultivating grains generally lead to a
reduction in soil carbon stock relative to native vegetation (Zinn etal. 2005; Fernside etal. 1998);
by contrast, in a zero-tillage system, soil carbon stock is preserved or increased (Zinn et al. 2005;
Cerri et al. 2007). The change factors for soil C stocks were estimated taking into account the
GPG/LULUCF methodology where the default factor values for land use, management and input
are available. Further, the estimated change factors were adjusted as a function of the literature
available for Brazil. For example, the change factors for soybean-maize (for Central Brazil) or
soybean-wheat (Southern region) crop sequences under conventional tillage were estimated
to be 0.48 and 0.69, respectively, using the GPG default values. These change factors mean that
after 20 years soils under soybean will present soil C stocks at 48% and 69% of the original
content. Data obtained in Brazil suggests this could be even lower. Moreover, in the First National
Communication of GHGs the change factor for crops was 0.43. Hence, the change factors were
adjusted to 0.50 for the South and 0.40 for Central Brazil. . Factors considered for conventional
planting suggest that soil use reduces carbon stocks to 44-63 percent of amounts under native
vegetation; this range was observed in samplings done in Brazil (Zinn et al. 2005). Differences
betweenregions and crops are due to the climate and residue-production features of crops.

The IPCC method was also used to estimate CH, emissions from the production of irrigated
rice in southern Brazil and N,0 and CH, emissions from the burning of sugar-cane straw during
harvest. According to data from INPE (2009), the proportion of sugar cane harvested without
burning was 46.4 percent in 2006/2007 and 49.1 percent in the 2008/2009 harvest. This



proportion increased to 54.4 percent in the 2009/2010 harvest. In the reference scenario, it
was assumed that the area harvested without burning would increase and stabilize at about 90
percentby 2020, exceptin the Northeastern Coast, where it would stabilize atabout 40 percent.*

CH, emissions from the production of irrigated rice and the burning of sugar-cane straw are
expected to total 434 Mt CO, e over the next 20 years. About four-fifths of this amount is expected
to result from the cultivation of wetland irrigated rice, mainly in the south. N,O soil emissions
from fertilizer and residues, as well as from the burning of sugar cane, add another 686 Mt CO,e.
The reference scenario projects that, by 2030, only about 3 percent of these N,0 emissions will
result from the burning of sugar cane, while the remainder will result from the decomposition of
harvest residues, especially those derived from soybean cultivation, which are richer in nitrogen
(N) and from pastures with cattle.

From 2009 until 2030, it is estimated that about 55 percent of the N,O emitted from residues
(171 MtCO,e) will result from soybean cultivation. Fertilizer use will account forabout 121 Mt CO, e
in soil emissions. But because production and transport of every 100 kg of N used in agriculture
generates 450 kg CO, e in fossil-energy emissions, the use of nitrogenous fertilizers would result in
total emissions of 250 Mt CO,e. Fossil-energy emissions associated with agricultural operations
(e.g., diesel-powered equipment) are expected to reach 344 Mt CO_e over the period (table 2.4).

Table 2.4: Emissions from Agricultural Production in the Reference Scenario

GHG emissions source Mt O2e % of total

Changes in soil carbon stock 585.2 28.6
Fertilizers, residues (including burning of sugar cane), and
mineralization of nitrogen in the soil (N20)

Cultivation of wetland irrigated rice and

burning of sugar cane (CH4)

Use of fossil energy to power agricultural operations (CO2) 343.5 16.8

20480 | 100.0

2.36 In summary, GHG emissions resulting from agricultural production are expected to
total about 2.0 Gt CO,e, corresponding to about 102.4 Mt CO_e per year (table 2.4). Slightly more
than 40 percent of these emissions result from loss of organic material in the soil, caused mainly
by the conversion of pasture land into farming areas in the Southeast, Center-West, and MAPITO
and Bahia regions. The farming area under zero tillage is maintained at 77 percent of the area
under corn (first harvest) and soybean cultivation and at just over 8 percent of the area under
cultivation by other crops until 2030. The gradual elimination of sugar-cane burning is expected
tolower annual emissions over this period.

685.6 334

433.6 21.2

2.3.4 Carbon Uptake

Brazil's potential opportunities for carbon uptake reside mainly in (i) forest recovery through
afforestation or reforestation activities, or assisted natural regeneration and (ii) production
forests. Forest recovery has a significant potential for carbon removal. For example, modeling
results and data from the available literature indicate that plant-cover restoration for the riparian

49 The areas utilized for sugar plantation in the states of Pernambuco and Alagoas have on average 70 percent
and 30 percentrespectively of declivitis above 12 percent, which incapacitates mechanized harvesting under
current technology; manual cutting withoutburning in large scale becomes unviable.




forests of Sdo Paulo alone could result in the removal of about 400 Mt CO,., while in the Amazon,
the potential is even higher, given that climate conditions in much of this biome increase the
carbon-absorption potential of growing forests.

However, in degraded ecosystems, such as abandoned pasture and cropland, the regeneration
potential of arboreal species and secondary-succession species is impaired. Specific botanical
obstacles include lack or inadequacy of seed banks, poor seed dispersal, competition with high-
biomass graminae, herbivore predation, burning, and absence of pollinators. Therefore, in the
reference scenario, native forest recovery, which accounts for the major share of carbon uptake
by antropogenic activities, remains limited compared to the theoretical potential, at about 10.3
Mt CO, per year. If the carbon uptake from the natural regrowth of degraded forests were to be
included, then the potential uptake would increase by 109MtCO2 per year.>

With regard to Brazil’s production forests,*! alternation of planting and harvesting generates an
average carbon stock whose flow dynamic is determined by the cycle of the species cultivated; for
example, the cycle for Eucalyptus species is about 21 years (three seven-year cycles). The average
carbon stock of forest clusters is linked to the earmarked economic activity (e.g., iron and steel or
pulp and paper production) and thus the risk that the economic activity will decline or end.>?

This study focused on production forests of renewable plant charcoal for the iron and steel
industry. Substitution for non-renewable plant charcoal or mining coal can result in increased
carbon uptake without altering the supply and demand of the final products. This is not the case
for other sectors, whose reforestation potential is confined to market growth of the end-use
activity. Future projections for production forests using renewable plant charcoal were based
on estimated annual growth in the iron and steel market over the study period (3.7 percent) and
market participation of all thermo-reduction agents.

The reference scenario assumes a continuation of the current market situation. With regard
to thermo-reduction participation, it assumes 66 percent based on mineral coke, 24 percent
on non-renewable plant charcoal, and 10 percent on renewable plant charcoal. The reference
scenario also assumes (i) continued lack of public policies and adequate sector financing; (ii)
continuation of the current regulatory structure, which leaves room for the use of non-renewable
plant charcoal; and (iii) low productivity development in terms of growing trees for wood and
efficiency of the wood carbonization process.

Under the reference scenario, it is estimated that production forests can sequester 315 Mt
CO,e over the period analyzed.

2.4 Reference-scenario Emissions Results

Based on subsectoral analyses, the study team generated an integrated reference scenario for
LULUCE. This reference scenario used the emissions calculation methods indicated above, which
were integrated into the SIM Brazil model. Use of these models made it possible to generate maps and
tables that registered annual emissions and carbon uptake over the study period, calculated for each
1-km?plotand integrated by micro-region, state,and country (figure 2.4).

50 When calculating national carbon inventories, some countries consider the contribution of natural regrowth
towards carbon uptake; therefore, although this study does not compute this contribution in the carbon
balance of LULUCF activities, it would be fair to add thatinformation for comparison purposes.

51 Brazil currently has about 5 million ha of production forests.

52 However, risks associated with extreme events, such as fires and pests, are ostensibly less, owing to the need
toreplantareas to compensate for the end-use activity.



Figure 2.4: Reference Scenario Results: Emissions from Land Use and Land-use Change, 2009-30
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Emissions from land-use change via deforestation account for the largest single share of total
emissions from LULUCF—up to 533 Mt CO,e peryear by 2030. Directannual emissions fromland
use (agricultural production and livestock activities) increase over the period up to annual rate of
383 Mt CO.e. The model shows a decrease in the annual rate of carbon uptake, from 28 Mt CO e in A
2010 to 20 Mt CO,e in 2030. For the entire period considered, the net balance between land use,
land-use change, and carbon uptake results in increased emissions, reaching about 895 Mt CO e
annually by 203053

53 When calculating national carbon inventories, some countries consider the contribution of natural regrowth
towards carbon uptake; therefore, although this study does not compute this contribution in the carbon
balance of LULUCF activities, it would be fair to add that information for comparison purposes. If the carbon
uptake from the natural regrowth of degraded forests were to be included, then the potential uptake would
increase by 109MtCO2 per year, thus reducing the net emissions.
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Based on the projected evolution of LULUCF-sector emissions in the reference scenario
(chapter 2), this study explored opportunities for reducing emissions and scaling up carbon
uptake. Sections 3.1-3.3 identify the mitigation options for agricultural production, livestock
activities, and deforestation, respectively; similarly, section 3.4 identifies options for forestry-
related carbon uptake. Each of these four sections analyzes barriers to adopting the respective
mitigation measures and explores ways to overcome them. Section 3.5 suggests how these
mitigation options, taken together, can create a new land-use dynamic for Brazil. Section 3.6
offers added forest protection measures to further deepen and strengthen emission reductions.
Finally, section 3.7 summarizes the integrated strategy for alow-carbon scenario.

3.1 Mitigation Options for Agricultural Production

Reduction in soil carbon stock accounts for more than two-fifths of direct emissions from
agricultural production, as discussed in chapter 2, suggesting the need for mitigation efforts to
adoptagricultural practices that reduce the conversion of soil carbon stock and mineral nitrogen
(N) into carbon dioxide (CO,), nitrous oxide (N,0), and methane (CH,).

The study team identified acceleration of the dissemination of zero-tillage cultivation as the most
promising option for reducing GHG emissions from agricultural production. Emissions in the low-
carbon scenario, using more zero-tillage cultivation, were about 21 percent less than in the reference
scenario, which used conventional farming systems (table 3.1). Zero-tillage farming can reduce soil
loss by about three-fourths, resulting in a 20-percent increase in water infiltration. Other potential
benefits include control of soil temperature, improved soil structure, increased water-storage
capacity, and enhanced nutrient retention of plants. In wetland-irrigated-rice systems, zero-tillage
has reduced CH, emissions by about 15 percent (Lima 2009). Total avoided emissions using zero-
tillage could amount to 356 Mt CO,e over the 2010-30 period (figure 3.1). For these reasons, zero-
tillage cultivationis expanded to 100 percentby 2015 in the low-carbon scenario.

Despite Brazil’s extensive experience with zero-tillage cultivation, switching from
conventional to zero-tillage systems involves a range of cultural, technical, and financial hurdles:
. Knowledge gap. Myths about soil compaction, low-liming efficiency, and likelihood of
pestsand disease discourage small-scale farmers from attempting zero-tillage farming.

. Lack of access to technology. Small-scale farmers are responsible for an important
partofgrain production (e.g., beans and corn), but have little or no access to the
technical assistance needed to adapttheir production systems.

. Upfront costs of conversion. Initiating a zero-tillage system may involve acquiring
machinery and larger quantities of inputs, and there is alack of consensus on the
economicadvantages of zero tillage in all regions.

. Research gap. Although zero-tillage farming is practiced widely in southern Brazil,
where the climate is mild, further research is needed for certain regions, e.g. northern
and northwestern parts of the Parana State and such regions as the Cerrados (e.g.,
research on plant cover for the period following the summer harvest to guarantee
enoughresidue to cover the soil throughoutthe year).

. Lack of infrastructure and marketing. Brazilian farmers often face problems of
produce storage and transport to markets. The higher value of soybeans precludes
the storage of such crops as corn, akey option for summer rotation. Also, small
farmers have no guarantee that alternative cereal crops will be purchased. The



resulting domination of soybean monoculture weakens diversification, which
successful zero-tillage farming requires.

Table 3.1: Reduced Agricultural-production Emissions in the
Low-carbon Scenario Using Zero-tillage Cultivation for the 2010-2030 period

GHG emissions Difference compared to
in the low- the reference scenario

Emission source .
carbon scenario

(Mt CO.e) Mt CO,e % reduction
2

Change in soil carbon stock 348.4 236.8 40.5

Fertilizer and residue (including
burning of sugar cane) and

mineralization of nitrogen in the soil 631.0 54.6 8.0
Cultivation of wetland irrigated rice and

burning of sugar cane 390.8 42.8 9.9
Use of fossil energy to power

agricultural operations 322.4 21.1 6.1
Total 1,692.5 355.5 17.3

Figure 3.1: Avoided Emissions via Zero-tillage Cultivation in the Low-carbon Scenario, 2010-30 ’
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Various measures can be implemented to overcome these barriers, as follows:
. Strengthen basic and technological research and generate zero-tillage information
that guarantees system sustainability throughout the country.

. Restructure the rural extension system and prepare technicianstoserveasalink between
research institutions, universities, and various segments of the productive
sector. [tisvital fortechnical universities and schools to incorporate the zero-tillage
system into the professional training curricula.



. Establish priority credit for farmers who adopt the system (e.g., increase the budget
forlow-interestloans orlower insurance premiums over time).

. Expand toragefacilities and guarantee produce purchase (e.g., corn); develop financial “hedge”
instruments for prices of essential inputs, such as herbicides, for the zero-tillage system.

3.2 Mitigation Options for Livestock Activities

Given that methane (CH,) emissions from beef-cattle farming account for the largest share of
GHG emissions from livestock activities®*, the following mitigation options were explored:
. Genetic-improvement programs for forage to reduce methanogenesis (FAO 2007) and

. Incentive programs for using genetically superior bulls (improved animals have a
shorterlife cycle and emita smaller quantity of CH, until slaughtered).

These two options directly affect emissions reductions per product unit, which are
conventionally measured in tons of carcass equivalent. Beyond these two options, livestock
emissions can be reduced via productivity gains. The transition from a lower to a higher
productivity system alone haslittle effect on GHG emissions peranimal (1.25tCO_ e in the degraded-
pastures scenario versus 1.15 tCO,e in other scenarios). But higher productivity in more intensive
systems generates a significant reduction in projected herd for 2030 (208 million head in the
low-carbon scenario versus 234.4 million in the reference scenario), which, in turn, generates
significantemissions reduction per unit of meat (figure 3.2) and in total value (figure 3.3).

Figure 3.2: Comparison of Methane Emissions per Unit of Meat (kg CO e per kg), 2008-30
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54 CO,equivalentofemissions fromlivestock activities are estimated base ona GWP of 21. However, if a different
metric were applied, for instance the GTP, the corresponding estimates would vary significantly. In particular,
using GTP would lead to smaller numbers. However, this issue being still debated, the study opted for
maintaining the GWP metric, using the value of 21 for methane.



Figure 3.3: Comparison of Methane Emissions from Beef-cattle Raising (Mt CO e per year), 2008-30
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The combination of improved forage and genetically superior bulls, combined with the
proposed increase in livestock productivity, would reduce direct livestock emissions from273 to
240MtCO, peryearin 2030; thatis, maintain emissions atabout the 2008 level.

But productivity gains may have a greater effect on the general balance of emissions associated
with land use and land-use change. Indeed, higher meat-production rates per hectare means that
less pasture land is needed. The release of pasture land for other uses helps reduce overall land
demand and the need to remove native vegetation and therefore emissions from deforestation.
This potential contribution from the livestock sector to help reduce emissions from deforestation
is further explored in section 3.3.

The hurdles involved in these proposed mitigation options could be surmounted by building
on current programs and policies. Currently, Brazil’s forage improvement programs, which
emphasize the use of genetic materials with favorable agronomic and pest- and disease-resistant
characteristics, do not pursue the objective of reducing GHG emissions; however, ongoing
research programs test evaluation techniques for in vitro CH, production in forage plants. Thus,
public policies could be putin place to promote the funding of research programs that encourage
universities and research institutions to select forage of higher nutritional value and implement
better management strategies to produce cultivars with lower CH, emissions potential for
ruminants. According to preliminary estimates by the EMBRAPA team, launching a 12-year
research program on genetically improved cultivars would cost about R$4 million.

Use of genetically superior bulls has a longer period of return. Programs that provide
incentives for evaluating bulls and subsidies for acquiring tested animals of good lineage
may contribute to sector efficiency over the medium term, as well as reduce GHG emissions.
Assuming that 2.3 million bulls are needed to maintain the national herd (a bull-to-cow ratio of
30:1), a 50-percent premium for improved animals above their slaughter value, and four years
of useful life for the bull, the total value of subsidies for the national herd would amount to about
R$350 million per year. Positive externalities for adopting such a measure include increased
productivity, better-quality carcasses, and increased calving rates (assuming andrological
testing of improved bulls).




Since the 1990s, the rise in per-animal productivity of beef-cattle farming has significantly
reduced emissions per kilogram of carcass produced. Higher productivity has coincided with
greater adoption of mixed crop and livestock systems and feedlot systems. But the carrying
capacity of pastures has changed little over the period, suggesting that pasture degradation may
offset the gains obtained by productivity gains observed in other places (IBGE 2008)—hence the
importance of promoting degraded pastures renovation.

Although improved and more intensive systems are more attractive with regard to economic
returns, the cost of restoring low-productivity pastures is relatively high (estimated at
R$2,924.92 per hain investment and R$21,300 per ha in expenditure). Even more costly are the
investments required to implement such systems, particularly the acquisition of animals. Since
the economic value of the activity is not high, credit at low-interest rates would be required to
finance the purchase of animals to increase the rate of carrying capacity; otherwise, ranchers
would likely underuse available forage resources. Favorable economic performance of past
programs using crop-livestock systems (e.g., PROLAPEC and PRODUSA) suggests that such
incentives could reduce business risk, increase income in the field, and renovate degraded
pasture areas, facilitating agriculture-livestock expansion in already deforested areas. Incentive
policies for the early slaughter of animals may also generate gains in productivity and reduce
emissions (e.g., the Early Bullock Program in Mato Grosso do Sul). Finally, given that more
intensive systems demand greater management, public policies that promote rural extension
and training for cattle ranchers are important.

3.3 Increased Livestock Productivity to Reduce Deforestation Emissions

In the reference scenario, the main emissions source is deforestation. While significant, the
mitigation and carbon uptake potential described above remains limited compared to the large
volume of GHG emissions resulting from deforestation. As mentioned above, a main trigger
of deforestation is the need to convert native vegetation into land to accommodate crops and
pasture expansion. The land-use modeling developed by this study makes it possible to estimate
the volume of additional land needed and associated deforestation in the reference scenario. To avoid
emissions from deforestation, ways would need to be found to reduce global demand for land, while
maintaining the same level of products supply as in the reference scenario. In systemic terms, the
mitigation of emissions through land-use change could be achieved by absorbing the expansion of
these activities via the increased productivity of other ones.

Brazil’s major agricultural activities already show high levels of productivity and consequently
do not offer opportunities to increase productivity on the scale required to absorb these
additional levels of demand for land. For example, the productivity of a soybean plantation in Brazil
was 2.86 tons per hain 2008, compared with 2.81 tons per hain the United States (table 3.2).



Table 3.2: Average Productivity of Selected Crops in Various Countries (tons per ha), 2008

Crop (tons per ha

Country

Soybean Corn Cotton Rice
Argentina 2.78
Bangladesh 3.93
China, People’s Republic of 1.61 5.17 1.30 6.43
EU-27 5.67
India 1.06 2.3 0.57 3.31
Indonesia 4.66
Mexico 3.22
Pakistan 0.65
Paraguay 2.62
Thailand 2.76
United States 2.81 9.46 0.99
Uzbekistan, Republic of 0.83
Brazil 2.86 3.99 1.49 4.20

Beef-cattle farming shows much greater potential for increasing productivity per hectare,
which can be applied to a much larger pasture area, since pastures occupy 207 million
ha compared to 70 million ha for agricultural activities in 2030 in the reference scenario.
Consequently, increasing the technological level and the intensification of livestock-raising
can play an essential role in reducing the need for land for this activity, while releasing the land
required for expansion of other activities.

3.4 GHG Removal via Carbon Uptake Options

Brazil’s major available options for carbon uptake, as discussed in chapter 2, are production
forests and native forest recovery—particularly reforestation of riparian forests and legal
reserves. This section identifies the carbon removal potential of these options and analyzes and
explores ways to overcome barriers to theirimplementation.

3.4.1 Production Forests

Brazil is endowed with climatic conditions and soils characteristics that favor the growing
of production forests. Furthermore, the country has some of the world’s most advanced wood-
production technologies based on fast-growing, high-productivity clones. Despite these assets
and the coordinated efforts of sector enterprises, research centers, and universities, Brazil has a
deficit of plantation forests.

The added uptake potential in the low-carbon scenario was estimated assuming the total
substitution of non-renewable plant charcoal starting in 2017 and the increased use of plant
charcoal for up to 46 percent of total production of iron and steel ballast by 2030 (the end of
the period considered). This would result in a doubling of annual uptake by the end of 2030
compared to the reference scenario; the total uptake volume in the low-carbon scenario would
equal 377 MtCO,, 62 Mt CO, more thanin the reference scenario atthat time.

However, achieving that potential presupposes overcoming certain barriers. The cycle of
Eucalyptus, Brazil’s principal plantation-forest species, is generally completed within 21 years




(i.e., three seven-year rotations), as discussed in chapter 2. Thus, the activity requires a long
maturation period involving large volumes of land investments. Because the first returns on
investment occur only after the seventh year, corresponding loans should ideally have a 7-year
grace period and a minimum 10-year duration. Currently, this credit structure does not exist
in Brazilian commercial banks and is rare in public banks. The funding of most federal funding
programs (e.g., PROPFLORA or PRONAF) is limited to small-scale production, which, although
necessary, is insufficient to counter the country’s plantation-forest deficit. Although state-level
experiences, such as the Proflorestas Program of the Minas Gerais Development Bank (BDMG)
have proven relatively successful, they too suffer from alack of financial resources.

Access to credit is another barrier, owing to collateral issues and environmental policy
requirements. For example, various banks still use plantation forests as a guarantee source
for loans, while for other agricultural crops, “crop in the ground” can be used as collateral.
Oftentimes, only the land can be considered as the guarantee. Non-compliance with
environmental-licensing requirements by enterprises requesting credit exacerbates the issue,
demonstrating the need for better coordination between public funding policies and the capacity
of economicagents.

Other hurdles are related to the regulatory framework for silviculture, transaction costs, and
the conversion technologies used. Enterprises are required to obtain licenses to harvest and
transport wood from plantation forests, which is not the case for the harvesting of agricultural
crops. Furthermore, the transaction costs for planting and managing production forests for
renewable plant charcoal (e.g., long maturation period and large quantities of required labor) are
significantly higher than those for alternative products that result from deforestation (e.g., non-
renewable plant charcoal). Finally, traditional carbonization technologies used to convert wood
into plant charcoal are inefficient.

Overcoming these barriers suggests key measures to improve the funding and regulatory
environment. First, current funding instruments could be adjusted to facilitate the increased
availability of credit along the productive chain of the iron and steel industry using renewable
plant charcoal. Support of the Clean Development Mechanism (CDM) of the Kyoto Protocol would
allow Brazil to take advantage of already existing methods that cover a significant portion of the
productive chain.>® Moreover, revision of the sector’s regulatory framework could aim to simplify the
environmental licensing process without harming the socio-environmental integrity of activities.
To guarantee control over the origin of wood, measures could be taken to strengthen the inspection
structure for theillegal use of non-renewable plant charcoal resulting from deforestation.

3.4.2 Native Forest Recovery

As illustrated in chapter 2, there is some potential for CO, removal through natural regrowth
of degraded forests, which has already been mentioned in the reference scenario. But because
of the botanical obstacles mentioned earlier, the carbon-capture potential associated with
natural regrowth remains limited. Despite these challenges, various studies and projects have
demonstrated that forest plantings can foster the accelerated reestablishment of native plant
cover; such plantings induce microclimatic changes favorable to germination and establishment
of plantlets and generation of a layer of litter and humus, which increases soil fertility. In addition,
shade from young trees helps to suppress invasive grasses. Because of the large areas of degraded

55 Several methodologies were already approved by the CDM for reforestation for industrial and commercial
use and for reforestation in protected areas.



ecosystems, such as abandoned pasture and croplands, where native forest recovery activities could
beimplemented, such activities can representa significant carbon-removal potential in Brazil.

3.4.2.a Modeling the Potential for Carbon Uptake
through Native Forest Recovery

To assess the potential for CO, removal through native forestrestoration, the study developed a
model of biomass potential in the most promising biomes, the Cerrado and Atlantic Forest. These
biomes, home to large forested areas in former times, have suffered severely from deforestation
over the past two centuries. Meteorological data (e.g., rainfall, dry season, and temperature) and
edaphic variables (soil and topography) were used to generate potential biomass indices (figure
3.4). These were calibrated with values in the literature to simulate the carbon-uptake potential
for non-riparian and riparian forests in the Cerrado and Atlantic Forest biomes,*® for which maps
were created (figure 3.5).

Figure 3.4: Flowchart of Model Used To Map Potential CO, Removal by Reforestation
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56 Riparian forests, which border rivers, are less subject to hydric deficit than other forest formations in these
biomes.




Brazil Low-carbon Country Case Study

Figure 3.5: Maps of Biomass Potential in Brazil’s
Cerrado and Atlantic Forest Biomes (tCO, per ha)
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Economic, as well as ecological, reasons limit native forest recovery. First, it is an expensive
activity. Second, rural properties would lose productive areas during the period of plant-cover
regeneration. For these reasons, forest recovery is rarely voluntary; rather, it occurs mainly
as a legal obligation. But because of the costs incurred for landowners, enforcement of such
legislation is not easy. For example, the state of Sdo Paulo has a deficit of more than 1 million
ha of riparian forests despite efforts of the state government to create reforestation programs
(e.g., the GEF-funded Project to Restore Secondary Forests) and federal credit lines aimed at
restoring plant cover on rural properties. Estimating the potential for carbon removal through
forest recovery thus requires target-setting for such activities. As a result of consultations with
government representatives, this study adopted as a target compliance with the forestry law
regarding legal forest preservation areas and reserves. The cost of implementing such a target is
analyzed in chapter?7.

3.4.2.b Compliance with Forestry Laws

The largest reforestation potential for carbon uptake in Brazil considered in this study
centers on a “Legal Scenario” involving compliance with and enforcement of laws governing the
management and use of riparian forests and legal reserves (box 3.1). Estimating that potential
requires a two-step calculation: (i) determine the area required for compliance and (ii) estimate
the potential for CO, removal resulting from restoring native forestin this area.



Box 3.1: Toward a “Legal Scenario”: Key Areas for Protection

Permanent Preservation Areas

Permanent preservation areas (PPAs) are forested areas found along the edges of rivers, lakes,
and other water bodies that preserve hydrological resources, prevent soil erosion, maintain
landscape and geological stability, and ensure human well-being. In Brazil’s riparian forests, the
width of the PPA depends on that of the river (table A).

Table A: Width comparison of river and PPA

River width (m) PPA width (m)

Upto 10 30
10-50 50
50-200 100
200-600 200
Over 600 500

Legal Reserves

Legal reserves are areas inside Brazil’s rural properties or land plots (with the exception of
PPAs) that are vital to the sustainable use of natural resources, conservation and rehabilitation
of ecological processes, and biodiversity conservation. The percentage of land set aside as a
legal reserve varies by biome :

o ¢ 80% inrural property located in the Legal Amazon;
o ¢ 35% inrural propertylocated in cerrado biome and located in the Legal Amazon;
. * 20% inrural property located in forestareas or other forms of native vegetation in other

regions of the country, especially the Atlantic Forest.

To estimate the amount of land needed for reforestation to comply with the Legal Reserve Law,
this study used area of the municipality as the basis for calculating the percentage of legal reserve.
The study excluded conservation units (Cus), indigenous lands, PPAs of major watercourses,
areas with declivity above 15 percent, unfit soils, and urban areas. Legal reserve percentages
defined by the Forest Code were used (box 3.1, table B). Also excluded were areas with native
vegetation, including secondary vegetation, savanna, and forests. The area left equaled the
intended area for forestrecovery in compliance with the Legal Reserve Law.

To estimate the uptake potential, the study team assumed that legal-reserve areas to be
restored would be reforested gradually until 2030, when full legality would be achieved. Startingin
2010, 1/21 of the total area for reforestation would be deducted every year from the area available
for agricultural production. The environmental liability for the country was estimated at about 44
million ha, about one-third of which would belocated in the Amazon region (table 3.3).



Table 3.3: Area Needed for Reforestation under Brazil’s Legal Reserve Law, by State

Area for Area for
reforestation (ha) reforestation (ha)
Mato Grosso do Sul 3,398,792 | Acre 721,161
Mato Grosso 9,465,888 | Amazon 34,848
Goias 2,611,730 |Roraima 46,757
Distrito Federal 0 |Para 11,369,199
Maranhio 40,959 | Amapa 0
Piaui 0 |Tocantins 1,644,537
Rio Grande do Norte 3,062 |Parana 1,711,257
Paraiba 27,167 |Santa Catarina 398,679
Pernambuco 58,239 |Rio Grande do Sul 1,184,241
Alagoas 91,861 |Minas Gerais 2,682,095
Sergipe 118,800 | Espirito Santo 205,436
Bahia 242,079 |Rio de Janeiro 178,087
Rondodnia 4,794,589 | Sao Paulo 3,314,927

Total for Brazil: 44,344,390 ha

Sources: ICONE, UFMG.

‘ The study estimated the carbon-uptake potential for the Legal Scenario at about 2.9 Gt CO,
over the study period; thatis,about 140 Mt CO_e peryear (figure 3.6).*

Figure 3.6: Carbon Uptake Potential of Forest-recovery Activities and Production Forests
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Itisimportant to note that enforcing forest legal reserves implies releasing the corresponding
land currently occupied by other activities (i.e., crops or pastures). This means that the land use
and land-use change projected in the reference scenario (chapter 2) would need to be revised.
Such a revision would be significant since the area released for legal enforcement of the forestry
law would equal more than twice the estimated deforested area under the reference scenario.
This runs the risk that the benefits gained from carbon uptake resulting from forestry activities
could be partially lost via increased conversion of native vegetation to accommodate crops and

pastures displaced by restored legal reserves.

57 If the carbon uptake from the natural regrowth of degraded forests were to be included, then the potential
uptake would increase by 112MtCO2 per year on average.




3.5 Striking a Balance: A New Dynamic
for Land Use and Land-use Change

This study proposes a low-carbon scenario for land use and land-use change in Brazil focused
mainly on (i) containing national land demand for crop and pasture expansion to reduce
emissions from deforestation, (ii) scaling up the identified mitigation options for agriculture and
livestock, and (iii) maximizing the carbon uptake potential associated with legal forest reserves
and production forests. This section presents suggested ways for implementing this scenario and
the results expected from an improved carbon balance in the LULUCF sector.

3.5.1 A New Dynamic for a Low-carbon Scenario

A key conclusion from the study’s investigations on emissions mitigation is that reducing the
main source of emissions, deforestation, requires freeing up enough land from existing pastures
toaccommodate all new activities and thus avoid the conversion of native vegetation.

The previous sections presented opportunities for GHG emission avoidance and carbon
uptake associated with land use and land-use change, particularly emissions from agricultural
production and livestock activities and carbon uptake via production forests and native forest
recovery. But putting together a low-carbon scenario for land use is not a simple exercise of
adding (in the case of emission avoidance) or subtracting (in the case of uptake) the volumes
of greenhouse gas associated with these opportunities. For example, while increasing the land
area allocated to forest recovery and production forests leads to carbon uptake and reduction in
ironworks emissions, it also decreases otherwise available land for the expansion of agriculture
and livestock activities. The potential conversion of more native-vegetation areas for the
expansion of these agriculture and livestock activities would generate a carbon leakage. To
avoid this situation, ways must be found not only to reduce the additional amount of land needed
under the reference scenario, but also to release land for the envisioned mitigation and removal
activities while maintaining the same level of products.

3.5.1.a Additional Land Needs for Carbon Uptake Activities and Biofuel Export

In the low-carbon scenario, the amount of additional land required for emission reductions
and carbon uptake totals more than 53 million ha. Of that amount, more than 44 million ha—
twice the land expansion projected under the reference scenario—is for forest recovery under
Brazil legal reserve law. The total volume of additional land required is more than 70 million
ha, more than twice the total amount of land planted with soybean (21.3 million ha) and sugar
cane (8.2 million ha) in 2008 or more than twice the area of soybean projected for 2030 in the
reference scenario (30.6 million ha) (table 3.4).
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Table 3.4: Mitigation and Carbon uptake Options for a
Low-carbon Scenario and Associated Needs for Additional Land

Additional land needed (2006-30)

Reference Scenario: additional
volume of land required for the
expansion of agriculture and
livestock activities

Expansion of agriculture and livestock production to meet
the needs anticipated in 2030:
—16.8 million ha

Elimination of non-renewable charcoal in 2017 and the
participation of 46% of renewable planted charcoal for
iron and steel production in 2030:

-> 2.7 million ha

Expansion of sugar cane to increase gasoline

Low-carbon scenario: substitution with ethanol to 80% in the domestic

additional volume of land market and supply 10% of estimated global demand to

required for mitigation measures achieve an average worldwide gasoline mixture of 20%
ethanol by 2030

- 6.4 million ha

Restoration of the environmental liability of “legal
reserves” of forests, calculated at 36.2 million ha in 2030.
- 44.3 million ha

70.4 million additional hectares

One possible consequence is that the expansion of land use for activities that promote lower
levels of emission, fossil-fuel substitution (as detailed in chapter 4), or even carbon capture may
provoke an excess in land-use demand, which, in turn, could generate deforestation, inducing a
lower netbalance of carbon uptake.

3.5.1.b Toward a New Pattern of Productivity for the Livestock Industry

The study simulated the new distribution of livestock productive systems that should be
promoted to free up enough pasture land to accommodate all demand for additional land
derived from crops expansion in the reference scenario and the implementation of new emission
reduction and carbon uptake options proposed under the low-carbon scenario.

To increase livestock productivity per hectare—thereby absorbing the expansion of
agriculture and other low-carbon activities without causing deforestation while reducing
emissions per unit of meat—five options were considered: (i) promote the recovery of degraded
pasture; (ii) stimulate the adoption of productive systems with feedlots for finishing; (iii)
encourage the adoption of crop-livestock systems; (iv) develop genetic improvement programs
for higher-quality, lower-emissions forage adapted to Brazil; and (v) develop incentive programs
for the use of genetically superior bulls.

The projected effect of the productive systems considered for the reference and low-carbon
scenarios are compared below (figure 3.7).



Figure 3.7: Variation in Number of Head of Cattle in Productive Systems, 2009-30
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Increased carrying-capacity rates associated with greater herd productivity as a combined
effect of the recovery of degraded areas and the adoption of more intensive livestock stocking
and finishing systems (integration of crop-livestock systems and feedlots) are reflected in an
accentuated reduction in demand for land, projected at about 137.82 million ha in the low-
carbon scenario, compared to 207.06 million ha in the reference scenario for the year 2030 (table
3.5). The difference would be sufficient to absorb the demand for additional land associated with
both expansion of agriculture and livestock activities in the reference scenario, as well as the
expansion of mitigation and carbon uptake activities in the low-carbon scenario (figures 3.8).
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Table 3.5: Comparison of Land-use Results for the Reference and Low-carbon Scenarios (millions of ha)

Land use

Reference
scenario

Low-carbon
scenario

Difference
(2030)
between low-
carbon and
reference
scenarios

Grains (harvest) 38.94 37.79 47.92 8.98 47.86 8.92 (57)
Sugar cane 6.18 8.24 12.70 6.52 19.19 13.01 6.49
Production forest 5.27 5.87 8.45 3.18 11.17 5.90 2.72
Pasture 208.89 | 205.38 | 207.06 (1.83) 137.82 | (71.07) (69.24)
Total area for

agriculture and 259.27 | 257.28 | 276.13 16.85 216.04 | (43.23) (60.08)
livestock®

Restoration - - - - 44.34 44.34 44.34
Balance 1.11° (15.74)
E:;g](per L0001 505890 | 201.410 | 234460 | 28570 | 208.000 | 2120 (26.46)

! Total area allocated to cotton, bean (1° harvest), corn (1% harvest), soybean, sugar cane, production forest, and pasture.
2 Represents expansion of agricultural area between 2006 and 2008 in the Northern and Northeastern regions.
Source: ICONE.
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Figure 3.8: Evolution of Brazil’s Demand for Land by Crop, 2006-30 (Millions of Ha)

300

275

SOYBEAN
260 1 - - - - - - - - - - - oo oo oo oo oo

. . M CORN
225 T

M FOREST

2o BN R
BEAN

L e T e T
SUGAR-
CANE

ERICE

e LI it rrrrond
R T T i rrrr it rrrrrrrn HCOTTON
S T T rr ol rlr il rrrrrirriina PASTURE
cx 11 Iy rrrrrrtd
so (N U O O T T N TN N N N U NN NN NN N NN NN OO NN NN O N |

25 [ O T T T T S T T A T A A

ooooooooooooooooo

Reference Scenario



B REFORES-
TATION
SOYBEAN

CORN

BEAN

SUGAR-
100 1 - - - - - = = - - - - oo oo CANE

ERICE
LI T T

50 1 - - - - = = = - - - - - - - - - - - - - e ECOTTON

2 A A A A A A A A A A T A T T T PASTURE

2006
2007
2008
2009
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

Low-carbon Scenario

Source: Adapted from ICONE (2009).

3.5.1.c A New Land-use Scenario for Main Crops and Pastures

With new data provided by the economic modeling team for land demand in a low-carbon
scenario—the development of which is based on a wide array of improvements in zootechnical
livestock indices and the consequent reduction in the need for pasture areas, increased area
allocated to sugar-cane production, restoration of environmental liability with regard to legal
reserves and PPAs, and greater share of plant charcoal for ironworks—the simulation model for
land-use change used in the reference scenario was run again.

Based on the simulation results, maps showing the dynamic of land-use change in the
low-carbon scenario were created for major agricultural products, pasture lands, and forest
plantations. Of all the products simulated, sugar cane exhibits the territory’s most altered
dynamic compared to the reference scenario due to the greater cultivation area required to
increase ethanol production. Geographical distribution patterns remain the same, accompanied
by anintensification of the areas of expansion mentioned in the reference scenario (figure 3.9).

With regard to the dynamic of forest plantation cover, simulation results revealed major
differences between projections for the reference- and low-carbon scenarios. In the reference
scenario, areas of expansion were few; but in the low-carbon scenario, they occurred frequently
in areas close to earlier plantations.

For soybean cultivation, simulation results showed few changes between the reference- and low-
carbon scenarios. The geographic distribution pattern remained the same (i.e., states in the South,
Center-West, Minas Triangle and Western Minas, Western Bahia, Piaui,and Maranhao regions).

The dynamic of pasture areas in the low-carbon scenario, owing to its new assumptions,
revealed major changes compared to the reference scenario. Since a considerable decrease
in demand for pasture land is anticipated for the low-carbon scenario, lands already
allocated to thisuse in 2007 intensified their role as a “land donor” for other crops, especially

&



in the Central-South and Northeastern regions. With the exception of a few scattered areas
of expansion in northeastern Minas Gerais, Rio Grande do Sul, Parand, and Santa Catarina,
the contraction of pasture areas predominates in this vast part of the country. Moreover,
in micro-regions where there is both demand for land and environmental liability (i.e.,
deforestation above the lawful limit), the low-carbon scenario indicates a turn-around in
the rate of deforestation due to implementation of the environmental recovery process.
However, areas of expanded pasture land can still be observed as a result of deforestation
in the Amazon, given the coincidence between demand for more land for this use and the
absence of environmental liabilities on developed lands (figure 3.10).

Figure 3.9: Comparison of Land-use Dynamic for Sugar-cane Cultivation, 2007-30
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Figure 3.10: Comparison of Land-use Dynamic for Pasture Areas, 2007-30
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Decreased demand for land, which was calculated based on assumptions made for
the low-carbon scenario, will lead to a reduction in deforestation rates compared to the
reference scenario. New soils-use and deforestation maps were produced with the same
spatial emissions model for land use developed with the EGO Dynamic platform (figure 3.11).
The model for the low-carbon scenario works like a legal scenario; that is, when there is
environmental liability, deforestation rates are set to zero and a simulation of a regeneration
process for the micro-region in question is started.

Figure 3.11: Comparison of Cumulative Deforestation, 2007-30
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Model-based projections indicate that, under the new land-use dynamic, deforestation would be
reduced by more than two-thirds (68 percent) compared to the reference scenario; in the Atlantic
Forest, deforestation would be reduced about 90 percent, while the Amazon region and Cerrado
would see reductions of 70 percent and 65 percent, respectively. In the Amazon region, the level of
deforestation would fall quickly to about 17 percent of the historicannual average 0of 19,500 km?2.5¢

It was expected that, with demand for pasture land reduced to zero as projected by the
ICONE module, deforestation rates would also be reduced to zero; however, that was not the
case. Deforestation still continues in certain parts of the Amazon states of Acre and Para due to
the model’s incorporation of indirect causes, through spatial lag regression (as in the reference
scenario). Thus, in micro-regions where the legal limit for deforestation was not reached in
2009—where thereisstillroom forlegal deforestation and where the indirect dynamics modeled
are the determining factors—deforestation will continue to occur.

Moreover, although the residual deforestation is not quite zero, its remaining amount is
compatible with the 70-percent Amazon deforestation-reduction target the PNMC set for 2017,
having as its baseline the historic average of 19,500 km? per year. Therefore, average annual
amounts of 4,000 km? produced by the model are below the 5,000 km? per-year threshold
established as a final target for Brazil (figure 3.12).

58 Overthe 1996-2005 period, the historical rate of deforestation in the Amazon region was 1.95 million ha per
year, according to the PNMC.



Figure 3.12: Evolution of Deforestation in the Low-carbon Scenario (curve) (km? per year)
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3.5.2 A New Carbon Balance Close to Equilibrium

The interaction between these new inputs in the model register the annual emissions
for 2007-30 resulting from uptake, land use, and land-use change for each micro-region.
Compared to projections in the reference scenario (figure 3.13), emissions from deforestation
are considerably lower under the new land-use dynamic considered in the low-carbon scenario ;
(figure 3.14), at about 170-190 Mt CO,e per year over much of the period. This decrease is
due to less demand for pasture area and the subsequent drop in the need to convert land via
deforestation, as explained earlier. Annual land-use emissions (i.e., agriculture and livestock)
rise 310-340 Mt CO,e over the period, with agricultural emissions accounting for most of this
increase. Still there is a 6-percent overall reduction in emissions compared to the reference
scenario. CH, emissions from beef cattle remain relatively stable, at 236-249 Mt CO._e per year,
since the gains from reduced CH, production per unit of meatare offset by increased production.

Figure 3.13: Emissions from Land use and Land-use Change
under the New Land-use Dynamic in the Low-carbon Scenario
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Finally, carbon uptake shows a growing trajectory, presenting an initial rate of approximately
133 Mt CO, per year for 2010 and a final rate of 213 Mt CO, per year for 2030, as a function of the
growth in forest plantation cover and recovery of environmental liabilities of legal reserves and
PPAs. The resulting balance between use, change, and uptake shows a decrease in the amount of
net emissions between 2007 and 2030, reaching a rate of approximately 321 Mt CO e per year in
2030, areduction of nearly 65 percent compared to the reference scenario®’.

3.6 Additional Forest Protection Measures

According to the assumptions adopted in the model, the reduction in demand for pasture
land is not enough to reduce deforestation rates to zero in the low-carbon scenario since indirect
factors also cause deforestation. The model includes indirect causes that also contribute to
deforestation and have not been captured by land-availability variables. These results reflect the
need for additional measures to contain the process, although many of them have already been
putinto practice through the implementation of the Plan of Action for the Prevention and Control
of Deforestation in the Legal Amazon (PPCDAM), which increases the capacity for enforcement
and consolidation of conservation policies for the Amazon rainforest.

Among the measures in force and further proposals, key programs in five major areas are
highlighted below.

Protected Areas Expansion and Consolidation. Under the Amazon Region Protected Areas
Program (ARPA), initiated by the Brazilian government in 2003, more than 30 million ha of
conservation units (CUs) have been created as Integral Protected Areas and Sustainable Use
Protected Areas via an initiative supported by national (MMA and ICMBio) and international
(World Wildlife Fund, World Bank, and KfW) partners, who have committed to investing
R$400,000 in the Protected Areas Fund. The ARPA is being implemented in three stages and will
create about 50,000 ha of protected areas (table 3.6).°

Table 3.6: Snapshot of Protected Areas in the Amazon Biome and ARPA Participation

Protected or military area - Area (km?) ;Z’;g:’;jf; Pmteclt);ciq(ggz ?(l;@ported
0 0

Military area 26,235

Indigenous land 282 987,219 23.4 -

Total State 44 137,385 3.3 22.5

protection Federal 37 231,072 5.5 80.6

Sustainable use State 72 201,918 4 8 13.2
Federal 233,523 26.2

1,817,355

Source: Soares-Filho et al. (2008).

Various studies have confirmed the importance of protected areas and of ARPA, in particular,
in helping to avoid deforestation. A decrease in the historicrates of deforestation per region as of
2004-05 can be attributed, in part, to a series of measures that are part of the PPCDAM, including
the creation and consolidation of CUs. According to Soares-Filho etal. (2009), the probability that

59 Ifthe carbon uptake from the natural regrowth of degraded forests were to be included, then the potential
uptake would increase by 112MtCO2 per year on average, thus reducing net emissions.
60 Detailsare available at www.mma.gov.br/sitio/index.php?ido=conteudo.monta&idEstrutura=154.




deforestation will occur around protected areas is 10 times greater than in the interior. Based on
the analysis of historic rates of deforestation around protected areas, this study demonstrated
that there is no significant redistribution of deforestation in other areas due to the creation
of protected areas. Nevertheless, the consolidation of protected areas is a strong mitigation
measure against the deforestation process observed in the Amazon at arelatively low cost. These
authors estimate that 10.5 billion dollars (NPV) will be required to consolidate and manage the
network of protected areas in the Amazon over a 30-year period. Amend et al. (2008) estimate
the cost of maintaining these areas at US$3.72 per ha.*!

Deforestation and Forest-degradation Monitoring. The National Institute for Space Research
(INPE) has developed several major forest monitoring programs. PRODES, financed by the MCT,
in collaboration with IBAMA and MMA, has been implemented by the INPE since 1988. PRODES
carries out analyses based mainly on the use of images from the TM sensor onboard the North
American satellite Landsat and provides annual rates of gross deforestation in the Legal Amazonia,
increments of deforested areas, and specialized data in vector and raster formats. The Detection
System for Deforestation in Real Time (DETER), another program developed by INPE, is based
on data from the MODIS sensor from the Land/Water satellite and WFI sensor from the CBERS
satellite (the data is less refined than PRODES data). The DETER system provides close to real
time information on changes in forest cover to support enforcement activities by IBAMA. A third
program, Mapping of Forest Degradation in the Brazilian Amazon (DEGRAD), maps degraded (i.e.,
partially deforested) forestareas in the Amazon using CBERS and Landsat satellites imaging.

According to a recent management report of the INPE, available resources for satellite
monitoring of the Amazon (including the aforementioned programs), totaled more than R$7
million over a three-year period (table 3.7).%2

Table 3.7: INPE Resources for Amazon Monitoring via Satellite, 2006-08

Estimate (R$ million) Total liquidated (R$ million)
2006 1.42 0.46
2007 2.75 2.07
2008 2.85 2.08

Source: INPE (2009).

Integrated Projects Development. The PPCDAM, coordinated by the President’s Office, is
implemented through the coordinated action of 13 ministries. The general aim of PPCDAM is to
reduce deforestation rates in the Brazilian Amazon through a set of integrated actions involving
territorial and land ordinances and monitoring and evaluation to foster sustainable production
activities involving partnerships between federal agencies, state governments, mayoral offices,
civil society, and the private sector. PPCDAM has three main axes around which activities are
conducted: (i) land and territorial ordinances, (ii) environmental monitoring and evaluation,
and (iii) productive and sustainable activities. During 2008-10, the government plans to invest
approximately US$500 million in PPCDAM-related initiatives.

The Sustainable Amazon Program (PAS) strives for a new development landscape by

61 Theauthorsarrived at this estimate based on the annual costs presented for the maintenance of 10 protected
areas in the Amazon, with a total cost of US$1.76 million per year; details are available at http: //conservation-
strategy.org/en/reports/reports.

62 Detailsare available at www.inpe.br/dspace/bitstream/123456789/896/11/RG2008.pdf.




focusing on environmentally sustainable, economic solutions. Its targets and directives are
based on a current diagnosis of the Amazon. The program is implemented according to an
agreement between federal and state governments. It promotes the integration of protection
and production. Itcalls for greater participation oflocal-level governments in developing actions
and strategies, improving and regulating the dynamic of space allocation, providing conditions
for implementing such projects through the guarantee of social rights for populations and
communities, and inclusion of private-sector capital.

Sustainable Use of Forest Resources and Payment for Environmental Services and
Products. To promote forest conservation, the concession for the sustainable use of public
forests aims to increase forest appreciation. In support of this goal, Law 11.284 was created in
2006 toregulate forest management in public areas; the law also established the Brazilian Forest
Service and National Fund for Forest Development. To maximize socioeconomic benefits, the
concessions granted cannot are restricted to national companies, and follow such criteria as better
price, less environmental impact, improved efficiency,and enhanced accumulation oflocal value. In
addition, the Forest Grant Plan annually identifies public forests in the national registry eligible for
conversion, as well as needed monitoring and other managementresources (table 3.8).%

Table 3.8: Projected Costs for Public Forest Management, 2009

Resource (R$ million)

Anticipated activity (summary)

National register of public forests 8.0
Support activities for forest management 7.8
Forest concessions 10.0
Monitoring of public forests 15.0
Creation of national forest information system 5.4
National Forest Development Fund 2.5
Implementation of the SFB administrative structure 8.0

Source: National Forest Grant Plan (2009).

The Bolsa Floresta (Forest Allowance) program, one of Brazil’s first applications of the concept of
paying for environmental services, is being implemented by the Amazonas state government. Already
in the implementation phase, Bolsa Floresta plans monthly payments of R$50 to families registered
with the project and residents of state CUs. The families’ permanence in the program is linked to the
development of sustainable activities in these areas, which principally revolve around the production
of products and services that contribute to environmental protection, including the reduction of
deforestation practices. The state target covers about 60,000 families and extends access to indigenous
communities. Program resources come from the State Fund for Climate Change, Environmental
Conservation,and Sustainable Development, which was created by the State Law for Climate Change.®*

Socio-environmental Register. The Socio-environmental Commitment Register (CCS)
is a voluntary register of properties whose owners are committed to improving the socio-
environmental performance of their properties. The CCS already has more than 1.5 million

63 Detailsareavailable at www.mma.gov.br/estruturas/sfb/_arquivos/paof 2009 vf 95.pdf.
64 Details are available at www.florestavivaamazonas.org.br/download/Lei_est_n_3135_de_050607.pdf.



ha of property, a large part of which is located at the headwaters of the Xingu River. Registered
properties receive preferential treatment by meat-processing plants in the region (e.g., the
Independéncia and Bertim meat-processing plants already pay a better price for cattle from
propertieslisted in the CCS).

3.7 Integrated Strategy for a Low-carbon Scenario

In summary, the study proposes a comprehensive strategy to avoid future emissions from
deforestation, complemented by measures to mitigate emissions from agriculture and livestock
and increase forestry-related carbon uptake. The strategy to avoid emissions from deforestation
works on two complementary fronts: (i) eliminating the structural causes of deforestation
and (ii) protecting the forest from remaining attempts to cut. The first part would work with
stakeholders on already deforested land, while the second presupposes working with those with
vested interestin cutting the forest.

Eliminating the structural causes of deforestation would mean reducing virtually to zero
the need for additional land for expanded agriculture and livestock activities. This would be
achieved by improving livestock productivity to release pasture, particularly degraded pasture,
to accommodate crop expansion on already deforested land. However, the model results show
that the drying up of additional demand for crops and livestock may not be enough to eliminate
the complex dynamics that currently lead to forest clearing, either in protected forested areas
or in areas where deforestation is still legally possible. Thus, complementary forest protection
measures are required, atleast in areas where deforestation is illegal, to thus achieve the goal set
by the PNMC to reach zero illegal deforestation.

To protect the forest from further attempts to cut, the study proposes that protection
measures be taken in forested areas where deforestation is illegal; this could be done in various
ways, ranging from repressive police action to projects that promote sustainable use of forest
resources.

Reducing pasture area and protecting forests can together lead to a sharp decline in
deforestation emissions. This was demonstrated in 2004-07, when new forest-protection
efforts, combined with a slight contraction in the livestock sector and resultant pasture area,®® led
to a 60-percentreduction in deforestation (from 27,000 km’to 11,200 kmz). Such arapid decline
resulted from deforestation and its associated emissions being related to the marginal expansion
of agriculture and livestock activities. Unlike other sectors, whose energy-based emissions
are usually proportional to the full size of the sector activity, emissions from deforestation are
related only to the marginal expansion of agriculture and livestock activities. Without marginal
expansion of the land required for these activities, there is little or no need to convert more native
vegetation into crop land or pasture. This means that emissions from deforestation can fall
rapidly, as explained above. If enough pasture is released to accommodate crop-land expansion,
the need to deforest can fall rapidly to very low levels.

However, to surpass the two-thirds deforestation reduction resulting from the strategy
proposed in this study, additional measures that offer viable alternatives to deforestation in
regions where the legal limit to deforest has not yet been reached, particularly in the Amazon
region, would need to be considered. Various experiences and studies have proposed innovative
ways to combine regional development and reduction of deforestation in areas where it is still

65 The 2005-07 period witnessed the first decline in herd size (207 million to 201 million head), following a
decade-longincrease, together with aslight contraction in pasture area (from 210 million to 207 million ha).




legal to deforest. These have included instruments that offer landowners incentives to forfeit
their right to deforest up to the legal limit; such incentives would be calibrated so that the
opportunity cost would be sufficiently compensated. Such alternatives, on which this study
could notelaborate further, should be consistent with aregion’s socioeconomic development and
thus be integrated into a broader development perspective that not only considers compensation
for eliminating economic opportunities but also proposes new opportunities consistent with
maintenance of the forest.

Beyond proposing ways to avoid deforestation, the study proposes activities to remove
atmospheric CO, via carbon uptake activities (i.e., forest plantations and native forest recovery).
The target considered here is compliance with the Forest Reserve Law. It also proposes
mitigation options, including scaled-up zero-tillage cultivation and development of new low-
emissions forage and genetically improved bulls to reduce direct emissions from agriculture and
livestock.

In these ways, the result would be a net emission of GHGs of 331 Mt CO, per year from LULUCF
in 2030, instead of the net of 816 Mt CO, e per year, which was observed in 2008 and is expected to
continue under the reference scenario.
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In Brazil’s energy sector, the intensity of greenhouse gas (GHG) emissions is comparatively
low by international standards, owing to the significant role of renewable energy—particularly
hydroelectricity and biomass (alcohol, sugar-cane bagasse, and plant charcoal)—in the national
energy matrix.®® In 2006, renewable energy accounted for 45.1 percent of Brazil’s domestic
energy supply, compared to 2004 global and OECD-country averages of 13.2 and 6.1 percent,
respectively (MME 2007) (figure 4.1).

Figure 4.1: Internal Supply Structure for Primary Energy, by Source (2006)
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In 2005, Brazil’s energy sector accounted for 329 Mt COZ_compared to 27 Gt worldwide,
corresponding to an annual average of 1.77 tCO, per capita, significantly less than the global (4.22
tCO,) and OECD-country (11.02 tCO,) annual per-capita averages (IEA 2007). Even so, increased
electricity supply from renewable-energy sources, particularly from large hydroelectric plants,
faces various problems, and, as a result, it is expected that more carbon-emitting sources (e.g.,
thermoelectric charcoal, fuel oil, and natural gas) will account for major supply increases. In
addition, growth in the agro-industrial and cargo transport sectors suggests greater use of
petroleum derivatives, particularly diesel fuel; moreover, growth in the iron and steel industry
may signal increased consumption of mining coal.

Given these unique features, any reasonable attempt to identify the potential for emissions
reduction and the associated abatement costs must rely on serious sectoral production and
consumption planning exercises that factor in such announced shifts from past tendencies. To
this end, section 4.1 describes the methodology used, while section 4.2 presents the energy-
sector reference scenario for projected emissions over the 2010-30 period. Demand- and
supply-side mitigation options considered to reduce Brazil’s energy-sector emissions are
presented in section 4.3, while section 4.4 presents additional opportunities to reduce emissions
in other countries through ethanol exports and hydro-complementarity with Venezuela. Finally,
section 4.5 aggregates the total GHG emissions reduction that could be achieved under a low-
carbon scenario for Brazil’'s energy sector.

66 Hydroelectricity accounts for 75.9 percent of domestic electricity supply.



4.1 Methodology Overview

This study aimed to estimate the GHG emissions derived from energy generation and use
that could be avoided via a low-carbon scenario over the next two decades. This first required
estimating the emissions that the energy sector would otherwise generate over the same period,
thus establishing a reference scenario. Such a reference scenario was based on the National
Energy Plan (PNE 2030), the Brazilian government’s most recent major effort to monitor the
evolution of the country’s overall energy system, taking into account long term policies already
defined by the government by the date of the publication of the PNE 2030.%” Second, the low-
carbon emissions scenario was developed; this was based on an analysis of mitigation options
alongthe energy chain for both the power and oil-and-gas subsectors.

This study also considered mitigation options that, despite the cost incurred in Brazil, seek to
prevent or reduce GHG emissions in other countries, particularly ethanol exports to substitute
for gasoline and the interconnection with Venezuela to optimize the use of hydroelectricity
(section4.4).

The PNE 2030 is an optimized reference scenario established using state-of-the-art modeling
planning tools (section 4.2). Since the PNE2030 already takes into account some new policies,
such as the development of nuclear energy, more energy conservation and the exploration
of new renewable energy potential like large hydroelectriciy generation opportunities in
the northern part of the country and the development of biosdiesel, it already projects lower
emissions than those projected in the baseline scenario established by the government for the
energy sector. The study’s low-carbon scenario is a variation on the reference scenario, whereby
certain technologies are substituted by less carbon-intensive ones that meet the same demand.
Although the low-carbon scenario may not be the most cost-effective, the study is technically
consistent between all subsectors and mitigation options, thereby avoiding double counting and
inconsistencies. Emissions associated with the use of fuels for vehicles were counted as transport
sector-related emissions (chapter 5), whereas emissions associated with the corresponding
refining activity were counted as energy-sector emissions.

4.2 Reference Scenario

Thereference scenario for developing Brazil’s energy sector reflects recent sector policies and
basic market tendencies and features, including the dynamic of incorporating technology and
the evolution of energy supply and demand. As mentioned above, the PNE 2030, developed by
the EPE and published by the MME, was used as this study’s reference scenario. By documenting
analyses and research, the PNE 2030 provides information with which to formulate a strategy
for increasing energy supply and manage development of demand, with a long-range policy
view toward integrated and sustainable use of available resources®®. The study team frequently
consulted the EPE with regard to the PNE 2030 principles and hypotheses, thereby ensuring

67 Developed by the Energy Planning Company (EPE) in 2007, the PNE 2030 did not anticipate the
macroeconomic planning effects of the recent global economic crisis. Also, it expected increased use of the
country’s remaining hydraulic potential, which is has been delayed due to legal constraints (the last energy
auctions indicated conjunctural increased use of thermoelectric power). Despite these limitations, the PNE
2030’s view toward long-term technical and economic consistency renders it an important tool for creating a
reference scenario for the country’s energy sector.

68 Asaresult, this reference scenario differs from the projections of national and sectoral emissions officially
announced by the Brazilian Government in 2009 along with the voluntary commitment to reduce emissions,
which are reflected in law Law 12.187. The difference between the reference scenario defined in this study
and the one established by the Brazilian government on the basis of past trends reflects the positive impact on
emission reductions of the policies already adopted in the PNE2030.




coherence between that work and the current study, particularly with related to interfaces with
other sectors (e.g., transportand agriculture) included in the study.

The PNE 2030’s main simulation tool for final energy consumption was a parametric technical-
economic model, called the Integrated Energy Planning Model (MIPE), developed by the Office of
Post-Graduate Engineering Programs Coordination (COPPE) at the Federal University of Rio de
Janeiro (UFR]). The Residential Energy Demand Projection Model (MSR), developed by the EPE,
was applied specifically to electricity consumption in the residential sector. In this bottom-up
model,*’ residential consumer demand is obtained from data on household ownership and use
of appliances. Calibration of the model was thus based on research conducted in this area, made
available by the National Electrical Energy Conservation Program (PROCEL) coordinated by
Eletrobras. Application of the model enabled the incorporation of energy-efficiency principles
into this segment of consumption.

On the supply side, two models were applied to evaluate the processing of primary energy.
The Refining Study Model (M-Ref), developed by COPPE’s Energy Planning Program, was used to
measure expansion of the oil refinery complex in order to adequately meet projected demand for
derivatives. The Long-Term Expansion Model (MELP), an optimization model developed by the
Research Center for Electrical Energy (CEPEL),’® enabled finding solutions to increase electrical
energy supply while minimizing the cost of expansion and operation, taking into account the
investment costs for expanding interlinkages between subsystems.

All of the results obtained from the PNE 2030’s supply and demand studies were integrated
via application of the so-called MESSAGE model developed by the International Atomic Energy
Agency (IAEA). This model was used to select the means of energy production to meet useful
energy demand in a way that minimized operation and maintenance costs for the entire energy
system during the period observed; at the same time, a linear programming model was used
to cover the overall energy system. The MESSAGE model analyzed possible substitutions
between energy sources in the various processing centers through final consumption level
and restrictions on available potential (e.g., reserves and capacity for electricity generation
and transmission) and environmental impact levels (e.g., maximum patterns of atmospheric
emissions). In short, by making it possible to visualize Brazil's evolving composition of
domestic energy, the PNE 2030 allowed for formulating formal hypotheses and energy
matrixes based on 25-year projections (figure 4.2).

69 Designofthis more disaggregated model is based on the relation of demand to supply.
70 Two versions of the MELP optimization model were developed: one that uses linear programming and
another thatuses mixed programming,.



Figure 4.2: PNE 2030 Calculation Models
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Although the Brazilian government has published other official studies since the PNE 2030,
none have matched its scope in terms of consistent simulation of the country’s energy chains.”?
This study’s analysis used a PNE 2030 projection (scenario B1) as an intermediate scenario
showing the country’s average economic growth (table 4.1).

Table 4.1: Macroeconomic Growth Parameters of the PNE 2030

Population (millions of people) 198.04 | 220.09 | 238.56
Gross national product (trillions of US$) 096 | 1.38 2.13

Expected growth in gross national product (GNP) is an average of 4.1 percent annually, with
service and agriculture sectors growing 4.2 percentand the industrial sector 3.7 percent per year.

Inaccordance with the EPE (2007), over the next 20 years, the average emissions factor for the
Brazilian grid should move from 0.094 tCO, e per megawatt hour (MWh) in 2010 to 0.069 in 2020
t00.079in 2030 (table 4.2). This study interpolated the average grid emissions factor for periods
between 2010,2020,and 2030.

71 ThePNE 2030analysisincorporatesarange of sectoral studies, including electricity, oil and gas, and ethanol.




Table 4.2: Energy Parameters of the PNE 2030

Petroleum (WTI) (US$/bbl)
Electricity emissions factor (tCO,e/MWh) 0.094| 0.069| 0.079
Average expansion cost (US$/MWh) 56.9 56.4 55.9

While renewable energy is expected to continue to account for a large share of Brazil’s future
energy matrix, the PNE 2030 anticipates a higher emissions level over time; the projected figure
for2030isjustover 970 million tCO, (figure 4.3).

Figure 4.3: Evolution of Brazil’s Energy Emissions (Mt CO,) by Sector, 2005-30
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As figure 4.3 shows, the transport and industry sectors are expected to contribute the most
to long-term emissions growth. But, for the 25-year period in question (2005-30), electricity
generation presents the greatest rate of emissions growth—nearly 7 percent per year—meaning
that this segment’s emissions contribution will increase by about two-thirds (from 6 to more
than 10 percent) over the 25-year period. However, for circumstantial reasons, (i.e. adverse
hydrological conditions), Brazil's higher use of more thermoelectric power in recent years was
anticipated by the PNE 2030.

Based on the most recent developments regarding power generation, this emissions
estimate can be considered conservative for the first years of the period. Indeed, as a result of
circumstantial reasons (i.e. adverse hydrological conditions), more thermal energy had to be
used. Additionally,some delays in inventory and feasibility studies and some difficulties observed
in the environmental licensing processes restrained the participation of hydropowerplants
in recent auctions. As a result of this situation, the new generation capacity being built in the
beginning of the period is more heavily thermoelectric power than anticipated in the PNE 2030.
If this tendency were to continue over a longer term, the Brazilian grid’s average emissions factor
would be greater than that projected by the MME in 2007, incurring higher emissions over the
period considered.



4.3 Mitigation Options

The study investigated a series of emission mitigation options on both the demand and supply
sides for electricity and oil and gas. The categories of mitigation measures for which emission
reductions were estimated are: (i) demand side: energy efficiency, fuel switch to low-carbon
content and/or renewable-energy consumption and recycling and (ii) supply side: renewable
energy for power generation (wind farm and biomass cogeneration) and optimized refinery
schemes and gas-to-liquid (GTL).

Not all forms of energy were analyzed because certain mitigation options promoted by
government policies already play a large role in the reference scenario, making it difficult for this
study to identify more opportunities to achieve additional emissions reductions through these
options. This is especially so for large hydroelectricity and nuclear energy. Indeed, the level of use
projected for hydroelectricity in the PNE 2030 would correspond to virtually full exploration of
Brazil's remaining large hydro potential; thus, the study considered that there would not be any
other major opportunity to further reduce emissions through expansion of hydroelectricity undera
low-carbon scenario. Regarding nuclear energy, the PNE 2030-based reference scenario considers
the construction of 4-6 nuclear plants by 2030. The low-carbon scenario does not consider the
construction of additional nuclear plants other than what is envisioned in the reference scenario.
This seems reasonable since it isunlikely that more than 6 nuclear plants would be built in Brazil
over the next 20 years, given the extensive prior planning that would be required, including choice
of ideal sites for new plants, planning for their related nuclear-waste disposal, lengthy licensing
process, acquisition of specific equipment with limited foreign only manufacturing with backlogs of
possibly several years, as well as along construction period (5-8 years).

For each category of the mitigation measures examined, the study evaluated technical options
for avoiding GHG emissions during energy consumption and production within the framework
of the reference scenario. Subsections 4.3.1 and 4.3.2 below highlight the mitigation options
considered on the demand and supply sides, respectively.

4.3.1 Demand-side Mitigation Options

4.3.1.a Energy Consumption: More Efficient Electricity Use

Because of the grid’s low emissions factor, which results from the high share of renewable
energy already considered in the reference scenario, the emissions reduction potential that can
be achieved through the adoption of more efficient electrical devices is not expected to be large,
and certainly not the largest in the energy sector. However, Brazil is experienced in demand-side
management, as demonstrated by the successful implementation of energy conservation during
the energy crisis of 2001, which prevented energy shortages. Therefore, as further examined in
the economicanalysis presented in chapter 7, Brazil has “low-hanging fruits” in this area.

With regard to efficiency in electricity consumption, three subsectors were examined: (i)
residential, (ii) industrial, and (iii) commercial. In the residential subsector, the five mitigation
options evaluated fell under four key uses:

. Lighting: Switch from incandescentlight bulbs to energy-saving, compact
fluorescentlamps (CFLs) beginningin 2010.

. Food refrigerators: Adopt stricter mandatory efficiency standards startingin
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2015. Initiate a substitution program for obsolete refrigerators in low-income
communities.

. Air conditioning units: Adopt stricter mandatory standards (U.S. standards) for
units startingin 2015.

. Water heaters for bathrooms: Substitute 75 percent of electric water heating with
solar energy,adding 1 percent ofall homes in South, Southeast, and Center-West
Brazil each year, with a goal of 22-percent coverage by 2030.

In the industrial subsector, two mitigation options were considered, each of which
related to a key use:
. Electric motors: Increase market participation of high-performance electric motors
asof2015.

. Lighting: Increase installation of more efficientlighting systems in industrial parks
startingin 2015.

. Regarding the commercial subsector, one mitigation option related to final energy use
was evaluated:

. Lighting: Increase market participation in installing more efficientlighting systems
asof2015.

As expected, the volume of GHG emissions that could be avoided by efficient electrical
devices is limited: only 22 Mt CO,e over the 2010-30 period, representing only 0.3 percent of
energy-sector emissions.”> However, as shown in chapter 7, most of these emissions reductions
are economically attractive. On top of that, Brazil has already established a legal framework
appropriate for harvesting these low-hanging fruits, particularly an energy efficiency law and
several mechanisms promoting energy efficiency (e.g., PROCEL, CTEnerg, and PROESCO).
Problems that persistinclude an overemphasis on procedures, discontinuity in program funding,
and lack of criteria to monitor and maximize results. Other barriers to be addressed are: (i)
price distortions that introduce disincentives for energy conservation and (ii) separation of the
energy-efficiency efforts of power and oil-and-gas institutions.

4.3.1.b Energy Consumption: Reduced Fossil-fuel Emissions by Industry

With regard to the industrial subsector’s potential to reduce CO, emissions resulting from
the consumption of fossil fuels, the most promising areas are: (i) energy efficiency, (ii) recycling
and materials use reduction, (iii) fuel switching, (iv) renewable energy substitution, and (v)
reduction or elimination of solid fuels derived from non-renewable biomass.

Energy Efficiency. Options for mitigating emissions through greater energy efficiency focused
on (i) combustion optimization, (ii) processes heat-recovery systems, (iii) furnace waste heat
recovery, (iv) steam systems optimization (v) switching to more modern and efficient processes,
and (vi) operations maintenance and control. Options for optimized combustion included more
expensive, higher-efficiency burners, improved furnaces and boilers operation, and enrichment
of combustion air with oxygen. Options for process heat (180-450°C) recovery included process
integration (“pinch technology”), which can be applied mainly in the chemical, petrochemical,

72 Notincluding emissions from fuels for vehicles, which this study counted as transport sector-related
emissions.



and refining industries. Furnace heat can be recovered in cement, glass, steel, and petrochemical
industries for pre-heating combustion air or other process fluids. Steam systems optimization
covered a series of measures, including recovery of condensate, recovery of waste gases from
boilers, flash vapor recovery, pressure control, and steam traps operation improvement. New
and more efficient processes considered technologies already commercially available, including
Basic Oxygen Furnace and Electric Arc Furnace in the steel industry, dry processing in the cement
industry, and a series of technologies likely to penetrate the market over the next two decades,
particularly those in the cement, steel, paper and cellulose, chemical, textile, ceramics, and glass
industries.”® Finally, the options considered for improved operations maintenance and control
centered on eliminating heat leaks, temperature control, thermal insulation of equipment and
heated tubing, and valve and steam-trap maintenance.

Recycling and Materials Use Reduction. Mitigation options were also considered for
materials recycling, which reduces the energy consumed in the manufacture of new products,
particularly use of additives in cement production; scrap in the steel and aluminum industry;
glass shards in the glass industry; waste paper in the paper industry; and reduction of losses of
materials in the ceramicindustry.

Fuel Switching. Regarding fuel switching, which substitutes a fossil fuel with a high-emissions
factor with a fuel whose carbon-emissions factor is lower, the study considered substitution of
fuel oil, petcoke, or coal by natural gas.

Renewable Energy Substitution. With regard to substituting fossil fuels with renewable
energy, the study considered greater use of biomass (e.g., wood, sugar-cane bagasse, and
agricultural residues for traditional burning processes in ovens and cauldrons or via gasification)
and solar energy for complementary water-heating systems for use in low-temperature processes,
particularly in sectors thatrequire the cooking, washing, or drying of products.

Reduction or Elimination of Solid Fuels Derived from Non-renewable Biomass. Using
biomass fuels, such as trees or plants, is carbon neutral because they emit only CO, that has been
previously removed from the atmosphere during the growth cycle. Therefore, reforestation
options were considered to reduce or eliminate the use of solid fuels derived from non-
renewable biomass energy, whose CO, emissions are equally or even more harmful than those
of fossil fuels. It was thought that increased plantings of energy forests using fast-growing trees
and high biomass production per area could substitute for non-renewable energy sources in iron
metallurgy and ceramics.

By implementing all of the mitigation options proposed, reductions in industrial fossil
fuel-based emissions could amount to more than 1.3 Gt CO,e over the 2010-30 period (62 Mt
CO,e per year on average), representing about 70 percent—Dby far the largest share—of the GHG
emissions-avoidance potential in the energy sector.

The technical potential for implementing energy-efficient options generally has a short-term
return period and an attractive IRR for companies. But energy-conservation options have not
been prioritized, as companies prefer to invest their resources in other parts of the productive
process or projects. The failure to prioritize energy-conservation investments stems mainly
fromthelowimpacton final production costs (this is notthe case for energy-intensive segments).
Added to this factor are a lack of information, non-existent or negligible incentives, minimal
communication between agents, insufficient technical capacity, and cultural issues.

73 More than 25 technologies were considered; a list can be found in the companion report on the energy sector,
and more details are in the special report on industry prepared for this study by INT.




Simpler energy-efficiency options can be implemented at lower or no cost to the extent that
they can be made viable through appropriate technical information and assistance. Other
available options involve substitution of complete processes or installation of high-cost systems.

Given the nature of the barriers to implementing the options considered, a list of proposals of
accompanying measures was established in the following areas:
. Energy Efficiency:

Improve the information database on the profile of energy use in industry and the
potential for energy efficiency.

Provide incentives through exemptions (or reductions) of the industrial products tax
(IPI) for high-efficiency equipment (burners, boilers, furnaces, and heat exchangers).

Establish specific maximum energy-consumption targets by sectors or groups of similar
industrial sectors, with the creation of bonuses or rewards for the best performers.

Promote the market for ESCOs (creditlines with this objective have already been setup in
BNDES [BNDES PROESCO]).

Review ongoing governmental programs that supportthe promotion of energy efficiency,
particularly CONPET, in order to incorporate more specificactions that target the
industrial sector.

. Recycling and Materials Use Reduction:
Supportand finance used-materials recycling associations and cooperatives.

Create or promote selective materials-collection programs (paper, glass, metals, and
plastics) in medium- and large-sized towns.

Stimulate companies that operate as bridges between the collection of scrap materials
and the supply of these materials to various other companies, performing the stages of
separation, classification, and cleaning.

Create or stimulate recycling programs with greater visibility in the media, such as green
certificates forrecycled products.

. Natural Gas Replacement for Other Fossil Fuels:

Speed up the construction of natural gas pipelines and distribution networks in states
with high concentration of industrial clusters.

Increase lines of finance for industry asa whole, so as to facilitate the introduction of
natural gas.

Continue and promote investments in R&D to stimulate the market for natural gas,
developing new products and more efficient equipment.

Supportand finance projects on compressed natural gas (CNG) and liquefied natural gas (LNG).

. Greater Use of Renewable Energy Sources and Reduction in the Use of Non-renewable
Biomass

Finance energy forest projects for the production of firewood and charcoal for energy
purposes.

Finance, under more attractive conditions, the acquisition of industrial equipment for the
use of these renewable energy sources (e.g., boilers and furnaces).



Reduce substantially the [PI for solar energy products (hot-water/hot-air solar collectors
and photovoltaicsolar panels).

Target specific R&D resources for the development of solar-energy fed industrial
equipment (driers).

4.3.2 Supply-side Mitigation Options

4.3.2.a Energy Generation: Biomass Cogeneration

Biomass cogeneration from sugarcane bagasse can be considered carbon neutral since the CO,
released by bagasse combustion has been previously removed from the atmosphere and captured
by the sugar cane; thus, no GHG emissions should be associated with the electricity generated.
Today, cogeneration from biomass totals 5 GW, of which 3.7 GW are based on sugar-cane bagasse.
Other biomass (paper and cellulose and wood industries) represent less than one-third of the total
(ANEEL 2008). Therefore, this study focused only on cogeneration from sugar-cane bagasse.

Estimates of cogeneration-based electricity depend on two main parameters: (i) the volume of
available sugar cane, which is tied to the production of ethanol and sugar and (ii) the technology
used. According to the PNE 2030, on which the reference scenario is based, sugar-cane
production over the 2008-30 period is expected to grow from 560 Mt to 1,273 Mt, while ethanol
production is projected to increase from 28.5 billion liters to 75.6 billion liters over the same
period.”* In 2030, 7.13 billion liters would be produced from a hydrolysis process (9.4 percent of
total production). Sugar production would vary from 34.3 Mtin 2008 to 55.9 Mtin 2030.

The estimated potential for additional cogeneration was based on the additional ethanol
production proposed to substitute for gasoline abroad (section 4.4) and for the domestic market
under alow-carbon scenario for the transport sector (chapter 5). Under such a scenario, ethanol
production would reach 147 billion liters per year in 2030 and annual sugar-cane production
would climb to more than 1.7 billion tons, or 36 percent more than in the reference scenario
(figure 4.4). In 2030, 12.2 percent of sugar cane would be processed through hydrolysis. Sugar
production projections would remain unchanged.

74 In 2008, 20.6 billion liters would go to the domestic market, 5.2 billion liters for exports, and 2.7 billion liters
for stocks; in 2030, 59.2 billion liters would go to the domestic market, 13.1 billion liters for exports, and 3.2
billion liters for stocks.
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Figure 4.4: Evolution of Sugar-cane and Ethanol Production
in the Reference and Low-carbon Scenarios, 2005-30
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Two main technology configurations dominate: (i) modernization of existing plants, including
installation of an extractor-condensing turbine, producing steam at 90 bars and 520°C,
operating year-round and using up to 50 percent of available straw; (ii) new plants using mainly
extractor-condensing turbines, back-pressure steam turbines for the few new plants using
additional hydrolysis processes (also 90 bar, 520°C) and, for a limited number of new plants not
using hydrolysis processes, Biomass Integrated Gasifier to Gas Turbines (BIG-CC systems).

Under a low-carbon scenario, installed capacity in excess of 39.5 GW, compared to 6.8 GW in
the reference scenario, would be available in 2030 to export electricity to the grid;”> 40 percent of
thatamount would be derived from already existing plants that would be modernized before 2015.
The corresponding amount of electricity generated in 2030 would be about 200 TWh per year,
compared to44.1 TWhperyearinthereference scenario. Asaresult,avoided GHG emissions would
amountto 158 Mt CO, over the 2010-30 period (7.5 Mt CO, per year on average).

For cogeneration, the main barrier is the cost of interconnection with the sometimes distant
or insufficient transmission grid, which reduces the feasibility of biomass cogeneration vis-a-
vis other thermal generation alternatives for which the connection can be optimized. Owners
of sugar-cane mills—the potential investors in electricity produced from sugar-cane residual
biomass—have other investing priorities and opportunities, and are not always familiar with the
electricity sector.

The investment environment for biomass cogeneration should be adequate over the long run,
as a window of opportunity for such investments presents itself each time a new sugar mill is
built or an existing one is refurbished.

Proposals to overcome barriers to biomass cogeneration include:
A strategy to expand electricity production based on biomass cogeneration with a
minimum capacity thatwould be regularly installed (e.g., each year or every two years).
Such a strategy should be based on an evaluation of the benefits of biomass cogeneration
to the electricity sector (e.g., electricity generation only during the harvest period or
year-round) and the location of sugar-cane mills (the grid interconnection issue should

75 Inadditionto the electricity needs of the sugar and ethanol industry itself.



be properly addressed).

R&D efforts to expand biomass availability (i.e., sugar-cane residues that should be
recovered in the fields and transported to the mills) and residue burned for steam
generation at high pressure and temperature.

Continued financial support for such investments through programs that foster use of the
mostefficienttechnologies.

4.3.2.b Energy Generation: Wind Power

According to the Atlas of Wind Energy in Brazil (CEPEL 2001), the potential of power
generation from wind is considerable (about 140 GW), which is more than the current total
generation capacity installed in the country. But to date, only 33 wind farms have been built,
representing a maximum capacity of 415 MW-only 0.4 percent of the national power-generation
capacity.

The PNE 2030, taken as the reference scenario, plans strong growth for the wind-power
sector—a tenfold increase in capacity (up to 4,682 MW) to serve 1 percent of national electricity
demand by 2030. Such prospects are based on the worldwide maturation of wind energy and
the relative success of pioneer programs to develop renewable energy in Brazil, namely through
auctions (PROINFA program and auctions for reserve energy).

The main barriers that limit the penetration of wind energy, and which would have to be
tackled to reach the target proposed by the PNE 2030 and any other ambitious low-carbon
scenario are related to high generation and equipment costs, in particular investment cost, as
well asregulatory and financing constraints.

The competitive frontier of wind-power production as a primary source of energy is
jeopardized by the elevated cost of electricity generation compared to other conventional energy
sources, even in critical hydrological conditions. The high cost of wind power generation is due to
the low economy of scale and use ofimported equipment.

Additional barriers include difficulty in accessing equipment. In principle, the nationalization
index of 70 percent, initially imposed in the PROINFA program, was aimed at creating an
incentive to develop the national industry for equipment. But the wind-power sector considered
this measure a bottleneck factor because Brazil has only three turbine and components
manufacturers, and most of this production is designated for export. This reality has delayed the
scheduling of wind power plant projects for some time.

The 2003 electricity-sector reform created public auctions for renewable energy in order
to insert small hydro, wind, and biomass energy production into the public grid. The auctions
were structured so that three sources of renewable energy would compete among themselves.
However, this current format of the public auctions tends to penalize the investment cost-
intensive energy generation and decentralized energy sources, such as wind power, which
require costly interconnection. In response, the government published a proposal in 2009 to
promote auctions for wind energy only.

Proposals to overcome these barriers include the implementation of specific public auctions
for wind power energy purchase (this measure has recently been adopted and the first wind
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power-specifc auction was held on December 14, 20097%); reduction or elimination of the
nationalization index from 70 percent to 50 percent (this index was simply eliminated in the
December 2009 auction); reduction of customs duties to favor the import of turbine components
over the import of entire turbines in order to create incentives for local manufacturing; provision
of subsidies to interconnect the wind power produced with the public-power system; and
provision of carbon-credit market incentives. Based on these proposals and projections made by
the Brazilian Wind Energy Association, which considers it feasible to expand to 10 GW by 2020,
this study considered an expansion of installed capacity to 15 GW by 2030 (figure 4.5).

Figure 4.5: Projected Installed Capacity for Wind Energy in the
Reference and Low-carbon Scenarios, 2010-30
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Asaresult, GHG emissions reductions would amount to 19.3 Mt CO, e over the 2010-30 period,
a relatively small amount that is explained by (i) the still small but quickly growing share of
installed capacity that wind energy would ensure by 2030; (ii) the relatively low load factor of
this type of intermittent energy source; and, above all, (iii) the low emissions factor for the grid
energy in the reference scenario thatit would displace.

4.3.2.c Energy Generation: Optimized Refinery Schemes and GTL

Regarding the production sector for oil, gas, and refinery products, the study examined several
emissions mitigation alternatives for existing refineries, developed simulation models for new
ones, and compared gas-to-liquid (GTL) costs with those used in conventional refinery processes.

The alternatives considered for existing refineries were (i) heat integration, (ii) fouling
mitigation, and (iii) advanced processes control. Heatintegration is the main option for reducing
short-term fuel consumption in refineries. Major temperature differences between hot and
cold current indicate the potential for energy integration, thus reducing the need for external
hot or cold inputs. In the design of thermal transfer networks, fouling mitigation, which reduces

76 This first wind power-specific auction was very successful, with a total installed capacity of 1,805 megawatts
contracted in 753 lots) at an average price of R$ 148,39 MWh, that is 21.49% below the ceiling price stated in
the tender document.



thermal efficiency and heat transfer capacity, affects the definition of approach and pinch
point temperature. Advanced process control systems are based on computer models and the
extensive use of sensors, which increase the reliability of production. These systems enable
control of production quality, which reduces stoppage for maintenance and its cost.

With regard to the design of a new refinery focused on diesel-fuel production and integration
with petrochemicals, two alternatives based on an optimization model were submitted. The
simulation resulted in choosing the refinement scheme (or production routes of derivatives),
whose goal was torestrict GHG emissions.

In the case of GTL—an alternative to flaring associated gas on offshore oil production sites—
the added costs were calculated and compared with those of conventional processes used to
make high-quality diesel marginally in Brazil; in addition, avoided emissions were calculated.

The combination of these four sets of mitigation measures would allow for avoiding about 245
Mt CO,e compared to the reference scenario, as defined in the PNE 2030. This would represent 13
percent of the GHG emissions reduction potential proposed by this study for the energy sector.

The maturity levels of some of the technologies examined in this study may negatively
affect the risk perception of private agents (Petrobras in this case), which can result in higher
transaction costs. Even for the several commercial technologies analyzed (heat integration,
fouling mitigation, and advanced processes control), the difference between the infrastructure-
investment discount rates used by private initiatives in the oil industry and the state is
considerable, underscoring the high opportunity cost for oil companies.””

For GTL plants, the main barriers to investing in flared-gas reduction are the technology’s
high cost and low maturation level. For the latter reason, private-sector agents (oil platform
operators) draw high discount rates (about 25 percent per year). Offshore GTL, which is not
yet a commercial technology, carries higher transaction costs and is a riskier mitigation option.
While training of planners, designers, and equipment operators, mandatory standards and
tax exemption can help offset the capital cost of the new technology, it is expensive; thus, R&D
investment is vital (Castelo Branco etal. 2008).

Another group of mitigation alternatives analyzed for oil refining has been associated with a
change in the optimum scheme for refining, subject to different carbon costs. In this situation,
changes in optimal refining schemes were only observed at carbon prices of about US$100 per
tCO,. However, there was a variation in this result when the alternative for carbon capture and
storage (CCS), ata cost of US$50 per tCO,, was considered. This indicates that CCS could become
an alternative to reduce CO, emissions in refineries in the future, most probably beyond the time
horizon considered by this study, affecting not only specific operation units inside refineries, but
also their layout. Thus, the economic viability of this alternative would depend greatly on both
technological advances and cost reductions. In such cases, the CT-Petro fund could be a vital tool
to help develop these alternatives.

77 0Oil companies usually inventory their carbon emissions figures and have both the technical and financial
capacity to act; however, they generally prefer to invest in their main business, which centers on exploration
and discovery of new reserves and oil production.




4.4 Additional Options: Ethanol Exports and Hydro-
complementarity with Venezuela

In addition to the emissions mitigation options discussed above, two additional opportunities
for which Brazil has accumulated considerable experience and could assist other countries to
reduce their GHG emissions were considered: one involving hydro-complementarity, which aims
toreduce CO, emissions in the energy sectors of Brazil and neighboring Venezuela,”® and another
focused on the large-scale export of ethanol, which seeks to reduce the fossil-fuel emissions of
transport sectors worldwide. The total potential emissions reduction represented by these two
additional options s estimated atnearly 695 Mt CO, (table 4.3).

Table 4.3: Potential of Additional Mitigation Options, 2010-30

Low-carbon mitigation option Emissions reduction (Mt CO,)

Hydro-complementarity (Brazil-Venezuela

interlinkage) 28
Large-scale ethanol exports | 667
Total potential 695

The hydro-complementarity option proposes a significantincrease in hydropower production
by connecting existing and planned hydropower plants located in complementary regions (in
terms of seasonality of their hydrological regimes). Exchanging power between north and south
would make it possible to get firm hydro energy and thus displace thermal plants used for “valley
filling” and water (currently wasted), which could then generate additional power. Brazil’s
Tucurui hydropower plant, located in the Amazon Basin (right bank of the Amazon River), would
be linked via a transmission line to Venezuela’s Simon Bolivar hydropower plant, situated in the
Caroni Basin (leftbank of the Amazon River). Brazil’s Belo Monte hydroelectric power plant, to be
constructed in the Amazon Basin, would also be linked to the Simon Bolivar plant. In the future,
21,720 GWh might be available for exchange between Venezuela and Brazil. The energy gain
facilitated by this hydro-complementarity option could be considered a zero GHG expansion of
the system, thus avoiding about 28 Mt CO,e over the study period. While the volume of emissions
avoided may be considered limited, though achieved by a single project, it is noteworthy that
this reflects the low carbon content of the reference scenario considered and the conservative
calculation method, using the grid emissions factor.

Based on a detailed analysis of the worldwide growth in ethanol use, particularly mandatory
standards for blending gasoline with bio-ethanol, this study considered increasing Brazil’s
ethanol exports to 70 billion liters (57 billion liters more than in the reference scenario) by 2030.
This would represent slightly more than 10 percent of bio-ethanol demand, reaching an average
target of 20 percent ethanol blend in gasoline worldwide and displacing slightly more than 2
percentof global gasoline demand.

Simulation studies conducted by the Interdisciplinary Center for Strategic Planning (NIPE)
at the State University of Campinas (UNICAMP) for the Center for Strategic Management and

78 Thelevel of use of hydroelectricity projected in the PNE 2030 would correspond to virtually full exploration
ofthe remaining large hydropower potential in Brazil. For this reason, the study considered that there would
not be any large opportunity to reduce emissions through an expansion of hydroelectricity in Brazil beyond
whatwas already considered in the PNE 2030, adopted as the reference scenario



Studies (CGEE) show that Brazil is indeed capable of achieving this physical goal based on
available land and other resources.”” The proposed low-carbon scenario would include a major
share of ethanol production via hydrolysis, particularly from currently wasted sugar-cane straw,
assuming advances in new conversion processes, as discussed below.

With regard to the additional land needed specifically for sugar-cane plantations, the modeling
of projected land use demand for agriculture, livestock, and forestry, detailed in chapters 2 and 3,
showed that, as long as the proposed goals for increasing productivity in livestock raising are
met, Brazil will have enough land to accommodate expansion of these activities, including the
growing of sufficient sugar cane to meet both increased domestic consumption (chapter 5) and
the large-scale export goal. Therefore, this scenario assumes that the expansion of sugar cane
would not displace forested or conservation lands, either directly or indirectly, such as through
the displacement of cattle production on forested lands. The area planted in sugar cane would
be about 19.1 million hain 2030, which is 51 percent more than in the reference scenario (+ 100
percent compared to 2010) (table 4.4). By that date, the sugar-cane area would still be less than
halfthe area planted in grains, and less than one-seventh of pasture area.

Using a conservative substitution ratio of 1 liter of ethanol for 0.66 liter of gasoline and an emissions
factor of 2.634 gCO,e per liter of gasoline (BEN 2006), the potential for liquid GHG emissions reductions
through gasoline substitution by ethanol would total 667 Mt CO,e over the 2010-30 period, with the
annual reductionincreasing progressively from 1.0 Mt CO e to 72 Mt CO, e peryear (table 4.5).

Table 4.4: Sugar Cane and Ethanol Production: Reference and Low-carbon Scenarios

. Reference Low-carbon Difference
scenario 2030 | scenario 2030 (%)

Sugar cane for sugar (million tons/year) 362 362 -35
Sugar cane for ethanol (million tons/year) 720 1,369 90
Total sugar cane (million tons/year) 1082 1,739 60
Ethanol (conventional) (million liters/year) 68,870 130,009 89
Ethanol (hydrolysis) (million liters/year) 7,130 17,337 143
Total ethanol (million liters/year) 76,000 147,346 94
Ethanol for domestic market 62,900 77,678 23
Ethanol exports (million liters/year) 13,100 69,668 432
Sugar (million tons/year) 55.88 55,885 0

Sugar-cane productivity (tons/ha) 100.30 100.3 0

Total area planted to sugar cane (million ha) | 12.69

Table 4.5: Ethanol Exports and Emissions Reductions in the Low-carbon Scenario

2010-14 | 2015-19 | 2020-24 | 2025-30

Ethanol exports (billion liters)

Reference scenario 297.5 49.7 75.6 85.9 86.3
Low-carbon scenario 826.6 69.6 143.6 229.4 384.0
Additional 529.1 19.9 68.0 143.5 297.7

Emissions reduction (Mt CO,e) 666.8 179.7 379.3

79 The NIPE study explored a range of scenarios for scaled-up ethanol export of up to 205 billion liters per year
in 2025, corresponding to 10 percent of worldwide gasoline demand for that year, equal to about 5 times the

target considered in this study.
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For ethanol exports, the main barriers to implementation are those related to the protection
of local production in many countries through high import duties, certification requirement,
or product specifications. In terms of emissions, social costs, and economic production costs,
ethanol from sugar in Brazil is superior to alternatives in others countries, reflecting a significant
comparative advantage to serve the growing international demand for low-carbon vehicle fuels.
Reducing or eliminating the high trade barriers and enormous subsidies currently in place in
many countries would produce economic benefits for both Brazil and its trade partners, and
reduce GHG emissions.

From a technological perspective, conventional ethanol from sugar cane is a mature
technology, being close to the limits except in the energy economy, water use, and effluent
treatment; it is important to highlight that adequate technical options already exist for these
areas, but they have not yet been implemented due to high investment costs and cultural reasons.
At the same time, ethanol from the lignocellulosic residues of sugar cane (bagasse and straw)
has not yet reached the commercial stage, despite large R&D investments and efforts in many
developed countries over the past three decades; this is a technological barrier to this alternative
fulfilling its role in the low-carbon scenario.

A reasonable size security stock, or strategic reserve, is important as a guaranty to reassure
potential importers that the country has the capability of supplying large quantities of ethanol in
asustainable way.

Proposalsto overcome these barriers are:

o Elaboration of certification procedures, including reliable data onland use and land-
use change; logistics; laborissues; and socioeconomic, environmental, and life-cycle
analyses.

. Assistance in developing the hydrolysis technology associated with conventional

ethanol-production processes. Large investments in R&D are needed, especially in
the technology deployment stage, when large demonstration plants mustbe builtand
operated, producing ethanol ata higher cost compared to conventional production.

. New legislation for the security stock for ethanol, to help stabilize the price of the
productthroughoutthe year (to cope with seasonality of production) and assure
importers that ethanol will be available in quantity and quality.

4.5 Results: Summary of the Energy Sector Low-carbon Scenario

Final study results reveal that, according to the PNE 2030 reference scenario, Brazil’s energy-
sector emissions will nearly double over the next 20 years, rising from about 232 Mt CO, in 2010
tomore than 450 Mt CO, by 2030 (excluding fuel for transport) (figure 4.6).

If the 27 low-carbon mitigation options proposed by this study were implemented, energy-
sector emissions would be reduced from 450 to 297 Mt CO, per year in 2030 (excluding fuel for
transport) (table 4.6).



Figure 4.6: Energy-sector Reference Scenario® and CO,Emissions
Mitigation Potential (PNE 2030), 2005-30
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Brazil’s transition from the reference scenario to a low-carbon emissions scenario would
resultin a significant reduction of CO, emissions in the energy sector—1.8 billion tons—over the
next 20 years (2010-30). This transition should emphasize the elimination of non-renewable
biomass as solid fuels for industrial use. Indeed, substituting plant charcoal from forests with
plant charcoal from tree plantations represents 31 percent of the sector’s total emissions-
reduction potential.

From the energy point of view, the mitigating options considered in the low carbon scenario
influence the national system in three main ways: change in the energy mix for the power supply,
reduction in energy demand (both electricity and fossil fuels) and energy sources replacement
by renewable fuels.

In order to better visualize the energy impacts, the mitigating options are shown divided into 5
groups: increase in electricity supply form renewable, increase in fossil fuels supply, reduction in
electricity consumption, reduction in fossil fuels consumption and energy sources replacement
by renewable sources®'.

80 The reference scenario adopted in this study, the PNE2030, differs from the emissions projections for
the energy sector officially announced by the Brazilian Government in 2009 along with the voluntary
commitment to reduce emissions, which are reflected in law Law 12.187. The difference between the
reference scenario defined in this study and the one established by the Brazilian government on the basis
of past trends reflects the positive impact on emission reductions of the policies already adopted in the
PNE2030.

81 Theimpacton energy as a consequence of the replacement of more carbon intensive fossil fuels (e.g., fuel oil)
by natural gas are not reflected here. However, this fuel switch, which corresponds to substituting 4.6% of
the more carbon intensive fossil energy by natural gas in 2030, was considered in the calculation of the GHG
emissions reductions




Table 4.6: Potential Energy-sector Emissions Reduction for Brazil, 2010-30

Emission reductions

Low-carbon

2010-30
mitigation options | (MtCO,) | %
Demand Side 1,407 77
Electricity 28 2
Solar heating 3 0
Air conditioning (MPES) 3 0
Air conditioning (“Procel Seal”) 0 0
Refrigerators (MPES) 10 1
Refrigerators (low-income populations) 6 0
Motor 2 0
Residential Lighting 3 0
Industrial lighting 1 0
Commercial lighting 2 0
Fuel combustion optimization 105 6
Heat recovery systems 19 1
Steam recovery 37 2
Oven heat recovery 283 15
New processes 135 7
Other efficient energy use (UEE) measures 18 1
Thermal solar energy 26 1
Recycling 75 4
Natural gas substitution (including ducts) 44 2
Biomass substitution 69 4
Substitution of non-renewable biomass with charcoal from tree plantings* 567 31
Supply Side 423 23
Power Generation 177 10
Wind generation 19 1
Biomass cogeneration 158 9
0il and Gas 246 13
GTL 128 7
Refining

Improved energy use in existing refinery units (heat integration) 52 3
Improved energy use in existing refinery units (fouling mitigation) 7 0
Improved energy use in existing refinery units (advanced control) 7 0
Optimized design of new refineries 52 3
Total 1,830 100

If the analyzed mitigating options are implemented, in the following years, fossil fuel energy
conservation would be responsible for the greatest impact (see 4.7). The share of renewable
sources, in turn, may increase by more than 410 Mtoe from 2010 to 2030. During the 2010 - 2030
period, the total energy impact would be greater than 0.8 Gtoe for all mitigation options together.



Table 4.7 - Energy Differences between the Low Carbon and the Reference Scenarios (Mtoe)

0,
2010- | 2016- 2021- | 2026- Total | dif r/on
2015 | 2020 | 2025 | 2030 | °° |0
Additional Electricity generation from 48.9 614 715
renewable

' ici 26,5 +14.6%
1,3 43 81 116 | 252 | -3.0%®
0,4 2,7 51 8,7 16,9 +04% 3
. . 30,7
1.4

, , , 208,3 o

Additional fossil fuel energy 80,0 119,3 157.9 3879 |-11.4% @
conservation

Add‘ltlonal energy substitution from 478 69.4 83.6 202.1 +5.9%
fossil fuel to renewable

Source: calculations based on the individual reports

(1) increase of generation from renewable in Low Carb. Scenario as a % of total generation in Ref. Scenario in 2030
2) reduction of electricity consumption in Low Carb. Scenario compared to Ref. Scenario in 2030
3) increase of fossil fuel with no increase of GHG emissions in Low Carb. Scenario compared to Ref. Scenario in 2030

4 reduction of fossil fuel consumption in Low Carb. Scenario compared to Ref. Scenario in 2030
(5) share of fossil fuel used in Ref- Scenario in 2030 substituted by renewable in Low Carb. Scenario in 2030






Chapter 5
Transport Sector:
Reference and
Low-carbon Scenarios




Brazil’s transport sector has alower carbon intensity compared to that of most other countries
because of its widespread use of ethanol as a fuel for vehicles. Still, the transport sector accounts
for more than half of Brazil’s total fossil-fuel consumption (figure 5.1).82 Transport-sector
emissions are rapidly growing, especially in urban areas, due to increased motorization and
congestion. In 2008, the transportsector accounted for about half of the country’s energy-related
carbon dioxide (CO,) emissions.

Figure 5.1: Fossil-fuel Consumption, by Sector
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Source: National Energy Balance (BEN) (2008).

Road transport is responsible for more than 90 percent of transport-sector emissions. Urban
transport, which accounts for 58 percent, is almost exclusively road-based (car or bus).®* The
accelerated rate of motorization in already congested cities is further deteriorating existing
systems and infrastructure. In Sdo Paulo, for example, the fleet is growing at an annual rate of
7.5 percent, with nearly 1,000 new cars bought each day. In 2008, that city’s average rush-hour
congestion exceeded 190 km.?* Such intense congestion results in higher inefficiencies, greater
fuel consumption, and increased local pollution and GHG emissions. Therefore, continued
significant growth in transport-sector emissions is expected in the coming decades.

In this chapter, section 5.1 presents the method adopted to build emissions projections
consistent with projections of transport demand and supply growth. Section 5.2 describes
the method used to build scenarios for Brazil’s transport sector, and section 5.3 presents the
reference scenario. Sections 5.4 and 5.5 then present the mitigation options the study considered
for regional and urban transport, respectively, while section 5.6 focuses specifically on the
increased use of bio-ethanol. Finally, section 5.7 presents the proposed the low-carbon scenario
for Brazil’s transportsector.

82 Owingtothelarge use ofhydropower in the electricity sector.

83 Trucks, which account for three-fifths of regional freight transport, substantially increase GHG emissions
(PNLT 2007).

84 OnMay9,2008,S30 Paulo setan all-time congestion record of 266 km (30 percent of monitored roads).



5.1 Bottom-up Load and Emissions Model

This study used a bottom-up approach to estimate fuel consumption and GHG emissions in the
transport sector. CO, emissions were calculated by mode of transport, based on the projected demand
of passengers or freight, number and length of trips, and types and energy content of the fuels consumed.
Trips were categorized as urban/metropolitan or inter-urban/regional. The study first estimated the
load (i.e., volume of passengers x km or tons x km [for freight]) for each mode of transport (road, rail,
air, and waterway) and subsector (urban transport [passenger and freight]) and inter-urban/regional
transport [passenger and freight]). The study then estimated the resulting emissions.

5.1.1 Modeling Supply and Demand
of Transport Modes To Model Emissions

Predicting the evolution of demand and load for each mode of transport is a complex task.
Each mode has its unique operational characteristics, many types of freight are moved, and
user behavior and reasons for travel vary widely. To facilitate analyses of future demand and
scenarios, the study team divided the transport sector into four separate groups: (i) regional
freight transport, (ii) regional passenger transport, (iii) urban freight transport, and (iv) urban
passenger transport. All trips taken outside the urban limits of Brazil’s 5,564 municipalities
were categorized as “regional.” Regional trips using vehicles on stretches of main road that pass
through large urban centers were counted as “regional trips.”

The study used a traditional four-stage transport model, which enables the application of
physical, economic, and social changes in both inter-urban/regional and urban-metropolitan
contexts (figure 5.2):

. Trip generation: This stage defines the total demand for transport, which is attributed
to each trafficzone asa function of its potential as a producer or an attractor for trips.

o Trip distribution: Atthis stage, flows are distributed based on estimated movements
between origins and destinations considering such constraints as distance.

. Mode choice: Movements between origins and destination are disaggregated by
transport mode. This function depends on the availability of each mode, respective
costs,and user preferences. The resultinginformation is represented in a series of
demand or trip matrices for each transport mode, flow type, and period considered.

. Route assignment: All estimated trips by origin, destination, and transport mode
are loaded on the transport network (with the general qualification that users
want to minimize their travel time). If the traffic exceeds the capacity of specific
transport segments (which is often the case), congestion occurs and affects
travel time. This factor, in turn (via a feedback process), may influence trip
generation and distribution.

&
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Figure 5.2: Sequencing of Four-stage Transport Model
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Transport planning models developed for regional and urban contexts (TransCAD, EMME, and
MANTRA) were used to evaluate various alternatives and scenarios via multiple interactions and
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Brazil’s regional transport network has five transport modes (road, rail, air, waterway, and
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5.1.2 Emissions Model for the Transport Sector

All transport-related emissions are ultimately derived from the fuels burned by the types
of vehicles used. To calculate emissions, it is first necessary to link the supply of transport
with fuel type (figure 5.4).

Figure 5.4: Linking Regional and Urban Transport to Fuel Consumption
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Based on the four-stage transport model’s trip allocations, the COPERT 4 model was used
to calculate GHG emissions. Used in the European Union, COPERT 4 software was adjusted
to the Brazilian context to accommodate available data, fleet characteristics, operational
conditions, and fleet-maintenance conditions (box 5.1). In addition, the Environmental
Sanitation Technology Company (CETESB), which is responsible for Brazil’s vehicle emissions
certification program, provided emissions data and helped to develop emission curves as a
function of vehicle type and speed.




Box 5.1: COPERT Model: A Bottom-up Approach to Estimating Emissions

COPERT 4 is a computer software program designed to calculate transport-sector emissions.
Used by European Union (EU) countries, COPERT 4 can be adapted to other regions and countries.
The tool can be applied at regional and national aggregate levels, and can be used at the micro-
region level overa 1-k?area withoutloss of reliability.

The model differentiates between “cold” emissions (estimated at the outset of a trip before a
vehicle reaches its correct working-efficiency level and engine temperature) and “hot” emissions
(calculated when the engine reaches its stability level). It also accounts for vehicle deterioration
resulting from age or high mileage. The emissions calculated include main sector GHGs, local
pollutants, particulate matter, hydrocarbons, persistent organic pollutants, and heavy metals.

Entry dataare:

o fleet categorized by class of vehicle-engine technology for each year of study (urban,
regional, and road);

o total mileage by class of vehicle-engine technology for each year of study;

. average trip mileage, by year and class of vehicle-engine technology;

o average speeds by class of vehicle-engine technology (urban, regional, and road);

o size of fuel tank and canister by class of vehicle-engine technology;

o percentage of fuel injection;

o percentage control of fuel evaporation by type of engine and category (urban, regional,
and road);

° maximum and minimum ambient temperature, by month and year;

o atmospheric pressures recorded by month and year and the beta distribution
parameter;

o chemical composition of each fuel type;

. record ofimprovements in the emissions of each type of pollutant, by year; and

o fuels used by class of vehicle-engine technology and annual fuel consumption.

5.2 Government Plans for Designing Scenarios

To the extent possible, the study adhered to official plans to develop reference and low-carbon
scenarios for the transport sector. The key emissions-reduction challenge for the transport
sector, unlike other sectors, is not shifting to a less carbon-intensive technology to achieve
the same supply level; rather, it is financing and developing new and faster capital-intensive
infrastructure, most of it already identified, to develop the transport offer and avoid or reduce
congestion. Thus, existing government plans are important for building not only the reference
scenario but also the low-carbon scenario. The main difference between these two scenarios
is the pace of implementation. Because the reference and low-carbon scenarios use the same
methodology, they are defined together in the subsections that follow on options for (i) regional
and (ii) urban transport.



5.2.1 PAC and PNLT: Basis for Regional-transport Scenarios

To build the reference and low-carbon scenarios for regional transport, the study considered
two main government plans: the Government Accelerated Growth Plan (PAC) and the National
Logistics and Transport Plan (PNLT). Based on discussions with transport-sector specialists and
Brazil’s Ministry of Transport (MT), it was agreed that such PAC investments as infrastructure
rehabilitation and construction would be included in the reference scenario.®® The PNLT,
prepared by the MT in 2007, resulted from a participatory planning process involving various
national- and state-level stakeholders. The plan’s overall goal includes long-term environmental
and sustainability objectives, which are reflected in support of a gradual reduction in highway
investments and a gradual increase in rail and waterway investments. The initial time horizon
for implementing the proposed projects is 2023. But given the current economic context and
related uncertainties regarding the viability of this time frame, it was agreed that some projects
contained in the PNLT would be considered as part of the low-carbon scenario. Based on the PAC
and PNLT, the total investments required for the reference and low-carbon scenarios are US$19.6
billion and US$29.3 billion, respectively (table 5.1).

Table 5.1: PAC and PNLT Investments Considered for the Reference and Low-carbon Scenarios

Reference scenario Low-carbon scenario

Transport mode % of % of % of % of
(blIIlons) total PAC (blIIlons) total PNLT

Road 15 1 13.3

Rail + waterway + pipeline | | | 16.0 |

___

In addition to the PAC and the PNLT, the study adopted the macroeconomic scenario of the
National Energy Plan (PNE 2030) developed by the Energy Planning Company (EPE) to ensure
that the assumptions used for projecting the movement of freight and passengers would be
compatible with those adopted in the models of the other three sectors. Demand scenarios
created for freight transport integrated the possibilities of expanding agricultural frontiers,
increasing productivity, and projecting the balance between product supply and demand.

5.2.2 Urban Mobility Plans: Basis for Urban-transport Scenarios

The urban transport sector is more complex. Freight and passenger transport is regulated
by multiple state and municipal authorities that pursue divergent, often contradictory agendas.
In metropolitan and other densely populated areas, transport users are at the mercy of political
and institutional interests. Given that commuter trips often cross municipal boundaries, users
would greatly benefit from a more integrated transport management system with a common
institutional framework, policies, budget, and fare system.

Because official mobility plans were not available for every urban center—the 36 largest ones
have 516 municipalities (IBGE 2008)—the study grouped the figures needed to evaluate urban
transport emissions into eight urban-center categories. For the five categories corresponding to
larger municipalities and urban centers, investment estimates were based on origin/destination

85 The PAC allocates more than US$16.5 billion for transport-related projects, of which approximately US$3
billion isabsorbed by concessions and other public-private partnerships (PPPs).




surveys and recent transport master plans (table 5.2).8¢

Since major opportunities to reduce emissions in urban transport derive from investment in
mass transport systems, the study assumed no significant infrastructure difference between the
reference and low-carbon scenarios for categories corresponding to smaller municipalities.

Table 5.2: Available Urban-transport Master Plans

Category no. Metropolitan Region or Municipality

1 Sao Paulo and Rio de Janeiro

2 Belo Horizonte, Curitiba, Recife, and Porto Alegre

3 Baixada Santista and Greater Vitéria

4 Cuiaba-Varzea Grande, Florianépolis, Londrina, Maringa, Maceio,
Campo Grande, Vitoria da Conquista, Ribeirao Preto, and Juiz de Fora

5 Petrdpolis, Piracicaba, Campina Grande, Rio Branco, and Santa Maria

Ofthe many ambitious urban-transportinvestment plans reviewed, the most feasible solution
for citiesis Bus Rapid Transit (BRT), which requires smaller infrastructure investments and takes
less time to execute. The BRT system can provide an upgraded alternative to deteriorating and
inefficient bus systems and attract private motorized-vehicle users. All of the investment types
and values were modeled and respective investment probabilities were given for the reference
and low-carbon scenarios (table 5.3).

Table 5.3: Investments in Public and Mass Transport Systems

No. km to be constructed

Densely populated urban municipalities System R L )
Category (no.) and metropolitan regions type efe erence | Low-carson
scenario scenario
' BRT 180 1.263
MR with Sao Paulo and Rio de Janeiro
investments (1) Metro 30 405
. Bel(? Horizonte, Federal District and BRT 289 670
RM with Environs (RIDE),
investments (2) Fortaleza, Curitiba, Recife, Porto Alegre, Metro 25 280
and Salvador
4 ' ' iani BRT 60 300
MR with probable Belem, Baixada Santista, Goiania,
investments (3) Campinas,
Manaus, and Greater Vitdria Metro 0 100

86 It should be noted that the reference scenario considered the selection of Brazil as the host of the 2014 FIFA
World Cup, a major event that will require investment in public-transport infrastructure. Since most host
cities are located in large metropolitan areas, it is expected that considerable investments will be made in bus
and metro systems to ensure compliance with the conditions established for hosting this event.



Cuiaba-Varzea Grande, Aracaju, Grande

rl\r/llﬁr/licipalities Teresina (RIDE), Grande S3o Lufs, BRT 80 240
. Florianopolis, Londrina, Jodo Pessoa,
with probable L iy ~ .
investments (4) Maringa, Macgl?, Natal, Sao ]os_e dos
Campos, Ribeirdo Preto, and Juiz de Fora Metro 0 0
Sdo José do Rio Preto, Campina Grande, BRT 40 120
Municipalities Piracicaba, oA s
with probable Bauru, Montes Claros, Jundiai, Anapolis,
p Foz do Iguacu, Franca, Rio Branco, Metro 0 0

investments (5) Uberaba, Cascavel, and Volta Redonda

" MR = metropolitan region.

5.3 Emissions Projections in the Reference Scenario

Based on the proposed investments discussed above, projected year-to-year transportloads and
emissions of urban and regional transport modes were modeled for the reference scenario. From
2007 to 2030, sector emissions are projected to increase by more than half (from 144 to 248 Mt CO,)
(table 5.4), with urban transport accounting for about half of overall sector emissions. Substantial
growth in private-vehicle use of ethanol is expected over the period. According to Brazil’s National
Association of Motor Vehicle Manufacturers (ANFAVEA), by 2030, virtually the entire passenger ’
fleet will consist of “flex-fuel” vehicles. While gasoline-powered vehicle loads will increase 25%
from 355 billion to 444 billion passengers x kilometer, passenger loads of ethanol-fueled cars will
increase 4.5 times from 118 to 541 billion passengers x kilometer (table 5.4).




Table 5.4: Load and GHG Emissions for the Reference Scenario, 2007-30

Global direct

orp €0, emissions*™
eq (Mt Co,)

Transport . 2010 -
Load type mode Vehicle type Fuel type 2007 2030 2007 | 2030 2030
Urban Road Truck Diesel 32,436 49,151 7.6 7.6 -
Freight Total urban freight 32,436 49,151 | 7.58 | 7.58 -
Bus ) 730,799 33.8 51.3 887.7
Diesel
BRT 0 102,332 0.0 3.36 32.4
Road Car Ethanol 96,399 364,894 0.0 0.0 0.0
Urban Carand | o coline | 272,570 347,346 | 366 | 662 | 1,087.0
passenger motorbike
Metro 28,412 55,385 | 0.021 | 0.039 0.63
Rail X Electricity
Train 35,370 50,699 | 0.022 | 0.029 0.55
Total urban passenger 864,078 1,651,46 704 | 120.8 2,007
GHG emissions from urban transport - - 75.2 | 128.3 | 2,137.5
Rail Train 321,240 552,364 4.4 6.4 112.5
) Waterway Boat Diesel 26,984 81,349 0.2 0.5 8.1
Ref*‘i‘;zﬁi Pipeline | Pipeline lese 15,732 24727 | 01| o1 15
Road Truck 689,057 1,274,440 48.0 77.3 1,323.5
Total regional freight EEEIERAINE] 1,932,880 51.9 82.6 | 1,418.8
Car Ethanol 21,905 176,485 0.0 0.0 0.0
Road Carand | o oline 83,166 97,031 42| 52 94.8
motorbike
Regional Bus . ].)le.sel 154,845 276,915 4.4 7.5 125.6
passenger Air Plane viation 45,259 127,569 84| 237| 3240
i 1 kerosene
Rail | 18 Spe"f Electricity - - 00| 0.0 0.0
Total regional passenger 305,175 678,001 17.0 36.5 544.5
GHG emissions from regional transport 119.1 | 1,963.2

TOTAL TRANSPORT-SECTOR EMISSIONS -- 144.0 | 247.5 | 4,100.7

(*) in order to avoid double counting with emissions already accounted for in the agriculture and energy sectors, only direct
emissions are accounted here.?.,

The evolution of emissions for the reference scenario shows that cars, trucks, and buses
together account for 87 percent of emissions over the 2010-30 period. Since most power
is generated from hydroelectricity, metro mass transport systems are expected to generate
virtually no direct emissions. Brazil’s significant role for ethanol in the PNE 2030 explains the
relatively stable contribution of private vehicles over the period (figure 5.5a). The widespread
use of ethanol to fuel light-duty vehicles suggests that the reference scenario is one of low
emissions compared to those of other countries with similar growth in private-vehicle use. In

87 While not accounted here to avoid double counting, “upstream” or “indirect” emissions associated to the
production of the fuels and electricity used in the transport sector are calculated and presented in the special
companionreporton transport.



this study, since emissions from agriculture and from land-use changes are already accounted in
chapter 2 asemissions fromland use and land use changes, Ethanol is considered to have net-zero
emissions since tailpipe CO, emissions from ethanol-fueled vehicles is based on carbon captured
from the atmosphere by sugar-cane plants. Indeed, the study found that, without biofuels, sector
emissions would be 50 percent higher in 2030 (371 versus 247 Mt CO, e per year) and cumulative
emissions would also grow by 45 percent (figure 5.5b).

Figure 5.5a: Evolution of Emissions by Vehicle Figure 5.5b: Projected Transport-sector
Type for the Reference Scenario, 200830 Emissions without Biofuels, 2008-30
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The following sections describe options to mitigate regional and urban-transport emissions,
respectively. Further expansion of ethanol consumption as a substitution for gasoline is also
considered.

5.4 Emissions Mitigation Options for Regional Transport

Based on consultations with specialists, bibliographic research, and analyses of master
plans for metropolitan regions and government programs and plans, a set of feasible emissions
mitigation options, to be implemented by 2030, was selected for the low-carbon scenario. Some
ofthese options, already considered in the PNLT, were retained because of their potential to avoid
emissions; another portion, consisting of new options, was proposed by the study team.

Corresponding policies and investments center on creating incentives and enabling a
gradual change in the country’s mix of transport modes, whereas, in the regional framework,
road transport is the main means considered in the reference scenario for transport of goods
(approximately 60 percent of total volume) and passengers. Regarding the transport of large
volumes of freight, whether solid grain (e.g., soybean) or liquid (e.g., petroleum and ethanol and
other derivatives), rail and waterways are more energy efficient and are therefore the preferred
modes for the low-carbon scenario whenever possible.
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5.4.1 Freight Transport: Modal Shift from Road to Rail and Waterways

Improving the efficiency of Brazil’s freight transport and reducing related emissions require a
significant shift in the freight transport matrix. Both the PNLT and the National Plan on Climate
Change (PNMC) emphasize the need to reduce the volume of freight transported on roads, and
replace it with more energy-efficient transport modes. A gradual shift from road to rail, inland
and coastal waterways, and pipelinesis being planned (see figure 5.6).

Figure 5.6: Example of modal shift for Regional Transport — Bahia

In the Reference
Scenario all the
load istranported
by trucks

In the Low Carbon
Scenario most of

the load is shifted

to new cargo trains

Reference Scenario 2030 Low Carbon Scenario 2030

Interventions aimed at modifying the transport matrix should be guided by national, regional,
and international market needs and demands. In Brazil’s North, Northeast, and Center-West
regions, transport demand currently focuses almost entirely on agricultural and mining
commodities, which already have their own logistical solutions and face severe competition
from other modes. Therefore, the potential in these regions for establishing new waterways
and railways appears more limited than generally considered. Such new high-cost investments,
which are technically possible, could indeed become underused.

By adopting the proposed modal shift, 13 percent of the load transported by truck over the
study period is transferred to cargo train, boat, and pipeline, whose respective loads increase
by 27, 64, and 8 percent. As a result, the low-carbon scenario shows an 8-percent potential
reduction in total CO, emissions in 2030 compared to the reference scenario (from 82.6Mt CO,
per year to 76 Mt CO, per year),* resulting mainly from a reduction in the share of road-based
freighttransport (from 66 to 56 percent).

For water transport, investments in the low-carbon scenario include dredging and
construction of terminals, depending on the types of goods transported. To harmonize freight-
transport targets in the low-carbon scenario, rail-transport investments require better
integration of rail operators and the regulatory authorities responsible for services operation
and improved operational partnerships among the concessionaires. Conservation of the existing
rail network, as well as its expansion and development of interfaces with road, is fundamental
to facilitating the freight-transport shift from road to rail. Finally, shifting from road-based to
coastal transportrequires better facilities for quick and efficient inter-modal transfer.

These various modes of transport, which are usually operated privately, should be integrated.

88 Total emissionreductions over the 2010-30 period would amountto 51 Mt CO.,,.



Such integration would require new infrastructure and terminals to allow for inter-modal
transfer (e.g., boat to road), which could efficiently process the volume of freight transported.
Given the diverse actors involved, the Ministry of Transport (MT) should be responsible for
coordinating policy implementation and the investments required to shift to a new modal
division by 2030 (table 5.5).

Additional resources required for adopting the proposed modal shift in alow-carbon scenario
(based on the PNLT) compared to the reference scenario (based on the PAC) total about US$17
billion, of which approximately US$1.8 billion could be absorbed by the private sector via public-
private partnerships (PPPs). This could resultin reducing 126 Mt CO, of emissions over the 2010
2030 period. Fuel savings could provide a considerable benefit on the order of US$2.8 billion.

Table 5.5: Regional Freight Transport: Comparison of Investments
in the Reference and Low-carbon Scenarios, 2010-30

Reference scenario Low-carbon scenario

l (million US$) (million USS)

Rail and Rail and
0.396 0396 0396 0.396
0.793 - 0.793]  0.793 - 0.793
1.189 - 1189  1.189 - 1.189
0.356 2.788|  3.144] 0356 2.548|  2.905 |
0.712 5575| 6.288]  0.712 5097| 5.809
1.069 8.363|  9.432 1.069 7.645| 8714
0.554| 0554 1.331 0.554| 1.885
1.108| 1108  2.661 1.108]  3.769
1.662| 1662  3.992 1.662|  5.654
- - 0.581 - 0.581
- - 1.162 - 1.162
- - 1.742 - 1.742
1251 1.251 - 1.185] 1.185
2.503|  2.503 - 2.369| 2369
3.754| 3.754 - 3.554|  3.554

In order for this group of policies to be implemented successfully, it is important to design
an adequate and realistic program for allocating resources, as well as measures to facilitate
the financing of the considerable investments required to adapt and build the infrastructure
necessary for efficientintermodal transfers.



5.4.2 Passenger Transport: Modal Shift from Road and Air to Intercity Rail

The modal shift for passenger transport aims to reduce the number of road passengers and
encourage regional rail transport. Earlier transfer of the railway network to private-sector operators,
along with growth in regional air travel among higher-income populations, has contributed to a shift
in the past from intercity rail to road transport. The proposed mitigation option to shift from road
and air to intercity rail by 2030 would start with the largest metropolitan regions, based on results of
recentstudies to connect Rio de Janeiro and Sdo Paulo via high-speed train (table 5.6).

The total emissions reduction of 0.5 Mt CO e associated with the proposed modal shift might not
appear significant—itrepresentsa 1.3-percent reduction compared to the reference scenario—but
areduction ofnearly 3.4 gCO, per passenger x km when shifting from car to train shows that further
expansion of the system could provide considerable emissions-reduction benefits.

An overall reduction of 10 Mt CO, in net emissions over the 2014-30 period may not justify
the US$16 billion projected for the Rio de Janeiro-Sdo Paulo high-speed rail link. But apart from
the possible opportunity for further expansion and related emissions reduction, the Brazilian
government expects considerable counterpart funding. Moreover, significant economic and
social benefits could result from the high-speed rail.

Table 5.6: Comparison of Projected Emissions Reduction
for Regional Transport in 2030: Modal Shift Scenario

Load GHG Avgic?ed
(Mt * km or pax * km/ direct emissions* er;(z)s;s{z)ons
Segment Vehicle Fuel year) (Mt CO e /year) -
type type . Low- Low-
scenario scenario

Rail Train 552,364 | 703,854 642 | 846 | -28.24
Water | Ship Diesel 81,349 | 133,503 0.52 0.88 | -4.77
SIS Pipcline | Pipe 24,727 26,621 0.08 009 | -0.15

Road | Truck 1,274,440 | 1,113,926 7563 | 66,57 | 84.14
Total freight (regional) 1,932.880 | 1,977.904 | 82.65
Ethanol | 176,490 | 165,460 0.00 0.00 | 0.00

Car

Road Carand =0 oline 97,030 90,970 5.23 244 | 19.89
motorbike
Passenger Bus Diesel 276915 | 276,915 7.5 6.4 10.8
Aviation
Plane 127,569 127,569 23.74 23.13 6.75
kerosene

Total passengers (regional) 678,010 660,920
TOTAL EMISSIONS: load and passenger (regional) 119.1 -

(*) in order to avoid double counting with emissions already accounted for in the agriculture and energy sectors, only direct
emissions are accounted here.%.

5.5 Emissions Mitigation Options for Urban Transport

Urban transport is more complex than regional transport due to the greater concentration of
vehicles operating in densely populated areas. The close interaction between various modes of

89 While not accounted here to avoid double counting, “upstream” or “indirect” emissions associated to the
production of the fuels and electricity used in the transport sector are calculated and presented in the special
companionreporton transport.



transport and the links between transport, land use, local economic development, and spatial-
growth policies all add to the complexity of modeling the effects of transportin urban areas.

Three groups of emissions mitigation options were considered in the urban transport subsector.
The first one targeted a modal shift from private to low-carbon, public transport systems in larger
cities and metropolitan regions. The second focused on interventions in travel demand management,
where the priority is to reduce demand for and length of trips and promote a shift to high-occupancy
transport. The third focused on developing zero-carbon, non-motorized transport.

5.5.1 Use of High-capacity, Public Transport Systems

The private vehicles in circulation are concentrated in metropolitan regions. Expanding and
improving the quality of public transport systems can help reduce the use of private vehicles and
thereby reduce emissions.

The Bus Rapid Transit (BRT) system has a great potential to reduce emissions in urban areas,
given that bus travel accounts for about 85 percent of public trips in Brazilian cities. Compared
to conventional bus systems, BRT can transport many more passengers, thereby reducing fuel
consumption per passenger kilometer. Because BRT vehicles operate in reserved lanes, they
have ahigher average speed, resulting in better service and fewer emissions.

The investment required to build the nearly 650 km of BRT already considered in the
reference scenario would total about US$6.5 billion. The modeling indicates that it would be
possible to expand the BRT system to about 2,600 km, requiring an additional US$26 billion. This
amount would require public-sector financing since investments in mass and public transport
are unattractive to the private sector, given the level of effort required to obtain only limited
operational efficiencies and low profit margins.

By comparing the loads and emissions of the reference and low-carbon scenarios and those
resulting from the proposed expanded, high-capacity public-transport system based on diesel-
fueled BRT, one observes a 7.5-percent emissions reduction in 2030 (from 128 Mt CO, per year to
119 Mt CO, peryear),” even withoutany major technological changes.

This emissions reduction would result from an increased share in BRT ridership, which would
grow from 6 percent at the start of the period to 30 percent in 2030. Sixty-nine percent of new
BRT passengers would have shifted from use of conventional buses, whose ridership would
have declined 17 percent (from 44 to 27 percent), while 17 percent would be potential users of
individual motor vehicles, whose use would have declined 4 percent (from 43 to 39 percent).

The Metro system also has significant potential to reduce fuel consumption and emissions,
particularly in large cities since it also displaces diesel buses and individual vehicles, frequently
trapped in congestion, with an electricity-run system generated mainly by hydropower plants.
In Rio de Janeiro, plans are under way to expand Line 1 to [panema. Within the next few years,
connection ofthe downtown area with the Barra da Tijuca neighborhood via a private concession
is likely to become operational. Plans for further expansion include new routes within the 2030
time frame of the low-carbon scenario. The master plans of Brasilia and Belo Horizonte similarly
indicate the likelihood of extending their Metro systems until 2030.

The modeling indicates that it would be possible to build an additional 785 km of metro lines
compared to the reference scenario; this would require an expenditure of approximately US$80

90 Overthe 2010-30 period, the proposed additional BRT would avoid 73 Mt CO.,.




billion, which could be partially co-financed by the private sector, following a similar Private
Public Partnership (PPP) model adopted for the yellow line in Sdo Paulo.

By combining the proposed metro lines with the proposed additional BRT lines, urban transport
emissions would be reduced 8 percent more in 2030 than with the proposed BRT alone (figure 5.7). Asa
result, jointintroduction of BRT and Metro would resultin a total annual CO, emissions reduction of about
7.5 percentin 2030 (from 128 Mt CO, to119 Mt CO, peryear). With the addition of Metro in the low-carbon
scenario, the modal share of conventional buses would decline further (from 44 to 21 percent), while the
share of private motorvehicleswould alsobereduced (from 43 to 37 percent) (table 5.7).

Figure 5.7: Example of modal shift for urban transport - Belo Horizonte
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Table 5.7: Emissions Reduction in 2030 with Expanded Diesel BRT and Metro Systems

Global o,

o o] direct emissions *

pass * km/year)

Transport (Mt/year)
Segment
mode R - Scenario Figaramas Scenario
. with BRT + : with BRT +
scenario scenario
Metro Metro
49.15 49.15
Total urban freight 49.15 49.15 7.49
Bus 730,799 346,281 51.31 39.398
BRT Diesel 102,332 470,621 3.36 13.349
Car Ethanol 364,890, 320,240 0 0
Car and .
Road . Gasoline 347,350, 304,840 66.6 59.227
motorbike
Metro 55,385 212,844 0 0
Rail Train Electricity 50,699 26,577 0 0

1,651,460 120.85

128.328

111.974
119.472

Total passengers (urban)
GHG emissions from urban transport

1,675,400

*) in order to avoid double counting with emissions already accounted for in the agriculture and enerqy sectors, only direct
g ly g 9y Ly
emissions are accounted here.’’,

91 While not accounted here to avoid double counting, “upstream” or “indirect” emissions associated to the



5.5.2 Travel Demand Management

In addition to BRT and Metro, travel demand management can reduce urban emissions
significantly through public interventions; it combines a series of measures aimed at
discouraging the use of private cars, while, at the same time, encouraging the use of public and
mass transport systems. Traffic management measures can increase the average speed and
thus reduce associated GHG emissions. For example, increasing the average hourly speed from
20 km to 25 km in large metropolitan areas can reduce emissions by 5 percent. Travel demand-
management measures must be fully integrated with those that promote and enhance the quality
of publicand mass transport systems and the rational use of motor cars. The main measuresare:

. Develop high-capacity bus and rail transport systems in high-demand corridors to
improve speeds and overall traffic operations,

. Manage traffic mobility on road systems to minimize congestion,

. Design strategies thatrestrict use of private cars (e.g., via parking policies in
downtown areas thatrestrictaccess),

o Integrate various modes of transport, and

. Integrate land-use and transportpolicies (reduce number and distance of trips taken).

According to the modeling, the proposed traffic management measures would further reduce
urban transport emissions by 4.2 percent.”?

Mitigation strategies based on travel demand management must consider questions of
land use and occupation. Curitiba, Bogota, and other Latin American cities illustrate the
significant reductions in CO, emissions that can result from such integrated planning. Mixed-
use development, for example, makes shops and services more accessible and thus reduces the
need for short private-car trips. Italso encourages more intensive use of public transport, which
reduces traffic congestion and increases the viability of non-motorized transport. But for such
strategies to succeed over the longer term, appropriate institutional, financial, and regulatory
structures, as well as marketing and public outreach policies, mustbe in place.

While travel demand management reduces fuel consumption and emissions, a better flow of
vehicles also runs the risk of creating more traffic resulting from previous suppressed demand,
leading to a rebound in fuel consumption and emissions. Thus, demand management strategies
must ensure a balance between the development of transport-services supply and trip demand
management to prevent such arebound effect.

5.5.3 Incentive Policies for Use of Non-motorized Transport

Finally, non-motorized transport—the only zero-emissions mode of transport—continues to
represent many of the trips made in Brazilian cities. In Sdo Paulo, for example, walking accounts
for about one-third of all trips. Integrating safe and attractive walking infrastructure and
expanded bikeway networks into public-transport policies and systems can enhance the overall
urban landscape and avoid significant amounts of CO, emissions, estimated at about 1.6 percent
ofthe urban-transport emissions in the reference scenario (table 5.8).

production of the fuels and electricity used in the transport sector are calculated and presented in the special
companion reporton transport.
92 Overthe 2010-30 period, the proposed traffic management measures would avoid about 45 Mt CO,,.




Table 5.8: Bikeway Loads and Gains in Avoided Emissions, 2010-30

o e emissions (thousands of US$)

(millions of (thousand

5 7 ) tons CO,/ | Investment | Fuel savings
year)

2010 88 7 14.000 136
2011 273 21 28.000 555
2012 563 42 42.000 1.418
2013 968 72 56.000 2.899
2014 1.497 110 70.000 5.187
2015 2.162 158 84.000 8.486
2016 2.973 215 98.000 13.014
2017 3.942 282 112.000 19.006
2018 5.083 360 126.000 26.714
2019 6.408 450 140.000 36.408
2020 7.932 551 154.000 48.375
2021 9.670 662 168.000 62.924
2022 11.501 777 182.000 80.188
2023 13.431 895 196.000 100.304
2024 15.464 1,015 210.000 123.402
2025 17.605 1,138 224.000 149.625
2026 19.857 1,264 238.000 179.119
2027 22.225 1,393 252.000 212.033
2028 24.715 1,525 266.000 248.513
2029 27.332 1,660 280.000 288.710
2030 30.080 1,798 294.000 332.784

Note: This potential scenario includes the construction of 8,400 km of
bikeways and related facilities.

5.6 Increased Use of Bio-ethanol as a Fuel for Vehicles

All emissions from the transport sector ultimately result from the combustion of the fuel
used to generate the energy for vehicle engines. Therefore, while emissions can be reduced by
shifting transport modes, as described above, they can also be reduced by switching fuels used by
certain modes. In the former sections, the study considered partial modal shifts from individual
cars and trucks to less carbon-intensive modes. In this section, the study considers a fuel switch
for remaining cars from gasoline to bio-ethanol produced from sugar cane. To the extent that
the proposed measures to avoid further conversion of native forest are adopted (presented in
chapters 2 and 3) and that emissions from fossil fuels, fertilizers, and sugar-cane burning are
already accounted for as GHG emissions of the agricultural sector, GHG emissions associated
with the use of ethanol from sugar-cane can be considered as nil since all CO, emitted by the
engine was previously withdrawn from the atmosphere by the sugar-cane plant. Therefore,
the substitution of gasoline by ethanol avoids the GHG emissions associated with the use of the
gasoline substituted. This study considers an increased substitution of gasoline by bio-ethanol,



beyond the level projected in the reference scenario, as a GHG emissions mitigation option for the
transportsector.”

Brazil already has a long tradition of substituting gasoline with ethanol. In 1975, Brazil
initiated a major bio-ethanol substitution program; it culminated in the 1980s, with more than
85 percent of all new cars produced each year running exclusively on ethanol. By the early
1990s, higher sugar prices and lower oil prices meant that ethanol production was no longer
cost-effective. The country faced a supply shortage, forcing customers to revert to gasoline-run
cars. However, in 2003, the Brazilian car industry launched the first flex-fuel vehicle, equipped
with an engine that can use any mixture of gasoline and ethanol. This innovation represented the
flexibility the market needed for mitigating supply and price risks for customers. Since then, the
number of flex-fuel vehicles has grown rapidly and now totals more than 8 million; in June 2009,
89 percent of all new vehicles produced in Brazil were flex-fuel (figure 5.6).

Two main parameters determine the substitution of gasoline by ethanol as a fuel for individual cars:
(i) the share of flex-fuel vehicles in the national fleet and (ii) the relative price of ethanol compared to
gasoline for the final customer. Regarding the share of flex-fuel vehicles, projections of the size and
distribution of the fleet per type of engine were made using ANFAVEA data, macroeconomic PNE 2030
assumptions, and the “Winfrey-3 curve” to phase out old vehicles. Since the share of flex-fuel vehicles
already grows rapidly in the reference scenario—from 29 percentin 2010 to 92 percentin 2030—the
same projectionalso applies for any low-carbon scenario (table 5.9).

Figure 5.8: Evolution of Individual Vehicle Sales by Engine Tipe,
1979-2007 (showing number of cars sold per year)
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93 Although emission reductions can also be achieved by substituting petro-diesel by bio-diesel, this study did
not consider any further substitution other than the one already projected under the PNE 2030 used for both
the reference and low-carbon scenarios.
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Table 5.9: Composition of Fleet of Individual Cars for Passengers by Engine Type, 2010-30

Share of national fleet (%)
Year Flex-fuel

2010 29 6 65
2015 43 5 53
2020 57 3 39
2025 74 2 25
2030 92 1 8

Source: ANFAVEA, PNE 2030, and Processing LOGIT (2009).

Atthe customer level, the relative prices of ethanol and gasoline are highly sensitive to the fuel
transport cost and therefore to the location of customers. Because it has alower per-liter energy
contentthan gasoline, ethanolis considered more attractive ifits price isless than 70 percent that
of gasoline. According to Brazil’s National Agency of Petroleum, Natural Gas, and Biofuels (ANP),
in 2009, ethanol was more attractive than gasoline for customers in 17 states, less attractive in 5
states, and equivalent in another 5. Relative price was the lowest in the state of Sao Paulo (53.4
percent) and highestin the state of Roraima (80.25 percent).

In the reference scenario, the rate of substitution of gasoline by ethanol is expected to grow from
40 percent in 2010 to 60 percent in 2030. Thus, it should be stressed that the reference scenario
already has alow-carbon content when compared to international standards. Ifazero-substitution
rate were adopted, the study team calculated that the GHG emissions from the transport sector
would increase 28 percent compared to the reference scenario over the 2010-30 period.

However, the substitution rate can be further increased compared to the reference scenario
by adopting a policy that ensures the price of ethanol remains attractive for more customers over
the period considered. Based on Brazil’s long experience and other international experience,
four main instruments can be used to sustain the attractiveness of ethanol for the car end-user:**

. Financial incentive: tax abatementand special loan conditions for vehicle purchase;

. Regulatory standards: mandatory minimum level of renewable fuels, emission
standards, and energy-efficiency standards;

o Taxation: higher tax rate on fossil fuels; and

. R&D: incentive for developing more efficient use of alternative fuels.

Assuming that an appropriate pricing policy can be sustained to ensure the attractiveness of
ethanol versus gasoline, the rate of gasoline substitution by ethanol could then increase from 40
percentin2010to 79 percentin 2030. As aresult,emissions would be lowered an additional 12%
percent in 2030 or 28.7 Mt CO,e in absolute terms. Cumulative emission reductions achieved
through gasoline substitution by bio-ethanol would total 176 Mt CO, e over the 2010-30 period.

5.7 Aggregate Results: Low-carbon
Scenario for the Transport Sector

The low-carbon scenario for the transport sector is built by combining the mitigation options
proposed for regional and urban transport. Emission reductions are achieved by shifting part

94 Theseinstruments are consistent with the Petroleum Law (Lei do Petroleo,n0.9.478/97).



of the freight load and passenger trips from carbon-intensive to low- or zero-carbon transport
modes (figure 5.7, 5.8; respectively). The most significant modal shifts are from truck to rail
(freight transport) and from use of private vehicles to BRT and Metro, along with measures for
travel demand management (passenger transport).

Figure 5.9: Comparison of Modal Distribution of Freight Load, 2008-30
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Figure 5.10: Comparison of Modal Distribution of Passenger Load, 200830
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These modal shifts reflect an important emissions reduction, totaling about 7.3 percent
over the study period or 302 Mt CO,e. However, an other significant mitigation potential of
around 4.3 percent could be harvested over the same period by increasing the use of ethanol,
and another 1.5 percent by managing the demand for trips (figure 5.9). In this way, emissions

would be reduced more than 13 percent.
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Figure 5.11 Emissions-reduction Potential in the Transport Sector, 2008—30
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As result, the increase in sector emissions would be reduced from 60 percent in the reference
scenario to only 18% in the low-carbon scenario. That is, from 247 in the reference scenario to
182 Mt CO, peryear in the low-carbon scenario in 2030, compared to 154 Mt CO, in 2010, thereby
avoidingatotal of 487Mt CO,e, or 23 Mt CO e per year on average (table 5.10).



The potential for emissions reduction appears limited, given that biofuels, which are low carbon,
play a large role in the reference scenario. For this reason, the study simulated the sector emissions
that would result if biofuels were substituted by fossil fuels (mainly gasoline). In that case, reference-
scenario emissions would be inflated by 50 percentin 2030 (45 percent in cumulative terms over the
2010-30 period), growing from 143 Mt CO, in 2008 to 371 Mt CO, per year in 2030. By comparison,
emissions in the low-carbon scenario would be 51 percent lower in 2030 than in the “fossil-fuel”
scenario (26% lower versus the reference scenario) (figure 5.10) and 39 percent in cumulative terms
overthe 2010-30 period, thatis 1.65 Gt CO, e less over the study period.

Table 5.10: Transport-sector Load and GHG Emissions in the Reference and Low-carbon Scenarios

Global CO,
emissions

(Mt CO.e)

Low- Low- Avoided
. Reference Reference o
Transport Vehicle . carbon . carbon | emissions
Load type Fuel type | scenario . scenario .
mode type 2030 scenario 2030 scenario 2010-
2030 2030 2030
Urban Road Truck Diesel 49,151 49,151 | 7.6 7.6 0.0
LGl Total urban freight 49151 49151 76| 76| 0.0
Bus 730,799 308,538 43.1 17.5 215.5
Diesel
BRT 102,332 465,301 2.1 9.6 -72.3
Road
oa Car Ethanol 364,894 | 446,579 : : 0
Urban Car and .
passengers motorbike Gasoline 347,346 136,404 66.16 27.26 265.4
Rail Metro Electric- 55,385 211,262 0.0 0.0 0.0
ai :
Train ity 50,699 25,129 0.0 0.0 0.0
Total urban passengers 1,651,455 | 1,593,213 111.42 54.59 408.6
GHG emissions from urban transport - 119.01 62.18 408.6
Rail Train Diesel 552,364 703,854 6.6 8.3 -25.4
Waterway | Boat 81,349 133,503 0.5 0.9 -4.5
Regional
freight Pipeline Pipeline 24,727 26,621 0.1 0.1 -0.1
Road Truck 1,274,440 1,113,926 77.3 65.6 1151
Car Ethanol 176,485 213,72 0.0 | 0.0 0
Road | Carand Gasoline 97,031 37,781 5.23 2.44 19.9
motorbike
Regional Bus Diesel 276,915 266,675 7.3 6.8 2.9
PISENEE® | Air | Plane Aviation | 455 569 | 121641 28.7 28.0 8.3
kerosene
Train | TAV Eletricity - 21,092 0.0 0.0 0
Total regional passenger 678,001 | 660909 | 4123 | 3725
GHG Emissions from regional transport - 125.76 | 112.12 116.0
TOTAL TRANSPORT-SECTOR EMISSIONS 244.77 174.29 524.6

.



Implementing the proposed low-carbon scenario triggers two main challenges: (i)
coordination and (ii) mobilization of additional financing. Because of the broad spectrum of
public and private actors involved, harmonization of the many diverse initiatives represented
requires federal government coordination. Furthermore, existing funding mechanisms may
need to be supplemented by additional sources of financing to leverage the large volume of
investmentrequired by such capital-intensive infrastructure.

Improved coordination is needed for both urban and regional transport. For example,
the Ministry of Cities could offer municipalities, which manage their own transport systems,
incentives to adhere to broader mass-transport plans under the National Mobility Plan
(PlanMob). For regional transport, the Ministry of Transport (MT), under the PNLT, could
facilitate the integrated development of new infrastructure and transport-services concessions.




Chapter 6

Waste Sector:
Reference and
Low-carbon Scenarios




Waste treatment produces large quantities of greenhouse gases (GHGs), principally methane
(CH,), resulting from the anaerobic digestion of organic waste material. The incineration of solid
waste also results in the release of carbon dioxide (CO,) and nitrous dioxide (N,0). In Brazil,
waste treatment contributes 6.1 percent of CH, emissions and 3.8 percent of N,O emissions.”

6.1 Method Overview

To estimate future GHG emissions from waste treatment, this study applied the method of
the Intergovernmental Panel on Climate Change (IPCC 2000). The IPCC method was used to
calculate both incineration emissions and landfill gas (CH,) emissions (box 6.1, 6.2). The method
distinguishes waste disposal and treatment categories according to the physical nature of the waste
responsible for generating GHGs (i.e., solid waste or effluent). To calculate the potential for reducing
future waste-sector emissions, a reference scenario was prepared to project the main variables for
estimating emissions produced by various types of solid-waste and effluent treatment.

In the reference scenario, the key factors responsible for generating GHGs were climate,
urban population growth, variations in the quantities of waste generated per inhabitant, and
differences in waste composition (organic generating materials, potential CH, generators, and
fossil materials). It is noteworthy that more heavily populated cities accounted for higher per
capita waste output.

The study then explored the methods and technical possibilities for reducing GHG emissions.
In addition, it identified the main barriers to adopting these mitigation options in the reference
scenario and possible measures for overcoming them. Finally, the study prepared a low-carbon
scenario for the waste sector based on the alternatives for mitigating GHG emissions.

The study scrutinized Brazil’s current sanitation policies and consulted with various
institutions responsible for defining and applying waste management policies at the federal
level. The Ministry of Cities, Ministry of Environment, and Ministry of Science and Technology
were approached with a view of obtaining the largest possible amount of data and other relevant
information to assist in defining the low-carbon reference scenario for the year 2030.

95 See Brazilian First National Communication, November 2004.



Box 6.1: Calculating Incineration Emissions

This study used the IPCC (2000) method to calculate incineration emissions.
This method estimates the mass of carbon dioxide (CO2) and nitrous oxide (N20)
generated each year from the various types of incinerated waste. It also estimates the
carbon contained in each type of waste, the fraction of fossil carbon in this waste, the
combustion efficiency of the incinerators, and the N20 emissions factor. The following

equations were used.
O, = 2 ,(IW,.CCW ,.FCF ,.EF,44 /12) Equation 1: Estimate of CO,
’ produced by solid waste incineration
O, = >, ,(IW,.CCW , [FCF ,.EF,44/12)
where:

Qcoz QCO2 = Amount of CO, generated per year [GgCO,/yr]

i = RSU: domestic solid waste
HW: hazardous waste
CW: clinical waste
SS: wastewater sludge

w = mass of incinerated waste by type i [Gg/lyr]
cCcw = carbon in waste type i [dimensionless]
FCF = fraction of fossil carbon in waste type i [dimensionless]
EF = combustion efficiency of incinerators for waste type i [dimensionless]
44/12 = conversion of C to CO, [dimensionless]
_ —6 Equation 1: Estimate of N,O
QN20 - Z I(IWIEE)I 0 produced by solid waste incineration

—0
Ovo =, :(IW.EF).10
where:
QN2 - QNZO = Amount of N,0O generated per year [GgN,O/yr]

i = RSU: domestic solid waste

HW: hazardous waste

CW: clinical waste

SS: wastewater sludge
w = mass of incinerated waste by type i [Gg/yr]
EF = emission factor i [kgN,O/Gg]

Future GHG emissions in the solid-waste management sector depend on the types of waste
treatment applied and the types of emissions resulting from the modus operandi of these
treatments. To construct the reference scenario, the study (i) inventoried the various types of
waste treatment, (ii) surveyed the evolving roles of each treatment method, and (iii) estimated
the corresponding emissions generated.

6.1.1 Waste Management Methods in the Reference Scenario

In accordance with the IPCC (2000) method, the study examined a variety of possible solid-
waste management methods (figure 6.1).



Figure 6.1: GHG Sources Resulting from Solid-waste Disposal and Treatment

RSU
— Reduction
—— Recycling
} ) Sanitary
Incineration landfill Composting Not collected
issi No method
Produces fossil Produces CH,4 No emissions involved

COZ and Nzo

6.1.1.a Sanitary Landfills

Disposal sites for urban solid waste can be classified as sanitary landfillsand unmanaged
landfills with a depth of more or less than 5 m. At such sites, the organic matter contained in
the waste releases CH, for periods of 30-50 years; thus, familiarity with the disposal record
of the particular landfill site is needed in order to estimate future emissions. It is noteworthy
that improvement in disposal site operations can bring about an increased generation of GHGs.
According to the IPCC (2000), the concentration of GHGs generated by the same quantity of waste
in a sanitary landfill site would be reduced by 80 percent for an unmanaged landfill of 5-m depth
and by 40 percent for one ofless than 5-m depth.

The treatment of solid waste in sanitary landfills is based on the anaerobic (absence of oxygen)
digestion of the organic waste material by bacterial action until it is stabilized or rendered inert.
Biogas, a product of this anaerobic digestion process, is a mixture of gases, principally methane
(CH,), carbonic gas (CO,), hydrogen (H,), and sulphuric acid (H,S); CH, represents an average
of 50-90 percent of the total volume of this mixture, while CO, accounts for 5-10 percent. The
composition of biogas is similar to that of natural combustible gas and can be used as a valuable
alternative for producing energy (Alves 2000). In Brazil, few landfills use biogas for burning
or energy generation; rather, it is common practice to allow the gas to escape directly into the
atmosphere through the collector drains.

6.1.1.b Composting

Compostingisanaerobic (presence of oxygen) process thatremoves the organic material from
the landfill to produce high-quality organic compost. No GHGs are produced, and generation of
CH, emissions is thus avoided. While composting is not included in the methods for estimating
emissions, wider use of this practice could resultin potential reductions in the quantities of waste
for dumpingin landfills.

6.1.1.c Incineration

Incineration is a treatment method based on thermal decomposition through oxidation that



makes the waste less bulky, less toxic, atoxic, or;, in certain cases, eliminates it altogether (CETESB
1993). Waste treatment via incineration requires the use of systems to treat polluting gases
generated by the combustion process of certain components of the solid waste. In the majority of
cases, fabricor electrostaticfilters are used.

In Brazil, the level of waste treatment via incineration is insignificant. The waste burning that
does occur may or may notbe accompanied by the use of heat recovery and electricity-generation
technologies.

6.1.1.d Recycling

Reducing overall waste, reusing and recycling waste, and modifying patterns of consumption
can contribute significantly to reducing the need for energy inputs, raw materials, and natural
resources.

6.1.2 Projecting Solid-waste Volume in the Reference Scenario

To construct the reference scenario, it was necessary to project waste production, the
evolution of its characteristics, and how it might mirror the various waste-management
modalities. Using the above-mentioned methods, it was possible to calculate the emissions
arising from the mix of modalities defined in this scenario.

The study applied the 2030 National Energy Plan (PNE 2030) to estimate future waste volume.
In addition to population trends, projected waste volume depends on the per capita rate of waste
generated by the population. Therefore, the study also used per capita generation data obtained
fromthe CETESB (1998) and ABRELPE (2008), which focused on the 1970-2005 period; data for
subsequent years were estimated using the continuing growth rate of the urban population and
per capita waste generation.

Encouraging the reduction of “at-source” waste generation through environmental education
programs, waste-generator pay charges, and recycling schemes could reduce overall waste
generation by 10 percent or more. Commercial waste generators would have an economic
incentive to reduce discarded waste when having to pay directly for waste collection. However,
improving waste-collection services could resultin an increase of up to 15 percent of the quantity
of waste collected (currently 85 percent of urban waste is collected). Additional factors that
could contribute to increasing the amount of waste collected are rising personal incomes and
higher consumption patterns (figure 6.2).




Figure 6.2: Evolution of Waste Collection: Simulation Results, 1970-2030

==1970-2005 =Tendencial Increase of 10% =—Reduction of 10%

100

% -
80 /

. //
6 /

50 /

40 /

30 /

=

Collected Waste (1 million tons/yr)

T T T T T 1
1970 1980 1990 2000 2010 2020 2030

In the case of sanitary landfills, GHG emissions depend on the potential of the particular waste
type to generate CH,. To determine the potential of solid-waste landfills to generate CH,, the study
used a sample consisting of 95 analyses of types of waste collected in 47 municipal areas between
1970 and 2005. This data was used to prepare estimates of the behavioral variation of the waste
over a period of time. The reference scenario is represented by the continuing reduction of this
potential observed between 1970 and 2005. Scaling up the factors that produced this reduction
couldresultinareduction ofabout 10-20 percent (figure 6.3).

Figure 6.3 Potential Methane Generation, 1970-2030
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Waste emissions, moreover, depend on the characteristics of the disposal site. This study
encompassed four site categories, in ascending order of quality: (i) unclassified garbage dump,
(ii) unmanaged landfill less than 5 m deep, (iii) unmanaged landfill more than 5 m deep, and (iv)
sanitary landfill. More CH, is emitted from the same quantity of garbage on better-managed sites,
indicating thatthe burning of CH, is an essential ingredient for avoiding GHG emissions.



In the reference scenario, it was assumed that municipalities with fewer than 200,000
inhabitants in 2030 would continue to have unmanaged waste disposal sites of less than 5-m
depth. For municipalities with more than 200,000 inhabitants in 2030, it was assumed that they
would have evolved from “worst baseline condition” in 1970 to “intermediate status” in 1990,
and, from 2010 on, would possess a sanitary landfill.

The future timeframe was defined by simply continuing the trends observed in the past.
Higher concentrations of fossil carbon fractions can be verified as a result of the intensification
of current practices involving packaging, logistics of food and beverages distribution, and price
reductions affecting consumer goods produced by the petrochemical industry.

The same data was used to determine the fossil carbon fraction of the waste for 1970-2005.
This fraction is particularly important for calculating the GHG emissions released viaincineration
since only the emissions resulting from burning the fossil portion contribute to increasing
atmospheric concentrations of GHGs.

6.1.3 Estimating Solid-waste Emissions in the Reference Scenario

In the reference scenario, it was assumed that present waste-handling methods would
continue. These consist of disposing waste in landfills, with no alteration in the role of other
technologies, which are currently insignificant (and remain so in this scenario). As explained
below, there are many barriers to implementing changes to improve Brazil's current waste-
disposal situation, particularly in light of their costs and the need for introducing a broad-based,
waste-separation-at-source education program.

GHG emissions of the corresponding reference scenario, expressed in terms of CO,e per year,
signify a continuation of current practices, enhanced by ongoing population growth, a persistent
rise in the rate of waste generation, and evolution of waste composition. In this scenario, CH,
emissionsincrease from 55 Mt CO,ein 2010 to more than 74 Mt CO, e by 2030 (figure 6.4).

Figure 6.4 Reference Scenario for the Waste Sector, 2010-30
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The study also calculated the amount and percentage distribution of urban waste-
management services for the reference scenario over the 2010-30 period (figure 6.5, ). An
average rate of 15 percent was assumed for uncollected waste.
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Figure 6.5: Distribution of Solid-waste Management Services
and Treatment in the Reference Scenario, 2010-30
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6.2 Reference Scenario for Liquid Effluents

In the effluent management sector, future GHG emissions depend on the treatment types to
be used and the emissions resulting from their modus operandi. Construction of this reference
scenario involved an initial survey of the treatment types used, a follow-up review of the
evolution oftheir use, and an estimate of the emissions linked to such treatments.

6.2.1 Methods for Managing Liquid Effluents in the Reference Scenario

Potential ways to manage effluents, in accordance with the IPCC (2000) method, are described
below (figure 6.6,box 6.2).

Figure 6.6: Sources of GHG Emissions from Effluent Treatment
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Box 6.2: Calculating Emissions from Various Forms of Effluent Treatment

The reference scenario includes an estimate of CH, emissions from the anaerobic degradation
of organic loads that occur in sewage treatment plants (ETE) using either anaerobic reactor and
stabilization lagoon processes or both aerobic and anaerobic processes, including anaerobic
sludge digestion. The emissions generated via anaerobic degradation of organicloads occurring in
seas, rivers, and lakes—as well as processes identified as on-site treatment, such as pitlatrines and
septic tanks—were not estimated.

The equations used to estimate GHG emissions, adopted from the IPCC (2000), are as follows:

Emissions = TOW . EF —R Equation 1: Estimate of CH,
emissions resulting from anaerobic
treatment of sewage and effluents

where:

Emissions = amount of CH, generated per year [GgCH /yr]
Tow = total organic sewage or effluent [kgDBO yr]
TOW 4o = total organic domestic sewage [kgDBO/yr]
TOW,,4 = total organic industrial sewage [kgDBO/yr]

TOW jpm= P.D o Equation 2: Estimate of total d

organic sewage and effluents

where:

P = population \\\\ [1.000 persons]

Djom = organic degradable component of domestic sewage  [kgDBO/1.000 persons. yr]

TOW,,q = Prod.D;,, Equation 3: Estimate of total
organic sewage and effluents

where:

Prod = industrial production [ a product/ yr|

Dy = organic degradable component of industrial effluent  [kgDBO/a product] or

In addition, anaerobic treatment of wastewater and effluents is divided into various options
(figure 6.7).
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Figure 6.7: Sources of Sewage and Effluents, Treatment Systems, and
Potential Methane Emissions
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6.2.2 Liquid Effluents Projected in the Reference Scenario

To construct the reference scenario, it was also necessary to project the production of liquid
effluents, the evolution of their characteristics, and their representation of the various waste-
management modalities. Using the above-mentioned methods, it was then possible to calculate
the emissions arising from the mix of modalities defined in this scenario.

The projection of effluent mass depends on population development and the rate of organic
load generation per capita (based on this population), which remains constant over time. This
study adopted the population development trends of the PNE 2030.

Scenarios were developed for treatment of (i) domestic effluents and (ii) commercial and
industrial effluents. The reference scenario reflects the implementation of the Government’s
Basic Sanitation Plan®® which foresees the universalization of collection and treatment services
by 2030. Approximatley 33% of the residential and commercial effluents would be reduced
through an aerobic process, while the remainder through anaerobic reactors, with the final
sludge being sent to landfills for final disposal. Currently, there are many barriers to reaching
universalization, particularly with regard to the costs of establishing and operating sewage
services and wastewater treatment systems.

Current collection rates for domestic effluents are about 50 percent, while indexes of
treatmentare low (about 10 percent) (figure 6.8).

In the case of industrial effluents, organic composition varies considerably, depending on the
96 LeiN.11.145/2007 Lei Nacional de Saneamento Basico (5/1/07)




industrial sector. For example, such sectors as food and beverage have been burning the biogas
associated with anaerobic treatment since the 1980s.

Figure 6.8: Residential and Commercial Effluents, 2010-30
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Over the 2010-30 period, GHG emissions from industrial effluents in the reference scenario,
expressed in terms of CO,e, reflect a continuation of biogas generation and burning, with
treatmentindexes of about 20 percent (figure 6.9).

Figure 6.9: Reference Scenario for the Industrial Effluents Sector, 2010-30 (MtCO2e/year)
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6.3 Low-carbon Scenario for the Solid-waste and Effluents Sector

The low-carbon scenario for the solid-waste and effluents sector is represented by the
destruction or use of CH, for energy-producing purposes. In landfills, capture and burning in
incinerators can lead to a 75-percent reduction in currently estimated emission levels (based on
CDM projects, in the absence of national publications confirming this data). In anaerobic sewage
treatment plants (ETEs), emissions can be avoided entirely.

6.3.1 Low-carbon Scenario for Solid-waste Management

In Brazil’s waste sector, two imperative needs governed preparation of the low-carbon
scenario: (i) improved sanitation and (ii) introduction of practices to reduce GHG emissions.*’
Practices that could lead to avoiding emissions are also desirable from the perspective of
improving waste management. It is both necessary and possible to find solutions combining
these two objectives.

Solid waste is not always comprehensively collected in all of Brazil’s municipalities, which
presents health and sanitation problems in many Brazilian cities and towns. It follows that
disposing of larger quantities of waste at appropriate sites, thereby minimizing the pollution
problems caused by uncollected waste, will lead to improved sanitary conditions in Brazil.

6.3.1.a Barriers and Proposals

In the reference scenario, a variety of barriers restrict the adoption of sound practices for
sanitary landfillsand incineration measures (table 6.1).

Table 6.1: Barriers in Sanitary Landfills and Incinerators and Suggested Mitigation

Type of mitigation measure
Preventive Corrective Governance

Sanitary Landfill

Technical-environmental

Increase selective waste .
Encourage awareness of Introduce mechanisms for

. collection substantiall o
consumption patterns and . . 1ty waiving taxes throughout
via systematic forging . .
the need to undertake reverse . - the productive chain where
- . of partnerships with - .
logistics and selective waste cooperatives and reverse logistics and selective
collection in the context of the P waste collection are practiced,

. : nongovernmental . .
life cycle of the entire waste- gover especially with regard to the
. . . organizations over the next 20 .
generation productive chain. vears fossil component.

97 Bycontrast, the reference scenario retains a major socio-environmental liability.



Incineration

Technical-environmental

Lack of technological know-how

Encourage opinion makers

and sector specialists to
acquire technical know-

how and information on the
environmental fallout from
incineration system operations.

Economic-legal

Increase awareness-raising
and training of interested
parties and agents involved in
the application and operation
of systems; take special
account of the adverse effects
on public health and the
environment via atmospheric
emissions that release
potentially toxic substances
with synergic effects.

Involve environmental agencies
and licensing organizations

in technical aspects of the
question, analyzing these from
the viewpoint of sustainability
in large cities and metropolitan
regions.

Required substantial investment

Prepare feasibility studies for
appropriate treatment systems
restricted to urban areas with
populations of over 3 million.

Required legal mechanisms to

Propose introduction

of advanced technology

in systems with similar
objectives by introducing
systems capable of delivering
a high level of efficiency

with regard to the discharge,
control, and mitigation of
emissions of atmospheric
gases and effluents.

Expand long-term planning and
project development capacity in
municipalities..

facilitate charges/tax collection

Propose new measure and
follow-up mechanism to
quantify per capita waste
generation.

Modify the charging and
payments system for waste
collection and treatment
services.

Expand both public and private
sector capacities/ working
knowledge of existing legal
structures, regulations and
procedures required for access
to available financing resources
(i.e. within appropriate

stipulated timeframes, etc.)

6.3.1.b Solid-waste Management Optimized for Reducing GHG Emissions

The low-carbon scenario for solid waste is defined by the ongoing practice of depositing
waste in landfills, reducing current environmental and health problems, and introducing
systems for CH, capture and burning. Among the mitigation or capture options, reducing the
source of waste generation appears to be the most important factor in terms of sustainability.
This mitigation option is certainly the most desirable, although it can be associated with
various sociocultural factors that often do not depend on either environmental or technical-
economic solutions. There is little doubt that this approach should be awarded priority, which




implies an educational component to bring about changes in habits and customs and a reversal
of currentdevelopment model paradigms.

With regard to reducing or substituting for raw materials and inputs, a key question is which
technological innovations are capable of generating new products and materials originating from
ethanol and other renewable sources (e.g., biomaterials, biopolymers, and bio-plastics no longer
regarded as fossil waste after discard).

The question of recycling should also be considered as a key mitigation or capture
option, especially when it concerns primary or secondary recycling of consumer goods and
materials originating from non-renewable sources. Particular attention needs to be paid
to the recycling of materials based on polymers originating from oil and gas that generate
fossil waste. This category includes a variety of plastics, foams, polystyrene, automobile
parts, rubber, candles, and paraphins. Recycling, as well as reducing and substituting waste
considered as fossil waste, can contribute considerably to a low-carbon scenario when the
treatment option is incineration or high-temperature thermal treatment or even anaerobic
composting (energy-producing anaerobic biogester).

6.3.1.c Low-carbon Scenario for the Solid-waste Sector

The low-carbon scenario for the waste sector can be represented by reductions in solid waste,
compared to the reference scenario (figure 6.10).

Figure 6.10: Low-carbon Scenario for Solid Waste: Burning Methane with 75-percent Collection
Efficiency at Landyfill Site, 201030
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The option of burning biogas was first introduced in Brazil after the Kyoto Protocol entered
into force. In April 2009, the Inter-Ministerial Commission on Global Climate Change began to
examine CH, burning for 27 Clean Development Mechanism (CDM) projects. All other features
of the reference scenario were retained, with the exception of 75 percent CH, destruction of
total landfill collection capacity. This is a basic guideline governing CDM projects, although this
information has notyetbeen communicated in any Brazilian publications.



As expected, in the low-carbon scenario, GHG emissions are reduced by 75 percent of the total
verified (without this practice) and expand in line with population growth and other factors
defined in the reference scenario; by 2030, GHGs are reduced from 73 Mt CO,e to 18 Mt CO,e,
correspondingto 75 percent of the CH, burnt.

In terms of final disposal method, the low-carbon scenario for the solid-waste sector is unique.
In the reference scenario, 100 percent of collected waste must be hauled to landfills. Similarly,
in the proposed low-carbon scenario, all waste must be sent to landfills, but it also includes the
capture and burning of CH,. The other technologies evaluated have demonstrated less efficiency
(table 6.2). Overthe 2010-30 period, the daily waste generated per capita is expected to increase
fromabout 0.95 kg to more than 1.05 kg (figure 6.11).

Table 6.2: Summary of Evolution in Waste Distribution in the
Low-carbon Scenario (2010-30), by Method

2010 (%) | 2020 (%) 2030 (%)

Uncollected 14.3 15.6 14.3
Landfill without biogas recapture 45.5 22.4 0.0
Landfill with biogas recapture 114 33.6 59.8
Landfill, open-air 28.8 28.4 25.9

Figure 6.11: Per-capita Waste Generated. Scenario 2010-30
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The increasing practice of biogas collection and flaring in landfills is projected to reach 100 percent
by 2030. Growthis projected aslinear, from O percentin 2010 to 100 percentby 2030 (figure 6.12).
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Figure 6.12: Distribution of Waste Treatment and Services in the Low-carbon Scenario, 2010-30
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The percentage distribution of the waste treatment during 2010-30 was also estimated for
the low-carbon scenario (figure 6.13).

Figure 6.13: Percentage Distribution of Waste Treatment in the Low-carbon Scenario, 2010-30
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6.3.2 Low-carbon Scenario for Effluents Management

The precarious state of wastewater services and the virtual non-existence of treatment
facilities are well-known features of Brazil. Raw sewage is dumped into water bodies,
constituting a hazard for fishing. In turn, water used for domestic drinking supplies and
agricultural purposes is contaminated, and entire urban areas located close to polluted beaches,
lakes, and rivers are ruined.

Measures to expand and improve sewage treatment are needed; indeed, these constitute
part of any country’s development process. Employing aerobic technology can lead to increased
electricity consumption and a consequent rise in the level of GHGs, as well as the wholesale
generation of sludge, yet another source of GHGs (given the technology used in siting or
treatment). Anaerobic technology primarily involves low energy consumption, alongside
energy that can be generated from CH, produced in the anaerobic process. When it reaches the
atmosphere, however, CH, can significantly increase GHG emissions. Retention, destruction, or



use of CH, for energy production can mitigate this serious environmental problem.

Like solid-waste management efforts, introducing practices that improve public-sanitation
conditions and, at the same time, reduce GHG emissions may conflict with measures to improve
public sanitation thatalso generate increased GHGs as a side-effect.

6.3.2.a Barriers and Proposals

In the reference scenario, the socio-environmental liability is retained for the effluents
sector. Barriers limiting the adoption of sound practices in effluent treatment systems are
summarized below (table 6.3).

Table 6.3: Barriers to Adopting Effluent Treatment Systems and Suggested Mitigation Measures

Barrier type Preventive measure Corrective measure Governance

Technical-environmental | | |

Lack of technical
treatment in systems
for biogas collection,
burning, and recovery
and use in energy
production.

Economic-legal

Low investment and lack
of economic resources.

Exchange in know-how
between specialized
bodies and operating
systems with similar
objectives (Brazilian
and international
companies, government
agencies, and
nongovernmental
organizations).

Upgrade concepts
related to treatment
systems involving the
generation of gases and
develop systems for
the collection, burning,
recovery and use of
biogas for producing
energy.

Manage efficient and
effective systems
with a view to
ensuring economic
and environmental
sustainability.

Substantial and
systematic increases
in the value of
investments over the
next 20 years.

Propose a series
of technical
requirements to
be followed by
environmental bodies
and agencies handling
the execution

and operation of
environmental
licensing procedures
for systems with
similar objectives.

Control and
enforcement
regarding the
acquisition and
disbursement of funds
within the range of
existing programs and
projects.

Encourage re-use of
water and use cleaner
production techniques
to enhance the supply
capacity of water
bodies.

Scale up control
over water losses
significantly and
encourage more
rational use of water
to ensure its future

sustainability.

Develop tax-incentive
mechanisms for
implementing
techniques that focus
on water re-use and
cleaner production.




6.3.2.b Liquid Effluents Management Optimized for Reducing GHG Emissions

Among the mitigation and capture options, at-source reduction of effluents generation is the
mostimportant factor in terms of sustainability.

The aim of the proposed low-carbon scenario is to encourage the use of anaerobic technology
that involves low energy consumption and the generation of CH,, which possesses sufficient
calorific power for use as a fuel to replace natural gas, gasoline, or diesel. Establishing
wastewater treatment systems and reducing the organic load of effluents would help solve the
serious environmental problem currently experienced by all large Brazilian cities and towns
located close to areas where effluents are discharged.’® The proposed low-carbon scenario aims
to lessen this environmental problem without worsening GHG emissions, given that each sewage
treatment plant (ETE) would be fitted with a system for containing and burning biogas.

The proposed low-carbon scenario in this study involves the widespread implementation of
anaerobic sewage treatment systems, appropriately fitted with the respective CH, retention and
destruction systems. Reducing current levels of GHG concentrations would go a long way toward
resolving the related environmental problems currently experienced throughout Brazil (table 6.4).

Table 6.4: Evolution of Various Effluent Treatment Methods, 2008-30

2005 Ol 2010 )

Anaerobic treatment | | 100 | 100 | 100
Untreated discharge | | | |

____

6.3.2.c Low-carbon Scenario for the Effluents Sector

The respective low-carbon scenarios for domestic wastewater and industrial effluents
were compared with those in the reference scenario (figures 6.14, 6.15). In the domestic
wastewater low carbon scenario, there are zero emissions, as 100% of the biogas is burnt
while service is universally provided.

Figure 6.14: Comparison of Low-carbon and Reference Scenarios for
Domestic Wastewater, 2010-30 (100% of biogas is burnt)
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98 Examplesinclude cities that use water from the polluted Tieté River in Sdo Paulo or the cities around the Bay
of Guanabarain Rio de Janeiro.



Figure 6.15: Comparison of Low-carbon and Reference Scenarios for
Industrial Effluents, 2010-30 (100% of biogas is burnt from 2010 on)
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Projected Emissions in the Low-carbon Scenario

The low-carbon scenario for waste management demonstrates the possibility of avoiding
emissions to levels 80 percent lower than what are projected in the reference scenario by 2030. In
thatyear, emissions in the reference scenario are expected to reach 99 Mt CO,e and to fall to 18tCO e
in the low-carbon scenario, fora cumulative total of avoided emissions 0f963 Mt CO,e (figure 6.16).

.

Figure 6.16: Comparison of Reference and Low-carbon Emissions Scenarios, 2010-30
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The activity with the most significant avoided emissions is the burning of CH, generated by
sanitary landfills.



6.4 Conclusion

This significant reduction would occur primarily through the burning of CH, generated in
controlled sanitary landfills. Meanwhile, associated emissions related to effluents reaching 25
Mt CO e by could be reduced to zero through sewage treatment and the capture and burning of
the CH, generated. Although not considered in this study, methods to decrease waste production
(e.g. alterations in disposable packaging, waste disposal, and recycling), are also recommended
since waste-sector emissions are directly linked to the quantity of waste and effluents generated.

As a result, over the next 20 years, Brazil would require significant investments in its waste
collection and treatment infrastructures. An estimate of these investments is presented in
chapter 9 (section 905). It should be noted, however, that the priority of these investments is
improvement of sanitary conditions, while at the same time contributing to the avoidance of
emissions. Thus, the co-benefits from decreasing or avoiding emissions from the waste sector
can be perceived as more important than the potential emissions reduction itself.




Chapter 7

Economic
Analysis




An economic analysis of the low-carbon scenario serves to inform both the government
and society of the economic costs and benefits of moving toward a lower carbon-development
pathway. Italso helps one to appreciate the conditions under which the proposed mitigation and
carbon uptake options could be effectively implemented. At the same time, there is no unique
method for analyzing these options. Various perspectives can be used to inform a broad range of
audiences and agents about the economic conditions under which a low-carbon scenario could
be putin place.

This study conducted economicassessments at two levels:

1. Microeconomic. This cost-benefitanalysis enabled comparisons between
individual optionsin the low-carbon scenario and between the overall set of low-
carbon and reference-scenario options. Complementary societal and private-sector
approaches were developed.

2. Macroeconomic. An Input-Output (I-0) based macroeconomic model was used
to compare the set of low-carbon mitigation and carbon uptake options (i.e., the
low-carbon scenario) against the reference-scenario to explore the macroeconomic
sustainability of shifting to the low-carbon scenario.

Itis important to note that an exhaustive and consistent economic analysis of all externalities
across all sectors is not possible. Although the key co-benefits of certain mitigation and carbon
uptake options considered under the low-carbon scenario could be measured in physical terms
to explore their sustainability, the number and diversity of the sectors involved virtually preclude
an exhaustive analysis of the externalities. Inevitably, ensuring homogeneity of the analysis
means limiting it to direct and measurable costs and revenues, thus omitting important co-
benefits that nevertheless may be key in shaping the decision-making process.”

In addition, this analysis developed a specific method for mitigation options related to land-use
change since those proposed to avoid emissions from deforestation differ inherently from others,
such as those avoiding emissions from energy and transport activities, which substitute GHG-
emitting technologies with less polluting ones to meet the same need. The proposed mitigation
options for deforestation involve systemic interventions that eliminate the need for more land,
which would otherwise cause further deforestation and GHG emissions. Therefore, applying the
same principles for the microeconomicassessmentrequires additional development.

In this chapter, Section 7.1 presents the microeconomic method used to assess the mitigation
and carbon uptake options considered in the proposed low-carbon scenario. Cost-benefit
analyses using social and private-sector approaches are presented in subsections 7.1.1 and
7.1.2, respectively; subsection 7.1.3 then calculates the costs associated with reduction of
emissions from deforestation and carbon uptake via forest restoration; subsection 7.1.4 presents
estimates of development co-benefits associated with mitigation options in the transport sector;
a sensitivity analysis against oil price variations is presented in section 7.1.5, with a focus on
ethanol. Section 7.2 assesses the macroeconomic effects of the GHG mitigation options on GDP
and employment, as well as the four major emitting sectors considered in this study.

99 Fortransport, the mainbenefits areless congestion and local pollution, rather than GHG mitigation; therefore,
the study conducted a separate exercise to estimate these benefits (see subsection 7.1.4).



7.1 Microeconomic Assessment Method

A joint assessment of the many measures considered is especially challenging since they
are implemented in diverse contexts. Some are in the sphere of the public economy and are
implemented by local or federal government; others are conducted by the private sector. Some
generate revenue (e.g., energy generation), others savings (e.g., energy conservation), and
still others co-benefits and externalities (e.g., transport, waste management, and measures to
avoid deforestation). Some are capital-intensive with a timeframe beyond 2030, while others
involve short-term changes in operational conditions (e.g., switching to flex-fuel vehicles). The
assessment could vary significantly, depending on whether the perspective is public or private
sector. To better inform decision-makers, the study team conducted the cost-benefit analysis
usingboth social and private-sector approaches.

The social approach provided a basis for making a cross-sectoral comparison of the cost-
effectiveness of the 40 mitigation and carbon uptake options considered in the study. A social
discount rate was used to calculate the Marginal Abatement Costs (MACs). The MACs of all
proposed mitigation and carbon uptake measures were sorted by increasing value and plotted
along a single graph to facilitate a quick cross-sectoral comparison of their costs and the volume
of emissions they could reduce or sequester.

The private approach assessed the conditions under which the proposed measures could
become attractive to economic agents deciding whether to invest in low-carbon alternatives
in lieu of the more carbon-intensive options found in the reference scenario. This approach
followed the same principles as the carbon finance transactions of the cap-and-trade approach
adopted under the Kyoto Protocol: Such carbon-finance transactions provide additional revenue
to economic agents who opt for solutions that are less carbon-intensive than baseline options.
The private approach adopted in this study estimated the economic incentive that economic
agents would need in order for the proposed mitigation measure to become attractive. If the
incentive were provided through the carbon finance market, the private approach indicates
the minimum carbon price, expressed in US$ per tCO,e, needed to make the low-carbon option
attractive enough for implementation. This does not necessarily mean that the corresponding
economic incentive must be in the form of carbon revenue through the sale of carbon credits;
capital subsidies for low-carbon technologies or a combination of incentives could be used.
Financing conditions and tax credits can sometimes be far more effective in channeling the
corresponding incentive to make the low-carbon option preferable to project developers.

7.1.1 The “Social Approach”: Building the Marginal Abatement Cost Curve

Using the social approach, the costs and benefits of the option implemented in the reference
scenario over the 2010-30 period were subtracted year by year from the costs and benefits
of the proposed low-carbon option implemented over the same period. Then the 2009 net
present value (NPV) of the annual incremental costs and benefits were calculated to determine
the weighted average per tCO_e avoided or MAC over the period. The NPV was calculated using
a social discount rate of 8 percent. This is the value used in the PNE 2030 for Brazil’s long-term
National Energy Plan and is generally used for projects financed by the Brazilian Development
Bank (BNDES).

To reiterate, this analysis could not account for externalities because it was not possible at this
stage to quantify all of the major ones associated with every proposed measure. If externalities




for some, but not all, measures were accounted for, the comparison would be considered biased
and irrelevant. Therefore, in the analysis presented below, only monetary costs and revenues are
takeninto account. Atthe same time, the study team acknowledged that certain externalities may
be key in the decision-making process.

The study built a marginal abatement cost curve (MACC) of GHG mitigation. Used extensively
to analyze GHG mitigation policies, the MACC represents in graphic form the economic
attractiveness of a given mitigation option against its potential mitigation size. The abatement
cost curves are constructed at the level of technology/activity or sector/program. At the
technology/activity level, a bottom-up, engineering economics approach (e.g., cost-benefit
analysis or levelized cost analysis) is used to generate the abatement cost curves. At the sector/
program level, they are generated by comparing portfolios of technology mitigation options
under abatementand reference scenarios.

In this study, activity-level mitigation measures were analyzed individually. Portfolios of
these measures were then elaborated at the sectoral level to build a low-carbon scenario; the
associated potential for each mitigation option was adjusted to ensure internal consistency at the
sectoral level to avoid double counting of emissions reductions.**

The study used pair-wise comparisons of GHG mitigation and baseline technologies to
generate the abatement cost curves. This type of approach usually compares the NPVs of
the investment and operations and maintenance costs and revenue for the technologies
implemented in the reference and abatement scenarios. But the objective of this analysis was
notlimited to comparing abatement and baseline technologies in a static fashion; it also aimed to
develop a low-carbon development path with feasible penetration scenarios for the abatement
technologies and measures. Because such an approach usually assumes that the series of
investments made could extend beyond the period considered, the study team used an annuity
or levelized cost approach to calculate the abatement cost of each alternative. Since decision-
makers may have to choose between alternatives that differ markedly in terms of costs and
benefits distribution in time, particularly with regard to investment costs, 2009 present values
were used for calculations and comparisons (box 7.1).

100 For example, measures for energy conservation and shifting to renewable energy cannot claim displacement
ofthe same fossil fuel-based power generation at the same time.



Box 7.1: Calculating Marginal Abatement Costs

This study used an incremental cost approach to calculate marginal abatement costs. The approach
can be expressed mathematically as follows:

A NC abatement _ ANCnbase

Activi
ACn ” = AE:bave _ AEnabalement (1)
where,
AC, MY = Abatement cost of GHG mitigation activity/technology for year n
ANC, ™™ _ Net annual cost of the abatement technology (2009 values) for year n
ANC,™*® = Net annual cost of the technology in the reference scenario (2009 values) for year n
AE 2oatement = Annual GHG emission with the abatement technology for year n
AE, Pese = Annual GHG emission with the technology in the reference scenario for year n
(1+7r) @
INV r.————+ AOMC, + AFC,— AREV,
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AN Cn = (n-2009)
(1+7)
where,
ANC, = Net annual cost of the mitigation technology or of the technology used in the reference scenario
(2009 values) for year n
INV = Total investment or capital cost of the mitigation technology or of the technology used int he
reference scenario .
AOMC = Annual operations and maintenance cost of the mitigation technology or of the technology used in
the reference scenario
AFC = Annual fuel cost of the mitigation technology or of the technology used in the reference scenario
AREV = Annual revenue generated by the the mitigation technology or by the technology used in the
reference scenario
r = Discount rate
t = Lifetime of the technology
n = year

The abatement costs thus calculated could differ by year because of the variatio n in cost-benefit
streams across years. For a given technology over the study period, annual abatement costs are
weighted with the corresponding annual GHG mitigation to calculate the average annual abatement
cost. The method used can be expressed as fol  lows:

Z A C;Ictivityx M]]:[Activity
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n
n
where,
AAACHMY = Annual average abatement cost of GHG mitigation activity/technology in 2010 -30 period
AC, Y = Abatement cost of GHG mitigation activity/technology in year n
MIT, A = GHG mitigatio n from activity/technology in year n

The alternatives and their respective emissions-abatement potential were used
collectively to build the abatement cost curves. The same projected prices for fuels and



electricity as used in the PNE 2030 were applied.

For the abatement options considered in this study, a discount rate of 8 percent was used for
calculating the MAC. This is the value that is considered the social discount rate for projects in
Brazil. For purposes of comparison, the study also conducted sensitivity analyses for discount
rates of 4-percent and 12-percent. It was assumed that mitigation measures with major
collective benefits, such as reduced traffic congestion or less local pollution (e.g., bullet train,
metro investment, and waste management), would be implemented independent of their MACs
or levels of emissions reduction, despite their higher cost. Potential emissions mitigation and
carbon uptake over the 2010-30 period totaled nearly 11.7 Gt CO, (including avoided emissions
from ethanol for export and the Brazil-Venezuela transmission line (table 7.1).

The MACC, using an 8-percent social discount rate, was constructed for mitigation options
with MACs of less than US$50 per tCO,e (figure 7.1a). Similar curves could be constructed for
sensitivity analysis (social discountrates of 4 percentand 12 percent). Each plateauin figure 7.1a
corresponds to a GHG mitigation option with its mitigation potential. GHG mitigation potentials
below the X-axis imply thatthey are economically attractive at an 8-percent discountrate.

The total emissions mitigation or carbon uptake potential associated with the measures with
MACs of less than US$50 per tCO.e is 11.3 billion tCO,e over the 2010-30 period. If mitigation
options above US$50 per tCO, e are included, the total rises to 11.7 billion tCO,e. On average, the
annual mitigation potential is 560 million tCO_e over the study period.

The more striking characteristic of the MACC for Brazil is that, unlike those of most other
countries, it appears flat, owing to the large emissions-reduction potential from reducing
deforestation. This option alone represents more than 6 Gt CO, or more than half of the entire
mitigation and carbon uptake potential of the proposed low-carbon scenario. Assessing the costs
associated with this major option is not easy; thus, special caution is warranted. For this reason,
subsection 7.1.3 provides details on how this study calculated these costs.

The mitigation measures with the lowest MACs are residential lighting, sugar-cane
cogeneration, and steam-recovery systems, with negative costs of US$120, $105, and $97 per
tCO, e, respectively. Measures with the lowest MACs are primarily related to energy efficiency
(residential/commercial and industrial). These measures have significant economies of costdue
toreduced energy-consumption costs, resulting in overall negative MACs.

More capital-intensive options related to transport, waste management, and energy have the
highest MACs. These options include the bullet train, at US$360 per tCO,e; industrial wastewater
treatment, at US$103 per Mt CO,e; and existing refineries at US$95 per tCO e.

Tobetter view the MACs for the mitigation options other than deforestation and restoration, the same
type of curve asdepicted in figure 7.1a was constructed excluding these two options (figure 7.1b).



Table 7.1: Mitigation Potential and Marginal Abatement Cost
of Various Alternatives, Based on Three Discount Rates

% Emissions

Abatement cost

emissic?ns reduction (US$/tC0,)

reduction (Mt C02)
Residential lighting 0 3| (120) (164) (92)
Sugarcane cogeneration 1 158 | (105) (219) (43)
Steam recovery systems 0 37 97) (157) (62)
Heat recovery systems 0 19 92) (147) (60)
Industrial lighting 0 1 (65) (122) (36)
Solar thermal industrial energy * 0 26 (55) (89) (35)
Commercial lighting 0 1 (52) (104) (27)
Electric motors 0 2 (50) (154) (6)
Combustion optimization 1 105 (44) (71) (28)
Refrigerators (MEPS) 0 10 (41 (151) 5
Recycling 1 75 (35) (53) (24)
Transmission line Brazil-Venezuela 0 28 (31 (32) (29)
Furnace heat recovery system 3 283 (26) (49) (13)
Natural gas displacing other fuels 0 44 (20) (53) 4) -
Other energy efficiency measures 0 18 (14) (24) 8) \
Ethanol displacing domestic gasoline 2 176 (8) (15 (2)
Wind 0 19 8)| (162) 64
Optimizing traffic 0 45 (2) 4)
Gas to liquid (GTL) 1 128 (2) (7
Reducing deforestation + livestock 53 6.041 (0) 4)
Scaling up no tillage cropping 3 355 (0) (1) (0)
Investing in bike lanes 0 17 1 (2) 3
Ethanol exports displacing gasoline abroad 6 667 2 (15) 9
New industrial processes 1 135 2 (53) 26
Landfill methane destruction 9 963 3 4 2
Solar heater - residential * 0 3 4| (186) 84
Existing refineries (energy integration) 0 52 7 (5) 11
Wastewater treat. + methane destruction (res. & com.) 1 116 10 14 8
New refineries 0 52 19 21 16
S;:Iiv::})le charcoal displacing non renewable 5 567 21 14 32
Investing in railroad and waterways vs. roads 1 63 29 21 15
Reforestation 1.085

i ussso) ) R, R

Mitigation Options with MAC > US$50/tCO_e




Existing refineries (incrustation control) 7 73 121 46
Existing refineries (advanced controls) 7 95 112 79
Wastewater treat. + methane destruction (ind.) 238 103 140 80
Investing in metro 174 106 100 83
Bullet train: Sao Paulo and Rio de Janeiro 12 400 358 331
Total (MAC > US$50) 438

Note: The assumption for oil prices is that of the PNE 2030 (US$45 per barrel on average), which is low
compared to current prices ($70 per barrel); thus, a sensitivity analysis is required, particularly for options that
avoid oil and gas (e.g.,, gasoline substitution with bio-ethanol) (see subsection 7.1.4).

* Positive MACs for residential solar heater versus negative costs for industrial solar-thermal substitution
reflect the lower carbon content of residential electricity generation (mainly hydropower) versus the higher
carbon content of industrial thermal energy generation (gas, diesel, coal).

Figure 7.1a: Marginal Abatement Cost Curves for Mitigation Measures with MACs
below US$50 per tCO e (8-percent social discount rate)
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Note: The assumption for oil prices is that of the PNE 2030 (US$45 per barrel on average), which is low compared to current prices ($70 per
barrel); thus, a sensitivity analysis is required, particularly for options that avoid oil and gas (e.g., gasoline substitution with bio-ethanol) (see

subsection 7.1.4).
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Figure 7.1b: Marginal Abatement Cost Curves for Mitigation Measures
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The MACCs for mitigation options with MACs above US$50 per tCO2e were also constructed.
Although these options have higher MACs and represent only about 5 percent of total potential
for avoided emissions, the likelihood of their being implemented depends more on their co-
benefits rather than their emissions mitigation potential (figure 7.1c).
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Figure 7.1c: Marginal abatement Cost Curves for Mitigation Measures above US350 per tCO2e
(8-percent social discount rate)
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7.1.2 The “Private Approach”: Determining the Break-even Carbon Price

To assess the feasibility of implementing the mitigation and carbon uptake options from a
private-sector perspective, the study team calculated the incentives that would be required for
the proposed measures to become attractive to Brazil’s economic agents. The team applied a two-
part method. First, it estimated the minimum internal rate of return (IRR) that Brazil’s economic
agents could expect in the subsector where the proposed mitigation measure is implemented.
Second, it estimated the required minimum incentive as the perceived revenue per tCO, avoided
that would make shifting from the reference option to the low-carbon option attractive; that is, the
resulting IRR, including the incentive, would atleast equal the benchmark IRR.

Because the risk levels investors perceive differ by technology type, investor strategies
may vary according to observed market conditions in particular subsectors; required rates
of return, in turn, may differ across technologies.'® To establish such a benchmark IRR, the
study team consulted the various institutions in Brazil that finance projects in the subsectors
considered, as well as significant players and entrepreneurs in the field. While issues of
confidentiality prevented these institutions from disclosing detailed information through
this report, consistency of the data provided gave the project team a sense of the robustness
ofthe estimates thus established.

This data was compiled to arrive at a consensus on the rates used and observed in practice; yet
these benchmark IRRs remain indicative. At the same time, they differ markedly from the social
discount rate used to calculate the MAC and can change from one sector or subsector to another,

101 Itis important to note that, in practice, certain proposed mitigation options are components of projects and
cannotbe separately financed; thus, for these options, the IRRs for overall projects were used.



confirming that the MAC presented in the above section should not be used as a proxy for the
marketincentive to be provided at the projectlevel.

The market incentive was determined as the dollar value per tCO, that would make the NPV of
the incremental costs and benefits equal to zero, using the benchmark IRR as a private discount
rate. In this sense, the incentive can be viewed as the break-even carbon price. It should be
noted that neither the MAC nor the break-even carbon price took into account the nonmonetary
externalities (positive or negative) that the low-carbon option could generate.

For most sectors, the consensus benchmark IRR was 15 percent. But for certain mitigation
measures, other values were applied based on an expected mix of significant public-sector
financing (e.g., waste management) or greater private-sector involvement (e.g., cogeneration or
major transport infrastructure). For gas-to-liquid (GTL) projects, abenchmark IRR of 25 percent
was used, while sugar-cane cogeneration projects applied arate of 18 percent (table 7.2.a).

GHG mitigation projects with IRRs above benchmark IRRs are expected to attract market
investors; conversely, those with IRRs below benchmark IRRs will likely require added
incentives, such as carbon credits or other mechanisms, to attract private financing. The level of
such incentivesis interpreted as the break-even carbon price because it represents the size of the
incentive that will equate benefits and costs to achieve the required benchmark IRR. Ifthe break-
even carbon price for a GHG mitigation option is negative, implementation of such a measure is,
for the most part, already attractive, and its IRR is, in most cases, even higher than the sector’s IRR
benchmark and no incentive is needed. However, if the break-even carbon price is positive, the
option is not attractive as it cannot generate the required benchmark IRR without incentives in
the amount of the break-even cost.

Interestingly, for certain mitigation options, the value of the Marginal Abatement Cost (MAC),
which uses the social discount rate of 8 percent, was less than zero; but the break-even carbon
price, which uses private-sector discount rates, such as the indicative benchmark IRR, was
positive (e.g., cogeneration from sugar cane, fuel substitution with natural gas, electric lighting
and motors, or GTL). Corresponding options, which appeared economically attractive under a
social approach, are no longer attractive when using a private-sector approach. Other mitigation
options, already considered expensive when viewed with the social discount rates, would have
much higher costs when assessed from the private-sector perspective (e.g., residue mitigation
options, bullet train, or Metro implemented by private sector).




Table 7.2.a: Comparison of Sector Benchmark IRRs and Break-even Carbon Prices for Various
Mitigation Options (8-percent social discount rate)

Abatement Carbon
00y (8% | incrementa Benchmark IRR
social discount | approach (US$/ )
rate) tco,)

Residential lighting (120) (243) 15
Steam recovery systems 97) (228) 15
Heat recovery systems (92) (220) 15
Industrial lighting (65) (173) 15
Solar thermal industrial energy * (55) (123) 15
Combustion optimization (44) (104) 15
Recycling (35) (91) 15
Furnace heat recovery system (26) (41 15
Other energy efficiency measures (14) (22) 15
Scaling up no tillage cropping (0) 0 8
Optimizing traffic (2) 4 15
Reducing deforestation + livestock (0) 6 10
Landfill methane destruction 3 7 12
Sugarcane cogeneration (105) 8 18
Natural gas displacing other fuels (20) 10 15
Reforestation 39 12 10
Ethanol displacing domestic gasoline (8) 24 15
Investing in bike lanes 1 25 15
Wastewater treat. + methane destruction (res. & com.) 10 33 12
Gas to liquid (GTL) (2) 34 25
Ethanol exports displacing gasoline abroad 2 48 15
Electric motors (50) 72 15
Existing refineries (energy integration) 7 75 15
Wind (8) 93 10
Renewable charcoal displacing non renewable charcoal 21 95 15
Investing in railroad and waterways vs. roads 29 97 17
New refineries 19 106 15
Commercial lighting (52) 122 15
New industrial processes 2 174 15
Existing refineries (incrustation control) 73 209 15
Transmission line Brazil-Venezuela 31 216 15
Refrigerators (MEPS) (41) 223 15
Wastewater treat. + methane destruction (ind.) 103 251 12
Investing in metro 106 371 17
Existing refineries (advanced controls) 95 431 15
Solar heater - residential * 4 698 15

Brazil Low-carbon Country Case Study



Bullet train: Sao Paulo and Rio de Janeiro 400 7.787 19

Note: * Positive MACs for residential solar heater versus negative costs for industrial solar-thermal substitution reflect the
lower carbon content of residential electricity generation (mainly hydropower) versus the higher carbon content of industrial
thermal energy generation (gas, diesel, coal).

Many of the mitigation options with negative MACs would also not require incentives from
the private-sector perspective (e.g., most energy-conservation options in the industry). These
would generate such great economies of energy that implementation, even from a private-sector
perspective, would be considered a win-win situation. In such cases, mandatory standards may
be an option to harvestsuch “low-hanging fruits.”

Obviously, notall mitigation options would be tackled solely from a private-sector perspective;
otherwise, government incentives may be provided for reasons other than GHG emissions
reductions. Nonetheless, this perspective is valid to demonstrate where incentives might be
better placed or most required and where other tools, such as regulation and standards, may be
more appropriate than carbon finance.

In theory, every measure whose break-even carbon price falls below the market carbon price
would be implemented as a result of the action of market forces; the corresponding cumulative,
emissions-reduction potential would be read directly on the horizontal axis at the point where
the carbon price crosses the curve. However, as mentioned above, the corresponding economic
incentive would not necessarily be in the form of carbon revenue through the sale of carbon
credits; other incentives, such as financing conditions or tax credits, could be used (figure 7.2a-
c). An estimate of the total volume of incentives needed over the study period would amount to
US$445 billion or US$21billion per year on average. Transport mitigation options would require
the greatest amount of average annual incentives at approximately $9 billion, followed by energy
at $7 billion, waste at $3 billion and LULUCF at $2.2 billion (Table 7.2b). Almost all of the mitigation
options would require financial incentives, with the exception of energy efficiency measures.

Table 7.2b: Volume of incentive required (undiscounted) in order to achieve the emissions
reductions considered in the Low-carbon Scenario over 2010-2030

Emissions Avoided Total Incentive Annual Incentive
(MtCO2e) Required (US$ MMs) Required (US$ MMs)
Energy 1,721 142,892 6,804
Transport 487 185,018 8,810
Waste 1,317 70,256 3,346
LULUCF 7,481 46,769 2,227
Total $ 11,006 $ 444,935 $ 21,187

Various financing mechanisms already in place could be used to finance some of the
mitigation activities proposed in the low-carbon scenario. However, few of these target climate
change-related activities specifically; moreover, the availability, reach, and configuration
of such mechanisms may be limited. Chapter 9 explains in detail the financing mechanisms
already in place for the various sectors.

Like the MACC, the shape of the break-even carbon price is determined largely by the enormous
emissions-reduction potential from reducing deforestation. For this reason, special caution
is warranted in calculating the MAC and break-even carbon price for these mitigation options.
Subsection 7.1.3 describes in detail the cost-assessmentassumptions and methods used.




Figure 7.2a: Break-even Carbon Price of the Mitigation and Carbon
Uptake Measures with MACs below US$50

8000

residential solar heater
700
Refrigerator:
BRT
TL Brazil-Venez.
500 - new ind. processes
comm. lighting
new refineries
rail + water vs.roads
300
renewable charcoal
windpower
existing refineries .
- Reforestation electric motors Lo
energy efficiency NG vs. fuels biomass vs.
100 7 no tillage cropping sugarcane cogen other fuels
L. 26
Reducing deforestation + livestock °Ptimizing traff'lc ”
! 1 1415
2000 4000 6000 /
landfill CH4 destruction
100 \\ furnace heat rec.
6. recycling

-300

combustionopt.

industrial lighting
\ heatrecovery sys
steam rec. system
res. lighting

ind. solar thermal applications

ethanol displacing domestic gasoline

bicycle lanes

//

OOOEN

12000
ethanol exports

gas to liquid (GTL)

wastewater treat. (res. & comm.)

Figure 7.2b: Break-even Carbon Price for Mitigation and Carbon Uptake Measures with MACs
under US$50 (Excluding Deforestation and Reforestation)
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Figure 7.2¢c: Break-even Carbon Price for Mitigation and Carbon Uptake Measures with MACs
above US350 (Excluding Deforestation and Reforestation)
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7.1.3 Costs of Reducing Emissions from Deforestation

The two largest emissions mitigation and carbon uptake options identified in this study are (i)
avoiding deforestation, estimated at 9.8 Gt CO,e over the 2010-30 period and (ii) carbon uptake
via restoration of legal forest reserves, estimated at about 1.0 Gt CO, e over the same period. The
subsections that follow analyze the costs of transitioning from the LULUCF reference scenario
to the proposed low-carbon scenario to harvest the potential of these two major mitigation and
carbon uptake measures.!2

7.1.3.a Avoiding Deforestation

To quantify the costs involved in avoiding deforestation, two key measures were analyzed in
terms of investmentand financing needs. These measures are (chapters 2 and 3):
. Improving livestock productivity to free up land required for other activities. Itis
reckoned thatthis measure would lead to a 70-percentreduction in deforestation,
declining from an annual average of 19,500 km? to roughly 4,780 km? per year (a
figure slightly below the government target of 5,000 km?).

. Preserving forests. This complementary set of measures aims at protecting the
forest where deforestationisillegal.’®?

102 More details are found in the LULUCF technical report and those of consultants on related topics.

103 Other measures to prevent deforestation in areas where it is still legally possible were not computed in
this analysis. Measures currently being discussed in Brazil and internationally include financial incentives,
sometimes called payment for environmental services, offered to economic agents to compensate for the
opportunity cost of forfeiting the right to deforest.




7.1.3.a.i Improving Livestock Productivity

Livestock production is achieved through four categories of production systems: two of
lower productivity (degraded and extensive pasture) and two of higher productivity (feedlot
and mixed crop-livestock). In the reference scenario, degraded and extensive pasture account
for more than 90 percent of the land used for livestock activities. In the low-carbon scenario,
these lower-productivity systems are gradually replaced by the feedlot and mixed crop-livestock
systems until these higher productivity systems reach approximately 60 percent of the total land
required by livestock production by 2030. The increased share of beef production in the higher
productivity systems would reduce the need for pasture, resulting in land released for other uses.
In turn, this would reduce pressure on forests, resulting in lower GHG emissions.

As discussed in chapter 3 (table 3.4), 70.4 million ha of additional land would be made
available: 16.8 million ha for crops, production forests, and pasture expansion under the
reference scenario and 53.4 million ha for new mitigation and carbon uptake activities under the
low-carbon scenario (44.3 million ha for restoring the environmental liability of legal forests, 6.4
million ha for additional ethanol production, and 2.7 million ha for production forests).

Compared to the lower productivity systems, higher productivity systems require
significantly greater financial resources for investment and expenses and offer higher returns. In
terms of production costs over the 2010-30 period, recovery of degraded pasture via adoption
of the crop-livestock system would require an added investment of R$2,925 per ha (US$1,330
per ha), plus another R$21,300 per ha (US$9,682 per ha) to cover expenses. Adoption of the
feedlot system over the same period would require R$1,144 per ha (US$520 per ha) in additional
investmentand R$4,869 per ha (US$2,213 per ha) for added expenses (table 7.3).

Table 7.3: Investment and Expenditures for Prototypical Livestock Systems (2009-30)

Production svstem Gross R$ per ha Additional R$ per ha”
’ Expense | _Total | Investment

Degraded pasture 2,124 2,594 4.717 - - -
Extensive pasture 2,775 4,644 7.419 651 2,051 2,702
Feedlot 3,267 7,463 | 10.730 1,144 4,869 6,013
Crop-livestock 5,049 23,894 | 28.943 2,925 21,300 24,225
" Exchange rate is R$2.20 = 1USS.

Based on the relative prices considered, the higher productivity systems (feedlot and crop-
livestock) generate dramatically higher IRRs (7.50 percentand 15.47 percent, respectively) than
those of the lower productivity systems (degraded and extensive pasture) (table 7.4).

Table 7.4: Economic and Financial Performance of Prototypical Livestock Systems (2009-30)

NPV (RS per ha)

Degraded pasture (1,857) NC™
Extensive pasture (1,128) 0.56
Feedlot (95) 7.50
Crop-livestock 1,953 15.47

* Based on an 8-percent social discount rate.
** NC = non-calculable sufficiently negative value.



As a result, the economics of the reference and low-carbon scenarios differ markedly. The per-
hectare cost under the low-carbon scenario is far higher than that of the reference scenario. Over the
20010-30 period, the per-hectare cost difference wouldamountto R$3,139 on average (table 7.5).

Table 7.5: Investment and Expenses in the Reference and Low-carbon Scenarios

Scenario Total investment expenditure Total investment expenditure
(gross R$ per ha) (additional R$ per ha)
Reference 2,688 5,020 7,708 2,688 5,020 7,708

Low-carbon 2,996 7,849 10,845 308 2,829 3,137
Source: EMBRAPA.

The economic performance of the livestock sector is far better in the low-carbon scenario
than in the reference scenario. Using an 8-percent social discount rate, the overall NPV of the
investment and corresponding cash flows of the reference scenario over the 2010-30 period
result in -$R18 billion (US$8 billion). By contrast, the NPV of the low-carbon scenario results
in R$14 billion (US$6.5 billion). Compared to the reference scenario, the average IRR for the
livestock sector in the low- carbon scenario increases from a negative value'®* to 11.24 percent
(table 7.6). Itis important to note that the NPV and IRR calculated here refer only to new
investments made from 2010 onward in both scenarios. Neither investments made before that
date norrelated expenses and revenues were taken into account.

Table 7.6: Comparative Economic and Financial Performance of the Livestock Sector

NPV (2010-30) RS bilion)

Reference (17.782) NC
Low-carbon 14.335 11.24

"NC = noncalculable, sufficiently negative value.

Thesedifferencein economicsare accompanied by differences in environmental performance:
The low-carbon scenario for LULUCF does not require additional land for land use and therefore
doesnotcontribute to deforestation and, in turn, its associated GHG emissions.

7.1.3.a.ii Forest Protection

Although the low-carbon scenario for land use offers solutions for bringing the need for
additional land virtually to zero, it is expected that complementary forest-protection measures
would also be required for two major reasons. First, the legal limit for deforestation (up to 20
percent of properties located in the Amazon region) has not yet been reached. Thus, where the
complex dynamic of deforestation is powered by the financial value of the wood or cleared land
(along with the need for cropland, pasture, and production plantations), deforestation would
continue. Second, there may be a significant delay between the time demand for cropland,
pasture, or production forests is reduced and the time one could effectively observe a behavioral

104 The illegal appropriation of public areas for specutlative purposes may explain why an seemingly not
economically attractive activities still happen. The land titling issue, which the program “Terra Legal” is aimed
ataddressing, could notbe included in the scope of this study.




change among deforestation agents at the frontier (i.e., since they may continue to speculate on
demand thathas already dried up far upstream in the land market chain).

Table 7.7: Projection of Forest Protection Costs in Areas Where Deforestation is Illegal (million US$)

Conservation Indigenous Road Network Remote Total
Units Reserves Control Sensing Annual
2010 1,680 1 3,205
2011 0 430 43 381 0 93 1 949
2012 0 430 43 391 0 93 1 958
2013 0 430 43 400 0 93 1 968
2014 0 430 43 410 0 93 1 977
2015 0 430 43 419 0 93 1 987
2016 0 430 43 429 0 93 1 996
2017 0 430 43 438 0 93 1 1,006
2018 0 430 43 448 0 93 1 1,015
2019 0 430 43 457 0 93 1 1,025
2020 0 430 43 467 0 93 1 1,034
2021 0 430 43 476 0 93 1 1,044
2022 0 430 43 486 0 93 1 1,053
2023 0 430 43 495 0 93 1 1,063
2024 0 430 43 505 0 93 1 1,072
2025 0 430 43 514 0 93 1 1,082
2026 0 430 43 523 0 93 1 1,091
2027 0 430 43 533 0 93 1 1,101
2028 0 430 43 542 0 93 1 1,110
2029 0 430 43 552 0 93 1 1,120
2030 0 0 1 1,129

o | 516 | 5055 | 259 | 9797 | a2 | ises | 21| 2563

Therefore, the low-carbon scenario proposes to implement additional forest-protection measures
in forested areas where deforestation is illegal. Given the many ongoing programs and abundant
literature available on this topic, including the Plan of Action for the Prevention and Control of
Deforestation in the Legal Amazon (PPCDAM), this study limited itself to reviewing existing proposals
(chapter 3). We present here, in order of magnitude, the results of a preliminary analysis of the
additional costs that could arise from the need for additional forest-protection activities. These aim to
ensure that the full potential of deforestation reduction would be achieved via the release of pasture
land and livestock productivity gains, as proposed in the low-carbon scenario.

To assess investment costs and expenditures for managing and enforcing the protection of
conservation units where deforestation is illegal, the study used the Minimum Conservation



Investment (IMC) tool developed by the Working Group on Financial Sustainability of the
National System of Conservation Units (SNUC), created by the Ministry of Environment.%
Using the IMC tool, the study assessed the costs associated with four protection activities over
the 2010-30 period: (i) protection of indigenous reserves, (ii) protection of conservation units,
(iii) control along the road network, and (iv) remote sensor monitoring. These activities aim
to prevent intrusion into and deforestation of these areas, as well as forbidding the transport
of products resulting from illegal deforestation. Over the period, protection costs would total
US$24billion, or $1.14 billion per year on average (table 7.7).

[t should be emphasized that the mitigation options considered under the low-carbon
scenario do not include additional measures to prevent deforestation in areas where it is still
legally permitted. Elaboration and quantification of such proposals were beyond the scope that
could be achieved under this study. If such additional measures, like for instance payments for
compensating landowners for forfeiting their rights to deforest, were to be added, additional
costs and benefits would have to be integrated into account in analysis, leading most probably to
higher marginal abatement costs.

7.1.3.a.iii Calculating the Marginal Abatement Cost from the Social Viewpoint

Three calculations are required to determine the MAC. The first calculation is the year-
over-year incremental cost of the low-carbon scenario for livestock in relation to the reference
scenario (annual differential between the net results of the two scenarios). Next, the incremental
costs for each year are calculated in current 2009 values, using a social discount rate of 8
percent. Finally, the weighted average based on the annual emissions reduction volume (from
deforestation) is calculated. The volume of emissions avoided corresponds to a deforested area,
in the reference scenario, equivalent to the area of pasture freed-up in the low-carbon scenario to
accommodate the expansion of other activities.

As previously mentioned, the proportion of higher productivity systems is greater in the
low-carbon scenario than in the reference scenario, which results in a positive NPV of the
incremental results of R$14.3 billion, versus -$18 billion NPV in the reference scenario. The
overall IRR for the low-carbon scenario is 11.24 percent, whose calculation is based on the
incremental costs of the implementation and expansion of the higher productivity (more cost
intensive) systems and their related returns.

The result of the calculation indicates a marginal negative cost of US$2.5 per tCO, avoided.
This suggests that adoption of more productive systems, versus existing predominant extensive
and degraded pasture systems, should produce economic gains for the beef sector in addition
to mitigating GHGs. While the projected productivity gains in the low-carbon scenario would
almost certainly have positive economic outcomes, this initial “social viewpoint” analysis could
prove misleading for those keen on learning what the real costs would be to get livestock breeds
to adopt more productive systems. In reality, the conclusions differ markedly when perceived
from a private-sector point of view, as shown by the following preliminary results regarding the
break-even carbon price (section 7.1.3.a.iv). When the costs of forest protection over the 2010-
30 period are included—US$24 billion—the MAC increases to -US$0.48 per tCO, avoided.

105 The IMC (Investimento Minimo de Conservagdo) tool is based on the financial module of the Minimum
Conservation System (MICOSYS) developed by D. Vreugdenhill; see D. Vreugdenhil, “MICOSYS, Application

Honduras ‘National Parks Model’,” Evaluation Spreadsheet in MS Excel, prepared for PPROBAP, COHDEFOR
Project/UNDP/World Bank/GEF (2002).




7.1.3.a.iv Calculating the Break-even Carbon
Price from the Private-sector View

Transitioning from predominantly lower productivity systems, particularly feedlot and crop-
livestock systems, would require higher levels of investment and operations and maintenance
disbursements of more than US$430 billion over the 2010-30 period or US$22 billion per
year. Although the low-carbon scenario results in an IRR of 11.24 percent, these more efficient
production systems—particularly the feedlot system, with a 7.5-percent IRR—may not be
remunerative enough to be implemented ata significant scale initially.

Thus, in the case of livestock production, it would be particularly important to complement
an economic analysis from the social viewpoint (i.e., social discount rate) with an analysis from
the private-sector perspective. The main justification is this: While the social viewpoint does not
oscillate between the reference scenario and the low-carbon scenario, the private-sector view
changes dramatically because Brazil’s livestock sector has limited access to banking finance and
depends heavily on its own capital resources for investing in livestock-related technologies. The
productivity of more traditional livestock systems, which often produce returns of only about 0.5
percentorless, is generally insufficient to defray the costs of banking credit.

Promoting a transition from lower to higher productivity systems could contribute to
increasing the rate of return for these businesses. However, the adoption of higher productivity
systems presupposes substantially higher investments that require access to banking credit.
It follows that the rate of return for these businesses must at least equal the credit costs plus
expected profits to provide livestock breeders an adequate incentive. Therefore, IRRs have to be
far higherin the low-carbon scenario than in the reference scenario.

The sum total of the expected rate of return, plus financing costs (i.e., the long-term interest
rate [TJLP] + percent spread ~ 10 percent +) is generally higher than the rates of return that
certain productive modes recommended for the low-carbon scenario can achieve (i.e.,about0.56
percent for extensive systems, 7.5 percent for feedlot systems,).

The social approach does not explain why higher productivity systems would need
substantial incentives to operate, while traditional producer systems, which produce
less profit, would tend to expand on their own. What at first glance appears as a win-win
situation—less land needed and thus less pressure to clear forests and expand the agricultural
frontier on the one hand and a better biological and economic performance for the livestock
breeder on the other—may notbe an accurate portrayal.

In short, the expected IRRs or private discount rates related to livestock breeding in the
reference scenario are low (approaching 0.5 percent), while those considered in the low-carbon
scenario are significantly higher (atleast 10-12 percent). If bankloans, which benefit from lower
charges (e.g., Banco da Amazonia [5-8.5 percent] or BNDES [5.75-6.75 percent]), are needed
only to finance part of the overall sum required, it could be reckoned that, under the low-carbon
scenario, a producer would need to achieve an average IRR of at least 10 percent, which is a
rather conservative value. This study used this benchmark IRR to produce an initial estimate of
the incentives a low-carbon scenario would require to generate substantial productivity gains
in the livestock sector resulting in the release of needed pasture land to accommodate growing
alternative activities without inducing pressure on forests. It should be emphasized that this
study is a first attempt to gauge the level of incentives required. To tackle the issues more
thoroughly, further studies are clearly warranted.



To calculate the break-even carbon price, the only incremental costs considered were those
associated with the implementation and expansion of higher productivity systems. Given
that the feedlot system has an IRR of 7.5 percent, which is less than the benchmark IRR used
in this study (12 percent), the break-even carbon incentive required was calculated to ensure
that this system would reach an IRR equal to the benchmark rate. The calculation indicates
that this incentive should be about US$1.47 per tCO,e, or approximately US$9 billion over the
2010-30 period in order to avoid 6 Gt CO, e and ensure an IRR of 12 percent. When the costs of
forest protection over the same period are taken into account—US$24 billion—the incentive
to implement the overall strategy to reduce deforestation by approximately 80 percent of the
historical observed rates rises to US$6 per tCO,e or US$36.5 billion to avoid 6 Gt CO.e (figure
7.3). Using a higher IRR of 15%), the resulting break-even carbon incentives would be $1.88 and
$6.64 including forest protection costs.

Figure 7.3: Marginal Abatement Cost (8-percent social discount rate) and Break-Even Carbon
Price (considering an IRR of 12%) for Deforestation Avoidance Measures
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7.1.3.a.v Financing Requirements

To implement the higher-productivity, livestock-production systems in the low-carbon
scenario, the required financing of investments and operations and maintenance would total
R$946 billion (US$430 billion) over the 2010-30 period, with investments representing
approximately 30 percent of total expenditures or about US$21.5 billion per year (table 7.8).
In the reference scenario, a smaller amount would be required since these higher productivity
systems are expected to expand in that scenario, albeit at a far more limited scale. Releasing
an additional 70.9 million ha in the low-carbon scenario would require R$720 billion (US$327
billion) more in financing for higher productivity systems. This would represent about US$16
billion in added annual costs, equivalent to 72 percent of the gross value of beef production in
2008.1% As a point of reference, Brazilian-government financing for the sector in 2007 was US$3
billion orapproximately 10 percent of the estimated annual investmentrequired by the reference

106 Gross value of beef production in 2008 (based on figures for April 2008 by IGP-DI) was estimated by Brazil's
National Confederation of Agriculture and Livestock (CNA) at R$49.59 billion (see Indicadores rurais XI (90
[Sept.-Oct.]):6.




scenarioin 2010 (US$32.5 billion).

Financing requirements would be significantly lower if the low-carbon scenario were not
to incorporate mitigation and carbon uptake measures that require additional land on top of
expansion of agricultural land in the reference scenario (legal forest carbon uptake, ethanol for
increased national consumption and for export, and production forests for the iron and steel
industry). In the reference scenario, the additional land for agricultural and livestock production
is 16.8 million ha, less than one-third of the total volume of land released under the low-carbon
scenario (via high-productivity livestock production systems to accommodate both expansion
of crops and all measures considered) (table 3.4). Without added mitigation and carbon uptake
activities, the financing required in the low-carbon scenario for improved livestock production
to release land for crop expansion would total US$238 billion—US$108 billion more than in the
reference scenario—and US$262 billion when estimated forest protection costs are added.

Table 7.8: Livestock-sector Investment and Expenses To Release Land To Absorb Additional Land
Needed in the Reference and Low-carbon Scenarios (2010-30)

Cumulative . Total investment
Pasture area R —— Cumulative expenses N
Scenario released feedlot and crop- BB crop-livestock
(millions . p livestock systems p
of ha) livestock systems (billion RS) systems

(billion R$) (billion RY)
Reference 0 92.075 134.351 226.426
Reference
(absorption of 16.8° 107.699 356.397 464.095
additional land
needed)
Low-carbon 70.4" 225.322 721.124 946.446

" Additional land needed for expansion of crops, pasture, and forests.
" Absorption of additional land needed for expansion of crops, pasture, and forests in the reference scenario, plus land needed
for proposed mitigation and carbon uptake options in the low-carbon scenario.

7.1.3.b Forest Recovery: Legal Forest Reserves

Forest-restoration costs can be divided into the following components, all of which include a
labor cost component:
. Fencing-off. Costs are estimated at R$1,500 to R$2,000 per ha.

. Ground preparation. Includes costs for fertilizers, elimination of weeds and sauba
ants, and digging of appropriate holes for planting saplings; total costis estimated at
R$1,000 and R$5,000 per ha.

o Planting. Includes costs for saplings and labor; costs are estimated at R$1,200 to
R$2,300 per ha.

. Maintenance of restored areas. Includes regular weeding and periodicapplication of

fertilizers where needed. These costs could account foras much as 50 percent of total costs.

The final per-hectare costs of forest restoration would depend on the extent to which the



environment has deteriorated and the levels of intervention necessary to re-establish vegetation
cover. Fourlevels of interventions correspond to four scenarios, as follows:
. Minimum: The areato be restored possesses significant potential for natural
regeneration; hence, itrequires only fencing-off to permit re-establishment of the
vegetation cover.

. Light: In addition to fencing-off, the arearequires planting of tree species used in the
forest-restoration exercise.

. Moderate: The ground is highly compacted from years of livestock grazing and is
completely colonized by gramineous plants. Required interventions include fencing-
off, ground preparation, elimination of weeds and ants, and extensive planting of
saplings; machinery could be used to contain costs.

. Major: In addition to the conditions described above, the ground is extremely
degraded and eroded and thus unsuitable for machinery; owing to ecological
degradation, such an area would likely continue in alow-carbon state indefinitely.

It should be noted that intervention costs can vary considerably, primarily due to the costs of
manual labor in rural areas and the purchase of inputs for machinery, whose prices tend to vary,
even within the same state (figure 7.4). Owing to the inability to spatialize forest-restoration
costs geographically, abatementand investment costs in the Legal Scenario were simulated using
the moderate-intervention scenario. The carbon removal rate was equivalent to the average
absorptionlevel for the Cerrado and Atlantic Forestbiomes (98.3 tCO, perhain 2030).

Figure 7.4: Variation in Forest-restoration Costs, by Intervention Scenario
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In the Legal Scenario, the incremental cost equals the cost of forest restoration, given that
this scenario presupposes that no economic activity would occur in such areas. Therefore, the
average marginal cost would total US$39.3 per tCO,, while the break-even carbon price would
equal US$50.52 pertCO, (figure 7.5).



Figure 7.5: MAC and Break-even Carbon price for CO, Removal via Legal Forest Restoration
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Considering that the total volume of forest restoration would equal 44 million ha, the total
non-discounted cost, based on the above-mentioned marginal cost, would equal US$54 billion
overthe 2010-30 period. The average annual cost over the period would equal US$2.7 billion.

7.1.4 Internalization of Development Benefits

Ensuring homogeneity of the cost-benefit analysis of mitigation and carbon uptake
options across sectors has meant limiting it to direct and measurable costs and revenues,
thus omitting significant co-benefits that may be key in shaping the decision-making process.
This is especially important in sectors where such development benefits cannot be easily
internalized by private agents. In the transport and waste-management sectors, for example,
internalization of benefits relies on public policies formulated at various levels of government;
thus, it should be reflected in the social-approach calculation. Over the years, significant
progress has been made in the public economy, and various techniques have been developed
to estimate certain such benefits in monetary terms. Such quantification, where possible, can
significantly change the net results of the cost-benefit assessment of the proposed mitigation
measures, thus better informing the public decision-making process.

This study calculated three major categories of co-benefits associated with the mitigation
options considered for the transport sector: (i) travel time savings, (ii) accident reduction
and (iii) reduced local pollution. All these three co-benefit categories contribute to improving
transport services. To calculate travel time savings, the study used data generated by the
Corredor T5 Project, a BRT projectimplemented in the city of Rio de Janeiro. The dataindicate an
average travel time value of R$1.08 (U$0.5) per passenger and per hour for collective transport
and R$12.07 (U$5.5) per passenger and per hour for individual transport. To calculate accident
reduction, the study used data generated by several World Bank-financed projects, including
the CBTU Decentralization Programs for Urban Train Systems in Rio de Janeiro, Sao Paulo,
Belo Horizonte, and Recife. To calculate the reduction of local pollution, the study used data
generated by Reductions of Negative Scale Effect Associated with the Improvement of Public
Transportation, a 1998 study coordinated by the Institute for Applied Economic Research (IPEA)
and the National Public Transportation Association (ANTP) that analyzed annual losses from
transport-system inefficiencies in 10 cities (box 7.2).



Notsurprisingly, when transportimprovementbenefits are factored in, the net MACs of certain
transport mitigation options are lowered significantly. The effect is especially clear for BRT, the
main urban-transport change proposed in the low carbon scenario; in this case, the MAC changes
from slightly positive (+0.31 per tCO_e) to clearly negative (-$24 per tCO,e). But the high-speed
rail co-benefits that could be internalized using this method are not enough to compensate for the
high monetary MAC related to the corresponding modal shift (figure 7.6).

Box 7.2: Calculation of Transport Improvement Co-benefits

To calculate the major co-benefits of the mitigation options considered for the transport sector, this study
used the following methods:

1) Benefits related to reduction of accidents:

For each transport mode, the following equation is applied:

RCAccid= ((Pass x km NP - Pass x km WP) x N Acid x C Accid / PF- Supp) x Days / year

with:

RCAccid = Reduction of Accidents Costs

Pass x km NP = Total of passengers x km in peak period for the situation without the project (no project)

Pass x km WP = Total of passengers x km in peak period for the situation with the project

N Acid = Number of Accident per passengers x km

PF - Supp = Peak Factor for Supply

C Accid = Unitary Accident Cost

Days / year = Total number of days equivalent in the year

2) benefits related to travel time reduction

TTR = ((Pass x hours NP - Pass x hours WP) x VT / (PF - Dem.)) x Days / year

with:

TTR = Travel Time Reduction

Pass x hours NP = Total passengers x hours at peak period for the situation without project (no project)
Pass x hours WP = Total passengers x hours at peak period for the situation with project
VT = Value of Time

PF - Dem = Peak Factor for demand

Days / year = Total number of days equivalent in the year

2) benefits related to reduction of local pollution

RPollution = ((Vehic x Km NP - Vehic x Km WP) x UCPollution / (PF - Dem.)) x Days / year
Onde:

RPollution = Reduction of health care expenses related to pollution.

Vehic x Km NP = Total of Vehicles x km at peak time for the situation without the project (no project)
Vehic x Km WP = Total Total of Vehicles x km at peak time for the situation with the project
UCPollution= Unitary Cost in health care related to vehicles pollution

PF - Dem = Peak Factor for demand

Days / year = Total number of days equivalent in the year



Figure 7.6: Effect of Transport Improvement Benefits on the MAC
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7.1.5 Sensitivity Analysis against Oil Price Variations

Results of the cost-benefit analysis for mitigating emissions from fossil fuels in industry and
the transport sector are particularly sensitive to the price of oil. The higher the oil price, the
greater the avoided costs, which are counted as a benefit and thus lower the MAC and break-even
carbon price. Asmentioned previously, MAC and break-even price calculations were based on the
PNE 2030 assumption adopted for the price of oil (an average of US$46 per barrel [WTI] over the
period). At the time the PNE 2030 was elaborated, this assumption was considered reasonable;
however, it now appears low, given that oil prices have averaged more than $70 per barrel in the
past three years (reaching over $100 in 2008), and are currently at $71 per barrel.!®” Thus, for
all energy and transport mitigation measures, it is especially important to conduct a sensitivity
analysis of the results presented above against oil price variations.

In the case of gasoline substitution with bio-ethanol from sugar cane, results indicate a positive
break-even carbon price for ethanol for both export and domestic consumption (US$34 per tCO,
and $48 per tCO., respectively), suggesting that ethanol exports may not be competitive against
gasoline without a significant carbon incentive. But the sensitivity analysis shows that, when
oil prices rise, break-even carbon prices quickly turn negative for both ethanol for export and
domestic consumption. When oil prices reach about $50 per barrel (assuming constant prices of

107 AsofSeptember 2009.



sugar and other production variables), the break-even carbon price is reduced to zero;'*® above
that price, the MAC and the break-even carbon price of gasoline substitution with bio-ethanol are
negative for both domestic and international markets. At the current oil price of $71 per barrel,
the break-even carbon price isabout-$80 per tCO, (figure 7.7).1%°

Figure 7.7: Sensitivity Analysis of MAC and Break-even Carbon Price for Ethanol against Oil Price
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The sensitivity analysis shows that other mitigation measures are also strongly affected by
changes in oil prices, from both a social and private-sector perspective (figure 7.8). For example,
the break-even carbon price for all options related to energy efficiency becomes even more
negative, indicating low-hanging fruits that should be harvested quickly. However, options
related to electricity savings are not significantly affected, which is consistent with the limited
fossil-fuel content of the energy mix in the power sector.

108 More precisely, the break-even carbon price is reduced to zero when the price of oil reaches US$49 per barrel
for domestic ethanol consumption and $51 per barrel for ethanol export. The higher cost of ethanol for
export versus domestic consumption results primarily from the lower avoided emissions factor used due to
emissions related to ethanol transport. In reality, a variety of factors would affect the production of ethanol,
including the cost of ethanol production, competition for raw materials, and the price of oil. This simulation
primarily illustrates the impact of the price of oil, including when oil prices rise above the PNE scenario of
US$46 perbarrel.

109 Thatis, the net present value of avoided gasoline cost becomes higher than that of the ethanol cost when oil
prices exceed US$50 per barrel.




Figure 7.8: Sensitivity of Break-even Carbon Price of Mitigation
Measures in the Energy and Transport Sector
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7.2 Macroeconomic Benefits Assessment

GHG mitigation options are often evaluated at a project or program level; however, such
evaluations do not capture the indirect effects of the measures on other sectors of the economy.
Indeed, economic sectors and industries are closely linked. For example, decreased electricity
consumption resulting from energy-efficiency improvements leads to a reduction in the fuels
produced for electricity generation. Furthermore, decreased fuel demand might cause job cuts
not only in the fuel industry but also in the pipeline industry. Moreover, a mitigation option
evaluated as attractive at the project level might prove less so if its effects on the overall economy
were taken into account. Conversely, an option evaluated as less attractive at the project level
may provide more spin-off benefits at the level of the overall economy and thus would be more
attractive in that larger context. Thus, it is always desirable to assess GHG mitigation options
based on their effects on the overall economy.

7.2.1 Methodological Background

Various methods and approaches can be used to estimate economy-wide impacts of GHG
mitigation options. The most common method is a top-down approach involving computable
general equilibrium models, which simulate the effects of carbon constraints or, alternatively,
carbon tax. Some studies have also incorporated bottom-up measures, such as demand-side
management and fuel substitution, into top-down models. models.'’® While such a linkage

110 See, for example, G. R. Timilsina and R. M. Shrestha (2008), “A General Equilibrium Analysis of Potential
Demand Side Management Programs in the Household Sector in Thailand,” International Journal of Energy




could have been ideal for this study, this approach was not implemented due to budget and time
constraints. Instead, the study team used an input-output (I-O) modeling approach to assess
the macroeconomic impacts of GHG mitigation options. Therefore, these results should be used
with caution; they are indicative only, suggesting the order of magnitude of the impact of the
mitigation and carbon uptake measures considered in the low-carbon scenario.

In the framework this study used to assess macroeconomic impacts, the cost analysis
performed to calculate the marginal abatement costs provides the change in investments and
fuel consumption (and change in outputs of any other sector) when shifting from the reference
scenario to the low-carbon one. Depending on the mapping of the abatement options onto the
economic sectors available in the I-O table, changes in investments and outputs are allocated
to various sectors. For example, the incremental investment for energy-efficiency measures
that replace inefficient electrical appliances with their efficient counterparts are treated as
increased output of the electromechanical sector of the I-O table. Similarly, a reduction in
electricity consumption resulting from the energy-efficiency programs is treated as a reduction
in electricity-sector output. Since imported goods do not produce economic spin-offs outside the
countries where they are manufactured, the study team considered only the domestic fraction
of the total demand change due to the GHG mitigation options. These changes in domestic
demand for goods and services were then multiplied by I-O coefficients to determine the gross-
output impacts of the mitigation options. Finally, two ratios—(i) GDP to gross output and (ii)
employment to gross output—were used to calculate the respective effects of the mitigation
options on GDP and employment (figure 7.9).

Figure 7.9: Framework for Assessment of Macroeconomic Impacts
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Sector Management 2(4): 570-93; G. R. Timilsina and R. M. Shrestha (2006), “General Equilibrium Effects of
a Supply Side GHG Mitigation Option under the Clean Development Mechanism,” Journal of Environmental
Management80(4): 327-41.




This approach is limited by its lack of constraints on supply of goods and labor. In addition, it
is possible that the I-O coefficients projected for future years might be inaccurate. Nonetheless,
the approach is simple and easy-to-understand, and its popularity extends from developing
countries to such industrialized countries as the United States and Canada.'"!

7.2.2 Effects on GDP and Employment

Since the GHG mitigation options considered in the study require substantial investment, the
green investment would generate spillover to other sectors of the economy and thus generate
additional employment opportunities and value added. The effects, however, would be relatively
small, with 1.8 percent value added in the low-carbon scenario in 2010 and 0.2 percent in 2030
(figure 7.10.a). The GDP impacts would decrease overtime because the national GDP in the
reference scenario grow rapidly, whereas the size of green investment either remains stagnant or
increase slowly. Similarly, in the low-carbon scenario, the green investment would add 1.13% in
average to the total national employment compared to the reference scenario (Figure 7.10.b).

The positive effects of green investment on the economy, while perhaps surprising, are not
uncommon in existing studies that use an [-0 approach, which does not incorporate resource
constraints. A Computable General Equilibrium (CGE) model is preferable for assessing
the macroeconomic impacts of GHG mitigation policies. Even so, some current studies
that use the CGE model also demonstrate that GHG mitigation options could increase GDP
and generate added employment (Roland-Holst and Kahrl 2009; Van Heerden et al 2006;
Timilsina and Shrestha 2006).

Figure 7.10: Cumulative Effects of GHG Mitigation Options on the Brazilian Economy, 2010-30
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111 G.R. Timilsina, N. LeBlanc, and T. Walden (2005), Economic Impacts of Alberta’s Oil Sands, Canadian Energy
Research Institute, Calgary; N. Parra, C. Horin, M. Ruth, K. Ross, and D. Irani (2008), Economic Impacts of
Climate Change on Kansas, The Center for Integrative Environmental Research, University of Maryland.
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7.2.2.a Effects on Land Use: Agriculture and Forestry

For Brazil’s land use-related sectors of agriculture and forestry, it is estimated that GHG ’
mitigation activities would generate annually, in average, US$3.7 billon value added (GDP) and
952 thousand person-years of employment over the 2010-30 period (table 7.9). The employment
effects ofland-use activities are particularly notable since they tend to be labor-intensive.

N

Table 7.9: Macroeconomic Impacts of GHG Reduction Options: Land Use

Impacts Impacts on
Investment Igzgf ZT;:; on GDP employment
Mitigation measure Mitigation | (2010-30) DR [US$/0 (2010-30) (2010-30)
(2010-30) (million (0 ) (million (thousand
(Mt CO,) US$) 2 US$) person-yrs.)
Scaling up no tillage cropping 355 152 -0.33 -106 -30
Ethapol displacing domestic 176 20,158 56.22 4127 1,095
gasoline
Ethapol exported displacing 666 19,680 210 4,948 2,845
gasoline abroad
Reforestation 1,084 54,140 39.31 29,611 7,020
Avoided deforestation 6,364 102,419 0.18 38,403 9,067

"Combines the cost for ethanol production for both domestic consumption
and export (MAC of ethanol for internal consumption is US$56.2).



7.2.2.b Energy Sector

The overall economic impact of GHG mitigation measures on Brazil’s energy sector could
amount to US$851 million more per year in average in GDP over the 2010-30 period; in addition,
about 142 thousand person-years of employment in average per year would be created. While
energy efficiency options to reduce GHG emissions have negative economic impacts, other
options have positive economic ones (table 7.10).

Table 7.10: Macroeconomic Impacts of GHG Reduction Options in the Industrial,
Commercial, and Residential Sectors, 2010-30

Impactson | Impacts on

Mitigation Mitigation | Investment 'gl;gtt ZT;Z; GDP (2010~ | employment
meag ure (2010-30) | (2010-30) DR (US$/0 30) (2010-30)
(Mt co,) (million (0. (million (thousand
US$) Z US$) person-yrs.)
Combustion optimization 105 2,215 -44 -5,279 -496
Heat recovery systems 19 322 -91 -1,999 -206
Steam recovery systems 37 818 -96 -4,131 -426
Furnace heat recovery 283 8,073 25 7581 -839
system
New industrial processes 135 7,995 2 8,116 1,922
Other energy efficiency 18 827 13 958 6
measures
Industry Solar thermal energy 25 1,481 -54 -2,149 -215
Recycling 74 249 -34 -6,700 -676

Natural gas displacing

other fuels 43 4,087 -20 2,291 385

Biomass displacing other 69 12,357 3 2175 442

fuels

Renewable charcoal 566 8,794 2 11,349 1,621

Electric motors 1 4,600 -49 366 23

Industrial lighting 0 285 -65 -140 -11

Solar heater - residential 2 4,604 4 1,664 81

] ) Air conditioning (MEPS) 2 11,197 516 1,962 99

Residential

Residential lighting 3 1,197 -119 -1,055 -52

Refrigerators (MEPS) 9 48,875 -41 1,930 84
Commercial | Commercial lighting 1 747 -52 -330 -25

GTL Gas to liquid (GTL) 128 6,985 -2 3,634 292




New refineries + CCS 51 120,907 19 1,719 116
Existing refineries (energy 52 4027 6 3416 170
integration) ’ ’
Refining Existing refineries
(incrustation control) 6 0 72 862 61
Existing refineries 6 1491 95 1019 51
(advanced controls) ’ ’
Sugarcane cogeneration 157 52,264 -104 28 2
Renewable Wind 19 12,897 -7 4,418 429
energy Transmission line Brazil-
Venezuela 27 454 -30 2,532 139

7.2.2.c Transport Sector

The transport sector requires an investment of about US$150 billion over the 2010-30
period (table 7.11). In average, it would add US$1.9 billion value added and 210 thousand
person year employment annually over the study period. Interestingly, GHG mitigation
options in such sectors as industry appear attractive at the project or activity level since they
have negative abatement costs. But from an economy-wide perspective, they may not be the
best options. Conversely, transport-sector options, which appear less attractive at the project
or activity level, are more attractive from a macroeconomic perspective. This is an important
observation since most existing studies focus only on project-level abatement cost analysis and
do not capture economy-wide impacts. Hence, policies and implementation strategies based
on such limited analyses could be misleading.

Table 7.11: Macroeconomic Impacts of Transport-sector Mitigation Options

Abatement | Impacts on Impacts on
Mitigation Investment Costat 8% | GDP (2010~ employment
o (2010-30) | (2010-30) (2010-30)
Sector Mitigation measure . DR (US$/ 30)
(Mt Co,) (million (0.) (million US$) (thousand
US$) Z person-years)
Rail and waterways 63 41,707 19 2,917 368
Regional | investment vs. roads
transport i 3
port | Bullet train (Sao 13 28,759 352 14,837 1,050
Paulo-Rio de Janeiro)
Bus rapid transit
(BRT) investment 103 33,575 33 5,535 651
Urban | Metro and BRT 174 42,620 91 17,869 2,433
transport Investment
Traffic optimizaton 45 1,050 -1 -576 -78
Bike lane investment 16 302 1 -33 -8

Note: This table excludes US$20 billion of investment costs in ethanol (included in the macroeconomic impacts of GHG reduction
options for LULUCF).* Includes both investment costs for BRT and avoided GHG mitigation.




7.2.2.d Waste Management

GHG mitigation activities in the waste management sector are also expected to contribute
positively to the economy, but to a lesser extent. The mitigation activities are estimated to add
US$9 billion to GDP and 370,000 person-years of employment to the Brazilian economy over the
2010-30period (table 7.12).

Table 7.12: Macroeconomic Impacts of Waste-management Sector Mitigation Options

Impacts on

Abatement
Mitigation Investment Cost at 8% IOr:;p Ga;g employment
Mitigation measure (2010-30) (2010-30) y (2010-30)
- DR (US$/ (2010-30)
(Mt C0,) (million US$) o (thousand
2 tC0.) (billion US$)
p) person-years)
Landfill methane 963 5,687 2.87 2,224 125
destruction
Wastewater treat. +
methane destruction (ind.) 238 36,569 103 40,807 2,152
Wastewater treat. +
methane destruction (res. 116 41,678 10.4 48,737 2,748
& com.)

7.3 Concluding Remarks

On the basis of this two-level economic analysis (micro and macro), this study selected the
mitigation and carbon uptake options retained for the low-carbon scenario, presented in the next
chapter. The criteria adopted were that the MAC, which represents the social perspective usually
adopted in government planning exercise, should not exceed US$50, except for the options that
would obviously be triggered more by the large co-benefits expected and for which a high MAC
is expected to be largely balanced by these co-benefits and by positive macroeconomic impacts.
This is typically the case for most of the proposed transport- and waste-sector measures.
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The reference and low-carbon scenarios for Brazil’s four main emitting sectors—land, land-
use change, and forestry (LULUCF); energy; transport; and waste management—presented in
the preceding chapters, were builtin a coordinated and consistent manner. As a collective whole,
they lay the foundation for establishing a national low-carbon scenario. This chapter aggregates
the results from each of the four sectors into a single reference scenario and a proposed low-
carbon scenario. It should be noted that these scenarios are not a projection of Brazil’s full
GHG emissions inventory and thus do not pretend to capture 100 percent of all sources of
GHG emissions.!'? Rather, they present projections for the four sectors that offer the greatest
opportunities for emissions mitigation and carbon uptake. The organization of this chapter, like
that of chapters 3-6, begins with the reference scenario, followed by the proposed low-carbon
scenario. The last section, which outlines the uncertainties intrinsic to any future prospective
analysis, underscores that these results should be considered as indicative.

8.1 The Reference Scenario

To estimate Brazil’s potential contribution to limiting the increased concentration of global
GHG emissions, it is first necessary to determine the emissions that would have been generated
without undertaking specific efforts to achieve that goal. Such a reference scenario is subject to
many assumptions regarding the country’s future economic and social development. Itis worth
to note that such reference scenario is based on a different methodology than the one
used by the Brazilian government in its national GHG inventory. Moreover, having focused
only on the areas where the most promising low-carbon options were identified, the reference
scenario built by this study could not cover 100 percent of all emission sources of the country and
therefore, should notbe considered as a simulation of future national emissions inventories. This
section first describes the method used to build the reference scenario, including the underlying
principles, and follows with a discussion of the results and interpretation.

8.1.1 Method and Principles

Since the objective of this study is not to simulate the future development of the Brazilian
economy or to question the government’s stated development objectives, this study has adhered,
to the extent possible, to existing planning documents and government plans to establish the
reference scenario. Therefore, the 2030 National Energy Plan (PNE 2030), published by the
MME in 2007, was adopted as the reference scenario for the energy sector. The study also took
into account of Brazil’s Government Accelerated Growth Plan (PAC) and the National Logistic
and Transport Plan (PNLT), launched in 2007, and other policies and measures in other sectors
that were already published by the time the reference scenario was established. To ensure full
consistency across all sectors, the study adopted the same macroeconomic and demography
assumptions found in the PNE 2030 (Annex A).'*® In short, the construction of the reference
scenario considered an average annual GDP growth of 4.1 percent,'!* an average annual

112 Forexample,industrial sources of nitrous oxide (N,0), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs),
sulfur hexafluoride (SF,), and other non-Kyoto GHG gases are not accounted for here. Without a current
complete inventory, it is not possible to determine precisely the share of other sources in the national GHG
balance. However, based on the first Brazil National Communication (1994), it is expected that they would not
exceed 5 percent of the total Kyoto GHG emissions.

113 Annex A provides a complete set of common assumptions.

114 In the context of the recent financial crisis, the Brazilian government has recently changed its planning
prospects and is considering alower GDP growth rate. Given the long-term nature of the study, itdid notlower
the average GDP growth rate.



population growth of 0.93 percent, and a set of fuel prices corresponding to an average WTI oil
price ofabout US$45 per barrel.

For the other areas, official planning documents were either lacking or not detailed enough to
estimate associated emissions. In these cases, the study built its own sector reference scenarios,
using sector models developed or adjusted for the project,!'> always ensuring consistency with
the same set of common assumptions. The building of the sector-specific reference scenarios
involved close coordination so that all four would be fully consistent with each other and could
thus be aggregated.

Key interfaces were addressed jointly, one example being the determination and integration
of land needs for the production of solid and liquid biofuels, which have been considered in the
transport and energy sectors, in the land-use modeling. On this basis, the study team was able
to establish a national reference scenario for the main GHG emissions sources in Brazil over the
comingtwo decades (2010-30).

8.1.2 Results and Interpretation

Under the reference scenario, total emissions increase by approximately one-third (32 percent)
over the 2010-30 period, reaching nearly 1.7 Gt CO,e per year in 2030, which may then represent
about 2.7 percent of global emissions'"”. In cumulative terms, Brazil would emit nearly 26 Gt CO_e
over the period, slightly more than one year of emissions in Annex I countries.!*®

In terms of sectoral distribution, it is not surprising that deforestation remains the largest
source of emissions over the period. While emissions from deforestation reach about 530 Mt CO,e
per year by 2030, their relative share is reduced from 41 percent of national emissions in 2008 to 31
percentby 2030. Energy emissions nearly double over the 2008-30 period (excluding the integration
of transport emissions), becoming the second largest source of GHG emissions after deforestation.
Transport, whose emissions increase by more than half, becomes the third largest source. Livestock,
formerly the second largest emitting source, remains about constant, at a level similar to that of
transport in 2030. Emissions from agriculture, the fifth largest emitting sector, nearly double over
the period. Finally, waste-management emissions increase by nearly half. In sum, energy-related
emissions from the energy and transport sectors grow faster than LULUCF sector emissions, although
thelatter remains dominantin both annual and cumulative terms (table 8.1, figure 8.1).

115 More details can be found in the corresponding technical reports for each sector.

116 As aresult of the methodology used to establish this reference scenario, it differs from the projections
of national and sectoral emissions presented by the Brazilian Government together with the voluntary
commitment to reduce emissions officially announced in 2009 and reflected in law Law 12.187. In a way,
the difference between this reference scenario defined in this study and the one established by the Brazilian
government on the basis of past trends reflects the positive impact in terms of emissions of the policies
already adopted at the time the reference scenario of this study was established. Notably, the Reference
Scenario was defined before the elaboration of the National Plan on Climate Change (PNMC) and the adoption
of Law 12.187, which institutes the National Climate Change Policy of Brazil and set a voluntary national
greenhouse gasreduction target.

117 Based on an estimate of global GHG emeissions of 61.5GtCO,e by 2030 published by UNFCCC, 2007. The
reference scenario presented in the UNFCCC consists of (i) energy related CO, emissions provided by the
International Energy Agency (IEA 2006); (ii) extrapolated baseline projections *for non- CO, emissions from
the U.S. Environmental Protection Agency (USEPA 2006); (iii) current CO, emissions related’to land use, land
use change, and forestry (LULUCF); and (iv) CO, emissions from industrial processes provided by the World
Business Council for Sustainable Development (WBCSD 2002).

118 According to the United Nations Framework Convention on Climate Change (UNFCCC), global emissions
would rise from 38.9 Gt CO,e in 2000 to 61.5 Gt CO, e in 2030, while emissions from Annex I countries would
remain relatively stable at 21-22 Gt CO,e per year. See UNFCCC (2007), Investment and Financial Flows To
Address Climate Change.
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Table 8.1: Sectoral Distribution of Gross Emissions in the Reference Scenario, 2008 and 2030

Emissions 2008 2030

Deforestation 536 42 533 31
Energy 232 18 4583 27
Transport 149 12 245 14
Livestock 237 18 279 16
Agriculture 79 6 111 6
Waste management

1200 _ 1716 _

Figure 8.1: Gross Sectoral Emissions in the Reference Scenario, 2008—30
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In the reference scenario, the rate of deforestation is expected to remain relatively stable.
The Brazilian government has recently implemented various forest-protection policies and
programs, which, along with changes in economic factors (e.g., drop in international meat and
soybean prices), have the combined effect of decreasing the pace of deforestation (from about
27,000 km?in 2004 to 11,200 km? in 2007). This new level is on par with 2010-30 modeling
results developed by this study, which are based on economic projections for crops and meat
production and productivity tendencies. Thus, absent new policy changes, emissions from
deforestation are expected to stabilize at about 400-500 Mt CO, per year. According to the
modeling results, some decrease in the deforestation rate is expected until 2011—due to a small
contraction in livestock activities observed over the past several years—after which time it is
expected to stabilize and resume a slow but steady rise.

Energy-related emissions, related to either transport (singled out to better reflect the
evolution of the sector’s contribution) or other energy needs, represent more than two-thirds



(68 percent) of the total annual increase between 2008 and 2030. Transport activities and
energy consumption are both functions of economic growth. While certain subsectors have
already low carbon intensity—namely because of bio-ethanol fuel for vehicles and hydropower
for electricity generation—others continue to rely on fossil fuels. This is the case for urban
transport, which continues to rely on diesel power for bus and air transport and industrial
thermal processes. As a result, urban-transport emissions grow automatically. Individual
vehicles account for one-third of the growth in transport emissions, while trucks comprise
another third. Without bio-ethanol, transport emissions would be inflated by 50 percent in
2030. Finally, waste-management emissions are expected to remain relatively stable at about
5-6 percent of gross emissions, although they will grow significantly in absolute terms (+59
percent) because of growth in waste volume and the corresponding rise in the disposal rate at
landfills, where anaerobic fermentation results in the release of CH,.

8.2 Proposed Low-carbon Scenario

Based on the in-depth technical and economic assessments of mitigation and carbon uptake
opportunities, presented in chapters 3-6, a low-carbon scenario is proposed to further explore
Brazil’s contribution to the global effort to mitigate climate change over the next two decades.
Like the national reference scenario, the national low-carbon scenario is an aggregate of the
low-carbon scenarios for the four sectors analyzed: LULUCF, energy, transport, and water
management. It has similarly been built in a coordinated manner to ensure full consistency
among the four main areas considered.'*

8.2.1 Method and Principles

Based on the best available expertise the World Bank could assemble, the proposed national
low-carbon scenario targeted the reference scenario’s development objectives using less
carbon-intensive technologies deemed available for large-scale implementation over the
2010-30 period. For each of the four areas, the most significant mitigation and carbon-uptake
opportunities were analyzed.

The proposed national low-carbon scenario combines the bottom-up, technology-driven
approach, based on in-depth technical and economic assessments of feasible options in the
Brazilian context and optimization at the sectoral level. Less promising options from a cost-
effectiveness perspective, as well as those fully explored over the period analyzed in the reference
scenario, were not further considered. A cut-off threshold of US$50 per tCO,e was applied in
order to discard those options with the highest marginal abatement costs (MACs), which would
notbejustified considering other major indirect benefits.

Rather than adding up independent assessed mitigation potentials associated with specific
technologies, the proposed low-carbon scenario has been built using a systemic approach,
enriched by iterative cross-sectoral coordination. Such a cross-sectoral approach was
particularly helpful in identifying solutions to mitigate future deforestation, which could not
have been achieved via analysis of individual activities. Indeed, in-depth analysis of the Brazilian
livestock sector, together with geospatially explicit modeling of the land-use dynamic, enabled

119 Three seminars were held (September 14-16, 2007, April 30, 2008, and March 19, 2009) to present and
discuss the methodology, intermediary results, and near-final results with representatives of 10 Brazilian
government ministries. Sectoral teams also interacted on various occasions with technical-area specialists
and public-agency representatives.




this study to determine that a gradual shift from low-productivity livestock production systems
to high-productivity ones would free up enough land to accommodate crops expansion and forest
plantation and restoration at zero additional land demand compared to the base year of 2008.
This includes avoiding potential carbon leakages that mitigation measures considered in various
sectors (e.g., biofuels in the energy and transport sectors and carbon uptake activities in the
forestry sector) could have induced by increasing national land demand and eventually fueling
the progression of the pioneer frontier in the Amazon and Cerrado regions. As aresult, consistent
potentials for mitigation and carbon uptake were estimated for each of the four main areas and
then consolidated at the national level to build the proposed low-carbon scenario.

This type of low-carbon scenario should be considered as modular rather than “take it or
leave it,” since the political economy may differ significantly by sector or region, making certain
mitigation options, which initially appear more expensive, easier to harvest over the long run;
the converse is also true. Given the many combinations that are possible over this period and the
uncertainty that certain barriers, particularly those related to incremental costs and financing,
will be removed, this low-carbon scenario should not be considered as the only possible one.
Rather, it should be taken as a scenario aimed at informing decision makers about the order
of magnitude of emissions reductions that could be achieved over the next two decades and
associated measureable costs and benefits.

8.2.2 Results and Interpretation

Over the period considered, the proposed low-carbon scenario projects an emissions
reduction from deforestation that would comply with the Brazilian government’s voluntary
commitment announced at Copenhagenin December 2009. In the year 2030, projected gross
emissions in the low-carbon scenario are 40 percent lower than in the reference scenario
(1,023Mt CO e versus 1,718 Mt CO, e per year), while net emissions are 52 percent percent lower
(810MtCO,eversus 1,697 Mt CO, e peryear) (table 8.2) 1.

Table 8.2: Comparison of Annual Emissions Distribution in the Reference and Low-carbon
Scenarios, by Sector

Sector Reference 2008 Reference 2030 Low-carbon 2030
---

Energy 29
Transport 149 12 245 14 174 17
Waste 62 5 99 6 18 2
Deforestation 536 42 533 31 196 | 19
Livestock 237 18 272 16 249 24
Agriculture 9
Carbon uptake -2 | -21 | -1 | -213 |

Total Net Emissions

lnm

120 When calculating national carbon inventories, some countries consider the contribution of natural regrowth
towards carbon uptake; therefore, although this study does not compute this contribution in the carbon
balance of LULUCF activities, it would be fair to add that information for comparison purposes. If the carbon
uptake from the natural regrowth of degraded forests were to be included, then the potential uptake would
increase by 112MtCO2 per year on average, thus reducing the net emissions.




The key driver for reducing emissions in the low-carbon scenario is a dramatic reduction
in deforestation, which is far larger than the emissions reduction for all the other sectors
combined. Reducing emissions from deforestation and carbon uptake via forest plantations
and restoration are the two areas where the proposed low-carbon scenario succeeded most in
reducing emissions (figure 8.2). Transport- and energy-sector emissions are less easily reduced
as they are already low compared to international standards, mainly because of the large share of
hydroelectricity and bio-ethanol in the current energy matrix (table 8.2, figure 8.3).

Figure 8.2: Emissions Reduction Potential in the Low-carbon Scenario,
2010-30, Compared to the Reference Scenario
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Figure 8.3: GHG Mitigation Wedges in the Low-carbon Scenario, 2010-30
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As a consequence, the distribution of GHG emissions among sectors in the low-carbon
scenario differs significantly from the distribution observed in the reference scenario, mainly
because the share of deforestation emissions is reduced to approximately 70 percent compared
to the reference scenario (figure 8.4).




Figure 8.4: Gross Sectoral Emissions under the Low-carbon Scenario, 2010-30
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In 2030, the two main emitting sectors are energy (29 percent) and livestock (24 percent).
Transportalso increasesits share from 14 percentin 2008 to 18 percentin 2030 (table 8.2, figure 8.5).

Figure 8.5: Comparisons of Gross Emissions Distribution among
Sectors in the Reference and Low-carbon Scenarios, 200830
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Similar changes are also reflected in the distribution of cumulative emissions among sectors
over the 2010-30 period (table 8.3, figure 8.6): The relative share of LULUCF emissions is lower
in the low-carbon scenario than in the reference scenario, while shares of energy- and transport-
sector emissions are markedly higher in the low-carbon scenario.

Table 8.3: Comparison of Cumulative Emissions
Distribution among Sectors in the Reference and Low-carbon Scenarios, 2010-30

Reference scenario Low-carbon Reduction
(2010-30) scenario (2010-30)
Sector

% of
% of % of % of Reference
CO e total CO e total CO e total scenario
(2010-30)

Land use 16.709 9.228 7.481 44
Waste 1692 6 375 2 1.317 12 78
Transport 4.101 14 3.610 19 487 4 13
Energy 7.587 5.765 1.821

_

Figure 8.6: Comparison of Emissions Distribution among
Sectors in the Reference and Low-Carbon Scenarios, 2008—30
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8.3 Key Uncertainties for Emissions Estimates

Since the reference and proposed low-carbon scenarios are subject to uncertainties, the
results are indicative and should be used to inform stakeholders of future emissions if the study’s
assumptions, which were based on a broad and ongoing consultative process, are verified.
Some of the uncertainties result from calculations related to either the reference or low-carbon



scenario, while others concern both. This section first outlines overall uncertainties for the four
main areas and then addresses more sector-specific ones.

8.3.1 Macroeconomic Projections

For emissions-generating activities, both the reference and low-carbon scenarios depend
heavily on the macroeconomic projections of the 2030 National Energy Plan (PNE 2030)
published by the EPE in 2007. The plan’s B1 scenario, adopted as the reference case, estimates
the Brazilian economy’s average growth rate at 4.1 percent annually. As a consequence of the
recent financial crisis, the Brazilian government expects lower GDP growth, particularly in the
near term. If so, decreased supply and demand for a variety of services and products would slow
the pace of deforestation and energy consumption, including demand for transport services.
However, given the longer-term timeframe of the study, medium-term projections for emissions
growth under the reference scenario are less affected by the crisis and would remain about the
same. The same short- and medium-term trends would apply to the low-carbon scenario.

8.3.2 Land-use Questions

With respect to uncertainties for projected land-use emissions, one must distinguish between
the gross volume of emissions from GHG sources and the net emissions obtained after taking into
account carbon uptake activities involving mainly production forests and native forest recovery.
Uncertainties for gross emissions differ between the first and second stages of calculations: (i)
projectingland use and land-use changes and (ii) converting the results into emissions.

The economic modeling developed for the first stage of calculations benefited greatly from
the wealth of historical local data, which allowed for robust calibrations of the key parameters
and equations (box 8.1). Based on the results, it was assumed that the main uncertainties are
linked to the above-mentioned macroeconomic projections, which directly affect projections
for expanded cropland and meat production and thus deforestation. If cropland and meat
production expand more than expected under the reference scenario, then more effort would
be required under the low-carbon scenario to release enough pasture; otherwise, the additional
deforestation that would result would lead to increased emissions.



Box 8.1: Uncertainties for Economic land-use Scenarios

Uncertainties inherent in the economic modeling of future land-use scenarios are
related to the modeling of (i) domestic demand (a function of income, ultimately linked
to macroeconomic projections and equilibrium prices determined by the modeling), (ii)
exports (a function of macroeconomic parameters and prices), and (iii) production (a
function of costs and productivity per hectare). Price elasticities were calibrated from
a historical series (1996-2008), while production costs and per-hectare productivity
for various crops were based on data from the National Supply Company (CONAB);
the Brazilian Institute of Geography and Statistics (IBGE); and Agroconsulta and Scott
Consultoria, two private firms that annually update estimates for the sector. Projections
for Brazilian exports are exogeneous and were based on global projections of the Food
and Agricultural Policy Research Institute (FAPRI), the same source used by the U.S.
Department of Agriculture; FAPRI projections were used to calibrate export projections for
2009-18and 2019-30.

Thus, it was assumed that the key uncertainties are linked to macroeconomic
projections. Under the reference scenario, projections for meat exports and pasture
are relatively conservative. With the exception of the Amazon region, where significant
growth in pasture is expected, volume nationwide remains fairly stable, attributable to the
continued stability in global meat demand. Stabilization in meat exports—or even a slight
decrease, observed over the past several years—is difficult for Brazilian industry to reverse,
following the impressive development of the previous decade (1997-2006).

Source: ICONE.

For the second stage of calculations, the main uncertainties are based on available data for
soil carbon content and the vegetation converted, which drive the conversion of deforestation
into GHG emissions. Estimates of the above- and below-ground carbon content of biomass
depends on the accuracy of the data, which can only be improved by intensive field research. The
uncertainty of the data used for this national study is estimated atabout 20 percent, which mainly
affects the reference scenario, since conversion of native vegetation is brought to very low levels
inthelow-carbon scenario.

Under the low-carbon scenario, an added uncertainty is the pace of releasing pasture for
expanding agricultural crops to avoid deforestation and comply with the legal scenario adopted
as a target for forest recovery-based carbon uptake. The rapid fall of deforestation-based
emissions entails considerable efforts to improve livestock productivity to free up pasture
for other activities. To the extent that the release of pasture keeps pace with the annual need
for additional land for crops expansion, the conversion of native vegetation would no longer
be needed; in theory, deforestation and related emissions would then be brought to zero. Key
questions are whether the pace of pasture release and agricultural expansion will match
and whether the necessary conditions will be created to ensure that the pace of agricultural
expansion is not too rapid. Achieving the right pace on the livestock side and providing the right
incentives—positive or negative—for forest protection are critical. If the required financing
disbursements are not made on time, deforestation and its related emissions will continue.




Another uncertainty involves the expected effect of productivity gains on the growth of
livestock. In the study, the Brazilian share of the international market is taken as an exogenous
projection from FAPRI (box 8.1). Increased productivity could improve competition and thus
spur increased production. Since productivity gains converge with less need for pasture area,
such a rebound effect should not cause more deforestation, subject to the condition that such
gains are limited to the areas of the former low-productivity systems.

Under the low-carbon scenario, the main carbon uptake potential resides in the recovery of
legal forest reserves. Indeed, the proposed low-carbon scenario considered full compliance with
the Forest Reserve Law—including an enormous effort to recover riparian and native forests—as
a target for carbon uptake. This “Legal Scenario” would break with the past. A fully Legal Scenario
may be difficult to implement; flexibility mechanisms are already being discussed, especially
regarding legal reserves, which may reduce the net area reforested. For example, in such Amazon
states as Ronddnia and Parg, which have already developed economic and ecological zoning, the
legal reserve can be reduced from 80 percent to 50 percent, particularly for rural properties located
along the main roads. In exchange, landowners would commit to fully restoring the 50-percent
legal reserve, with the abated 30 percent converted into “agriculture consolidation areas.”

Therefore, the carbon uptake volume indicated in this study may be at the upper bounds of the
range. Building flexibility into target setting would reduce the volume of carbon sequestered; at
the same time, it would ease the effort of releasing the corresponding amount of pasture and thus
mitigate the risk of inducing a carbon leakage. That is, conversion of native vegetation would
occur somewhere else as a result of the domino effect triggered by the induced net reduction of
land available at the national level for crop and livestock expansion. In terms of carbon balance,
itis preferable to avoid releasing in the atmosphere the full carbon stock of one hectare of burned
forest over the progressive removal of GHGs from the atmosphere through the restoration of one
hectare of forest. Thus, it is essential to ensure consistency between efforts to release pasture
and enforce the restoration of legal reserves.

8.3.3 Energy

Uncertainties for energy-related emissions depend on assumptions about available supply
options over the reference scenario timeframe, as well as macroeconomic projections. In this
respect, the PNE 2030 reflects some strategic choices of the Brazilian government; those with
very low carbon intensity may involve significant implementation challenges. For example,
scenario B1, adopted as the reference scenario for this study, assumes continued growth in
hydropower capacity and development of biomass, wind, and nuclear energy that far exceeds
trends observed in the recent past. Results of recent energy auctions show that hydropower
faced difficulties and has not met earlier expectations, with a significant share of winning bids
dependent on fuel oil, diesel, and even coal-based power generation. Corrective measures,
including streamlining environmental licensing for hydropower plants'* and GHG emissions
compensation for more carbon-intensive options, are already under way, which should boost
the future participation of renewable energy, targeted by government policies. Yet the carbon
intensity of the power sector may increase beyond the amount projected in the reference
scenario, atleast over the initial few years of the period considered.

121 See in particular: “Environmental Licensing for Hydroelectric Projects in Brazil: A Contribution to the
Debate,” Summary Report. World Bank Country Management Unit, March 28,2008.



8.3.4 Transport

For transport-related emissions, major causes of uncertainty involve the share of bio-ethanol
as a fuel substitute for gasoline and the pace of building transport infrastructure, as well as
macroeconomic projections. Fuel switching depends on price comparisons between ethanol
and gasoline at the final-consumer level, which is closely tied to international oil prices. Given
the high volatility of international oil prices, the key element to reduce uncertainty and enable
meeting a specific target would be an adjustment mechanism for the price of ethanol. The
three-decade history of Brazil’'s PROALCOOL program shows that such a mechanism is feasible,
although it can be especially costly when gasoline prices fall below ethanol production costs.
Current prospects for high oil prices reduce this uncertainty considerably.

Building new transportinfrastructure is key to enabling a modal shift to low-carbon transport
modes and reducing congestion, which would allow for decreasing emissions in both the
reference and low-carbon scenarios. Therefore, the reliability of transport emissions projections
depends on the capacity of major stakeholders, particularly local and federal government and
key financial institutions, to leverage adequate and timely financing.

8.3.5 Waste Management

Reference-scenario emissions for solid and liquid waste management, like transport-related
emissions, grow according to macroeconomic parameters, including demography. But waste-
management emissions are related mainly to progress made in solid waste collection and
appropriate disposal in landfills, where additional emissions from methane (CH,) result from
anaerobic fermentation. Thus, uncertainty about waste-management emissions in the reference
scenario is linked primarily to questions about financing and implementing waste-management
projectsatthe municipallevel. A secondary source of uncertainty involves technical assumptions
in the emissions calculation, particularly regarding organic content, which would require further
field research to refine estimates. Assuming that waste is effectively collected, the uncertainty
regarding landfill gas emissions remainslarge, atabout 40 percent.

In the low-carbon scenario, these emissions are destroyed via combustion in flares or small
power plants. Since the Clean Development Mechanism (CDM), an existing international
instrument, has demonstrated its effectiveness in fostering the destruction of landfill gas, it is
expected that solid waste emissions under the low-carbon scenario will continue close to zero,
independent of emissions levels in the reference scenario, subject to the continuation of the CDM
over the period considered.

8.4 Looking Ahead

In summary, the major uncertainties that affect the relative success of the proposed low-
carbon scenario involve arange of implementation challenges. Chapter 10 outlines ways to meet
these challenges through better policy and institutional coordination and incentives, while the
additional financing required is the subject of the next chapter.
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The proposed low-carbon options for Brazil aims first and foremost to deliver products and
services that support the country’s sustainable economic development. These investment
decisions secondarily help to avoid emissions usually associated with the production of the
product or service in question either directly, by shifting to less carbon-intensive technologies,
or indirectly, by increasing productivity gains to reduce global land demand. Thus, financing and
investment decisions are guided by ablend of economicinterest and altruism.

Brazil currently has an array of mechanisms in place to finance economic activities, yet few
target climate change-related activities specifically. Those mechanisms that are not climate
change-specific might apply equally to low-carbon and reference-scenario alternatives. Many
proposed activities (e.g., integrated livestock and agriculture, rehabilitation of degraded
pastureland for enhanced productivity, or scaled-up cogeneration of electricity with bagasse)
support sustainable economic development within their sectors and can be financed through
credit lines of Brazil’s National Bank of Economic and Social Development (BNDES). But the
availability, terms, and reach of such financing may be limited, especially when applied to
unconventional alternatives.

This chapter reviews the volume of financing needed to implement the proposed low-carbon
scenario for each of the sectors considered and assesses to what extent additional financing
would be needed to fill potential funding gaps. For this purpose, the study team consulted various
Brazilian financial institutions and reviewed existing public financing mechanisms. Since the 20-
year period covered by the study is far longer than the time horizon most financial institutions
use, the results presented in this chapter should be considered preliminary.

9.1 Overall Investment Requirements

The cumulative investment costs of the proposed low-carbon options are estimated at US$725
billion in nominal terms over the 2010-2030 period or approximately $34 billion per year on
average.'?? The per-sector distribution is $344 billion for energy, $156 billion for land use, $141
billion for transport, and $84 billion for waste management.

For purposes of comparison, national investments in 2008 totaled US$250 billion which
represents 19 percent of GDP. In 2008, the BNDES disbursed R$90.8 billion (US$41.2 billion) in
loans, the bulk of which flowed to the industrial sector, followed by infrastructure. FDI in 2008
amounted to US$30 billion.”® The Government Accelerated Growth Plan (PAC), launched in
2007, expectsto spend US$503.9 billion over a four-year period (2007-10).%*

The total investment difference between the low-carbon and reference scenarios over the
2010-30 period is US$389 billion or US$20 billion per year. The corresponding abatement

122 Presentvalue (2009) discounted at 8 percentis US$318 billion.

123 BMI.

124 The PAC envisions that R$503.9 billion will be spent on transport, energy, housing, and hydropower
resources; the program also includes stimulus for credit and financing, improvement of the investment
environment, and long-term fiscal measures. Planned investments over the 2007-10 period are divided into
three types of infrastructure (i) logistical (highways, rail, ports, airports, and waterways) ($R58.3 billion), (ii)
energy (generation and transmission; production; exploration and transport of oil, natural gas, and renewable
fuels) ($274.8 billion), and (iii) social and urban (housing, metro, urban rail, and universal electrification and
hydropower programs) ($170.8 billion [of which R$106 billion is for housing projects]). To achieve results
more rapidly, the Brazilian government opted for infrastructure recovery projects, completion of ongoing
projects, and initiation of projects with a strong potential to generate social and economic development.
Investment plans include the construction and recovery of 45,000 km of roads and 2,518 km of rail, expansion
and improvement of 12 ports and 20 airports, more than 12 GWs of new generation, construction of 13,826
km of transmission lines, and installation of four biodiesel refineries and 77 ethanol plants.



potential is 11.7 Gt CO, e over the 2010-2030 period or an average of 560 Mt CO,e annually (table
9.1) when including ethanol exports displacing gasoline abroad. While total investments are
spread somewhat evenly over the period, it is difficult to anticipate long-term investments and
implementation levels. In the case of transport, more than 50 percent of investments occur
in the 2010-15 period; these are largely driven by infrastructure projects related to the 2014
World Cup event (e.g., metro and bullet train). For the energy sector, investment requirements
are evenly spread over the period, with the exception of refrigerators, whose more energy-
efficient models enter the market after 2015, and new refineries, which follow an independent
construction schedule. Other investments are concentrated in the initial years of the period. For
renewable charcoal, more than US$5 billion is spent in the first six years to prepare the soil and
plant Eucalyptus trees. Some proposed activities involving not yet commercialized technologies
have declining costs over the 20-year time horizon.

Although the overall costs for implementing a low-carbon development scenario may not
seem exorbitant or detrimental to economic development, identifying resources and financing
mechanisms for specific mitigation activities may not be easy; thus, appropriately defined
programs or actions that promote their implementation would be required. Moreover, as
detailed in chapter 7'%°, mobilizing the additional investment required, in particular from the
private sector, would require providing incentives to make low carbon options attractive when
compared with more conventional options. The corresponding economic incentive would not
necessarily be in the form of carbon revenue through the sale of carbon credits; other incentives,
such as financing conditions or tax credits, could be used. Transport mitigation options would
require the greatest amount of average annual incentives at approximately $9 billion, followed
by energy at $7 billion, waste at $3 billion and LULUCF at $2.2 billion. However, most of energy
efficiency measures would notrequire incentives.

Table 9.1: Comparison of Sectoral Investment Requirements for the
Reference and Low-carbon Scenarios by Mitigation Option,” 2010-30

Low-carbon

sectory | |

 T— Reference- LOW'Carbon

abatement measure Alﬁ;’;’g;t Abatement | Scenario scenario | Investment Differential

& Potential | investment | investment | differential

(billion (billion
Mt | 01 coe Uss$) Uss) (billion (billion

C02e) z USs) Uss$)
Land Use and Land-use Change
Reforestation 1.085 52 - 54,140 54,140 2578
Scaled-up zero-tillage cropping 355 17 0,215 0,153 (0,062) (0,003)
Avoided deforestation plus
livestock 6.041 41,845 102,420 60,575 2,885

Total land use and land-use

change

7.481 - 42,060 156,713 114,653 5,460

125 Seeinparticularsection 7.1.2 The “Private Approach”: Determining the Break-even Carbon Price.

&



Energy

Electricity generation

Transmission line (Brazil-

Venezuela) 28 1 1,676 0,455 (1,221) (0,058)
Sugar-cane cogeneration 158 8 16,756 52,264 35,508 1,691
Wind 19 4,287 12,898 8,611 0,410
Electricity conservation

Residential solar heater 0 3,439 4,605 1,166 0,056
Residential lighting 0 0,903 1,197 0,294 0,014
Refrigerators (MEPS) 10 0 42,734 48,785 6,051 0,288
Commercial lighting 1 0 0,265 0,748 0,483 0,023
Electric motors 2 3,399 4,601 1,202 0,057
Industrial lighting 0,108 0,286 0,178 0,008
Recycling 75 - 0,249 0,249 0,012
Fossil-fuel production

Gas-to-liquid (GTL) 128 2,310 6,986 4,676 0,223
New refineries 52 116,753 120,908 4,155 0,198
ifti;;irr;‘%iﬁf)i“eries (energy 52 2 - 4,028 4,028 0,192
Existing refineries (incrustation 7 0 i i i

control)

E())(Iilst';i(r;l%)refineries (advanced 7 0 i 1,492 1492 0,071
Fossil-fuel conservation

Combustion optimization 105 5 - 2,215 2,215 0,105
Heat-recovery system 19 - 0,323 0,323 0,015
Steam-recovery system 37 2 - 0,819 0,819 0,039
Furnace heat-recovery system 283 13 - 8,074 8,074 0,384
New industrial processes 135 6 - 37,995 37,995 1,809
glteh;:ui’;:rgy -efficiency 18 1 - 0,827 0,827 0,039
Fossil-fuel substitution

Solar thermal energy 26 1 - 1,482 1,482 0,071
Renewable charcoal

displacement of nonrenewable 567 27 - 8,794 8,794 0,419
charcoal

Natural gas displacement of 44 2 . 4,088 4,088| 0,195
Ethanol exports displacement of 667 3,817 19,680 15,863 0,755

gasoline abroad




Transport

Regional

Ethanol displacement of

domestic gasoline 176 8 9,992 20,158 10,166 0,484
Rail and waterways investment 63 3 32,074 41,707 9,633

vs. roads 0,459
Bullet train (Sdo Paulo-Rio de

Janeiro) 12 1 - 28,759 28,759 1369
Urban 0

Metro and bus rapid transit

(BRT) 174 8 6,562 49,182 42,620 2,030
Traffic optimization 45 2 - 1,050 1,050 0,050
Bike lane investment 17 1 - 0,303 0,303 0,014

Total transport 487 48,628 141,159 92,531 4.406

Waste management

Landfill methane destruction 963 46 1,984 5,687 3,703 0,176
Wastewater treatment plus
methane destruction (residential 116 6 40,075 41,678 1,603 0,076

and commercial)

Wastewater treatment plus
methane destruction (ind.)

Total waste management 1.317 63 49,373 83,934 34,561 1,646

Total 11.732 559 | 336,508 725,605 389,097 | 18,528

Excludes Air Conditioning
(MEPS) and BRT alone

238 11 7,314 36,569 29,255 1,393

Sectoral financing requirements of the low-carbon and reference scenarios vary significantly
by amount; availability of federal, state, and municipal resources; private-sector involvement;
financial and fiscal incentives; and credit availability. Therefore, the study team analyzed the
potential financing gap for the low-carbon scenario on a sectoral basis. The results, presented
in Sections 9.2-9.5, are by no means exhaustive; further analysis would be required to assess
whether the mechanisms are appropriate for the proposed mitigation options.

9.2 Land Use and Land-use Change Financing Needs

In the low-carbon scenario, the cumulative investment costs associated with LULUCF total
US$156 billion, nearly $114 billion more than in the reference scenario (table 9.1). These costs
include approximately $24 billion for forest protection over the 20-year period. Financing
mechanisms already in place in the LULUCF sector include government-financed lines of credit
for sustainable production and forestry, regional constitutional funds, private-sector financing,
and such recently initiated mechanisms as The Amazon Fund. Agriculture- and livestock-
specific financing includes annual and biannual government plans. The main government-
linked financial institutions that back these sectors are Banco do Brasil (with 60 percent of all




rural credit), Caixa Econémica Federal (CAIXA), and BNDES. Such regional banks as Banco da
Amazonia and Banco do Nordeste do Brasil (BNB) are dedicated to investing in development in
the Northeastand Amazon regions.

The investment costs associated with zero-tillage cultivation in the low-carbon scenario
total US$1.12 billion ($153 million plus $967 million for operations and maintenance costs) or
$151 million less than in the reference scenario. Productivity is considered the same for both
scenarios; cost reductions in the zero-tillage system result from less labor and fewer machine
hours required. Barriers to shifting to zero-tillage production include a higher perceived risk in
changing over to this system and limited knowledge of appropriate implementation.

Cumulative costs for higher-productivity, livestock mitigation options in the low-carbon
scenario total R$946 billion (US$430 billion) over the 2010-30 period or approximately US$20.4
billion peryear (including operations and maintenance costs). About three-fourths of total costs
represent operations and maintenance expenditures, which must be financed. In the reference
scenario, these costs can be considered additional since higher productivity systems account for
only 10 percent of total production in that scenario.'?®* However, in the low-carbon scenario, they
account for 60 percent of total production by 2030.

BNDES has a financial stimulus program for sustainable practices related to agricultural and
livestock production, including PRODUSA, which supports recovery of degraded pasture area for
increased productivity and FINAME-Agricola, which supports the costs of agricultural machinery
and installations. Buthistorically, Brazil’s livestock sector has had limited access to credit. Typically,
producers have had to rely heavily on their own capital for investment. The more traditional
production systems have low IRRs; 0.5 percent, which is at the high end of the range, is not enough
to cover bank financing costs, even at subsidized rates of 5-8.5 percent (Banco da Amazonia)
and 5.75-6.75 percent (BNDES). Promoting the transition from a lower to a higher productivity
system can increase the IRR of the activity, butitrequires greater capital investment, which, in turn,
requires bank financing. This may presentabarrier since the return from these investments would
have to atleast equal the financing costs plus an expected return for the investor.

The sector’s limited access to credit is evidenced by research conducted in 2003 by Brazil’s
National Confederation of Agriculture and Livestock (CNA) (Conhecer Project); 54 percent of the
producers interviewed said they did not have access to credit with rates lower than 8.75 percent per
year due to bank-imposed and borrower debt requirements. An equal number of producers could not
obtain financing through the National Program for Recuperation of Degraded Pastures (PROPASTO),
as banks claimed lack of funding resources (Martha and Vilela 2007). Addressing such financing
obstacles specific to the livestock sector is the most pressing challenge to ensuring that the proposed
low-carbon scenario can effectively achieve the bulk of expected emissions reductions.

In addition to financing livestock productivity gains to release land for expansion of other
activities and thus avoid deforestation, other forest protection measures may be needed. The
primary reason is the significant lag between the time that land demand would be reduced
through increased livestock productivity and the behavioral changes of deforestation agents at
the frontier could be effectively observed; that is, they may continue to speculate on demand that
would have already dried up. A second reason is that felling trees and using the land where they

126 In the reference scenario, the estimated total annual investment in beef livestock (less productive and less
remunerative), based on a total area of 204 million ha and current production systems, totaled approximately
US$32 billion (EMBRAPA). In 2007, funding through government-linked financial institutions represented
approximately 10 percent of the required costs.



stand typically have more economicvalue than maintaining the trees (chapter 3).

It is hard enough to avoid deforestation, much less restore areas where economic profits
will be lost. Despite such challenges, Brazil's government-funded programs have historically
attempted to curb deforestation, restore native forests, and recover degraded areas. It has often
been mentioned that use of support lines for environmental projects, particularly those related
to reforestation of legal reserves, have been underused; indeed, small entrepreneurs are unlikely
to borrow to finance the restoration of legal reserves when this would simultaneously involve the
loss of economic profits on currently used land and financing costs to restore it.!?

The forestry-recovery costs associated with compliance with the Legal Reserve Law are
estimated at US$54 billion (44.2 million ha) over the 2010-30 period. These costs are limited
to forest recovery and do not cover the opportunity cost of lost income generated from the
land. Some forest-recovery projects have obtained financing from the Global Environment
Fund (GEF) and such private-sector initiatives as the AES Tiete Reforestation CDM project.
Other projects result from the enforcement of legal obligations. Other initiatives aim to
recover forests, although few are of the size and scale needed to generate a country-wide
impact. While implementing forestry-recovery projects may be limited by ecological barriers,
the main obstacle is lack of incentives for rural entrepreneurs to finance forest recovery while
sacrificing the income the land currently generates.

Given the high volume of financing and level of public-sector involvement needed, projects
that focus on reducing emissions from deforestation and increasing carbon uptake from forest
recovery are likely to require international financing. One potential source is The Amazon Fund,
which is designed to finance activities that prevent and monitor deforestation and promote
sustainable forest use and conservation in the Amazon and other tropical biomes (section 9.6).128

Summing up, public-sector participation will likely predominate in the financing of LULUCF-
sector projects. Given its policies, enforcement capacity, and dedicated funding sources, the
public sector will be vital to the success of the proposed mitigation options via the allocation
of national and international resources from The Amazon Fund. Agriculture- and livestock-
related efforts should continue to receive significant government incentives and funding
through dedicated programs. Given the significant level of emissions avoided via increased
livestock productivity, appropriate attention should be paid to improving livestock-sector
incentives and credit availability.

9.3 Energy Financing Needs

Mitigation options in the energy sector are some of the most costly as they involve significant
capital investments compared to less capital-intensive options. In the low-carbon scenario, the
cumulative investment costs associated with the energy sector total US$344 billion, $147 billion
more thaninthereference scenario (table 9.1).

Compared to the other sectors considered in this study, the energy sector has a long history of
centralized financing through such large state-owned enterprises as Petrobras and Eletrobras,
as well as targeted programs, subsidies, and charges on electricity distribution companies. In

127 Decree No. 6.514, altered by Decree No. 6.686, will impose penalties and daily fines on landowners who do
not comply with the requirement of maintaining stipulated percentages of native vegetation within their
territories by November 12, 2009; the bulk of these requirements affect the Amazon region, followed by the
Cerrado and other biomes.

128 Such financial instruments as the CDM can be used in cases where the private sector may be more willing to
participate.




addition, special regulations are in place for biodiesel production and consumption, energy
efficiency, and long-term national energy plans, which facilitate sector planning and budgeting.

This study divides the additional financing requirements for energy-sector mitigation options
in the low-carbon scenario into three areas: (i) electricity generation and conservation, (ii) fossil-
fuels production, and (iii) fossil-fuels conservation and substitution. Mitigation options related to
electricity generation and conservation would require US$126 billion in investments; fossil-fuels
production would require $133 billion, while fossil-fuels conservation and substitution would
need $84 billion. Most of the proposed low-carbon mitigation options would involve the scaling up
of existing technologies, with the exception of GTL, which is a new technology. More importantly,
financing mechanisms already in place could be used to implement most of these options.

One potential financing option uniquely suited to the energy sector is the proposed National
Fund for Climate Change, which would fund Brazil’s Policies and Climate Change Plan. This fund
would use a portion of the resources generated via petroleum exploration and production to
avoid or minimize the environmental damages caused by such activities. Based on projected
production for Petrobras in 2010 and 0.05 percent of net income (2007 results), the fund could
spend US$50 million per year on climate-change mitigation activities (Section 9.6).

9.3.1 Electricity Generation and Conservation

Electricity generation and conservation investments in the low-carbon scenario total US$126
billion, with $66 billion for generation and $60 billion for conservation. Electricity generation
investments, totaling about $43 billion more than in the reference scenario, include the Brazil-
Venezuela transmission line for hydropower generation, sugar-cane cogeneration, and wind
energy. Electricity conservation investments, whose total is about $10 billion more than in
the reference scenario, has an added cost of about $458 million per year. Energy-efficiency
mitigation options range from residential solar heaters and refrigeration to residential,
commercial, and industrial lighting; electric motors; and recycling. The major generation and
conservation investments are described in the following subsections.

9.3.1.a Hydropower: Brazil-Venezuela Transmission Line

Although hydropower generation represents a large share of required future investments,
this does not directly affect the additional financing needs assessed for the low-carbon scenario.
The main reason is that the reference scenario already accounted for the corresponding low
carbon-intensive energy potential (PNE 2030), and this study assessed that further hydroenergy
development beyond that envisioned in the reference scenario over the 20-year time horizon
would not be feasible. Therefore, hydropower generation costs are the same in both the
reference and low-carbon scenarios. Construction of the 25 hydropower plants considered in the
PNE 2030 and related transmission lines would require R$2,900 per kW or about R$32 billion
(US$14.5 billion) per year.

Despite private-sector involvement, the Brazilian government offers consortia financing
through BNDES, which traditionally invests in the energy sector (in 2006, it disbursed
R$52.2 billion) and the Guarantee Fund for Electric Energy Projects (FGEE), created in 2008
(under temporary provision No. 450) to guarantee the participation (direct or indirect)
of state-owned companies in electric power construction projects under the Government
Accelerated Growth Plan (PAC).



9.3.1.b Sugar-cane Cogeneration

The cumulative cost for sugar-cane cogeneration in the low-carbon scenario is US$52 billion
or US$35 billion more than in the reference scenario. This amount takes into consideration
the high costs of interconnection, which may be prohibitive relative to overall generation
investments, and installation equipment for approximately 300 new distilleries. The estimated
cost per new plant is US$150 million on average, and the average distance to the grid is 35-40
km, for an overall 10,000-12,000 km of additional lines. US$13.7 million is required to refurbish
power plants in existing mills, while new cogeneration units require an investment of nearly
US$45.2 million. Installed capacity grows continuously over the 2010-30 period (from about
1,000 MW peryear in the initial five-year period to nearly 5,000 MW per year in the final five-year
period) due to growing distillery capacity (from 2 Mt peryearin 2010 to 4.5 Mt per year by 2030).

Virtually all ethanol plants are self-sufficient with respect to electricity cogeneration.
However, in many cases, entrepreneurs lack sufficient financial incentives to implement
measures to increase electricity generation for sale to the grid. Furthermore, remuneration is
higher for primary production investments (i.e., growing sugar-cane for ethanol). Atleast 6-10
years are needed to generate a return on invested capital in cogeneration projects.'*® As aresult,
larger-scale entrepreneurs with higher leverage capacities can more easily access lines of credit
than can smaller-scale entrepreneurs. Butthe bulk of potential isnotin the smaller mills. Private-
sector investment and credit lines from such financial institutions as BNDES and FINAME-
Agricola/FINEM exist. The most important barriers to scaling up sugar-cane cogeneration are
the physical and economic restrictions with respect to grid interconnection (distance from the
grid may make the investment prohibitive). In addition, there are regulatory issues related to
setting tariffs on use of the distribution system. At the same time, technological improvements
are being made with respect to biomass availability, hydrolysis for ethanol production, and
gasification technology (which would benefit from more significant R&D efforts).

Cogenerators attempting to connect to the grid have encountered difficulties with distribution
companies, which lack adequate incentives to recover their investment in transmission costs.
This problem is caused mainly by a lack of information regarding the required investment, as
the utility can impose technical solutions that investors cannot anticipate. This type of concern
has already been dealt with for small hydropower (via discounts in transmission charges, which
reduce total costs). If transmission lines are to be built by the cogeneration project developer
withoutany financing assistance, many projects would not be viable. It should be noted thateven
larger cogeneration units have a smaller capacity than medium-sized thermal power plants, and
are more dispersed, resulting in higher interconnection costs.

9.3.1.c Wind Energy

Cumulative costs for expansion of wind generation in the low-carbon scenario total US$12.9
billion, $8.6 billion more than in the reference scenario. Over the 20-year period, investment
costsin thelow-carbon scenario would amount to about $430 million per year.

The Brazilian government’s main incentive program for wind energy is the renewable-energy
program known as PROINFA. Createdin 2002 and administered by Eletrobras, PROINFA completed
its first phase in 2005, with 3,300 MW of renewable energy sources (1,379 MW wind, 1,266 MW
solar, and 655 MW biomass). The CDE provided funding for the first phase, and BNDES created

129 Elimination of governmentsubsidies for ethanol production began in the mid-1990s.
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a program in 2004 to invest R$5.5 billion (US$2.5 billion) in PROINFA. According to Eletrobras,
targeted investments for PROINFA total about R$10.14 billion (US$4.6 billion), with financing of
R$7 billion (US$3.18 billion). PAC investments in wind projects are estimated at R$59 billion (R$48
billion in PROINFA projects and R$11 billion in private-sector investments). The Fuel Consumption
Account (CCC) finances PROINFA and other renewable-energy projects via a “subrogacao”
mechanism, whereby a portion of the subsidies to cover the deficit of isolated, diesel-based systems
can be awarded to an alternative energy source, thereby reducing diesel consumption.

Overall, scaled-up implementation of wind-energy projects in Brazil would benefit not only
from additional financing. More programs like PROINFA, which could guarantee Power Purchase
Agreements or other revenue streams, are much needed.

9.3.1.d Energy-efficiency Measures

Cumulative investment costs for electricity-conservation options in the low-carbon scenario
total US$60 billion, versus US$50 billion in the reference scenario, with additional annual costs
of $458 million over the 2010-30 period. Although the marginal costs per tCO,e for many of
these mitigation options may be negative, implying significant economic savings, equipment and
machinery will still entail investment costs.

While efforts to promote energy efficiency have helped to establish a legal framework and
mobilize resources, a sustainable market for energy conservation has yet to mature. An energy
efficiency law approved in 2001 (Law 10.295) stipulates minimum energy-efficiency standards
for equipment and buildings. The sector already has dedicated funding sources and government
programs (e.g.,, PROCEL, PROESCO, CTEnerg, and ANEEL Energy Efficiency Program). PROCEL,
created in 1985, is a national program designed to combat electricity waste; 70 percent of its
funding comes from the Global Reversion Reserve (RGR), which, since 1957, has assessed a
0.75-1 percent fee on the net profits of electric utilities.!*® PROESCO, a line of credit via BNDES,
finances energy-economy projects for various areas and final uses. CTEnerg is a sectoral fund
created in 2000 to invest in energy-efficiency R&D programs; funding sources come from the
annual net revenues of electric utilities; in 2007, total collections amounted to R$200 million
(US$90.9 million), of which only US$30 million was invested.

Energy-efficiency mitigation costs per Mt CO,e are among the lowest. Given the level of
investment required and Brazil’s experience in financing energy-efficiency projects, heavy public-
sector participation in financing such activities seems likely via such targeted programs as PROCEL,
redirecting of fees collected by companies, and additional dedicated creditlines such as PROESCO.

9.3.2 Fossil-fuel Production

Cumulative investment costs for fossil-fuel production in the low-carbon scenario total
US$133 billion, only $14 billion more than in the reference scenario. Low-carbon mitigation
options are related to production and refining, conservation, and fuel switching.

With regard to gas-to-liquid (GTL), the main barriers to investment are its high costs and early
stage of development. Financing requirements could be partially met via BNDES financing, gas-
flaring fines, carbon financing through the CDM, and possibly elimination of royalties for GTL-
destined gas.

130 Collections are expected to terminate by the end of calendar year 2010; however, at the end of the 2008 fiscal
year, the fund had collected more than R$7 billion (US$3.2 billion).



Another investment barrier is lack of incentives for oil-producing companies to reduce
their own emissions. Typically, such companies account for their CO,e emissions, and have the
technical and financial capacity to act; but without any requirements, they would likely invest
in exploration and production. Thus, it is important to create incentives to match the returns
expected from their main business or obligate them, via regulations or standards, to eliminate
partoftheir emissions.

Funding for additional technological research would also be beneficial. One such example
is the research fund CT-Petro. Created in 1999, CT-Petro stimulates innovation in the oil-and-
gas production chain and develops human capacity and projects in partnership with other
companies, universities, and research centers in Brazil; 25 percent of its funding sources come
from the value of royalties that exceed 5 percent of oil and natural gas production (FINEP
2008). In 2004, total funds were R$1.6 billion, but disbursed funds were only R$595 million or
37.5 percent of the total.

Flared-gas fines are another potential source of financing. Permissible limits for gas flaring
are gradually lowered, and companies that breach those limits are fined. Brazil adopted such
measuresin the past (e.g., The Zero Burning Plan), which did not include fines for gas flaring (ANP
2001). The Zero Burning Planled toa 2001 plan for gas optimization and use (Petrobras 2007).

Eliminating royalties could also generate funds. Currently, royalties are paid on the value of the
natural gas burned, even if no economic benefit is derived from it. Eliminating this royalty would
signify a change in existing law, which would involve other costs and measures beyond the scope
of this study. Considering that royalties represent 10 percent of the gross value of production, at
anatural gas price of R$0.70 per m? and a volume of 96.23 million m? per year, a benefit of R$6.7
million (US$0.3 million) per year would result, which could be invested in GTL.

With regard to mitigation options involving refining, it may be possible to cover part of the added
financing costs via incentive programs for energy-efficient refineries. Already existing programs
include the National Program for the Rationalization of the Use of Oil and Natural Gas Derivatives;
known as CONPET, this program is coordinated by federal government entities and private
initiatives. Petrobras is responsible for providing technical, administrative, and finance resources;
but its annual budget is only R$5 million (US$2.3 million).’3! CT-Petro could be directed toward
conductingresearch on such promising alternatives as carbon capture and storage (CCS).

9.3.3 Fossil-fuel Conservation

Total estimated investment costs to implement the fossil-fuel conservation mitigation options
for the industrial sector reach about US$50 billion over the 2010-30 period; all are incremental
from the reference scenario. The estimated investments are only envisioned for the low-carbon
scenario, with the understanding that costs for the adaptation or substitution of new equipment
are additional or complementary (energy-efficientinvestments are incremental by nature).

There are few sources of funds and programs for energy efficiency in the industrial sector,
with the exception made by PROCEL for electric motors. With respect to fuels, which should
be covered by CONPET, few substantive actions have been taken. Petrobras is to promote fuel-
consumption reduction while, at the same time, maximize sales and profits. The same issue
occurs with the rise in natural-gas supply, as the company’s goal has been to grow the market,

131 Since investments related to refining remain in the domain of Petrobras, additional financing requirements
for these mitigation options are notdiscussed further with regard to private-sector involvement.




which isinconsistent with the goal of achieving lower demand and consumption.

The industry can access smaller lines through FINEP for projects related to development
and innovation. In this case, resources come from sector funds administered by the Ministry
of Science and Technology (MCT), such as the previously mentioned CT-Petro and CTEnerg.
Companies have indirect access to these funds through partnership projects with universities or
research centers or through directaccess via subvention programs.

Fossil-fuel and energy-conservation mitigation options, particularly within the industry,
would benefit from additional sources of funds or programs with targeted actions, such as
incentives for solar thermal energy for fossil-fuel substitution.

9.3.4 Fossil-fuel Substitution: Renewable Charcoal

Although renewable charcoal to be used in the iron and steel industry also affects land use, for
the purposes of this study section, it falls under the category of fossil-fuel energy substitution.
For the 20-year period considered, cumulative investment costs for this mitigation activity total
US$8.8 billion or US$42 million per year. The investment required is estimated at US$5 billion
over the first 7 years, for the reduction of 567 Mt CO_e or approximately US$2,000-2500 per
ha. Although BNDES provides financing and specified lines of credit related to recovery and
maintenance of legal reserves, as well as commercial planting, there is no differentiation made
between planted forests for the steel industry and other industries (e.g., cellulose). Also, only
recently has access to financing been made more viable through the ability to use planted forests
as guarantees (similar to the financing provided for other crops). In addition, CDM projects
involving planted Eucalyptus forests for the steel industry currently provide an additional
source of financing. Steel industry companies may also be involved in financing of such projects,
signifying the growing participation of the private sector in this mitigation activity; however,
discussions have notbeen held with such companies to assess their potential level of involvement
or interest. Were this mitigation activity to be implemented, it is likely that both the public and
private sectors would have increased financing participation.

9.3.5 Conclusion

Despite the financing mechanisms available, the energy sector as a whole still has significant
financing needs. These could perhaps be met by further dedicated allocation of resources (e.g.,
PROINFA renewable-energy programs, or additional incentives (e.g., enabling CDM financing,
eliminating royalties on gas destined for GTL, or differentiating credit availability for industry-
specific options). With regard to energy-efficiency mitigation options specific to fossil fuels
in industry, existing financing available through specified programs may not be enough for
implementing the low-carbon mitigation options. Added financial incentives, including industry-
specific options (e.g., renewable charcoal for steel industry) may be needed.

9.4 Transport Financing Needs

Cumulative investments required for the transport sector in the low-carbon scenario total
US$141 billion, $92 billion more than in the reference scenario or approximately US$5.1 billion
more per year. Constructing the required infrastructure will require significant government
intervention. At the same time, private-sector participation should grow through concessions
and PPPs. In addition, macroeconomic strategic planning will be necessary to evaluate the



impact of the mitigation proposals.

The added investment for regional transport is US$48 billion (including $10 billion for
increased domestic consumption of ethanol), while $44 billion more is needed for urban
transport. To illustrate the size of the required investment, BNDES alone disbursed US$17.8
billion for highways, railways, and other transport-related activities over a one-year period
ending in February 2009. The investment level needed varies significantly by mitigation type;
for example, the construction of Metro lines and BRT systems cost US$49 billion, while bike lane
investmentrequires only US$303 million.

Funding for the transport sector could be obtained through specific BNDES lines of credit, as
well as the PAC (infrastructure participation) and existing dedicated funds. Other government
transport programs include funds that use social security (FGTS) resources. The sector also
counts on the Contribution on Intervention in the Economic Domain (CIDE), a dedicated tariff
destined for government financing programs in infrastructure and transport.'*? In 2007, R$7.9
billion (US$4.7 billion) was collected through the tariff.

The transport sector is characterized by a high level of institutional complexity. Regional
transportissuesare linked to the Ministry of Transport (MT), Ministry of Defense (Air Transport),
and Special Secretary of Ports; while urban transportis linked primarily to the Ministry of Cities.
In addition, each of the country’s more than 5,000 municipalities independently administers
its own transit and transport systems. Such complexity increases the challenge of harmonizing
coherent plans and policies, and makes it difficult to channel and mobilize resources where most
needed in the mostappropriate way.

Judging from current investment trends in the sector, a significant level of private-sector
investment will be required, with financing intervention from BNDES. Foreign entities have
expressed interestin investing in some of the country’s infrastructure projects (e.g., bullet train).

BNDES also has a line of credit through its FINAME program dedicated to the purchase of
trucks. However, it is oftentimes difficult to access this credit line because of the large number
of independent truck operators. Large-cargo transport companies typically have an adequate
management structure for replacing aged vehicle fleets. At the same time, they often use the
services of independent operators. Differentiated credit terms, perhaps with longer payment
periods and lower rates, could stimulate the renewal of the vehicle fleet. Assuming that 30
percent of the national truck fleet is older than 20 years (400k trucks), a subsidized line of credit
toreplace 25 percent of that fleet would require US$5 billion (at $50,000 per truck).

9.5 Waste Financing Needs

Cumulative investments required for the waste sector in the low-carbon scenario total
US$84billion over the next 20 years ($4 billion per year) or about $34 billion more than in the
reference scenario.

Brazil’s waste sector has a history of underinvestment and, at times, neglect, with low private-
sectorinvolvement. Thissituationisattributable, in part, to asector culture characterized by lack
of long-term planning, which is detrimental to credit access, and possibly insufficient dedicated

132 Created in 2001, CIDE is a tariff on imports and commercialization of oil and derivatives, natural gas
and derivatives, and ethanol (fuel). Resources are destined for the government’s financing programs in
infrastructure and transport. CIDE was created to generate a constant flow of resources to finance the various
sector investments needed.
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funds combined with a lack of incentives. Waste management, which falls under sanitation, has
a high level of institutional complexity. The main government entities responsible for planning,
implementation, and strategy are the Ministry of Cities, Ministry of Environment, Ministry of
Health, as well as the Ministry of Planning, Budgeting, and Management. There are policies for
establishing the directives of basic sanitation, and at least 23 directed programs and plans, such
as PLANSAB, whose goal is to achieve basic universal services. Currently, the waste sector is
awaiting legislation that may dictate how waste management is handled (e.g., construction of
sanitary landfills, disposal and treatment of solid waste, and recycling). Recent figures released
by the Ministry of Cities (November 2009) indicate that in order to reach the universalization of
basic sanitation services in urban areas, approximately R$250 billion would be required over
twenty years, and that whatis lacking are clear regulations for the sector, rather than funding.

It is envisioned that R$40 billion (USR18.2 billion) will be spent under the PAC for sanitation
over the 2007-2010 period, or the equivalent of R$10 billion (US$4.5 billion) per year will
be spent under the PAC for sanitation. Only a portion of this amount is designated for waste
management, and spending distribution is to be made according to the needs of each region, with
an estimated 52 percent to be applied in large urban centers or cities with more than 1 million
residents.'® It should be noted that financing for half of this amount, R$20 billion (US$9 billion),
is expected to come from the private sector; as well as states and municipalities.

The national budget for 2007 allocated US$84.1 million (including US$31.4 million as credit
from financial institutions) through the various sanitation programs. This amount is equivalent to
12 percent and 2 percent of the respective annual requirements for the reference and low-carbon
scenarios. But only a portion of the funds dedicated to sanitation programs can be used for waste
management. The urban cleaning tax charged to residents, highly correlated with the property tax,
isnotappropriately related to the amount of waste collected, representing only 20 percent of urban
solid-waste collection. Thisisasignificantissue that merits further debate and discussion.

CDM projects have provided a source of additional funds for waste management projects and the
construction of sanitary landfills, either to speed up funding recovery or for debt abatement. CAIXA
has presented a successful proposal that would allow for FGTS resources to be used for CDM projects.

With respect to public-sector financing of projects, municipalities’ access to credit is at times
jeopardized by restrictions imposed by the National Monetary Council (CMN). Municipalities
have a window of time in which they are allowed to incur debt up to a certain amount stipulated
by the CMN.13* Unfortunately, many municipalities, which historically have lacked access to
credit, are unaware of the credit-access rules. Typically, their projects are either not well-
developed or, by the time they are, the window of time to incur credit has already ended. Specific
lines, such as BNDES support lines for environmental projects,'* target low- or lower-income
municipalities of up to 100 percent participation.

Regarding private-sector financing of projects through concessions and PPPs, knowledge is
still lacking in various areas. These include applicable regulations, the financing system, ability
to utilize the CDM, and the higher cost of money.

Summing up, waste management depends on a variety of financing mechanisms, including
dedicated taxes, government programs and funding, and CDM projects. The historical financing

133 Currently, the main public-spending priority is regionally-integrated municipalities with over 100,000
inhabitants, although there are programs that target small- and medium-sized municipalities.

134 Through Resolution 2827.

135 These lines include solid waste management projects, ecoefficiency, recycling, and recovery of degraded
areas.



and funding sources for waste projects, most of which has come from the public sector, indicates
alack of sufficient directed resources. Going forward, it appears that the private sector will need
to take on a growing share of this sector’s financing. To increase the deployment of financial
resources, cohesive and more stable longer-term sectoral planning is needed. Resources need
to be deployed consistently. In addition, both the public and private sector require greater
knowledge of regulatory processes, including access to financing, as well as the differentiated
structural mechanisms to integrate the financing of smaller projects.

9.6 Financial Incentive Mechanisms

The sale of the certified emission reductions (CERs) issued under the Clean Development
Mechanism (CDM) is viewed as an important financing instrument to reach targets set by the
Brazilian governmentunder the proposed National Action Plan on Climate Change (NAPCC). The
NAPCC includes targets for reducing deforestation rates in the Amazon and increasing energy
efficiency, the renewable-energy mix in the national grid, ethanol concentration in the fuel mix for
cars, and reforestation activities. Most of the key targets can benefit from carbon revenues; these
include cogeneration and such other renewable-energy solutions as hydropower, reforestation
and afforestation, energy efficiency, and fuel-switching programs.*3

Most of the 163 CDM projects in Brazil are renewable-energy projects, most of which focus on
sugar-cane bagasse cogeneration. Bagasse cogeneration represents 48 percent of total projects,
followed by biogas (17 percent of all projects), and solid waste management (30 percent). CDM
cogeneration projects account for a total of 1.126 MW installed capacity, while small hydropower
plants account for 985 MW and wind energy 676 MW 137 Few reforestation projects are currently
being developed as methodologies were developed slowly and market demand is reduced to
the temporary nature of this asset. Most projects were developed in the states of Sao Paulo (22
percent), Minas Gerais (14 percent) and Rio Grande do Sul (10 percent).

Brazil has existing sources of funding for energy efficiency and renewable energy through
government-mandated levies; these are directed toward such funds as the Fuel Consumption
Account (CCC), Energy Development Account (CDE), and Global Reversion Reserve (RGR).
According to the National Agency for Electric Energy (ANEEL), CDE collections for 2009 are
estimated at R$2.8 billion. Collections for the RGR fund, scheduled to terminate by the end of
calendar-year 2010, had totaled R$7.2 billion (US$3.26 billion) at the end of fiscal-year 2008.
Administered by Eletrobras, RGR is a main source of funding for energy-efficiency programs
under PROCEL. With regard to the CCC, collected levies totaled approximately R$1.4 billion in
2008. Notall of the funds collected are used for renewable-energy or energy-efficiency projects,
butthey are significantin size.

Such funds, or a portion thereof, could be used to create the proposed Renewable Energy CDM
Fund (RE CDM Fund), which, in turn, could invest in renewable-energy and energy-efficiency
projects that generate certified emissions reductions (CERs) once approved by the CDM
Executive Board. In a manner to be agreed on, all or a portion of the CERs generated would either
remain with the project sponsor or be bought by the RE CDM Fund at agreed on prices that would
allow for at least a minimum guaranteed level of project profitability. The CERs obtained by the
RE CDM Fund could then be sold on the international market, growing Fund resources, which
could thenbe used to furtherinvestin the sector. If successful, this mechanism could be applied to

136 Werner Kornexl, “Brazil Mitigation Strategy,” World Bank, 2008.
137 Ibid.




otherindustrial projects or sectors that may also have mandated levies; or, if the fund permits, the
income generated could be directed toward other types of projects. If successful, this mechanism
would allow for government levies to either be reduced or redirected toward other sectors of the
economy. If 1 percent of the CDE were dedicated to creating the fund, then approximately US$12
million—or 850,000 CERs, atan average price of US$15)—would be made available.

Other funds thatreceive similarly mandated levies butare notlimited to energy-related activities
include the Constitutional Financing Funds of the Northern, Northeastern, and Center-West
Regions (FNO, FNE, and FCO, respectively). These funds receive 3 percent of overall tax collections,
which are then used to finance activities in the respective regions; they are administered by such
banks as the Banco da Amazonia, Banco do Nordeste, and Banco do Brasil. In 2009, their budgets
were R$2.7 billion (FNO), R$7.5 billion (FNE), and R$2.9 billion (FCO). Financing programs include
supportforsuch activities as decreased deforestation and increased livestock productivity.

Currently, a proposal is circulating within the government to create the National Fund for
Climate Change. This fund would provide the financial resources to implement the country’s
climate-change policies and the Climate Change Plan. The fund would use a portion of
the resources generated through oil exploration and production to avoid or minimize the
environmental damage caused by such activities. According to the National Plan on Climate
Change (PNMC), this fund could be used asloans or grants for projects or studies. Based on rough
estimates using the projected future production of Petrobras for 2010 and 0.05 percent of net
revenues (2007 results), the fund could potentially have $50 million per year to spend on climate-
change mitigation activities, excluding other potential funding sources, such as grants and/or
loans from national and international financial institutions.

Another incentive mechanism is The Amazon Fund. Created in 2008 with a US$1 billion grant
from the Norwegian government, The Amazon Fund will distribute this amount in grants over
an eight-year period; the first parcel, in the amount of US$110 million, was received in the first
quarter of 2009, with the remainder to be received by 2015. Funding sources are exclusively via
donations (national and foreign), and the Fund is expected to grow to more than US$21 billion by
2021. Germany has committed EUR 18 million, and other countries are considering additional
grants. BNDES, which administers and coordinates the Fund, provides donors non-transferable
diplomas and will not generate carbon credits as compensation. Grants distribution will continue
as Brazilreducesits emissions associated with deforestation. According to BNDES, the funds will
finance non-reimbursable actions that help prevent, monitor, and combat deforestation and
promote sustainable forest use and conservation in the Amazon biome. Up to 20 percent of funds
may be directed to the development of deforestation monitoring and control systems for other
biomes located in Brazil and other tropical countries. The Fund’s technical committee comprises
members of Brazil's federal government, including the Ministry of the Environment (MMA)
and the Secretariat for Strategic Affairs (SAE); governments of Amazon states; and civil society
representatives (nongovernmental organizations, companies, universities, and syndicates).

9.7 Capital Intensity

Another indicator, capital intensity, can be used to evaluate the costs of the proposed
mitigation options. The capital intensity of a mitigation option is here defined as the incremental
investment costs over the reference-scenario technology divided by the cumulative avoided
emissions over the life of the study. In this study, the mitigation options with the lowest marginal
abatement costs (MACs) are primarily energy conservation measures; however, these do not



necessarily represent the least capital-intensive options. For example, sugar-cane cogeneration
has a negative MAC of US$105 per tCO,e, but has a high capital intensity of $161.5 per tCOe.
Conversely, existing refineries (incrustation control) has an MAC of US$73 per tCO_e (resulting
from operations and maintenance costs) but zero capital intensity (table 9.2).

Thus, a mitigation option that appears less capital intensive may not necessarily have the
lowest MAC and vice versa. A possible implication of choosing a mitigation option based onlower
capital intensity rather than a lower MAC is higher mitigation cost over the long run. Ideally, a
mitigation option would have both a low MAC and low capital intensity. Scaled-up zero-tillage
cropping is one such example, with a negative MAC and negative capital intensity (owing to fewer
laborers and machine hours). Obviously, thisisnot possible for all mitigation options.

Table 9.2: Capital Intensity and Marginal Abatement Costs of Mitigation Options
in the Low-carbon Scenario

Capital

Abatement . .
intensity

(US$/ton
o))

cost (US$/
t€0,)

Citgationoption || Mitationoption ||
Residential lighting (119,7) Transmission line Brazil-Venezuela (43,8)
Sugarcane cogeneration (104,7) Scaling up no tillage cropping 0,2)
Steam recovery systems (97,0) Refrigerators (MEPS) (0,0)
Heat recovery systems 91,7) Existing refineries (incrustation control) 0,0
Industrial lighting (65,0) Recycling 33
Solar thermal energy (54,7) Landfill methane destruction 3,8
Commercial lighting (52,3) Reduction of deforestation + livestock 10,0
Electric motors (49,8) Ethanol displacing domestic gasoline 11,5
Combustion optimization (44,1) \C/\é?rsl:c)ewater treat. + methane destruction (res. & 138
Refrigerators (MEPS) (41,3) Optimizing traffic 14,4
Recycling (34,5) CRE::;V(\)’zlble charcoal displacing non renewable 15,5
Transmission line Brazil-Venezuela (30,5) Heat recovery systems 17,0
Furnace heat recovery system (25,6) Combustion optimization 21,1
Natural gas displacing other fuels (20,2) Steam recovery systems 21,9
Other energy efficiency measures (13,5) Furnace heat recovery system 28,5
Ethanol displacing domestic gasoline (7,9) Investing in bike lanes 31,2
Wind (7,6) Ethanol exports displacing gasoline abroad 33,9
Optimizing traffic (1,9) Gas to liquid (GTL) 36,5
Gas to liquid (GTL) (1,5) Other energy efficiency measures 45,1
Reduction of deforestation + livestock (0,5) Reforestation 49,9
Scaling up no tillage cropping (0,3) Solar thermal energy 57,5
Investing in bike lanes 1,2 Existing refineries (energy integration) 77,1
Ethanol exports displacing gasoline abroad 2,1 New refineries 80,2
New industrial processes 2,1 Natural gas displacing other fuels 93,4




Landfill methane destruction 2,9 Residential lighting 95,9
Solar heater - residential 4,4 Wastewater treat. + methane destruction (ind.) 122,7
Existing refineries (energy integration) 6,6 Sugarcane cogeneration 161,5
\(/;/:Ss.tzlvzit;r.)treat. + methane destruction 10,4 Investing in railroad and waterways vs. roads 175,0
New refineries 19,1 Existing refineries (advanced controls) 2141
?:;:x:ﬁf:}?:rr:;ﬁl displacing non 20,5 New industrial processes 280,6
Investing in railroad and waterways vs. roads 29,0 Industrial lighting 2817
Reforestation 39,3 Commercial lighting 326,9
Existing refineries (incrustation control) 72,9 Investing in metro 391,2
Existing refineries (advanced controls) 95,1 Solar heater - residential 3914
Wastewater treat. + methane destruction (ind.) 103,3 Wind 407,5
Investing in metro 106,5 Electric motors 775,9
Bullet train: SP and R] 400,3 Bullet train: Sao Paulo and Rio de Janeiro 4.468,4

By plotting the capital intensity of each mitigation option, one can illustrate the investment
intensity ofa GHG mitigation measure againstits potential to reduce emissions (figure 9.1).

Figure 9.1: Investment-intensity Carbon Abatement Curve
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One may compare the capital intensity and abatement costs from the social perspective of
the mitigation options by sector. As expected, Brazil’s LULUCF sector has the highest potential
for emissions reduction at a low MAC cost and low capital intensity, followed by the energy
sector. The transport sector is the most capital intensive, as well as the most costly, while the
waste sector is costly (considering the universalization of sanitation services by 2030), butnot
necessarily as capital intensive (figure 9.2).



Figure 9.2: Evaluating Marginal Abatement Costs,
Capital Intensity and Potential for Emissions Reduction, by Sector
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Mitigation options that conserve fossil fuels, such as steam-recovery and heat-recovery
systems, are not only low in capital intensity; they also have some of the lowest abatement costs,
similar to such fossil-fuel substitution options as solar thermal energy, renewable charcoal, and
ethanol displacement of gasoline. Mitigation options related to fossil-fuel production are capital
intensive, and the emissions avoidance is not as significant as that of options that substitute for
fossil fuels. Urban-transport mitigation options are less capital intensive at lower abatement
costs than regional-transport options. However, energy-conservation options appear more
capital intensive, with aless significantamount of avoided emissions.

One may also compare the abatement costs from the private perspective (i.e., break-even
carbon price, detailed in table 7.2), capital intensity, and total volume of financing needed, either
for financing the investment cost or the incentive required to make the mitigation and carbon
uptake options attractive to economic decision makers. Some less capital-intensive sectors may
require similar amounts of financial incentives as more capital-intensive ones (waste, energy
substitution, and LULUCF versus urban and regional transport (figure 9.3).

Figure 9.3: Evaluating Required Incentives and Capital Intensity, by Subsector
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Chapter 10

Meeting the Low-carbon
Scenario Challenge




This study has demonstrated that Brazil can contribute significantly to mitigating future
GHG emissions, principally through reducing national emissions from deforestation, but also by
reducing emissions beyond its borders via carbon uptake and the export of ethanol as a gasoline
substitute. This chapter synthesizes the proposed strategies for moving toward a low-carbon
scenario for each of the four sectors considered in this study and identifies the main challenges
policymakers face in fully harvesting these opportunities.

10.1 Drastic Reduction in Deforestation

In moving toward a national low-carbon scenario, Brazil’s main challenge is no doubt the
reduction of deforestation. Despite the Brazilian government’s recent success in implementing
aggressive forest protection policies, deforestation is expected to continue as the country’s
largest source of GHG emissions well into the future. Moreover, several recent studies, including
a World Bank assessment of Amazonian forest dieback, 8 have shown than deforestation means
far more than releasing GHGs: There is a clear interplay between deforestation and expected
damage to the forest from global climate change, the most severe progression of it following the
same spatial pattern as deforestation. For the sake of reducing GHG emissions, as well as avoiding
accelerated dieback of the Amazon forest, fires should be eliminated from the Amazon region.

Brazil has gained considerable experience in forest-protection policies and projects and
finding ways to generate economic activities compatible with the sustainability of native
forests. Forest-protection projects and policies are used as dikes to counter the progression of
pioneer fronts. However, a more drastic reduction in forest destruction would require more
than protection. Shifting to a low-carbon scenario would require acting on the primary cause
of deforestation, demand for more land for agriculture and livestock. Therefore, this study
proposes a strategy that acts on two complementary fronts: (i) eliminate the structural causes
of deforestation and (ii) protect the forest against remaining attempts to cut. Implementing the
first part would involve working with stakeholders who use already deforested land, while the
second would include those that have a vested interestin new forest cuts.

With regard to the first front, eliminating the demand for more land would require
accommodating the expansion of agriculture and the meat industry—both of which are
important to the Brazilian economy—on already deforested land. That would mean a drastic
increase in productivity per hectare. Technically, one available option is to increase livestock
productivity, thereby freeing up large quantities of pasture. This option is technically possible
since current average livestock productivity is low and would entail the scaling up of already
existing productive systems in Brazil (i.e., feedlots and crop-livestock systems).

The potential for releasing and recovering degraded pasture is considerable and is enough to
accommodate the most ambitious growth scenario. Moreover, moving from lower- to higher-
productivity production systems can trigger a net gain for the sector economy since more
intensive processes converge with higher economic returns (chapter 7). But this option also
presupposes four challenging issues.

First, productive livestock systems are far more capital-intensive, both at the investment stage
and in terms of working capital. Having farmers shift to these systems would require offering
them a large volume of attractive financing far beyond current lending levels. Commercial

138 See “Assessing the Risk of Amazonian Forest Dieback: An Assessment from the World Bank,” by Jose A.
Marengo, Carlos A. Nobre, Walter Vergara, Sebastien Scholtz, Alejandro Deeb, Peter Cox, Wolfgang Lucht,
Hiroki Kondo, Lincoln Alves, and Jose Pesquero.



interest rates are usually too high to make such investments attractive. Moreover, banks are
often unwilling to lend to farmers, whom they perceive as insufficiently creditworthy. Thus, a
large volume of financial incentives, along with more flexible lending criteria, would be needed
to make such financing viable for both farmers and the banking system. Over the past five years,
the Brazilian government has developed programs to stimulate the adoption of more productive
systems (e.g., PROLAPEC and PRODUSA) in order to reduce business risks, increase income in the
field, and renovate degraded pasture areas. A first attempt to estimate the volume of incentives
required indicates an order of magnitude of US$21.5 billion per year.

Second, these systems require higher qualifications than traditional extensive farming,
which is used to move on to new areas as soon as pasture productivity has degraded, eventually
converting more native vegetation into pasture. Therefore, the financing effort should be
accompanied by intensive development of extension services. Public policies that promote rural
extension and training of cattle ranchers would be importantin overcoming this barrier.

Third, a rebound effect should be prevented. That is, the higher profitability of needing less
land to produce the same volume of meat might trigger an incentive to convert more native
forest into pasture. Such a risk is especially high in areas where new roads have been opened or
paved. Therefore, the incentive provided should be geographically selective: It should be given
only when it is clearly established, on the basis of valid and geo-referenced land ownership
title, that the project will include neither conversion of native vegetation nor areas converted
in recent years (e.g., less than 5 years), whether legally or not. This study verified that such a
stipulation would be technically possible, since it verified that enough pasture can be freed up
nationally even without increasing productivity of livestock in the Amazon region. Therefore,
any subsidized financing for livestock production in the Amazon region should be made on a
extremely selective and stringent basis, and the area in question should be closely monitored.

Fourth, several attractive options considered in the low-carbon scenario to mitigate emissions
or increase carbon uptake amplify the requirement of freeing-up pasture considerably. For
example, full compliance with the Legal Reserve Law would result in the replanting of more than
44 million ha currently allocated to other activities. While replanting the forest would remove
a large amount of carbon dioxide (CO,) from the atmosphere, this area—more than twice the
expected expansion of agricultural and pasture land under the reference scenario—would no
longer be available for such activities. Avoiding a “deforestation leakage” would thus require
that the equivalent additional amount of pasture be freed up; otherwise, a portion of production
would have to be reduced to prevent the conversion of more native vegetation elsewhere. The
same rationale applies to the expansion of any other activity that requires land (e.g., bioenergy
activities involving ethanol or renewable charcoal), though on a far smaller scale. Under the
low-carbon scenario, further expansion of these activities, taken together, would require less than
one-fourth of the additional land required for legal forest reserves. Thus, there is a difficult trade-
off between (i) more efforts to increase livestock productivity to release more land and (ii) full
enforcement of the recovery oflegal reserves and crop expansion. Less compliance with the current
legal obligation regarding forest reserves would make the goal of accommodating all activities
without deforestation less difficult, butit would mean less carbon uptake; the converseisalso true.

To protect the forest against the remaining causes of deforestation, it is proposed that
forested areas where deforestation is illegal be protected against fraudulent interests to cut.
It should be noted that there may be a significant lag between the time that demand for land
is reduced and the time that the behavioral change of deforestation agents at the frontier,
whetherlegal orillegal, could be effectively observed.




Protecting forested areas where deforestation is illegal could be achieved via an array of
activities, ranging from repressive police action to sustainable-use projects. In recent years, the
Brazilian government has made considerable efforts in this area, particularly under the Action
Plan for the Prevention and Control of Deforestation in the Legal Amazon (PPCDAM). Protection
measures may include activities similar to those already put into practice under the PPCDAM,
such as (i) expansion and consolidation of protected areas, (ii) development of integrated
projects, and (iii) promotion of the sustainable use of forest resources. Such efforts will need to
be maintained and probably increased.

If the proposed strategy is fully implemented—that is, the demand for additional land is
phased out and the forest is protected against the remaining causes of deforestation—then the
contribution of Brazil’s LULUCF-sector activities could be inverted from high-net GHG emissions
toanet GHG uptake of about 195 Mt CO, per year by 2030.

10.2 Better Transport-sector Policies and Institutional Coordination

The main potential for reducing Brazil's transport-sector emissionsis improving the transport
services offered. The impact of transport infrastructure projects in terms of emissions is a
side-effect, which is generally positive but not significant enough to drive the decision-making
process. Atthe same time, two important caveats apply. First, Brazil can further reduce emissions
significantly by substituting ethanol for gasoline; fuel substitution also applies to petro-diesel,
which can be substituted by bio-diesel, although the experience is far more limited. Second, the
development of transportinfrastructure, such as the opening of new roads in the Amazon forests,
can lead to increased deforestation and thus emissions. This impact, albeit complex, has been
established by geo-statistical analysis and taken into account in the evolution of deforestation in
the reference scenario (chapter 2).

10.2.1 Urban Transport

About 42 percent of direct sector emissions result from the urban transport subsector,
particularly congestion in large urban areas (chapter 5). Vehicles in traffic jams—buses,
trucks, and cars—all emit GHGs while the timely service they are expected to deliver is delayed,
resulting in large opportunity costs for the users. Unlike the energy sector, where emissions
usually increase or decrease according to supply, the converse is true for urban transport; that s,
insufficient supply results in increased emissions in the form of traffic congestion.

The key issues faced by the urban-transport sector are not technological, although some
efficiency gains can still result from technology innovations. Mass-transport technologies,
non-motorized transport options, and demand management measures are all available and
road-tested. Rather, the main challenge centers on financing and institutional coordination,
which delay the implementation of transport projects. For example, Brazil’s more than
5,000 municipalities independently administer their transit and transport systems, making
it difficult to harmonize nationwide plans and policies. Such complexity makes it difficult to
mobilize the most appropriate resources where needed. In addition, mass transport systems
in urban areas are capital-intensive, which prevents many municipalities from implementing
them. One way to overcome the limited investment capacity of the public sector is to promote
public-private partnerships (PPPs).



10.2.2 Regional Transport

For regional transport, the main challenge to reduce emissions involves the design and
implementation of appropriate modal-shift policies and investments. Any intervention aimed
at modifying the transport matrix should be guided by national, regional, and international
market needs and demands. If not, the result may be underuse of high-cost investments. For
example, the potential for establishing new waterways and railways in Brazil’s north, northeast,
and central-west regions is more limited than generally thought (chapter 5). To meet the freight
transport targets under the low-carbon scenario, it is important to promote better integration
and partnerships among rail concessionaires and between the concessionaires and the various
spheres of government, including regulatory authorities. For instance, because of inadequate
facilities for efficient inter-modal transfer, road transport is usually preferred over coastal
shipping. The various transport modes are generally operated privately; thus, their efficient
integration requires new infrastructure and terminals, calling for better coordination and
support from public authorities. For policies involving intermodal-transfer projects to succeed,
there must be appropriate allocation of resources, as well as measures to facilitate the financing
of the large investments required to build and adapt the needed infrastructure. The Ministry of
Transport (MT) could coordinate such efforts.

10.2.3 Further Substitution of Gasoline by Ethanol

Bio-ethanol as a fuel substitute for gasoline already contributes to the low-carbon intensity of
the transport sector. Without ethanol, GHG emissions would be 50 percent higher in 2030 than
currently projected under the reference scenario. At the same time, a significant opportunity
remains to reduce transport emissions through the increased participation of bio-ethanol as a
substitute for gasoline. This would represent one-third of the emissions reductions targeted for
the transportsector under the low-carbon scenario.

The key challenge, which the Brazilian government has dealt with for several decades,
is how to ensure that market price signals are aligned with this objective. On the demand
side, most new cars produced in Brazil are flex-fuel vehicles, which, by definition, can switch
continuously from gasoline to ethanol and vice-versa. On the one hand, these vehicles present
an opportunity for high levels of substitution. Yet, GHG benefits could quickly be lost if gasoline
proves less expensive for the consumer. Market price signals are key determinants of ethanol’s
high market share. Because of the high volatility of oil prices, a financial mechanism would
need to be designed and implemented to absorb price shocks and maintain the attractiveness of
ethanol for vehicle owners. On the supply side, it is necessary to provide sufficient incentives for
sugar-cane and ethanol producers to invest in new ethanol capacity, in the face of fluctuations
in international petroleum and sugar prices. Removing trade barriers to ethanol imports from
other countries would help to promote low-cost Brazilian ethanol production.

10.3 Exploration of Existing Energy-sector Potential

The main challenges to emissions mitigation in the energy sector are not only related to the
potential for energy conservation and fuel switchingin the industrial sector. Certainassumptions
thatunderpin the reference scenario also require significant efforts.
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10.3.1 Secure the Low-carbon Options in the Reference Scenario

Unlike the other sectors considered in this study, the energy sector would not be able to
maintain emissions at or below the 2010 level under the proposed low-carbon scenario. Even
achievinga 20-percent emissions reduction compared to the reference scenario would resultin a
40-percentrise in emissions between 2020 and 2030.

According to the PNE 2030, on which the reference scenario is based, most of Brazil’s
remaininglarge hydropower potential will have been fully exploited by 2030. For thisreason, the
energy sector has little opportunity left to further reduce emissions. Even so, per-capita energy-
sector emissions—even under the reference scenario—will continue at or below today’s global
per-capitaaverage and atless than halfthe current OECD average (chapter 4).

Such favorable comparisons result, in part, from Brazil’s past efforts to develop local
renewable energy. They also reflect assumptions in the reference scenario for continued
growth of hydropower capacity and the significant development of biomass, wind, and nuclear
energy. These assumptions reflect the Brazilian government’s strategic goals for energy-sector
development,including energy independence and diversification, over the coming decades.

The PNE 2030 projects that hydroelectricity will represent more than 70 percent of power
generation, which implies increasing hydropower generation capacity at a pace that has not
yet been observed. Indeed, the participation of hydro-energy at new energy auctions has
been limited by the environmental licensing process. As a result, the participation of fuel
oil, diesel, and even coal-based power plants, which often face less difficulty in obtaining
environmental licenses, hasincreased.

More recently, bids on the two large Rio Madeira power plants were successfully completed,
and the government has adopted a new regulation requiring fossil fuel-based thermal
power plants to offset their emissions through tree plantings, renewable energy, or energy
conservation,*® suggesting that adjustments are already under way. Measures to improve the
efficiency of the environmental licensing process for hydropower generation could include
(i) ensuring that the design of electricity-sector plans, programs, and policies take social and
environmental factors into account, along with economic, financial, and technical factors; (ii)
promoting and establishing mechanisms to resolve disputes among players in the licensing
process; (iii) preparing an operations guide, which defines the approaches used during the
process; and (iv) building technical capacity and upgrading and diversifying the professional
skills of environmental agencies.'*°

For nuclear energy, the PNE 2030 has set an ambitious goal of building 5.3 GW of additional
nuclear-generation capacity until 2030, which is triple the current capacity. Wind generation
and bagasse-based cogeneration would each increase more than tenfold. Thus, the already low-
carbon intensity of the reference scenario leaves little room for further GHG abatement with
these technologies under the low-carbon scenario.

10.3.2 Fully Explore the Existing Framework for Energy Conservation

Harnessing the mitigation potential of energy efficiency under the low-carbon scenario
requires fully exploring the options offered by the existing legal framework. Progress, albeit slow,

139 IBAMa, Normative Instruction, no. 7.
140 “Environmental Licensing for Hydroelectric Projects in Brazil: A Contribution to the Debate,” Summary
Report. World Bank Country Management Unit, March 28,2008.



has been made in implementing the energy efficiency law, and several available mechanisms
promoting energy efficiency address the needs of all consumer groups (e.g., PROCEL, CONPET,
and EPE planned auctions). These initiatives offer the possibility of creating a sustainable
energy-efficiency market. Barriers to this end include an overemphasis on procedures and
weak coordination between power and oil-and-gas programs. Key problems to address are: (i)
price distortions that introduce disincentives for energy conservation and (ii) separation of the
energy-efficiency efforts of power and oil-and-gas institutions. Better institutional coordination
mightbe achieved viaa committee responsible for development of both programs.

10.3.3 Resolve the Smart-grid Financing Issue

The main barrier to implementing bagasse cogeneration and wind energy is the cost of
interconnecting with the sometimes distant or capacity-constrained sub-transmission grid. This
reduces the feasibility of cogeneration vis-a-vis alternatives, the localization of which can be
optimized with regard to the grid. If the cost continues to be fully borne by the respective sugar
mills and wind-farm developers, the contribution of cogeneration and wind energy will likely
remain low, resulting in the entry of more fossil fuel-based alternatives. The key question is
how to finance the required grid. An ambitious smart-grid development program would help to
optimize the exploration of this promising but distributed low-carbon generation potential.

10.3.4 Increase Energy-sector Mitigation via Ethanol Exports

Brazil’s considerable experience with bio-ethanol presents an opportunity for the country
to reduce global GHG emissions by increasing ethanol exports for gasoline substitution. The
additional reduction in emissions would total 786 Mt CO, over the 2010-30 period, equal to
about one-third of the energy-sector emissions reduction achieved. Implementing this option
would require overcoming barriers to ethanol exports. It would also require demonstrating
that the incremental area planted with sugar cane would not contribute to carbon leakage (i.e.,
deforestation associated with the expansion of agricultural land for sugar-cane cultivation).
Under the low-carbon scenario, the land area allocated to sugar cane in 2030 would be 6.3 million
ha more than under the reference scenario (19.1 versus 12.7 million ha), representing a tripling
of the current area, which is still less than the area planted to soybean in 2006 (22.7 million ha)
and one-tenth current pasture area (estimated at 210 million ha). This study demonstrates that
this option would become technically feasible if the proposed measures to reduce deforestation
drastically. However, it would be essential to coordinate the pace ofimplementation to effectively
establish the global benefit of ethanol exports.

10.4 Institutional Framework and Incentives for the Waste Sector

Brazil’s waste sector has a history of underinvestment with low private-sector participation.
This situation can be attributed, in part, to a sector culture characterized by overall lack of long-
term planning, which is detrimental to credit access; insufficient allocated funds; and lack of
incentives. Both solid and liquid waste management face a high level of institutional complexity
and decentralization, making it more difficult to leverage the large amount of required financial
resources. There is, however, a legal and institutional framework enabling the voluntary
partnership of federal entities alongside municipalities for waste-management consortiums,
as well as intermunicipal consortiums (Law of Basic Sanitation). Meanwhile, the Law of PPPs




(n.11.079/2004) encompasses the legal framework for the establishment of public-private
partnerships, which serves to promote the required private sector participation. It must be
noted, however, that since waste-management is under the jurisdiction of the municipalities,
the appropriate capacitation must be expanded in order to improve their long-term planning
as well as project development capabilities. It is also imperative that both the municipalities
responsible for granting concessions, as well as the interested private sector players expand their
capacities with respect to the working knowledge of the existing legal structure, regulations,
and procedures necessary in order to access the available financing resources (i.e. within the
appropriate stipulated timeframes, etc.)

In modern landfills, unlike open dumps, fermentation is anaerobic and therefore generates
methane (CH,). Emissions increase along with the expansion of waste collection and disposal.
Compared to emissions from other sectors, waste-management emissions increase and decrease
the most in the respective reference and low-carbon scenarios. Under the reference scenario,
the CH, generated is a powerful end-of-pipe GHG, which is not necessarily destroyed. The
emissions are quickly boosted as ever greater numbers of people begin to benefit from solid
and liquid waste-collection services. But given that CH, can easily be destroyed, incentives
created by the carbon market under the low-carbon scenario could encourage participation in
projects designed to destroy landfill gases. To meet sectoral challenges, this study proposed (i)
establishing alegal and institutional framework to facilitate the establishment of inter-municipal
and regional consortia to handle waste treatment and (ii) providing incentives for institutional
involvement in shared management of systems involving concessions or public-private
partnerships (PPPs) underlong-term contracts.

10.5 Final Remarks

Brazil harbors large opportunities for mitigation and carbon uptake of GHG emissions at
relatively low costs. This positions the country as one of the key players to tackle the challenge
posed by global climate change. This study has demonstrated that a series of mitigation and
carbon uptake measures are technically feasible and that promising efforts are already under
way. Yet implementing these proposed measures would require large volumes of investment
and incentives, which may exceed a strictly national response and require international financial
support. Moreover, for Brazil to harvest the full range of opportunities to mitigate GHG emissions,
market mechanisms would not be sufficient. Public policies and planning would be pivotal, with
management ofland competition and forest protection at the center.
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Table A.1: Macroeconomic and Sector Model Parameters and Sources

Macroeconomic Parameters

Discount rates PNE 2030 Scenarios (8%)

Economic growth projections PNE 2030 Scenarios (table A.2);

(projected GDP growth) Scenario B1 is the BAU

Interest rates, exchange rate National banks

Input-Output (I-0) tables and IBGE

social accounting matrix

Population growth IBGE 1980-2050 (PNE is disaggregated by region (table A.3, table A.4)
Labor supply and wage rates PME (monthly employment survey), IBGE

Commodity prices, price index, w

: . National Statistics Office
tax rates, and import duties

Other variables to be included

Land Use and Agriculture Model

Land use by annual crops Municipal agricultural research, IBGE

Pasture 2006 agricultural census (IBGE)

EMBRAPA (Mapeamento e Estimativa da
Area Urbanizada do Brasil) (www.urbanizacao.cnpm.embrapa.br/)

Planted forest area (economic exploitation) | ICONE team

PRODES/INPE (www.obt.inpe.br/prodes/),
PROBIO, SOS Mata Atlantica, and others

Conservation units IBAMA and regional environmental agencies

Urban area

Natural landscape

GHG coefficients by land-use type [PCC or national sources

Hyd hy and t
Y rograp y and permanen UFMG team, based on GIS estimation
preservation area

Indigenous reservation FUNAI

Weather restriction CONAB (www.agritempo.gov.br)
Agricultural costs ICONE team

Agricultural return and risks ICONE team

Location of sugar-cane mills (actual and

projected) ICONE team

Projected agricultural yield
rojectec agricultura’ yields ICONE and working groups C, D, and F
and technology

Industrial sugar-cane technology

(projected) ICONE and working groups F and K

Energy Sector Model
Energy commodity prices PNE 2030 (figure A.1, figure A.2)
Oil prices (international) PNE 2030 (figure A.1)

Base-year data on energy production, trade,

and consumption (by sector, fuel) National Energy Balance (BEN) 2006, base year 2005

Local commodity prices (actual and projected) | ICONE team




Cost of energy-producing and )
. . PNE 2030, thematic reports
utilizing technologies

Efficiencies of energy-producing
technologies and consumer devices and
processes

GHG emission coefficients by fuel and

technology types National emission inventory/IPCC

Other variables to be included

GHG emission coefficients National emission inventory/IPCC

Technology costs (demand and supply side in

both energy and forestry/agricultural sector) IEA/EIA

Table A.2: PNE 2030 Macroeconomic Scenarios

Percent annual growth rate of value added, 2005-30

Scenario
Agriculture | Industry | Service | Brazil
Al 5.3 4.2 5.4 5.0 3.8
B1 4.2 3.7 4.2 4.1 3.0
B2 3.5 3.0 3.2 3.2 3.0
C 2.6 2.2 2.2 2.2 2.2
Table A.3: Population (millions of inhabitants), 2005-30

14.86

16.43 17.87 19.18

Northeast 51.31 54.18 56.81 59.21 61.43 63.43
Southeast 79.02 84.31 89.16 93.59 97.68 101.36

27.14 28.77 30.26 31.63 32.89 34.02
Center-West 13.14 14.35 15.46 16.47 17.41 18.25
Brazil 185.47 198.04 209.56 220.09 229.80 238.56

Table A.4: Urban Population Rate in 2030

Region %
North

Northeast

Southeast

South

Center-West

Brazil

Source: PNE 2030



Brazil Low-carbon Country Case Study

Figure A.1: Evolution of International Oil Prices (Brent type)

Figura 1.13: Evolugéo dos Precos Internacionais do Petroleo (tipo Brent)
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Figure A.2: International Natural-gas Prices

Figura 1.14: Precos Internacionais do Gas Natural
(US$ de 2006)

USSMIETU
100
*90
-
75 .
. *70
2 .
<008 : ° . *60
50
25
00
1950 2000 2010 2020 2000

Elaboracdo: EPE



ANNEX B
Maps




Brazil Low-carbon Country Case Study

AGRICULTURE

Map 1: Change in Area Cultivated by Crop, 2010-2030

Map 2: Total Cumulative Emissions
from Agriculture, 2010-2030

Source: EMBRAPA, ICONE, Warld Bank Brazil Low Carbon Case Study
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Map 3: Number of Heads of Cattle
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DEFORESTATION

Map 5: Total Area Deforested, 2010-2030
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LAND USE - TOTAL

Map 7: Area used for Agriculture, Pasture, and reforestation by Region
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Map 9: Land Area Used by Pasture
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ELECTRICITY

Map 10: Annual Electricity Consumption
Map 11: Annual Electricity Generation
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Map 13: Installed Cogeneration Capacity, 2010 and 2010, and
Resulting Emission Mitigation, 2030
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EXISTING REFINERIES

Map 14: Annual Emissions and Mitigation from Existing Refineries for the period 2015-2030
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INDUSTRY - USE OF FOSSIL FUELS

Map 15: Total Energy from Fossil Fuels used in Industry
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Map 17: Cumulative Mitigation
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ENERGY - TOTAL

Map 18: Total Cumulative
Emissions from the Energy
Sector, 2010-2030
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TRANSPORT

Map 20: Growth in Transport Fleet, 2007 to 2030
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Map 21: Changes in Passenger Load
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Map 22: Cumulative Emissions and Mitigation from Urban and Regional Transport, 2010-2030
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Brazil Low-carbon Country Case Study

WASTE

Map 24: Waste Produced by State, 2010 and 2030
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ALL SECTORS

Map 26: Cumulative Emissions and Mitigation by Sector, 2010-2030

Lt
S,
&

Low Carbon Scenario
(M1 CO2e)

3 it
BN
_=ve.

L4

% T

gEE2 &
B33 %

2385 PA .
g , Source: Worid Bank Brazil Low
567 AM Carbon Team

o 145 AC

T AP

Map 27: Total
Cumulative Emissions,
2010-2030

Emissions (Mt CO2e)

>,
.=
=
L
7
L
2]
<
&
>
B
)
=t
=
o
O
=
o
8
Bt
s
v
3
S
—
=
N
©
ol
2









Aasberg-Petersen, K., T. S. Christensen, C. S. Nielsen, and I. Dybkjaer. 2003. “Recent Developments in Autothermal
Reforming and Pre-reforming for Synthesis Gas Production in GTL Applications.” Fuel Processing Technology
83(1-3): 253-61.

AB (Agéncia Brasil). 2008. August 14 report (biomass cogeneration). Available at agenciabrasil.gov.br.
ABAL (Brazilian Aluminum Association). 2008. Boletim técnico. Available at www.abal.org.br.

ABILUX (Associagdo Brasileira da Industria de Iluminagdo). 2009. Personal communication with Isac Rozenblat,
Technical Director, January 26.

ABIQUIM (Brazilian Chemical Industry Association). 2007a. Demanda de matérias-primas petroquimicas e provdvel
origem até 2020. Sao Paulo: Brazilian Chemical Industry Association.

———. 2007b. Brazilian Chemical Industry Association Yearbook. 2007 edition. Sdo Paulo: Brazilian Chemical Industry
Association.

ABM (Brazilian Metallurgy, Materials, and Mining Association). 2008. 29th semindrio de balangos energéticos globais e
utilidades. Sao Paulo; Brazilian Metalury, Materials, and Mining Association.

ABNT (Brazilian Association of Technical Standards). 1984. “NBR 8419: Apresentacdo de Projetos de Aterros Sanitarios
de Residuos Sélidos Urbanos.” Rio de Janeiro: Brazilian Association of Technical Standards.

ABRAF (Brazilian Association of Forest Plantation Producers). 2009. ABRAF Statistical Yearbook: Base Year 2008.
Brasilia: Brazilian Association of Forest Plantation Producers.

Aden, A.,, M. Ruth, K. Ibsen, J. Jechura, K. Neeves, J. Sheeran, B. Wallace, L. Montague, A. Slayton, and J. Lukas. 2002.
“Lignocellulosic Biomass to Ethanol Process Design and Economics Utilizing Co-Current Dilute Acis Prehydrolysis
and Enzymatic Hydrolysis for Corn Stover” NREL Report No. TP-510-32438. Washington, DC: National
Renewable Energy Laboratory. Available at http://nrelpubs.nrel.gov.

ADVFN. 2008. Cambio. Available at: http://bradvfn.com.

Alcides, Felipe Rodrigues, and Luana Priscila de Carvalho Pereira. 2007. Consideragdes ecoldgicas sobre plantios de
Eucalipto. Anais do VIII Congresso de Ecologia do Brasil. Caxambu, Minas Gerais, September 23-28.

Alencar, A. 2004. Desmatamento na Amazénia: Indo além da emergéncia crénica. Manaus: Amazon Institute for
Environmental Research (IPAM).

Alexander, B. D, G. A. Huff, V. R. Pradhan, W. ]. Reagan, and R. H. Cayton. 2000. “Sulfur Removal Process.” Available at
www.patentstorm.us/patents/6024865 /fulltext.html.

Ali, M. F, B. El-Alia, G. Martinie, and M. N. Siddiqui. 2006. “Deep Desulphurization of Gasoline and Diesel Fuels Using
Nonhydrogen Consuming Techniques.” Fuel 85(10-11): 1354-63.

Aliceweb. “Sistema de Andlise das Informacoes de Comércio Exterior via Internet” Available at http://aliceweb.
desenvolvimento.gov.br.

Almeida, E. L., ]. V. Bomtempo, and R. G. Bicalho. 2004. “Viabilidade das plantas GTL: uma analise de sensibilidade das
varidveis determinante.” 4th Congress of Latin

American and Caribbean Gas and Electricity, Rio de Janeiro, April 26-28.

Almeida, J., C. Feijd, and P. Carvalho. 2007. Mudanga estrutural e produtividade industrial. Sdo Paulo: Institute for the
Study of Industrial Development (IEDI).

Alsema, E. 2001. “ICARUS-4 Sector Study for the Refineries, Utrecht University, Department of Science, Technology,
and Society, The Netherlands. Available at http://copernicus.geog.uu.nl/uce-uu/downloads/Icarus/Refineries.
pdf.

Alves, ]. W.S. 2000. “Diagnoéstico Técnico Institucional da Recuperagao e Uso Energético do Biogas Gerado pela Digestao
Anaerébia de Residuos.” Master’s Dissertation. Programa Interunidades de P6s Graduagdo em Energia, Instituto
de Eletrotécnica e Energia, Universidade de Sdo Paulo.

Amarante, O. A. C., M. Brower, ]. Zack, and A. L. Sa&. 2001. Atlas do Potencial Edlico Brasileiro. Rio de Janeiro: Electric
Energy Research Center (CEPEL).

Amend, M, C. Gascon, ]. Reid, J. M. C. da Silva. 2005. “Parks Produce Local Economic Benefits in Amazonia.” Conservation
Strategy Fund Report. Available at http://conservation-strategy.org/en/reports/reports.

Amorin, R. 2005. “Abastecimento de agua de uma refinaria de petréleo: Caso Replan.” Master’s thesis, Universidade
Federal Fluminense, Rio de Janeiro.



AMS (Minas Gerais Silviculture Association). 2004. Perspectivas e tendéncias do abastecimento de madeira para a
industria de base florestal no Brasil: Uma contribui¢do a construgcdo e acompanhamento dos cendrios futuros.
Minas Gerais: Minas Gerais Silviculture Association. Available at www.silviminas.com.br.

———. 2008. Statistical Yearbook 2007. Available at www.silviminas.com.br.

Amthor, J. S., and M. Hustoun. 1998. Terrestrial Ecosystem Responses to Global Change: A Research Strategy. ORNL/TM-
1998/27. Oak Ridge, TN: Oak Ridge National Laboratory.

ANC (National Constituent Assembly). 1988. Constituicdo da Republica Federativa do Brasil. October 5. Available at
www.planalto.gov.br.

Anderson, D. 2000. “Energy and Economic Prosperity.” World Energy Assessment: Energy and the Challenge of Sustainability,
ed.]. Goldemberg. New York: United Nations Development Programme, United Nations Department of Economic
and Social Affairs, and World Energy Council.

ANEEL (National Agency for Electric Energy). 2008. ANEEL Report 2007. Available at www.aneel.gov.br/arquivos/PDF/
Relatorio_Aneel_2007.pdf.

———. 2009a. “Acompanhamento da Expansdo da Oferta de Geracdo de Energia Elétrica: Hidrelétricas.” Available at
www.aneel.gov.br/area.cfm?idArea=37&idPerfil=2.

———. 2009b. “Informagdes Técnicas, Compensagao Financeira.” Available at www.aneel.gov.br/area.cfm?idArea=42.

ANL (Argonne National Laboratory). 1998. “Effects of Fouling Mitigation on the Energy Efficiency of Crude Oil Distillation.”
Paper presented at the AIChE National Spring Meeting, New Orleans.

———. 2001. “Greenhouse Gases, Regulated Emissions, and Energy use in Transportation (GREET 1.6).” Argonne,
[llinois: Argonne National Laboratory.

ANP (National Agency of Petroleum, Natural Gas, and Biofuels). 2001. “Industria Brasileira de gas natural: Regulacdo
atual e desafios futuros.” Available at www.anp.gov.br/participacao_gov/precos_referencia.asp.

———. 2008a. Statistical Yearbook. Available at www.anp.gov.br/petro/dados_estatisticos.asp.
———.  2008b. Law No. 9478, August 6, 1997. Available at www.anp.gov.br/conheca/lei.asp?cap=1#ini.
———. 2008c. Royalty Calculations. Available at www.anp.gov.br/participacao_gov/calculo.asp.

———. 2008d. “Tabelas contendo os precos praticados para a producdo de petréleo e gas natural. Available at www.anp.
gov.br/participacao_gov/precos_referencia.asp.

Babich, I. V., and J. A. Moulijn. 2003. “Science and Technology of Novel Processes for Deep Desulfurization of Oil Refinery
Streams: A Review.” Fuel 82(6): 607-31.

API (American Petroleum Institute). 2000. “Technological Roadmap for the Petroleum Industfydilable at www1.eere.
energy.gov/industry/petroleum_refining/pdfs/petroleumroadmap.pdf.

Aprea, R, C. Mastrullo, and C. Renno. 2004. “Fuzzy Control ofthe Compressor Speed in a Refrigeration Plant.” International
Journal of Refrigeration 27: 639-48.

Assad, E, and H. Pinto. 2008. Aquecimento global e a nova geografia da produgdo agricola no Brasil. Campinas: Brazilian
Agricultural Research Corporation (EMBRAPA) and State University of Campinas (UNICAMP).

Azevedo, T, and M. A. Tocantins. 2006. “Instrumentos econdmicos da nova proposta para a gestao de florestas publicas
no Brasil” Megadiversidade, vol. 2, no. 1-2.

Babusiaux, D. 2003. “Allocation of the CO, and Pollutant Emissions of a Refinery to Petroleum Finished Products.” 0il &
Gas Science and Technology-Rev.-IFP 58(6): 685-92.

Babusiaux, D., and P. Bauquis. 2007. Depletion of Petroleum Reserves and Oil Price Trends. Rueil-Malmaison, France:
French Institute of Petroleum.

Babusiaux, D., D. Champlon, and M. Valais. 1983. “Aggregate Oil Refining Models: The Case of Energy-economy Interactions
in France.” Energy Exploration and Exploitation 2(2): 143-53.

Babusiaux, D., and A. Pierru. 2007. “Modelling and Allocation of CO, Emissions in a Multiproduct Industry: The Case of
Oil Refining.” Applied Energy 84(7-8): 828-41.

Bailey, K. 1999. “Optimize Heat Exchanger Operations by Minimizing Fouling.” Hydrocarbon Processing 78: 113-16.
Baker, R. W, K. A. Lokhandwala, M. L. Jacobs, and D. E. Gottschlich. 2000. “Recover Feedstock and Product from Reactor




Vent Streams.” Chemical Engineering Progress 96(12): 51-7.
Bakkerud, P. K. 2005. “Update on Synthesis Gas Production for GTL.” Catalysis Today 106(1-4): 30-3.

Banister, . A., and S. O. Rumbold. 2005. A Compact Gas-to-Methanol Process and Its Application to Improved Oil Recovery.
Poole, Dorset, UK: Meggitt (UK) Ltd., Heatric Division.

Basini, L. 2005. “Issues in H, and Synthesis Gas Technologies for Refinery, GTL and Small and Distributed Industrial
Needs.” Catalysis Today 106(1-4): 34-40.

BDMG (Development Bank of Minas Gerais). 2008. “Demonstrativo Oficial 2008.” Available at www.bdmg.mg.gov.br.

Beer, ]. D. 1998. “Potential for Industrial Energy-Efficiency Improvement in the Long Term.” Utrecht University, The
Netherlands.

Betiol, L. S. 2008. “Potenciais e Limites da Responsabilidade Civil como Mecanismo Econdmico de Protecdo ao Meio
Ambiente.” 258f. Master’s Dissertation, Pontificia Universidade Catdélica de Sdo Paulo.

Bharadwaj, S.S., and L. D. Schmidt. 1995. “Catalytic Partial Oxidation of Natural Gas to Syngas.” Fuel Processing Technology
42(2-3):109-27.

Bluewater Energy Services. 2006. “Syntroleum/Bluewater To Form Joint Venture.” Available at www.bluewateroffshore.
com/press.asp?reflD=83&ID=158&contentID=158&NewsID=35>.

BNDES (National Bank of Ecnomic and Social Development). 2009a. “Condi¢ées do Apoio do Sistema BNDES para a
Implantacdo da Hidrelétrica Santo Antonio.” Available at www.bndes.gov.br/infraestrutura/uhsa.asp.

———. 2009b. FINAME: Maquinas e Equipamentos. Available at www.bndes.gov.br/linhas/finame.asp.

Bonezzi, Cristiane Belize, Armando Caldeira-Pires, and Antonio C. P. Brasil, Jr 2004. “Avaliacdo do Ciclo de Vida e a
Competitividade Ambiental da Siderurgia no Brasil” In Intempres Brazil 2004, V Workshop Internacional
sobre Inteligéncia Empresarial e Gestdo do Cohecimento na Empresa. Available at www.intempres.pco.cu/
Intempres2000-2004 /Intempres2004 /Sitio/Ponencias/36.doc.

Bonham-Carter, G. 1994. Geographic Information Systems for Geoscientists: Modelling with GIS. New York: Pergamon
Press.

Bott, T. 2001. “To Foul or Not To Foul: That Is the Question.” Chemical Engineering Progress 11: 30-36.
BRACELPA (Brazilian Pulp and Paper Association). 2008. Statistical data. Available at www.bracelpa.org.br.

Breed, A., M. E. Doherty, S. B. Gadewar, P. Grosso, I. M. Lorkovic, E. W. McFarland, and M. ]J. Weiss. 2005. “Natural Gas
Conversion to Liquid Fuels in a Zone Reactor.” Catalysis Today 106(1-4): 301-04.

Brito, José Otavio. 1990. “Carvao vegetal no Brasil: Gestdes econdmicas e ambientais.” Estudos Avangados 4(9): 221-
27.

———. 2008. “Desafios e perspectivas da produgdo e comercializagdo de carvado vegetal.” Férum Nacional sobre Carvao
Vegetal, Belo Horizonte.

Brophy, J. 2004. “Modular Gas-to-Liquids Technology.” 10th PIN Meeting (June), Heriot-Watt University, Edinburgh.
Available at www.velocys.com/news/conferences.php.

Brown, L. C. 2002. “High Efficiency Generation of Hydrogen Fuels Using Nuclear Power.” Annual Report August, 2000~
July 2001. Available at www.osti.gov/energycitations/servlets/purl/804347-rH2617 /native/.

Brown, S., and A. E. Lugo. 1982. “The Storage and Production of Organic Matter in Tropical Forests and Their Role in the
Global Carbon Cycle.” Biotropica 14: 161-187.

———. 1984. “Biomass of Tropical Forests: A New Estimate Based on Forest Volumes.” Science 223: 1290-93.

———. 1992. “Aboveground Biomass Estimates for Tropical Moist Forests of the Brazilian Amazon.” Interciencia 17:
8-18.

Brown, S., A.]. R. Gillespie, and A. E. Lugo. 1989. “Biomass Estimation Methods for Tropical Forests with Applications to
Forest Inventory Data.” Forest Science 35: 881-902.

Brown, S., L. R. Iverson, A. Prasad, and D. Liu. 1993. “Geographical Distributions of Carbon in Biomass and Soils of
Tropical Asian Forests.” Geocarto International 4: 45-59.

Brumby, A.,, M. Verhelst, and D. Cheret. 2005. “Recycling GTL Catalysts: A New Challenge.” Catalysis Today 106(1-4):
166-9.

Brunet, S., D. May, G. Perot, C. Bouchy, and F. Diehl. 2005. “On the Hydrodesulfurization of FCC Gasoline: A Review.”



Applied Catalysis A: General 278(2): 143-72.

Caruso, P, and A. Clyde. 2008. Refining Trends Part IV: The Golden Age or the Eye of the Storm? Tough Choices. Booz &
Company, Inc. Available at www.booz.com.

Carvalho, J. F, and I. L. Sauer. 2009. “Does Brazil Need New Nuclear Power Plants?” Energy Policy 37(4): 1580-84.

Castorena, G., C. Sudrez, 1. Valdez, G. Amador, L. Fernandez, and S. Le Borgne. 2002. “Sulfur-selective Desulfurization
of Dibenzothiophene and Diesel Oil by Newly Isolated Rhodococcus sp. Strains.” FEMS Microbiology Letters
215(1): 157-61.

Castro, Luiz Fernando Andrade. 2000. Produgdo de gusa em altos-fornos a carvdo vegetal e a coque. Technical Report.
Belo Horizonte: Federal University of Minas Gerais, Department of Metallurgical and Materials Engineering.

Catharino, E. L. M,, L. C. Bernacci, G. A. D. C. Franco, G. Durigan, and J. P. Metzger. 2005. “Aspectos da composi¢do e
diversidade do componente arbéreo das florestas da Reserva Florestal do Morro Grande, Cotia, SP” Biota
Neotropica 6(2): 2.

CCAP (Center for Clean Air Policy). 2006. Greenhouse Gas Mitigation in Brazil: Scenarios and Opportunities through 2025.
Rio de Janeiro: Post-graduate Engineering Programs Coordination (COPPE).

———. 2007. Greenhouse Gas Mitigation in Developing Countries: Scenarios and Opportunities in Brazil, China, and India.
Rio de Janeiro: Center for Clean Air Policy.

Cederfio-Caero, L., H. Gomez-Bernal, A. Fraustro-Cuevas, H. D. Guerra-Gomez, and R. Cuevas-Garcia. 2008. “Oxidative
Desulfurization of Synthetic Diesel Using Supported Catalysts: Part III. Support Effect on Vanadium-based
Catalysts.” Catalysis Today 133-5: 244-54.

CEMPRE (Brazilian Business Commitment for Recycling). 2000. Reduzindo, Reutilizando, Reciclando: A Industria
Ecoeficiente. Sao Paulo: Brazilian Business Commitment for Recycling.

CentroClima. 2003. Invetdrio de Emissdes de Gases de Efeito Estufa da Cidade do Rio de Janeiro. Rio de Janeiro: COPPE/
UFR]J, Centre for Integrated Studies on Climate Change and the Environment. Available at www.centroclima.org.
br/new2/ccpdf/inventario_rj.1.pdf.

CEPED (Research and Development Center). 2004. Manual econémico da indiistria quimica (MEIQ). 8th edition, vol. 3.
Camacari: Research and Development Center.

CETESB (So Paulo State Waste Management Company). 1993. Residuos solidos industriais. 2" ed. Sdo Paulo: Sdo Paulo
State Waste Management Company.

CGU (Office of the Comptroller General). 2006. Balanco Geral da Unido 2006. Executive Power Report, Volume 1. Official
Development Institutions, Chapter VI. Available at www.cgu.gov.br/Publicacoes/BGU/2006/VOLUME%201/
CAP-VL.pdf.

Chernicharo, C. A. L. 2000. Reatores anaerdbios. Belo Horizonte: Department of Sanitary and Environmental Engineering,
Federal University of Minas Gerais (UFMG).

Chipp, H. 2009. “A Importancia Bioelectricidade na Complementariedade da Hidroelectricidade.” Presentation at II
Forum Cong/CanalEnergia, Sdo Paulo, June.

Clean Development Mechanism (CDM) Executive Board. 2008. “Consolidated Baseline Methodology for Grid-connected
Electricity Generation from Renewable Energy Sources.” ACM0002/version 8. Available at http://cdm.unfccc.
int/UserManagement/FileStorage/CDMWF_AM_YOYKBRCBIK7TSPSB7MQT75SPX75PES.

CNI (National Confederation of Industry). 2007. Matriz energética: Cendrios, oportunidades e desafios. Brasilia: National
Confederation of Industry.

Coe, M. Costa, and B. S. Soares-Filho. 2009. “The Influence of Historical and Potential Future Deforestation on the Stream
Flow of the Amazon River: Land Surface Processes and Atmospheric Feedbacks.” Journal of Hydrology 369(1-
2): 164-74.

CONAB (National Food Supply Company). 2008. Central de informacdes agropecuadrias, safras. Available at www.conab.
gov.br/conabweb/index.php?PAG=1012008.

CONPET (National Program for the Rationalization of the Use of Oil and Natural Gas Derivatives. 2008. “Programa
nacional da racionalizagdo do uso dos derivados do petréleo e gas natural.” Brasilia: Ministry of Mines and
Energy. Available at www.conpet.gov.br/home_conpet.php?segmento=conpet.

Coogee Chemical. 2007. “Building a Floating Methanol Plant” Available at www.coogee.com.au/op_meth.
html#floating.




Copeland, R. ], Y. Gershanovich, and B. Windecker. 2005. High Efficiency Syngas
Generation. Washington, DC: National Energy Technology Laboratory, U.S. Department of Energy.

COPPE/UFR] (Post-graduate Engineering Programs Coordination/Federal University of Rio de Janeiro). 2006. Balang¢o
Energético do Estado do Rio de Janeiro. Rio de Janeiro: Post-graduate Engineering Programs Coordination/
Federal University of Rio de Janeiro.

Cornot-Gandolphe, S, 0. Appert, R. Dickel, M. Chabrelie, and A. Rojey. 2003. “The Challenges of Further Cost Reductions
for New Supply Options (Pipeline, LNG, GTL).” 22nd World Gas Conference, Tokyo, June 1-5.

Coutinho, L., and ]. C. Ferraz. 1994. Estudo da competitividade da industria brasileira. Campinas: State University of
Campinas (UNICAMP)/Papyrus.

CTEC (CANMET Energy Technology Centre). 2003. L'analyse Pinch: pour l'utilisation efficace de I'énergie, de l'eau et de
I’hydrogéne. Available at http://canmetenergy.nrcan.gc.ca/fichier.php/codectec/Fr/2003-140/2003-140f.pdf.

Cunha, M. E. G. 2002. “Analise do Setor de Saneamento Ambiental no Aproveitamento Energético de Residuos: O caso do
Municipio de Campinas.” Master’s Dissertation, Faculty of Mechanical Engineering, State University of Campinas
(UNICAMP).

Daj, Y. C, Y. T. Qi, D. Z. Zhao, and H. C. Zhang. 2008. “An Oxidative Desulfurization Method Using Ultrasound/Fenton’s
Reagent for Obtaining Low and/or Ultra-low Sulfur Diesel Fuel.” Fuel Processing Technology 89(10): 927-32.

Davy Process Technology. 2007. “Gas Conversion Using Novel Reforming Technology.” Available at www.davyprotech.
com/Default.aspx?cid=517>.

De Beer, |, E. Worrel, and K. Blok. 1997. “Long-term Energy-efficiency Improvements in the Paper and Board Industry.”
Energy 23(1): 21-42.

———. 1998. “Future Technologies for Energy-efficient Iron and Steel Making.” Annual Review Energy Environmental
23:123-205.

de Gouvello, Ch. 1999 “Régulation publique des énergies de réseau et spécialisation agro-pastorale des fronts pionniers
récents. Le cas de la frontiere agricole sud-amazonienne”, L'espace Géographique, Tome 28, n°3, pp.257-268.

de Gouvello, Ch., Mathy, S. and Hourcade, ]J.Ch., 2001. «Clean Development Mechanism: a leverage for development»,
Climate Policy, 1(2) 251-268.

de Gouvello, Ch.; Mollon, P; Mathy, S. 2003: “The Clean Development Mechanism in the Electricity Sector: Sharing the
Carbon Rent between Development and Investor Return. The Case of the Tahumanu Hydroelectric Project in
Bolivia”, Greener Management International, 39: 109-118.

de Gouvello, M. Thioye, F. Dayo. 2008. “Low-carbon Energy Projects for Development in Sub-Saharan Africa -Unveiling
the Potential, Addressing the Barriers”, Vol 1 & 2, 290 p., The World Bank.

de Klerk, A. 2008. “Hydroprocessing Peculiarities of Fischer-Tropsch Syncrude.” Catalysis Today 130(2-4): 439-45.

De Paula, C. P. 2004. “Geragao Distribuida e Cogerac¢do no Setor Elétrico: Avaliacdo Sistémica de um Plano de Insergao
Incentivada.” Doctoral Thesis. University of Sdo Paulo.

Descamps, C., C. Bouallou, and M. Kanniche. 2008. Efficiency of an Integrated Gasification Combined Cycle (IGCC) Power
Plant Including CO, Removal.” Energy 33(6): 874-81.

De Sousa, E. L. 2007. “Perspectivas para o Agucar, o Etanol e a Bioeletricidade.” PowerPoint presentation, November.

de Souza, M. ], B. P.Jacob, and G. B. Ellwanger. 1998. “Structural Design of Process Decks for Floating Production, Storage
and Offloading Units.” Marine Structures 11(10): 403-12.

Dhir, S., R. Uppaluri, and M. Purkait. 2009. “Oxidative Desulfurization: Kinetic Modelling.” Journal of Hazardous Materials
161(2-3): 1360-68.

DIEESE (Inter Trade Union Department of Statistics and Socioeconomic Studies). 2005. “Politica industrial no Brasil: O
que é a nova politica industrial.” Nota Técnica, no. 11, December.

Dislich, R,, L. Cers6simo, and W. Mantovani. 2001. “Andlise da estrutura de fragmentos florestais no Planalto Paulistano,
SP” Revista Brasileira de Botdnica 24(3): 321-32.

DNPM (National Department of Mineral Production). 2007. Sumdrio mineral 2007. Brasilia: National Department of
Mineral Production. Available at www.dnpm.gov.br.

DOE (U.S. Department of Energy). 2005. “Clean Cities Initiative Fact Sheet.” April. Washington, DC: U.S. Department of
Energy.



DOE and EIA (U.S. Department of Energy and Energy Information Administration). 2007. Annual Energy Outlook 2007~
with Projections to 2030. Available at www.eia.doe.gov/oiaf/archive/aeo07/index.html>.

dos Santos, M. C,, P. R. Seidl, and M. Guimaraes. 2008. “Metodologias para a Maximizacdo de Olefinas nas Unidades de
Processamento do COMPER].” Rio Oil & Gas, 1-6.

Dry, M. E. 2004. “Present and Future Applications of the Fischer-Tropsch Process.” Applied Catalysis A: General 276(1-
2): 1-3.

Dutra, R, and A. e Szklo. 2008a. “Assessing Long-term Incentive Programs for the
Implementation of Wind Power in Brazil Using GIS Rule-based Methods.” Renewable Energy 33: 2507-15.

———. 2008b. “Incentive Policies for Promoting Wind Power Production in Brazil: Scenarios for the Alternative Energy
Sources Incentive Program (PROINFA) under the New Brazilian Electric Power Sector Regulation.” Renewable
Energy 33: 65-76.

EC (European Commission). 2008. “European Commission Proposal for a Directive of the European Parliament and
of the Council on the Promotion of the Use of Energy from Renewable Sources.” Available at www.europarl.
europa.eu.

EDELCA (C.V.G. Electrificacion del Caroni, C.A.). 2004. “Sintesis del Estudio Plan Maestro de la Cuenca del Rio Caroni.”
Available at www.edelca.com.ve/ambiental /pdf/resumen_cuenca_caroni.pdf.

———. 2007. Annual Report. Available at www.edelca.com.ve/publicaciones/pdf/informe_anual_2007.pdf

EGEE (Expert Group on Energy Efficiency). 2007. Realizing the Potential of Energy Efficiency: Targets, Policies, and
Measures for G8 Countries. Washington, DC: United Nations Foundation.

EIA (Energy Information Administration). 2008. Petroleum, U.S. Data. Available at www.eia.doe.gov/.

EIA and DOE (Energy Information Administration and U.S. Department of Energy). Foreign Electricity Emission Factors.
1999-2002. Available at www.eia.doe.gov/oiaf/1605/excel/electricity_factors_99-02country.xls.

———. 2003. The Global Liquefied Natural Gas Market: Status and Outlook. Washington, DC: U.S. Department of Energy.
Available at www.eia.doe.gov/oiaf/analysispaper/global/index.html.

EIPPCB (European Integrated Pollution Prevention and Control Bureau). 2001. Reference Document for BAT for Mineral
Refineries. Brussels: European Integrated Pollution Prevention and Control Bureau. Available at: http://eippcb.
jrc.ec.europa.eu/.

Ekins, P, R. Vanner, and ]. Firebrace. 2007. “Zero Emissions of Oil in Water from Offshore Oil and Gas Installations:
Economic and Environmental Implications.” Journal of Cleaner Production 15(13-4): 1302-15.

Eletrobras. 2008. 2007 Resultados do PROCEL. Rio de Janeiro: Eletrobras and National Electrical Energy Conservation
Program (PROCEL).

EMBRAPA (Brazilian Agricultural Research Corporation). 1999. Sistema Brasileiro de Classificacdo de Solos. Rio de
Janeiro: National Center for Soils Research, EMBRAPA.

———. 2003. Cultivo do eucalipto. Sistemas de Produgdo 4. Available at http://sistemasdeproducao.cnptia.embrpa.
br/FontesHTML/Eucalipto.

———. 2004. Agrometeorological Monitoring System: Agritempo. Available at www.agritempo.gov.br.

———. 2007. Empresa Brasileira de Pesquisa Agropecudria. Available at www.cnpgl.embrapa.br/producao/industria.
php.

———. 2008. Aquecimento global e a nova geografia da produgdo agricola no Brasil. Rio de Janeiro: Brazilian Agricultural
Research Corporation.

Energetics. 2007. “Energy and Environmental Profile of the U.S. Petroleum Refining

Industry.” U.S. Department of Energy, Industrial Technologies Program. Available at www1.eere.energy.gov/industry/
petroleum_refining/pdfs/profile.pdf.

Energy Manager Training. 2004. Guwahati Refinery, Guwahati, Assam: Indian Oil Corporation Limited. Available at
www.energymanagertraining.com/eca2004 /award2004 /Refineries/Indian%200il%20Corporation%20
Guwahathi%20Refinery.pdf.

EPA (U.S. Environmental Protection Agency). 2007. Energy Trends in Selected Manufacturing Sectors: Opportunities
and Challenges for Environmentally Preferable Energy Outcomes. Final Report, March. Washington, DC: U.S.
Environmental Protection Agency.




———. 2009. “CFR Part 80, Part I.” Federal Register 74 (May 26): 99.

EPE (Energy Planning Company). 2007. “National Energy Plan 2030 (PNE 2030).” Rio de Janeiro: Energy Planning
Company and Ministry of Mines and Energy. Available at www.epe.gov.br/PNE/Forms/Empreendimento.aspx.

EPE and MME (Energy Planning Company and Ministry of Mines and Energy). 2005. Estudos das premissas bdsicas para
as projegées do mercado de energia elétrica 2005-2015. Rio de Janeiro: Energy Planning Company and Ministry
of Mines and Energy.

———. 2007. Balango energético nacional 2007. Rio de Janeiro: Energy Planning Company and Ministry of Mines and
Energy.

ERG (Energy Resources Group). 2005. “The ERG Biofuels Analysis Meta-Model (EBAMM).” Release 1.0. Available at
http://rael.berkeley.edu/EBAMM/.

ERG (Energy Resources Group) and Richard and Rhoda Goldman School of Public Policy. 2005. “ERG Biofuels Analysis
Meta-Model (EBAMM).” Available at http://rael.berkeley.edu/EBAMM/.

EUCAR (European Council on Automotive R&D), CONCAWE, and JRC (Joint Research Centre of the EU Commission). 2004.
“Well to Wheels Analysis of Future Automotive Fuels and Powertrains in the European Context.” January.

EURELECTRIC. 2004. “Electricity for More Efficiency: Electric Technologies and Their Energy Savings Potential”
Brussels: EURELECTRIC.

European Council for Automotive R&D (EUCAR), European Commission Joint Research Centre (JRC), and CONCAWE.
2004. “Well-to-Wheels Analysis of Future Automotive Fuels and Powertrains in the European Context.” Available
at http://ies.jrc.cec.eu.int/Download/eh.

Eva, H. D., A. S. Belward, E. E. de Miranda, C. M. di Bella, V. Gond, O. Huber, S. Jones, M. Sgrnzaroli, and S. Fritz. 2004. “A
Land Cover Map of South America.” Global Change Biology 10: 731-44.

Exxon. 1981. “Economic Penalties Associated with the Fouling of Refinery Heat Transfer Equipment.” Fouling of Heat
Transfer Equipment. New York: Sommerscales and Knudsen.

FAO (Food and Agricultural Organization of the United Nations). 2001. FAOCLIM 2.0: A Worldwide Agroclimatic Database.
Rome: Food and Agriculture Organization of the United Nations.

FAPRI (Food and Agricultural Policy Research Institute). 2007. FAPRI Models. Available at www.fapri.iastate.edu/
models.

Farid, J. 2008. “Institui¢des Oficiais ddo R$8 bi para o Madeira.” Estaddo de Hoje: Economia & Negdcios, Sexta-Feira,
December 19. Available at www.estadao.com.br/estadaodehoje/20081219/not_imp296205,0.php.

Farr, T. G., P. A. Rosen, E. Caro, R. Crippen, R. Duren,, S. Hensley, M. Kobrick, M. Paller, E. Rodriguez, L. Roth, D. Seal,
S. Shaffer, J. Shimada, J. Umland, M. Werner, M. Oskin, D. Burbank, and D. Alsdorf. 2007. “The Shuttle Radar
Topography Mission.” Rev. Geophys 45, RG2004, doi:10.1029/2005RG000183.

Farrar, G. 2004. “Nelson-Farrar Quarterly Costimating: Indexes for Selected Equipment Items.” 0il & Gas Journal 102(13):
58-9.

———. 2006. “Nelson-Farrar Cost Indexes.” 0il & Gas Journal 104(37).
———. 2007. “How Refinery Fuel Indexes Have Varied.” 0Oil & Gas Journal 105(1).

Fearnside, P. 2005. “Desmatamento na Amazdnia Brasileira: Histéria, indices e conseqiiéncias.” Megadiversidade 1(1):
113-23.

Fearnside, P, Righi, C., Lima de Alencastro Graga, P, Keizer, E., Cerri, C., Melo Nogueira. E., Barbosa, R. 2009. “Biomass
and greenhouse-gas emissions from land-use change in Brazil’s. Amazonian “arc of deforestation”: The states of
Mato Grosso and Rondénia”. Forest Ecology and Management 1968-1978 (258).

Federal Government of Brazil. 2008. National Plan on Climate Change (PNMC). Brasilia: Interministerial Committee on
Global Climate Change. Available at www.mma.gov.br.

Federal Senate. 2001. “Diario do Senado Federal,” Quinta Feira, 15167, August 2.

Ferreira, N. C,, L. G. Ferreira, A. R. Huete, and M. E. Ferreira. 2007. “An Operational Deforestation Mapping System Using
MODIS Data and Spatial Context Analysis.” International Journal of Remote Sensing 28: 47-62.

Ferreira, 0. C. 2000a. “Emissdes de gases de efeito estufa na produ¢do e consumo de carvao vegetal.” Economia e
Energia, no. 20, May-June.

——-—. 2000b. “O futuro do carvao vegetal na siderurgia.” Economia e Energia, no. 21, July-August.



Figueiredo, P. ]. M. 1993. “Os Residuos Solidos e sua Significacdo ao Impasse Ambiental e Energético da Atualidade.”
Doctoral Thesis, Faculty of Mechanical Engineering, State University of Campinas (UNICAMP).

Figueroa, |, T. Fout, S. Plasynski, H. Mcllvried, and R. D. Srivastava. 2008. “Advances in CO, Capture Technology: The
U.S. Department of Energy Carbon Sequestration Program.” International Journal of Greenhous Gases Control 2:
9-20.

Fleisch, T. H. 2006. Syngas Chemistry: Key Technology for the 21st Century. Dresden: Syngas Chemistry Symposium.

Forsberg, C. W, and K. L. Peddicord. 2001. Hydrogen Production as a Major Nuclear Energy Application. Washington, DC:
U.S. Department of Energy. Available at www.ornl.gov/~webworks/cppr/y2001/pres/111133.pdf.

Freid, ]. F, T. Gamlin, and M. Ashely. 2003. “The Ultimate ‘Clean’ Fuel-Gas-to-Liquids Products.” Hydrocabrbon Processing
52-8.

Frischtak, C. R. 2009. “A Matriz de Energia Elétrica Brasileira e a Economia de Baixo Carbono.” Na Crise Global as
Oportunidades do Brasil e a Cultura da Esperanga, org. ]. P. Dos Reis Velloso. Rio de Janeiro: José Olympio.

FSP (Folha de Sdo Paulo). 2009. BNDES terd mais R$100 bi para investir. Sexta-Feira, January 23.

Furriela, R. B. 2005. Introdugdo as mudangas climdticas globais: Desafios atuais e futuros. Brasilia: Amazon Institute for
Environmental Research (IPAM).

Garcia, A. P. 2003. “Impacto da Lei de Eficiéncia Energética para Motores Elétricos no Potencial de Conservagdo de
Energia na Industria” Master’s Dissertation. Post-graduate Engineering Programs Coordination (COPPE),
Federal University of Rio de Janeiro (UFR]).

Gardner, R, E. Schwarz, and K. Rock. 2001. Start-up of First CDHydro®/CDHDS® Unit at Irving Oil’s Saint John, New
Brunswick Refinery. New Orleans: National Petrochemical & Refiners Association (NPRA).

Gary, J. H,, G. E. Handwerk, and M. ]. Kaiser. 2007. Petroleum Refining: Technology and Economics. 5th ed. Boca Raton,
FL: CRC Press.

GDI (Gestor Digital de Informagdes). 2007. “Governo ja estuda nova hidrelétrica na Amazonia.Eletrosul.” Available at
www.eletrosul.gov.br/gdi/gdi/index.php?pg=cl_abre&cd=gekeeY4:%60Teec.

———. 2009. “Hidrelétrica pode afetar area” Available at www.eletrosul.gov.br/gdi/gdi/cl_pesquisa.php?pg=cl_
abre&cd=gmlgaZ5~DQcfi.

Geller, H. 2003. Revolugdo energética: Politicas para um futuro sustentdvel. Rio de Janeiro: Relume Dumara.

Geller, H,, R. Schaeffer, A. Szklo, and M. T. Tolmasquim. 2004. “Policies for Advancing Energy Efficiency and Renewable
Energy Use in Brazil” Energy Policy 32(12): 1437-50.

Gomes, B. Z,, F. R. Martins, and J. Y. Tamashiro. 2004. “Estrutura do cerraddo e da transi¢cdo entre cerraddo e floresta
paludicola num fragmento da International Paper do Brasil Ltda., em Brotas, SP” Revista Brasileira de Botdnica
27(2): 249-62.

Gomes, G. L., A. S. Szklo, and D. A. Castelo Branco. 2008. “Challenges and Technological Opportunities for the Oil Refining
Industry: A Brazilian Refinery Case.” 19 World Petroleum Congress, Madrid.

Gorini, A. P. 2000. “Panorama do setor téxtil no Brasil e no mundo: Reestruturacdo e perspectivas.” BNDES Setorial,
no.12, 17-50.

Grainger, D. 2007. “Development of Carbon Membranes for Hydrogen Recovery.” Doctoral Thesis. Norwegian University
of Science and Technology, Faculty of Natural Sciences and Technology, Department of Materials Technology.
Available at www.diva-portal.org/ntnu/abstract.xsql?dbid=1822.

Granovskii, M., . Dincer, and M. A. Rosen. 2007. “Greenhouse Gas Emissions Reduction by Use of Wind and Solar Energies
for Hydrogen and Electricity Production: Economic Factors.” International Journal of Hydrogen Energy 32(8):
927-31.

Hagiwara, T. 2001. Gasoline Production Technology and Methods, and an Evaluation of Their Economic Viability. Petroleum
Energy Center (Japan), Technology Department.

Hahn, C. M., C. Oliveira, E. M. Amaral, and P. V. Soares. 2004. Recuperagdo florestal: da muda a floresta. Sao Paulo:
Imprensa Oficial.

Hallale, N. 2001. “Burning Bright: Trends in Process Integration.” Chemical Engineering Progress 97(7): 30-41.

Hallwood, P. 2007. “A Note on U.S. Royalty Relief, Rent Sharing and Offshore Oil Production.” Energy Policy 35(10):
5077-79.




Hansen, R. 2005. Offshore Gas Conversion Workshop, Oslo (February 17-18). Available at http://gtlpetrol.com/public/
rhansenstatoil20050slo.pdf.

Hassuani, S. J.,, M. R. L. V. Leal, and I. C. Macedo. 2005. Biomass Power Generation: Sugar Cane Bagasse and Trash.
Caminhos para a Sustentabilidade Series. Piracicaba: United Nations Development Program (UNDP) and Sugar
Cane Technology Center (CTC).

Henriques, R. C. 2004. “Aproveitamento Energético dos Residuos Sélidos Urbanos: Uma Abordagem Tecnoldgica.”
Master’s Dissertation, Post-graduate Engineering Programs Coordination (COPPE), Federal University of Rio
de Janeiro (UFR]).

Hijmans, R,, S. Cameron, ]. Parra, P. Jones, and A. Jarvisc. 2005. “A.Very High Resolution Interpolated Climate Surfaces for
Global Land Areas.” Int. J. Climatol. 25: 1965-78.

Holdridge, L. 1967. Life Zone Ecology. San Jose, Costa Rica: Tropical Science Center.

Holt Campbell Payton. 2005. “Pre-feasibility Study for a 10,000 bbl/day FT GTL Plant in Central Australia.” Technical
Note prepared for Central Petroleum Limited.

Homma, A. K. O,, R. N. B. Alves, A. ]. Menezes, and G. B. Matos. 2006. “Guseiras na Amazonia: Perigo para a floresta.”
Ciéncia Hoje 39(233): 56-9.

Houghton, R. A, D. L. Skole, C. A. Nobre, J. L. Hackler, K. T. Lawrence, and W. H. Chomentowski. 2000. “Annual Fluxes of
Carbon from Deforestation and Regrowth in the Brazilian Amazon.” Nature 403: 301-04.

Hutton, W.]., and J. Holmes. 2005. “Floating Gas to Liquids: A Solution to Offshore Stranded Gas.” 18% World Petroleum
Congress, Johannesburg, September 25-29.

Hydrocarbon Processing. 2001. “Advanced Control and Information Systems.” Hydrocarbon Processing 9: 73-159.

[AEA (International Atomic Energy Agency). 2006. Brazil: A Country Profile on Sustainable Energy Development. Vienna:
International Atomic Energy Agency.

IBGE (Brazilian Institute of Geography and Statistics). 1996. Censo Agropecudrio: 1995-1996. Rio de Janeiro: Brazilian
Institute of Geography and Statistics. Available at www.ibge.gov.br.

———. 2000. Census. Available at www.ibge.gov.br.

———. 2004. Produgdo da extragdo vegetal e da silvicultura 2003 vol. 18. Rio de Janeiro: Brazilian Institute of Geography
and Statistics. Available at www.ibge.gov.br.

———. 2006. “Mapa de Fertilidade de Solos do Brasil, 1:5.000.000.” Rio de Janeiro: Brazilian Institute of Geography
and Statistics.

———. 2007a. Censo Agropecudrio: 2006. Rio de Janeiro: Brazilian Institute of Geography and Statistics. Available at
www.ibge.gov.br.

———. 2007b. “Pesquisa Agricola Municipal 2007.” Available at www.sidra.ibge.gov.br/bda/pesquisas/pam/default.
asp.

———. 2007c. “Pesquisa Pecudria Municipal 2007.” Available at www.sidra.ibge.gov.br/bda/pesquisas/ppm/default.
asp.

———. 2007d. “Producao da Extracao Vegetal e da Silvicultura 2007.” Available at www.sidra.ibge.gov.br/bda/acervo/
acervo2.asp?ti=1&tf=99999&e=v&p=VS&z=t&o=17.

———. 2008. Contagem. Available at www.ibge.gov.br.
IBS (Brazilian Steel Institute). 2008. “Estatistica da siderurgia.” Available at www.ibs.org.br.

IEA (International Energy Agency). 2006. Energy Technology Perspectives: Scenarios and Strategies to 2050. Paris:
International Energy Agency.

———. 2007a. World Energy Outlook 2006. Paris: Organisation for Economic Co-operation and Development (OECD)
and International Energy Agency.

———. 2007b. Tracking Industrial Energy Efficiency and CO, Emissions. Paris: Organisation for Economic Co-operation
and Development and International Energy Agency.

———. 2008. Energy Technology Perspectives 2008: Scenarios and Strategies to 2050. Paris: Organisation for Economic
Co-operation and Development (OECD) and International Energy Agency.



———. 2009. “IEA Implementing Agreement for Hydropower Technologies and Programmes.” Available at www.
ieahydro.org/faq.htm#ab5.

IEDI (Institute of Industrial Development Studies). 2008. A politica de desenvolvimento produtivo. Sdo Paulo: Institute
of Industrial Development Studies.

[IRSA (Iniciativa para la Integracion de la Infraestructura Regional Suramericana). 2004. “Guiana Shield Hub Groups.”
Available at www.iirsa.org/BancoMedios/Documentos%20PDF/mer_bogota04_presentacion_eje_del_escudo_
guayanes.pdf.

INPE (National Institute for Space Research). 2008. “Projeto PRODES: Monitoramento da floresta amazodnica brasileira
por satélite.” Available at www.obt.inpe.br/prodes.

——-. 2009a. “Projeto DEGRAD: Mapeamento da degradacdo florestal na Amazonia.” Available at www.obt.inpe.br/
prodes/.

———. 2009Db. “Relatério de Gestdo.” Sdo José dos Campos: National Institute for Space Research. Available at www.
inpe.br/dspace/bitstream/123456789/896/11/RG2008.pdf.

INT (National Institute of Technology). 2005a. Panorama do setor de cerdmica no Brasil. Final Report, Petrobras Project.
Rio de Janeiro: National Institute of Technology.

———. 2005b. Relatdrio final da implantagdo de unidades de demonstragdo do uso eficiente de energia na regido nordeste:
Caso da cerdmica vermelha no Estado do Piaui e do gesso no Estado de Pernambuco. Rio de Janeiro: National
Institute of Technology, German Technical Cooperation Agency (GTZ), and Brazilian Support Agency for Micro
and Small Enterprises (SEBRAE).

———. 2007. Relatério de levantamento de dados sobre o setor industrial. Projeto Mapeamento Tecnol6gico do Uso do
Gas Natural no Setor Industrial/Redegasenergia -Petrobras. Rio de Janeiro: National Institute of Technology.

Interministerial Committee on Climate Change. 2008a. National Plan on Climate Change (PNMC). Available at www.
mma.gov.br/estruturas/169/_arquivos/169_29092008073244.pdf.

———. 2008b. National Plan on Climate Change (PNMC). Versdo para consulta publica, September. Available at www.
forumclima.org.br/arquivos/plano-nacional-mc.pdf.

International Journal on Hydropower & Dams. 2008. “World Atlas & Industry Guide.” Available at www.hydropower-
dams.com>

IPCC (Intergovernmental Panel on Climate Change). 2000a. “IPCC Good Practice Guidance and Uncertainty Management
in National Greenhouse Gas Inventories.” Available at www.ipcc-nggip.iges.or.jp/public/gp/english/.

———. 2000b. IPCC Special Report: Land Use, Land-Use Change and Forestry. Available at www.ipcc.ch/pdf/
specialreports/spm/srl-en.pdf.

———. 2001. Climate Change 2001: The Scientific Basis. Contribution of Working Group I to the Third Assessment
Report of the Intergovernmental Panel on Climate Change. Cambridge, UK and New York: Cambridge University
Press.

———. 2003. “Good Practice Guidance for Land Use, Land-use Change, and Forestry.” Available at www.ipcc-nggip.iges.
or.jp/public/gpglulucf.html.

———. 2006. “IPCC Guidelines for National Greenhouse Gas Inventories.” Available at www.ipcc-nggip.iges.or.jp/
public/2006gl/index.htm.

-——. 2007. “IPCC Fourth Assessment Report: Climate Change 2007.” Available at www.ipcc.ch.

IPT (Technological Research Institute) and Brazilian Business Commitment for Recycling (CEMPRE). 2000. “Lixo
Municipal: Manual de Gerenciamento Integrado. Sdo Paulo: Technological Research Institute and Brazilian
Business Commitment for Recycling.

Ivaunaskas, N. M., R. R. Rodrigues, and A. G. Nave. 1999. “Fitossociologia de um trecho de floresta estacional semidecidual
em Itatinga, SP, Brasil.” Scientia Florestalis 56: 83-99.

Iverson, L. R, S. Brown, A. Prasad, H. Mitasova, A. ]. E. Gillespie, and A. E. Lugo. 1994. Use of GIS for Estimating Potential
and Actual Forest Biomass for Continental South and Southeast Asia: Effects of Land-Use Change on Atmospheric
€0, Concentrations. New York: Springer-Verlag.

Jacobs Consultants, Inc. 2002. “Water Pollution Prevention Opportunities in Petroleum Refineries.” Report prepared for
Washington State Department of Ecology.

Jank, M. S. 2008a. “An Overview of the Brazilian Sugarcane Industry.” Presentation at the Better Sugarcane Initiative




General Assembly, Sdo Paulo, November 13.

———. 2008b. “O despertar da bioelectricidade.” August 13. S&o Paulo: Sdo Paulo Sugarcane Agroindustry Union
(UNICA).

Jannuzzi, G. 2000. Politicas publicas para eficiéncia energética e energia renovdvel no novo contexto de mercado: Uma
andlise da experiéncia recente dos EUA e do Brasil. Campinas: Autores Associados.

———. 2003. “Uma Avaliacdo das Atividades Recentes de P&D em Energia Renovavel no Brasil e Reflexdes para o
Futuro.” Energy Discussion Paper No. 2.64-01/03. Campinas: International Energy Initiative (IEI).

Johnson, M. R. 2006. Quantifying Flare Efficiency and Emissions: Application of Research to Effective Management of
Flaring. Washington, DC: World Bank.

Johnston, D. 1996. “Complexity Index Indicates Refinery Capability, Value.” Oil & Gas Journal 94(12).

Jones, P.G.,and A. Gladkov. 2003. FloraMap: A Computer Tool for Predicting the Distribution of Plants and Other Organisms
in the Wild. Version 1.02. Cali, Colombia: International Center for Tropical Agriculture (CIAT).

José, E.J. A. 2009. Personal communication.

Juvenal, Thais Linhares, and René Luiz Grion Mattos. 2002. O setor florestal no Brasil e a importdncia do reflorestamento.
Rio de Janeiro: National Bank of Economic and Social Development (BNDES). Available at www.bndes.gov.br.

Kaiser, M. ]., and J. H. Gary. 2007. “Study Updates Refinery Investment Cost Curves.” Oil & Gas Journal 105(16).

Katzer, J., M. Ramage, and A. Sapre. 2000. “Petroleum Refining: Poised for Profound Changes.” Chemical Engineering
Progress 7: 41-51.

Keshav, T. R, and S. Basu. 2007. “Gas-To-Liquid Technologies: India’s Perspective.” Fuel Processing Technology 88(5):
493-500.

Kiely, G. 1997. Environmental Engineering. London: McGraw-Hill

Kilbane, J. J. 2006. “Microbial Biocatalyst Developments To Upgrade Fossil Fuels.” Current Opinion in Biotechnology
17(3): 305-14.

Knottenbelt, C. 2002. “Mossgas ‘Gas-To-Liquid’ Diesel Fuels: An Environmentally Friendly Option.” Catalysis Today
71(3-4): 437-45.

Kremer, F. 2007. “Fornecimento de Diesel S50.” Presentation, Petrobras. Available at http://apache.camara.gov.
br/portal/arquivos/Camara/internet/comissoes/cme/audiencias-publicas/2007/04-12-2007-o-teor-de-
enxofre-encontrado-no-combustivel-avenda-no-pais-em-especial-no-oleo-diesel /KREMER%20PETROBRAS.
pdf.

La Rovere, E. L. (coord.). 2006. Greenhouse Gas Mitigation in Brazil: Scenarios and Opportunities through 2025. Rio de
Janeiro: Center for Clean Air Policy and CentroClima.

Laurance, W. E, P. M. Fearnside, S. G. Laurance, P. Delamonica, T. E. Lovejoy, ]. M. R. Merona, J. Q. Chambers, and C. Gascona.
1999. “Relationship between Soils and Amazon Forest Biomass: A Landscape-scale Study.” Forest Ecology and
Management 118: 127-138.

Leal, Milton. 2009. “Uma Itaipu de Usinas Edlicas.” Noticias ABEEGlica, July 23. Available at www.abeeolica.org.br.

Leal, M. R. 2003. “Processos de Cogeragdo: Equipamentos, Custos e Potenciais.” PowerPoint presentation, National Bank
of Economic and Social Development (BNDES).

———. 2009. “Using Bagasse and Straw To Produce Ethanol and Power” Paper presented at the F. O. Licht Ethanol
Production Workshop, Sdo Paulo, March 23.

Leckel, D. 2007. “Low-Pressure Hydrocracking of Coal-Derived Fischer-Tropsch Waxes to Diesel.” Energy & Fuels 21(3):
1425-31.

Leckel, D., and M. Liwanga-Ehumbu. 2006. “Diesel-Selective Hydrocracking of an Iron-based Fischer-Tropsch Wax
Fraction (C15-C45) Using a MoO3- Modified Noble Metal Catalyst.” Energy & Fuels 20(6): 2330-36.

Lee, H,, ]. M. Pinto, L. E. Grossman, and S. Park. 1996. “Mixed-Integer Linear Programming Model for Refinery Short-term
Scheduling of Crude Oil Unloading with Inventory Management.” Industrial Engineering Chemistry Research
35(5): 1630-41.

Legislative Assembly. 2007. Lei Estadual de Mudangas Climdticas, No. 3.135, Manaus, June 4. Available at www.
florestavivaamazonas.org.br/download/Lei_est_n_3135_de_050607.pdf.



Leite, A. D. 2007. A energia do Brasil. 2nd ed. Rio de Janeiro: Elsevier.

Leite, Nelson Barbosa. 2003. “O setor florestal no Brasil.” A Questdo Florestal e o Desenvolvimento. National Bank of
Economic and Social Development (BNDES) Seminar, July 8-9. Available at www.bndes.gov.br.

Lewis, J. I, and R. H. Wiser. 2007. “Fostering a Renewable Energy Technology Industry: An International Comparison of
Wind Industry Policy Support Mechanisms.” Energy Policy 35: 1844-57.

Li, W, Y. Zhang, M. D. Wang, and Y. Shi. 2005. “Biodesulfurization of Dibenzothiophene and Other Organic Sulfur
Compounds by a Newly Isolated Microbacterium Strain ZD-M2.” FEMS Microbiology Letters 247(1): 45-50.

Li, Z. T, C. H. Xie, Z. G. Zhang, and | S. Zhang. 2002. Olefin Production Technology with Adjustable Propylene/Ethylene Ratio
by Catalytic Cracking Route. Beijing: SINOPEC Research Institute of Petroleum Processing.

Liats, K. 2006. “A New Way To Develop Mineral Deposits.” GT Little Global Forum, Flaring Reduction and Gas Utilisation.
Available at http://worldbank.org/html/fpd/ggfrforum06/belgued;j/liats.ppt.

Linnhoff, B. 1994. “Pinch Analysis To Knock Down Capital Costs and Emissions.” Chemical Engineering Progress 90:
33-57.

Linnhoff, B., D. W. Townsend, D. Boland, G. F. Hewitt, B. E. A. Thomas, A. R. Guy, and R. H. Marsland. 1992. A User Guide on
Process Integration for the Efficient Use of Energy. Rugby, UK: Institution of Chemical Engineers.

Linquist, L. and M. Pacheco. 1999. “Enzyme-based Desulfurization Process Offers Energy, CO, Advantages.” Oil & Gas
Journal 97: 45-8.

Liy, S., B. Wang, B. Cui, and L. Sun. 2008. “Deep Desulfurization of Diesel Oil Oxidized by Fe (VI) Systems.” Fuel 87(3):
422-8.

Lora, E. E. S. 2002. Prevengdo e Controle da Polui¢do nos Setores Energético, Industrial e de Transporte, 22 ed. Rio de
Janeiro: Interciencia.

L, H., J. Gao, Z. Jiang, F. Jing, Y. Yang, G. Wang, and C. Li. 2006. “Ultra-deep Desulfurization of Diesel by Selective Oxidation
with [C18H37N(CH3)3]4[H2NaPW10036] Catalyst Assembled in Emulsion Droplets.” journal of Catalysis
239(2): 369-75.

Lucena, A. F. P, R. Schaeffer, A. S. Szklo, R. R. Souza, B. S. M. C. Borba, I. V. L. Costa, A. O. Pereira, Jr., and S. H. F. Cunha. 2009.
“The Vulnerability of Renewable Energy to Climate Change in Brazil.” Energy Policy (37): 879-89.

Ma, C. Q. J. H. Feng, Y. Y. Zeng, X. F. Cai, B. P. Sun, and Z. B Zhang. 2006. “Methods for the Preparation of a Biodesulfurization
Biocatalyst Using Rhodococcus sp.” Chemosphere 65(1): 165-9.

Macedo, 1. C. 2007. A energia da cana-de-agticar. Sio Paulo: Unido da Agroindustria Canavieira (UNICA).

Macedo, I. C., M. R. L. V. Leal, and J. E. A. R. da Silva. 2004. “Balan¢o das emissdes de gases do efeito estufa na produgdo e
no uso do etanol no Brasil.” Report submitted to the Secretary of Environment, State of Sao Paulo, April.

Macedo, I. C., ]. E. A. Seabra, and J. E. A. R. da Silva. 2008. “Green house Gases Emissions in the Production and Use of
Ethanol from Sugarcane in Brazil: The 2005/2006 Averages and the Prediction for 2020.” Biomass and Bioenergy
32(7): 582-95.

Machado, R. B., M. B. Ramos Neto, P. G. P. Pereira, E. F. Caldas, D. A. Gongalves, N. S. Santos, K. Tabor, and M. Steininger. 2004.
Estimativas de perda da drea do Cerrado brasileiro. Technical Report. Brasilia: Conservation International.

Magrini, A, and M. A. Santos. 2001. “Politica e gestdo ambiental: Conceitos e instrumetos.” Gestdo Ambiental de
Bacias Hidrogrdficas. Rio de Janeiro: Post-graduate Engineering Programs Coordination (COPPE) and Federal
University of Rio de Janeiro (UFR]).

Malhi, Y. ], J. T. Roberts, R. A. Betts, T. ]. Killeen, W. Li, and C. A. Nobre. 2008. “Climate Change Deforestation and the Fate
of the Amazon.” Science 319(5860): 169-72.

Manne, A. 1958. “A Linear Programming Model of The U.S. Petroleum Refining Industry” Econometrica 26(1): 67-106.

Marano, J.].,and]. P. Ciferno. 2001. “Life-Cycle Greenhouse-gas Emissions Inventory for Fischer-Tropsch Fuels.” Prepared
by Energy and Environmental Solutions, U.S. Department of Energy, National Energy Technology Laboratory.
Available at www.netl.doe.gov/technologies/coalpower/gasification/pubs/pdf/GHGfinal ADOBE.pdf.

March, L. 1998. Introduction To Pinch Technology. Northwich, UK: Targeting House, Gadbrook Park.

Marengo, J. A, C. A. Nobre, ]. Tomasella, M. D. Oyama, G. S. de Oliveira, R. de Oliveira, H. Camargo, and L. M. Alves. 2008.
“The Drought of Amazonia in 2005.” J. Clim. 21: 495-516.

Margulis, S. 2003. Causas do desmatamento na Amazénia brasileira. 1st ed. Brasilia: World Bank.




Mariano, J. 2005. Impactos ambientais do refino de petréleo. Rio de Janeiro: Interciéncia.

Martin, N., E. Worrel, M. Ruth, L. Price, R. N. Elliot, A. M. Shipley, and ]. Thorne. 2000. Emerging Energy-efficient Industrial
Technologies. Berkeley, CA: Ernest Orlando Lawrence Berkeley National Laboratory, LBNL 46990.

Martins, O.S. 2004. “Determinacdo do Potencial de Sequestro de Carbono na Recuperagdo de Matas Ciliares na Regido de
Sdo Carlos, SP” Doctoral Thesis. Post-graduate Program in Ecology and Natural Resources, Federal University
of Sao Carlos.

Masera, 0. R. 2003. “Modeling Carbon Sequestration in Afforestation, Agroforestry and Forest Management Projects:
The CO2FIX V.2 Approach.” Ecological Modelling 164: 177-99.

McKinsey & Company. 2009. Pathways to a Low-carbon Economy for Brazil. Available at www.mckinsey.com.

MCT (Ministry of Science and Technology). 2004a. Comunicagdo nacional inicial do Brasil a Convengdo do Clima. Brasilia:
Ministry of Science and Technology.

———. 2004b. Primeiro inventdrio brasileiro de emissdes antrdpicas de GEE: Emissdes e remogdes de dioxido de carbono
por conversdo de florestas e abandono de terras cultivadas. Brasilia: Ministry of Science and Technology.

———. 2008. “Mecanismo de Desenvolvimento Limpo (MDL).” Available at www.mct.gov.br/index.php/content/
view/75293.html.

———.2009a. “Fatores de Emissdo de CO, pela Garagdo de Energia Elétrica.” Brasilia: Ministry of Science and Technology.
Available at www.mct.gov.br.

———. 2009b. Mudangas climdticas. Available at www.mct.gov.br/index.php/content/view/ 30318.html.

Melo, C. A. 2009. “Metodologia de Avaliacdo de Impactos de Padrdes de Eficiéncia Energética” Doctoral Thesis (in
progress). Faculty of Mechanical Engineering, State University of Campinas (UNICAMP).

Mercantile Gazette (Gazeta Mercantil). 1998. “Analise Setorial: Saneamento Basico,” vol. 3, Sdo Paulo.

———. 2004. “Lampada incandescente comega a recuperar espaco no mercado.” April 22. Available at http://infoener.
iee.usp.br/infoener/hemeroteca/imagens/78610.htm.

Metaprocess. 2008. “Products and Services.” Available at www.metaprocess.ru/eng/products/products.html>

Metz, B., 0. Davidson, H. de Coninck, M. Loos, and L. Meyer (eds.). 2007. Carbon Dioxide Capture and Storage: IPCC Special
Report. Intergovernmental Panel on Climate Change (IPCC), Working Group 3. Cambridge, UK: Cambridge
University Press.

Meyers, R. A. 2003. Handbook of Petroleum Refining Process. 3™ ed. New York: Mac-Graw Hill.
Mierzwa, J. C., and I. Hespanhol. 2005. Agua na industria: Uso racional e reuso. Sdo Paulo: Oficina de Textos.

Ministry of Cities. 2003. “Dimensionamento das necessidades de investimentos para universalizagdo dos servigos
de abastecimento de agua e de coleta e tratamento de esgotos sanitdrios no Brasil” In Programa de
Modernizagdo do Setor de Saneamento: PMSS IlI. Available at www.pmss.gov.br/pmss/PaginaCarrega.
php?EWRErterterTERTer=115.

———. 2006. “Sistema Nacional de Informagdes sobre Saneamento: SNIS.” Diagnéstico dos Servicos de Agua, Esgotos
e de Manejo dos Residuos So6lidos Urbanos. SNIS Historical Series 5 (CD-Rom).

———. 2007. “Relatério de Atividades 2007 do Programa de Aceleragdo do Crescimento: Saneamento Basico (2007-
2010).  Available at www.cidades.gov.br/ministerio-das cidades/destaques/relatorio-de-atividades-do-
pac-2007.

Miranda, E. E. (coord.). 2005. Brasil em Relevo. Campinas: EMBRAPA Satellite Monitoring.

Miyamoto, Y, S. Shiozawa, M. Ogawa, N. Akino, S. Shimizu, K. Hada, Y. Inagaki, and K. Onuki. 1998. Overview of HTGR Heat
Utilization System Development at JAERI. Ibaraki: Japan Atomic Energy Reasearch Institute (JAERI). Available at
www.iaea.org/inisnkm/nkm/aws/htgr/fulltext/29067727.pdf.

MMA (Ministry of the Environment). Plano de metas do PNF 2004-2007. Available at www.mma.gov.br.

———. 2008a. Annual Plan for Forest Concession (PAOF) 2009. Brasilia: Ministry of the Environment, Brazilian Forest
Service.

———. 2008b. Plana Amazonia Sustentdvel. Brasilia: Ministry of the Environment.

———. 2008c. Projeto de Conservacao e Utilizacdo Sustentavel da Diversidade Biol6gica Brasileira (PROBIO). Available
at www.mma.gov.br/portalbio.



MME (Ministry of Mines and Energy). 2006. Balanco de energia util BEU 2005. Brasilia: Ministry of Mines and Energy
and Foundation for Technological and Engineering Development (FDTE).

———. 2007a. Statistical Yearbook: Metallurgy Sector 2007. Brasilia: Ministry of Mines and Energy.

———. 2007b. Statistical Yearbook 2007: Non-metallics Transformation Sector. Brasilia: Ministry of Mines and Energy.
———. 2008a. “Brazilian Energy Balance 2008, Year 2007.” Availabe at www.mme.gov.br.

———. 2008b. Resenha energética brasileira: Eexercicio 2007. Available at www.mme.gov.br/publicacoes.

———. 2008c. Sinopse 2008: Mineragdo e transformagdo mineral (metalicos e ndo-metdalicos). Available at www.mme.
gov.br (publicacées/anuarios/sinopse).

———. 2009a. Programa PROINFA. Available at www.mme.gov.br.

———. 2009b. “Proposta para a Expansdo da Geragdo Edlica no Brasil” Nota Técnica PRE, 01/2009-r0. Brasilia:
Ministry of Mines and Energy.

MME and EPE (Ministry of Mines and Energy and Energy Planning Company). 2007a. Plano nacional de energia 2030.
Natural gas volume. Rio de Janeiro: Energy Planning Company.

———. 2007b. Plano nacional de energia 2030. Biomass volume. Rio de Janeiro: Energy Planning Company.

Moghaddam, T. N,, and V. Saint-Antonin. 2008. “Impact of Tightening the Sulfur Specifications on the Automotive Fuels’
CO, Contribution: A French Refinery Case Study.” Energy Policy 36(7): 2449-59.

Mohebali, G., A. S. Ball, B. Rasekh, and A. Kaytash. 2007. “Biodesulfurization Potential of a Newly Isolated Bacterium,
Gordonia alkanivorans RIPI90A.” Enzyme and Microbial Technology 40(4): 578-84.

Monticello, D.]. 1998. “Riding the Fossil Fuel Biodesulfurization Wave.” Chemtech 28: 38-45.

Moraes, J]. 2008. “Novas Perspectivas de Producdo de Petréleo e Gas Natural no Brasil.” XII Brazilian Energy Congress,
Rio de Janeiro.

Moraes, R. J., MM. G. L. Azevedo, and F. M. A. Delmanto. 2005. As leis federais mais importantes de protegdo ao meio
ambiente comentadas. Rio de Janeiro: Renovar.

Moreira, A. M., A. P. Pellanda, C. S. C. Veloz, P. ]. Butrimavicius, M. F. Porto (Petrobras), V. R. R. Ahén, and A. L. H. Costa.
2008. “Estudo da integracdo energética de uma unidade de destilacdo atmosférica e a vacuo.” Petro & Quimica,
Issue 306.

Moro, L. E. L., A. C. Zanin, and ]. M. Pinto. 1998. “A Planning Model for Refinery Diesel Production.” Computers & Chemical
Engineering 22 (Supplement 1): S1039-42.

Moutinho, P, D. Nepstad, M. Santilli, G. Carvalho, and Y. Batista. 2001. As oportunidades para a Amazénia com a redugdo
das emissdes de gases do efeito estufa. Belem: Amazon Institute for Environmental Research (IPAM).

MRE, MCT, MMA, MME, and MDIT (Ministry of External Relations, Ministry of Science and Technology, Ministry of the
Environment, Ministry of Mines and Energy, and Ministry of Development, Industry, and Trade). 2007. Brazil’s
Contribution To Prevent Climate Change. 2007. Brasilia: Government of Brazil.

Muniz, J.A. 2007. “Complementariedade Hidrolégica.” Brazil Energia, No. 314.

Muylaert, M. S., J. Sala, and M. A. V. de Freitas. 2000. Consumo de energia e aquecimento do planeta: Andlise do mecanismo
de desenvolvimento limpo (MDL) do Protocolo de Quioto. Case studies. Rio de Janeiro: Post-graduate Engineering
Programs Coordination (COPPE).

Nakicenovic, N., A. Griibler, and A. McDonald. 1998. Global Energy Perspectives. Cambridge, UK: Cambridge University
Press.

Negrao, C. 0. R, Marcio Madi, and R. Massoqueti. 2004. “Simula¢do do Desempenho de Redes de Trocadores de Calor
Sujeitas a Incrustagdo.” Rio Oil & Gas Expo and Conference, Rio de Janeiro.

Negri, J. C. 2009. Personal communication, Sdo Paulo, August.

Nepstad, D., B. Soares-Filho, FE. Merry, P. Moutinho, M. Bowman, S. Schwartzman, O. Almeida, and S. Rivero. 2007. The
Costs and Benefits of Reducing Carbon Emissions from Deforestation and Forest Degradation in the Brazilian
Amazon. Vol. 1. Woods Hole, MA: Woods Hole Research Center.

Nepstad, D., C. Stickler, and O. Almeida. 2006. “Globalization of the Amazon Soy and Beef Industries: Opportunities for
Conservation.” Conservation Biology 20(6): 1595-603.




Nepstad, D. C., O. Carvalho, Jr, ]J. Carter, A. Moita, V. Neu, and G. Cardinot. 2007. Management and Recuperation of
Riparian Zone Forests of Amazon Forest Regions. Book 1. Best Practices Series. Belém: Amazon Institute for
Environmental Research (IPAM).

Nichols, T. 2007. “GTL with a Difference.” The Petroleum Economist, July. Available at http://proquest.umi.com/pqdlin
k?did=1313098371&sid=1&Fmt=3&clientld=44012&RQT=309&VName=PQD.

NIPE (Interdisciplinary Center for Energy Planning, UNICAMP). 2005. “Estudo sobre as possibilidades e impactos
da producdo de grandes quantidades de etanol visando a substitui¢do parcial de gasolina no mundo,” Part 1.
Report prepared for the Center for Strategic Management and Studies (CGEE), coordinated by Rogério Cezar de
Cerqueira Leite, December.

———. 2007. “Estudo sobre as possibilidades e impactos da producdo de grandes quantidades de etanol visando a
substitui¢do parcial de gasolina no mundo,” Part 2. Report prepared for the Center for Strategic Management
and Studies (CGEE), coordinated by Rogério Cezar de Cerqueira Leite, March.

NIPE anad CGEE (Interdisciplinary Center for Strategic Planning and Center for Strategic Management and Studies).
2005. “Estudo sobre as possibilidades e impactos da producdo de grandes quantidades de etanol visando a
substituicdo parcial de gasolina no mundo.” Final Report, December.

NREL (National Renewable Energy Laboratory). 2002. “Lignocellulosic Biomass to Ethanol Process Design and
Economics Utilizing Co-Current Dilute Acis Prehydrolysis and Ezymatic Hydrolysis for Corn Stover” Report
NREL/TP-510-32438. Available at www.nrel.gov.

Nobre, C. A, P. ]. Sellers, and ]. Shukla. 1991. “Amazonian Deforestation and Regional Climate Change.” J. Climate 4:
957-88.

Nobre, C. A. 2001. “Amazonia: Fonte ou sumidouro de carbono?. Causas e dindmica do desmatamento na Amazénia.
Brasilia. Brasilia: Ministry of the Environment.

North American Manufacturing Company. 1978. North American Combustion Handbook. Cleveland, OH: North American
Manufacturing Company.

0il Gas]J. 1984. “Pinch Concept Helps To Evaluate Heat-recovery Networks for Improved Petrochem Operation.” 0Oil Gas
J. 82(22): 113-18.

Olim, ]., ]. Haddad, A. N. C. Viana, and A. R. S. Martins. 2003. “Conservacdo de energia em refinarias de petréleo.” Second
Annual Brazil P&D Congress on Petroleum and Gas, Rio de Janeiro.

Oliveira, A., ]. Cassiolato, and L. Martins. 1994. Indicadores e usos de energia elétrica nos setores energo-intensivos.
Executive report. Rio de Janeiro: Instituto de Economia Industria, UFR].

Oliveira, L. B. 2000. “Aproveitamento Energético de Residuos Sélidos Urbanos e Abatimento de Emissdes de Gases
do Efeito Estufa” Master’s Dissertation, Post-graduate Engineering Programs Coordination (COPPE), Federal
University of Rio de Janeiro (UFR]).

Oliveira, ]. C.D. 2007. “Estudo Experimental da Regenera¢do Térmica de Areia de Macharia em Leito Fluidizado.” Doctoral
Thesis in Mechanical Engineering, State University of Campinas (UNICAMP).

Olivério, J. L. 2007. “As Usinas de Agticar e Alcool: Estado da Arte da Tecnologia Industrial” Paper presented at the
International Congress on Bioenergy and Biofuels, Teresina, PI, Brazil, July 13.

———. 2009. “Dedini Sustainable Mill.” Biopower Generation Américas Conference, Sdo Paulo, April 23.
Olsvik, 0. 2005. “Offshore Gas Solutions.” 0G21 & Demo2000 Seminar, Oslo.

Ondrey, G. 2007. “A New GTL Process Takes a Step Closer to Commercialization.” Chemical Engineering Journal
114(13):1.

ONS (Operador Nacional do Sistema). 2007. “Operacdo do Sistema Interligado Nacional.” Available at www.ons.org.br/
download/biblioteca_virtual /publicacoes/dados_relevantes_2007.pdf.

OTA (U.S. Office of Technology Assessment). 1993. Industrial Energy Efficiency. Office of Technology Assessment.
Washington, DC.: U.S. Government Printing Office.

Pacala, S., and R. Socolow. 2004. “Stabilization Wedges: Solving the Climate Problem for the Next Fifty Years with Current
Technologies.” Science 305 (5686): 968-72.

Pacheco, C. 2007. “Avalia¢do de Critérios de Distribuicdo e de Utilizacdo de Recursos das Participa¢des Governamentais
no Brasil” Master’s dissertation, PPE/Post-graduate Engineering Programs Coordination/Federal University of
Rio de Janeiro.



Pagot, P. R, E. W. Grandmaison, and A. Sobiesiak. 2004. Some Characteristics of Multi-jet Flares. Kingston, Canada:
Queen’s University, Department of Chemical Engineering.

Panchal, C,, and E. Huangfu. 2000. “Effects of Mitigation Fouling on the Energy Efficiency of Crude-0il Distillation.” Heat
Transfer Engineering 3: 21.

Patel, B. 2005. “Gas Monetisation: A Techno-economic Comparison of Gas-To-Liquid and LNG.” 7% World Congress of
Chemical Engineering, Glasgow, July.

Pena, M. A, ]. P. Gébmez, and ]. L. G. Fierro. 1996. “New Catalytic Routes for Syngas and Hydrogen Production.” Applied
Catalysis A: General 144(1-2): 7-57.

Peninger, R, ]. Demeter, A. Judzis, E. Schwarz, and K. Rock. 2001. “Start-up PF First CDHDS® Unit at Motiva’s Port
Arthur” Texas Refinery. Annual Meeting of the National Petrochemical and Refiners Association (NPRA), New
Orleans, March 18-20.

Pennig, R. 2001. “Petroleum Refining: A Look at the Future.” Hydrocarbon Processing 2: 45-6.

Pereira, ]. M. 2004. “Politica industrial e tecnolégica e desenvolvimento.” Observatorio de la Economia Latinoamericana,
no. 28, July. Available at www.eumed.net/cursecon/ecolat.

Pertusier, R. R. 2008. Fundamentos do mercado de petréleo: como analisar o comportamento dos pregos. Rio de Janeiro:
Internacional Corporativo, Estratégia & Planejamento, Petrobras.

Petrick, M., and J. Pellegrino. 1999. “The Potential for Reducing Energy Utilization in the Refining Industry.” Available at
www.osti.gov/bridge/servlets/purl/750806-VEO9Ej/native.

Petro&Quimica. 2008. “A expansao do Parque Nacional.” Revista Petro&Quimica (306). Available at www.editoravalete.
com.br/site_petroquimica/edicoes/ed_306/306.html.

Petrobras. 2003. Gestdo de emissdes atmosféricas: relatdrio de desempenho. Rio de Janeiro: Petrobras. Available at
www?2.petrobras.com.br/meio_ambiente/portugues/pdf/131205VersaoFinal Petrobrasinternet.pdf.

———. 2007. “Plano de Otimiza¢do do Aproveitamento de Gas.” Available at www2.petrobras.com.br/Petrobras/
portugues/pdf/gas.pdf.

———. 2008a. “Pelo Ar Mais Puro.” Revista Petrobras 139.

———. 2008b. “Relagdes com o Investidor, Abastecimento, Refinarias.” Available at www2.petrobras.com.br/portal/
frame_ri.asp?pagina=/ri/port/index.asp&lang=pt&area=ri.

Petroleum Africa Magazine. 2004. “Syntroleum and Sovereign Oil & Gas Sign Upstream Joint Development Agreement
To Access Stranded Natural Gas Fields: Focus on Gas to Supply Multiple GTL Barge Plants. Available at www.
petroleumafrica.com/read_article.php?NID=659.

Phillips, G. 2002. “CO, Management in Refineries.” Technical Article, Gasification V, Noordwijk, The Netherlands.
Phillips et alii, 2009: “Drought Sensitivity of the Amazon Rainforest”, Science
Piccinini, M. S. 1994. “Conservacdo de energia na industria.” Revista do BNDES vol. 1, no.1 (June).

Pierru, A. 2007. “Allocating the CO, Emissions of an Oil Refinery with Aumann-Shapley Prices.” Energy Economics 29(3):
563-77.

Pimenta, R. and A. Pinho. 2004. “Maximizacdo de Olefinas Leves em Unidades de Craqueamento Catalitico Fluido.” Rio
0il & Gas Expo and Conference, Rio de Janeiro.

Pinheiro, A. C., F. Giambiagi, and M. M. Moreira. 2001. O Brasil na década de 90: Uma transi¢do bem sucedida? Discussion
paper. Rio de Janeiro: National Bank of Eonomic and Social Development (BNDES).

Pinheiro, M. A. B. 2007. “Problemas sociais e institucionais na implantagio de hidrelétricas: Selecdo de casos recentes
no Brasil e casos relevantes em outros paises.” Master’s Dissertation, State University of Campinas (UNICAMP).

Pinho, A. R. “Avancos do FCC Petroquimico.” 2005. 6th Encontro Sul-Americano de Craqueamento Catalitico, Gramado.

Pinto, J. M., M. Joly, and L. F. L. Moro. 2000. “Planning and Scheduling Models for Refinery Operations.” Computers &
Chemical Engineering 24(9-10): 2259-76.

Plantar Project. 2006. “Programa Nacional de Biocombustivel S6lido Renovavel.” Powerpoint presentation, Férum
Mineiro de Mudancas Climaticas.

Prates, C. P, E. C. Pierobon, R. C. da Costa, and V. S. de Figueiredo. 2006. Evolugdo da oferta e da demanda de gds natural




no Brasil. Rio de Janeiro: National Bank of Economic and Social Development (BNDES).
Presidency of the Republic. 1965. Law No. 4771, September 15. Available at www.planalto.gov.br.
———. 1966. Law No. 5106, September 2. Available at www.planalto.gov.br.
———. 1989. Decree No. 97.628, April 10. Available at www.planalto.gov.br.

———. 2008a. “Medida Proviséria No. 450,” December 9. Available at www.planalto.gov.br/CCIVIL/_Ato2007-
2010/2008/Mpv/450.htm.

———. 2008b. Decree No. 6.527, August 1. Available at www.planalto.gov.br/ccivil_03/_Ato2007-2010/2008/Decreto/
D6527.htm.

PROCEL (National Electrical Energy Conservation Program). 2007a. Avaliagdo do mercado de eficiéncia energética do
Brasil. Basic Report. Brasilia: National Electrical Energy Conservation Program.

———. 2007b. Pesquisa de Posse de Equipamentos e Hdbitos de Uso—Ano Base 2005: Classe Residencial. Avaliacdo do
mercado de eficiéncia energética no Brasil. Rio de Janeiro: National Electrical Energy Conservation Program
and Eletrobras.

———. 2008. Pesquisa de Posse de Equipamentos e Hdbitos de Uso—Ano Base 2005: Classe Industrial Alta Tensdo.
Avaliacdo do mercado de eficiéncia energética no Brasil. Rio de Janeiro: National Electrical Energy Conservation
Program and Eletrobras.

PROSAB (Basic Sanitation Research Program). 2003. Digestdo de residuos sélidos orgdnicos e aproveitamento do biogds.
Rio de Janeiro: Basic Sanitation Research Program.

Ramos da Silva, R., D. Werth, and R. Avissar. 2008. “Regional Impacts of Future Land-cover Changes on the Amazon Basin
Wet Season Climate.” J. Clim. 21(6): 1153-70.

REA (Revista Energia Alternativa). 2008. “Eficiéncia energética: O que faz o Brasil?” Revista Energia Alternativa 2:
12-15.

Reedy, G., E. Schwarz, and D. Dolan. 2002. “Chevron Texaco CDHydro ® /CDHDS®Startup.” European Refining Technology
Conference (ERTC), Paris, November 18-20.

Ren, T, M. K. Patel, and K. Blok. 2008. “Steam Cracking and Methane to Olefins: Energy Use, CO, Emissions and Production
Costs.” Energy 33(5): 817-33.

Renault-Nissan. 2008. “Regulation 2008 Memento.” Projects and Requirements Division (Renault) and Environmental
and Safety Engineering Department (Nissan), January.

RETscreen International. 2009. RETScreen International. Clean Energy Project Analysis Software. Available at www.
retscreen.net.

Rice, S. E, and D. P. Mann. 2007. Autothermal Reforming of Natural Gas to Synthesis Gas. Reference: KBR Paper #2031,
Sandia National Laboratories Report (Appendix A), April.

Riches, P. 2007. “CompactGTL: A Tailored and Revolutionary Solution to Associated Gas Problemsin Oilfield Development.”
GTLtec Conference, Qatar, January 22.

Ruiz, B.]., V. Rodriguez, and C. Bermann. 2007. “Analysis and Perspectives of the Government Programs to Promote the
Renewable Electricity Generation in Brazil.” Energy Policy 35: 2989-94.

Robertson, E. P. 1999. Options for Gas-To-Liquids Technology in Alaska. ldaho Falls: National Engineering and
Environmental Laboratory, Bechtel BWXT Idaho, LLC.

Rodrigues, H. 0., B. S. Soares-Filho, and W. L. de Souza Costa. 2007. “Dinamica EGO: Uma plataforma para modelagem
de sistemas ambientais.” Simpdsio Brasileiro de Sensoriamento Remoto, 13. Sdo José dos Campos: National
Institute for Space Research (INPE).

Rodrigues, ]. E. R. 2005. Sistema Nacional de Unidades de Conservagdo. Sdo Paulo: Ed. Revista dos Tribunais.

Rojey, A. 2006. “Gas Commercialization Technologies.” Global Forum: Flaring Reduction and Gas Utilization, Paris.
Available at http://worldbank.org/html/fpd/ggfrforum06/.

Roland-Holst, David, and F. Kahrl. 2009. Energy Pathways for the California Economy. Research Paper No. 0903241.
Berkeley: Department of Agricultural and Resource Economics, University of California, Berkeley.

Rosas, R. 2008. “GNL pode ser alternativa para escoar producdo de novo campo encontrado pela Petrobras.” Valor
Econdmico, January 22. Available at www.valoronline.com.br/valoronline/Geral/empresas/111/GNL+pode+s
er+alternative+para+escoar+producao+de+novo+campo+encontrado+pela+Petrobras,,111,4743514.html.



Rostrup-Nielsen, T. 2005. “Manufacture of Hydrogen.” Catalysis Today 106(1-4): 293-6.

Saatchi, S. S., R. A. Houghton, R. C. Dos Santos Alvalg, J. V. Soares, and Y. Yu. 2007. “Distribution of Aboveground Live
Biomass in the Amazon Basin.” Global Change Biology 13(4): 816-37.

Saint-Antonin, V. 1998. “Modélisation de L'offre de Produits Pétroliers en Europe.” Doctoral dissertation, Université de
Bourgogne-Ecole Nationale Supérieure de Physique de Marseille (ENSPM).

Sampanthar, J. T, X. Huang, J. Dou, Y. N. Teo, R. Xu, and P. K. Wong. 2006. “A Novel Oxidative Desulfurization Process To
Remove Refractory Sulfur Compounds from Diesel Fuel.” Applied Catalysis B: Environmental 63(1-2): 85-93.

Sampaio, G., C. Nobre, M. Costa, P. Satyamurty, B. S. Soares-Filho, and M. Cardoso. 2007. “Regional Climate Change over
Eastern Amazonia Caused by Pasture and Soybean Cropland Expansion.” Geophysical Research Letters 34(17):
L17709.

Sampaio, R. and P. C. Pinheiro. 2008. “Carvao vegetal: Aspectos sociais e econdmicos.” PowePoint presentation, First
Wood Energy Seminar, National Institute for Energy Efficiency (INEE), Rio de Janeiro.

Sanchez, P. A. 1976. Properties and Management of Soils in the Tropics. New York: John Wiley & Sons.
Sdo Paulo (state). 1998. A cidade e o Lixo. Sdo Paulo: Secretariat of the Environment, State of Sdo Paulo.
SBS (Brazilian Silviculture Society). 2008. Fatos e niimeros do Brasil florestal. Sdo Paulo: Brazilian Silviculture Society.

Schaeffer, R, and A. Szklo. 2007. Matriz Energética do Estado de Minas Gerais 2030. Energy Planning Program. Rio
de Janeiro: Post-graduate Engineering Programs Coordination/Federal University of Rio de Janeiro (COPPE/
UFR]).

Schor, A. 2006. “Water Supply Risks and Alternatives in an Oil Refinery.” Refinaria Duque de Caxias Case Study. Master’s
thesis, Federal University of Rio de Janeiro. Available at wwwp.coc.ufrj.br/teses/mestrado/inter/2006/Teses/
SCHOR_AR_06_t_M_rhs.pdf.

Schultz, M. A, D. G. Stewart, ]. M. Harris, S. P. Rosenblum. 2002. “Reduce Costs with Dividing-wall Columns.” Chemical
Engineering Progress 5: 64-71.

Seris, E. L. C., G. Abramowitz, A. M. Johnston, and B. S. Haynes. 2008. “Scaleable, Microstructured Plant for Steam
Reforming of Methane.” Chemical Engineering Journal 135(Supplement 1): S9-16.

Shah, N. 1996. “Mathematical Programming Techniques for Crude Oil Scheduling.” Computers & Chemical engineering
20(Supplement): S1227-32.

Shan, G., H. Zhang, ]. Xing, G. Chen, W. Li, and H. Liu. 2006. “Biodesulfurization of Hydrodesulfurized Diesel Oil with
Pseudomonas Delafieldii R-8 from High Density Culture.” Biochemical Engineering Journal 27(3): 305-9.

Sheehan, J., V. Camobreco, . Duffield, M. Grabosky, and H. Shapouri. 1998. Life Cycle Inventory and Petroleum Diesel for
Use in an Urban Bus. Final Report. Golden, CO: National Renewable Energy Laboratory (NREL).

Shell. 2006. “Reducing Our Own Emissions.” Available at www.shell.com/home/Framework?siteld=royalen&FC2=/
royalen/html/iwgen/environment_and_society/key_issues_and_topics/issues/climate_change/zzz_lhn.
html&FC3=/royalen/html/iwgen/environment_and_society/key_issues_and_topics/issues/climate_change/
reducing_our_own_emissions.html.

Sie, S. T, and R. Krishna. 1999. “Fundamentals and Selection of Advanced Fischer-Tropsch Reactors.” Applied Catalysis
A: General 186(1-2): 55-70.

Sigaud, B. 2008. “Novel Approaches to Improve Energy Efficiency at Refineries.” 19th World Petroleum Congress (WPC),
Block 2, BP 6, Madrid.

Silvestrin, C. R. 2008. “A Bioeletricidade na Expansao da Oferta de Energia Elétrica” Presentation at Forum APINE-
CanalEnergia: Abastecimento Elétrico 2008-2009, February.

SNIC (National Cement Industries Trade Union). 2006. Yearbook of the National Cement Industries Trade Union 2006.
Rio de Janeiro: National Cement Industries Trade Union. Available at www.snic.org.br.

———. 2007. Press Kit 2007. Rio de Janeiro: National Cement Industries Trade Union. Available at www.snic.org.br.

Soares, ]. B. 2004. “Formacdo do Mercado de Gas Natural no Brasil: Impacto de Incentivos Econdmicos na Substituicao
Inter-energéticos e na Cogeragdo em Regime Topping.” Doctoral Thesis. Post-graduate Engineering Programs
Coordination (COPPE), Federal University of Rio de Janeiro (UFR]).

Soares, J. ], D. W. Silva, and M. L. S. Lima. 2003. “Current State and Projection of the Probable Original Vegetation of the
Sdo Carlos Region of Sdo Paulo State, Brazil.” Brazilian Journal of Biology 63(3): 527-36.




Soares-Filho, B. S., D. Nepstad, L. Curran, G. Cerqueira, R. Garcia, C. Ramos, E. Voll, A. McDonald, P. Lefebvre, P. Schlesinger,
and D. McGrath. 2005. “Cenérios de desmatamento para a Amazonia.” Estudos Avangados 19(54): 137-52.

Soares-Filho, B. S., L. Dietzsch, P. Moutinho, A. Falieri, H. Rodrigues, E. Pinto, C. C. Maretti, K. Suassuna, A. Anderson, C. A.
Scaramuzza, F. Vasconcelos de Aradjo. 2008. “Reduction of Carbon Emissions Associated with Deforestation
in Brazil: The Role of the Amazon Region Protected Areas Program (ARPA).” Brasilia: Amazon Institute for
Environmental Research (IPAM). Available at www.climaedesmatamento.org.br.

Soares-Filho, B. S., R. A. Garcia, H. Rodrigues, S. Moro, and D. Nepstad. 2008. “Nexos entre as dimensdes socioecondmicas
e o desmatamento: A caminho de um modelo integrado.” In Amazdénia: Natureza e Sociedade em Transformagdo,
eds. M. Batistela, D. Alves, and E. Moran. Sdo Paulo: Edusp.

Soares-Filho, B. S, H. O. Rodrigues, W. L. S. Costa, A. Falieri Suarez, and R. A. Silvestrini. 2009. “Projeto Dinamica EGO.
Available at www.csr.ufmg.br/dinamica.

Song, C. 2003. “An Overview of New Approaches to Deep Desulfurization for Ultra-clean Gasoline, Diesel Fuel and Jet
Fuel” Catalysis Today 86(1-4): 211-63.

Song, X,, and Z. Guo. 2006. “Technologies for Direct Production of Flexible H,/CO
Synthesis Gas.” Energy Conversion and Management 47(5): 560-9.
SOSMA (Fundagdo SOS Mata Atlantica). 2005. Atlas de Remanescentes. Available at www.sosma.org.br.

Sousa, E. L. 2008. “A importancia do etanol e da cogeracdo na atual matriz energética brasileira.” Presentation at the
meeting of the Brazilian Government Accountability Office (TCU), Brasilia, November 12.

Sousa-Aguiar, E. F, L. G. Appel, and C. Mota. 2005. “Natural Gas Chemical Transformations: The Path to Refining in the
Future.” Catalysis Today 101(1): 3-7.

Souza, Z.]. 2009. “A Importancia da Bioeletricidade para a Indastria da Cana de A¢tcar” Presentation at Ethanol Summit,
June 18.

Stacey, A., and J. V. Sharp. 2007. “Safety Factor Requirements for the Offshore Industry” Engineering Failure Analysis
14(3): 442-58.

State Government of Minas Gerais. 1991. Law No. 10.561, December 27. Available at www.ief.mg.gov.br.

Stelmachowski, M., and L. Nowicki. 2003. “Fuel from the Synthesis Gas: The role of Process Engineering.” Applied Energy
74(1-2): 85-93.

Stern, Nicholas. 2007. The Economics of Climate Change: The Stern Review. Cambridge: Cambridge University Press.

———. 2009. The Global Deal: Climate Change and the Creation of a New Era of Progress and Prosperity. New York:
Public Affairs Books.

Stiegel, G. ], and R. C. Maxwell. 2001. “Gasification Technologies: The Path to Clean, Affordable Energy in the 21st
Century.” Fuel Processing Technology 71(1-3): 79-97.

Suzigan, W, and ]. Furtado. 2006. “Politica industrial e desenvolvimento.” Revista de Economia Politica 26(2): 169-79.
Symonds, G. 1995. Linear Programming: The Solution of Refinery Problems. New York: Esso Standard Oil Company.

Syntroleum. 2006. “Syntroleum Analyst Day” Available at www.syntroleum.com/Presentations/Analyst-Day-June-
2006-Final.pdf.

Szklo, A. S. 2005. Fundamentos do refino de petréleo. Rio de Janeiro: Editora Interciéncia.

Szklo, A. S., ]. B. Soares, and M. T. Tolmasquim. 2004. “Economic Potential of Natural Gas-fired Cogeneration: Analysis of
Brazil’s Chemical Industry.” Energy Policy 32(12): 1415-28.

Szklo, A, and R. Schaeffer. 2006. “Alternative Energy Sources or Integrated Alternative Energy Systems?: Oil as a Modern
Lance of Peleus for the Energy Transition.” Energy 31(14): 2513-22.

———. 2007. “Fuel Specification, Energy Consumption and CO, Emission in Oil Refineries.” Energy 32(7): 1075-92.

Szklo, A., D. Castelo Branco, and G. Gomes. 2007. “Desafios e Oportunidades Tecnolégicas para o Refino de Petrdleo:
o Caso de uma Refinaria no Brasil” 4" PDPetro, Campinas. Available at www.portalabpg.org.br/PDPetro/4/
resumos/4PDPETRO_7_2_0157-1.pdf.

Szklo, A. S., ]. T. G. Carneiro, and G. Machado. 2008. “Break-even Price for Upstream Activities in Brazil: Evaluation of
the Opportunity Cost of Oil Production Delay in a Non-mature Sedimentary Production Region.” Energy 33(4):
589-600.



Szklo, A., and V. Uller. 2008. Fundamentos do Refino de Petréleo Tecnologia e Economia. 2™ ed. Rio de Janeiro:
Interciéncia.

Tavares, W. 2005. O descompasso entre a aplicagdo e a arrecadagdo de recursos do Fundo Setorial de Petréleo. 9th
ed. Campos dos Goytacazes, R], Universidade Candido Mendes. Available at www.royaltiesdopetroleo.ucam-
campos.br.

Tehrani, N. M. 2007. “Allocation of CO, Emissions in Petroleum Refineries to Petroleum Joint Products: A Linear
Programming Model for Practical Application.” Energy Economics 29(4): 974-97.

Teixeira, A. M., B. S. Soares-Filho, S. R. Freitas, and ]. P. Metzger. 2009. “Modeling Landscape Dynamics in the Atlantic
Rainforest Domain: Implications for Conservation.” Forest Ecology and Management 257: 1219-30.

Thackeray, F, and G. Leckie. 2002. “Stranded Gas: A Vital Resource.” Petroleum Economist 69(5): 10-12.

Thakkar, V. P, S. F. Abdo, V. A. Gembicki, and J. F. McGehee. 2005. “A Novel Approach for Greater Added Value and
Improved Returns.” Des Plaines, IL: UOP LLC. Available at www.uop.com/objects/AM-05-53-LCO.pdf.

Theodore, L., and J. Reynolds. 1987. Introduction to Hazardous Waste Incineration, 6th edition. New York: John Wiley &
Sons.

Thomas, C. P, T. C. Doughty, J. H. Hackworth, N. B. North, and E. P. Robertson. 1996. “Economics of Alaska North Slope
Gas Utilization Options.” Idaho Falls: Idaho National Engineering Laboratory.

Thomas, J. E., A. A. Triggia, and C. A. Correia. 2001. Fundamentos de engenharia de petréleo. 2nd ed. Rio de Janeiro:
Editora Interciéncia.

Thomas, S. and R. A. Dawe. 2003. “Review of Ways To Transport Natural Gas Energy from Countries Which Do Not Need
the Gas for Domestic Use.” Energy 28(14): 1461-77.

Tiba, C. 2000. ATLAS Solarimétrico do Brasil: Banco de dados terrestres. Recife: Editora Universitaria da UFPe.

Timilsina, G. R., and R. M. Shrestha. 2006. “General Equilibrium Effects of a Supply Side GHG Mitigation Option under the
Clean Development Mechanism.” Journal of Environmental Management 80: 327-41.

Timmons, C., ]. Jackson, and D. White. 2000. “Distinguishing Online Optimization Benefits from Those of Advanced
Controls.” Hydrocarbon Processing 6: 69-77.

Tonkovich, A. L. et al. 2008. “Methanol Production FPSO Plant Concept Using Multiple Microchannel Unit Operations.”
Chemical Engineering Journal 135(Supplement 1): S2-8.

Tonkovich, A.Y,, S. Perry, Y. Wang, D. Qiu, T. LaPlante, and W. A. Rogers. 2004. “Microchannel Process Technology for
Compact Methane Steam Reforming.” Chemical Engineering Science 59(22-23): 4819-24.

Torre, Augusto de la, Pablo Fajnzylber, and John Nash. 2009. Low carbon, high growth: Latin America responses to climate
change. World Bank Latin America and the Caribbean Studies, Report No. 47604. Washington, DC: The World
Bank.

Tundisi, J. G. 2007. “Exploracdo do Potencial Hidrelétrico da Amazonia.” Revista Estudos Avangados 21(59): 109-17.

Turner, R. K., D. W. Pearce, and I. Bateman. 1993. Environmental Economics: An Elementary Introduction. Baltimore: The
Johns Hopkins University Press.

UNFCCC (United Nations Framework Convention on Climate Change). 2007. Investment and Financial Flows To Address
Climate Change. Bonn: UNFCCC. Available at http://unfccc.int/files/cooperation_and_support/financial_
mechanism/application/pdf/background_paper.pdf

University of Alberta. 2008. Flare Research Project. Available at www.mece.ualberta.ca/groups/combustion/flare/
index.html.

Unruh, G. C. 2000. “Understanding Carbon Lock-in." Energy Policy 28(12): 817-30.
Valor Econémico. 2008. Reports on biomass cogeneration, August 12, 14.
Valverde, Sebastido Renato. 2007. “Plantagdes de Eucalipto no Brasil.” Revista da Madeira, no. 107, September.

van den Wall Bake, ]. D. 2006. “Cane as Key in Brazilian Ethanol Industry” Master’s Thesis, Utrecht University, The
Netherlands.

van der Laan, G. P. 1999. “Kinetics, Selectivity and Scale Up of the Fischer-Tropsch Synthesis.” Doctoral thesis, University
of Groningen, The Netherlands.

Van Hamme, |., A. Singh, and 0. Ward. 2003. “Recent Advances in Petroleum Microbiology.” Microbiology and Molecular




Biology Reviews 67(4): 468, 503-49.

Van Heerden, |, R. Gerlagh, ]. Blignaut, and M. Horridge. 2006. “Searching for Triple Dividends in South Africa: Fighting
CO2 Pollution and Poverty while Promoting Growth.” The Energy Journal 27(2): 113-42.

Velocys. 2008. Technology Platforms: Promising Applications. Plain City, Ohio. Available at www.velocys.com/technology/
platforms.php.

Veloso, H. P, A. L. R. Rangel Filho, and J. C. A. Lima. 1991. Classificacdo da vegetagdo brasileira adaptada a um sistema
universal. Sao Paulo: Brazilian Institute of Geopgrahy and Statistics (IBGE).

Verstraete, ., V. Coupard, C. Thomazeau, and P. Etienne. 2005. “Study of Direct and Indirect Naphtha Recycling to a Resid
FCC Unit for Maximum Propylene Production.” Catalysis Today 106: 62-71.

Von Sperling, M. 1998. Lagoas de estabilizagdo. Belo Horizonte: Department of Sanitary and Environmental Engineering,
Federal University of Minas Gerais (UFMG).

Vose, R. S, R. L. Schmoyer, P. M. Steurer, T. C. Peterson, R. Heim, T. R. Karl, and J. K. Eischeid. 1992. The Global Historical
Climatology Network: Long-term Monthly Temperature, Precipitation, Sea Level Pressure, and Station Pressure
Data. Oak Ridge, TN: Oak Ridge National Laboratory, Carbon Dioxide Information Analysis Center.

Vosloo, A. C. 2001. “Fischer-Tropsch: A futuristic View.” Fuel Processing Technology 71(1-3): 149-55.

Wakamura, 0. 2005. “Development of GTL (Gas to Liquid) Technology.” Nippon Steel Corporation Journal (Shinnittetsu
Giho) 382: 2-7.

Walter, A. S., P. Dolzan, O. Quilodran, J. Garcia, C. da Silva, E. Piacente, and A. Segerstedt. 2008. “A Sustainability Analysis
of the Brazilian Ethanol.” Report submitted to the United Kingdom Embassy, Brasilia.

Walter, Arnaldo, F. Rosillo-Calle, Paulo Dolian, Eric Piacente, and Kamyla Borges Cunha. 2008. “Perspectives on Fuel
Ethanol Consumption and Trade.” Biomass and Bioenegy 32(8): 730-48. Available at www.elsevier.com/locate/
biombioe.

Wang, M., H. Lee, and ]. Molburg. 2004. “Allocation of Energy Use in Petroleum Refineries to Petroleum Products:
Implications for Life-Cycle Energy Use and Emission Inventory of Petroleum Transportation Fuels.” The
International Journal of Life Cycle Assessment 9(1): 34-44.

Ward, E. G., A. ]. Wolford, M. B. Mick, and L. Tapia. 2006. Technology Assessment of Alternatives for Handling Associated
Gas Produced from Deepwater Oil Developments in the GOM. AMEC Paragon. Washington, DC: U.S. Department
of the Interior, Minerals Management Service.

Water Systems Analysis Group. 2007. R-Hydronet: A Regional, Electronic Hydrometeorological Data Network for South
America, Central America, and the Caribbean. Durham, NH: University of New Hampshire.

Weck, ]. 1970. “An Improved CVP-index for the Delimitation of the Potential Productivity Zones of Forest Lands of India.”
Indian Forester 96: 565-72.

Whitmore, T. C. 1984. Tropical Rain Forests of the Far East. 2" ed. Oxford: Clarendon Press, Oxford Science
Publications.

Wilhelm, D. ., D. R. Simbeck, A. D. Karp, and R. L. Dickenson. 2001. “Syngas Production for Gas-To-Liquids Applications:
Technologies, Issues and Outlook.” Fuel Processing Technology 71(1-3): 139-48.

WMO (World Meteorological Organization). 1996. “Climatological Normals (Clino) for the Period 1961-1990." Geneva:
World Meteorological Oranization.

World Bank Group. 2003. “Kyoto Mechanisms for Flaring Reductions.” Washington, DC: World Bank.

———. 2008. Global Gas Flaring Reduction. Available at http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/
EXTOGMC/EXTGGFR/0,,contentMDK:21022944~menuPK:828161~pagePK:64168445~piPK:64168309~the
SitePK:578069,00.html.

———. 2008. “Environmental Licensing for Hydroelectric Projects in Brazil: A Contribution to the Debate,” Summary
Report. World Bank Country Management Unit.

Worley Intenational. 2000. “Natural Gas Development Based on Non-Pipeline Options: Offshore Newfoundland.” Final
Report (December). Houston: Worley International.

Worrell, E., and C. Galitsky. 2004. “Profile of the Petroleum Refining Industry in California.” California Industries of
the Future Program, Berkeley: Lawrence Berkeley National Laboratory. Available at http://ies.lbl.gov/
iespubs/55450.pdf.

———. 2005. “Energy Efficiency Improvement and Cost Saving Opportunities for Petroleum Refineries.” An ENERGY



STAR® Guide for Energy and Plant Managers. Berkeley: University of California, Energy Analysis Department.
Available at wwwlibrary.lbl.gov/docs/LBNL/561/83/PDF/LBNL-56183.pdf.

Worrel, E., P. Phylipsen, D. Einstein, and N. Martin. 2000. Energy Use and Energy Intensity of the U.S. Chemical Industry.
US EPA/US DOE/ UCLA, Berkeley. Disponivel em: http://ies.lbl.gov/iespubs/44314.pdf.

Worrel, E., L. Price, N. Martin, C. Hendrics, and L. O. Meida. 2001. “Carbon Dioxide Emissions from the Global Cement
Industry.” Annual Review of Energy and Environment 26: 303-29.

Worrel, E., L. Price, M. Neelis, C. Galitsky, and Z. Nan. 2008. World Best Practice Energy Intensity Values for Selected
Industrial Sectors. Report No. LBNL 62806. Berkeley, CA: Lawrence Berkeley National Laboratory.

WRI (World Resources Institute). 2007. “Climate Analysis Indicators Tool (CAIT).” Washington, DC: World Resources
Institute. Available at http://cait.wri.org.

Yang, H., Z. Xu, M. Fan, R. Gupta, R. B. Slimane, A. E. Bland, and I. Wright. 2008. “Progress in Carbon Dioxide Separation
and Capture: A Review.” Journal of Environmental Sciences 20(1): 14-27.

Zapata, B., F. Pedraza, and M. A. Valenzuela. 2005. “Catalyst Screening for Oxidative Desulfurization Using Hydrogen
Peroxide.” Catalysis Today 106(1-4): 219-21.

Zhang, B.,, and B. Hua. 2007. “Effective MILP Model for Oil Refinery-wide Production Planning and Better Energy
Utilization.” Journal of Cleaner Production 15(5): 439-48.

Zhang, Z., H. Jiang, S. Liu, Q. Wang, and L. Xu. 2006. “Alkylation Performance of Tiophene and Its Derivatives during
Olefinic Alkylation of Tiophenic Sulfur in Gasoline.” Chinese Journal of Catalysts 27(4): 309-13.

Websites of Interest

Australia Institute for Sustainable Resources (ISR)
www.isr.qut.edu.au

Brazilian Bakery and Confectionery Industry Association (ABIP)
www.abip.org.br

Brazilian Beef Information Service (SIC)
www.sic.org.br

Brazilian Beverage Association (ABRABE)
http://abrabe.org.br

Brazilian Ceramics Association (ABC)
www.abceram.org.br

Brazilian Chocolate, Cacao, and Candy Industry Association (ABICAB)
ww.abicab.org.br

Brazilian Coffee Industry Association (ABIC)
www.abic.com.br

Brazilian Food Industry Association (ABIA)
http://abia.org.br

Brazilian Glass Industries Association (ABIVIDRO)
www.abividro.org.br

Brazilian Institute of Environment and Natural Resources (IBAMA) www.ibama.gov.br

Brazilian Pasta Industries Association (ABIMA)
www.abima.com.br




Brazilian Portland Cement Industry (ABCP)
www.abcp.org.br

Brazilian Soluble Coffee Industry Association (ABICS)
www.abics.com.br

Brazilian Textile and Apparel Industry Association (ABIT)
www.abit.org.br

CompactGTL
www.compactgtl.com/index.php

Electric Power Commercialization Chamber (CCEE)
www.ccee.org.br

International Iron and Steel Institute (I1ISI)
www.worldsteel.org

Minas Gerais Iron Industries Union (SINDIFER)
www.sindifer.com.br/inst.html

Ministry of Agriculture, Livestock, and Food Supply (MAPA)
www.agricultura.gov.br

National Association of Ceramic Tile Manufacturers (ANFACER)
www.anfacer.org.br

National Brewing Industry Association (SINDICERV)
www.sindicerv.com.br

National Ceramics Industry Association (ANICER)
www.anicer.org.br

National Environment Council (CONAMA)
www.mma.gov.br/port/conama/

National Fertilizer Association (ANDA)
www.anda.org.br

National Meteorological Institute.
www.inmet.gov.br

PatentStorm
www.patentstorm.us/

Pernambuco State Gypsum Industry Union (SINDUSGESSO)
www.sindusgesso.org.br

Revista o Mundo da Usinagem
www.omundodausinagem.com.br

Sao Paulo Sugarcane Agroindustry Union (UNICA)
www.portalunica.com.br

State Secretariat of Environment and Sustainable Development (SEMAD)
www.semad.mg.gov.br






E S 1 VAIIA\[D

The World Bank Energy Sector Management Assistance Program




