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Executive Summary 
The Center for Climate Strategies (CCS) prepared with the Secretaría de Protección al 
Ambiente del gobierno del Estado de Baja California (SPA) a preliminary assessment of the 
State’s greenhouse gas (GHG) emissions from 1990 to 2005 and a forecast of emissions 
through 2025. The inventory and forecast estimates serve as a starting point to assist the 
State with an initial comprehensive understanding of Baja California’s current and possible 
future GHG emissions.  
 
Baja California’s anthropogenic GHG emissions and anthropogenic sinks (carbon storage) 
were estimated for the period from 1990 to 2025. Historical GHG emission estimates (1990 
through 2005)1 were developed using a set of generally accepted principles and guidelines 
for State GHG emission inventories, relying to the extent possible on Baja California-specific 
data and inputs. The initial reference case projections (2006-2025) are based on a 
compilation of projections of electricity generation, fuel use, and other GHG-emitting 
activities for Baja California, which are based on official government projections and 
alternatively on an extrapolation of historical trends. The data sources, methods, and 
detailed sector-level results are provided in the appendices of this report. 
 
The inventory and projections cover the six types of gases included in Mexico’s national 
GHG enissions inventory2 and commonly reported in international reporting under the 
Kyoto Protocol:  carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), 
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6). 
Emissions of these GHGs are presented using a common metric, CO2 equivalents (CO2e), 
which indicates the relative contribution of each gas, per unit mass, to global average 
radiative forcing on a global warming potential- (GWP-) weighted basis.3 
 
As shown in Table ES-1, activities in Baja California accounted for approximately 16.1 
million metric tons (MMt) of gross production-based4 CO2e emissions in 2005, an amount 
equal to about 2.4% of Mexico’s gross GHG emissions in 2005 excluding carbon sinks, such 
as accumulation of carbon stocks in forested land. Baja California’s gross consumption-
based GHG emissions increased by 112% from 1990 to 2005, while national emissions rose 

1 The last year of available historical data varies by sector; ranging from 2000 to 2005. 
2 Inventario Nacional de Emisiones de Gases de Efecto Invernadero (INEGEI) 
3 Changes in the atmospheric concentrations of GHGs can alter the balance of energy transfers between the 
atmosphere, space, land, and the oceans. A gauge of these changes is called radiative forcing, which is a simple 
measure of changes in the energy available to the Earth-atmosphere system (IPCC, 1996). Holding everything else 
constant, increases in GHG concentrations in the atmosphere will produce positive radiative forcing (i.e., a net 
increase in the absorption of energy by the Earth), http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.htm. 
Estimates of CO2e emissions are based on the GWP values listed in the IPCC Second Assessment Report (SAR).  
4 “Gross” emissions exclude GHG emissions removed (sequestered) due to forestry and other land uses and 
“consumption-based” emissions exclude GHG emissions associated with exported electricity. 

 Secretaría de Protección al Ambiente xiv Center for Climate Strategies 
www.bajacalifornia.gob.mx/spa/index.html    www.climatestrategies.us  

                                                        

http://www.bajacalifornia.gob.mx/spa/index.html
http://www.climatestrategies.us/
http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.htm


Final Report 
June 2010 

 
by only 31% from 1990 to 2005. The growth in Baja California’s emissions from 1990 to 
2005 is primarily associated with electricity consumption and transportation activities.5 
 
Initial estimates of carbon sinks within Baja California’s forests have also been included in 
this report. However additional work is needed to gain an understanding of CO2 
emissions/sinks for urban forests, land use change, and cultivation practices leading to 
changes in agricultural soils. In addition, there is considerable need for additional work for 
the initial forestry sink estimates provided in this report (e.g. to account for losses/gains in 
forested area; see Appendix H). Additional work to improve the forest and agricultural 
carbon sink estimates could lead to substantial changes in the initial estimates provided in 
this report. The current estimates indicate that about 0.35 MMtCO2e were sequestered in 
Baja California forest biomass in 2005; however, this excludes any losses associated with 
forest land conversion due to a lack of data. Inclusion of the forest sink leads to net-
production emissions of 15.8 MMtCO2e in Baja California for 2005.  
 
Figure ES-1 compares the State’s and Mexico’s gross production emissions per capita and 
per unit of economic output.6 On a per capita basis, Baja California emitted about 4.78 
metric tons (t) of gross CO2e in 1995, less than the 1995 national average of 5.96 tCO2e. 
Since 1995, Baja California’s per capita emissions increased to 5.67 tCO2e in 2005, while 
national per capita emissions for Mexico grew to 6.35 tCO2e in 2005. Baja California’s 
emissions have grown faster than the national rate; however, population has grown even 
faster. Therefore, per capita emissions in the state have not reached the national level. Baja 
California’s economic growth exceeded emissions growth for the 1995-2000 period leading 
to declining estimates of GHG emissions per unit of state product. However, emissions per 
unit of state product remain fairly constant between 2000 to 2005. 
 
As illustrated in Figure ES-2 and shown numerically in Table ES-1, under the reference case 
projection, Baja California’s gross GHG emissions continue to grow and are projected to 
reach 27.0 MMtCO2e by 2025. This would be an increase of 282% over 1990 levels. As 
shown in Figure ES-3, the transportation sector is projected to be the largest contributor to 
future emissions growth in Baja California, followed by emissions in the electricity sector.  
The electricity supply sector experienced a rapid growth in emissions due to the expansion 
of infrastructure to include two natural gas combined cycle unit starting in 1999. 
 
Some data gaps exist in this analysis, particularly for the reference case projections. Key 
tasks in resolving the data gaps include review and revision of key emissions drivers that 
will be major determinants of Baja California’s future GHG emissions (such as the growth 
rate assumptions for electricity generation and consumption, transportation fuel use, 
industrial processes, and RCI fuel use). Appendices A through H provide detailed methods, 

5 Comparison with national results were drawn from Mexico Tercera Comunicación Nacional ante la Convención 
Marco de las Naciones Unidas sobre el Cambio Climático. Mexico: INE-SEMARNAT, 2006. Available at  
www.ine.gob.mx. Available annual emissions values were on the order of 498,748 and 618,072 gigagrams in 1990 
and 2002 respectively. 2005 emissions were derived from these values at 655,477 gigagrams. 
6 Historic population available from Instituto Nacional de Estadísticas Geografía e Informática (INEGI). 
Population projectsion were avaialble from Comisión Nacional de Población (CONAPO).   
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data sources, and assumptions made for each GHG sector. Also included are descriptions of 
significant uncertainties in emission estimates and/or methods and suggested next steps 
for refinement of the inventory and reference case projection. 
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Table ES-1.  Baja California Historical and Reference Case GHG Emissions, by Sector 

 
(Million Metric Tons CO2e) 1990 1995 2000 2005 2010 2015 2020 2025 
Energy Consumption Based 5.9 8.3 10.5 13.7 16.4 18.3 20.7 23.6 
Electricity Consumption Based 1.16 1.97 3.35 5.46 6.19 6.63 7.83 9.57 
Electricity Production Based 1.70 2.46 2.81 5.96 6.87 7.73 8.87 9.70 
Gas/Diesel Oil  0.01 0.02 0.21 0.01 0.01 0.01 0.01 0.01 
Natural Gas  0.00 0.00 0.63 5.75 6.87 7.72 8.86 9.69 
Residual Fuel Oil  1.68 2.44 1.97 0.20 0.00 0.00 0.00 0.00 
Imported Electricity  -0.54 -0.49 0.54 -0.49 -0.69 -1.10 -1.03 -0.13 
Res/Comm/Ind (RCI)  1.09 1.33 1.44 1.33 1.86 1.97 2.12 2.28 
Gas/Diesel Oil  0.09 0.13 0.15 0.20 0.26 0.30 0.34 0.39 
Liquefied Petroleum Gases  0.79 0.78 0.69 0.71 0.74 0.80 0.87 0.94 
Natural Gas  0.20 0.19 0.26 0.27 0.69 0.73 0.78 0.83 
Residual Fuel Oil  0.00 0.22 0.33 0.16 0.16 0.14 0.13 0.12 
Solid Biofuels: Wood/Wood Waste 0.002 0.002 0.003 0.003 0.003 0.004 0.004 0.005 
Transportation  3.63 4.93 5.69 6.86 8.28 9.57 10.60 11.64 

Road Transportation - Gasoline 2.08 3.46 3.76 4.53 5.45 6.27 6.88 7.50 

Road Transportation - Diesel 1.16 0.78 0.79 1.42 1.83 2.17 2.45 2.73 

Road Transportation - LPG 0.00 0.00 0.12 0.15 0.08 0.07 0.07 0.07 

Aviation 0.32 0.43 0.54 0.48 0.64 0.75 0.87 0.98 

Marine Vessels 0.05 0.25 0.47 0.28 0.26 0.29 0.31 0.33 

Rail 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.03 

Fossil Fuel Industry 0.00 0.00 0.00 0.01 0.05 0.05 0.05 0.05 
 NG Transmission - pipeline 0.00 0.00 0.002 0.002 0.002 0.002 0.002 0.002 
 NG Trans. – compressor storage 0.00 0.00 0.00 0.00 0.04 0.04 0.04 0.04 
 NG Distribution 0.00 0.00 0.00 0.003 0.009 0.01 0.01 0.01 
Industrial Processes 0.30 0.41 0.65 0.76 0.91 1.11 1.30 1.49 

Cement Manufacture 0.24 0.31 0.49 0.53 0.70 0.84 0.99 1.13 

Limestone and Dolomite Use 0.05 0.08 0.13 0.17 0.13 0.15 0.18 0.20 

ODS Substitutes 0.01 0.02 0.03 0.05 0.08 0.11 0.13 0.16 

Waste Management (Gross) 0.40 0.50 0.60 0.72 0.61 0.80 1.01 1.20 
Domestic Wastewater 0.17 0.21 0.25 0.28 0.32 0.36 0.41 0.46 
Solid Waste Disposal Site 0.20 0.24 0.30 0.37 0.22 0.37 0.53 0.66 
Open Burning 0.03 0.04 0.05 0.06 0.07 0.07 0.08 0.08 
Landfill Carbon Storage -0.06 -0.08 -0.09 -0.12 -0.14 -0.16 -0.18 -0.19 
Agriculture 0.43 0.43 0.47 0.49 0.53 0.58 0.63 0.68 
Enteric Fermentation 0.22 0.24 0.26 0.28 0.31 0.34 0.38 0.42 
Manure Management 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
Managed Soils 0.20 0.18 0.21 0.20 0.21 0.23 0.24 0.25 
Forestry and Land Use -0.23 -0.21 -0.23 -0.26 -0.22 -0.22 -0.22 -0.22 
Forest (carbon flux) -0.26 -0.24 -0.25 -0.25 -0.24 -0.24 -0.24 -0.24 
Perennial Tree Agric. (carbon flux) -0.02 0.00 -0.02 -0.02 -0.04 -0.04 -0.04 -0.04 
Forest Fires (non-CO2 emissions) 0.05 0.04 0.03 0.01 0.05 0.05 0.05 0.05 
Gross Emiss. Consumption Based 7.05 9.60 12.23 15.63 18.48 20.77 23.60 26.97 

increase relative to 1990 0% 36% 73% 122% 162% 194% 235% 282% 

Emission Sinks -0.32 -0.32 -0.34 -0.36 -0.38 -0.39 -0.41 -0.43 
Net Emissions (incl. forestry*) Consumption Based 6.73 9.28 11.88 15.27 18.10 20.37 23.19 26.54 

increase relative to 1990 0% 38% 76% 127% 169% 203% 244% 294% 
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Gross Emiss. Production Based  7.59 10.09 11.68 16.13 19.16 21.86 24.64 27.10 

Increase realtive to 1990 0% 33% 54% 112% 152% 188% 224% 257% 

Emisiones Netas (incl. forestal*) Production Based 7.28 9.77 11.34 15.76 18.79 21.47 24.22 26.67 

Incremento relativo a 1990 0% 34% 56% 117% 158% 195% 233% 267% 

 
 

Figure ES-1.  Historical Baja California and National Gross GHG Emissions per Capita 
and per Unit of Economic Output7 

 
 
 

7 Economic activity expressed in 2006 values.  Information retrieved from INEGI, Banco de Información 
Económica. 
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Figure ES-2.  Baja California Gross Consumption-Based GHG Emissions by Sector,  

1990-2025 
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Figure ES-3.  Sector Contributions to Gross Emissions Growth in Baja California, 1990-

2020:  Reference Case Projections (MMtCO2e Basis) 

 
 

Res/Comm – direct fuel use in residential and commercial sectors. ODS – ozone depleting substance. Emissions associated 
with other industrial processes include all of the industries identified in Appendix D except emissions associated with 
ODS substitutes which are shown separately in this graph. Data for US states indicates a high expected growth in 
emissions for ODS substitutes.  Forest-fires – emissions include methane and nitrous oxide emissions only. Waste 
management – emissions exclude landfill carbon storage.   
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Summary of Preliminary Findings 
 

Introduction 
The Center for Climate Strategies (CCS) prepared this report with the Secretaría de 
Protección al Ambiente del gobierno del Estado de Baja California (SPA). SPA contributed 
with leadership and coordination to the development of the inventory and forecast to serve 
as input to climate action activities within the framework of the Plan Estatal de Acción 
Climática de Baja California (PEAC-BC). This report presents a preliminary assessment of 
the State’s greenhouse gas (GHG) emissions and anthropogenic sinks (carbon storage) from 
1990 to 2025. The inventory and forecast estimates serve as a starting point to assist the 
State with an initial comprehensive understanding of Baja California’s current and possible 
future GHG emissions, and thereby can serve to inform the future identification and 
analysis of policy options for mitigating GHG emissions. In this report, the terms “forecast” 
and “reference case projection” are used interchangeably.   
 
Historical GHG emission estimates (1990 through 2005) were developed using a set of 
generally accepted principles and guidelines for State GHG emissions inventories, as 
described in the “Approach” section below. These estimates rely to the extent possible on 
Baja California-specific data and inputs. The initial reference case projections (2006-2025) 
are based on a compilation of projections of electricity generation, fuel use, and other GHG-
emitting activities for Baja California, along with a set of simple, transparent assumptions 
described in the appendices of this report. While 2005 is commonly the year for the most 
recent historical data, there are some sources for which a different year applies. Still, the 
historical inventory will commonly be referred to here as the 1990 to 2005 time-frame. 
The sector-level appendices provide the details on data sources and applicable years of 
availability.   
 
This report covers the six gases included in Mexico’s national GHG emissions inventory and 
international GHG reporting under the Kyoto Protocol:  carbon dioxide (CO2), methane 
(CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and 
sulfur hexafluoride (SF6). Emissions of these GHGs are presented using a common metric, 
CO2 equivalence (CO2e), which indicates the relative contribution of each gas, per unit 
mass, to global average radiative forcing on a global warming potential- (GWP-) weighted 
basis.8  
 

8 Changes in the atmospheric concentrations of GHGs can alter the balance of energy transfers between the 
atmosphere, space, land, and the oceans. A gauge of these changes is called radiative forcing, which is a simple 
measure of changes in the energy available to the Earth-atmosphere system (IPCC, 1996). Holding everything else 
constant, increases in GHG concentrations in the atmosphere will produce positive radiative forcing (i.e., a net 
increase in the absorption of energy by the Earth), http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.htm. The 
CO2e estimates presented in this report are based on the GWP values provided in the IPCC’s Second Assessment 
Report (SAR).   
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It is important to note that the preliminary emissions estimates reflect the GHG emissions 
associated with the electricity sources used to meet Baja California’s demands, corresponding 
to a consumption-based approach to emissions accounting (see “Approach” section below). 
Another way to look at electricity emissions is to consider the GHG emissions produced by 
electricity generation facilities in the State. This report covers both methods of accounting 
for emissions, but for consistency and clarity, all total results shown in summary tables and 
graphs are reported as consumption-based.  
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Baja California Greenhouse Gas Emissions:  Sources and Trends 
 
Table 1 provides a summary of GHG emissions estimated for Baja California by sector for 
the years 1990, 2000, 2005, 2010, 2020, and 2025. Table 1 presents results according to 
four types of GHG accounting: 1) consumption based emissions; 2) production based 
emissions; 3) nete emissions; 4) gross emissions.  The specific type of accounting is 
specified in each of the figures and tables of the report.  Moreover, it is important to note 
that comparisons with the Inventario Nacional de Emisiones de Gases de Efecto 
Invernadero (INEGEI) were made on the basis of gross, production-base emissions in order 
to be consistent with the type of GHG accounting employed by the authors of the INEGEI.    
 
Details on the methods and data sources used to construct the emission estimates are 
provided in the appendices to this report. In the sections below, a brief discussion is 
provided on the GHG emission sources (positive, or gross, emissions) and sinks (negative 
emissions) separately in order to identify trends and uncertainties clearly for each. A net 
emission estimate includes both sources and sinks of GHGs.  
 
This next section of the report provides a summary of the historical emissions (1990 
through 2005) followed by a summary of the reference-case projection emissions (2006 
through 2025) and key uncertainties. An overview of the general methodology, principles, 
and guidelines followed for preparing the inventories is then provided. Appendices A 
through H provide the detailed methods, data sources, and assumptions for each GHG 
sector. 
 

Historical Emissions 

 

Overview 
Preliminary analyses suggest that in 2005, activities in Baja California accounted for 
approximately 16.1 million metric tons (MMt) of CO2e emissions, an amount equal to about 
2.4% of Mexico GHG emissions (based on 2005 national emissions).9 Baja California’s gross 
GHG emissions are rising at a slightly higher rate than those of the nation as a whole (gross 
emissions exclude carbon sinks, such as forests). Baja California’s gross GHG emissions 
increased 112% from 1990 to 2005, while national emissions rose by 31% from 1990 to 
2005. 
 

9 Comparison with national results were drawn from the official publication titled: Mexico Tercera Comunicación 
Nacional ante la Convención Marco de las Naciones Unidas sobre el Cambio Climático. Mexico: INE-
SEMARNAT, 2006. Available at  www.ine.gob.mx. Available annual emssion values were on the order of 498,748 
and 618,072 gigagrams in 1990 and 2002 respectivively. 2005 emissions were dereived from these values at 655,477 
gigagrams. 
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Figure 1 illustrates the State’s emissions per capita and per unit of economic output.10 On a 
per capita basis, Baja California emitted about 4.78 metric tons (t) of gross CO2e in 1995, 
less than the 1995 national average of 5.55 tCO2e. Since 1995, Baja California’s per capita 
emissions increased to 5.55 tCO2e in 2005, while national per capita emissions for Mexico 
grew to 6.35 tCO2e in 2005. Although Baja California’s emissions have grown faster than 
the national rate, population has grown faster than the national rate as well, and per capita 
emissions in the state have not reached the national level. Baja California’s economic 
growth exceeded emissions growth for the 1995-2000 period leading to declining 
estimates of GHG emissions per unit of state product. However, emissions per unit of state 
product remained fairly constant from 2000 to 2005. 
 
Figure 2 compares gross GHG emissions for Baja California to emissions for Mexico in 2005 
according to GHG sectors used by Instituto Nacional de Ecología (INE). The principal source 
of Baja California’s GHG emissions is energy use. Energy use includes activities such as 
power generation, transportation, fossil fuel production and exploration as well as 
residential, commercial, and industrial consumption of primary fuels (e.g. gasoline, diesel, 
coal, natural gas, liquefied petroleum gas). In 2005, the energy sector accounted for 88% of 
total GHG emissions in the state of Baja California. At the national level, the energy sector 
accounted for 63% of gross GHG emissions in 2005.  

10 Retrieved June, 2008 from: http://www.inegi.gob.mx/est/contenidos/espanol/cubos/default.asp?c=1413.  
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Table 1.  Baja California Historical and Reference Case GHG Emissions, by Sectora 

 
(Million Metric Tons CO2e) 1990 1995 2000 2005 2010 2015 2020 2025 
Energy Consumption Based 5.9 8.3 10.5 13.7 16.4 18.3 20.7 23.6 
Electricity Consumption Based 1.16 1.97 3.35 5.46 6.19 6.63 7.83 9.57 
Electricity Production Based 1.70 2.46 2.81 5.96 6.87 7.73 8.87 9.70 
Gas/Diesel Oil  0.01 0.02 0.21 0.01 0.01 0.01 0.01 0.01 
Natural Gas  0.00 0.00 0.63 5.75 6.87 7.72 8.86 9.69 
Residual Fuel Oil  1.68 2.44 1.97 0.20 0.00 0.00 0.00 0.00 
Imported Electricity  -0.54 -0.49 0.54 -0.49 -0.69 -1.10 -1.03 -0.13 
Res/Comm/Ind (RCI)  1.09 1.33 1.44 1.33 1.86 1.97 2.12 2.28 
Gas/Diesel Oil  0.09 0.13 0.15 0.20 0.26 0.30 0.34 0.39 
Liquefied Petroleum Gases  0.79 0.78 0.69 0.71 0.74 0.80 0.87 0.94 
Natural Gas  0.20 0.19 0.26 0.27 0.69 0.73 0.78 0.83 
Residual Fuel Oil  0.00 0.22 0.33 0.16 0.16 0.14 0.13 0.12 
Solid Biofuels: Wood/Wood Waste 0.002 0.002 0.003 0.003 0.003 0.004 0.004 0.005 
Transportation  3.63 4.93 5.69 6.86 8.28 9.57 10.60 11.64 

Road Transportation - Gasoline 2.08 3.46 3.76 4.53 5.45 6.27 6.88 7.50 

Road Transportation - Diesel 1.16 0.78 0.79 1.42 1.83 2.17 2.45 2.73 

Road Transportation - LPG 0.00 0.00 0.12 0.15 0.08 0.07 0.07 0.07 

Aviation 0.32 0.43 0.54 0.48 0.64 0.75 0.87 0.98 

Marine Vessels 0.05 0.25 0.47 0.28 0.26 0.29 0.31 0.33 

Rail 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.03 

Fossil Fuel Industry 0.00 0.00 0.00 0.01 0.05 0.05 0.05 0.05 
 NG Transmission - pipeline 0.00 0.00 0.002 0.002 0.002 0.002 0.002 0.002 
 NG Trans. – compressor storage 0.00 0.00 0.00 0.00 0.04 0.04 0.04 0.04 
 NG Distribution 0.00 0.00 0.00 0.003 0.009 0.01 0.01 0.01 
Industrial Processes 0.30 0.41 0.65 0.76 0.91 1.11 1.30 1.49 

Cement Manufacture 0.24 0.31 0.49 0.53 0.70 0.84 0.99 1.13 

Limestone and Dolomite Use 0.05 0.08 0.13 0.17 0.13 0.15 0.18 0.20 

ODS Substitutes 0.01 0.02 0.03 0.05 0.08 0.11 0.13 0.16 

Waste Management (Gross) 0.40 0.50 0.60 0.72 0.61 0.80 1.01 1.20 
Domestic Wastewater 0.17 0.21 0.25 0.28 0.32 0.36 0.41 0.46 
Solid Waste Disposal Site 0.20 0.24 0.30 0.37 0.22 0.37 0.53 0.66 
Open Burning 0.03 0.04 0.05 0.06 0.07 0.07 0.08 0.08 
Landfill Carbon Storage -0.06 -0.08 -0.09 -0.12 -0.14 -0.16 -0.18 -0.19 
Agriculture 0.43 0.43 0.47 0.49 0.53 0.58 0.63 0.68 
Enteric Fermentation 0.22 0.24 0.26 0.28 0.31 0.34 0.38 0.42 
Manure Management 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
Managed Soils 0.20 0.18 0.21 0.20 0.21 0.23 0.24 0.25 
Forestry and Land Use -0.23 -0.21 -0.23 -0.26 -0.22 -0.22 -0.22 -0.22 
Forest (carbon flux) -0.26 -0.24 -0.25 -0.25 -0.24 -0.24 -0.24 -0.24 
Perennial Tree Agric. (carbon flux) -0.02 0.00 -0.02 -0.02 -0.04 -0.04 -0.04 -0.04 
Forest Fires (non-CO2 emissions) 0.05 0.04 0.03 0.01 0.05 0.05 0.05 0.05 
Gross Emiss. Consumption Based 7.05 9.60 12.23 15.63 18.48 20.77 23.60 26.97 

increase relative to 1990 0% 36% 73% 122% 162% 194% 235% 282% 

Emission Sinks -0.32 -0.32 -0.34 -0.36 -0.38 -0.39 -0.41 -0.43 
Net Emissions (incl. forestry*) Consumption Based 6.73 9.28 11.88 15.27 18.10 20.37 23.19 26.54 

increase relative to 1990 0% 38% 76% 127% 169% 203% 244% 294% 
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Gross Emiss. Production Based  7.59 10.09 11.68 16.13 19.16 21.86 24.64 27.10 

Increase realtive to 1990 0% 33% 54% 112% 152% 188% 224% 257% 

Emisiones Netas (incl. forestal*) Production Based 7.28 9.77 11.34 15.76 18.79 21.47 24.22 26.67 

Incremento relativo a 1990 0% 34% 56% 117% 158% 195% 233% 267% 

 
 
 
 

Figure 1.  Historical Baja California and Mexico Gross GHG Emissions per Capita and per Unit 
Gross Product in Dollars11 

 
 
 

  
 

11 Economic activity expressed in 2006 values.  Information retrieved from INEGI, Banco de Información 
Económica. 
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Figure 2.  Gross GHG Emissions by Sector, 2005, Baja California and Mexico 

Baja California12 Mexico 

  

 
 
Summary results in this inventory and forecast for Coahuila are presented with additional 
disaggregation of emission sources in comparison with the summary results of the 
Inventario Nacional de Emisiones de Gases de Efecto Invernadero prepared by INE. Table 2 
provides correspondence between the Coahuila and INE GHG sectors and Figure 3 shows 
the distribution of emissions according to Coahuila GHG activity sectors for the year 2005. 
 

Table 2.  Correspondence between INE and Baja California GHG Sectors 
 

INE Baja California 
Energia / Energy Electricity (Consumption Based) 
Energia / Energy Fossil Fuel Industry 
Energia / Energy RCI Fuel Use 
Energia / Energy Transportation Road/Gasoline 
Energia / Energy Transportation Road/Diesel 
Energia / Energy Aviation 
Agricultura / Agriculture Agriculture 
Procesos Industriales / Ind. Processes ODS Substitutes 
Procesos Industriales / Ind. Processes Other Ind. Process 
Desechos / Waste Waste Management 
USCUSS / Land Use Forestry and Land Use (net emissions) 

 
 

12 Additional work to improve carbon flux due to land use and changes to land use (USCUSS) could lead to 
substantial differences in the initial estimates provided in this report. Due to limited information, the current 
estimates focus on carbon flux within selected land uses, excluding carbon losses due to deforestation (e.g when 
forest land is converted cropland).   
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Figure 3.  Baja California Gross GHG Emissions by Sector, 2005 
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A Closer Look at the Two Major Sectors:  Electricity Supply and Transportation 
 
Electricity Supply Sector 

In 2007, two combined cycle plants (Presidente Juarez and Mexicali) generated 46% of the 
state’s electricity using natural gas; 5% of the state’s electricity was generated from 
residual fuel oil; 1% from diesel oil; 2% of electricity was imported from the U.S. from 
power marketer Coral Power L.L.C., San Diego Gas & Electric, and Sempra Energy 
Solutions.13 The remaining 46% of the state’s electricity comes from a renewable energy 
geothermal plant (Cerro Prieto).  
 
There is expected to be a 107 MW geothermal facility on-line in 2011, with 93 MW of 
capacity retiring in that same year. The interconnection with the United States is expected 
to be terminated in 2013. At the same time, over the coming years, Baja California will open 
up transmission with Sonora. However, since the amount of electricity generated in Baja 
California is far greater than the electricity sold over these years, it is assumed that after 
2013, Baja California will not import electricity via this new transmission line, using this 
connection solely to export electricity to other states in Mexico.  
 
Electricity consumption accounted for about 35% of Baja California’s gross GHG emissions 
in 2005 at 5.5 MMtCO2e. Emissions associated with electricity consumption are estimated 
to grow to around 9.6 MMtCO2e in 2025. An important area for future research is whether 
the geothermal energy sources contribute any geogenic carbon dioxide emissions that 
would not be considered to occur naturally, and hence should be incorporated into the 
inventory.   
 
Transportation Sector 

Transportation activities accounted for about 44% of Baja California’s gross GHG emissions 
in 2005. The sector was divided into five subsectors as follows: a) road vehicles fueled by 
gasoline, b) road vehicles fueled by diesel, c) road vehicles fueled by liquefied petroleum 
gas (LPG), d) airplanes fueled by jet fuel, e) marine vessels fueled by diesel, and f) 
locomotives.  
 
In 2005, transportation emissions totaled 6.9 MMtCO2e, of which 66% resulted from 
gasoline combustion by light-duty road vehicles, 21% resulted from diesel combustion by 
heavy-duty road vehicles, 7% from jet fuel combustion by airplanes, and the remaining 6% 
from marine diesel, liquefied petroleum gas, and locomotive diesel.  
 
The fastest growing source through the 1990-2005 time period was marine vessels with a 
mean annual growth rate of 12% (with most growth occurring from 1990 to 1994), 
followed by road transportation gasoline (5%). In 2025, total transportation emissions are 
expected to be on the order of 11.7 MMtCO2e representing a 221% increase from 1990. 

13 SENER. 2009. “Prospectiva del Sector Eléctrico 2008-2017.” Available at: 
http://www.sener.gob.mx/webSener/portal/index.jsp?id=466. 

 Secretaría de Protección al Ambiente 10 Center for Climate Strategies 
www.bajacalifornia.gob.mx/spa/index.html    www.climatestrategies.us  

                                                        

http://www.bajacalifornia.gob.mx/spa/index.html
http://www.climatestrategies.us/
http://www.sener.gob.mx/webSener/portal/index.jsp?id=466


Final Report 
June 2010 

 
Road transportation emissions are expected to account for 88% of total transportation 
emissions in 2025. Aviation emissions are expected to account for 8% in 2025. 
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Reference Case Projections 
Relying on a variety of sources for projections, as noted below and in the appendices, CCS 
developed a simple reference case projection of GHG emissions through 2025. As 
illustrated in Figure 4 below and shown numerically in Table 1 above, under the reference 
case projections, Baja California gross GHG emissions continue to grow steadily, climbing to 
about 27.0 MMtCO2e by 2025, 282% above 1990 levels. This equates to an annual rate of 
growth of 3.9% per year for the period starting 1990 through 2025.  
 
Inventory estimates and reference case projections are shown in Figure 4 for all sectors. 
Sector contributions to growth in gross GHG emissions are shown in Figure 5. Figure 5 
provides estimates of contribution to growth in gross GHG emissions between inventory 
(1990-2005) and reference case projection (2005-2025) estimates. The largest increases in 
emissions from both 1990-2005 and 2005-2025 are seen in the transportation and 
electricity supply sectors. Table 3 summarizes the growth rates that drive the growth in the 
Baja California reference case projections, as well as the sources of these data.   
 

 
Figure 4.  Baja California Gross GHG Emissions by Sector, 1990-2025 
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Figure 5.  Sector Contributions to Gross Emissions Growth in Baja California, 1990-2020 

 
  

Res/Comm – direct fuel use in residential and commercial sectors. ODS – ozone depleting substance. Emissions associated 
with other industrial processes include all of the industries identified in Appendix D except emissions associated with 
ODS substitutes which are shown separately in this graph. Data for US states indicates a high expected growth in 
emissions for ODS substitutes.  Forest-fires – emissions include methane and nitrous oxide emissions only. Waste 
management – emissions exclude landfill carbon storage.   
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Table 3.  Key Annual Growth Rates for Baja California, Historical and Projected 

Activity Data Rate Period 
Mean 

Annual 
Rate 
(%) 

Sources 

Population 1990-2005 
2005-2025 

3.65 
3.28 

Historical population, INEGI 
Projected population, SEDESOL 

Electricity Demand 

         

1990 - 2007 
 

2008 - 2017 

 
5.8 

 
3.2 

SENER: Prospectiva del Sector 
Eléctrico 2008-2017 

Diesel 1990 - 2007 3.6 Sistema de Información Energética, 
PEMEX 

Gasoline 1990 - 2007 5.7 Sistema de Información Energética, 
PEMEX 

Jet Kerosene 1990 - 2006 2.8 Sistema de Información Energética, 
PEMEX 

Vehicle Registration 1990 - 2004 10.6 INEGI. Estadísticas de vehículos de 
motor registrados en circulación 

Livestock Population 1990 - 2005 -0.3 SIACON 

Crop Production 1990 - 2005 8.0 SIACON 

 

Key Uncertainties and Next Steps 
Some data gaps exist in this inventory, and particularly in the reference case projections. 
Key tasks for future refinement of this inventory and forecast include review and revision 
of key drivers, such as demand for electricity from fuel oil, imported electricity, and 
electricity from hydroelectric plants. Additional information relating to the segregation of 
in-state diesel consumption by mode of transportation (marine vessel, railway, onroad) for 
inventory years can help reduce uncertainty in projected emissions. Historical activity data 
relating to cement production, lime production, and limestone use can also reduce 
uncertainty associated with forecast estimates.  
 
Additional work is needed to: further refine the carbon sequestration estimates for the 
forested landscape; add sequestration estimates for urban forests; add net CO2 flux for 
agricultural soils; and add net CO2 flux associated with land use change (e.g. losses/gains in 
forest acreage). As described in Appendix H, the lack of data to adequately capture net 
carbon flux due to land use change is a key area for future work. The current estimates of a 
net carbon sink in the forestry sector could change dramatically once the land use change 
emissions are quantified due to historic and potential future losses of forest area.   
 
Applied growth rates are driven by uncertain economic, demographic and land use trends 
(including growth patterns and transportation system impacts), all of which deserve closer 
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review and discussion. These are listed in Table 3. More details on key uncertainties and 
suggested next steps for the refinement of the estimates presented in this report are 
provided in each of the sector appendices.  
 

Approach 
The principal goal of compiling the inventory and reference case projection presented in this 
document is to provide the State of Baja California with a general understanding of Baja 
California’s historical, current, and projected (expected) GHG emissions. The following sections 
explain the general methodology and the general principles and guidelines followed during 
development of these GHG estimates for Baja California. 
 

General Methodology 

The overall goal of this effort was to provide simple and straightforward estimates with an 
emphasis on robustness, consistency, and transparency. As a result, CCS relied on reference 
forecasts from best available State and regional sources where possible. In general state-
level forecast data for Baja California were lacking. Therefore, CCS used straight-forward 
spreadsheet analysis and constant growth-rate extrapolations of historical trends rather 
than complex modeling to estimate future year emissions.  
 
CCS followed similar approaches to emissions accounting for historical inventories as 
recommended by INE in its national GHG emissions inventory14 and its guidelines for 
States.15  These inventory guidelines were developed based on the guidelines from the 
Intergovernmental Panel on Climate Change (IPCC), the international organization 
responsible for developing coordinated methods for national GHG inventories.16Any 
exception to this approach is identified in the applicable sector appendix with a rationale 
provided for the selection of alternative methods or data sources. The inventory methods 
provide flexibility to account for local conditions. A summary of the key sources of 
inventory data and overall methods used are shown in Table 4 along with a comparison to 
methods used to construct Mexico’s national inventory (INEGEI). The reader should 
consult the associated sector appendix for a detailed discussion of methods and data 
sources used to construct the inventory and forecast for that sector. 

 

14 INE.  Tercera Comunicación Nacional ante la Convención Marco de las Naciones Unidas sobre el Cambio 
Climático.,2006 http://www.ine.gob.mx/cpcc-lineas/637-cpcc-comnal-3.  
http://www.epa.gov/climatechange/emissions/usinventoryreport.html.   
15 PNUD, FMAM, INE. Manejo del Proceso de Elaboración del Inventario Nacional de Gases de Efecto 
Invernadero.  http://www.ine.gob.mx/cpcc-estudios-cclimatico.   
16 http://www.ipcc-nggip.iges.or.jp/public/gl/invs1.htm. 
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Table 4.  Key Data Sources and Methods and Comparison to National Inventory Methods 

 

Sector Key Data Sources Method Comparison with 
INEGEI 

Electricity 
Consumption and 
Supply 

SENER and CFE: state-
level sector-based 
electricity consumption 
data;  

INEGI: state-level 
electricity generation data 

2006 IPCC, Tier 1 
method, where fuel 
consumption is 
multiplied by default 
emission factors. 

1996 IPCC, Tier 1 
method; national 
electricity production 
data from SENER. 

Residential, 
Commercial, and 
Industrial (RCI) Fuel 
Combustion 

SENER: state-level fuel 
consumption for RCI 
sectors 

2006 IPCC, Tier 1 
method, where fuel 
consumption is 
multiplied by default 
emission factors 

1996 IPCC, Tier 1 
method; national-level 
fuel consumption from 
SENER. 

Transportation 
Energy Use 
 

SENER: State-level fuel 
consumption by fuel type 

SCT: State-level statistics 
used to allocate fuel sales 
to end use (e.g. rail 
infrastructure, national 
cargo movement by water) 

2006 IPCC, Tier 1 
method, where fuel 
consumption is 
multiplied by default 
emission factors. 

 

1996 IPCC, Tier 1 
method; SENER 
provided fuel 
consumption data for all 
sources except aircraft. 

1996 IPCC, Tier 2 
method for aviation 
based on landing & 
takeoff statistics.    

Industrial Processes 
and Product Use 
 

CANACEM : national 
cement production 
allocated to state-level as 
a function of population 

2006 IPCC, Tier 1 
method, where clinker 
production is multiplied 
by a default emission 
factor. 

1996 IPCC, Tier 1 
method; national 
cement production data 
from CANACEM. 

Servicio Geológico 
Mexicano: mineral 
production by state 

 

2006 IPCC, Tier 1 
consumption is 
multiplied by a default 
emission factor. 
Consumption is 
obtained through mass 
balance using state 
production. 

1996 IPCC, Tier 1 
method, where mineral 
production from Servicio 
Geológico Mexicano 
production is multiplied 
by a default emission 
factor. Consumption is 
obtained through mass 
balance using national 
production, and 
import/export data.   

INEGI: state-level vehicle 
registration data and IPCC 
emission factors for HFC 
emissions as originally 
developed by Centro 
Mario Molina, Inventario 
Estatal de Emisiones de 
GEI del Estado de Baja 
California, 2005 

IPCC: HFC emissions -
the number mobile air 
conditioning (AC) units 
are multiplied by an 
IPCC default emission 
factor. 

1996 IPCC, Tier 1 
method, where fugitive 
HCF are calculated 
through mass balance 
using national 
production,  import and 
export data. 
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Sector Key Data Sources Method Comparison with 

INEGEI 

Fossil Fuel Industry SENER, PEMEX, CRE: 
data on production, 
transmission and 
distribution infrastructure 
(e.g. state-level 
transmission & distribution 
pipelines, gas 
compressors, storage 
facilities) 

EPA, SIT method, 
where fossil fuel 
industry infrastructure is 
multiplied by US 
industry average 
emission factors. 

 

1996 IPCC, Tier 1 
method, where national 
production data from 
PEMEX is multiplied by 
default emission factors.  

 

Agriculture SAGARPA - SIACON: 
crop and livestock 
production data at the 
state-level,  

International Fertilizer 
Industry Association: 
fertilizer application data 

2006 IPCC, Tier 1 
method and emission 
factors. 

1996 and 2003  IPCC 
guidelines and 
SAGARPA-SIACON 
national data. 

A number of emission 
factors were the 
updated based on field 
studies conducted in 
Mexico. 

Waste Management SEDESOL:  state-level 
solid waste generation 
data 

CONAGUA: domestic 
wastewater treatment data 
at the state-level 

2006 IPCC, Tier 1 
method and emission 
factors. 

 

1996 IPCC, Tier 1 
method with SEDESOL 
national data for solid 
waste generation. 

Forestry and Land 
Use 

United Nations Food and 
Agriculture Organization 
(FAO): total forested area 
by state  

SEMARNAT- CONAFOR: 
state-level wood harvest, 
forest fire, and diseased 
acres 

SIACON: Acreage on 
woody perennial crops 

2006 IPCC, Tier 1 
method. CCS relied on 
forest coverage 
statistics from FAO and 
woody crop coverage 
from SIACON. 

CCS’ assessment 
covers carbon flux in 
selected land use 
categories due to land 
use practices. 

 

2003 IPCC methods.  
INE assessed carbon 
flux based on national 
digital maps (mapas de 
vegetación del INEGI, 
1993, 2003). 

INE’s assessment 
covers carbon flux in 
selected land use 
categories due to land 
use practices, and 
changes in land use. 
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General Principles and Guidelines 

A key part of this effort involves the establishment and use of a set of generally accepted 
accounting principles for evaluation of historical and projected GHG emissions, as follows: 

 
• Transparency:  CCS reported data sources, methods, and key assumptions to allow 

open review and opportunities for additional revisions later based on input from 
subsequent reviewers. In addition, key uncertainties are reported, where they exist. 

• Consistency:  To the extent possible, the inventory and projection were designed to 
be externally consistent with current or likely future systems for State and national 
GHG emissions reporting. In nearly all sectors, CCS used IPCC methodologies and 
gave special attention to the way these were adapted in Mexico to fit national needs. 
These initial estimates were then augmented and/or revised as needed to conform 
with State-based inventory and reference-case projection needs (i.e. needs of GHG 
mitigation planning analyses). For consistency in making reference case projections, 
CCS defined reference case actions for the purposes of projections as those currently 
in place or reasonably expected over the time period of analysis.  

• Priority of Existing State and Local Data Sources:  In gathering data and in cases 
where data sources conflicted, CCS placed highest priority on local and State data 
and analyses, followed by regional sources, with national data or simplified 
assumptions such as constant linear extrapolation of trends used as defaults where 
necessary.  

• Priority of Significant Emissions Sources:  In general, sources with relatively 
small emissions levels received less attention than those with larger GHG 
contributions.  

• Comprehensive Coverage of Gases, Sectors, State Activities, and Time Periods:  
This analysis aimed to comprehensively cover GHG emissions/sinks associated with 
activities in Baja California. It covers all six GHGs covered by IPCC guidelines and 
reported in national inventories:  CO2, CH4, N2O, SF6, HFCs, and PFCs. The inventory 
estimates are for the year 1990, with subsequent years included up to most recently 
available data (typically 2005 to 2007). The projection for each source begins in the 
year following the most recent inventory year and extends for each year out to 
2025. 

• Use of Consumption-Based Emission Estimates:  For the electricity supply sector, 
CCS estimated emissions that are driven by electricity consumption in Baja 
California. The rationale for this common method of reporting is that it more 
accurately reflects the impact of State-based policy strategies aimed at energy 
efficiency on overall GHG emissions. Although this is a common approach for state 
and local GHG inventory development, it can differ from how some inventories are 
compiled, if they are based on an in-state electricity production basis. 

 
As mentioned above, CCS estimated the emissions related to electricity consumed in Baja 
California. This entails accounting for the electricity sources used by Baja California utilities 

 Secretaría de Protección al Ambiente 18 Center for Climate Strategies 
www.bajacalifornia.gob.mx/spa/index.html    www.climatestrategies.us  

http://www.bajacalifornia.gob.mx/spa/index.html
http://www.climatestrategies.us/


Final Report 
June 2010 

 
to meet consumer demands. As this analysis is refined and potentially expanded in the 
future, one could also attempt to estimate other sectoral emissions on a consumption basis, 
such as accounting for emissions from transportation fuel used in Baja California, but also 
accounting for extraction, refining, and distribution emissions (some of these occurring out 
of state). As in this example, this can require venturing into the relatively complex terrain 
of life-cycle analysis. In general, CCS recommends considering a consumption-based 
approach, where it will significantly improve the estimation of the emissions impact of 
potential mitigation strategies. For example, in the solid waste management sector, re-use, 
recycling, and source reduction can lead to emission reductions resulting from lower 
energy requirements for material production (such as paper, cardboard, and aluminum), 
even though production of those materials, and emissions associated with materials 
production, may not occur within the state.  
 
While the primary data and methods for most sectors are consistent with the national 
inventory, for some sectors, state-level or region-level data were used. Table 4 summarizes 
these key data sources and methods. However, the reader should consult the applicable 
appendix listed below for details on the methods and data sources used to construct the 
inventories and forecasts for each source sector: 
 

• Appendix A.  Electricity Use and Supply 
• Appendix B.  Residential, Commercial, and Industrial (RCI) Fuel Combustion 
• Appendix C.  Transportation Energy Use 
• Appendix D.  Industrial Processes 
• Appendix E.  Fossil Fuel Industry 
• Appendix F.  Agriculture 
• Appendix G.  Waste Management 
• Appendix H.  Forestry and Land Use  
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Electricity Supply and Use 

 
Overview 

This Appendix describes the data sources, key assumptions, and the methodology used to 
develop an inventory of greenhouse gas (GHG) emissions over the 1990-2025 period 
associated with the generation of electricity supplied by Baja California’s electric utility and 
distributed by the Comisión Federal de Electricidad (CFE) a. This Appendix also describes 
the data sources, key assumptions, and methodology used to develop an inventory of GHG 
emissions over the 1990-2007 period for the electric power sector in the state, as well as a 
forecast of GHG emissions for the period from 2008 through 2025. The historic inventory 
and reference case projections of GHG emissions released by the electricity supply sector in 
Baja California rely heavily on historical and projected electricity generation and fuel use 
released by the Secretaría de Energía (SENER). 
 
From analytical, and ultimately a policy perspective, it is important to distinguish between 
GHG emissions that are associated with electricity produced within the state (some of 
which may be consumed outside the state) as compared with the GHG emissions associated 
with electricity consumed within the state (some of which may produced outside the state). 
Such a distinction requires an accounting for electricity imports and exports, and their 
associated emissions. Consequently, emissions information is provided in this appendix for 
both a production-based as well as a consumption-based approach. For the purposes of 
reviewing total state emissions summaries for all sectors in this report, consumption-based 
emission estimates are used.   
 
The following topics are covered in this Appendix: 
 

• Scope of greenhouse gas inventory and reference case forecast: this section provides a 
summary of GHGs included in the inventory, the level (upstream or downstream) at 
which these emissions are estimated, and a discussion of the production-based and 
consumption-based inventory and forecast assumptions. 

• Data sources: this section provides an overview of the data sources that were used 
to develop the inventory and forecast. 

• Production-based greenhouse gas inventory and reference case forecast methodology:  
this section provides an overview of the methodological approach used to develop 
the Baja California GHG inventory for the electric power sector.  

• Consumption-based greenhouse gas inventory and reference case forecast 
methodology: this section provides an overview of the methodological approach 
used to develop the Baja California GHG reference case projections (forecast) for the 
electric power sector.  

• Greenhouse gas inventory and reference case forecast results:  for both the 
production-based and consumption-based methods, these sections provide an 
overview of key results of the Baja California GHG inventory and forecast for the 
electric power sector.  
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• Key uncertainties and future research needs: this section reviews the key 

uncertainties in this analysis related available data, emission factors, and other 
parameters and assumptions utilized to create this inventory and forecast. 

 

Scope of Electricity Supply Inventory and Forecast 

The GHGs included in this inventory and forecast of emissions from the electricity supply 
sector include carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O). Emissions for 
this sector are estimated at the source of combustion – the electric power supply facility 
(i.e. downstream emissions). Emissions from the exploration, extraction, refinement, and 
transportation of fossil fuels (i.e. upstream emissions) are not included in this appendix. 
Upstream emissions from the electricity supply sector that occur within the borders of Baja 
California are addressed in the Fossil Fuel Industry sector. Also, emissions of high global 
warming gases like sulfur hexafluoride and hydrofluorocarbons emitted by electricity 
generators are captured within the Industrial Processes sector.   
 
Geothermal energy, considered a renewable resource, is a significant source for the 
generation of electricity in Baja California. While no specific guidance from the IPCC is 
available, some GHG emission inventories (including the California Air Resources Board 
1990-2004 GHG Emissions Inventory and the USEPA 1990-2005 GHG Emissions Inventory) 
do include fugitive CO2 emissions from geothermal energy electricity generation projects. 
CO2 emissions from geothermal projects are site-specific and technology-dependent. The 
Climate Registry’s Electric Power Sector Reporting Protocol provides guidance for 
estimating fugitive CO2 emissions based on technology type (binary versus non-binary). 
Binary facilities do not emit CO2, while the emission factor for non-binary plants is 90.7 kg 
CO2/MWh.17 Based on a lack of site-specific data on the geothermal project in Baja 
California, CCS chose not to include fugitive CO2 emissions from electricity generation by 
geothermal sources in the GHG emissions inventory and reference case forecast for Baja 
California.  
 
Within the electricity supply sector, GHG emissions can be quantified on the basis of fuels 
combusted in the state during electricity generation (i.e. production-based estimate). 
Electricity supply sector emissions can also be characterized on the basis of electricity 
consumed within the state, which captures in-state generation, as well as electricity 
imports and exports (i.e. consumption-based estimate). Both types of estimates are useful. 
Consumption-based estimates are particularly useful for GHG mitigation analysis when 
considering the implications of policies and actions that could impact emissions from 
power plants both within and outside a state or region, such as electricity efficiency or 
renewable energy measures. For the purposes of presenting total state emissions 
summaries across all sectors in this report, consumption-based emission estimates are 
used.  
 

17 The Climate Registry. “Electric Power Sector Protocol for the Voluntary Reporting Program.” Version 1.0. June 
2009. Available at: http://www.theclimateregistry.org/downloads/2009/05/Electric-Power-Sector-Protocol_v1.0.pdf  

Secretaría de Protección al Ambiente 2 Center for Climate Strategies 
http://www.bajacalifornia.gob.mx/spa/index.html      www.climatestrategies.us 

                                                        

http://www.bajacalifornia.gob.mx/spa/index.html
http://www.climatestrategies.us/
http://www.theclimateregistry.org/downloads/2009/05/Electric-Power-Sector-Protocol_v1.0.pdf


Final Report 
June 2010 

 
The production-based inventory and forecast includes emissions resulting from electricity 
exported by Baja California power producers, while the consumption-based inventory 
includes emissions from imported electricity and excludes emissions from exported 
electricity. As Baja California is a net exporter of electricity in most years, the production-
based inventory estimates are higher than the estimates for the consumption-based 
inventory. The consumption-based inventory and forecast assume some loss through 
transmission & distribution (T&D) and theft. Emissions due to T&D loss and theft are 
inherently captured within the production-based estimates.   
 
Data Sources 

CCS considered several sources of information in the development of the inventory and 
forecast for GHG emissions from the electricity supply sector in Baja California. These are 
briefly summarized below: 
 

• Historic fossil fuel consumption: an Excel workbook containing fuel consumption for 
residual fuel oil and diesel oil at electricity supply facilities in Baja California and 
other Mexican border states was provided by SENER;18  

• Historic and projected demand of natural gas in the electricity supply sector:  this 
information was obtained from SENER publication Natural Gas Market Outlook 2008-
2017.19 This report provides historical data dating back to 1996, as well as projected 
natural gas consumption in the electricity supply sector through 2017;  

• Planned electric capacity additions: this information was obtained from a SENER 
publication titled Electricity Sector Outlook 2008-2017. This source provided information 
on electricity generation units that are scheduled to open before 2017, including the rated 
capacity, technology, and fuel used to generate electricity. Projects in the developmental 
phase for which site and feasibility studies have not been completed are not considered in 
the forecast. The SENER report also provides technology specifications for the typical 
project, including capacity factor, efficiency, and own-use factor; 

• State electricity generation data:  this information was obtained from the Instituto 
Nacional de Estadística y Geografía (INEGI), and a SENER publication titled Electricity 
Sector Outlook 2008-2017. INEGI provides historical sector-wide generation data for 
years 1990-2000. SENER provides historical data, by facility, for 2003-2007, and 
projections for state electricity consumption, renewable and nonrenewable power plants 
installed capacity and average annual generation, and the electric power domestic and 
foreign trade needed to meet the increasing demand estimated for 2008-2017;20  

18 Historical fossil fuel consumption at power generation plants was obtained directly from Secretaría de Energía 
(SENER) in response to Nuevo Leon’s Agencia de Protección al Medio Ambiente y Recursos Naturales letter of 
inquiry.  March 2007. 
19 SENER. 2009. “Prospectiva del Mercadode Gas Natural 2008-2017.” Available at: 
http://www.sener.gob.mx/webSener/portal/index.jsp?id=466 
20 SENER. 2009. “Prospectiva del Sector Eléctrico 2008-2017.” Available at: 
http://www.sener.gob.mx/webSener/portal/index.jsp?id=466 
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• Energy content of petroleum products:  this information was obtained from México 

Federal Government, Ministry of Energy -- Secretaría de Energía (SENER) -- publications 
titled Balance Nacional de Energía 2007 and previous editions;21   

• Carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O) emission factors:  for all 
fuels, these emission factors were based on default values listed on Tables 2.2, 2.3, 2.4, 
2.5, Chapter 2, Volume 2, of the 2006 Intergovernmental Panel on Climate Change 
(IPCC) Guidelines for National Greenhouse Gas Inventories;22 

• Global warming potentials:  the global warming potentials for CH4 and N2O are based on 
values proposed by the Intergovernmental Panel on Climate Change (IPCC) Second 
Assessment Report.23 

 

General Greenhouse Gas Inventory and Reference Case Forecast Methodology 

The 2006 IPCC Guidelines provide methods for estimating GHG emissions in terms of the 
source and gases, offering three approaches for estimating emissions from fossil fuels for 
stationary combustion. A Tier I approach was used to estimate GHG emissions from the 
electricity supply sector.  According to the 2006 IPCC guidelines, a Tier I method is best 
suited when country-specific, technology-specific, or facility-specific emission factors are 
not available. Tier II methods are used when fuel combustion data from national energy 
statistics and country-specific emission factors are available. Tier III methods are 
appropriate when fuel combustion data and technology-specific emission factors are 
available. Tier III methods include emission measurements at power generation plants or 
emissions modeling that matches state fuel statistics. While Tier II methods (and to a lesser 
extent Tier III methods) might be more accurate and appropriate for Baja California, 
available data and technology or facility-level emission factors are not sufficient to fully 
complete an inventory and forecast based on a Tier II or Tier III approach. 
The IPCC Tier I method is fuel-based and emissions from all sources of combustion are 
estimated on the basis of the quantities of fuel combusted and fuel-specific emission 
factors. Tier I emission factors are available for each of the relevant greenhouse gases, and 
are presented in Table A-1. The quality of these emission factors differs between gases. For 
CO2, emission factors mainly depend upon the carbon content of the fuel. Combustion 
conditions (combustion efficiency, carbon retained in slag and ash, etc.) may vary by a 
small amount based on the age and condition of the combustion unit. However, given the 
lack of facility-specific emission factors, CO2 emissions are estimated fairly accurately 
based on the total amount of fuels combusted and the average carbon content of the fuels.24 

21 SENER. 2008. “Balance Nacional de Energía 2007.” Available at: 
http://www.sener.gob.mx/webSener/portal/index.jsp?id=48#prop2008 
22 IPCC. 2006. “2006 Intergovernmental Panel on Climate Change Guidelines for National Greenhouse Gas 
Inventories.” Available at: http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol2.html 
23 IPCC. 1995. “Intergovernmental Panel on Climate Change Second Assessment Report.” Available at: 
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm#1 
24 Emission factors for methane and nitrous oxide depend on the combustion technology and operating conditions 
and vary significantly, both between individual combustion installations and within the same unit over time. Due to 
this variability, use of average fuel-specific emission factors for these gases introduces relatively large uncertainties. 
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All imported electricity to Baja California is assumed to be generated using Natural Gas, as 
Natural Gas is the most common electricity generation fuel used in California. 
 
 

This paragraph is quoted from Chapter 1, Volume 2 of 2006 IPCC Guidelines for National Greenhouse Gas 
Inventories, page 1.6.  http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_1_Ch1_Introduction.pdf  
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Table A-1.  Emission Factors used for Inventory and Forecast 

Fuel Type EF CO2 (kg/TJ) EF N2O (kg/TJ) EF CH4 (kg/TJ) 
Natural Gas 56,100 0.1 1 
Fuel oil 77,400 0.6 3 
Diesel Oil 77,400 0.6 3 
Imports  56,100 0.1 1 

 
 
The approach used for inventorying GHG emissions gives priority to available historic 
records, namely electricity sector and natural gas reports by SENER, which provide both 
historic data and projections through 2017. The first set of historic records pertained to the 
volume of natural gas in millions of cubic feet per day used by the electricity supply sector 
in the state of Baja California from 1996 to 2008.25 The second set of historic records 
detailed diesel oil and residual fuel oil consumption within the electricity supply sector in 
Baja California, expressed in Terajoules (TJ) for the period 1996 through 2008.26 Finally, 
the third set of historic records provides international electricity imports and exports for 
1993 to 2007, reported in SENER’s Electricity Sector Outlook reports.27 Imported flows of 
electricity to Baja California are through 9 interconnections existing between the U.S. and 
Mexico; these interconnections are managed by the Servicio Eléctrico Nacional (SEN) and 
the Western Electricity Coordinating Council (WECC).  
 
The forecasts of GHG emissions from the electricity supply sector are based on official 
forecast estimates of electricity sales, official forecast estimates of natural gas combustion 
within the electricity supply sector, and information on planned additional generation 
capacity in Baja California. As with the historical GHG inventory, GHG emissions are 
forecast for both the production-based and consumption-based scenarios. 
 
Production-based Inventory Methodology 
 
The production-based inventory utilized fuel consumption data, in addition to fuel-specific 
generation data at Baja California electricity generation facilities to estimate the total 
electricity generated within the borders of Baja California from 1990 to 2007. The 
following steps were taken to apply available data and assumptions based on those data to 
generate the historic production-based inventory of GHGs from the electricity supply 
sector in Baja California.  
 
Electricity generation: the generation of electricity at Baja California electricity generation 

facilities is reported by INEGI, and in SENER’s Electricity Sector Outlook 2008-2017 

25 SENER. 2009. “Prospectiva del Mercadode Gas Natural 2008-2017.” Available at: 
http://www.sener.gob.mx/webSener/portal/index.jsp?id=466 
26 Historical fossil fuel consumption at power generation plants was obtained directly from Secretaría de Energía 
(SENER) in response to Nuevo Leon’s letter of inquiry.  March 2007. 
27 SENER. 2009. “Prospectiva del Sector Eléctrico 2008-2017.” Available at: 
http://www.sener.gob.mx/webSener/portal/index.jsp?id=466 
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and previous editions.28 The total generation for 1990-2000 is available from INEGI. 
The fuel-specific generation is found by using the 2003 ratios of fuel-specific 
generation to total generation. Generation totals for 2001 and 2002 are interpolated 
from the 2000 and 2003 estimates. From the SENER reports, electricity generation, 
by fuel, can be determined for the years 2003 through 2007. Total electricity 
generation values dating back to 1990 were supplied by SENER. In 2007, two 
combined cycle plants (Presidente Juarez and Mexicali) generated 46% of the state’s 
gross electricity production using natural gas; 5% from residual fuel oil; 1% from 
diesel oil; 2% of electricity was imported from the U.S. from power marketer Coral 
Power L.L.C., San Diego Gas & Electric, and Sempra Energy Solutions.29 The 
remaining 46% of the state’s electricity comes from a renewable energy geothermal 
plant (Cerro Prieto). Summaries of the 2007 data are displayed in Table A-2 and 
Figure A-1. Figure A-2 is a representation of the generation at these facilities from 
2003 to 2007. 

 
Table A-2.  Summary of Electricity Generation Characteristics by Plant, 2007 

 

Plant name 
Generator 

type Fuel type 

Rated 
capacity 

(MW) 
Generation 

(GWh) 

Fuel 
consumption 

(TJ) 
Presidente Juarez (Rosarito) CT Fuel oil 320 621 263 
Presidente Juarez (Rosarito) CC Natural gas 496 3,100 58,132 
Presidente Juarez (Tijuana) GT Diesel oil 210 132 219 
Cerro Prieto (I, II, III) GEO N/A 720 5,592 N/A 
Mexicali (PIE) CC Natural gas 489 2,428 45,530 

CT: conventional thermoelectric, CC: combined cycle, GT: gas turbine, GEO: geothermal-electric 
 

 

28 SENER. 2009. “Prospectiva del Sector Eléctrico 2008-2017.” Available at: 
http://www.sener.gob.mx/webSener/portal/index.jsp?id=466. Previous editions available at same site. 
29 SENER. 2009. “Prospectiva del Sector Eléctrico 2008-2017.” Available at: 
http://www.sener.gob.mx/webSener/portal/index.jsp?id=466 
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Figure A-1.  Share of Gross Electricity Generation by Fuel Type, 2007 

 

 
 
 

Figure A-2. Electricty Generation by Plant, 2003-2007 
 

 
 

Secretaría de Protección al Ambiente 8 Center for Climate Strategies 
http://www.bajacalifornia.gob.mx/spa/index.html      www.climatestrategies.us 

http://www.bajacalifornia.gob.mx/spa/index.html
http://www.climatestrategies.us/


Final Report 
June 2010 

 
Natural gas: data concerning the quantity of natural gas used in the electricity supply sector 

are provided by the Natural Gas Market Outlook 2008-2017, and previous editions of 
that report. The energy content of the natural gas consumed was found by 
multiplying the volume of natural gas combusted each year (as reported by the 
Natural Gas Market Outlook reports) by the energy content, using the net energy 
content values per year published by SENER in Balance Nacional de Energía 2007.30 
The historical data in these reports show that there was no natural gas combusted 
in the electricity supply sector prior to 2000. Therefore, back-casting of these data 
was unnecessary. Electricity generation prior to 2003 was estimated by multiplying 
the energy content by the heat rate (TJ/GWh) for 2003, as calculated from the 
available fuel use and generation data. 

Other fossil fuels: there is no known coal consumption by the electricity supply sector in 
Baja California. The consumption data for residual fuel oil and diesel oil for the years 
1996 through 2008 were provided directly to CCS by SENER.31 The energy content 
of these fuels was found by multiplying the volume of these fuels combusted each 
year by the energy content (in TJ per barrel), using the net energy content values 
per year published by SENER in Balance Nacional de Energía 2007.32 The fuel 
consumption values for residual fuel oil were back-cast for the years 1990 to 1995 
by assuming a constant share of total generation for each fossil fuel generation 
source. Electricity generation prior to 2003 was estimated by multiplying the energy 
content by the heat value (TJ/GWh) for 2003. 

Renewable energy: geothermal energy provides a significant source of renewable energy 
for electricity generation in Baja California. SENER’s Electricity Sector Outlook 2008-
2017 and previous editions provide the total amount of electricity generated from 
geothermal energy in Baja California for the years 1993 through 2007. The 
electricity generation for the years 1990 through 1992 was assumed to equal the 
generation in 1993. 

 
Production-based Reference Case Forecast Methodology 
 
The production-based forecast utilized SENER projections on fuel use, electricity sales, and 
planned capacity to generate the production-based forecast. The specific forecast 
methodology for each fuel-type is described below: 
 

Natural gas:  the electricity supply sector natural gas consumption projection for the years 
2008 through 2017 is provided in the Natural Gas Market Outlook 2008-2017 

30 SENER. 2008. “Balance Nacional de Energía 2007.” Available at: 
http://www.sener.gob.mx/webSener/portal/index.jsp?id=48#prop2008 
31 Historical fossil fuel consumption at power generation plants was obtained directly from Secretaría de Energía 
(SENER) in response to Nuevo Leon’s letter of inquiry.  March 2007. 
32 SENER. 2008. “Balance Nacional de Energía 2007.” Available at: 
http://www.sener.gob.mx/webSener/portal/index.jsp?id=48#prop2008 
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report.33 The 2008 through 2017 average annual increase of 3.7% was applied for 
each year after 2018. However, based on the available and planned capacity (shown 
in Table A-3),34 it is evident that there will not be sufficient capacity to increase 
natural gas consumption after 2021. Therefore, natural gas consumption in the 
electricity supply sector for 2022 through 2025 is assumed to grow on a constrained 
basis due to the installed natural gas generation capacity. The resulting average 
annual increase from 2022 through 2025 is 1.7%. The 2007 heat rate for the 
existing facilities, as calculated in the historic GHG inventory, is applied to fuel used 
at the existing facilities to estimate generation. 

Other fossil fuels: the data provided by SENER on the consumption of residual fuel oil and 
diesel oil for 1996 through 2008 was the primary source from which the forecast 
assumptions on these fuels are based.35 In 2008, it was reported that zero residual 
fuel oil was burned in the electricity supply sector. Prior to 2008, there was residual 
fuel oil used at the Presidente Juarez Rosarito facility’s combustion turbine. Based 
on SENER data that show zero residual fuel oil combustion for the electricity supply 
sector in 2008, it is assumed that this combustion turbine was decommissioned in 
2008. According to the Electricity Sector Outlook, the Rosarito facility will begin 
operating a 93 MW combined cycle natural gas generator in 2011. There are no 
reported changes to diesel fuel capacity. Therefore, CCS assumed that the amount of 
diesel fuel burned in 2008 will stay constant through 2025. The heat rate for diesel 
fuel in 2007 from the historic GHG inventory is used to estimate generation for 2008 
through 2025. 

 

Table A-3.  Planned Natural Gas Capacity Additions and Assumed Characteristics36 

Plant Type Year Capacity 
(MW) 

Gross 
Efficiency 

Capacity 
Factor 

Own-
Use 

Heat Rate 
(TJ/GWh) 

Estimated 
Generation (GWh) 

Gas Turbine 2009 124 39.4% 0.125 1.5% 9.27 134  
Combined Cycle 2009 277 51.4% 0.8 2.9% 7.21 1,885  

Conversion (CT to CC) 2011 93 51.4% 0.8 2.9% 7.21 633  
Combined Cycle 2012 280 51.4% 0.8 2.9% 7.21 1,905  
Combined Cycle 2016 280 51.4% 0.8 2.9% 7.21 1,905  

 

33 SENER. 2009. “Prospectiva del Mercadode Gas Natural 2008-2017.” Available at: 
http://www.sener.gob.mx/webSener/portal/index.jsp?id=466 
34 Table displays planned added capacity, as well as assumed generation, based on typical power plant 
characteristics. Capacity data and characteristic assumptions taken from: SENER. 2009. “Prospectiva del Sector 
Eléctrico 2008-2017.” Available at: http://www.sener.gob.mx/webSener/portal/index.jsp?id=466. 
35 Historical fossil fuel consumption at power generation plants was obtained directly from Secretaría de Energía 
(SENER) in response to Nuevo Leon’s letter of inquiry.  March 2007. 
36 SENER. 2009. “Prospectiva del Sector Eléctrico 2008-2017.” Available at: 
http://www.sener.gob.mx/webSener/portal/index.jsp?id=466. 
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Renewable energy: the projection of electricity generated at the geothermal facility in Baja 

California is reported for 2008 through 2017 by SENER’s Electricity Sector Outlook 
2008-2017.37 In 2011, one unit with a rated capacity of 107 MW will be added at the 
Cerro Prieto geothermal power plant, while one unit at Cerro Prieto with a rated 
capacity of 93 MW will be taken off-line in 2011. This net increase in capacity in 
2011 is believed to provide sufficient capacity to meet the electricity generation 
projections presented in SENER’s Electricity Sector Outlook 2008-2017. It is assumed 
that the annual electricity generated at the geothermal facility for 2018 through 
2025 is equal to the generation total for the year 2017. 

The Electricity Sector Outlook report also states that the interconnection with the United 
States will be terminated in 2013. At the same time, over the coming years, Baja California 
will open up transmission with Sonora. However, since the amount of electricity generated 
in Baja California is far greater than the electricity sold over these years, it is assumed that 
after 2013, Baja California will not import electricity via this new transmission, using this 
connection solely to export electricity to other states in Mexico. Although it is unlikely that 
this assumption will hold completely true and zero electricity will be imported after 2013 
from other Mexican states, a lack of projections on exports and imports from SENER make 
it necessary to assess imports and exports on a “net” basis, which – in the case of Baja 
California – indicates that there will be a net exportation of electricity throughout the 
forecast period. 
 
Table A-4 and Figure A-3 display the fossil fuel consumption by fuel type over the historic 
inventory and reference case forecast periods (1990-2025). Geothermal-derived electricity 
is not included in these visuals, as these are just the fossil-based energy sources used to 
generate electricity. Table A-5 and Figure A-4 display the electricity generation over this 
period for all fuel types. These visuals show that natural gas became the primary fossil fuel 
source for electricity generation in Baja California during the 2000 to 2005 period, while 
the amount of electricity generated through geothermal energy remains roughly constant 
throughout the entire inventory and forecast period. 

 

 

 

 

 

 

 

 

 

37 SENER. 2009. “Prospectiva del Sector Eléctrico 2008-2017.” Available at: 
http://www.sener.gob.mx/webSener/portal/index.jsp?id=466. 
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Table A-4.  Production-based Inventory and Forecast – Fossil Fuel Consumption (TJ) 

 
 
 
 
 
 
 
 
 
 
 

 
Figure A-3.  Production-based Inventory and Forecast – Fossil Fuel Consumption  

 

 
 

Year Natural gas  Fuel oil  Diesel oil  
Total 

Production  
1990 0 21,696 176 21,871 
1995 0 31,476 236 31,712 
2000 11,221 25,347 2,800 39,368 
2005 102,323 2,605 115 105,043 
2010 122,268 0 104 122,372 
2015 137,511 0 104 137,615 
2020 157,797 0 104 157,901 
2025 172,559 0 104 172,663 

Secretaría de Protección al Ambiente 12 Center for Climate Strategies 
http://www.bajacalifornia.gob.mx/spa/index.html      www.climatestrategies.us 

http://www.bajacalifornia.gob.mx/spa/index.html
http://www.climatestrategies.us/


Final Report 
June 2010 

 
Table A-5. Production-based Inventory and Forecast – Electricity Generation (GWh) 

 

Year Natural gas  Fuel oil  Diesel oil  Geothermal 
Total 

Production  
1990 0 2,506 80 3,387 5,973 
1995 0 3,722 110 3,673 7,505 
2000 543 2,971 1,299 3,885 8,697 
2005 5,225 608 129 5,521 11,483 
2010 7,748 0 62 5,347 13,157 
2015 10,122 0 62 5,817 16,002 
2020 12,377 0 62 5,730 18,169 
2025 13,164 0 62 5,730 18,956 

 
Figure A-4. Total Electricity Generation – by Fuel Type: 1990 - 2025 

 

 
 
 
 
Production-based Inventory and Reference Case Forecast Results 
 
The methods described in the previous two sections provide details on how CCS utilized 
existing data and official projections to estimate the energy content of fuels used for 1990 
through 2025. The production-based historic and projected GHG emissions are displayed in 
Table A-6 and Figure A-5. The contribution of each fuel type to the GHG emissions 
estimates are in line with the fossil energy consumption, in that GHG emissions from 
natural gas dominate the total production-based GHG emission estimates after the 2000 to 
2005 time frame. 
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Table A-6.  Production-based GHG Emissions from the Electricity Supply Sector 
(MMtCO2e) 

 

Year Natural gas Fuel oil Diesel oil  
Total Production-
based Emissions 

1990 0.00 1.68 0.01 1.70 
1995 0.00 2.44 0.02 2.46 
2000 0.63 1.97 0.21 2.81 
2005 5.75 0.20 0.01 5.96 
2010 6.87 0.00 0.01 6.87 
2015 7.72 0.00 0.01 7.73 
2020 8.86 0.00 0.01 8.87 
2025 9.69 0.00 0.01 9.70 

 
 

Figure A-5.  Production-based GHG Emissions from the Electricity Supply Sector 
 

 
 
Consumption -based Inventory Methodology 
 
The consumption-based inventory accounts for emissions resulting from electricity 
consumed in Baja California, including emissions from imported electricity, but excluding 
emissions from electricity produced in, but exported from, the state.  

 
Consumption-based Electricity (GWh) = In-State Sales + Losses   
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The consumption-based inventory is primarily based on electricity sales data reported by 
INEGI, and in SENER’s Electricity Sector Outlook 2008-2017 and previous editions.38 It is 
assumed that the same mix of generation sources applies to in-state sales (consumption) of 
electricity. These source-specific breakdowns of electricity consumption were multiplied 
by the heat rates (TJ/GWh) found in the production-based inventory to yield the energy 
content used in the emissions calculations. 
 
The amount of electricity imported for the years 1993 through 2007 was reported by 
SENER’s Electricity Sector Outlook reports. It was assumed that imported electricity was 
generated using natural gas. As this generation took place in the United States, the average 
heat rate for natural gas – as reported by the U.S. Environmental Protection Agency – was 
used to calculate the energy content of the fuel used to generate the imported electricity.39 
Baja California also exports a significant amount of electricity (nearly 2,000 GWh in some 
years) to the United States. The amount of electricity exported in the historical inventory is 
also reported by SENER’s Electricity Sector Outlook reports. 
 
There are significant losses of electricity due to T&D loss and theft. While a small amount 
(8% to 10%) of loss from T&D is normal, a scholarly report from Rice University in 
Houston, TX claims that total loss for the national electricity system in Mexico may exceed 
25%.40 Data from CFE provided to CCS indicates annual loss rates around 10% for the CFE 
region (all of Mexico other than Mexico City). For the inventory period, electricity loss was 
estimated by subtracting electricity sales and electricity exports from total production. This 
method yields loss rates generally between 10% and 20%. 
 
Considering that electricity T&D loss is inherent to the electricity supply system, it is 
necessary to account for T&D losses in the consumption-based inventory. In the 
production-based inventory, T&D loss and theft are captured within the estimates of total 
generation, so no separate accounting is necessary.  
 
Consumption -based Reference Case Forecast Methodology 
  
The consumption-based forecast is driven by the expected change in electricity 
consumption in Baja California. The electricity consumption for Mexico’s Northwest region 
is projected by SENER’s Electricity Sector Outlook 2008-2017. The electricity consumption 
for Baja California is indexed to the projection of the Northwest region for the years 2008 
through 2017. The average annual increase of 3.4% was applied each year to estimate total 
consumption for 2018 through 2025. Then, the source-specific breakdowns were 
multiplied by the 2007 heat rates (TJ/GWh) calculated from the historic GHG production-
based inventory to yield the energy content used in the emissions calculations. 

38 SENER. 2009. “Prospectiva del Sector Eléctrico 2008-2017.” Available at: 
http://www.sener.gob.mx/webSener/portal/index.jsp?id=466. Previous editions available at same site. 
39 U.S. EPA. 2006. “National Electric Energy Data System (NEEDS) 2006 Base Case.” Section 3: Power System 
Operations Assumptions. Available at: http://epa.gov/airmarkt/progsregs/epa-ipm/docs/Section-3.pdf.  
40 Hartley, Peter and Eduardo Martinez-Chombo. 2002. “Electricity Demand and Supply in Mexico.” Rice 
University, Houston, TX. Available at: 
http://www.rice.edu/energy/publications/docs/Hartley_ElectricityDemandSupplyMexico.pdf.  
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Consistent with the historical GHG inventories, forecast electricity production exceeds 
electricity sales from 2008 through 2025. Projections of electricity exported from Baja 
California were not available. Therefore, it was necessary to make an assumption regarding 
total production levels or assuming electricity export demands in order to reconcile the 
production-based and consumption-based reference case forecasts.  
 
It was assumed that the percentage of electricity lost would be equal to the average annual 
loss in the CFE from 2000-2009, which was 10.6%.  This loss rate is assumed to remain 
constant through 2025. Equation A-1 was used to estimate the amount of electricity 
exported each year over that period. Emissions from exports and loss are estimated by 
multiplying the ratio of fuel-specific consumption to total fuel consumption for each year 
(as generated by the production-based forecast) by the total fossil energy used to generate 
exported or lost electricity.  
 
Table A-7 and Figure A-6 display the disposition of electrical power in the State; including 
in-state consumption, imports, loss, and exports. Figure A-7 shows the primary energy 
consumption through the historic inventory and reference case forecast period that was 
used to calculate the GHG emissions estimates.  

 
Table A-7.  State-Wide Electrical Power Disposition (GWh) 

 
 Consumption-based Inventory  

Year 
Total In-State 
Consumption  Import  Loss  Export 

1990 3,538 44 484 1,995 
1995 4,081 228 1,733 1,920 
2000 7,522 927 2,036 66 
2005 8,496 75 2,025 1,037 
2010 10,440 0 1,403 1,314 
2015 12,025 0 1,707 2,270 
2020 14,111 0 1,938 2,120 
2025 16,679 0 2,022 255 
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Figure A-6.  State-Wide Electrical Power Disposition 

 

 
 

Figure A-7.  Consumption-based Inventory and Forecast – Fossil Energy Use 
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Consumption-based Inventory and Reference Case Forecast Results 
 
The methods described in the previous two sections provide details on how CCS utilized 
existing data and official projections to estimate the energy content of fuels used for 1990 
through 2025. The consumption-based historic and projected GHG emissions are displayed 
in Table A-8 and Figure A-8. Figure A-8 breaks down the contribution of each fuel type to 
the in-state consumption component of the consumption-based inventory and reference 
case forecast, and also includes a dashed line to show the impact of electricity exports on 
GHG emissions, although GHG emissions from electricity exports are not included in the 
consumption-based inventory and reference case forecast. Emissions from electricity 
losses are embedded in the fuel source emissions in Figure A-8. Figure A-9 shows 
consumption-based GHG emissions by component, and is intended to display the impact of 
GHG emissions from electricity exports, imports, and loss, relative to emissions directly 
resulting from consumption of electricity generated in Baja California. 
 

Table A-8.  Total GHG Emissions Associated with Electricity Consumption (MMtCO2e) 
 

Year 
Baja 

Consumption Imports Loss 
Total Consumption-

based Emissions Exports 
1990 0.76 1.25 0.50 1.29 0.44 
1995 0.99 1.95 0.97 2.10 0.50 
2000 1.66 1.96 1.13 3.35 0.02 
2005 4.37 0.18 1.05 5.46 0.54 
2010 5.36 0.00 0.88 6.35 0.63 
2015 5.81 0.00 0.79 6.60 1.13 
2020 6.89 0.00 0.67 7.56 1.31 
2025 8.53 0.00 0.48 9.02 0.68 

 
 

Figure A-8.  Total Consumption-Based Electricity Supply GHG Emissions 
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Figure A-9.  Consumption-based Electricity Supply GHG Emissions – by Component 
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Key Uncertainties and Future Research Needs 

Key sources of uncertainty underlying the estimates above and opportunities for future 
research are as follows: 
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• The information in the SENER electricity and natural gas forecast reports did not 

provide sufficient information to discern the level of imports and exports in the 
future, especially from and to other states in Mexico. Projected updates to grid 
interconnections are reported in SENER’s Electricity Sector Outlook reports. 
However, this information is only sufficient to prove or disprove whether there is 
sufficient grid capacity to transfer electricity between Baja California and the U.S. or 
another Mexican state. The forecasted quantities of exports and imports are based 
on calculations future generation, sales, and assumed losses. More sophisticated 
market analysis may prove useful in assessing the future contribution of exports 
and imports to the GHG emissions contribution of the electricity supply sector in 
Baja California. 

• The INEGI dataset only provided total gross generation for 1990-2000. CCS 
estimated the fuel-specific generation by assuming a constant ratio of generation 
based on previous estimates for this time period that used average heat rates from 
2003-2007 to estimate generation. Thus, there is uncertainty in the fuel-specific 
generation rates for 1990-2002. However, these assumptions do not have an impact 
on the GHG emission results, as the emission calculations are based on fuel 
consumption (TJ). 

• Population and economic growth are the principal drivers for fuel use. The 
reference case projections are based on the estimates of electric generation 
requirements and reported by SENER’s Electricity Sector Outlook reports. 
Alternatively, an Autoregressive Integrated Moving Average (ARIMA) model may be 
used to develop forecast scenarios based on historical data series, where recent 
years weigh more heavily than past years.  The ARIMA model is a combination of an 
autoregressive model (based on past values), and a moving average model (based 
on past errors), that can determine an energy growth trend.   

• Electricity on-site usage and T&D loss estimates were used to convert gross 
generation in the forecast to sales to meet the state demand. The on-site usage and 
transmission and distribution loss estimates are calculated based on reported gross 
generation, in-state electricity sales, and electricity imports and exports. 
Improvements to these estimates could help to get more accurate emissions 
associated with imported electricity.  

• There are uncertainties associated with the statewide fuel mix, emission factors, and 
conversion factors (to convert electricity from a heat input basis to electricity 
output) that should be reviewed and revised with data that is specific to Baja 
California power generators. Key among these is whether geothermal production of 
power emits fugitive CO2 that should be added to these preliminary estimates. 

• For combined heat and power facilities that generate and sell electricity to the 
power grid, fuel use associated with these facilities is aggregated by fuel and sector 
and, therefore, cannot be broken out easily so that they can be reported under the 
electricity supply and use sector. Future work could include an assessment to 
determine how best to isolate emissions associated with combined heat and power 
facilities. 
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• Fuel price changes influence consumption levels and, to the extent that price trends 

for competing fuels differ, may encourage switching among fuels, and thereby affect 
emissions estimates. Unanticipated events that affect fuel prices could affect the 
electricity forecast for Baja California. 
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Residential, Commercial, and Industrial (RCI) Fuel 

Combustion 
 
Overview 

Activities in the RCI41 sectors produce CO2, CH4, and N2O emissions when fuels are 
combusted to provide space heating, water heating, process heating, cooking, and other 
energy end-uses. This appendix covers fuel combustion only for these subsectors.  In 2005, 
direct total GHG emissions from RCI fuel combustion of oil, natural gas, coal, and wood 
were 1.4 MMtCO2e of which 54% was emitted by industrial sources, 34% by residential 
sources, and 12% by commercial sources. Non-combustion emissions relating to 
residential, commercial, and industrial activity may be found in the agriculture, waste, 
industrial processes, and forestry sector appendices.  
  
Emissions and Reference Case Projections 

The 2006 IPCC Guidelines offer three approaches for estimating emissions from fossil fuel 
combustion by stationary sources. Based on available information, a Tier 1 approach was 
selected.42   
 
The 2006 IPCC Guidelines estimate carbon emissions in terms of the species which are 
emitted. During the combustion process, most carbon is immediately emitted as CO2. 
However, some carbon is released as carbon monoxide (CO), CH4, or non-methane volatile 
organic compounds (NMVOCs). Most of the carbon emitted as these non-CO2 species 
eventually oxidizes to CO2 in the atmosphere. In the case of fuel combustion, the emissions 
of these non-CO2 gases contain very small amounts of carbon compared to the CO2 estimate 
and, at Tier 1, it is more accurate to base the CO2 estimate on the total carbon in the fuel. 
This is because the total carbon in the fuel depends on the fuel alone, while the emissions of 
the non-CO2 gases depend on many factors such as technologies or maintenance, which, in 
general, are not well known. 
 
The Tier 1 method is fuel-based, since emissions from all sources of combustion can be 
estimated on the basis of the quantities of fuel combusted and average emission factors. 
Tier 1 emission factors are available for CO2, CH4, and N2O. The quality of these emission 
factors differs between gases. For CO2, emission factors mainly depend upon the carbon 
content of the fuel. Combustion conditions (including combustion efficiency and carbon 
retained in slag and ashes are relatively unimportant.43 Therefore, CO2 emissions can be 
estimated fairly accurately based on the total amount of fuels combusted and the average 
carbon content of the fuels. Emission factors for CH4 and N2O, however, depend on the 
combustion technology and operating conditions and vary significantly, both between 

41 The industrial sector includes some emissions associated with agricultural energy use and natural gas 
consumed as lease and plant fuel. Emissions associated with pipeline fuel use are included in Appendix E.   
42 2006 IPCC Guidelines for National Greenhouse Gas Inventories,  Volume 2, Chapter 1, page 1.6.  
http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_1_Ch1_Introduction.pdf 
43 2006 IPCC Guidelines for National Greenhouse Gas Inventories,  Volume 2, Chapter 1, page 1.6.  
http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_1_Ch1_Introduction.pdf 
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individual combustion installations and over time. Due to this variability, the use of average 
emission factors for these gases will introduce relatively large uncertainties.44 Fortunately, 
CH4 and N2O contribute very little to the total CO2e emissions from combustion processes.  
Emissions estimates from wood combustion include only N2O and CH4. CO2 evolved from 
wood is considered a biogenic source and is not included in this inventory. Carbon dioxide 
emissions from biomass combustion are assumed to be “net zero”, consistent with 
Intergovernmental Panel on Climate Change (IPCC) methodologies, and any net loss of 
carbon stocks due to biomass fuel use should be accounted for in the land use and forestry 
analysis. N2O and CH4 emissions in this inventory are reported in CO2 equivalents (CO2e). 
 
In order to capture the difference in CH4 and N2O emissions, default emission factors in the 
2006 IPCC Guidelines are listed in separate tables according to four subsectors: 1) energy 
industries, 2) manufacturing industries and construction, 3) commercial and institutional, 
and 4) residential and agriculture/forestry/fishing farms.45 The emissions factors used for 
this inventory and forecast are summarized in Table B-1, followed by a brief description of 
the methods and activity data used to develop the inventory and reference case 
projections.  
 

Table B-1.  Emissions Factors for RCI Fuels (kg/TJ) 
 

Source Fuel Type CO2 N2O CH4 

Commercial 
Liquefied Petroleum 
Gases 63,100 0.1 5 

Industrial 

Diesel Oil 74,100 0.6 3 
Liquefied Petroleum 
Gases 63,100 0.1 1 
Agriculture - Liquefied 
Petroleum Gases 63,100 0.1 5 
Natural Gas 56,100 0.1 1 
Residual Fuel Oil 77,400 0.6 3 

Residential 

Liquefied Petroleum 
Gases 63,100 0.1 5 
Natural Gas 56,100 0.1 5 
Solid Biofuels: Wood 112,000 4 300 

  
Diesel 
Diesel consumption in the RCI sector for 1993-2007, as well as projected estimates for 
2008-2009, was obtained directly from SENER.46 SENER attributed all diesel consumption 
to the industrial subsector. Prior to 1993, consumption was extrapolated backwards 

44 This paragraph is quoted with minor editing from Chapter 1, Volume 2 of 2006 IPCC Guidelines for National 
Greenhouse Gas Inventories, page 1.6.  http://www.ipcc-
nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_1_Ch1_Introduction.pdf  
45 Default emission factor tables are found in Chapter 2, Volume 2 of the 2006 IPCC Guidelines for National 
Greenhouse Gas Inventories.  http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html.  
46 Diesel consumption information was prepared by SENER for the Agencia de Protección al Medio Ambiente y 
Recursos Naturales (APMARN) de Nuevo León. 
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linearly to 1990. Forecast values were derived by calculating the mean annual growth rate 
(2.7%) from the 1994-2009 SENER dataset and applying that to the years 2010-2025. The 
growth rates applied for this fuel and all the other fuels in the sector are summarized in 
Table B-2. 
 
Residual Fuel Oil 
For each year from 1990-2007, residual fuel oil consumption in the RCI sector was 
estimated by subtracting state electricity sector annual fuel oil sales from state total annual 
fuel oil sales.47 Forecast values were derived by calculating the mean annual growth rate (-
2.1%) for 2003-2006 and applying that to the years 2008-2025.  
 

Table B-2.  Growth Rates used in RCI Forecast 
 

Source Fuel Type Growth Rate 
Commercial Liquefied Petroleum Gases 2.5% 

Industrial 

Diesel Oil 2.7% 

Liquefied Petroleum Gases 3.0% 
Liquefied Petroleum Gases 
- Agriculture 2.1% 

Natural Gas 1.2% 
Residual Fuel Oil -2.1% 

Residential 
Liquefied Petroleum Gases 0.6% 

Natural Gas 1.9% 
Solid Biofuels: Wood 2.9% 

 
 
Liquefied Petroleum Gas 
State consumption of liquefied petroleum gas (LPG) and forecast consumption were 
obtained from SENER.48 Fuel consumption information by state was published for 1996-
2005. Consumption by subsector including residential, commercial, and industrial were 
published by region. The regional percentages were multiplied by the state consumption to 
estimate state subsector consumption. Consumption for prior years back to 1990 was 
estimated by back-casting from reported consumption. Official SENER LPG consumption 
projections were available for 2006-2016. For the remaining forecast years through 2025, 
LPG consumption in each subsector was assumed to grow at the same rate as SENER's 
projection (the 2009-2016 mean annual growth rate). For residential this is 0.6%; 
industrial, 3.0%; and commercial, 2.5%.  
 

47 SIE - productos petroliferos. 
48 SENER: Prospectiva del Mercado de Gas LP 2006-2015, Prospectiva del Mercado de Gas LP 2007-2016, and 
Prospectiva del Mercado de Gas LP 2008-2017 Accessed from http://www.sener.gob.mx/webSener/index.jsp. 
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LPG consumption for industrial uses ancillary to agricultural production was also reported 
and is included here as part of the industrial subsector. Many activities in the agricultural 
sector require the use of fuel energy such as the operation of tractors and machinery. 
However, segregated information relating to the consumption of energy in the agricultural 
sector was only available for LPG. The latter is not representative of primary energy 
consumption in the agricultural sector as the predominant form of energy is diesel used in 
tractors and heavy machinery. Diesel fuel consumption by vehicles (tractors, trailers, etc.) 
is captured under Transportation: Road/Diesel (see Appendix C).  
 
Natural Gas 

State consumption of natural gas and forecast consumption data were obtained from 
SENER.49  Fuel consumption segregated by subsector was available at the state level for 
industry for 1998-2007. Aggregate natural gas consumption for residential, commercial, 
and transportation was reported for the state for 2000-2007. National data from SENER 
indicate that the majority of this aggregate consumption is from residential use.50  Hence, 
all of the consumption from this aggregate was assigned to the residential subsector. 
Consequently the commercial sector has very little consumption assigned to it. 
Consumption values for prior years back to 1990 were estimated by back-casting the 
reported consumption. SENER’s official natural gas consumption projections were 
available for 2009-2017. For remaining forecast years up to 2025, state total consumption 
was assumed to grow at the same rate as SENER's projection (the 2009-2017 mean annual 
growth rate). For the industrial subsector this is 1.2%. For residential, commercial, and 
transportation this is 1.9%. In Baja California the industrial subsector dominates natural 
gas consumption. The reported consumption from residential, commercial, and 
transportation is only 3% of the natural gas consumption from the industrial subsector.  
 
Solid Biofuels: Wood 

The use of wood fuel by the residential subsector was derived from two sources of 
information. The 2000 Censo de Población y Vivienda (Population and Housing Census) 
provided the breakdown of households according to the type of fuel consumed for cooking. 
This source was used to determine the fraction of homes with wood fuel stoves (0.7%). 
SENER provided the average annual wood fuel use for one person for 1996 and 2006 (in 
natural gas equivalents).51 Wood fuel use was assumed to decrease linearly between 1996 
and 2006. The years 1990-1995 were held constant at the 1996 level. Energy use from 
wood fuel was calculated by multiplying the percentage of residents who use wood fuel 
times average annual wood fuel use. Forecast values were derived by calculating the mean 
annual growth rate (2.9%) for 1990-2005 and applying that to the years 2006-2025. Only 

49 SENER: Prospectiva del Mercado de Gas Natural 2007-2016 and Prospectiva del Mercado de Gas LP 2008-
2017. Accessed from http://www.sener.gob.mx/webSener/index.jsp.  
50 SENER: Prospectiva del Mercado de Gas Natural 2007-2016 and Prospectiva del Mercado de Gas LP 2008-
2017. Accessed from http://www.sener.gob.mx/webSener/index.jsp. 
51 SENER: Prospectiva del Mercado de Gas Natural 2007-2016, Cuadro 23. Accessed from 
http://www.sener.gob.mx/webSener/index.jsp. 
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CH4 and N2O emissions associated with wood combustion are reported here as any CO2 
emitted would be considered biogenic.  
 
Results 

Energy use in the RCI sector totaled 20,372 terajoules (TJ) in 2005. Energy consumption 
values are shown in Table B-3. 
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Table B-3.  Historical Energy Used in RCI Sector, TJ 

 

Source Fuel Type 1990 1995 2000 2005 
Commercial Liquefied Petroleum Gases 1,413 1,520 1,712 2,469 

Industrial 

Diesel Oil 1,215 1,690 2,035 2,657 

Liquefied Petroleum Gases 1,056 1,073 1,189 1,372 
Liquefied Petroleum Gases 
- Agriculture 498 487 476 384 

Natural Gas 3,523 3,324 4,541 4,533 
Residual Fuel Oil 0 2,812 4,150 1,989 

Residential 
Liquefied Petroleum Gases 9,289 9,038 7,339 6,723 

Natural Gas 78 131 131 216 
Solid Biofuels: Wood 19 24 27 29 

Total 17,114 20,077 21,599 20,372 
 
 
Figure B-1 and Tables B-4 and B-5 provide a summary profile of GHG emissions for the 
entire RCI sector. In 2005, total RCI GHG emissions were 1.3 million metric tons of carbon 
dioxide equivalent (MMtCO2e) of which 55% is associated with fuel combustion in the 
industrial subsector, 33% is from the residential subsector, and 12% is from the 
commercial subsector. In 2005, residential LPG consumption accounted for 32% of total 
RCI energy use, followed by industrial natural gas consumption (20%) and industrial 
consumption of diesel (15%). 
 
 

Secretaría de Protección al Ambiente  Center for Climate Strategies 
http://www.bajacalifornia.gob.mx/spa/index.html     6  www.climatestrategies.us  

http://www.bajacalifornia.gob.mx/spa/index.html
http://www.climatestrategies.us/


Final Report 
June 2010 

 
Figure B-1.  GHG Emissions in RCI Sector 

 

 
 

By 2025, total RCI GHG emissions are projected at 2.3 MMtCO2e of which 67% are from 
industrial fuel combustion, 23% are from residential fuel combustion, and 11% are from 
commercial fuel combustion. Overall, RCI emissions are driven by the combustion of 
natural gas and diesel fuel in the industrial subsector and by LPG in the residential 
subsector. The combustion of LPG in the commercial subsector and LPG and residual fuel 
oil in the industrial subsector also represent large contributors to GHG emissions in this 
sector. Natural gas consumption was reported as an aggregate total in the state for the 
residential and commercial subsectors and the transportation sector. In addition to the 
commercial natural gas consumption included in this aggregate, it is likely that some 
commercial consumption is included in the industrial subsector consumption. More 
detailed data from state agencies or fuel suppliers would be necessary to clarify this. 
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Table B-4.  GHG Emissions RCI Sector (MMtCO2e) 

 

Source Fuel Type 1990 1995 2000 2005 2010 2015 2020 2025 

Commercial Liquefied Petroleum Gases 0.09 0.10 0.11 0.16 0.17 0.19 0.22 0.25 

Industrial 

Diesel Oil 0.09 0.13 0.15 0.20 0.26 0.30 0.34 0.39 

Liquefied Petroleum Gases 0.07 0.07 0.08 0.09 0.09 0.11 0.13 0.16 
Agriculture - Liquefied 
Petroleum Gases 0.03 0.03 0.03 0.02 0.03 0.03 0.03 0.04 

Natural Gas 0.20 0.19 0.26 0.26 0.68 0.72 0.77 0.81 

Residual Fuel Oil 0.00 0.22 0.33 0.16 0.16 0.14 0.13 0.12 

Residential 

Liquefied Petroleum Gases 0.60 0.58 0.47 0.43 0.45 0.46 0.48 0.49 

Natural Gas 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 

Solid Biofuels: Wood 0.002 0.002 0.003 0.003 0.003 0.004 0.004 0.005 

Total 1.09 1.33 1.44 1.33 1.86 1.97 2.12 2.28 
 

 

Table B-5.  GHG Emissions Distribution in RCI Sector 
 

Source Fuel Type 1990 1995 2000 2005 2010 2015 2020 2025 

Commercial Liquefied Petroleum Gases 8% 7% 8% 12% 9% 10% 10% 11% 

Industrial 

Diesel Oil 8% 10% 11% 15% 14% 15% 16% 17% 

Liquefied Petroleum Gases 6% 5% 5% 7% 5% 6% 6% 7% 
Agriculture - Liquefied Petroleum 
Gases 3% 2% 2% 2% 2% 2% 1% 2% 

Natural Gas 18% 14% 18% 20% 37% 37% 36% 36% 

Residual Fuel Oil 0% 17% 23% 12% 9% 7% 6% 5% 

Residential 
Liquefied Petroleum Gases 55% 44% 33% 32% 24% 23% 23% 21% 

Natural Gas 0.9% 0.8% 0.7% 0.8% 0.5% 1% 0.9% 0.9% 
Solid Biofuels: Wood 0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 

 
 
Table B-6 shows historic growth rates for electricity sales by RCI sector. The proportion of 
each RCI sector’s sales to total sales was used to allocate emissions associated within the 
electricity supply sector to each of the RCI sectors. These emissions are not accounted for 
in this sector, but in the electricity supply sector. Figure B-2 illustrates the 2005 
breakdown of electricity sales by RCI sub-sector.  
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Table B-6.  Historical Electricity Sales Annual Growth Rates 

 
Sector 1990-2005* 
Residential 4.7% 
Commercial 1.5% 
Industrial 8.5% 
Total 6.0% 

* 1990-2005 compound annual growth rates calculated from electricity sales by year from SENER. 
 

 

 
Figure B-2.  2005 Electricity Sector Sales by Sub-sector 

 

 
 
RCI emissions from residential sources were driven by the combustion of LPG, which 
represented 97% of total residential emissions in 2005. Emissions relating to the 
combustion of wood fuels and natural gas represented 2.3% and 0.7% of the total, 
respectively. Historical and projected residential GHG emission trends are shown in Figure 
B-3. It is unclear why emissions declined for most years between 1990 and 2005. Improved 
stove efficiency may account for some of the reduction in consumption. From 2005 through 
2025, residential emissions are estimated to increase by 15%, or about_0.7% per year. 
Emissions growth is driven by residential combustion of LPG while emissions associated 
with residential natural gas and wood combustion are estimated to grow only slightly 
above 2005 levels.    
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Figure B-3.  GHG Emissions from Residential Sector Fuel Combustion 

 

 
 
Emissions from commercial sources amounted to 0.2 MMtCO2e in 2005 and were driven by 
the combustion of LPG, which is associated with stoves. It seems plausible that the 
restaurant business utilizes LPG in significant quantities. If that is the case, then emissions 
values for the commercial sector are expected to be larger. Additional work is warranted to 
better profile this sector. Historical and projected commercial GHG emission trends are 
shown in Figure B-4. From 2005 through 2025, commercial emissions are estimated to 
increase by 58%, or about 2.3% per year. 
 

Figure B-4.  GHG Emissions from Commercial Sector Fuel Combustion 
 

 
 
 
Emissions from industrial sources were driven by the combustion of natural gas (36%) 
followed by diesel oil (27%) and residual fuel oil (22%). The contribution of LPG 
combustion to total emissions was about 12%. Historical and projected industrial GHG 
emission trends are shown in Figure B-5. The LPG consumption data included a breakout of 
combustion associated with agricultural industry. LPG was the only fuel for which data 
were available to extract agricultural consumption from the rest of industrial consumption. 
From 2005 through 2025, industrial emissions are estimated to increase by 109%, or about 
3.8% per year. Natural gas consumption forecasts were based on SENER projections (see 
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Emissions and Reference Case Projections). SENER projects large growth in the industrial 
consumption of natural gas: hence the large increase in natural gas consumption in Figure 
B-4. Forecasts based on historical consumption would be lower (see additional information 
under Key Uncertainties).  
 

Figure B-5.  GHG Emissions from Industrial Sector Fuel Combustion 
 

 
 

 
Key Uncertainties and Next Steps 
 
Segregated RCI activity data per state, per fuel and per subsector were not always available. 
Several assumptions were made during the activity data segregation process in an attempt 
to assess RCI emissions. Reported diesel and residual fuel oil consumption was attributed 
to the industrial subsector. For diesel consumption in particular, some of this is likely to be 
consumed within the commercial sector.    
 
Additionally, natural gas consumption information was combined into one value for the 
residential, commercial, and transportation subsectors. Nationally most natural gas 
consumption is in the residential sector, hence the aggregate values for natural gas 
consumption in Baja California were attributed to the residential subsector. In future work, 
better sector-level break-out might be possible with the use of bottom-up data from 
surveys of fuel suppliers.  
 
LPG was the only fuel for which agricultural uses were delineated. However, other fuels are 
likely used in agricultural industries, particularly diesel, and these may be accounted for in 
other appendices. Future research may be needed to determine the quantity that is 
consumed by agriculture versus other industries. 
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Some fuel consumption was forecast, and in some cases back-cast, based on historical 
consumption. The use of economic indicators could improve consumption forecasts, rather 
than relying strictly on historical growth rates, and would allow the capture of economic 
cycles including recessions and growth bursts. Historical economic indicators back to 1990 
would also prove helpful for back-casts and could capture fuel consumption expansion and 
contraction that accompanied periods of growth and recession. Currently, state-specific 
economic indicators are only available for the years 1993-2007, so are not able to inform 
the back-cast from 1990-1993 for diesel and residual fuel oil consumption. There was a 
recession in the early 1990's so diesel and residual fuel oil consumption may be lower than 
what is estimated. Additional state-specific economic indicators are needed to improve the 
back-cast as well as the forecast.   
 
Other forecasts were based strictly on SENER projections (LPG and natural gas). SENER 
projects large growth in industrial consumption of natural gas. The historical industrial 
natural gas consumption from 1990-2005 had a 1.7% annual growth rate. If the reference 
case forecasts had been based on historical trends rather than SENER projections then the 
2025 consumption would be approximately 25% lower. Some of the uncertainty in the 
forecast can be attributed to differences in projection rates. 
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Transportation Energy Use 

 
Overview 

This appendix summarizes emissions from energy consumption associated with each of the 
following sources: road transportation, marine vessels, rail engines, and aviation. The fossil 
fuels combusted in these sources produce carbon dioxide (CO2) in addition to small 
amounts of methane (CH4) and nitrous oxide (N2O). Carbon dioxide accounts for 
approximately 97% of greenhouse gas emissions followed by nitrous oxide (2.5%) and 
methane (0.5%) emissions on a carbon dioxide equivalent basis.  
 
Inventory and Reference Case Projections 

Methodology 

Based on the information available, emissions were estimated on a fuel consumption basis. 
According to the 2006 Intergovernmental Panel on Climate Change (IPCC) Guidelines for 
National Greenhouse Gas Inventories, emissions are expressed in terms of mass of 
greenhouse gas per unit of energy consumed. Because the method estimates emissions in 
terms of energy consumption (e.g., joules), fossil fuel sales data were converted from units 
of volume to units of energy according to the energy content of each fuel. Emissions were 
calculated as follows: 

 
Emission = Σ [Fuela x EFa x GWP] 

Where: 
 
Emission = greenhouse gas emissions by species in kilograms (kg) of carbon dioxide 
equivalent (CO2e) 
 
Fuela = fuel sold in terajoules (TJ) 
 
EFa = emission factor (kg/TJ).  This is equal to the carbon content of the fuel 
multiplied by the atomic weight ratio of carbon dioxide to carbon (44/12)52 
 
a = type of fuel (e.g., petrol, diesel, natural gas, LPG etc) 
 
GWP = global warming potential (from the IPCC Second Assessment Report or SAR) 

 
Fuel consumption information was obtained from Petróleos Mexicanos (PEMEX) and Baja 
California’s Secretaría de Energía (SENER) for each year.53 Because of limited information 
on marine vessel and rail diesel consumption, national data were allocated to Baja 
California for these sources. Marine diesel was allocated based on the proportion of marine 

52 Emission factors for mobile combustion sources are listed in Chapter 3, Volume 2 of the 2006 IPCC Guidelines 
for National Greenhouse Gas Inventories.  http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html  
53 Sistema de Información Energética, con información de Petróleos Mexicanos, 
http://sie.energia.gob.mx/sie/bdiController. 
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freight tonnage at Baja California ports. Rail diesel was allocated based on the proportion of 
total national rail line length in Baja California. Table C-1 lists all transportation sources 
and their corresponding activity data. Additional details of the emissions estimation 
methods are provided by sector below.    
 

Table C-1.  Activity Factors by Transportation Mode 
 

GHG Source Sector Activity Data Data Source 

Road Transportation - 
Gasoline 

State of Baja California: fuel 
consumption, 1990-2007 

Secretaría de Energía: Sistema de 
Información Energética, with 
information from Petróleos Mexicanos. 

Road Transportation - 
Diesel 

State of Baja California: fuel 
consumption, 1990-2007 

Secretaría de Energía: Sistema de 
Información Energética, with 
information from Petróleos Mexicanos. 

Road Transportation - 
LPG 

State of Baja California: fuel 
consumption, 1996-2007 

Secretaría de Energía: Prospectiva del 
mercado de gas LP 2007 - 2016 

Marine Vessels 

 
National marine diesel  
consumption, 1990-2002 
 
 
National marine diesel 
consumption, 2003-2007 
 
Tons of freight cabotage54 at 
Mexican ports, 2000-2002 
 

Instituto Nacional de Ecología: 
Inventario Nacional de Emisiones de 
Gases de Efecto Invernadero 1990-
2002 
 
Secretaría de Energía: Prospectiva de 
Petrolíferos 2008 – 2017 
 
Secretaría de Comunicaciones y 
Transportes: Anuario Estadístico 2000-
2007 

Aviation State of Baja California: fuel 
consumption, 1990-2007 

Secretaría de Energía de Baja 
California: Sistema de Información 
Energética, con información de 
Petróleos Mexicanos. 

Rail 

National rail diesel  
consumption, 1990-2002 
 
 
National rail diesel 
consumption, 2003-2007 
 
Length of existing railways 
for Mexico and Baja 
California 

Instituto Nacional de Ecología: 
Inventario Nacional de Emisiones de 
Gases de Efecto Invernadero 1990-
2002 
 
Secretaría de Energía: Prospectiva de 
Petrolíferos 2008 – 2017 
 
Secretaría de Comunicaciones y 
Transportes: Longitud de Vías Férreas 
Existentes Por Entidad Federativa 
Según Tipo de Vía 55 

54 Cabotage refers to the transport of goods between two points within the same country. 
55 Secretaría de Comunicaciones y Transportes: “ Longitud De La Red Carretera Y Ferroviaria Por Mesoregión 
Y Entidad Federativa” Disponible en: 
http://Dgp.Sct.Gob.Mx/Fileadmin/User_Upload/Estadistica/Indicadores/Infra-Comytrans/Io5.Pdf 
y  “Distribución Porcentual De La Infraestructura De Transportes Y Comunicaciones Por Entidad Federativa Según 
Modo De Transporte Y Servicio De Comunicaciones”. Disponible en:  
http://dgp.sct.gob.mx/fileadmin/user_upload/Estadistica/Indicadores/Infra-ComyTrans/IO4.pdf 
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Greenhouse gas emission forecasts were estimated based on fuel consumption forecasts 
from SENER’s Prospectiva de Petrolíferos 2008-2017 and Prospectiva del Mercado de Gas LP 
2008–2017. Forecast annual growth rates are listed in Table C-2. Due to a lack of projection 
data specific to Baja California, national projections were used for gasoline and diesel.  
Projections for LPG and jet fuel are specific to the Northwestern Region of Mexico. 
 

Table C-2.  Annual Growth Rates 
 

 
Source 

2007-
2010 

2010-
2015 

2015- 
2020 

2020- 
2025 

Road Transportation - Gasoline 2.6% 2.8% 1.9% 1.7% 
Road Transportation - Diesel 1.8% 3.4% 2.5% 2.2% 
Road Transportation - LPG -19.6% -1.6% 0.0% 0.0% 
Marine Vessels 2.0% 2.3% 1.3% 1.4% 
Aviation 11.7% 3.4% 2.8% 2.5% 
Rail 2.0% 2.3% 1.3% 1.4% 

 
Road Transportation 

Annual consumption of gasoline and diesel in Baja California for 1990-2007 was obtained 
from SENER. For diesel onroad transportation, estimates of marine and rail diesel 
(estimates discussed below) were subtracted from the total transportation diesel values for 
each year. Transportation LPG consumption was not available for Baja California; 
therefore, consumption was estimated based on data in SENER’s Prospectiva del Mercado 
de Gas LP 2007–2016. The proportion of transportation LPG to total LPG consumption for 
the northwestern region of Mexico was applied to total LPG consumption in Baja California.  
 
Emissions due to gasoline combustion by onrad transportation were calculated using a 
combination of emissions factors.  The default CO2 emission factor from the 2006 IPCC 
guidelines was used in conjunction with CH4 and N2O emissions factors reported in the 
INEGEI base on the national vehicle age distribution.  The latter emissions factors change 
overtime in function of vehicle age and control technology and were available for the 
period 1990-2002.  For the period 2003-2025., it was assumed that the CH4 and N2O 
emissions factors were the same as for year 2002.  It is important to highlight that the 
emission factor for CO2 is not sensitive to the use of control technology (catalytic 
converter).  Table C-3 shows the set of emission factors utilized in this report.   
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Table C-3.  Emissions Factors for Onroad Transportation powered by Gasoline  

 
INEGEI (CH4, N2O); 2009 IPCC 2006 

(CO2); all values in (kg/TJ) 

Year CO2 CH4 N2O 
1990 69,300 46.8 1.5 
1991 69,300 46.8 1.5 
1992 69,300 46.8 1.5 
1993 69,300 45.39 1.767 
1994 69,300 43.895 2.05 
1995 69,300 43.242 2.174 
1996 69,300 42.205 2.371 
1997 69,300 40.685 2.659 
1998 69,300 38.681 3.039 
1999 69,300 36.719 3.41 
2000 69,300 34.215 3.885 
2001 69,300 31.74 4.354 
2002 69,300 29.686 4.743 

 
Marine Vessels 

Marine diesel consumption was not available for Baja California. Therefore, consumption 
was estimated for this fuel by allocating national usage to the state level. National marine 
fuel consumption for 1990-2002 was taken from the national GHG inventory.  Consumption 
values were grown from 2002 to 2007 using daily marine diesel consumption values from 
SENER’s Prospectiva de Petrolíferos 2008-2017. National consumption was allocated to Baja 
California using the proportion of national marine cargo cabotage at Baja California ports. 
Cabotage refers to the transport of goods between two points within the same country. 
Transnational cargo was not included per IPCC guidelines. Marine cargo data were 
available for 2000-2007. Baja California cabotage proportions for 1990-1999 were 
assumed to be the same as the proportion estimated for 2000.  
 
Marine residual fuel consumption for Baja California was not available. The consumption of 
marine residual fuel is small compared to marine diesel consumption. There may be a small 
amount of marine fuel oil included in the total fuel oil consumption reported under the RCI 
sector. 
 
Aviation 

Jet fuel consumption in Baja California for 1990-2007 was obtained from SENER.  
Consumption of aviation gasoline in Baja California was not available. However, aviation 
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gasoline only accounts for about 1% of total aviation fuel consumption in Mexico.56 
Therefore, emissions from this fuel were assumed to be negligible. 
 
Railways 

Rail diesel consumption was not available for Baja California. Therefore, consumption was 
estimated for this fuel by allocating national usage to the state level. National rail fuel 
consumption for 1990-2002 was taken from the national GHG inventory.   Consumption 
values were grown from 2002 to 2007 using daily rail diesel consumption values from 
SENER’s Prospectiva de Petrolíferos 2008-2017. National consumption was allocated to Baja 
California using the proportion of national rail lines in Baja California. Actual activity, such 
as ton-miles of rail freight would provide more accurate allocation; however, these data are 
not available. 
 
Results 

During inventory years (1990 through 2005), total transportation emissions increased by 
89% reaching levels of about 6.9 MMtCO2e in 2005. In 1990, the largest sources of 
greenhouse gas emissions were activities relating to onroad gasoline and onroad diesel 
combustion, accounting for 89% of total transportation GHG emissions in 1990.  
 
The fastest growing source through the 1990-2005 time period was marine vessels with an 
annual growth rate of 11.9% (with most growth occurring from 1990 to 1994), followed by 
road transportation gasoline (5.3%). In 2025, total transportation emissions are expected 
to be on the order of 11.6 MMtCO2e representing a 221% increase from 1990. Road 
transportation emissions are expected to account for 77% of total transportation emissions 
in 2025. Aviation emissions are expected to account for 8% in 2025, down from 9% in 
1990. 
 
Table C-4 and Figure C-1 summarize greenhouse gas emission estimates by source. The 
distribution of greenhouse gas emissions by source is presented in Table C-5. Finally, 
emissions growth rates for selected time intervals are listed in Table C-6.  
 

56 Instituto Nacional de Ecología: Inventario Nacional de Emisiones de Gases de Efecto Invernadero 1990-
2002. 
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Table C-4.  GHG Emissions from Transportation (MMtCO2e) 

 
Source 1990 1995 2000 2005 2010 2015 2020 2025 

Road Transportation - Gasoline 2.08 3.46 3.76 4.53 5.45 6.27 6.88 7.50 
Road Transportation - Diesel 1.16 0.78 0.79 1.42 1.83 2.17 2.45 2.73 
Road Transportation - LPG 0.00 0.00 0.12 0.15 0.08 0.07 0.07 0.07 
Marine Vessels 0.05 0.25 0.47 0.28 0.26 0.29 0.31 0.33 
Aviation 0.32 0.43 0.54 0.48 0.64 0.75 0.87 0.98 
Rail 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.03 

Total 3.63 4.93 5.69 6.86 8.28 9.57 10.60 11.64 
 

 
Table C-5.  GHG Emissions Distribution in the Transportation Sector 

 
Source 1990 1995 2000 2005 2010 2015 2020 2025 

Road Transportation - Gasoline 57.4% 70.2% 66.0% 66.0% 65.9% 65.5% 64.9% 64.4% 
Road Transportation - Diesel 32.0% 15.8% 13.9% 20.6% 22.1% 22.6% 23.1% 23.4% 
Road Transportation - LPG 0.0% 0.0% 2.1% 2.1% 0.9% 0.7% 0.7% 0.6% 
Marine Vessels 1.4% 5.0% 8.2% 4.0% 3.1% 3.0% 2.9% 2.9% 
Aviation 8.8% 8.7% 9.5% 6.9% 7.7% 7.9% 8.2% 8.4% 
Rail 0.5% 0.3% 0.3% 0.2% 0.2% 0.2% 0.2% 0.2% 

 

Table C-6.  Percentage Change in GHG Emissions for Selected Time Intervals 
 

Source 1990-2005 2005-2025 1990-2025 
Road Transportation - Gasoline 117% 66% 260% 
Road Transportation - Diesel 22% 93% 135% 
Road Transportation - LPG NA -52% NA 
Marine Vessels 440% 21% 554% 
Aviation 50% 106% 209% 
Rail -11% 67% 48% 
Total 89% 70% 221% 
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Figure C-1. Transportation Gross GHG Emissions by Fuel, 1990-2025 

 

 
 

 
Key Uncertainties and Future Research Needs 
 
Per the 2006 IPCC guidelines, fuel energy consumption is the preferred form of activity 
data.57 State-level fuel consumption for marine fuels and rail diesel were not available and 
had to be estimated based on national consumption. Marine residual fuel oil emissions 
were not estimated for this inventory. Residual fuel is used in large ocean-going vessels of 
the type likely used for transnational shipping. According to IPCC guidelines, transnational 
shipping should not be included in the national inventory. There may be a small amount of 
marine residual fuel included in the total fuel oil estimates in the RCI sector. For rail, 
national emissions were allocated to Baja California based on the proportion of it total rail 
line to the national total. More accurate estimates would be derived using estimates of 
actual rail activity (e.g., tonne-kilometers and/or passenger-kilometers). Based on current 
estimates, the contribution from the rail sector is very small.  
 
Nitrous oxide and methane emission estimates are based on fuel consumption and on the 
type of control equipment installed in a vehicle. In order to capture the effect of control 
technology (e.g., oxidation catalyst) on greenhouse gas emissions, it is necessary to obtain a 
profile of Baja California’s vehicle fleet indentifying the fraction of vehicles with control 
equipment.  
 
As stated above, national projections were used for gasoline and diesel, and projections for 
the Northwestern Region of Mexico were used for LPG and jet fuel. Projections specific to 

57 Section 3.2.1.3, Chapter 3, Volume 2 of the 2006 IPCC Guidelines for National Greenhouse Gas Inventories.  
http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html.  
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Baja California would be preferred, since Baja California’s fuel consumption may grow at a 
different rate than in the rest of Mexico.
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Industrial Processes and Product Use 

 
Overview 

Emissions in the industrial processes sector span a wide range of activities, and reflect non-
combustion sources of greenhouse gas (GHG) emissions. Combustion emissions for the 
industrial sector are covered in the Residential, Commercial, and Industrial Fuel 
Combustion sector. The industrial processes that exist in Baja California, and for which 
emissions are estimated in this inventory, include the following: 
 

Carbon Dioxide Emissions:  
• Non-combustion emissions from cement manufacturing [IPCC category: 

Cement Production] 58;  
• Limestone and dolomite use [IPCC category: Other Process Uses of 

Carbonates], which includes all uses that emit CO2, except cement, lime, 
and glass manufacturing 59,60  

Ozone depleting substance (ODS) substitutes:  
• These are primarily hydrochlorofluorocarbons (HFCs) used in 

refrigeration and air conditioning applications  [IPCC category: 
Refrigeration and Air Conditioning] 61 

 
Other industrial processes that are sources of non-combustion GHG emissions but were not 
identified in Baja California include the following:  
 

Carbon dioxide emissions from: 
• Lime manufacture 
• Soda ash manufacture and consumption 
• Ammonia & urea production 
• Iron & steel production 

Methane Emissions from: 
• Aluminum production 
• Petrochemical production 

Nitrous oxide emissions from 
• Nitric acid production 
• Adipic acid production62  

HFC, PFC, and SF6 emissions from: 
• Semiconductor manufacturing 
• Magnesium production 

58 2006 IPCC, Volume 3, Chapter 2, Section 2.2. 
59 A primary use of limestone and dolomite includes agricultural soil amendment (to neutralize acidic soils). The 
agriculture appendix currently does not capture limestone and dolomite consumption; however, if consumption can 
be determined in future work, then analysis should be performed to reduce the potential for double-counting.  
60 2006 IPCC, Volume 3, Chapter 2, Section 2.5. 
61 2006 IPCC, Volume 3, Chapter 7, Section 7.5. 
62 There is no adiptic acid production in Mexico according to Instituto Nacional de Ecología.  2008.  Informes del 
Inventario Nacional de Emisiones de Gases de Efecto Invernadero 1990 – 2002. 
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• Electric power transmission and distribution systems 
• Hydrochlorofluorocarbon-22 (HCFC-22) production 
• Aluminum production63 

 

Evaluation of Registro de Emisiones y Transferencias de Contaminantes (RETC) 

RETC stands for the Registry of Emissions and Pollutant Releases. The registry collects 
information on pollutant transfers to various media (air, water, or soil) during production 
processes of industrial establishments or activities performed by service establishments 
(e.g., dry cleaners, baths, hotels, etc.). RETC contains information for years 2004 and 2005 
and covers 104 federally regulated substances including three GHGs: carbon dioxide, 
nitrous oxide, and methane.  Emissions data reported to the RETC were not used directly in 
this inventory. Rather, the RETC was used to identify industrial sources of GHG within the 
state.  
 
The use of RETC in this inventory was limited due to a number of reasons. First, RETC 
provides outputs that combine energy and non-energy emission sources. The focus of the 
Industrial Processes sector is non-energy emission sources. The IPCC defines energy 
emissions as those resulting from the intentional oxidation of materials within an 
apparatus that is designed to provide heat or for use away from the apparatus.64 Energy 
emissions are associated with the combustion of fossil fuels in ovens, boilers, furnaces, and 
engines; energy emissions are reported as part of Electricity Supply; Transportation; Fossil 
Fuel Industries; and Residential, Commercial, Industrial Fuel Use. The distinction between 
energy and non-energy emission sources is significant and is best exemplified in the case of 
cement plants where non-energy emissions (CO2) result from the calcination of raw 
minerals to produce clinker, whereas energy emissions relate to fossil fuel combustion in 
cement ovens. Additionally, RETC only provides data for a limited number of years, namely 
2004 and 2005. A two-year time series is not sufficient to identify emissions trends from 
historic activity data. Finally, RETC is a young program that is experiencing tremendous 
growth. In 2004, the number of participants totaled 1,715 and increased to 2,452 in 2005. 
The large difference in program participation suggests that the 2004 data set is incomplete 
in comparison with 2005.     
 
In spite of these limitations, RETC was a valuable tool for identifying industrial sources of 
GHG emissions. Moreover, RETC has the potential to generate reports for energy and non-
energy emissions since the registry operates with information from state and federal 
Cédulas de Operación Anual (environmental permits) detailing the quantity and nature of 
emission sources.  Table D-1 lists businesses that reported GHG emissions to RETC.  As 
mentioned above, values reflect both energy and non-energy related emissions. 
 

63 Idem.  Aluminum is only produced in the state of Veracruz.   
64 2006 IPCC, Volume 3, Chapter 1, p.1.8 
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Table D-1.  GHG Emissions Results from RETC (Metric Tons of CO2e) 

 
Subsector/Company 2004 2005 

Food Industry      
INDUSTRIAL DE GRASAS Y DERIVADOS, S.A. de C.V.     

Carbon dioxide 7,859 2,923 
Alcohol & Tobacco     

CERVECERIA CUAUHTEMOC MOCTEZUMA S.A. DE C.V.     
Carbon dioxide 35,342 35,860 

Lime & Limestone     
CEMEX MÉXICO S.A. DE C.V. PLANTA ENSENADA     

Carbon dioxide 399,547 405,758 
FABRICAS MONTERREY SA de CV PLANTA ENSENADA     

Carbon dioxide   4,695 
Other     

CERVECERIA CUAUHTEMOC MOCTEZUMA (water treatment)      
Carbon dioxide 1,289 1,713 
Methane   110 

INDUSTRIAS P KAY DE MEXICO SA DE CV     
Carbon dioxide   6 

PIONEER SPEAKERS, S.A. de C.V.     
Carbon dioxide   0 

POWER SONIC, S.A. DE C.V.     
Carbon dioxide   0 

SENSIENT IMAGING TECHNOLOGIES S.A. DE C.V.     
Carbon dioxide   0 

TECNICAS MEDIOAMBIENTALES WINCO S.A. DE C.V.     
Carbon dioxide   40 

Chemical Industry     
CALINOR S.A. DE C.V.     

Carbon dioxide 112 112 
KAMIMEX S.A DE C.V     

Carbon dioxide 523 461 
PRAXAIR MEXICO S. DE R.L. DE C.V.     

Carbon dioxide 441 441 
PULIDOS INDUSTRIALES S.A. de C.V.     

Carbon dioxide 10,425   
Grand Total 455,540 452,119 

 
Historical Emissions and Reference Case Projections 

Greenhouse gas emissions were estimated using the 2006 IPCC Guidelines.65 Table D-2 
identifies for each emissions source category the information needed for input to calculate 
emissions, the data sources used for the analyses described here, and the historical years 
for which emissions were calculated based on the availability of data. 
 

65 2006 IPCC Guidelines, Volume 3. 
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IPCC methods were not used to estimate HFC’s from mobile air-conditioning systems. 
These were calculated using an approach developed for the State of Baja California’s 2005 
GHG inventory.66 This approach consists of basing emissions on the number of vehicles 
operated during each year in the state and the assumption that all vehicles are equipped 
with air conditioning units. This approach deviates from the methodology outlined in 
Section 7.5.2, Chapter 7, Volume 3 of the 2006 IPCC Guidelines;67 however, it was adopted 
in the absence of better activity data (e.g., HFCs sales information). The number of mobile 
air conditioning units was converted to emissions using an emission factor of 166 kg CO2e 
per vehicle published by IPCC in a special technical report.68  Emissions from stationary 
refrigeration units were not included in this inventory because these operate with HCFC-
22, a non-reportable GHG under the Kyoto Protocol, but regulated under the Montreal 
Protocol .69 
 
Similarly, ODS substitute emissions from refrigeration and stationary air conditioning were 
calculated using the approach adopted in Baja California’s GHG inventory. This approach 
consists of basing emissions on the number and size of homes connected to the electricity 
grid.  It is assumed that all homes with electricity have one refrigerator and one stationary 
air conditioning unit. Homes with two or more rooms were assumed to own two air 
conditioning units. This approach deviates from methodology outlined in Section 7.5.2, 
Chapter 7, Volume 3 of the 2006 Intergovernmental Panel on Climate Change (IPCC) 
Guidelines for National Greenhouse Gas Inventories70; however, it was adopted in the 
absence of better activity data (e.g. HCFCs sales information). Moreover, this approach 
assumes that 10% of all units have leaks and 15% of the refrigerant released is composed 
of HCFC-22. The latter is a hydrochlorofluorocarbon subject to the stipulation of the 
Montreal Protocol and exempt from GHG inventory considerations. Emissions associated 
with HCFC-22 were included in this appendix for the purposes of comparison with Baja 
California’s GHG inventory. Nonetheless, HCFC-22 emissions will not be incorporated in the 
state summary of GHG emissions. 
 
 
Cement production for 2000-2008 was estimated based on national production and the 
number of cement manufacturing plants in the state. National production data were not 
available for 1990-1999.  For these years, production was estimated based on the state 
population and the estimate of per capita cement consumption for 2000 from Camara 
Nacional de Cemento. 2006 IPCC methodologies require the identification of the clinker 

66 Inventario de Emisiones de Gases de Efecto Invernadero del Estado de Baja California 2005: Versión Final 
Secretaría de Protección al Ambiente del gobierno del estado Baja California, Centro Mario Molina, Diciembre, 
2007, pp. 26-27. 
67 The IPCC method is based on data on chemical sales by application.  
68 IPCC/TEAP, Bert Metz, Lambert Kuijpers, Susan Solomon, Stephen O. Andersen, Ogunlade Davidson, José 
Pons, David de Jager, Tahl Kestin, Martin Manning, and Leo Meyer (Eds).  Safeguarding the Ozone Layer and the 
Global Climate System: Issues related to hydrofluorocarbons and perfluorocarbons. Cambridge University Press: 
Cambridge, England. 2005 (p. 306)  http://www.ipcc.ch/pdf/special-reports/sroc/sroc_full.pdf.  
69 In the 2005 inventory by Centro Mario Molina, emissions from stationary refrigeration are assumed to be HCFC-
22, a hydrochlorofluorocarbon subject to the stipulation of the Montreal Protocol and exempt from GHG inventory 
considerations. 
70 Retrieved May, 2008 from: http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html  
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concentration in a given cement blend.  Based on national cement statistics covering the 
period 1994-2008, the weighted average concentrations of  clinker per cement blend was 
determined.  Prior to 1994, the average concentration of clinker was applied.  Table D-7 
summarizes the analysis of clinker content by cement blend.  Finally, the amount of clinker 
produced is multiplied by the default 2006 IPCC emission factor (0.52 metric tons CO2 per 
metric ton of clinker) to calculate emissions. 
 
Limestone and dolomite consumption includes all uses except cement manufacturing.  
Strictly following the IPCC methodology, limestone and dolomite used in lime 
manufacturing and glass manufacturing would also be subtracted and reported separately.  
However, due to a lack of state-level data for lime and glass manufacturing, consumption in 
these processes is included in the limestone and dolomite consumption category.  
Limestone and dolomite consumption data were unavailable; therefore, consumption was 
assumed to equal in-state production of these minerals minus limestone used for cement 
manufacturing (to avoid double-counting).71  
 
Limestone production data were only available for 2003-2007.  Limestone production for 
2002 was assumed to be the same as 2003, and 1990-2002 values were estimated by 
assuming the same trend as found in the national limestone production values from the 
National GHG inventory. Limestone production for 2006 and 2007 were significantly lower 
than the previous three years, resulting in negative values when the cement values were 
subtracted.  Therefore, consumption was assumed to be equal to the average production 
values for 2003-2005.  Limestone production was multiplied by the default 2006 IPCC 
emission of 0.44 metric tons CO2 per metric ton of mineral) to obtain emissions. 
 

71 IPCC default values  were used to estimate limestone consumption in cement manufacturing.  Cement is assumed 
to contain 75% clinker, clinker is assumed to be 65% lime, and 100% of the lime is assumed to come from 
limestone. 
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Table D-2. Approach to Estimating Inventory Emissions 

 

Source 
Category 

Time 
Period for 

which Data 
Available Required Data  Data Source 

Cement 
Manufacture 

2000-2008 Metric tons (Mt) of 
clinker produced 
and masonry 
cement produced 
each year 

National cement production and the inventory of 
manufacturing plants by state retrieved from Camara 
Nacional de Cemento statistics.  
http://www.canacem.org.mx/la_industria_del_cemento.htm  

Limestone 
and Dolomite 
Consumption 

2003-2007 Mt of limestone and 
dolomite consumed 
minus estimated 
limestone 
consumption from 
cement 
manufacturing 

Consumption was assumed to be equal to the production of 
limestone from mining.  CCS is developing methods to better 
assess limestone and dolomite consumption in the state.  
Source: Servicio Geológico Mexicano. 2008.  Anuario 
Estadístico de la Minería Mexicana Ampliada, 2007.  
Estadísticas por Producto para Minerales Metálicos y no 
Metálicos, Capítulo IV. 

Iron and Steel 
Production 

NA Mt of crude steel 
produced by 
production method 

This activity was identified in Inventario de Emisiones de 
Gases de Efecto Invernadero del Estado de Baja California 
2005; however, production data were not found, or emissions 
data reported in RETC. 

ODS 
Substitutes 

1980-2007 Vehicle fleet  Instituto Nacional de Estadísticas, Geografía, e Informática. 
Estadísticas de vehículos de motor registrados en circulación.  
http://www.inegi.org.mx/inegi/default.aspx  

 
 

Table D-3 lists the data and methods that were used to estimate future activity levels 
related to industrial process emissions and the annual compound growth rates computed 
from the data/methods for the reference case projections. Sources of economic forecast 
data were not identified; therefore, forecasts were based on historical data. Historical data 
for construction materials consumption and total manufacturing volume were obtained 
from Sistema Nacional de Información Estadística y Geográfica (SNIEG).72 

 
Table D-3.  Approach to Estimating Projections for 2005 through 2025 

 

Source 
Category Projection Assumptions 

Average Annual Growth Rates 
2005 -
2010 

2010 - 
2015 

2015 - 
2020 

2020 - 
2025 

Cement 
Manufacture 

Based on 2003-2007 
construction materials 
consumption from SNIEG 

5.7% 3.8% 3.2% 2.7% 

Limestone and 
Dolomite 
Consumption 

Based on 2003-2007 
manufacturing physical 
volume from SNIEG 

-2.9% 3.1% 2.7% 2.4% 

ODS 
Substitutes 

Based on 2003-2007 
vehicle registration data 
from INEGI 

8.6% 5.8% 4.5% 3.7% 

 

72 Sistema Nacional de Información Estadística y Geográfica (SNIEG), 
http://www.inegi.org.mx/inegi/default.aspx?s=est&c=125&e=08.  
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Results 

In 2005, GHG emissions from non-combustion industrial processes were about 0.88 million 
metric tons of carbon dioxide equivalent (MMtCO2e). The largest source of emissions is 
cement production, followed by limestone consumption. Forecast industrial process and 
product use emissions are projected to reach 1.7 MMtCO2e by 2025, of which 90% will be 
generated by as a result of cement manufacturing.   
 
Figure D-1 provides a graphic representation of emissions.  Most notably, activity data 
relating to limestone and dolomite use show a divergent trend during the years for which 
historical data were available (2003-2007). 
 
GHG emissions have been summarized in Figure D-1 and Table D-4. The distribution of 
emissions in the industrial processes sector is shown for selected years in Table D-5. 
 

Figure D-1.  GHG Emissions from Industrial Processes 1990-2025 
 

 
 

 
 

 

Table D-4.  Historic and Projected GHG Emissions for Industrial Processes (MMtCO2e) 
 

Source 1990 1995 2000 2005 2010 2015 2020 2025 
Cement Manufacture 0.24 0.31 0.49 0.53 0.70 0.84 0.99 1.13 
Limestone and Dolomite Use 0.05 0.08 0.13 0.17 0.13 0.15 0.18 0.20 
ODS Substitutes 0.01 0.02 0.03 0.05 0.08 0.11 0.13 0.16 
Grand Total 0.30 0.41 0.65 0.76 0.91 1.11 1.30 1.49 
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Table D-5.  GHG Emission Distribution for Industrial Processes 

 
Source 1990 1995 2000 2005 2010 2015 2020 2025 
Cement Manufacture 80.2% 75.7% 75.6% 70.5% 76.8% 76.4% 76.2% 76.0% 
Limestone and Dolomite Use 15.8% 20.0% 19.7% 22.5% 14.4% 13.9% 13.5% 13.3% 
ODS Substitutes 4.0% 4.2% 4.7% 7.0% 8.8% 9.7% 10.3% 10.8% 
 

 

Table D-6. HCFC Emissions from Refrigeration and Air Conditioning  
 

Year 1990 1995 2000 2005 2010 2015 2020 
Refrigeration (kg HCFC-22) 130 165 194 222 234 244 255 
Air Conditioning (kg HCFC-22) 3,045 3,873 4,561 5,216 5,482 5,727 5,984 
Total (MMtCO2e) 0.005 0.007 0.008 0.009 0.010 0.010 0.011 

 
Table D-7. Clinker Content in National Production of Cement  

 

Año 

National production by cement blend in metric tons Clinker 
content 
(weighted 
average) 

Portland 
Gris (96% 

clinker) 

Blanco 
(28.8% 
clinker) 

Mortero 
(64% 

clinker) 

Other 
(64.4% 
clinker) 

 Clinker 
(100% 
clinker) 

1994 30,243,326 516,684 720,232 113,625 220,619 94.1% 
1995 24,033,981 441,975 645,663 173,169 793,455 94.0% 
1996 26,440,746 466,440 1,140,024 127,125 1,447,276 93.8% 
1997 27,679,233 530,803 1,316,355 158,327 1,073,967 93.4% 
1998 28,608,786 568,795 1,549,994 187,670 592,846 93.1% 
1999 29,738,734 642,632 1,420,243 156,321   93.1% 
2000 31,518,759 613,075 1,096,005 201,128   93.5% 
2001 30,177,359 636,394 1,319,868     93.3% 
2002 30,897,412 623,680 1,850,420     93.0% 
2003 31,143,454 632,386 1,817,561     93.0% 
2004 32,374,824 680,380 1,937,238     92.9% 
2005 34,571,534 773,499 2,106,583     92.8% 
2006 37,180,967 843,869 2,337,166     92.7% 
2007 37,757,921 864,999 2,590,337     92.6% 
2008 36,608,126 823,449 2,679,457     92.5% 
Elaborated by CCS from typical clinker composition  (2006 IPCC) and industry production 
data (INEGI, Encuesta Industrial Mensual (EIM)). 
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Key Uncertainties and Research Needs 

Key sources of uncertainty and associated research needs underlying the estimates above 
are as follows:  

• Limestone and dolomite consumption for chemical applications that result in CO2 
release are associated with various segments of industry including agriculture, 
chemical manufacturing, glass manufacturing, environmental pollution control, and 
metallurgical industry.  For instance, limestone and dolomite are used to adjust pH 
in agricultural soils or can be used as flux stones or purifiers in refining metals such 
as iron. A crude estimate of emission was prepared based on production of these 
minerals.  This method does not account for crushed limestone consumed for road 
construction or other uses that do not result in CO2 emissions. This approach is 
provisory while more accurate methods are developed or new activity data is 
collected from economic statistics and/or industry surveys.   

• Since emissions from industrial processes are determined by the level of production 
and the production processes of a few key industries there is relatively high 
uncertainty regarding future emissions from the industrial processes category as a 
whole. Future emissions depend on the competitiveness of Baja California 
manufacturers in these industries, and the specific nature of the production 
processes used in Baja California. Forecast emissions based on economic data or 
industry performance data are usually more reliable that those based on historic 
trends. The use of relevant economic data in this analysis will likely paint a better 
picture of forecast emissions.  

• Significant uncertainty stems from the method adopted to estimate GHG emissions 
from mobile air-conditioning systems. These were calculated according to the 
approach described in Baja California’s 2005 GHG inventory.73 Although this 
approach deviates from the methodology outlined in 2006 IPCC Guidelines for 
National Greenhouse Gas Inventories, it allowed the quantification of ODS substitute 
emissions. According to the 2006 IPCC guidelines, more accurate estimates can be 
obtained by collecting information from equipment manufacturers/importers on 
the total charge of the equipment they manufacture or import. Alternatively, sales 
information can be used to trace sources of emissions more precisely. 

• Due to the lack of reasonably specific projection surrogates, historical trend data 
were used to project emission activity level changes for multiple industrial 
processes. There is significant uncertainty associated with any projection, including 
a projection that assumes that past historical trends will continue in future periods. 
All assumptions on growth should be reviewed by industry experts and revised to 

73 Inventario de Emisiones de Gases de Efecto Invernadero del Estado de Baja California 2005: Versión Final 
Secretaría de Protección al Ambiente del gobierno del estado Baja California. Centro Mario Molina. Diciembre, 
2007 (26-27) 
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reflect their expertise on future trends especially for the cement manufacturing 
industry, and for limestone and dolomite consumption and ODS substitutes.  

• For the electricity T&D and semiconductor industries, future efforts should include a 
survey of companies within these industries to determine the extent to which they 
are experiencing SF6 losses. 
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Fossil Fuel Industries 

 

Overview 

The GHG emissions associated with the fossil fuel industries sector include fugitive 
emissions associated with the production, processing, transmission, and distribution of oil 
and gas as well as fugitive emissions from coal mining.74  In Baja California, GHG emissions 
are limited to the transmission and distribution of natural gas.  It is unlikely that other 
sources of emissions would occur because Baja California does not have coal deposits, or 
oil and natural gas reserves75 . Mexico’s petroleum rich areas are located around the Gulf of 
Mexico as illustrated in Figure E-1 below.   
 
 

Figure E-1.  Oil and Gas Production by Region76 

 
 
Emissions and Reference Case Projections 

Methodology  

For the development of natural gas emissions estimates, CCS considered several possible 
methods that could be applied based on the nature and availability of activity data.  A Tier 1 
method from the 2006 IPCC Guidelines was considered (Method A).  This approach 
estimates emissions as function of the volume of natural gas marketed in the system and 
emission factors recommended for developing countries that are based on regions outside 

74 Note that emissions from natural gas consumed as lease fuel (used in well, field, and lease operations) and plant 
fuel (used in natural gas processing plants) are included in Appendix B in the industrial fuel combustion category. 
75 Information on oil and gas reserves were obtained from PEMEX.  Reservas de Hidrocarburos al 1 de Enero de 
2009. Marzo, 2009.  http://www.ri.pemex.com/index.cfm?action=content&sectionID=134&catID=12201  
76 Secretaría de Energía. Balance Nacional de Energía 2006.  (p.37) 
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the Americas with a large uncertainty range (-40 to 250%).77  This approach was utilized 
by the authors of the Inventario Nacional de Emisiones de Gases de Efecto Invernadero 
(INEGEI). 
 
Alternatively, the IPCC Good Practice Guidance and Uncertainty Management in National 
Greenhouse Gas Inventories78 offers an approach for North America that improves 
correlation between activity data and emissions (Method B).  Improved correlation is 
achieved through increased disaggregation of the industry and in many cases by switching 
to a different parameter of activity data like units of natural gas processing units and length 
of transmission pipeline. Method B represents a simplified version of the quantification 
methods developed by GRI study for the US EPA79.  The full study identified approximately 
100 components of natural gas systems that are methane-emission sources. For each 
component, the study developed an emission factor. To estimate emissions, the emission 
factors were multiplied by the activity level for each component (e.g., amount of gas 
produced, numbers of wells, miles of pipe of a given type and operating regime, or hours of 
operation of a given type of compressor).  
 
The GRI study also served as the basis for the State Greenhouse Gas Inventory Tool (SIT), a 
tool commissioned by the US EPA to facilitate the development of state-level GHG 
emissions inventories (Method C).80  Similar to Method B, the SIT streamlines the bottom- 
up approach of the GRI study by grouping industry segments together and correlating 
emissions to various parameters besides natural gas throughput.   
 
IPCC Good Practice Guidance recommends the approach inherent in methods B and C, 
namely, the correlation of segments of the fossil fuel industry to a diversity of activity data 
parameters.   For the purposes of this inventory, CCS selected Method C for two reasons: a) 
it provides a consistent basis of comparison with state –level GHG inventories in the US; 
and b) it reflects that Baja California is a relatively developed region and that its natural gas 
infrastructure is new. 
 
CCS conducted a comparison of emissions estimated by these various methods (see Table 
E-1).  The values using Method A represent higher end emissions where regulatory and 
operational controls are few to none.   The values derived from methods B and C are 
consistent with each other and reflect emissions where the natural gas system is well 
maintained and highly reliable.  Table E-2 list Method C emission factors by occurring 
activity in Baja California. 
 

Table E-1. Comparison of Emission Using Competing Methods for Year 2005 

77 Default IPCC values are based on unpublished studies in China, Romania, and Uzbekistan.  See 2006 IPCC 
Guidelines, Volume 2, Chapter 4, Table 4.2.5. 
78 See Chapter 2, Section 2.7.1.2.  The document is available from www.ipcc-nggip.iges.or.jp/public/gp/english/  
79 GRI/US EPA (1996). Methane Emissions from the Natural Gas Industry. Report No. EPA-600/R-96-080, GRI 
/ 
United States Environmental Protection Agency. 
80 Additional information about the EPA SIT is found at 
www.epa.gov/climatechange/emissions/state_guidance.html  
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Source Method A Method B Method C Units 
Emissions from transmission 5507.5 2319.5 2029.3 Metric tons of CH4 
Emissions from distribution 3191.6 199.9 389.3 Metric tons of CH4 

 
Table E-2.  Fossil Fuel Industry Emission Factors  

 
Activity Emission factors 

Natural gas transmission 
  Transmission pipeline 0.6 tons CH4 per year per mile 
  Gas storage compressor stations 964.1 tons CH4 per year per station  
Natural gas distribution 
  Distribution pipeline 0.541 tonnes CH4 per year per mile 
  Total number of services 0.015 tonnes CH4 per year per activity unit 

 
 
Natural Gas Industry Emissions 

Key information sources for the activity data were the Secretaria de Energía (SENER), and 
the Comisión Reguladora de Energía (CRE). SENER provided information about natural gas 
transmission and distribution infrastructure (including pipeline lengths, and the number of 
planned and operating storage units).81 It also provided data on the number of users 
serviced by this infrastructure (indicating the number of meters). The CRE offered 
information about companies licensed to build and operate natural gas lines and the date of 
these concessions.82  Information obtained by means of these data sources was sparse and 
largely derived from permit descriptions where projected information was listed (e.g., 
number of services at the end of the 5-year concession); it is possible therefore that 
emission are slightly over-estimated. Table E-3 summarizes activity data used in estimating 
natural gas industry emissions.  Please note that some information on the table was not 
provided on an annual basis but in periods of five years.  A linear interpolation was applied 
to obtain annual values.   

Oil Industry Emissions 
As described above, there is no oil production or refinement in Baja California. 

Coal Industry Emissions 
There is no coal production or processing in Baja California. 
 

Emission Forecast 

81 Secretaría de Energía. Prospectiva del Mercado de Gas Natural.  México: SENER.  Information taken from 
publications dated 2003 to 2007.  http://www.sener.gob.mx/webSener/portal/index.jsp?id=48#prop2008  
82 A list of permits for natural gas transmission and distribution is available at 
http://www.cre.gob.mx/articulo.aspx?id=169  
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Several assumptions were made in the preparation of the forecast.  Due to the large 
investment involved in building natural gas transmission infrastructure, the forecast 
assumed no transmission pipeline or storage stations beyond already existed in 2008.  On 
the other hand, the distribution network and the number of natural gas customers were 
assumed to grow annually at 2.4% from 2009 to 2025, the same rate as the growth in 
population for the same time period.83 
 
In short, the forecast is driven by moderate growth in population and economic activity, 
and the consequent expansion of the natural gas distribution system.   

 
Table E-3.   Approach to Estimating Historical/Projected Emissions from Fossil Fuel 

Systems 
 

Activity 
Approach to Historical Emissions 

Required Data Data Source Available Data 

Natural gas production Number of wells Not present in Baja California 

Natural gas processing, 
venting and flaring 

Volume of natural gas 
processed Not present in Baja California 

Natural gas transmission 

Miles of transmission 
pipeline CRE/SENER 

Permit dated 16/12/98 = 36 km 
Permit dated 15/12/00 = 217 km 
Permit dated 27/11/03 = 1.6 km 
Permit granted 2005-06 = 6.8 km 

Number of gas 
transmission compressor 
stations 

Not present in Baja California 

Number of storage 
stations SENER 

Permit dated 7/8/03 = 2 
Units became operational in 
2008 

Natural gas distribution 

Miles of distribution 
pipeline SENER 1998-2003 = 0 km 

2004-2009 = 281 km 

Number of services SENER 1998-2003 = 0  
2004-2009 = 19,263  

Oil systems Volume of petroleum 
processed Not present in Baja California 

Coal mining Tons of production Not present in Baja California 

 

83 Souce: II Conteo de Población y Vivienda 2005 with projections by Consejo Nacional de Población (CONAPO).  
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Results 

Table E-4 displays the estimated emissions from the fossil fuel industry in Baja California 
over the period 1990 to 2025. Fugitive emissions from natural gas compressor storage 
stations are the major contributor to forecast emissions. The relative contribution of 
sources to sector total emissions is shown in Table E-5. Figure E-2 displays process-level 
emission trends from the fossil fuel industry, on a million-metric-tons-of-carbon-dioxide-
equivalent (MMtCO2e ) basis. 
 
 

Table E-4. Historical and Projected Emissions for the Fossil Fuel Industry in MMtCO2e 
 

Source 1990 1995 2000 2005 2010 2015 2020 2025 
 NG Transmission - pipeline NA NA 0.002 0.002 0.002 0.002 0.002 0.002 
 NG Transmission - compressor storage NA NA 0.000 0.000 0.040 0.040 0.040 0.040 
 NG Distribution NA NA 0.000 0.003 0.009 0.010 0.011 0.012 
Total NA NA 0.002 0.005 0.051 0.052 0.053 0.055 
NA indicates that no activity was associated with a source for a given year. 

 

Table E-5.  Historical and Projected Distribution of Emissions by Source 
 

Source 1990 1995 2000 2005 2010 2015 2020 2025 
 NG Transmission - pipeline NA NA 100% 39% 4% 4% 4% 4% 
 NG Transmission - compressor storage NA NA 0% 0% 79% 77% 76% 74% 
 NG Distribution NA NA 0% 61% 17% 18% 20% 22% 
Total NA NA 100% 100% 100% 100% 100% 100% 
NA indicates that no activity was associated with a source for a given year. 

 
 

Figure E-2. Fossil Fuel Industry Emission Trends (MMtCO2e) 
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Key Uncertainties 

Key sources of uncertainty underlying the estimates above are as follows:  

• Emission factors were based on U.S. industry-wide averages. Until fugitive 
emissions are disclosed based on plant specific operation and maintenance records 
and local studies (at least specific to Mexican states), significant uncertainties 
remain around both the natural gas transmission and distribution emission 
estimates. This uncertainty is can be quantified as the difference in emission results 
between IPCC Tier 1 method and those from US EPA State Inventory Tool. 

Source IPCC EPA Units Difference 
Emissions from 
transmission 5507.5 2029.3 

Metric tons of 
CH4 -63% 

Emissions from 
distribution 3191.6 389.3 

Metric tons of 
CH4 -88% 

 

• The assumptions used for the projections do not reflect all potential future changes 
that could affect GHG emissions, including future capital expenditures, potential 
changes in regulations and emissions-reducing improvements in oil and gas 
production, processing, and pipeline technologies. 
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Agriculture 

 
Overview 

The emissions covered in this appendix refer to non-energy methane (CH4) and nitrous 
oxide (N2O) emissions from livestock and crop production. Emissions and sinks of carbon 
in agricultural soils due to changes in cultivation practices are also covered. CO2 emissions 
can also occur as a result of urea, lime and dolomite application. Energy emissions 
(combustion of fossil fuels in agricultural equipment) are included in the residential, 
commercial, and industrial (RCI) sector estimates (see Appendix B). Other CO2 emissions or 
sequestration as a result of livestock and crop production are considered to be biogenic, 
and therefore per IPCC guidelines, are not included in GHG emission estimates. 
   
The primary GHG sources and sinks - livestock production, agricultural soils, and crop 
residue burning are further subdivided as follows:  
 
• Enteric fermentation:  CH4 emissions from enteric fermentation are the result of normal 

digestive processes in ruminant and non-ruminant livestock. Microbes in the animal digestive 
system break down food and emit CH4 as a by-product. More CH4 is produced in ruminant 
livestock because of digestive activity in the large fore-stomach.  

• Manure management:  CH4 and N2O emissions from the storage and treatment of livestock 
manure (e.g., in storage piles, compost piles or anaerobic treatment lagoons) occur as a result 
of manure decomposition. The environmental conditions of decomposition drive the relative 
magnitude of emissions. In general, the more anaerobic the conditions are, the more CH4 is 
produced because decomposition is aided by CH4-producing bacteria that thrive in oxygen-
limited conditions. In contrast, N2O emissions are increased under aerobic conditions. The 
2006 IPCC guidelines segregate this source sector as follows: 

o CH4 emissions due to manure management; 
o Direct N2O emissions due to manure management; 
o Indirect N2O emissions due to leaching of nitrogen following manure application; 
o Indirect N2O emissions due to volatilization of nitrogen (e.g., as ammonia) following 

manure application with subsequent nitrogen deposition, denitrification, and N2O 
emissions.  

• Agricultural soils: The management of agricultural soils can result in N2O emissions and net 
fluxes of carbon dioxide (CO2) causing emissions or sinks. In general, soil amendments that 
add nitrogen to soils can also result in N2O emissions. Nitrogen additions drive underlying 
soil nitrification and denitrification cycles, which produce N2O as a by-product. The 2006 
IPCC guidelines segregate this source sector as follows: 

o Direct N2O emissions due to managed soils; 
o Indirect N2O emissions due to nitrogen volatilization and subsequent atmospheric 

deposition; 
o Indirect N2O emissions due to leaching & runoff. 

Note: Agricultural soils can store or release soil carbon, if these soil carbon pools are disturbed 
and oxidized; when oxidized, the soil carbon is released as CO2. Agricultural soil carbon flux is 
considered part of the land use category, and therefore is discussed in the land use and forestry 
appendix.   
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• Aggregate sources and non-CO2 emissions sources on land:   These include all agricultural 
sources which result in CH4 and N2O emissions that do not fall into the above categories.  
The 2006 IPCC guidelines segregate this source sector as follows: 

o Urea application (which is also addressed under agricultural soils above as a nitrogen 
fertilizer): CO2 is emitted during urea decomposition in soils; 

o Liming: CO2 is emitted as a result of pH adjustment in acidic soils; 
o Residue burning:  CH4 and N2O emissions are produced when crop residues are 

burned (CO2 that is emitted is considered biogenic and not reported). 
 
Emissions and Reference Case Projections 
Enteric fermentation   

Methane emissions for 1990 through 2005 were estimated using a Tier 1 method described 
in the 2006 Intergovernmental Panel on Climate Change (IPCC) Guidelines for National 
Greenhouse Gas Inventories (2006 IPCC).84 This method multiplies annual methane 
emission factors specific to each type of ruminant animal to activity data (livestock 
population by animal type). The activity data were provided by SIACON85 and are 
summarized in Table F-1. This methodology, as well as the others described below, is based 
on international guidelines developed by sector experts for preparing GHG emissions 
inventories.86   
 

Table F-1. Livestock Populations 
 

Livestock Type 1990 1995 2000 2005 
Dairy Cows Vacuno lechero 0 34,708 50,239 54,327 
Other Cattle Otros vacunos 184,785 159,258 158,325 175,820 
Buffalo Búfalo     
Sheep Ovinos 5,842 2,389 7,137 26,935 
Goats Caprinos 39,246 44,787 39,945 20,398 
Camels Camelidos     
Horses Equinos     
Mule/Asses Mulas y asnos     
Deer Ciervos     
Alpacas Alpacas     
Swine Porcinos 45,296 28,962 22,212 12,231 
Poultry Aves de corral 2,822,898 1,650,979 644,481 1,232,086 
Rabbits Conejo     

84 GHG emissions were calculated using a Tier 1 method described in Volume 4, Chapter 10 of the 2006 
Intergovernmental Panel on Climate Change Guidelines for National Greenhouse Gas Inventories, published by the 
National Greenhouse Gas Inventory Program of the IPCC, available at (http://www.ipcc-
nggip.iges.or.jp/public/2006gl/index.html.   
85 Sistema de Información Agropecuaria de Consulta (SIACON), a national database that stores agriculture 
and animal farming statistics.  Document in Spanish.  Sistema de Información Agroalimentaria y de Consulta 
1980-2006.  2007.  http://www.oeidrus-tamaulipas.gob.mx/cd_anuario_06/SIACON_2007.html  
86 Revised 2006 IPCC Guidelines for National Greenhouse Gas Inventories and Good Practice Guidance and 
Uncertainty Management in National Greenhouse Gas Inventories, published in 2000 by the National Greenhouse 
Gas Inventory Program of the IPCC, available at: (http://www.ipcc-nggip.iges.or.jp/public/gp/english/).  
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Manure management   

2006 IPCC guidelines were used to estimate methane and nitrous oxide emissions using 
activity data on Baja California livestock populations from 1990 to 2005. The activity data 
were retrieved from Sistema de Información Agropecuaria de Consulta (SIACON; see Table 
F-1). 
 
To calculate CH4 emissions due to manure management, population values are multiplied 
by an estimate for typical animal mass and a volatile solids (VS) production rate to estimate 
the total VS produced. The VS estimate for each animal type is then multiplied by a 
maximum potential CH4 emissions factor and a weighted methane conversion factor (MCF) 
to derive total CH4 emissions. The MCF adjusts the maximum potential methane emissions 
based on the types of manure management systems employed in Baja California. 
 
The emission factors were derived from a combination of regional expert studies87 and 
state practices in manure management. Default IPCC emission and conversion factors were 
used for all emission sources in this sector with input information relating to livestock 
population by type, geographic area, and climate region. The geographic area category 
selected for Baja California was Latin America and climate region categories selected were 
warm (>26 degrees C) and temperate (15-25 degrees C) assigned to 93% and 7% of 
livestock population by type according to the terrain covered by each climate zone (see 
Figure F-1). The assumptions of livestock manure managed by system type and the 
associated methane conversion factors are shown in Tables F-2 and F-3 below. Manure 
management system distribution and methane conversion factors were assumed to remain 
constant through the inventory and forecast years. 
 
Direct N2O emissions due to manure management are derived by using the same animal 
population values above multiplied by the typical animal mass and a total Kjeldahl nitrogen (K-
nitrogen) production factor. The total K-nitrogen is multiplied by a non-volatilization factor to 
determine the fraction that is managed in manure management systems. The unvolatilized 
portion is then divided into fractions that get processed in either liquid (e.g., lagoons) or solid 
waste management systems (e.g., storage piles, daily spread, dry lot). Table F-4 shows the N2O 
emission factor per manure management system.   
 
Indirect N2O emissions due to leaching are derived by taking the mass of nitrogen excreted 
per animal per manure management system multiplied by the fraction of nitrogen released 
through leaching and runoff. The product is then multiplied by a N2O emission factor. 
Indirect N2O emissions due to volatilization are derived by taking the mass of nitrogen 
excreted per animal per manure management system multiplied by the fraction of nitrogen 
released through volatilization. The product is then multiplied by a N2O emission factor. 

87 Study results are summarized in Table 10-A-4 in Volume 4, Chapter 10, of the 2006 IPCC Guidelines for 
National Greenhouse Gas Inventories. 
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The volatilization N2O emissions factor is 0.01 kg N2O-N/kg N, while the emission factor for 
leaching is 0.0075 kg N2O-N/kg N.   
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Figure F-1.  Climate Zone Distribution in Baja California 
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Table F-2.  Default Manure Management Systems Distribution for Latin America 
 

Livestock 
Burned 
for fuel 

Daily 
Spread Digester Dry Lot 

Liquid 
Slurry Other 

Pasture, 
Range, 

Paddock 
Solid 

Storage 
Breeding Swine   2.0% 0.0% 20.5% 4.0% 44.5%   25.0% 
Broilers           100.0%     
Dairy Cows 0.0% 62.0% 0.0% 0.0% 1.0% 0.0% 36.0% 1.0% 
Goats           100.0%     
Horses           100.0%     
Layers (dry)           100.0%     
Layers (wet)           100.0%     
Market Swine   2.0% 0.0% 41.0% 8.0% 39.0%   10.0% 
Mule/Asses           100.0%     
Other Cattle 0.0% 0.0% 0.0% 0.0% 0.0% 1.0% 99.0% 0.0% 
Sheep           100.0%     
Turkeys           100.0%     
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Table F-3.  MCF for Manure Management Systems by Climate Zone 

 

Livestock Climate 
Burned 
for fuel 

Daily 
Spread Digest-er Dry Lot 

Liquid 
Slurry Other 

Pasture, 
Range, 
Paddock 

Solid 
Storage 

Breeding 
Swine  

Temperate   0.5% 10.0% 1.5% 42.0% 1.0%   4.0% 
Warm   1.0% 10.0% 2.0% 78.0% 1.0%   5.0% 

Broilers  Temperate           1.5%     
Warm           1.5%     

Dairy 
Cows  

Temperate 10.0% 0.5% 10.0% 1.5% 42.0% 10.0% 1.5% 4.0% 
Warm 10.0% 1.0% 10.0% 2.0% 78.0% 1.0% 2.0% 5.0% 

Goats  Temperate           1.5%     
Warm           2.0%     

Horses  Temperate           1.5%     
Warm           2.0%     

Layers 
(dry)  

Temperate           1.5%     
Warm           1.5%     

Layers 
(wet)  

Temperate           78.0%     
Warm           80.0%     

Market 
Swine  

Temperate   0.5%   1.5% 42.0% 1.0%   4.0% 
Warm   1.0%   2.0% 78.0% 1.0%   5.0% 

Mule/ 
Asses  

Temperate           1.5%     
Warm           2.0%     

Other 
Cattle  

Temperate 10.0% 0.5% 10.0% 1.5% 42.0% 1.0% 1.5% 4.0% 
Warm 10.0% 1.0% 10.0% 2.0% 78.0% 1.0% 2.0% 5.0% 

Sheep  Temperate           1.5%     
Warm           2.0%     

Turkeys  Temperate           1.5%     
Warm           1.5%     

 
 

Table F-4.  Nitrous Oxide Emission Factors Applied to Manure Management Systems 
  

Management System Emission Factor  
(kg N2O-N/kg N excreted) 

Daily Spread 0 
Digester 0 
Dry Lot 0.02 
Lagoon 0 
Liquid Slurry 0.005 
Other 0.001 
Pit  0.002 
Pit >1 month 0.002 
Solid Storage 0.005 
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Agricultural soils 

The decomposition of crop residues and nitrogen fixing crops add nitrogen to the 
nitrification and de-nitrification cycle in the soil, which produces N2O as a by-product. The 
amount of nitrogen in crop soils was calculated as the product of crop dry matter harvested 
annually, the ratio of plant dry matter to crop dry matter, the nitrogen fraction of the plant 
dry matter, and the default nitrogen emission factor. In Table F-5, nitrogen fixing crops are 
beans and pulses.  

 

Table F-5.  Inventory Crop Production in Metric Tons88 

Crop 1990 1995 2000 2005 
N-fixing forages Forrajes fijadores de N 0 0 0 12 
Non-N-fixing forages Forrajes no fijadores de N 153,905 438,128 290,138 728,344 
Beans & pulses Frijoles y legumbres 381 1518 4019.72 4139.09 
Grains Granos 0 0 0 0 
Perennial grasses Hierbas perennes 514,477 400,793 200,869 264,287 
Grass-clover mixtures Mezcla de hierba y trébol 0 0 10 0 
Root crops, other Raíces, otros 20,141 16,463 16,864 10,003 
Tubers Tubérculos 0 0 0 0 
Alfalfa Alfalfa 1,063,371 1,278,000 2,109,783 2,158,030 
Rice Arroz 0 0 0 0 
Oats Avena 0 349 0 954.4 
Peanut (w/pod) Cacahuetes (c/ vaina) 0 1 0 0 
Barley Cebada 30,368 25,962 1,574 11,670 
Rye Centeno 0 0 0 0 
Dry bean Frijoles 0 0 0 0 
Non-legume hay Heno no leguminoso 0 0 0 0 
Maize Maíz 7,683 6,583 10,855 2,584 
Millet Mijo 0 0 0 0 
Potato Patatas 15,462 7,861 3,543 924 
Soyabean Soja 0 0 0 0 
Sorghum Sorgo 10,028 19,242 23,705 9,705 
Wheat Trigo 256,642 394,944 535,901 504,514 
 
Application of synthetic fertilizer also adds nitrogen to the nitrification and de-nitrification cycle 
in the soil and contributes the release of N2O to the atmosphere. Emissions from the application 
of fertilizer to agricultural lands were based on data from the International Fertilizer Industry 
Association.89 Table F-6 shows the estimate of N applied for each year. 
 

Table F-6.  Fertilizer Application Data 

Parameter 1990 1995 2000 2005 
Quantity (kg N) 14,522,061 12,237,721 14,447,387 12,139,995 

88 Sistema de Información Agropecuaria de Consulta (SIACON), a national database that stores agriculture 
and animal farming statistics.  Document in Spanish.  Sistema de Información Agroalimentaria y de Consulta 
1980-2006.  2007.  http://www.oeidrus-tamaulipas.gob.mx/cd_anuario_06/SIACON_2007.html  
89  International Fertilizer Industry Association (http://www.fertilizer.org/ifa/ifadata/search).  Data on N applied by 
state for 1990-2005. 
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Additions of nitrogen to the soil from organic fertilizers was calculated as the amount of total 
nitrogen available from reclaimed manure less the amount of this nitrogen dedicated for the 
purposes of feed, fuel or construction. In the case of Baja California, it was assumed no manure 
went to feed, fuel, or construction. 
 
Nitrogen input to soils from the deposition of urine and dung by grazing animals on 
pasture, range and paddock was calculated as the fraction of nitrogen in manure that is left 
unmanaged on fields as a result of grazing. Table F-3 identifies the default fraction of 
manure left unmanaged.   
 
In regard to cultivation of histosols which can also result in N2O emissions, it was determined 
that the cultivation of these highly organic soils did not apply to Baja California, because 
histosols only exist in boreal regions. Similarly, no consideration was given to flooding and 
draining of organic soils because such practice does not occur in the state. 
 
Aggregate sources and non-CO2 emissions sources on land 

 These include urea (applied as a source of N) and lime and dolomite which are used to 
neutralize acidic soils. All three amendments emit CO2, which results from the breakdown of 
each compound. No data have been identified for Baja California to estimate emissions from 
these additional amendments. Urea could be one of the commercial fertilizers captured within the 
total N represented in Table F-6 above; however, detailed information on the types of fertilizers 
applied was not available.    
 
Residue burning   

Agricultural burning can result in emissions of both N2O and CH4. Data on acres burned in 
Baja California could not be found, and therefore emissions from residue burning are 
assumed to be zero. When estimates of the tons or acres of Baja California crops burned are 
found, these emissions will be included in the analysis.   
 

Forecast Data 

Forecast estimates were based on livestock population and crop production trends from 
1990-2005. The resulting growth rates used to estimate 2005 through 2025 emissions are 
listed in Tables F-7 and F-8. Note that a negative growth indicates a decrease in livestock 
population or crop production. Based on these growth rates, forecast livestock and crop 
production activity were estimated through the year 2025. Forecast livestock population 
and crop production values are shown in Tables F-9 and F-10.  
 
Livestock population figures are used to estimate emissions from manure management, 
and enteric fermentation. Population figures are also used to estimate organic additions 
and animal waste deposits on the land, which are used in the calculations of N2O emissions 
from agricultural soils. The crop production figures are used to estimate the crop residues 
left on the soil, which also gets factored into the ag soils N2O emissions calculation. N 
fertilizer applications are also used in the calculation of N2O emissions from ag soils. The 
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fertilizer estimate (-0.1% annual growth) is forecast based on the change in N fertilizer 
application between 1995 and 2005.  
 

Table F-7. Growth Rates Applied to Livestock Population 
 

Livestock Type Rate (%) 
Period of 

Measurement 
Dairy Cows Vacuno lechero 1.6% 2000-2005 
Other Cattle Otros vacunos 2.1% 2000-2005 
Buffalo Búfalo   
Sheep Ovinos 0.0% N/A* 
Goats Caprinos 0.0% N/A* 
Camels Camelidos   
Horses Equinos   
Mule/Asses Mulas y asnos   
Deer Ciervos   
Alpacas Alpacas   
Swine Porcinos 0.0% N/A* 
Poultry Aves de corral 0.0% N/A* 
Rabbits Conejo   
* In some cases, data from year to year fluctuated dramatically, and no distinct 
growth trend could be seen.  In these cases, no growth was assumed.   

 

 
Table F-8. Growth Rates Applied to Crop Production 

 
Crop Mean Annual Growth  

English  Spanish Rate (%) 
Period of 

Measurement 
N-fixing forages Forrajes fijadores de N 0.0% N/A* 
Non-N-fixing forages Forrajes no fijadores de N 0.0% N/A* 
Beans & pulses Frijoles y legumbres 0.6% 2000-2005 
Grains Granos   
Perennial grasses Hierbas perennes 5.6% 2000-2005 
Grass-clover mixtures Mezcla de hierba y trébol  2000-2005 
Root crops, other Raíces, otros -9.9% 2000-2005 
Tubers Tubérculos   
Alfalfa Alfalfa 0.5% 2000-2005 
Rice Arroz   
Oats Avena 0.0% N/A* 
Peanut (w/pod) Cacahuetes (c/ vaina) 0.0% N/A* 
Barley Cebada 0.0% N/A* 
Rye Centeno   
Dry bean Frijoles   
Non-legume hay Heno no leguminoso   
Maize Maíz -25.0% 2000-2005 
Millet Mijo   
Potato Patatas -23.6% 2000-2005 
Soyabean Soja   
Sorghum Sorgo -16.4% 2000-2005 
Wheat Trigo -1.2% 2000-2005 
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Crop Mean Annual Growth  

English  Spanish Rate (%) 
Period of 

Measurement 
* In some cases, data from year to year fluctuated dramatically, and no distinct growth trend 
could be seen.  In these cases, no growth was assumed.   

 
 

Table F-9.  Forecast Livestock Populations 2005-2025 
 

Livestock Type 2005 2010 2015 2020 2025 
Dairy Cows Vacuno lechero 54,327 58,748 63,528 68,697 74,287 
Other Cattle Otros vacunos 175,820 195,248 216,823 240,782 267,389 
Buffalo Búfalo      
Sheep Ovinos 26,935 26,935 26,935 26,935 26,935 
Goats Caprinos 20,398 20,398 20,398 20,398 20,398 
Camels Camelidos      
Horses Equinos      
Mule/Asses Mulas y asnos      
Deer Ciervos      
Alpacas Alpacas      
Swine Porcinos 12,231 12,231 12,231 12,231 12,231 
Poultry Aves de corral 1,232,086 1,232,086 1,232,086 1,232,086 1,232,086 
Rabbits Conejo      

 
Table F-10.  Forecast Crop Production 2005-2025, Metric Tons 

 
Crop Type 2005 2010 2015 2020 2025 

N-fixing forages Forrajes fijadores de N 12 12 12 12 12 
Non-N-fixing forages Forrajes no fijadores de N 728,344 728,344 728,344 728,344 728,344 
Beans & pulses Frijoles y legumbres 4,139 4,262 4,389 4,519 4,653 
Grains Granos 0 0 0 0 0 
Perennial grasses Hierbas perennes 264,287 347,727 457,511 601,955 792,003 
Grass-clover mixtures Mezcla de hierba y trébol 0 0 0 0 0 
Root crops, other Raíces, otros 10,003 5,934 3,520 2,088 1,239 
Tubers Tubérculos 0 0 0 0 0 
Alfalfa Alfalfa 2,158,030 2,207,382 2,257,862 2,309,496 2,362,311 
Rice Arroz 0 0 0 0 0 
Oats Avena 954 954 954 954 954 
Peanut (w/pod) Cacahuetes (c/ vaina) 0 0 0 0 0 
Barley Cebada 11,670 11,670 11,670 11,670 11,670 
Rye Centeno 0 0 0 0 0 
Dry bean Frijoles 0 0 0 0 0 
Non-legume hay Heno no leguminoso 0 0 0 0 0 
Maize Maíz 2,584 615 146 35 8 
Millet Mijo 0 0 0 0 0 
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Crop Type 2005 2010 2015 2020 2025 

Potato Patatas 924 241 63 16 4 
Soyabean Soja 0 0 0 0 0 
Sorghum Sorgo 9,705 3,973 1,627 666 273 
Wheat Trigo 504,514 474,964 447,146 420,956 396,301 

 
Results 
During inventory years (1990 through 2005), total agricultural emissions increased by 
15% reaching levels on the order of 0.49 million metric tons of carbon dioxide equivalents 
(MMtCO2e). In 1990, the top two emitting sources were enteric fermentation and 
agricultural soils. Enteric fermentation alone accounted for 52% of total greenhouse gas 
emissions in 1990.  The fastest growing source through the time period was residue 
burning with total growth of 30% between 1990 and 2005; all other sources had minimal 
growth.    
 
During forecast years (2005 through 2025), total agriculture emissions are projected to 
increase by 39% attaining levels around 0.68 million metric tons of carbon dioxide 
equivalents. In 2025, the top two emitting source sectors are expected to be enteric 
fermentation and agricultural soils. Enteric fermentation accounts for 62% of total 
greenhouse gas emissions in 2025. Enteric fermentation is also the fastest growing source 
through the time period, with a total growth rate of 50% between 2005 and 2025.  
 
Figure F-2 and Table F-11 summarize greenhouse gas emission estimates by source sector. 
The distribution of greenhouse gas emissions by source is presented in Table F-12. Finally, 
mean annual growth rates for selected time intervals are listed in Table F-13.  
 

Figure F-2.  GHG Emissions from Agriculture 1990-2025 
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Table F-11.  GHG Emissions from Agriculture (MMtCO2e) 

 
Source Sector 1990 1995 2000 2005 2010 2015 2020 2025 

Enteric Fermentation 0.22 0.24 0.26 0.28 0.31 0.34 0.38 0.42 
Manure Management 0.007 0.007 0.007 0.007 0.008 0.008 0.009 0.010 
Agricultural Soils 0.20 0.18 0.21 0.20 0.21 0.23 0.24 0.25 
Residue Burning Not Estimated 
Total 0.43 0.43 0.47 0.49 0.53 0.58 0.63 0.68 

 
 

Table F-12.  GHG Emission Distribution in the Agriculture Sector 
 

Source 1990 1995 2000 2005 2010 2015 2020 2025 

Enteric Fermentation 52.2% 55.5% 54.8% 57.6% 58.6% 59.6% 60.4% 61.2% 
Manure Management 1.7% 1.6% 1.4% 1.5% 1.5% 1.5% 1.5% 1.5% 
Agricultural Soils 45.6% 42.7% 43.5% 40.8% 39.9% 39.0% 38.1% 37.3% 

 

Table F-13.  GHG Mean Annual Growth Rate for Selected Time Intervals 
 

Agriculture 1990-2005 2005-2025 1990-2025 
Enteric Fermentation 1.6% 2.0% 1.8% 
Manure Management 0.1% 1.6% 1.0% 
Agricultural Soils 0.2% 1.2% 0.8% 

 
Key Uncertainties and Research Needs 

In order to reduce uncertainty associated with greenhouse gas emissions from enteric 
fermentation processes, it is recommended that an enhanced characterization of the 
livestock population be developed. In the case of Baja California, “other cattle” (non-dairy 
cows) accounts for 76% of the ruminant population in 2005. This broad category could be 
broken down into subcategories (e.g., calves, bulls, etc) and by the number of cattle in 
pasture versus on feedlots. Then, emission factors specific to each of the subcategories 
could be applied. At a minimum, the following information is required to develop livestock 
subcategory specific emission factors: 1) feed intake estimate, 2) average animal weight, 3) 
animal activity index, 4) feeding conditions, and 5) mean winter conditions. Additional 
effort put into this source category will significantly impact a large share of total enteric 
fermentation emissions.  
 
For manure management, no information was identified to indicate that any of the State’s 
confined animal operations was employing controls to reduce methane emissions, such as 
anaerobic digesters. The forecast also assumes that none of these projects will be 
implemented prior to 2025. To the extent that this assumption is incorrect, future methane 
emissions from manure management are over-estimated.   
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Emissions from the application of fertilizer to agricultural lands were calculated from 
estimates of fertilizer application from the International Fertilizer Industry Association. 
Since the application of fertilizers varies significantly from crop to crop, it is recommended 
that nitrogen additions be segregated by crop and by fertilizer type, if possible (including 
different commercial fertilizers and organic fertilizers, like manure). This information 
combined with fertilized area by crop will result in decreased uncertainty. 
 
Agricultural residue burning is not considered in this analysis because of a lack of data.  
Emissions factors do exist for the GHG emissions of burning various crop residues; 
however data on the acreage of crop residue burning in Baja California does not exist. If 
that information could be found it would improve the analysis. Prescribed burning is not 
typically a significant source (less than 1% of total ag emissions in most US states), but, 
nonetheless, it does contribute to overall GHG emissions.     
 
A final contributor to the uncertainty in the emission estimates is the forecast assumptions. 
Mean annual growth rates were derived from historical trends during the period 2000 
through 2005; however, historical data were inconsistent. The early nineties experienced 
very high livestock population and crop production values which declined sharply by 2000. 
Even during high yield years, values oscillated sharply from one year to the next. The 
fluctuation of values may indicate poor quality data. In cases where data from year to year 
fluctuated dramatically, and no distinct growth trend could be seen, no growth was 
assumed. Input from in-state agricultural experts could improve the forecast estimates. 
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Waste Management 

 
Overview 

Greenhouse gas (GHG) emissions from waste management include: 

• Solid waste disposal – methane (CH4) emissions from solid waste disposal sites 
(SWDS), accounting for potential CH4 that is flared or captured for energy 
production (this includes both open and closed landfills):90  

• Incineration and open burning of waste – CH4, carbon dioxide (CO2), and nitrous 
oxide (N2O) emissions from the combustion of solid waste (e.g., residential open 
burning); and 

• Wastewater (WW) treatment and discharge – CH4 and N2O from domestic 
wastewater and CH4 from industrial wastewater treatment facilities. 

  
Inventory and Reference Case Projections 

Solid Waste Disposal 

For solid waste management, solid waste disposal site (SWDS) emplacement data were 
obtained from studies conducted by the Secretaría de Desarrollo Social (SEDESOL) 
compiled and available through the Sistema Nacional de Información Ambiental y Recursos 
Naturales (SNIARN).91 This database provided the annual mass of municipal solid waste 
(residuos sólidos urbanos) by state for the period 1998-2006. Historic population values 
were used to model emplacement starting in 1960; similarly, population projections were 
used to determine future municipal waste generation rates. Population projections through 
2025 were obtained from the Comisión Nacional de la Población (CONAPO). Emissions 
were modeled using the first order decay (FOD) model from the 2006 IPCC guidelines.92   
 
The term “generation” typically refers to all waste entering the waste stream, which would 
include waste incineration, landfilling, recycling, and composting. However, as Baja 
California does not track solid waste managed via incineration, recycling, composting, or 
other methods, it is assumed that all waste generated (entering the waste stream) 
decomposes at SWDS according to the FOD model, whether the waste is disposed of in a 
regulated or non-regulated SWDS. Waste treated through open burning is assumed to not 
enter the waste stream and is therefore not subtracted from the total waste generation (i.e. 
solid waste managed via open burning is not captured within the SNIARN solid waste 
generation estimates). 

90 CCS acknowledges that N2O and CH4 emissions are also produced from the combustion of landfill gas; however, 
these emissions tend to be negligible for the purposes of developing a state-level inventory for policy analysis. Note 
also that the CO2 emitted from landfills is considered to be of biogenic origin (e.g., forest products waste, food 
waste, yard waste); hence, these emissions are excluded from the estimates of CO2e from waste generation 
91 Secretaría de Medio Ambiente y Recursos Naturales.  Sistema Nacional de Información Ambiental y Recursos 
Naturales.  Dimensión Ambiental, Residuos. Based on municipal studies conducted by (SEDESOL. Online at: 
http://www.semarnat.gob.mx/informacionambiental/Pages/index-sniarn.aspx  
92 IPCC. 2006 IPCC Guidelines for National Greenhouse Gas Inventories Volume 5: Waste.  Online at: 
http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html  
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The classification of industrial waste (desechos de manejo especial) exists in the Mexican 
legislation;93 however, in practice, municipal solid waste (desechos sólidos urbanos) and 
industrial waste (desechos de manejo especial) are consolidated at disposal sites.  
Consequently, no additional/separate emissions were estimated for industrial waste, since 
these emissions are already counted as part of emissions from municipal solid waste sites. 
 
Information on the classification of landfills (i.e. managed vs. unmanaged) was not 
available. Therefore, CCS accepted the IPCC defaults for methane correction factor (MCF, 
0.6) and oxidation factor (0%). The MCF accounts for the fact that waste at unmanaged 
sites tends to decompose in an aerobic environment, producing less methane per unit of 
waste than waste at managed sites, where waste decomposes in an anaerobic manner. The 
oxidation factor takes into account the amount of methane that is oxidized (converted from 
methane to CO2 before it enters the atmosphere). The default oxidation factor of 0% was 
accepted by CCS due to the expectation that many sites don’t have substantial soil cover, 
thereby reducing the likelihood of oxidation at the surface. It is important to note here that 
the CO2 emitted from SWDS is considered to be of biogenic origin (e.g., forest products 
waste, food waste, yard waste); hence, these emissions are excluded from the estimates of 
CO2e from SWDS.    
 
According to the United Nations Framework for Climate Change Convention (UNFCCC),94 
there is one landfill site in Baja California – the Valle Verde landfill – that is a participant in the 
Clean Development Mechanism (CDM) program, accepting credit for emission reductions for 
the years 2009 through 2019. 95  CCS accounted for the GHG reductions from methane 
destruction; however, any offset fossil fuel combustion to generate electricity is not reflected in 
this chapter but would be accounted for under the Residential, Commercial and Industrial Fuel 
Combustion Appendix. The CDM report does not provide information on methane destruction 
prior to 2009 and after 2019. CCS assumes that the project will continue beyond 2019. 
Therefore, CCS used the average annual change in methane destruction from 2010 through 2019 
to estimate the amount of methane destroyed per year for the years 2020 through 2025.96 The 
methane destruction value provided by the CDM report for 2019 represents the methane 
destroyed from January through June of that year. This value was corrected to represent the 
whole year by multiplying the original 2019 value by two. Table G-1 displays the methane 
destruction values for the Valle Verde landfill provided by the CDM report, as well as the 
methane destruction extrapolated by CCS. The GHG reductions through methane destroyed are 
subtracted from the methane generation forecast made by the FOD equation in the IPCC waste 
model. 
 

93 Ley General par la Prevención y gestión Integral de los Residuos, Articulo 5. 
94 UNFCCC, 2009. CDM Project Search. http://cdm.unfccc.int/Projects/projsearch.html.  Reference retrieved from Climate 
Action Reserve.  Protocolo de Reporte de Proyectos en Rellenos Sanitarios en México Recolección y Destrucción del Metano 
de los Rellenos Sanitarios; Versión 1.0. March 2009 
95 UNFCCC, 2006. Clean Development Mechanism Project Design Document Form – Valle Verde Landfill Gas 
Project. Version 3.1.  
96 The exact start date of the project was not reported in the CDM Report.  Therefore, it is assumed that the methane 
destruction reported for 2009 is the actual value for methane destruction in that year. Therefore, for the purpose of 
projection through 2025, the 2010 through 2019 average annual change was used. 
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Table G-1. Destruction of Methane at Valle Verde Landfill, 2009-2025 
 

 
 

Year 

Methane Destruction – 
CDM Report 
(tCH4/year) 

Methane Destruction – 
CCS Model Inputs 

(tCH4/year) 
2009 1,376 1,376 
2010 11,397 11,397 
2011 10,722 10,722 
2012 10,168 10,168 
2013 9,643 9,643 
2014 9,146 9,146 
2015 8,675 8,675 
2016 8,228 8,228 
2017 7,806 7,806 
2018 7,405 7,405 
2019 2,906a 5,812 
2020 0 5,496 
2021 0 5,196 
2022 0 4,913 
2023 0 4,646 
2024 0 4,393 
2025 0 4,154 

a Represents only the first half of the calendar year.   
 

Another factor used by the IPCC Waste Model to compute methane emissions at SWDS is the 
composition of waste at the SWDS. IPCC provides default waste composition for North 
America. Secretaría de Medio Ambiente y Recursos Naturales (SEMARNAT) also provided 
national-level waste composition data for Mexico. However, the UNFCCC report on the Valle 
Verde Landfill Gas CDM project provides SWDS-specific waste composition data, based on a 
survey of waste going into the SWDS. It is assumed that these data are more representative of the 
waste composition in Baja California and are used as the waste composition inputs for the IPCC 
model. Table G-2 displays the waste composition input options, including the Valle Verde 
Landfill, which was used for this inventory and forecast project. This table shows that the waste 
composition at the Valle Verde landfill is reasonably similar to the IPCC default and Mexico 
national data. 
 

Table G-2. Waste Composition Inputs (% of Waste Landfilled) 
 

Waste Type MX National IPCC Default Valle Verde Landfill 
Food 51.7% 33.9% 36.7% 
Garden 0.0% 0.0% 17.7% 
Paper 14.4% 23.2% 12.2% 
Wood 0.0% 6.2% 0.7% 
Textile 1.5% 3.9% 0.0% 
Nappies 0.0% 0.0% 0.7% 
Plastics, other inert 32.4% 32.8% 32.0% 
Total 100.0% 100.0% 100.0% 
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As organic wastes are deposited in landfills, some of the carbon in those wastes is not 
released as landfill gas, and therefore is sequestered long-term in the SWDS. Such 
sequestration from food and garden wastes is considered in this inventory and forecast. 
Sequestration of carbon in paper and wood products is considered as long-term 
sequestration attributed to the forestry sector. As described in the Forestry & Land Use 
Appendix; this I&F currently does not have information on in-state wood products 
manufacturing and modeled end use (e.g., paper, lumber, energy, waste). It is likely that 
much of the forest products waste that is disposed at SWDS in Baja California comes 
from out of state sources; hence, sequestration in SWDS for these wastes is not 
counted in this I&F. However, the quantity of carbon sequestered in landfills from food 
and garden waste is quantified using the aforementioned waste composition inputs for 
Baja California SWDS and the IPCC Waste Model and represented in the results shown 
below. 
 

Incineration and Open Burning of Waste 

There are two types of solid waste combustion: 1) by incineration, and 2) open burning. 
The incineration of solid waste is not regulated by the state. Furthermore, open burning is 
common but not recorded. Open burning of solid waste is assumed to be most common in 
rural areas, where residents do not have access to solid waste management services. Waste 
generation and disposal data specific to rural and urban areas are not available, leading 
CCS to make assumptions necessary to complete the estimation of emissions from this 
source. 
 
CONAPO produced a projection of population for each state in Mexico, including detail on 
population in areas considered rural (less than 2,500 people in a population center). The 
CONAPO data provided projections of rural population for the years 2005 through 2025.97 
Rural population for 1990 through 2004 was calculated by multiplying the ratio of 
rural:total population by the total population for each year reported by Instituto Nacional 
de Estadística, Geografía, e Informática (INEGI).98 The per-capita MSW generation 
estimates from the solid waste disposal source sector were multiplied by the rural 
population to produce an estimate of waste combusted through open burning in each year. 
Emissions from open burning were calculated using the Baja California activity data, 
developed using the methods described above, and IPCC emission factors.99 
  
Wastewater Treatment and Discharge  
 
GHG emissions from domestic and industrial wastewater treatment were also estimated. 
For domestic wastewater treatment, emissions are calculated using 2006 IPCC guidelines, 

97 State population projections were obtained from CONAPO for 2006 to 2025.  Source: 
http://www.conapo.gob.mx/00cifras/5.htm. 
98 INEGI. Historic state population for years 1990, 1995, 2000, 2005. Source: 
http://www.inegi.org.mx/inegi/default.aspx.   
99 IPCC, 2006. “2006 IPCC Guidelines for National Greenhouse Gas Inventories: Volume 5: Waste.” Chapter 5: 
Incineration and Open Burning of Waste. Available at: http://www.ipcc-
nggip.iges.or.jp/public/2006gl/pdf/5_Volume5/V5_5_Ch5_IOB.pdf.   
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and are based on state population, fraction of each treatment type (e.g., aerobic treatment 
plant, naerobic lagoon,  septic system, or latrine treatment), and emission factors for N2O 
and CH4.100 The key IPCC emission factors are shown in Table G-3.  
 
The percentage of Baja California residents on city sewer is 89%, according to 2005 housing 
statistics published by INEGI101, and it is presumed that 11% of domestic wastewater generation 
is uncollected.102 Comisión Nacional del Agua (CONAGUA) provided in-state wastewater 
treatment capacity by treatment system. This information was used to breakdown the population, 
whose wastewater is collected by city sewers, by each type of treatment system.103 Three 
assumptions were made in the process of allocating wastewater flow to each discharge pathway; 
1) all wastewater collected by a sewer system is treated by a wastewater treatment facility, 2) 
uncollected wastewater is treated in latrines, and 3) direct nitrous oxide emission occur in 
centralized aerobic treatment plants, and indirect nitrous oxide emissions occur from the 
discharge of wastewater effluent from anaerobic treatment systems to aquatic environments.  
Figure G-1 shows wastewater treatment system and discharge pathways for Baja California with 
the fraction of effluent associated by each system. Domestic wastewater emissions were 
projected based on the projected population growth rate for 2005-2025 for a growth rate of 
2.45% per year.104 

 
Figure G-1.  Wastewater Treatment Systems and Discharge Pathways 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

100 IPCC, 2006. “2006 IPCC Guidelines for National Greenhouse Gas Inventories: Volume 5: Waste.” Chapter 6: 
Wastewater Treatment and Discharge. Available at: http://www.ipcc-
nggip.iges.or.jp/public/2006gl/pdf/5_Volume5/V5_6_Ch6_Wastewater.pdf  
101  INEGI.  Censos Generales de Población y Vivienda: http://www.inegi.org.mx/inegi/default.aspx 
102 Retrieved May, 2008 from: 
http://www.inegi.gob.mx/est/contenidos/espanol/sistemas/conteo2005/iter2005/selentcampo.aspx  
103 Consejo Nacional del Agua, 2007. Inventario Nacional de Plantas Municipales de Potabilización y de 
Tratamiento de Aguas Residuales en Operación.  México: CONAGUA. 
104 INEGI. Historic state population for years 1990, 1995, 2000, 2005. Source: 
http://www.inegi.org.mx/inegi/default.aspx.State population projections were obtained from CONAPO for 2006 to 
2025.  Source: http://www.conapo.gob.mx/00cifras/5.htm.  
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1) Wastewater treatment – This category accounts for methane and nitrous oxide 

emissions resulting from municipal and industrial wastewater treatment. 

a. Domestic WW – methane: for each treatment option, methane is calculated as 
the fraction of the population utilizing the treatment system, the capacity of 
the system to generate methane based on BOD, population and BOD 
generation rate per capita. This is described by the formula:    
 

25.325][4 ×××××=∑ BODPMCFBUEmisiones j
j

ojCH  

Where: 
Uj = population fraction connected to treatment system j  
Bo= maximum methane generation capacity 
MCFj =methane correction factor 
j = treatment system/option  
P = population  
BOD = BOD per capita per day  
325.25 = days in a year 

 
b. Domestic WW – nitrous oxide: nitrous oxide emissions occur in aerobic 

treatment plants and during the discharge of effluent to aquatic 
environments. Emissions from aerobic treatment plants is calculated as the 
fraction of the population serviced by the plant times a default plant emission 
factor (see 2006 IPCC, Volume 5, Equation 6.9). CCS correlated the treatment 
categories in operation in the state from CONAGUA publications with the 
treatment categories described in the IPCC guidance. As part of this exercise, 
all aerobic treatments systems were correlated under one single IPCC 
category encompassing all aerobic systems, namely, centralized aerobic 
plants. For aerobic treatment processes, the equation for estimating N2O 
emissions is as follows:  
 

N2OPLANT = P x TPLANT x PIND-COM  x EFPLANT 
 
Where: 
N2OPLANTS = total N2O emissions from plants in inventory year, kg N2O/yr 
P = human population 
TPLANT = degree of utilization of aerobic modern, centralized WWT plants, 
%.  This fraction was determined as the ratio of state-wide 
nitrification/denitrification treatment capacity to total treatment capacity 
multiplied by the fraction of the population that is connected to the sewer.  
FIND-COMM = factor to allow for co-discharge of industrial nitrogen into 
sewer; default value 1.25. 
EFPLANT = emission factor, 3.2 g N2O/person/year. 

 
Most nitrous oxide emissions occur by the discharge of wastewater effluent that 
is ultimately released to aquatic environments. The effluent contains residual 
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levels of nitrogen rich substances that eventually decompose and release nitrous 
oxide emissions. This estimate is driven by population and the amount of protein 
consumption per capita: 

 
EmissionsN2O = P x Protein x FNPR x FIND-COM  x EF x (44/28) 

 
Where: 
P = population 
Protein = annual protein consumption rate per capita. Per the Food and 
Agriculture Organization (FAO), the average rate from 1990 to 2003 for 
México is 31 kg/person/year. 
FNPR = fraction of nitrogen in protein.   
FIND-COM = factor to allow for co-discharge of industrial nitrogen into sewer; 
default value 1.25 
EF = emission factor, the product of Bo and MCF factors 
(44/28) = N to N2O conversion factor. 

 
Table G-3. Treatment Fractions and IPCC Emission Factors for Domestic Wastewater 

Treatment 

 
Treatment System 

N2O Emission 
Factor 

CH4 Emission Factors 

MCF 
Bo  

(kg CH4/kg 
BOD) 

BOD 
(g/person/day) 

Latrine n/a 0.5 0.6 40 
Anaerobic Lagoon n/a 0.8 0.6 40 
Septic system n/a 0.5 0.6 40 
Centralized, aerobic treatment plant 3.2 g 

N2O/person/yeara 
0.3 0.6 40 

Effluent discharge to aquatic 
environment 

0.005  
kg N2O-N/kg Nb 

n/a n/a n/a 

a Emission factor for direct nitrous oxide emissions 
b Emission factor for indirect nitrous oxide emissions 

 
For industrial wastewater emissions, IPCC provides default assumptions and emission 
factors for four industrial sectors: Malt and Beer, Red Meat & Poultry, Pulp & Paper, and 
Fruits & Vegetables. INEGI provided data on red meat processing.105 No data were available 
for malt and beer, pulp and paper, fruit and vegetable and poultry processing. Current 
industrial production data for red meat were used to estimate emissions for all historic 
years from 2002-2007, along with the IPCC emission factors for red meat production. 
Emissions were back-cast to 1990, assuming that activity in each year (1990 through 2001) 
was equal to the 2002 activity, where no industrial wastewater was processed. Emissions 
were forecast, assuming that emissions in each year were equal to the 2007 emission 
estimate. 
 

105 Instituto Nacional de Estadísticas, Geografía e Informática.  Estadísticas de Ganado en Rastros Municipales 
por Entidad Federativa 2002-2007.  Online at: 
http://www.inegi.org.mx/est/contenidos/espanol/proyectos/coesme/programas/programa2.asp?clave=06
3&c=10984. 
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Results 

Figure G-2 and Table G-4 show the emission estimates for the waste management sector. 
Overall, the sector accounts for 0.72 MMtCO2e in 2005, and emissions are estimated to be 
1.20 MMtCO2e/yr in 2025. Accounting for SWDS carbon storage yields the net emission 
estimates of 0.60 MMtCO2e and 1.01 MMtCO2e for 2005 and 2025, respectively. The large 
dip in landfill emissions after 2009 is due to the reduction of methane emissions from the 
aforementioned Valle Verde CDM landfill gas project. 
 

Figure G-2.  Baja California, Mexico Gross GHG Emissions from Waste Management, 
1990-2025 

 

 
  Source: Based on approach described in text. 

 
 

Table G-4.  Baja California GHG Emissions from Waste Management (MMtCO2e) 
 

Source 1990 1995 2000 2005 2010 2015 2020 2025 
Solid Waste Disposal Sites 0.20  0.24  0.30  0.37  0.22  0.37  0.53  0.66  
Open Burning 0.03  0.04  0.05  0.06  0.07  0.07  0.08  0.08  
Domestic Wastewater 0.17  0.21  0.25  0.28  0.32  0.36  0.41  0.46  
Industrial Wastewater 0.00  0.00  0.00  4.1E-04 4.6E-04 4.6E-04 4.6E-04 4.6E-04 
Total Gross Emissions 0.40  0.50  0.60  0.72  0.61  0.80  1.01  1.20  
Carbon Stored in SWDS 0.06  0.08  0.09  0.12  0.14  0.16  0.18  0.19  
Total Net Emissions 0.34  0.42  0.50  0.60  0.47  0.64  0.84  1.01  
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As shown in Table G-5, in 2005, the largest sources in the waste management sector were 
emissions from SWDS and emissions from domestic wastewater, accounting for 52% and 
40% of total sector emissions. By 2025, the contribution of emissions from SWDS (55%) 
and domestic wastewater emissions (38%) will change slightly from 2005. Emissions from 
open burning account for 9% and 7% of the total sector emissions in 2005 and 2025, 
respectively. Emissions from industrial wastewater contributed minimally towards the 
waste sector emissions; however, data for only red meat production were available. The 
relative contribution from SWDS decreases at the point where the methane destruction 
values relative to emissions are highest (2010, 2015). 

 

Table G-5.  Gross GHG Emission Distribution in the Waste Management Sector 
 

Source 1990 1995 2000 2005 2010 2015 2020 2025 
Solid Waste Disposal Sites 50.5% 49.1% 49.9% 51.6% 35.9% 45.6% 52.1% 54.7% 
Open Burning 8.2% 8.5% 8.5% 8.8% 11.3% 9.2% 7.7% 7.0% 
Domestic Wastewater 41.1% 42.3% 41.5% 39.6% 52.7% 45.1% 40.2% 38.2% 
Industrial Wastewater 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.0% 0.0% 
Total  100% 100% 100% 100% 100% 100% 100% 100% 

 

Key Uncertainties and Future Research Needs 

According to the Guidelines of the IPCC, a first order decay model to estimate emission 
from solid waste disposal sites contains inherent uncertainties, which are described below: 

• Decay of carbon compounds to methane involves a series of complex chemical 
reactions and may not always follow a first-order decay reaction. Higher order 
reactions may be involved, and reaction rates will vary with conditions at the 
specific solid waste disposal site (SWDS). Reactions may be limited by restricted 
access to water and local variations in populations of bacteria. 

• SWDS are heterogeneous. Conditions such as temperature, moisture, waste 
composition and compaction vary considerably even within a single site, and even 
more between different sites in a country. Selection of ‘average’ parameter values 
typical for a whole country is difficult. 

• Use of the FOD method introduces additional uncertainty associated with decay 
rates (half-lives) and historical waste disposal amounts. Neither of these are well 
understood or thoroughly researched. 
 

Another source of uncertainty is the quality of the activity data. Waste accumulation values 
that are available from SEMARNAT are based on population and waste generation rates per 
capita.  Actual records of waste accumulation per site were not available for all waste 
disposal facilities. A comprehensive set of accumulation records would reduce some of the 
uncertainty associated with SWDS methane emissions. Also, the waste composition data 
used for Baja California is representative of a single landfill, but may not be representative 
of the state as a whole, although this is the assumption made in this analysis. Additionally, 
the only methane recovery project included was the Valle Verde Landfill Gas project 
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recognized by the UNFCCC CDM program. It is possible in the future that landfill gas at 
other managed landfills will be captured and destroyed during the forecast period (e.g., due 
to increasingly popular carbon offset programs). 
 
Open burning quantities of waste at residential sites were estimated by assuming that the rural 
portion of the Baja California population conducts open burning. As some of this waste may be 
deposited at an SWDS, this assumption is likely to lead to an overestimate. However, this 
overestimate could help correct for the assumption that no open burning (or incineration) takes 
place in urban areas, which is probably not the case. Emissions from open burning of MSW 
include biogenic CO2, which is released from the combustion of paper, wood, food and garden 
waste, and any other biogenic waste material. However, CH4 and N2O emissions due to the 
combustion of these materials may be significant and is included in the inventory as an 
anthropogenic GHG source. CO2, CH4, and N2O from fossil-based carbon in sources, such as 
plastic and tires, are also included.  Clearly, this initial estimate of residential open burning 
emissions can be greatly improved through surveys of solid waste experts in Baja California.  

 
For the domestic wastewater sector, the key uncertainties are associated with the 
application of IPCC default values for the parameters listed in Table G-3 above. To the 
extent that additional methane is being generated outside of the anaerobic digestion 
process, these emissions will be underestimated. Potential emissions (primarily N2O) from 
treatment plant sludge that is applied to the surface of landfills or otherwise land-applied 
were not quantified in this inventory. 
 
For industrial wastewater, emissions were only estimated for the red meat industry using 
state data. There are no data for malt and beer, fruit and vegetable processing, or poultry 
processing facilities. To the extent that these industries are present in Baja California, the 
emissions from industrial wastewater will be underestimated. 
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Forestry and Land Use 

 
Overview 

Forestry and land use emissions refer mainly to the net carbon dioxide (CO2) flux106 from 
forests and perennial woody crops in Baja California, which account for about 4% of the 
state’s land area.107 Currently, there are approximately 190,000 hectares of forests and 
7,000 hectares of perennial woody crops in Baja California. In addition to forest CO2 flux, 
additional CO2 is either emitted or sequestered within urban forests. Additional GHG 
emissions can occur from other land use practices, including non-farm fertilizer 
application.  
 
Through photosynthesis, carbon dioxide is taken up by trees and plants and converted to 
carbon in forest biomass. Carbon dioxide removals and emissions occur from respiration in 
live trees, decay of dead biomass, and combustion (both forest fires and biomass removed 
from forests for energy use). In addition, carbon is stored for long time periods when forest 
biomass is harvested for use in durable wood products. Carbon dioxide flux is the net 
balance of carbon dioxide removals from and emissions to the atmosphere from the 
processes described above. 
 
According to the 2006 IPCC guidelines, the Forestry and Land Use Sector includes six land 
use categories: 1) forest land, 2) cropland, 3) grassland, 4) wetlands, 5) settlements, and 6) 
other land.108   Wetlands may represent a significant land use in Baja California. Also, losses 
of terrestrial carbon can occur during conversion of grasslands to agricultural or developed 
use (i.e. land use change). However, no data were identified to quantify these potential 
sources in Baja California. In this inventory, the forestry and land use sector CO2 flux is 
categorized into two primary subsectors: 
 
• Forest Land Use [IPCC Categories:  Forestland Remaining Forestland and Land Converted 

to Forestland]:  this consists of carbon flux occurring on lands that are not part of the 
urban landscape. Fluxes covered include net carbon sequestration, carbon stored in 
harvested wood products (HWP), and emissions from forest fires and prescribed 
burning. 

• Other Land Use: these include Perennial Woody Crops [IPCC Category: Cropland 
Remaining Cropland], which cover carbon flux occurring on croplands that contain 
perennial woody vegetation, such as oil palm and fruit and nut orchards. Fluxes include 
biomass accumulation and tree removal.  

106 “Flux” refers to both emissions of CO2 to the atmosphere and removal (sinks) of CO2 from the atmosphere. 
107 Sistema Nacional de Información Estadística y Geográfica (SNIEG), 
http://mapserver.inegi.gob.mx/geografia/espanol/estados/bc/agr_veget.cfm?c=1215&e=02&CFID=1762489
&CFTOKEN=31412962 
108 IPCC defines other land as bare soil, rock, ice, and any other land not included in one of the other five land use 
categories. 
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Other sources that could be included here if data were available include settlements 
(including urban forest carbon flux). Net carbon fluxes for grassland and other land are 
not considered to be significant and data to quantify these are unavailable. Also not 
included due to a lack of data are carbon fluxes associated with land management 
changes in crop cultivation, including losses/gains in soil carbon. Finally, as mentioned 
above, wetlands are not a significant land use in Baja California.   

  

Inventory and Reference Case Projections 

Forest Land Use 

2006 IPCC Guidelines for National Greenhouse Gas Inventories (2006 IPCC) offers two 
methods for estimating carbon flux. Based on the information available for Baja California, 
the “gain-loss” method was adopted which expresses the annual change in carbon stocks in 
biomass in forested land as the annual increase in carbon stocks due to biomass growth 
minus the annual decrease of carbon stock due to biomass loss: 
 

ΔCB = ΔCG − ΔCL 

 
where: 

ΔCB = annual change in carbon stocks in biomass considering the total area, metric 
tons (t) of carbon (C) per year (yr), tC/yr; 
 
ΔCG = annual increase in carbon stocks due to biomass growth for each land sub-
category, considering the total area, tC/yr; 
 
ΔCL = annual decrease in carbon stocks due to biomass loss for each land sub-
category, considering the total area, tC/yr. 

 
The annual increase in carbon stocks due to biomass growth (ΔCG) is calculated for each 
vegetation type as follows: 
 

ΔCG = ΣAi •Gwi • (1+R) •CFi 

 
where: 
 A = land area, ha; 
  
 Gw = Above-ground biomass growth, t dry mass (d.m.) ha-1 yr-1;  
 

R = Ratio of below-ground biomass to above-ground biomass, t d.m. below-ground 
biomass per tonne d.m. above-ground biomass; and 
 
CF = carbon fraction of dry matter, tC/t d.m. 

 
Estimates for the dead wood and litter carbon pools were not included in these estimates.  
The default assumption is that the stocks for these pools are not changing over time if the 
land remains within the same land-use category.  
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Forest information was obtained from land surveys conducted in 1990 and 1995 by the 
United Nations Food and Agriculture Organization (FAO) Global Forest Resources 
Assessment (FRA).109 In order to supplement missing historical data, land area values for 
1991-1994 were interpolated from the 1990 and 1995 data, and it was assumed that mean 
annual area for the time period 1996-2025 would remain constant from 1995. The FAO 
data only provides the total forest area. Forest area was allocated to climate zone and 
forest types using a 2002 survey from the Secretaría de Medio Ambiente Y Recursos 
Naturales (SEMARNAT).110 This survey divides forest land area into bosques and selvas. 
Bosques were assigned to temperate mountain systems and selvas were assigned to sub-
tropical mountain systems based on IPCC criteria.111 For Baja California, the SEMARNAT 
survey assigns all forests to the “bosque” category; therefore, all forested land surface area 
was assumed to be in the temperate mountain system category as shown in Table H-1.   
 
More recent and more detailed forest land data are available from INEGI.112 However, the 
data, available as digital maps, required processing that was beyond the resources of this 
preliminary I&F project. Due to the relatively small contribution of the forest sector for 
Baja California, the less precise and less resource intensive set of forest data were chosen 
for this inventory. The data in Table H-2 show a loss in forest area of 26,200 hectares 
between 1990 and 1995. This represents nearly a 12% loss in forest area during this 
period.   

 

Table H-1.  Forest Land Description and Coverage 
  

Climate domain (i) Ecological zone (j) 
1990  
(ha) 

1995 
(ha) 

Tropical Mountain Systems 0 0 

Temperate Mountain Systems 219,700 193,500 

 
 
Table H-3 lists the values used for carbon conversion factors, Gw, R and CF taken from the 
2006 IPCC guidelines.113 

 

Table H-2.  Factors Used to Estimate Carbon Gain in Baja California Forest 
 

109 FRA 2000 Bibliografía Comentada Cambios en la Cobertura Forestal: México, Departamento de Montes, 
Organización de las Naciones Unidas para la Agricultura y la Alimentación, August, 2000. 
110 SEMARNAT.  Compendio de Estadísticas Ambientales, 2002. México, D.F., 2003. 
111 Table 4.5, Chapter 4, Volume 4 of the IPCC guidelines. 
112 Land use and vegetation maps are referenced as: conjunto uso del suelo y vegetación escala 1:250 000, datum 
ITRF 92, formato SHP, seris I, II y III, clave D1502 
113 Table 4.9, Chapter 4, Volume 4 of 2006 IPCC guidelines lists values of above-ground net biomass growth in 
natural forests expressed as a range of plausible values. For the purposes of a conservative estimate of carbon sinks, 
lower end values were selected. 
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Factor Value Units 
Above-ground biomass growth Gw 0.5 t d.m. ha-1 yr-1 
Ratio of below-ground biomass to 
above-ground biomass R 0.53 t d.m. below-ground biomass per t d.m. 

above-ground biomass 
Carbon fraction of dry matter CF 0.47 tC/t d.m. 

 
 
Several factors should be considered when estimating the annual decrease of carbon stocks 
due to biomass loss (ΔCL), including harvesting wood products, fuel wood removals from 
forests, and carbon stock losses due to disturbances such as fires or insect infestations. 
Carbon stock decreases due to disturbances and wood products harvesting were 
calculated; however, information relating to fuel wood removals was not available. 
Consequently, the annual decrease of carbon stocks was calculated as the sum of carbon 
losses due to disturbances (Ldisturbance) and carbon losses due to wood removals (Lremovals) 
according to the following equation.   
 

ΔCL = Lremovals + Ldisturbance 
 

Data on forest surface area disturbed by fire and disease was obtained from Secretaría de 
Medio Ambiente y Recursos Naturales, Comisión Nacional Forestal (SEMARNAT). 114  Data 
on forest diseases were obtained for 1990-2008. Area disturbed by fires for 2009-2025 
was estimated as the average of 2004-2008 values. For forest fires, data were obtained for 
the years 1995 through 2006; values for 1990-1995 were estimated by taking the average 
of the values for 1995-2005; and values for 2007-2025 were estimated as the average of 
2002-2006 values. Carbon stocks losses due to disturbances were calculated using default 
conversion numbers listed in Table H-4 and calculated as follows: 

 
Ldisturbance = {Adisturbance • BW • (1+ R) •CF • fd} 

 
where: 

Ldisturbance = annual other losses of carbon, t C /yr; 
 

Adisturbance = area affected by disturbances, ha /yr; 
 

BW = average above-ground biomass of land areas affected by disturbances, t d.m./ 
ha; 
 

R = ratio of below-ground biomass to above-ground biomass, in t d.m. below-ground 
biomass per t d.m. above-ground biomass;  
 
CF = carbon fraction of dry matter, tonne C per t d.m.; and 
 

fd = fraction of biomass lost in disturbance. 
 

 

114 SEMARNAT, Anuario Estadístico de la Producción Forestal, 
http://www.semarnat.gob.mx/gestionambiental/forestalysuelos/Pages/anuariosforestales.aspx.  
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Table H-3.  Forest Area to Carbon Content Conversion Factors 

 
Factor Value Units 
Above-ground biomass  Bw 50 tonnes d.m. ha-1  
Ratio of below-ground biomass to 
above-ground biomass R 0.53 tonnes d.m. below-ground biomass per 

tonnes d.m. above-ground biomass 
Carbon fraction of dry matter CF 0.47 tonnes C/tonnes d.m. 
Fraction of biomass lost in fire fd 0.90 unitless 
Fraction of biomass lost to disease 
or infestation fd 0.10 unitless 

 
Non-CO2 emissions from forest fires were also estimated. Methane (CH4) and nitrous oxide 
(N2O) emission factors from the 2006 IPCC Guidelines115 were applied to the tonnes of 
biomass burned, as estimated using the factors in Table H-3 above.  
 
Finally, wood harvest volume by type of wood was obtained from the Anuario Estadístico de 
la Producción Forestal from SEMARNAT for the years 1990 through 2005. Carbon loss due 
to wood harvest was calculated as: 
 

Lremovals = BCEFR • (1+ R) • CF 
 

where: BCEFR is the biomass conversion and expansion factor, or the mass of above-ground 
biomass per volume of harvested wood [t biomass per cubic meter (m3) of wood volume]. 
 

The values for BCEFR are shown in Table H-4 below. Due to lack of data, long-term storage in 
the resulting durable wood products (i.e., furniture, lumber), was not considered in this 
inventory. 
 

Table H-4. Biomass Conversion and Expansion Factors 
 

Climate Zone Forest Type BCEFR 
(t biomass/m3 wood) 

Temperate Hardwoods 1.55 
Temperate Pines 0.83 

 
 
Other Land Use 

Other than perennial woody crops, data were not identified to estimated GHG emissions 
from other land uses in Baja California. These other sources/sinks include urban forest 
carbon flux, use of fertilizers on settlement soils, carbon flux on grasslands and other lands. 

Perennial Woody Crops. The only data available for woody perennial crops were total 
area and harvested area for 1989 to 2006 from Sistema de Información Agroalimentaria de 
Consulta (SIACON). Crop areas for 2007-2025 were held constant at the average of 2002-

115 Emission factors for non-tropical forests from Table 2.5 of Volume 4 (4.7 g CH4 /kg of biomass and 0.26 g 
N2O/kg biomass). 
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2006 values. A list of woody crops identified from the SIACON and sample data for the 
1990 and 2006 are shown in Table H-6. 

 
Harvested area was assumed to be the surface area of mature trees, while the difference 
between total area and harvested area was assumed to be the surface area of immature 
trees. The change in carbon for mature trees (ΔCB,M) was estimated by taking the difference 
between total biomass for a given year (n) and the total biomass for the previous year (n-
1): 
 

ΔCB,M = Bw,n • An – Bw,n-1 • An-1 
 

where: 
 A = land area, ha; 
 

BW = average above-ground biomass, t d.m./ ha. 
 
Immature trees were assumed to gain carbon each year, estimated as: 
  

 ΔCB,I  = Gw,n • A  
 

where: Gw = above-ground biomass growth, tonnes d.m. ha-1 yr-1.  
 
The total change in carbon for woody crops was then estimated as the sum of the carbon 
flux for mature trees and immature trees: 
 

ΔCB, = ΔCB,M + ΔCB,I 
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Table H-5. Surface Area of Woody Perennial Crops in Baja California  

for 1990 and 2006 
 

Crop Name 
1990 

Total Area 
(ha) 

1990 
Harvested 
Area (ha) 

2006 
Total Area 

(ha) 

2006 
Harvested 
Area (ha) 

Aceituna     olive 3,497 2,044 5,379 1,619.5 
Aguacate     avocado 7 7 48 26 
Algarrobo     carob tree 70 70 70 70 
Almendra     almond 13 11 1 0 
Chabacano     apricot 6 0 1 1 
Ciruela     prunes 38 26 1 1 
Citricos     citric tree 0 0 0 0 
Datil     dates 37 37 196 196 
Durazno     peaches 14 9 2 2 
Eucalipto     eucalyptus 0 0 135 19 
Frutales Varios     various fruits 5 0   
Granada     pomegranate 0 0 5 5 
Guayaba     guayaba 0 0 2 0 
Higo     fig 17 2 9 9 
Limon     lime 174 129 307.5 247.5 
Macadamia     macadamia  0 0 0 0 
Mandarina     tangerine 14 11 8 5 
Manzana     apple 64 60 25 5 
Membrillo     quince 6 6 11 8 
Mostaza     mustard 11 11 0 0 
Naranja     orange 256 196 473 461 
Nectarina     nectarine   0 0 
Nuez     walnut 23 23 28 20 
Palma De 
Ornato     palm 0 0 0 0 
Palma De 
Ornato (planta)     palm 0 0 14 0 
Pera     pear 9 9 9 7 
Pistache     pistachio 33 0 2 0 
Toronja 
(pomelo)     grapefruit 29 24 12 9 
Uva grapevine 6,738 6,081 4,236 3,343 

Total 11,114 9,150 10,975 6,054 
 

 

Table H-6. Woody Crop Area to Carbon Content Conversion Factors 
 

Factor Value Units 
Above-ground biomass  Bw 63 tonnes d.m. ha-1  
Above-ground biomass growth Gw 2.1 tonnes d.m. ha-1 yr-1 
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Default values for below-ground biomass for agricultural systems are not available.  
According to IPCC guidelines, the default assumption is that there is no change in below-
ground biomass of perennial trees in agricultural systems.116 Estimates for the dead wood 
and litter carbon pools were also not included in these estimates. The default assumption is 
that the stocks for these pools are not changing over time if the land remains within the 
same land-use category.  
 

Results 

Carbon flux associated with forestry and other land uses are summarized in Table H-7. In 2005, 
the carbon flux for forested lands and perennial tree agricultural systems was estimated to be a 
net sequestration of 0.27 MMtCO2e.  The analysis of historical records indicates that 1) biomass 
growth in Baja California’s forested landscape exceeds the carbon decrease due to disturbances 
(forest fires) and the harvest of wood products combined, and 2) biomass loss is largely 
attributed to forest fires.  
 
A notable and potentially significant data gap is the amount of wood harvested for use as a fuel. 
Also notable in the historical data is the loss of over 10% of the forest carbon sink due to lower 
estimates of forest area between 1990 and 1995. Assuming that these area estimates are accurate 
and that the land was cleared for conversion to other use, the associated loss in carbon stocks are 
not reflected in the historic emission estimates below for the 1990-1995 time-frame. If the 
potential losses in carbon stocks were to be included, the results might show lower net 
sequestration and possibly even positive GHG emissions during this period. In addition, it is not 
clear whether the losses in forested area shown in Table H-1 above have continued after 1995.   
 

Table H-7. Forestry and Land Use Flux and Reference Case Projections (MMtCO2e) 
 

Subsector 1990 1995 2000 2005 2010 2015 2020 2025 
Forested Land -0.21 -0.20 -0.21 -0.24 -0.19 -0.19 -0.19 -0.19 
   Growth -0.29 -0.26 -0.26 -0.26 -0.26 -0.26 -0.26 -0.26 
   Fires (carbon loss) 0.012 0.010 0.008 0.002 0.013 0.013 0.013 0.013 
   Fires (CH4 and N2O) 0.046 0.039 0.031 0.010 0.051 0.051 0.051 0.051 
   Disease 0.0001 0.003 0.000 0.003 0.001 0.001 0.001 0.001 
   Harvested Wood 0.020 0.002 0.000 0.000 0.003 0.003 0.003 0.003 
Perennial Woody Crops -0.020 -0.004 -0.019 -0.024 -0.037 -0.037 -0.037 -0.037 

Total Carbon Flux -0.28 -0.24 -0.27 -0.27 -0.27 -0.27 -0.27 -0.27 
Total (including CH4 and N2O) -0.23 -0.21 -0.23 -0.26 -0.22 -0.22 -0.22 -0.22 

NOTE:  totals may not add exactly due to independent rounding. 

 

Key Uncertainties and Future Research Needs 
 
As stated above, not all IPCC land use categories relevant to Baja California were covered in 
this inventory due to a lack of data for some categories. For example, losses of terrestrial 
carbon can also occur during conversion of grasslands to agricultural or developed use; 

116 While the removal of mature trees probably results in the loss of below-ground biomass, the 2006 IPCC 
guidelines establish that, for Tier 1 estimates, no change is assumed for below-ground biomass, Section 5.2.1.2 of 
Volume 4.   
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however, no data were identified to quantify this potential source in Baja California. Future 
research should include efforts to quantify wetlands and urban forest terrestrial carbon 
storage (e.g. using estimates of tree canopy cover as an important input). Information on 
the use of commercial fertilizers in non-farm applications would allow for estimates to be 
made of N2O emissions from settlement soils.  
 
For the forested landscape, detailed data on forest types could not be utilized due to 
insufficient resources. Based on available data, such as satellite imagery, it may be possible 
to expand the detail of the inventory for forest lands as well as include the additional land 
use categories (including wetlands and urban land area). However, additional resources 
will be needed to process digital imagery files available from INEGI.117 Future research is 
also needed to confirm the large losses in forested area from 1990 to 1995 and to 
determine losses/gains in area since 1995. Any losses of carbon stocks due to clearing and 
conversion to non-forest use are not included in the current estimates.    
 
There is much uncertainty associated with the selection of above-ground net biomass 
growth values. Tables 4.8 and Table 4.9, Chapter 4, Volume 4 of 2006 IPCC guidelines lists 
values of above-ground net biomass and above-ground net biomass growth in natural 
forests expressed as a range of plausible values. For the purposes of a conservative 
estimate of carbon sinks, lower end values were selected. However, this was an assumption 
that needs verification. The selection of median values results in the carbon sequestration 
estimates listed in Table H-8. The results show differences of about an order of magnitude. 
Clearly, data from in-state forest biomass surveys could greatly reduce the uncertainty 
associated with the use of the IPCC defaults.   
 

Table H-8. Alternative Forested Landscape Flux (MMtCO2e) 
 

Subsector 1990 1995 2000 2005 
Forest Land – Lower End Factors -0.11 -0.20 -0.21 -0.24 
Forest Land – Median Value Factors -1.05 -1.48 -1.49 -1.51 

 
Several processes contributing to the annual decrease of carbon stocks due to biomass loss 
should be considered, including harvesting of wood products, fuel wood removals from 
forests, and carbon stock losses due to disturbances such as fires or insect infestations. For 
Baja California, information regarding the annual decrease of carbon stocks due to fuel 
wood removals was not available and could have a substantial impact on the estimated 
carbon flux. Additionally, carbon loss by insect infestation was not considered in these 
estimates. Finally, carbon storage can occur from harvested wood products, when the 
harvested biomass is converted to durable wood products, such as lumber or furniture. 
Storage of forest carbon can also occur in landfills, when forest products are disposed. 
Research is needed on the end uses of wood harvested in Baja California in order to 
adequately characterize the full net flux of forest carbon.   

117 Land use and vegetation maps are referenced as: conjunto uso del suelo y vegetación escala 1:250 000, datum 
ITRF 92, formato SHP, seris I, II y III, clave D1502 
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Memo 

To: Tomas Balarezo and Mario Vazquez, Border Environment Cooperation Commission 
(BECC)  

From: Stephen M. Roe and Juan Maldonado, The Center for Climate Strategies (CCS) 

CC: Carlos De La Parra (el Colef), Ms. Marielena Constandse, (COCEF), Thomas D. 
Peterson and Tom Looby, CCS 

Re: Updates to the Greenhouse Gas (GHG) Inventory & Forecast for Baja CA to Support 
Climate Action Plan Development 

Date: March 7, 2014 

 

A. Background 
 
On January 13, 2014, the Center for Climate Strategies (CCS) transmitted to the 
Border Environmental Cooperation Commission (BECC) a memorandum outlining 
three approaches for developing a business as usual (BAU greenhouse gas (GHG) 
inventory and forecast (I&F), also referred to as the “baseline”, for use in the State 
Climate Action Plan (CAP) for Baja California (BC).  Based on these 
recommendations, on February 5, 2014 the BECC authorized CCS to proceed with 
option 1a as described below: 

CCS will review and incorporate data from the Colef report on electricity 
generation from natural gas-fired units. Significant differences were found for 
this source between the two studies. A revised business as usual carbon 
intensity forecast for grid-based electricity will also be developed in addition to 
the annual emission estimates for power generation. 

CCS will incorporate changes based on the Colef estimates for refrigerant leaks, 
cement production, and forest carbon flux.  

CCS will update the complete economy-wide summary tables and charts of 
emissions from the final report and will include these in a technical 
memorandum that documents the changes.    

 

This technical memorandum serves to document the inventory and forecast 
update effort.  

B. Summary of Updates 
 
Electricity Supply (ES): 

• CCS 
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• focused effort on the period from 2010-2030. Recent statistics assembled for use in the 
BC CAP development project (called the “PEAC Database”) were used to develop a 
plant-level generation and emissions forecast for BC. Statistics also included imports, 
export, and transmission & distribution (T&D) system electricity use and losses through 
2025. Trending of data was done as needed to extend the forecast out to 2030. All work 
was documented within the ES sector I&F workbook (“140225 Baj-Electricity 
supply.xlsx”).  
 
The I&F workbook will be provided to the Energy Supply sector PE members for review 
and possible improvement. A number of assumptions had to be made to fill in data gaps 
(e.g. capacity factors, heat rates, end dates for use of fuel oil and diesel) and some data 
gaps remain (e.g. renewable supply source capacity factors and years of operation). 
Additional improvements to the input data are not likely to have a large impact of the 
results for the sector (e.g. >25% difference). 

• By using the approach described above to build an ES fuel and emissions forecast, it 
became clear that the natural gas usage data from the Colef inventory (Colef I&F 2012) 
was more accurate than the consumption data used in the earlier CCS effort (CCS I&F 
2010). Therefore, emissions for the sector are much closer now to the Colef estimates.  

• CCS added estimates of geothermal CO2 emission from the Colef’s GHG assessment 
(Colef I&F 2012). 

• CCS extended the emissions forecast from 2025 to 2030 using data from the PEAC 
database and trending these data out to 2030, as needed, to build the plant-level 
generation forecast described above and documented in the ES sector I&F workbook.  

 
Residential, Commercial, Institutional & Industrial (RCII) Fuel Combustion: 

• CCS extended the emissions forecast from 2025 to 2030 using the same mean annual 
growth rates (MAGRs) as noted in the CCS inventory (CCS I&F 2010). 

 
Transportation Energy Use: 

• CCS extended the emission forecast from 2025 to 2030 using the same MAGRs as noted 
in the CCS inventory (CCS I&F 2010). 

 
Industrial Processes and Product Use: 

• CCS substituted cement production emission estimates based on the allocation of national 
GHG emissions with an alternate approach based on the maximum production capacity of 
the single cement plant in the state developed by the Colef (Colef I&F 2012).   

• CCS found there was no need to update emissions from refrigerant leaks because 
domestic air conditioning relies on the refrigerant R-22 as the Colef and CCS inventories 
ascertain (Colef I&F 2012; CCS I&F 2010). While R-22 contributes to climate forcing, 
this type of refrigerant is regulated by the Montreal Protocol, and as such it is subject to a 
phase-out. For that reason, R-22 and related ozone depleting substances (ODS) are not 
covered by the 2006 IPCC Guidelines for the development of national GHG 
inventories118. The CCS I&F provided emission estimates for both ODS and ODS 
substitutes; however, it did not roll ODS estimates into the state’s baseline in observation 
of 2006 IPCC Guidelines (these are common inventory accounting methods used in 
climate action planning processes). 

118 http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/1_Volume1/V1_1_Ch1_Introduction.pdf, p. 1.5. 
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• CCS extended the emissions forecast from 2025 to 2030 using the same MAGRs as noted 
in the CCS inventory (CCS I&F 2010). 

 
Fossil Fuel Industries: 

• CCS extended the emission forecast from 2025 to 2030 using the same MAGRs as noted 
in the CCS inventory (CCS I&F 2010). 

 
Agriculture: 

• CCS extended the emission forecast from 2025 to 2030 using the same MAGRs as noted 
in the CCS inventory (CCS I&F 2010). 

 
Waste Management: 

• CCS extended the emission forecast from 2025 to 2030 using the same MAGRs as noted 
in the CCS inventory (CCS I&F 2010). 

 
Forestry and Land Use: 

• CCS combined non-overlapping results from both the CCS and Colef inventories to 
enhance the emission characterization of this sector. From the Colef inventory, CCS took 
the net carbon flux values from forests and non-CO2 emissions from forest fires (Colef 
I&F 2012, pp. 10-11). From the CCS inventory, the land use category pertaining to net 
biomass growth in woody perennials was retained (e.g. orchards).   

• CCS adopted the forecast values for net forest carbon flux and non-CO2 emissions from 
forest fires from the Colef inventory. 

• The MAGR applied for net carbon flux of woody perennials was zero, and forest carbon 
sequestration was kept at the 2008 level through 2030. 

 

C. Results 
 
The figures and summary table below summarize the revised baseline for use in the 
BC climate action planning project. Figure 1 provides contributions by sector to 
gross GHG emissions for 2005 (gross emissions, exclude carbon sequestration in 
forestry and land use). Figure 2 provides the revised gross inventory & forecast 
from 1990-2030. The largest change from the previous CCS I&F was for the 
electricity supply forecast. For 2025, the original CCS I&F had a 2025 estimate of 9.6 
teragrams of carbon dioxide equivalent emissions (TgCO2e). This compares to 4.8 
TgCO2e in the revised forecast (see Table 1 below). The lower emission estimates 
for the electricity supply sector increase the contributions from all other sectors, 
notably transportation and residential, commercial (including institutional), and 
industrial (RCI).  
 

D. Works Cited 
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Colef I&F 2012.  Mariela Muños Meléndez, Lilia Betania Vásquez González.  
"Inventario de Gases Efecto Invernadero del Estado de Baja California: Periodo 
1990-2005."  Octubre 2012.   
 
 

 
FIGURE 1.  BAJA CALIFORNIA GROSS GHG EMISSIONS, 2005 
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FIGURE 2.  BAJA CALIFORNIA GROSS GHG EMISSIONS BY SECTOR, 1990-2030 

 
 

 

FIGURE 3.  BAJA CALIFORNIA ELECTRICITY SUPPLY EMISSIONS, CONSUMPTION-BASIS, 1990-2030 
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TABLE 1.  BAJA CALIFORNIA HISTORICAL AND REFERENCE CASE GHG EMISSIONS BY SECTOR, 
1990-2030 

  

(Teragrams CO2e) 1990 1995 2000 2005 2010 2015 2020 2025 2030

Energy Consumption Based 5.7 8.4 10.4 10.9 12.7 15.6 16.8 18.8 20.8

Electricity Consumption-Based 1.01 2.14 3.26 2.67 2.55 4.01 4.01 4.78 5.71
Electricity Production 1.78 2.80 2.92 3.04 2.88 3.49 4.25 4.58 4.95

Coal Tar 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Coking Coal 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Crude Oil 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Diesel Oil 0.02 0.01 0.02 0.02 0.00 0.00 0.00 0.00 0.00
Liquefied Petroleum Gases 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Natural Gas 0.00 0.00 0.29 2.07 2.54 3.22 3.97 4.31 4.67
Geothermal 0.33 0.32 0.35 0.37 0.34 0.26 0.28 0.28 0.28
Residual Fuel Oil 1.43 2.47 2.27 0.58 0.00 0.00 0.00 0.00 0.00

Net Imported Electricity -0.77 -0.67 0.34 -0.38 -0.34 0.52 -0.24 0.20 0.76
Res/Comm/Ind (RCI) 1.09 1.33 1.44 1.33 1.86 1.97 2.12 2.28 2.46

Coal Tar 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Coking Coal 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Crude Oil 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Gas/Diesel Oil 0.09 0.13 0.15 0.20 0.26 0.30 0.34 0.39 0.44
Gasoline: Motor 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Liquefied Petroleum Gases 0.79 0.78 0.69 0.71 0.74 0.80 0.87 0.94 1.02

Natural Gas 0.20 0.19 0.26 0.27 0.69 0.73 0.78 0.83 0.89
Residual Fuel Oil 0.00 0.22 0.33 0.16 0.16 0.14 0.13 0.12 0.10
Solid Biofuels: Charcoal 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Solid Biofuels: Wood/Wood Waste 0.002 0.002 0.003 0.003 0.003 0.004 0.004 0.005 0.006

Transportation 3.63 4.93 5.69 6.86 8.28 9.57 10.60 11.64 12.55
Road Transportation - Gasoline 2.08 3.46 3.76 4.53 5.45 6.27 6.88 7.50 8.04
Road Transportation - Diesel 1.16 0.78 0.79 1.42 1.83 2.17 2.45 2.73 2.98
Road Transportation - LPG 0.00 0.00 0.12 0.15 0.08 0.07 0.07 0.07 0.07
Aviation 0.32 0.43 0.54 0.48 0.64 0.75 0.87 0.98 1.09
Marine Vessels 0.05 0.25 0.47 0.28 0.26 0.29 0.31 0.33 0.35
Rail 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.03 0.03

Fossil Fuel Industry 0.00 0.00 0.00 0.01 0.05 0.05 0.05 0.05 0.06
Natural Gas 0.00 0.00 0.00 0.005 0.051 0.052 0.053 0.055 0.056
 NG Production 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0000 0.00

 NG Transmission - pipeline 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
 NG Transmission - compressor storage 0.00 0.00 0.00 0.00 0.04 0.04 0.04 0.04 0.04
 NG Distribution 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01
Oil 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
 Oil Production 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
 Oil  Refining 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
 Oil Transportation 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Coal Mining 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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TABLE 1.  BAJA CALIFORNIA HISTORICAL AND REFERENCE CASE GHG EMISSIONS BY SECTOR, 
1990-2030 (CONTINUED) 

 
 

(Teragrams CO2e) 1990 1995 2000 2005 2010 2015 2020 2025 2030
Industrial Processes 0.29 0.33 0.39 0.45 0.42 0.47 0.52 0.57 0.60

Adipic Acid Production 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Aluminum Production 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ammonia & Urea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cement Manufacture 0.23 0.23 0.23 0.22 0.21 0.21 0.21 0.21 0.19
Electric Power T&D Systems 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCFC-22 Production 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Iron and Steel Production 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lime Manufacture 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Limestone and Dolomite Use 0.05 0.08 0.13 0.17 0.13 0.15 0.18 0.20 0.22
Magnesium Production 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nitric Acid Production 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ODS Substitutes 0.01 0.02 0.03 0.05 0.08 0.11 0.13 0.16 0.19
Other 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Semiconductor Manufacturing 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Soda Ash 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Waste Management 0.40 0.50 0.60 0.72 0.61 0.80 1.01 1.20 1.33
Domestic Wastewater 0.17 0.21 0.25 0.28 0.32 0.36 0.41 0.46 0.52
Industrial Wastewater 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Solid Waste Disposal Site 0.20 0.24 0.30 0.37 0.22 0.37 0.53 0.66 0.72
Open Burning 0.03 0.04 0.05 0.06 0.07 0.07 0.08 0.08 0.09
Landfill Carbon Storage -0.06 -0.08 -0.09 -0.12 -0.14 -0.16 -0.18 -0.19 -0.19

Agriculture 0.43 0.43 0.47 0.49 0.53 0.58 0.63 0.68 0.74
Enteric Fermentation 0.22 0.24 0.26 0.28 0.31 0.34 0.38 0.42 0.46
Manure Management 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Managed Soils 0.20 0.18 0.21 0.20 0.21 0.23 0.24 0.25 0.27
Rice Cultivation 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Liming 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Residue Burning 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Forestry and Land Use 0.14 0.19 0.20 0.16 0.19 0.20 0.21 0.21 0.23
Net Carbon Flux 0.1552 0.18276 0.21175 0.17804 0.19018 0.19737 0.20456 0.21175 0.2189
Forest Fires (non-CO2 emissions) 0.0101 0.01118 0.01149 0.00294 0.03336 0.04372 0.04355 0.03898 0.0492
Perennial Tree Agriculture -0.02 -0.0038 -0.0186 -0.0236 -0.0368 -0.03676 -0.03676 -0.03676 -0.0368

Gross Emissions Consumption Based 6.83 9.64 11.82 12.49 14.25 17.42 18.92 21.18 23.41
increase relative to 1990 0% 41% 73% 83% 109% 155% 177% 210% 243%

Emission Sinks -0.08 -0.08 -0.11 -0.14 -0.17 -0.19 -0.21 -0.23 -0.23

Net Consumption Based Emissions (incl. forestry*) 6.75 9.55 11.71 12.35 14.08 17.23 18.70 20.94 23.18
increase relative to 1990 0% 42% 74% 83% 109% 155% 177% 210% 244%

Gross Emissions (Production Based) 7.59 10.30 11.49 12.87 14.59 16.90 19.15 20.98 22.65
increase relative to 1990 0% 36% 51% 69% 92% 123% 152% 176% 198%

Net Production Based Emissions (incl. forestry*) 7.51 10.22 11.37 12.73 14.42 16.71 18.94 20.74 22.42
increase relative to 1990 0% 36% 51% 69% 92% 122% 152% 176% 198%
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Methodology for Micro-economic Analysis 

 
Memo 

To: Panel of Experts, Baja California Climate Action Plan 

From: Stephen M. Roe and Thomas D. Peterson, President & CEO, The Center for 
Climate Strategies (CCS) 

CC: Technical Team, CCS 
Re: Principles and Guidelines for Quantification of Policy Options  

Date: November 26, 2013 

 

 
The purpose of this “Quantification Memo” is to propose and explain the principles, 
guidelines and general methods needed for quantifying the socio-economic impacts for 
the recommended Baja California Climate Action Plan (BC CAP) mitigation policies.  

 

I.  General Guidelines 

Selection of Policy Options 

The policies to be designed and analyzed for the BC CAP were selected during the first 
phase of the CAP project. These policies are listed in Table 1 below. There are four 
technical workgroups (TWGs) that will design and analyze each mitigation policy. One 
TWG will address the Energy Supply (ES) and Residential/Commercial/Institutional/ 
Industrial (RCII) sectors (energy supply and demand); another TWG will address 
Transportation & Land Use (TLU); the third TWG will address policies in the 
Agriculture & Forestry (AF) and Waste Management (WM) sectors; and the final TWG 
will develop the Cross-Cutting (CC) policies (commonly, these CC policies are not 
analyzed for mitigation impacts and costs as in the sector-based TWGs).   
Through facilitative and technical support of CCS, the Panel of Expert (PE) and TWGs 
will identify, design and guide analysis of the socio-economic impacts of each policy and 
an aggregate scenario of all policies combined. Co-benefits will be described and or 
analyzed where possible and applicable.  
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Table 1. Mitigation Policies for the BC CAP 

Sectors:  AF WM ES RCII TLU CC 

Policy Title 

AF-1. Manure Management. Develop and implement a program for composting and use 
of organic waste (manure, etc.) in the agricultural environment. 

AF-2. Utilization of Agricultural Wastes. Increase the use of crop residue and organic 
manure for use as fodder.  

AF-3. Bioethanol Production. Produce ethanol from feedstocks produced in-State (sugar 
cane and sorghum) to cover the demand requirements of TLU-2 (4,200 barrels of ethanol).  

AF-4. Livestock Grazing Management. Establish clear and appropriate policies to 
regulate the livestock load on per unit area of land  

AF-5. Urban Forestry. Create a network of green corridors within cities in large vacant 
lots. Includes the previous TLU policy to promote so that all subdivisions are required 
urban green areas at a minimum rate of 5 m2/cap 

WM-1. Landfill Gas Management. Establish a program to install technology to capture 
methane gas from landfills statewide. 

WM-2. Indirect Potable Water Reuse. Increase indirect potable reuse to be established 
in cities, wherever the physical environment allows it and cost-benefit analysis determines 
feasible.  

WM-3. Water Reclamation. Establish a medium term plan for systematically increasing 
the use of reclaimed water in all cities within the State.  

WM-4. Biodiesel Production (from waste). Collect and process waste vegetable oil and 
animal fat into biodiesel to offset fossil diesel use in the State.  

ES-1. Small-Hydro Power. Set up a program to analyze hydraulic networks in the 
agricultural areas to identify optimal sites for building small hydroelectric power plants.  

ES-2. State Energy Matrix Diversification. Implement the State Renewable and 
Sustainable Energy Plan so to diversify the power matrix within the state.  

ES-3. Distributed Generation Expansion. Implement distributed energy supply 
strategies identified within the State Renewable and Sustainable Energy Plan in state 
owned buildings, including schools.  

RCII-1. Energy Efficiency: New Commercial/Institutional Buildings. Promote 
regulatory action, such as changing building codes, and research across sectors to modify 
construction materials so to increase energy savings and efficiency in residential, 

B-18 



Baja CAP Phase 2 Report-     App. B- Micro-economic Analysis  
  December 19, 2014 
 
 

Sectors:  AF WM ES RCII TLU CC 

Policy Title 

commercial and industrial buildings.   

RCII-2. Energy Efficiency: New Housing Design. Reduce energy intensity of new 
residential buildings.  

RCII-3. Energy Efficiency: Existing Buildings. Retrofit buildings with energy efficiency 
measures through fiscal incentives.  

RCII-4. Industrial Energy Efficiency. Apply fiscal incentives to improve energy efficiency 
in machinery and equipment as well.  

TLU-1. Black Carbon Control. Apply technologies needed to control black carbon.  

TLU-2. Alternative Fuels (bioethanol and biodiesel). Apply the State transportation 
Strategy promoting alternative modes of transportation as well as promoting alternative 
fuels, such as natural gas, biodiesel and bioethanol.  

TLU-3. Onroad Fleet Efficiency. Promote a more fuel-efficient vehicle fleet through 
emission control measures.  

TLU-4. Increase Urban Mobility Efficiency. Prioritize mass transportation in the State 
Transportation Strategy 

TLU-5. Smart Growth Planning. Promote a new planning culture by modeling and other 
tools to apply smart growth strategies for cities.  

TLU-6. Energy-Efficient Government Fleets. State and official vehicles to be clean, 
hybrid, alternative-fuel vehicles  

CC-1. Solid Waste Source Separation. Together with municipal governments in the state, 
promote the development of environmental education and social communication 
programs so to implement source separation of municipal solid waste, organics and 
recyclables.  

CC-2. GHG Targets. Establish goals for GHG emission reduction in the long term (2025, 
2030, 2035…), using 2005 as a baseline year. 

 
Planning Period for the BC CAP 
The planning period will begin with implementation in 2014 and run through 2030. 

Specification of Policy Option Design Parameters 
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For each policy, a series of design parameters must be defined to support detailed 
quantification of impacts. These include:  
• Timing (start and stop dates for the proposed policy options, as well, as any phase in 
or ramp up/down schedules) 
• Level of effort (or quantitative goals for the proposed action) 
• Coverage of implementing or affected parties (including geographic boundaries and 
the specific types of entities or groups that will be required to implement the policy) 
• Other definitional issues or eligibility provisions (such as renewable fuel definitions, 
small business definitions, hydro power size classes, etc.) 

Specification of Policy Implementation Mechanisms 
In addition, the instruments or mechanisms used to implement each policy option must be 
defined, at least in general terms, to capture potential variations in effectiveness. This is 
particularly true for differences in price and non-price incentives and mandatory versus 
voluntary approaches). A variety of instruments or mechanisms exist, including:  
• Voluntary agreements 
• Technical assistance 
• Targeted financial assistance 
• Taxes or fees 
• Cap and trade 
• Codes and standards 
• Disclosure and reporting 
• Information and education 
• Others 
The impacts of each are policy specific and will vary by circumstance. For instance, price 
instruments, such as taxes and cap and trade, may perform better for policy options that 
are price responsive in comparison to those that are relatively unresponsive to price. 
Similarly, non-price instruments, such as codes and standards, may perform better where 
significant market barriers exist and require barrier removal. Mandatory actions may have 
higher compliance or market penetration rates.  

Coverage and Metrics of Policy Impacts119 
Quantitative estimates will be developed for the following types of impacts where 
applicable based on priorities set by the Secretary of Environmental Protection of the 
State of  Baja California [Secretaría de Protección al Ambiente del Estado de  Baja 

119 For additional reference see the economic analysis guidelines developed by the Science Advisory Board 
of the US EPA available at: http://yosemite.epa.gov/ee/epa/eed.nsf/webpages/Guidelines.html. 
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California (SPA)] and the Baja Climate Change Advisory Group (BCCAG), and within 
the analytical capacity of the contract and process: 
• Net GHG reduction potential, expressed as teragrams (Tg; million metric tons) 
carbon dioxide equivalent (CO2e) removed, including net effects of carbon sequestration 
or sinks, measured as an incremental change against a forecasted baseline; where very 
small denominations of GHGs are involved use of metric tons (tCO2e) may be used with 
notation. 
• Non GHG physical impacts (such as on air quality or energy use), as appropriate and 
possible based on the availability of data, applied on a case-by-case basis. 
• Individual or “stand alone” impacts of policies, as well as aggregate or interactive 
effects of policy sets and scenarios (“system-wide” impacts); these will be measured as an 
incremental change against a forecasted baseline.  
• Direct economic impacts, also known as microeconomic analysis; two key analytical 
endpoints will be: cost effectiveness [expressed as pesos per metric ton of carbon dioxide 
removed ($/tCO2e)); and net societal costs/savings, presented as the net present value of 
the stream of costs/savings incurred to implement the policy over the planning period; 
these analyses will include avoided costs of policy options, such as avoided cost of 
investment in infrastructure or services from efficiency measures.  
• Indirect or secondary economic impacts on jobs, income, economic growth, and 
prices, also known as macroeconomic impacts, that arise from or in association with 
direct costs and savings. Also distributional impacts, including differential impacts 
related to size, location, and socio-economic character of affected households, entities, 
and communities; often framed as fairness and equity. For instance, this would include 
disparate effects on small versus big business or wealthy versus low income households.  
• Full energy-cycle impacts, including net energy effects that include all inputs and 
outputs of projects, as possible based on the availability of data and relevance.   
• Discounting or time value of assets, typically using standard rates of 5 percent/yr real 
and 7 percent/yr nominal, applied to net flows of costs or savings over the BC CAP 
planning horizon (2014 – 2030). CCS requests input from PE and TWG members on the 
selection of a real discount rate (real rate of interest) pertinent to planning work in 
Mexico.120  
• Annualized impacts, typically real net costs are estimated for each year of the 
planning period and are also shown on a net present value (NPV) basis in order to 
provide both cumulative and year-specific snapshots.  
• Impacts beyond the end of the planning period; where important additional GHG 
reductions or costs occur beyond the project period as a direct result of actions taken 
during the project period, these will be shown for illustration. 

120 Based on the World Bank, the real interest in Mexico has oscillated between -1.5% and 4.9% during the 
period 2004 and 2012 (http://data.worldbank.org/indicator/FR.INR.RINR/countries?page=1). This might 
indicate a real discount rate closer to 2% might be more appropriate for use in this project.  
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Direct vs. Indirect Effects and Linkages 

Socio-economic impacts of policy options and scenarios will include direct, indirect, and 
distributional effects. Direct effects are those borne or created by the specific entities, 
households or populations subject to the policy or implementing the new policies. 
Indirect effects are other than those specifically involved in implementing the policy 
recommendation. For instance, new vehicle standards may directly affect manufacturers 
and consumers of cars (e.g. due to initial higher vehicle costs). Indirectly, their sales may 
increase or decrease local taxes and spending on goods and services that benefit from or 
are hurt by increased disposable income of the manufacturing workforce and consumers. 
These direct and indirect economic analyses are sequentially linked, with overlap. Direct 
effects must be calculated first in order for indirect effects and distributional impacts to 
be calculated.  
Direct physical effects (net energy and GHG impacts) will be estimated to support cost-
effectiveness and GHG reduction target evaluations. Indirect GHG effects will be 
conducted only as needed to address energy-cycle and boundary issues, based on 
availability of data, acceptability of methods, and priority. Examples of direct and 
indirect net costs and benefits metrics are included in Attachment I of this memo by 
sector for purposes of illustration: 
• Energy Supply (ES) 
• Residential, Commercial, Institutional & Industrial (RCII) 
• Transportation and Land Use (TLU) 
• Agriculture, Forestry and Other Land Use (AFOLU) 
• Waste Management (WM) 

Transparency of Analysis 
All key elements of policy development and analysis will be explicitly provided for 
review and consideration by the Secretary of Environmental Protection of the State of  
Baja California (Secretaría de Protección al Ambiente del Estado de  Baja California or 
SPA) and BCCAG. The PE and TWGs will work directly with CCS technical leads to 
develop each of the individual policy designs. All proceedings and decisions of the 
process will be available for public review. This includes policy design and 
implementation mechanism choices (above) as well as the technical specification of 
analysis for options and scenarios. These technical specifications for analysis include: 
• Data sources, based on best available data and PE and TWG determinations 
• Methods and models, determined with input from PE and TWG members following 
review of proposed methods/models by CCS 
• Key assumptions, based on PE and TWG determinations 
• Key uncertainties, to be identified and discussed either qualitatively, or addressed 
through sensitivity analysis or other analytical approaches, as appropriate and possible. 
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Decisions on each of these variables will be made through open facilitated decisions of 
the PE and TWGs. Analysis by CCS, PE and TWG members will follow these guidelines 
and specifications. For the micro-economic analysis of policies, each sector will work 
from an MS Excel workbook (“micro-analysis workbook”) with common structure to 
produce analyses that allow for a reviewer to follow through the construction of each 
stream of energy, GHG reduction, and cost elements to produce estimates of cost 
effectiveness and net societal costs (on an NPV-basis). Standard outputs from these 
sector micro-analysis workbooks will be used for integration analysis across sectors 
(“inter-sector integration”) and for input to macro-economic modeling.   

Documentation of Results 

Documentation of the work completed for each policy will be provided in a standard 
Policy Option Template format that addresses the following topics (among others) 
to ensure consistency for comparison of information and also assist with identifying 
data gaps that will be addressed.  
• Policy Area (Sector) 
• Name of Policy Option 
• Plain English/Spanish Policy Description 
• Technical Policy Design Specifications (described above) 
• Causal Chain for GHG Effects  
• Policy Implementation Mechanisms: described in general terms above but will be 
defined more specifically for each policy option and program through which it is 
implemented 
• Related Policies and Programs in Place or Anticipated: for baseline definition 
(including existing and planned actions) 
• Quantification Results, including:  
o Estimated Net GHG Savings in target years,  
o Cumulative net GHG reduction potential and net costs/savings (NPV), 
o Net Cost/savings per cumulative tCO2e saved, 
o Energy impacts (net production/consumption or shift in supply/demand 
mix and timing), 
o Specified data sources, quantification methods, and key assumptions 
• Key Uncertainties and Sensitivity analyses (where applicable) 
• Co-Benefits Assessments or Characterization, as appropriate 
• Specific Technical or Other Barriers to Consensus, if any 
• Final Levels of SPA and BCCAG Support: in terms of percentage support (often 
in categories such as unanimous approval, super majority, or simple majority) 
The completed Policy Option Templates will be assembled into a separate appendix of 
the final report. Additional printouts of worksheets and reference materials may be 
provided where needed. 
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II. Additional Background 

Use of Pollutant Coverage and Global Warming Potentials 

The analysis will cover the following six GHGs:  carbon dioxide (CO2), methane 
(CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), 
and sulfur hexafluoride (SF6). Emissions of these gases will be presented using a 
common metric, CO2e, which indicates the relative contribution of each gas to global 
average radiative forcing on a Global Warming Potential- (GWP-) weighted basis. 
Table 1 shows the 100-year GWPs published by the Intergovernmental Panel on 
Climate Change (IPCC) in its Second, Third, and Fourth Assessment Report. The 100-
year GWP’s published in the IPCC’s Second Assessment Report (SAR) will be used to 
convert mass emissions to a 100-year GWP basis. Use of the SAR 100-year GWP’s is 
also consistent with IPCC guidance for consistency with how national GHG 
emissions inventories have been developed in the past. 

Table 1.  100-Year Global Warming Potentials from the 2nd, 3rd, and 4th IPCC 
Assessment Reports  

Gas 
100-year GWP  

(2nd Assessment)b 
100-year GWP  

(3rd Assessment)c 
100-year GWP  

(4th Assessment)d 

CO2 1 1 1 

CH4a 21 23 25 

N2O 310 296 298 

HFC-23 11,700 12,000 14,800 

HFC-125 2,800 3,400 3,500 

HFC-134a 1,300 1,300 1,430 

HFC-143a 3,800 4,300 4,470 

HFC-152a 140 120 124 

HFC-227ea 2,900 3,500 3,220 

HFC-236fa 6,300 9,400 794 

HFC-4310mee 1,300 1,500 1,640 

CF4 6,500 5,700 7,390 

C2F6 9,200 11,900 12,200 

C4F10 7,000 8,600 8,860 

C6F14 7,400 9,000 9,300 
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Gas 
100-year GWP  

(2nd Assessment)b 
100-year GWP  

(3rd Assessment)c 
100-year GWP  

(4th Assessment)d 

SF6 23,900 22,200 22,800 
a The methane GWP includes the direct effects and those indirect effects due to the production 
of tropospheric ozone and stratospheric water vapor. 
b Second Assessment: http://www.epa.gov/climatechange/emissions/downloads/ghg_gwp.pdf 
1995.  Because only a summary of the Second Assessment Report if available online, an EPA 
document is cited which has the table from the IPCC report. 
c Third Assessment:  http://www.ipcc.ch/ipccreports/tar/wg1/248.htm, 2001. 

 d Fourth Assessment:  http://www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4-wg1-
chapter2.pdf, 2007. 

 

Black carbon is another pollutant with positive climate-forcing properties. Black carbon 
is an aerosol (particulate) species (component of particulate matter) that has not yet 
had a GWP assigned to it by the IPCC. The initial set of BC CAP policies includes one 
(TLU-1) that is meant to address sources of black carbon specifically. CCS will provide to 
SPA, BCCAG, and PE/TWG members, a technical memorandum from one of the US 
States that CCS supported in the development of their black carbon emissions inventory. 
In that work, CCS developed estimates of both mass emissions and emissions on a 
climate-forcing basis.  

If approved for use, the CCS methods will be used to generate black carbon emission 
reductions on a carbon dioxide-equivalent basis, so that the benefits can be compared 
to other policies that target the IPCC GHGs. In order to count any estimated emission 
reductions against a future BC target, an inventory and forecast of black carbon 
emissions should be prepared and added into the current GHG inventory and forecast 
for BC.  

Emission Reductions 

Emission reductions for individual policies will be estimated incremental to baseline 
emissions based on the change (reduction) in emissions activity (e.g., physical energy or 
activity units), or as a percentage reduction in emissions activity (e.g., physical energy or 
activity units or emissions) depending on the availability of data. This information will be 
needed to support the cost-effectiveness calculation for each policy option.  
Fuel- and pollutant-specific emission factors will be used to convert physical units of 
emissions activity to emissions. Activity-based emissions factors may also be used where 
applicable. The emission factors will be based, preferentially, on those used within the 
baseline GHG inventory and forecast for BC, or on other established and accepted 
factors, as a back-up (such as those of the EPA or IPCC).  
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Net Costs and Savings 

Net financial (initial investment) outlays and receipts and other fixed costs/savings, and 
variable financial costs/savings, such as operation and maintenance (O&M) costs or 
savings, energy/fuel costs or savings, and other direct financial costs and savings, will be 
estimated for each of the policies that are determined quantifiable. Costs and savings will 
be discounted as a multi-year stream of net costs/savings to arrive at the NPV cost 
associated with implementing the new technologies and best practices called for in the 
policy design. CCS suggests that costs be discounted in constant 2013 pesos using a 5 
percent annual real discount rate (7 percent nominal) based on standard rates used for 
regulatory impact analysis in the United States at the federal and state levels.  
Financial (initial) investments will be represented in terms of both actual annual and 
annualized or amortized costs over the planning period, although simplified amortized 
benchmarks may be used where appropriate. Total financial costs or savings represent the 
combined fixed and variable costs/savings associated with the implementation of a policy 
relative to the baseline or business as usual (BAU) technology or practice.  
The sum cost of  financing (equals the cost of debt plus the cost of equity), taxes, and 
depreciation, as well as the lifetime of the investment can be added to the discount rate or 
calculated as direct variable costs. This can also be used to calculate a "levelized” 
costs/savings for large, long term investments. For initial investments that address 
projects with shorter lifetimes (e.g. <15-20 years), a simpler method, referred to as a 
capital recovery factor (CRF), will be used, which essentially does not factor in taxes and 
depreciation.  

O&M costs or savings refer to labor, equipment, and fuel costs related to annual 
operation and maintenance of facilities and equipment, and can be categorized as 
either variable O&M costs or fixed O&M costs. Variable O&M cost estimates are 
provided as a function of activity units (e.g. $/MWh of power generated). Fixed O&M 
costs don’t vary based on the output of a facility and are estimated on the basis of 
plant capacity. In the micro-economic cost analyses conducted for this project, net 
energy costs will be kept separate from the other variable O&M costs.  

Savings calculations include avoided costs associated with policy implementation as 
compared to BAU conditions. For instance, location efficiency measures may reduce 
the required infrastructure or services associated with new communities, 
depending on design and other circumstances. Similarly, electricity end use 
efficiency may reduce the need for new power generation facilities, and fuel 
efficiency measures may reduce the need for new fuel production and distribution 
facilities. Whenever an element of the overall societal cost analysis cannot be 
estimated, it will be referenced qualitatively and documented within the policy 
option template. In addition to cost savings, revenues and other positive cash flows 
from implementation of the policy are included in the discounted cash flow analysis.  
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Cost Effectiveness 

Because the monetized peso value of the impacts of GHG emissions reduction is not 
available (i.e. the total social cost of carbon), physical avoided emissions benefits are 
used instead as an input to cost effectiveness calculations, measured as pesos per 
tCO2e (cost or savings per ton), and referred to as “cost effectiveness.” Both positive 
costs and cost savings (negative costs) are estimated as a part of the calculation of 
emissions mitigation costs. When combined with GHG impact assessments, the 
results of these cost estimates will be aggregated into a stepwise marginal cost 
curve that can be broken down by sector or subsector, as needed. Cost effectiveness 
calculations may also be made for other benefits, such as energy savings, health 
gains, etc.  

The cost effectiveness of a proposed policy is calculated by dividing the NPV 
(cumulative future streams of incremental costs or savings over the appropriate 
policy option time period, discounted back to the present time), by the cumulative 
undiscounted net CO2e reductions achieved by the technological or best practice 
change brought about by implementation of the policy. Mathematically, the equation 
to be used is as follows (note that discounting of GHG reductions may also be done 
but is not a standard practice for multiple reasons): 

CE   =     

                      
 
If levelized costs are not used, then the numerator of the above equation becomes: 

𝐶𝐶𝐶𝐶 =  �
(𝐶𝐶1 + 𝐶𝐶2 + 𝐶𝐶3 +⋯ )

(1 +  𝐷𝐷𝑟𝑟)𝑡𝑡

𝑛𝑛

𝑡𝑡=0

 

 
Where: 
CE = Cost effectiveness of a technology or best practice, $/tCO2e avoided 
C1,2,3 = Annual cost of cost component 1, 2, 3, etc., $/yr 
LCm = Levelized cost of a technology or best practice, $/activity unit 
LCr = Levelized cost of the baseline or reference technology or best practice, 

$/activity unit 
At = Amount of activity affected by the technology or best practice in year t, 

activity unit 
Dr = Real discount rate, dimensionless  
CO2er = CO2e emissions associated with the baseline or reference technology in 

year t, metric tons CO2e 
CO2em = CO2e emissions associated with a mitigation technology or best practice 

in year t, metric tons CO2e  
t =  year in the evaluation period (0 ≤ t ≤ 17) 
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Activity units refer to a unit indicator of GHG emissions activity for a policy. The 
activity units will vary depending on the sector and within each sector by the 
individual policy design. The activity units are used to normalize data for 
comparison of the policy option to the baseline. For example, for the Power Supply 
sector, megawatt-hours (MWh) of gross electricity generation could be used as the 
activity unit such that dollars per megawatt-hour ($/MWh) would be used as the 
activity unit for the “LCm” and “LCr” terms, and MWh would be used as the activity 
unit for the cost terms in the equation.  

The results of the analyses will be used to develop a GHG abatement cost curve, 
which will rank each technology or best practice in the order of its cost effectiveness 
for reducing one tCO2e of emissions. This ranking will be represented in the form of 
a curve. Each point on this curve represents the cost-effectiveness of a given policy 
option relative to its contribution to reductions from the baseline, expressed as a 
percentage of baseline emissions. The points on the curve appear sequentially, from 
most cost-effective in the lower left area of the curve, to the least cost-effective 
options located higher in the cost curve in the upper right area. Figure 1 below 
provides an example from the Kentucky (KY) Climate Action Plan.  

Levelized Costs, Common Forecast Data and NPV Calculations 

As noted earlier, the costs of each policies with large long-term investment 
requirements are often levelized and converted into pesos per activity unit. The cost 
components to be considered include relevant fixed and variable costs and savings. 
Sector-specific direct costs and savings (e.g., savings from avoided losses in 
transmission of electricity) will be included as applicable to each sector or policy 
option. An example calculation of levelized costs for power generation technology is 
included as Attachment II to this memo. 

Similar data inputs are often required for conducting GHG reduction and net societal 
cost analyses across all sectors (future energy prices, population, economic 
forecasts). Examples of these inputs are provided in Attachment III to this memo.  

An example calculation of the net present value of a policy micro-economic analysis 
is provided in Attachment IV to this memo.   
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Figure 1. Example GHG Abatement Cost Curve 

 

 

Time Period of Analysis 

For each policy, incremental emission reductions and incremental costs and savings 
will be calculated relative to the characteristics of the baseline that would otherwise 
prevail in the Baja California up through the end of the 2014-2030 planning period. 
The NPV of the cumulative net costs of each option, and the cumulative emission 
reductions of each option, will be reported for the entire BC CAP planning period of 
2014 – 2030. Annual GHG reductions will also be reported for an interim year of 
2020.  
Geographic Inclusion 
GHG impacts of activities that occur within Baja California will be estimated, regardless 
of the actual location of emission reductions. For instance, when electrical energy 
efficiency measures are implemented in Baja California buildings, GHG reductions occur 
as a result of lowering the demand for electricity from power plants both within and 
outside of the State (i.e. due to power imports). CCS recommends that the GHG 
reductions be calculated to capture reductions for power production regardless of the 
location of the generation plants.  
There will be other policies where the GHG effects occur both within and outside the 
State. For example, if renewable fuels are planned for use in the transportation sector 
(e.g. ethanol or biodiesel), and these fuels are being sourced from outside of the State, 
then an accounting of full energy-cycle GHG emissions benefits is needed. For example, 
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this accounting would capture the full net benefits of offsetting gasoline (including 
petroleum extraction, transport, refining, distribution, and combustion) with ethanol 
(including feedstock production, transport, processing, distribution, and combustion). The 
issue of energy-cycle coverage is further explored in the next section of this memo.  
Where significant emission impacts are likely to occur outside BC, this will be clearly 
indicated. Based on final input from SPA and BCCAG, these emission reductions will be 
counted towards the achievement of any BC GHG reduction goal, since they result from 
actions taken by the State.  

Energy-Cycle Coverage 

GHG reductions for each policy will be based on an energy-cycle and net energy 
impact analysis wherever possible, based on best available data and priority need. 
Tracking the full range of fuel use inputs is preferred, and in some cases essential, 
for accurately tracking full energy-cycle carbon emissions for technology options 
and best practices displaying very different performance characteristics from the 
standard practices they are replacing. The approach involves identifying all the 
possible stages of the energy-cycle, for instance, and quantifying the fuel input per 
unit of energy produced (electricity or fossil fuel).  The focus, however, will be on 
those energy-cycle elements where there are significant differences in GHG 
emissions between the BAU case (standard practice) and the policy case. 

Energy-cycle impacts will be reported for each source for which information is 
available to support an energy-cycle analysis. Where net energy-cycle emission 
reductions are captured, there can often be two sets of emission reductions 
estimated: the total energy-cycle reductions and those estimated on just a direct 
basis (e.g., tailpipe emissions). In many cases, it is difficult to determine how much 
of the upstream component of the energy-cycle emissions actually occur within the 
State (e.g. how much of the gasoline consumed in BC is produced from petroleum 
extracted, transported, refined, and distributed in BC). Therefore, by default, the in-
region reductions will often be those just associated with fuel combustion; the 
remaining upstream component will be identified separately to make it clear that 
these could be reductions that occur out of State.  

Similar to the treatment of fuel combustion emission reductions above, GHG 
reductions from in-State non-combustion sources will be reported separately for 
those processes that are known to occur within BC (e.g., landfill emission 
reductions); and, the upstream GHG emissions (e.g. emissions embedded in each 
waste component). For example, a policy directed at reducing municipal solid waste 
generation will reduce future in-State landfill emissions and also emissions 
occurring either inside or outside of the State, including those associated with the 
extraction/processing/packaging of virgin materials into usable products that were 
avoided as a result of the policy. Because it is often not possible to determine the 
amount of upstream GHG emissions that occur in-State, any reduction of these will 
be reported separately from those known to occur within BC. 
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Macroeconomic Impacts 
 

The principles and guidelines and key decisions on methods, data sources and 
assumptions for macroeconomic analysis will be provided separately from this 
advisory memo.  

 

Co-benefits/Costs Assessments 

To the extent needed, the principles and guidelines and key decisions on methods, 
data sources and assumptions for co-benefits/costs analysis will be provided in a 
separate and linked advisory memo by CCS. 
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Acronyms and Glossary 
 

Acronyms & Abbreviations 

AF Agriculture & Forestry 

BAU Business as usual 

BC Baja California 

BCCAG Baja California Climate Advisory Group 

CAP Climate Action Plan 

CC Cross-Cutting 

CCS The Center for Climate Strategies 

CD Central Desktop 

CE  Cost effectiveness 

CH4 Methane 

CO2 Carbon dioxide 

CO2e Carbon dioxide equivalent 

CRF Capital recovery factor 

ES Energy Supply 

FCR Fixed charge rate (factor) 

GHG Greenhouse gas 

GSP  Gross State product 

GWP Global warming potential 

HFC  Hydrofluorocarbon 

IPCC Intergovernmental Panel on Climate Change 
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KY Kentucky 

MWh Megawatt-hours 

N2O Nitrous oxide 

NPV Net present value 

O&M Operations and Maintenance 

PE Panel of Experts 

PFC Perfluorocarbon 

RCII Residential, Commercial, Institutional & Industrial 

SAR Second Assessment Report (of the IPCC) 

SF6 Sulfur hexafluoride 

SPA Secretary of Environmental Protection of the State of  Baja California (Secretaría de 
Protección al Ambiente del Estado de  Baja California) 

t Metric ton 

Tg Teragram 

TLU  Transportation & Land Use 

TWG Technical workgroup 

US EPA United States Environmental Protection Agency 

WM Waste Management 
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Glossary 

Term Meaning 

Business as usual (BAU): in action planning, refers to the normal operation of society over 
time in terms of economic growth, energy use, GHG emissions, 
and other related factors in the absence of any  intervention.  

Consumption-based accounting: considers all the emissions that result from energy consumed, 
waste generated, and transportation trips generated in an area, 
even if the emissions occur outside of the boundaries of the 
geographic area considered. In many cases, consumption-based 
accounting is useful to policy makers wishing to assess the 
emissions impacts of actions that address activities that they 
have control over (e.g. energy and materials consumption; trip 
generation). 

Direct emissions: emissions occurring at the emission source, for example exhaust 
from the vehicle tailpipe or power plant stack. 

Energy-cycle emissions: these emissions include those from fuel combustion as well as 
the upstream emissions associated with the extraction, 
processing, transport, refining, and distribution of the fuel. 
Unlike life-cycle emissions, the emissions associated with 
constructing facilities or equipment associated with upstream 
activities (e.g. steel in a pipeline; equipment at a refinery) are 
not included; just the emissions associated with operating the 
upstream activity itself (e.g. process gas used at a refinery). 

Fixed operations and 
maintenance (O&M) costs: consist primarily of labor costs, but could also include taxes and 

other fixed costs. Fixed O&M costs are incurred regardless of 
the energy produced by a process, and are usually assessed per 
unit of capacity. [shouldn't we cover all fixed costs here?] 

Levelization:   the process of developing a lump sum that has been divided into 
equal amounts over a specified period of time. 

Life-cycle emissions: involves a cradle-to-grave view of GHG emissions associated 
with an activity (e.g., driving) or use of product (e.g., plastic 
bottle). Such an assessment includes the extraction and transport 
of raw materials, manufacture, packaging, freight, usage and 
final disposal. It also generally includes the emissions from 
construction of all facilities within the value chain. 

Macro-economic assessment: addresses the indirect or secondary economic impacts on jobs, 
income, economic growth, productivity, and prices that arise 
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from or in association with the microeconomic direct costs and 
savings. Such an analysis is also useful to address distributional 
impacts, including differential impacts related to size, location, 
and socio-economic character of affected households, entities, 
and communities (often framed as fairness and equity). 

Net present value (NPV): under the net present value method, the present value of a 
project's cash inflows is compared to the present value of the 
project's cash outflows. The difference between the present 
value of these cash flows is called "the net present value". This 
net present value determines whether or not the project is an 
acceptable investment. The same concept can be applied to the 
analysis of policy alternatives.  

Nominal discount rate: based on rates of interest observed by financial institutions. 

Real discount rate: removes the rate of inflation from the nominal discount rate. For 
example, when the nominal discount rate is 6% and there is a 
2% rate of inflation, then the real discount rate is 1.06/1.02 = 
1.0392 or 3.92%.  

Renewable energy: energy from sources that are perpetual or that are replenished as 
quickly as they are used up. Renewable energy includes solar, 
wind, wave, tidal, geothermal, landfill gas, anaerobic digestion 
of biomass, and other forms of sustainably-sourced biomass, 
and hydro power. 

Renewable Portfolio Standard 
(RPS): a policy that requires electricity providers to obtain a minimum 

percentage of their power from renewable energy resources by a 
certain date. As an example, the State of New Jersey’s RPS goal 
is 22.5 percent power from renewable resources by 2021. 

Upstream emissions: emissions that occur before a product is used for its intended 
purpose; for example drilling, refining, and transportation of oil 
to be used as vehicle fuel; emissions during manufacturing of a 
product (metal can, glass bottle, steel beam, etc), as well as 
extraction, processing and transportation of the raw materials. 

Variable O&M costs: include periodic inspection, replacement and repair of system 
components and consumables, such as water and pollution 
control materials. Variable O&M costs vary depending on the 
amount of power (or other product) generated. 
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Attachment I. Examples of Direct/Indirect Net Cost and Benefit Metrics 
 

Note: These examples are meant to be illustrative and are not necessarily comprehensive 
or the focus of the BC CAP Process. 

1. Transportation and Land Use (TLU) Sector 

a. Direct Costs and/or Savings 

i. Incremental financial and operating cost of more efficient 
vehicles, net of fuel savings. 

ii. Incremental costs of implementing Smart Growth programs, 
net of saved infrastructure and service costs. 

iii. Incremental cost of mass transit investment and operating 
expenses, net of any saved infrastructure and service costs (e.g., roads, road 
maintenance, vehicles) 

iv. Incremental cost of alternative fuel, net of any change in 
maintenance costs  

v. Net effects of carbon sequestration from land use measures 

b. Indirect Costs and/or Savings 

i. Net value of employment and income impacts, including 
differential impacts by socio economic category 

ii. Re-spending effects on the economy from financial savings  

iii. Net changes in the prices of goods and services in the region 

iv. Health benefits of reduced air and water pollution 

v. Ecosystem benefits of reduced air and water pollution 

vi. Value of quality-of-life improvements 

vii. Value of improved road and community safety 

viii. Energy security 

2. Residential, Commercial, Institutional and Industrial (RCII) Sectors 

a. Direct Costs and/or Savings 

i. Net capital costs or savings (or incremental costs or savings 
relative to standard practice) of improved buildings, appliances, equipment (for 
example, cost of higher-efficiency refrigerator versus refrigerator of similar size and 
with similar features that meets standards) 

ii. Net operation and maintenance (O&M) costs or savings 
(relative to standard practice) of improved buildings, appliances, equipment, 
including avoided/extra labor costs for maintenance (for example, maintenance cost 
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savings from less changing of longer-lived compact fluorescent light (CFL) or light-
emitting diode (LED) bulbs in lamps relative to incandescent bulbs) 

iii. Net fuel (gas, electricity, biomass, etc.) costs (typically 
expressed as avoided costs from a societal perspective, that is, based on the net cost 
to society of producing an additional unit of fuel, as opposed to the retail cost of 
fuel) 

iv. Cost/value of net water use/savings 

v. Cost/value of net materials use/savings (for example, raw 
materials savings via recycling, or lower/higher cost of low-global warming 
potential (GWP) refrigerants) 

vi. Direct improved productivity as a result of industrial measures 
(measured as change in cost per unit output, for example, for an energy/GHG-saving 
improvement that also speeds up a production line or results in higher product 
yield) 

b. Indirect Costs and/or Savings 

i. Net value of employment and income impacts, including 
differential impacts by socio economic category 

ii. Re-spending effect on economy 

iii. Net value of health benefits/impacts 

iv. Value of net environmental benefits/impacts (value of damage 
by air pollutants on structures, crops, etc.) 

v. Net embodied energy of materials used in buildings, 
appliances, equipment, relative to standard practice 

vi. Improved productivity as a result of an improved working 
environment, such as improved office productivity through improved lighting 
(though the inclusion of this as indirect might be argued in some cases) 

3. Energy Supply (ES) Sector 

a. Direct Costs and/or Savings 

i. Net financial costs or savings (or incremental costs or savings 
relative to reference case technologies) of renewables or other advanced 
technologies implemented as a result of policies 

ii. Net O&M costs or savings (relative to reference case 
technologies) of renewables or other advanced technologies implemented as a 
result of policies 

iii. Avoided or net fuel savings (gas, coal, biomass, etc.) of 
renewables or other advanced technologies implemented as a result of policies 
relative to reference case technologies  
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iv. Total system costs (net capital + net O&M + avoided/net fuel 
savings + net imports/exports + net transmission and distribution (T&D) costs) 
relative to reference case total system costs 

b. Indirect Costs and/or Savings 

i. Net value of employment and income impacts, including 
differential impacts by socio economic category 

ii. Re-spending effect on economy 

iii. Higher cost of electricity in the region 

iv. Energy security 

v. Net value of health benefits/impacts 

vi. Value of net environmental benefits/impacts (value of damage 
by air pollutants on structures, crops, etc.) 

4. Agriculture, Forestry, and Other Land Use (AFOLU) Sectors 

a. Direct Costs and/or Savings 

i. Net financial costs or savings (or incremental costs relative to 
standard practice) of facilities or equipment (e.g., manure digesters, biogas-fired 
generators, and associated infrastructure; ethanol production facilities) 

ii. Net O&M costs or savings (relative to standard practice) of 
equipment or facilities 

iii. Net fuel (gas, electricity, biomass, etc.) costs or avoided costs 

iv. Cost/value of net water use/savings 

v. Cost/value of carbon sequestration from land use measures  

vi. Reduced vehicle miles traveled (VMT) and fuel consumption 
associated with land use conversions (e.g., as a result of forest/rangeland/cropland 
protection policies) 

b. Indirect Costs and/or Savings 

i. Net value of employment and income impacts, including 
differential impacts by socio-economic category 

ii. Net value of human health benefits/impacts 

iii. Net value of ecosystem health benefits/impacts (wildlife 
habitat; reduction in wildfire potential; etc.) 

iv. Value of net environmental benefits/impacts (value of damage 
by air or water pollutants on structures, crops, etc.) 

5. Waste Management (WM) Sector 

a. Direct Costs and/or Savings 
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i. Net financial costs or savings (or incremental costs relative to 
standard practice) of facilities or equipment (e.g., composting facilities; landfill gas 
collection and utilization equipment; anaerobic digesters and methane utilization 
equipment; associated electricity transmission/distribution infrastructure; other 
waste to energy facilities; waste collection and processing equipment; material 
recovery facilities; recycling facilities; upgrades to wastewater treatment plants) 

ii. Net O&M costs or savings (relative to standard practice) of 
equipment or facilities 

iii. Net fuel (gas, electricity, biomass, etc.) costs or avoided costs 

iv. Cost/value of net change in waste management practice (e.g. 
avoided cost of landfilling) 

v. Cost/value of recycled commodities; reclaimed water  

b. Indirect Costs and/or Savings 

i. Net value of employment and income impacts, including 
differential impacts by socio-economic category 

ii. Net value of human health benefits/impacts 

iii. Net value of ecosystem health benefits/impacts (reduction in 
surface and groundwater contamination) 

iv. Net embodied energy of water use in equipment or facilities 
relative to standard practice 
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Attachment II. Example Calculation of Levelized Costs  
 
This attachment provides a brief conceptual overview as well as an annotated 
example regarding the calculation of levelized costs associated with power 
generation technology. Levelized costs are useful in evaluating financial feasibility 
and for directly comparing the cost of one technology against another.  

Conceptual Overview of Levelized Costs for Power Generation Technology 

Levelized cost can be defined as a constant annual cost that is equivalent on a 
present value basis to the actual annual costs. That is, if one calculates the present 
value of levelized costs over a certain period, its value would be equal to the present 
value of the actual costs of the same period. Using levelized costs, often reported in 
$/MWh, allows for a ready comparison of technologies in any year, something that 
would be more difficult to do with differing annual costs. This can be illustrated in 
the Figure below. The present value of the levelized cost as shown is exactly equal to 
the present value of the annual costs.  
 
Figure II-1. Illustrative Comparison of Levelized and Actual Annual Costs 

 

Components of Levelized Costs 

For power generation technologies, there are several components that typically 
make up the levelized cost, as briefly described in the bullets below. 
▪ Initial investment (financial) costs (IIC): Typically reported in units of $/kW, 
these costs include the total costs of construction, including land purchase, land 
development, permitting, interconnections, equipment, materials and all other 
components. Construction financing costs are also included 
▪ Fixed operations & maintenance (O&M): Typically reported in units of $/kW-yr, 
these costs are for those that occur on an annual basis regardless of how much the plant 
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operates. They typically include staffing, overhead, regulatory filings, and miscellaneous 
direct costs. 
▪ Variable O&M: Typically reported in units of $/MWh, these costs are for those 
that occur on an annual basis based on how much the plant operates. They typically 
include costs associated with maintenance and overhauls, including repairs for forced 
outages, consumables such as chemicals for pollution control equipment or boiler 
maintenance, water use, and other environmental compliance costs. 
▪ Fuel: Typically reported in units of dollars per million British Thermal Units of 
fuel heat content ($/mmbtu), these costs are for start-up fuel use as well as on-line fuel 
use.  

Information Needed to Calculate Levelized Costs for Power Generation 
Technologies   

There are several other bits of information that is needed in order to calculate 
levelized costs, as briefly described in the bullets below. 
▪ Plant size: This refers to the size of the plant, expressed in units of MW. 
▪ Capacity factor: This refers to the share of the year that the plant is in operation, 
expressed as a percentage. 
▪ Fixed charge factor: This factor is calculated based on assumptions regarding the 
plant lifetime, the effective interest rate or discount rate used to amortize capital costs, 
and various other factors specific to the power industry. Expressed as a decimal, typical 
fixed charge factors are typically between 0.10 and 0.20, meaning that the annual cost of 
ownership of a power generation technology is typically between 10 and 20 percent of 
the capital cost.  Fixed charge factors decrease with longer plant lifetimes, and increase 
with higher discount or interest rates.  
▪ Fuel price projection: This refers to the projected price of the fuel used to 
produce electricity over the lifetime of the plant, expressed in units of $/MMBtu in each 
year of the fuel price forecast.  Price projections from the U.S. Department of Energy’s 
Energy Information Administration are often used.  In some cases, fuel price projections 
are expressed as levelized values for use in calculating the overall levelized costs of 
generation.   
▪ Heat rate: This refers to the efficiency by which fuel is consumed for the 
production of electricity, expressed in units of Btu/kWh. 

Formulas used to Calculate Levelized Costs 

There are several formulas needed to convert the various units into the $/MWh 
units used to express levelized costs. These are briefly described below. 
▪ Initial Investment Costs (IIC): These costs are converted to $/MWh units as per the formula 
below: 

Levelized IIC = IIC * FCF * conversion factor / (HPY * CF) 
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Where:   IIC = initial investment costs ($/kW) 
CF = capacity factor (%) 
HPY = hours per year = 8,760 
FCF = fixed charge factor 
conversion factor = 1,000 (convert from $/kW to $/MW) 

▪ Fixed O&M (FOM): These costs are converted to $/MWh units as per the formula below: 
Levelized fixed O&M cost = FOM * conversion factor / (HPY * CF) 

Where:   FOM = fixed O&M ($/kW-yr) 
CF = capacity factor (%) 
HPY = hours per year = 8,760 
conversion factor = 1,000 (convert from $/kW to $/MW) 
 

▪  Variable O&M (VOM): These costs are already provided in units of $/MWh so no 
conversion is needed. 

▪ Fuel costs (FC): Each year’s fuel price is converted to units of $/MWh as follows: 
Fuel price = FPt * HR / conversion factor 

Where:   FPt = fuel price in year t ($/MMBtu) 
HR = heat rate (Btu/kWh) 
Conversion factor = 1,000 (convert from kWh to MWh) 
t = year in the plant lifetime  

These annual fuel costs are then levelized as follows: 
Levelized fuel cost = [PV * DR * (1+DR)t] / [(1 + DR)t  – 1] 

Where:   PV = present value of discounted fuel cost stream 
  DR = discount rate 

Example Calculation of Levelized Costs for Power Generation Technologies 

The above information can be combined to develop the levelized cost for any 
technology. As an example, the case of a conventional natural gas-fired combined 
cycle plant is considered. Table 1 summarizes the starting assumptions. Levelized 
cost calculations are offered in the bullets that follow the table.  Note that cost 
parameters are specified on a per-unit basis, the calculation is independent of the 
size of the generator.  
 
Table II-1. Power Generation Cost and Performance Assumptions 

Parameter Value Annual Fuel Price (constant $/MMBtu) 

Size (MW) 540 Year Price  Year Price Year Price 

Online year 2012 1 7.57 11 6.09 21 6.57 

Fuel type Natural gas 2 7.12 12 6.14 22 6.61 

Heat rate (btu/kWh) 7,064 3 7.54 13 6.20 23 6.83 

Capacity factor (%) 65% 4 7.77 14 6.25 24 6.96 
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Parameter Value Annual Fuel Price (constant $/MMBtu) 

Size (MW) 540 Year Price  Year Price Year Price 

Discount rate (%) 5.0% 5 7.30 15 6.16 25 7.09 

Operating life (years) 30 6 7.01 16 6.06 26 7.20 

Fixed charge factor (%) 12% 7 6.77 17 6.18 27 7.25 

Capital cost ($/kW) 703 8 6.47 18 6.25 28 7.30 

Fixed O&M cost ($/kW-yr) 12.14 9 6.26 19 6.36 29 7.35 

Variable O&M cost ($/MWh) 2.01 10 6.14 20 6.46 30 7.4 
 
 

▪ Initial investment  costs: the levelized initial investment cost is equal to:  
 

Levelized (IIC) = 703 * 0.12 * 1,000 / (8,760 *0.65) = $14.82/MWh 

▪ Fixed O&M: The levelized fixed O&M cost is equal to: 
 

Levelized fixed O&M cost = 12.14 * 1,000 / (8,760 * 0.65) = $2.13/MWh 

▪ Variable O&M: The levelized variable O&M cost is equal to $2.01/MWh 
▪ Fuel costs: The present value of the discounted fuel cost stream is equal to $104.35/MMBtu. 
The levelized fuel cost is equal to: 

 
[104.35 * 0.05 * (1+0.05)30] / [(1 + 0.05)30 – 1] = $6.79/MMBtu 

This levelized value is then converted to units of $/MWh as follows:  

 
Levelized FC = 6.79 * 7,064 / 1,000 = $47.97/MWh 

▪ Total levelized cost: The total levelized cost is equal to the sum of the above components, as 
follows: 

 
Total levelized cost = levelized IIC + levelized FOM + VOM + levelized FC 

= 14.82 + 2.13 + 2.01 + 47.97  
= $66.93/MWh 
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Attachment III. List of Common Factors for Policy Quantification  
 
These are examples of data needed across sectors. Each sector has its own sector-
specific data needs. CCS will work with the PE and TWG members to identify 
recommended data sources. These will be entered into a common MS Excel file 
called “Common Baseline Forecast and Microeconomic Analysis Data.xls”. This file 
will be located in the following Central Desktop (CD) folder along with this 
Quantification Memo: 03 Microeconomic Analysis. For those with CD access to the 
project workspace -  
(https://ccs.centraldesktop.com/bajacaliforniacapphasetwo/folder/0/#folder:293
1887):   

1. Energy price forecasts:  covering electricity, as well as each fuel type; 

2. Forecasts for electricity and gas sales in BC during the planning period; 
3. Information on current (most recent year) utility sales of gas and electricity 
in BC, preferably by utility, especially if different goals are to apply to different 
utilities; 

4. Carbon intensity of grid electricity: should be taken from BC’s GHG I&F or 
derived from data supporting these baseline estimates (i.e. net generation and the 
associated CO2e emissions in each year; also net annual imports and estimates of 
their carbon intensity). This value may change over the modeling period, and will be 
needed for many ES options and demand-side policies in the other sectors; 

5. Estimates of the average current and projected gas and electricity avoided 
costs (in $/MMBtu and $/MWh) in BC. If these data are not readily-available, they 
can probably be estimated from the results of statewide cost modeling exercises;  

6. Energy-cycle emission factors: for electricity, as well as each fuel type; 
sources could be the ANL GREET model (http://greet.es.anl.gov/) or specific studies 
done for Mexico; 

7. State-wide population forecast; 

8. Forecasts for the number of new residential buildings to be constructed over 
the planning period (by year), and of the commercial floor space to be constructed 
annually (or, for example, forecasts for these parameters in five-year increments); 

9. Estimates of current total water use, preferably by sector, for the most 
current year available (and, preferably, for recent years) in BC. If water use data are 
unavailable, water production (volume of water treated for domestic, commercial, 
and industrial uses) in BC would be a good proxy; also, the embedded 
energy/carbon content of water deliveries to different regions (cities) in BC.   

10. Estimates of future water use in BC. These may be available from water 
treatment/distribution authorities, or may need to be created by extrapolating 
trends in use per person and applying them to demographic projections; 
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11. Estimates of current and future volumes of wastewater treated by 
municipality or plant; 

12. Regional economic forecast (employment, gross state product (GSP); and 

13. Biomass supply and demand assessment: a common need for energy and 
GHG planning where strategies target in-State fuel supplies; the initial set of BC CAG 
policies include AF-3 which addresses biofuels production and TLU-2 addressing 
use of alternative fuels. 
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Attachment IV. Example Calculation of Net Present Value in Micro-
Economic Policy Analysis 
 
This attachment provides an example calculation of the net present value (NPV) of 
costs for implementation of a policy addressing the application of straw mulching 
technology in the agricultural sector. This policy has a goal of reducing crop residue 
(straw) burning as a management method by assisting farmers to transition to 
mulching crop straw for re-application to crop fields. Benefits include reduced GHG 
emissions from crop straw burning, an increase in crop yields, lower irrigation 
requirements, and reduced nutrient requirements. Results here are shown in 
Chinese currency (RMB or ¥). 
 
The cost elements for the policy include the following: 
 

• Initial investment costs: capital costs for crop residue harvesting and application 
equipment; 

• Annualized investment costs: this example assumes 100% financing of initial 
investments over the lifetime of the equipment (15 years at 5.0% interest 
produces a capital recovery factor of 0.096); 

• Transport costs: for application to local area crop land (¥/t biomass); 
• Operations costs: additional labor for mulch harvest and application (¥/hectare); 
• Fuel costs: for harvest and application equipment (¥/hectare); 
• Irrigation savings: electricity savings for reduced irrigation pumping. Calculated 

as a function of reduced water needs, reduced power requirements, and value of 
electricity savings (¥/MWh avoided); 

• Fertilizer savings: calculated as a function of reduced nitrogen requirements and 
value of avoided commercial fertilizer use (¥/t avoided);  

• Yield increase value: value of higher yields produced through mulch application 
(¥/hectare).  

 
The costs of applying this new management practice (straw mulching) need to be 
netted against those for baseline management. In this example, baseline 
management is crop residue burning with costs that are low enough to be 
considered zero. 
 
Table IV-1 summarizes the stream of costs associated with each of these cost 
elements during the planning period (2010-2035). Costs for each element in each 
year are shown in nominal (real) million (MM) RMB (¥). For each of these cost 
elements, the details of how each one is escalated through the planning period will 
be spelled out in the Quantification Results section of the Policy Option Template 
introduced earlier in this memorandum. For example, future increases in energy 
costs will be determined from the energy price forecasts assembled for use by all 
sector analysts in this project. Other escalation procedures will be specific to the 
sector and policy being analyzed. For example, the future expected costs of 
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commercial nitrogen fertilizers or future value of crop commodities will need to be 
determined for an agricultural sector policy that requires those inputs.  
 
The column in Table IV-1 showing net costs shows the sum of all costs and savings 
(net costs) for each year of the planning period. The final column shows the net 
discounted costs, which have been discounted to a base year of 2010. The overall 
calculation of the net present value (NPV) of costs is shown in the following 
equation.   
 

NPV =     
 
Where: 

LCm = Levelized cost of a technology or best practice, ₱/activity unit 
LCr = Levelized cost of the baseline or reference technology or best 

practice, ₱/activity unit 
At = Amount of activity affected by the technology or best practice 

in year t, activity unit 
Dr = Real discount rate, dimensionless  

 

For this example policy, the net societal costs are ¥MM 1,296 (1.30 billion RMB) in 
real currency which is equal to ¥MM 913 (0.91 billion RMB) when discounted to 
2010 dollars using a 5.0% discount rate.  

 
 Table IV-1. Example NPV Calculation: Agricultural Crop Residue Mulching 
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Year

Harvest & 
Application 

Capital Costs 
(MM¥)

Annualized 
Capital Costs 

(MM¥)

Transport 
Costs

 (MM¥)

Operations 
Costs 

(MM¥)

Yield 
Increase 
(MM¥)

Irrigation 
Savings 
(MM¥)

Fertilizer 
Savings 
(MM¥)

Diesel Costs 
(MM¥)

Net Costs 
(MM¥)

Discounted 
Net Costs 

(2010MM¥)

2010 ¥67 ¥6.4 ¥9 ¥22 ¥-7 ¥-22 ¥-1 ¥20 ¥27 ¥27
2011 ¥67 ¥12.8 ¥17 ¥45 ¥-14 ¥-44 ¥-3 ¥40 ¥54 ¥51
2012 ¥67 ¥19.2 ¥26 ¥67 ¥-21 ¥-66 ¥-8 ¥59 ¥77 ¥70
2013 ¥67 ¥25.6 ¥35 ¥90 ¥-28 ¥-88 ¥-15 ¥79 ¥98 ¥84
2014 ¥67 ¥32.0 ¥43 ¥112 ¥-35 ¥-109 ¥-25 ¥99 ¥116 ¥95
2015 ¥0 ¥32.0 ¥43 ¥112 ¥-35 ¥-109 ¥-32 ¥99 ¥109 ¥86
2016 ¥0 ¥32.0 ¥43 ¥112 ¥-35 ¥-109 ¥-38 ¥99 ¥103 ¥77
2017 ¥0 ¥32.0 ¥43 ¥112 ¥-35 ¥-109 ¥-45 ¥99 ¥97 ¥69
2018 ¥0 ¥32.0 ¥43 ¥112 ¥-35 ¥-109 ¥-51 ¥99 ¥90 ¥61
2019 ¥0 ¥32.0 ¥43 ¥112 ¥-35 ¥-109 ¥-57 ¥99 ¥84 ¥54
2020 ¥0 ¥32.0 ¥43 ¥112 ¥-35 ¥-109 ¥-64 ¥99 ¥77 ¥48
2021 ¥0 ¥32.0 ¥43 ¥112 ¥-35 ¥-109 ¥-70 ¥99 ¥71 ¥42
2022 ¥0 ¥32.0 ¥43 ¥112 ¥-35 ¥-109 ¥-76 ¥99 ¥65 ¥36
2023 ¥0 ¥32.0 ¥43 ¥112 ¥-35 ¥-109 ¥-83 ¥99 ¥58 ¥31
2024 ¥0 ¥32.0 ¥43 ¥112 ¥-35 ¥-109 ¥-89 ¥99 ¥52 ¥26
2025 ¥0 ¥25.6 ¥43 ¥112 ¥-35 ¥-109 ¥-96 ¥99 ¥39 ¥19
2026 ¥67 ¥25.6 ¥43 ¥112 ¥-35 ¥-109 ¥-102 ¥99 ¥33 ¥15
2027 ¥67 ¥25.6 ¥43 ¥112 ¥-35 ¥-109 ¥-108 ¥99 ¥26 ¥12
2028 ¥67 ¥25.6 ¥43 ¥112 ¥-35 ¥-109 ¥-115 ¥99 ¥20 ¥8.3
2029 ¥67 ¥25.6 ¥43 ¥112 ¥-35 ¥-109 ¥-121 ¥99 ¥14 ¥5.4
2030 ¥67 ¥32.0 ¥43 ¥112 ¥-35 ¥-109 ¥-127 ¥99 ¥14 ¥5.2
2031 ¥0 ¥32.0 ¥43 ¥112 ¥-35 ¥-109 ¥-134 ¥99 ¥7 ¥2.6
2032 ¥0 ¥32.0 ¥43 ¥112 ¥-35 ¥-109 ¥-140 ¥99 ¥1 ¥0.3
2033 ¥0 ¥32.0 ¥43 ¥112 ¥-35 ¥-109 ¥-147 ¥99 ¥-5 ¥-1.8
2034 ¥0 ¥32.0 ¥43 ¥112 ¥-35 ¥-109 ¥-153 ¥99 ¥-12 ¥-3.7
2035 ¥0 ¥32.0 ¥43 ¥112 ¥-35 ¥-109 ¥-159 ¥99 ¥-18 ¥-5.4

Totals= ¥1,296 ¥913
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Appendix C 
Energy Supply Policy Recommendations  

 

These policy option recommendations and analyses are a product of decisions by members of the 
Baja California Climate Action Plan (CAP) Panel of Experts (PE) and Local Project Manager 
(LPM) developed through training and technical assistance by The Center for Climate Strategies 
(CCS). Following review of the Phase 1 work and subsequent policy prioritization efforts by the 
Secretaria de Proteccion al Ambiente (SPA), PE members and the LPM selected these policies 
as priorities for initial development and analysis in the CAP with informal input from technical 
workgroup members and the SPA. With CCS training and technical assistance, PE members 
developed the policy option templates, including policy design parameters (timing, level of effort, 
coverage of parties, implementation mechanisms), and analysis choices (best available data 
sources, methods, and assumptions), and then produced a direct impact (microeconomic) 
analysis for each policy. The results of these analyses were compiled by CCS at a stand alone 
and integrated level to construct individual and total impacts for the CAP that provided inputs to 
the indirect (macroeconomic) impacts covered in Chapter 9. 

 
  

Summary List of Policy Recommendations 

  Total GHG Reductions Base Year 2012$ 

Policy 
 ID # Policy Name 

Annual CO2e 
Reductions 

2030 
Cumulative 

NPV  
2014-2030 

Cost 
Effectiveness 

2020 Tg 
2030 
Tg TgCO2e $Million  $/tCO2e 

ES-1 

Micro-Hydro Renewable Energy 
Generationa 0.05  0.07  0.8  $231 $294 

ES-2 Energy Supply Diversificationb 0.9  1.3  16.0  $7,062 $440 

ES-3 

Distributed Energy Supply for 
Buildingc 0.01  0.02  0.2  $7 $31 

ES-4 

Photovoltaic Panel Electricity 
Generationd 0.018  0.025  0.296  $150 $505 

ES-5 Policy Title 0.0  0.0  0  $0 $0 
ES-6 Policy Title 0.0  0.00  0  $0 $0 

Totals 1.0  1.5  17  $7,449 $1,270 
a 35 MW hydro 
b 15% Renewables 
c 15 MW PV for Govt Buildings 
d 20 MW (?) PV for Residential Buildings 
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ES-1. Small Hydro Generation 

Policy Description 

This policy expands the generation of electrical energy in Baja California via the construction 
and operation of small hydroelectric plants, taking advantage of water flow, primarily from 
existing canals in the State, or other forms of running water that provide the necessary water 
pressure for electricity generation. Currently these water resources are underutilized for power 
production. 

This aims to provide the State clean-sourced electricity, taking advantage of available resources 
without affecting the environment, while simultaneously benefiting the public. These benefits are 
reflected in the reduction of fossil fuels imported by Baja California, which leads to a decrease in 
fossil fuel consumption costs and the reduction of Greenhouse Gas emissions that produced by 
the generation of electricity, including gasses such as carbon dioxide (CO2), methane (CH4) and 
nitrous oxide (N2O).  

Policy Design 

Goal:   

• Generate 35 MW of new small hydro generation by specified date. 

Timing:   

• Program starts in 2014, with first generation commencing in 2016 and full 
implementation of the 35 MW target by 2022. 

Parties Involved:  

 The stakeholders considered for the fulfillment of the goal of this policy are:  

Federal: 

• Secretariat of Energy (SENER) 
• National Commission for Energy Savings 

 

State: 

• State Energy Commission (CEE-BC) 
• Public Services Commission (Ensenada, Mexicali, Rosarito, Tecate y Tijuana) 

Private Sector: 

• Independent power producers 
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• Farmers, canal owners and other irrigation water stakeholders 
 

Implementation Mechanisms 

Implementation mechanisms envisioned to support this policy include: 

• Public-private Power Purchase Agreements (PPAs) 
• Regulation: Water utilities to be required to acquire power from renewable sources. 
• Carbon Tax covering power supply sources (which is being considered in the new tax 

reform). 
 

Related Policies and Programs in Place and Recent Actions 

Current policies/programs include:  

At the Federal level  

• Law on the Use of Renewable Energies and the Financing of the Energy Transition 
(LAERFTE): Said law encourages the environmentally friendly generation of electrical 
energy, through small and medium-scale hydroelectric plants.  

Type(s) of GHG Reductions 

GHG reductions include CO2, N2O, CH4, and potentially black carbon. 

The star symbol in the causal chain below identifies significant GHG effects that will be 
quantified: 

 

 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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Table ES-1-1. Estimated Net GHG Reductions and Costs or Cost Savings From ES-1 
Applying Direct Emissions Factors 

 
Policy 
No. 

Policy 
Recommendation 

GHG Reductions 
(MMtCO2e) 

 
Net Present 
Value 2014-
2030 (Million 

2012$) 

 
Cost 

Effectiveness 
2014-2030 
($/tCO2e) 

Annual Total 

2020 2030 2014-2030 

ES-1 Electricity generated 
by Micro Hydro 

0.047 0.065 0.785 $231 $294 

$/tCO2e = pesos per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtCO2e = million metric tons of carbon 
dioxide equivalent.  
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2014–2030 (column 
five). The cost per tCO2e (column seven) over 2014–2030 is the discounted, net present value of the 2014–2030 cash flows in 
millions of dollars (column six) divided by the cumulative MMt of GHG reductions (column five). 
 
Data Sources:  

• Energy Environmental Economics, Recommendations for WECC 10 and- 20- Year Study 
Process, 2012, Salt Lake City. Pag 30,  Available at 
http://www.nwcouncil.org/media/6867814/E3_GenCapCostReport_finaldraft.pdf  
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• Intergovernmental Panel on Climate Change, Directrices del IPCC de 2006 para los 
Inventarios Nacionales de Gases de Efecto Invernadero, Volúmen 2, Energía, 2006. Pag 
2.16, Available at: http://www.ipcc-
nggip.iges.or.jp/public/2006gl/spanish/pdf/2_Volume2/V2_2_Ch2_Stationary_Combusti
on.pdf.  

• Muñoz Meléndez, Gabriela et. al. Baja California: Perfil Energético 2010-2020 Propuesta 
y Análisis de Indicadores Energéticos para el Desarrollo de Prospectivas Estatales. 
Available at: http://www.energiabc.gob.mx/files/public/pdf/PerfilEnergeticoBC2010-
2020.pdf.  

• Odón de Buen, Guía para el Desarrollo de Proyectos de Generación de Electricidad con 
Energía renovable en y para los Municipios. 2010. Pag 40, available at: 
http://www.renovables.gob.mx/res/1658/GuiaDesarrolloProyectosGeneracionElectricidad
PartirERMunicipios.pdf.  

• Quintero, M y Nuñez , Alan. Perspectiva Energética en Mexicali y Valle Imperial, 2005. 
Divulgare Energías Alternas. Pag 8. Avaliable at:  
http://132.248.129.5/cursoOJS/index.php/uabc/article/viewFile/800/826  

• Secretaria de Energía (SENER), Balance Nacional de Energía 2011. México 2012. 
http://www.sener.gob.mx/res/PE_y_DT/pub/2012/BNE_2011.pdf  

• Secretaría de Energía (SENER), Prospectiva de Energías Renovables 2012-2026, México 
2012. Pag 128, available at: http://sener.gob.mx/res/PE_y_DT/pub/2012/PER_2012-
2026.pdf    

• Sweedler A, Quintero Margarito and Collins Kimberly, Energy Issues in the U.S.-
Mexican Binational Region: Focus on California-Baja California. Pag 168. Avaliablea at: 
http://climate.asu.edu/docs/climate/BorderAirQuality/EnergyIssuesintheUSMexicanBinat
ionalRegionFocusonCaliforniaBajaCalifornia.pdf.   

 
Quantification Methods:  

The analysis is divided in two sections, emissions and costs. The emissions section first 
calculates the Business as Usual for GHG emission for total electricity production in Baja 
California, in this case emissions for fuel (NG) consumption were considered. Then, the quantity 
of emission reduction that the policy targets was estimated; in this case the avoided emissions 
will be focused on electricity generation.  

Taking into account electricity reductions costs were calculted; mainly costs for reducing 
consumption. The total cost includes capital cost, annualized capital, operation and maintenance 
cost, avoided expenditures, net costs or benefits and Net Present Value resulting from the policy. 

a) Emission Section 

GHG emissions for Business as Usual   
The Business as Usual emissions for electricity production are derived as follows: 

• The annual fuel (NG) consumption in Tj. This information is obtained using Gross total 
Electricity multiplied by NG heat rate (TJ/Mwh), both data are in the inventory of GHG 
for Baja California. 
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• CO2e emissions are calculated using emissions factors for NG, and by multiplying 
emission factor (kgCO2e/Tj) by NG consumption (Tj). Final total emissions are expressed 
in tones of CO2e. 
 

GHG emission avoided by the policy 
The GHG emissions avoided by the policy are derived as follows: 

• The policy reduction targets were distributed in a proportional way to obtain the same 
percentage of reduction year by year. 

• Using the percentages of reduction and gross total electricity production, the avoided 
electricity production with non renewable fuel is obtained. 

• The avoided GHG emissions are obtained multiplying avoided Electricity by NG heat 
rate. 

• To calculate the avoided GHG emissions it is necessary to subtract 9% of T&D. 
 
b) Cost Section 

Capital cost 

• To calculate capital cost,,investment price for MWh generated by Micro Hydro Plant was 
obtained. 

• By multiplying investment price by MWh, the capital cost expressed in millions of pesos 
is obtained. 

 
Annualized Capital 
The annualized capital is derived as follow: 

• Capital Recovery Factor which is calculated using interest rate and equipment life in 
years. 

• By multiplying Capital Recovery Factor by Capital Costs of each year, the annualized 
capital cost is obtained.  

• For each year is necessary to add the previous year annualized costs.  
 

Operation and Maintenance Costs 
The Operation and Maintenance Costs are derived as follow: 

• Operation and Maintenance Costs are equal to .01% of Annualized CApital. For each 
year annualized capital is multiplied by 0.01% and the result is Operation and 
Maintenance Cost for that specific year. 

 
Avoided Expenditures 
The avoided expenditures are derived as follow: 

• The forecast residential Electricity price ($/MWh) by each year that the policy suggests 
as target. 

• The quantity of Electricity (MWh) production derived by non-renewable sources saved in 
each year. 
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• The avoided expenditures are the quantity of Electricity saved in each year multiplied by 
the forecast price of MWh in the residential sector, it is expressed in millions of pesos 
(MM$).  

 
Total Costs 
The total costs are derived as follow: 

• Capital costs and operation and maintenance are added in each year through 2022. 
 
Net Costs or Benefits 
The net costs or benefits are derived as follow: 

• Avoided expenditures are subtracted from total costs in each year through 2022 to give a 
net cash flow for each time period. Negative values represent savings for the consumer. 

 
Net Present Value 
The net present value is derived as follow: 

• The NPV of this stream of cash flows is calculated using a 5% real discount rate to 
estimate a discounted, lump sum cost (benefit) in 2014 for the State from the program in 
2022 (assuming the relevant 2014–2030 implementation schedule).  

 
Key Assumptions 

• 100% Investment policy will come from the private sector. 
• The 35 MW of Micro Hydro is implemented linearly with 5 MW per year for 2016-2022 
• Capacity Factor for Micro Hydro is 40% information available at: 

http://cer.gob.cl/tecnologias/files/2011/12/libro_Hydroelectrica.pdf.  
o At a 40% capacity factor, each 5 MW increase in Micro Hydro capacity 

generates 17,520 MWh per year. 
• In Mexicali Micro Hydro will be installed on Mexicali Valley121 to take advantage of 

irrigation canals. 
• Tecate122 will be the other site where the Micro Hydro will be installed to take advantage 

of water flow from “El Carrizo” dam. 
• Ensenada123 could be another option to install Micro Hydro, specifically at “El Retiro” 

place. 
• In the calculation of avoided NG consumption Heat Rate for NG cycle generation of 7.0 

TJ/GWh was used. 
• The direct average emissions factor for avoided CO2 emissions intensity for electricity is 

0.44 metric tons per megawatt-hour (tCO2e/MWh), from a combined cycle natural gas 
generation plant with a heat rate of approximately 7.0TJ/GWh. This approach includes 
electricity transmission and distribution (T&D) losses in emission intensity. 

121 Quintero, M y Nuñez , Alan. Perspectiva Energética en Mexicali y Valle Imperial, 2005. Divulgare Energías 
Alternas. Pag 8. Avaliable at:  http://132.248.129.5/cursoOJS/index.php/uabc/article/viewFile/800/826 
122 Ibid., pag 8. 
123Sweedler A, Quintero Margarito and Collins Kimberly, Energy Issues in the U.S.-Mexican Binational Region: 
Focus on California-Baja California. Pag 168. Avaliablea 
at:http://climate.asu.edu/docs/climate/BorderAirQuality/EnergyIssuesintheUSMexicanBinationalRegionFocusonCal
iforniaBajaCalifornia.pdf. 
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• The upstream GHG emissions value is .13 tCO2e/MWh, which reflects the leakage of 
methane from natural gas production and distribution. 

• For the “upstream” GHG emissions full fuel cycle emissions factors were used. 
• The baseline Electricity and Fuel consumption forecast is derived from Baja Inventory 

and Forecast Emisiones de gases de efecto invernadero en Baja California y 
proyecciones de casos de referencia1990-2020 

• The assumed avoided cost of electricity is Mx$618/MWh which reflects the costs of 
generation from a new combined cycle natural gas plant.  

$/MWh = pesos per megawatt-hour; Gj = Gigajoules. 
 

• Forecasted electricity prices come from SENER- 2002-2012 National Energy Balance. 
For 2012-2030 it was applied a trend to estimate the price in the rest of years. 

• Capital Costs for MWh generated by Micro Hydro were calculated in reference to Energy 
Environmental Economics, Recommendations for WECC 10 and- 20- Year Study 
Process, 2012, Salt Lake City. Pag 30,  Available at 
http://www.nwcouncil.org/media/6867814/E3_GenCapCostReport_finaldraft.pdf. 

Table ES-1-2. Estimated Capital Cost and O&M Cost 
 

Technology Typical Features Capital Cost USD$/kW Fixed O&M 

USD/kW USD$/kW-yr 

Micro Hydro 
Size of plant: less than 30MW 
Kind: river stream, hidrocinetic, diurnal storage 3,500 30 

  
• Initial capital costs for 2016-2022 are ~Mx$233 million per year. 
• Useful life was 30 years. It was taken from Odón de Buen, Guía para el Desarrollo de 

Proyectos de Generación de Electricidad con Energía renovable en y para los Municipios. 
2010. Pag 40. 

• The capital cost recovery factor for a 30 year project at a real 5% rate of interest is 7% 
per year. 
 

Key Uncertainties 

None identified. 

Additional Benefits and Costs 

None identified. 
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Feasibility Issues 

Key potential feasibility issues include: 

• Sources of Financing for the construction of the power plants  
• Legislative approval of new requirements 
• Opposition of entrepreneurs to apply a carbon tax 
• Water availability because of climate change (extreme drought) 
• Technological barrier due to the load factor 
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ES-2. State Energy Matrix Diversification 

Policy Description 

The current mix power generation relies largely on fossil fuels that generate GHG emissions and 
significantly deplete air quality. Due to high dependency on oil and the emissions which result 
from energy production in Baja California, there is a need for a policy that will diversify the 
energy matrix of the State to include a larger percent of renewable energy sources that do not 
affect the environment. 

The State of Baja California has potential resources that can be utilized as for diversification of 
energy sources, such as:  bioenergy, solar energy, geothermal energy, hydropower, wind power 
and various forms of ocean energy (tidal, waves and marine currents). The objective of this 
policy is to diversify the energy matrix, give greater stability, sustainability and increase supply 
current of energy, reduce hydrocarbons consumption and reduce Greenhouse Gas emissions. 

Policy Design 

Goals:   

• 15% of state electricity sales will come from renewable energy supplies by 2020  

Timing:  

• Project planning starts in 2014 with first renewables coming online in 2016 and the 15% 
target accomplished by 2022 

Parties Involved: 

Implementing this policy will require the involvement and support of the following agencies and 
organizations:  

Private  

• Independent power producers 
• Building owners 
• Banks and other financing institutions 
• Ranchers and other large landowners that provide land for wind farms 
• Farmers that grow wheat and other biomass feedstocks for AFOLU-3 

Federal: 

• Federal Electricity Commission (CFE in spanish) 
• Secretariat of Energy (SENER)  
• Mexican Petroleum (PEMEX) 
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• Regulatory Energy Commission 
• National Council of Science and Technology (CONACYT) 

State: 

• State Energy Commission (CEE-BC) 

Other:  Renewable energy is defined as naturally occurring form of renewable energy: and in 
this policy include biomass, solar photovoltaic and wind powered electricity generation. 

Implementation Mechanisms 

Implementation mechanisms envisioned to support this policy include: 

• Regulatory requirement for a percent of sales/production to come from allowable 
renewable energy sources 

• Financing, PPAs, loan guarantees, public funds, authorizing legislation for state purchases. 
• Combining mechanisms for each source, including the percentage allocation for the 

generation and sale of energy 

• Taxing carbon 

• Economic and fiscal incentives that promote energy generation from renewable sources 

• Promoting the mainstreaming of climate policy 

• Leveraging the existing carbon markets 

• Involving research centers in technological development 

Related Policies and Programs in Place and Recent Actions 

• Law for the promotion and development of the bioenergy 
• Law for the use of renewable energy and energy transition financing 
• Law for the sustainable use of energy 

• Sectorial Fund for Energy sustainability with SENER-CONACYT: This Fund is under the 
Federal law of rights in the field of hydrocarbons, which obligates PEMEX to pay an annual 
fee for scientific and technological research on energy, by applying the 0.65% to the annual 
value of the crude oil and natural gas extracted in the year 
• Program of solar water heaters (Procasol) 

 
Type(s) of GHG Reductions 

GHG reductions include CO2, N2O, CH4, and potentially black carbon. 
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Table ES-2-1. Estimated Net GHG Reductions and Costs or Cost Savings From ES-2 

Applying Direct Emissions Factors 
 
Policy 
No. 

Policy 
Recommendation 

GHG Reductions 
(MMtCO2e) 

 

Net Present 
Value 2014-
2030 (Million 

2012$) 

 

Cost 
Effectiveness 

2014-2030 
($/tCO2e) 

Annual Total 

2020 2030 2014-2030 

ES-2 Energy Supply 
Diversification  0.9  1.3  16.0  $7,062 $440 

$/tCO2e = pesos per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtCO2e = million metric tons of carbon 
dioxide equivalent.  
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2014–2030 (column 
five). The cost per tCO2e (column seven) over 2014–2030 is the discounted, net present value of the 2014–2030 cash flows in 
millions of dollars (column six) divided by the cumulative MMt of GHG reductions (column five). 

 

Data Sources:  

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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• Claudio A. Estrada y Camilo A. Arancibia. Las Energías Renovables: La Energía Solar y 
sus Aplicaciones, Agosto 2010, Vol. 11, Número 8, ISSN: 1067-6079. Pag 15. Available 
at: http://www.revista.unam.mx/vol.11/num10/art96/  

• Dremen  Thomas, Baker Arnold and Kamery William. Electricity Generation Model 
(Gen Sim). Energy Economics Educaction Foundation, Inc. Second Quarter 2003, pag 
18-19. Available at: Maggie Eldridge, Steve Nadel, Amanda Korane, John A. "Skip" 
Laitner, Vanessa McKinney, Max Neubauer, and Jacob Talbot. April 1, 2009. Potential 
for Energy Efficiency, Demand Response, and Onsite Solar Energy in Pennsylvania. 
American Council for an Energy-Efficient Economy (ACEEE) et al. Available at: 
http://www.aceee.org/pubs/e093.htm     

• Intergovernmental Panel on Climate Change, Directrices del IPCC de 2006 para los 
Inventarios Nacionales de Gases de Efecto Invernadero, Volúmen 2, Energía, 2006. Pag 
2.16, Available at: http://www.ipcc-
nggip.iges.or.jp/public/2006gl/spanish/pdf/2_Volume2/V2_2_Ch2_Stationary_Combusti
on.pdf.  

• Muñoz Meléndez, Gabriela et. al. Baja California: Perfil Energético 2010-2020 Propuesta 
y Análisis de Indicadores Energéticos para el Desarrollo de Prospectivas Estatales. 
Available at: http://www.energiabc.gob.mx/files/public/pdf/PerfilEnergeticoBC2010-
2020.pdf  

• Odón de Buen, Guía para el Desarrollo de Proyectos de Generación de Electricidad con 
Energía renovable en y para los Municipios. 2010. Pag 37, available at: 
http://www.renovables.gob.mx/res/1658/GuiaDesarrolloProyectosGeneracionElectricidad
PartirERMunicipios.pdf  

• Secretaria de Energía (SENER), Balance Nacional de Energía 2011. México 2012. 
http://www.sener.gob.mx/res/PE_y_DT/pub/2012/BNE_2011.pdf 

• Secretaría de Energía (SENER), Prospectiva de Energías Renovables 2012-2026, México 
2012. Pag 128, available at: http://sener.gob.mx/res/PE_y_DT/pub/2012/PER_2012-
2026.pdf  

 

Quantification Methods:  

The analysis is divided in two sections, emissions and costs. The emissions section first 
calculates the Business as Usual for GHG emissions for total electricity production in Baja 
California, in this case emissions for fuel (NG) consumption were considered. Then, the quantity 
of emission reduction was estimated; in this case the avoided emissions will be focused on 
electricity generation in the residential sector.  

Taking into account electricity reductions, costs were calculated, mainly costs for reducing 
consumption. The total cost includes capital cost, annualized capital, operation and maintenance 
cost, avoided expenditures, net costs or benefits and Net Present Value resulting from the policy. 

a) Emission Section 
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GHG emissions for Business as Usual   

The Business as Usual emissions for residential electricity production are derived as follows: 

• The annual fuel (NG) consumption in Tj. This information is obtained using Residential 
Electricity Consumption (MWh) multiplied by NG heat rate (TJ/MWh), both data are in 
Baja California GHG inventory. 

• CO2e emissions are calculated using emissions factors for NG by multiplying emission 
factor (kgCO2e/Tj) by NG consumption (Tj). Final total emissions are expressed in tones 
of CO2e. 

•  
GHG emission avoided by the policy 

The GHG emissions avoided by the policy are derived as follows: 

• The policy reduction targets were distributed in a proportional way to obtain the same 
percentage of reduction year by year. 

• Using the percentage of reduction values and gross total electricity production, the 
avoided electricity production with non renewable fuel is obtained. 

• The avoided GHG emissions are obtained by multiplying avoided Electricity by NG heat 
rate. 

• To calculate avoided GHG emissions it is necessary to subtract 9% of T&D. 
 

b) Cost Section 
 

Capital cost 

• To calculate capital cost, investment price for MW for Photovoltaic Panel ($/MW) and 
Wind Power Plant 

• Multiplying investment price by MW needed for the policy is obtained the capital cost 
which is expressed in millions of pesos. 

 

Annualized Capital 

The annualized capital is derived as follow: 

• Capital Recovery Factor which is calculated using interest rate and equipment life in 
years 

• Multiplying Capital Recovery Factor by Capital Costs of each year  
• For each year is necessary to add the previous year annualized costs.  

 

Operation and Maintenance Costs 
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The Operation and Maintenance Costs are derived as follow: 

• Operation and Maintenance Costs are equal to .3% of the Annualized Capital. For each 
year annualized capital is multiplied by 0.3% and the result is Operation and Maintenance 
Cost for that specific year. 

 

Avoided Expenditures 

The avoided expenditures are derived as follow: 

• The forecast Residential Electricity price ($/MWh) for each year that the policy suggests 
as target. 

• The quantity of Electricity (MWh) production saved derived from non-renewable sources 
in each year. 

• The avoided expenditures are the quantity of Electricity saved in each year multiplied by 
the forecast price of MWh in the residential sector, and are expressed in millions of pesos 
(MM$).  

• To calculate the avoided costs it is necessary to subtract existing avoided costs from ES-
1, ES-4 and AFOLU-3. 

 

Total Costs 

The total costs are derived as follow: 

• Capital costs from other policies (ES-1, ES-4 and AFOLU-3). 
• Capital costs from other policies are added to capital costs and operation and 

maintenance of ES-2 in each year through 2022. 
 

Net Costs or Benefits 

The net costs or benefits are derived as follow: 

• Avoided costs from other policies. 
• ES-2 avoided expenditures are subtracted from total costs in each year through 2022 to 

give a net cash flow for each time period.  
• Avoided costs from other policies will be subtracted from ES-2 Avoided Expenditures 
• Negative values represent savings for the consumers. 

 
The net present value is derived as follow: 

• The NPV of this stream of cash flows is calculated using a 5% real discount rate to 
estimate a discounted, lump sum cost (benefit) in 2014 for the State from the program in 
2022 (assuming the relevant 2014–2030 implementation schedule).  
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Key Assumptions 

• 100% Investment will come from the private sector. 
• The 15% renewable target is implemented linearly for the years 2016-2022.  
• The renewable electricity generated under AFOLU-3, ES-1, ES-3 and ES-4 are counted 

as existing actions in the table below. 

Year 

Annual 
(Incremental)  
Renewables 

Incremental 
Existing Actions 

Cumulative 
New GWh 
under This 
Policy 

2014 0.00% 0.00% 0.00% 
2015 0.00% 0.00% 0.00% 
2016 2.14% 0.18% 1.97% 
2017 2.14% 0.16% 3.95% 
2018 2.14% 0.19% 5.90% 
2019 2.14% 0.12% 7.93% 
2020 2.14% 0.22% 9.86% 
2021 2.14% 0.11% 11.89% 
2022 2.14% 0.18% 13.86% 

 
• For the calculation of avoided NG consumption Heat Rate for NG cycle generation of 

7.0 TJ/GWh ws used. 
• The direct average emissions factor for avoided CO2 emissions intensity for electricity is 

0.44 metric tons per megawatt-hour (tCO2e/MWh), from a combined cycle natural gas 
generation plant with an approximate heat rate of 7.0 TJ/GWh. This approach includes 
electricity transmission and distribution (T&D) losses in emission intensity. 

• The upstream GHG emissions value is .13 tCO2e/MWh. which reflects leakage of 
methane from natural gas production and distribution. 

• For the “upstream” GHG emissions full fuel cycle emissions factors are used. 
• Upstream emissions for AFOLU-3 include the emissions from diesel fuel combustion 

from biomass harvest and transport. 
• The baseline Electricity and Fuel consumption forecast is derived from Baja Inventory 

and Forecast Emisiones de gases de efecto invernadero en Baja California y 
proyecciones de casos de referencia1990-2020The assumed avoided cost of electricity is 
Mx$618/MWh which reflects the costs of generation from a new combined cycle natural 
gas plant.  

• Forecasted electricity prices come from SENER- 2002-2012 National Energy Balance. 
For 2012-2030 it was applied a trend to estimate the price in the rest of years. 

• O&M cost is equal to 0.30% of the capital costs for PV panels and Wind Generation. 
• Capital Costs for MW for Photovoltaic Panel and Wind Generation refer to US DOF 

information available at: Claudio A. Estrada y Camilo A. Arancibia. Las Energías 
Renovables: La Energía Solar y sus Aplicaciones, pag 15.  
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Table ES-2-2. Estimated Capital Cost and O&M Cost 

 

Technology 
Capital Cost USD/kW O&M Cost 

USD/kW 

 
 
USD/kW 

Solar Photovoltaic 3526 
 

10.47 

Biomass 889 
varies 

Wind 976 
 

27.15 
Source: DOF and International Association for Energy Economics, Newa Letter 2003. 

 

• Useful life for biomass, PV panels and Wind Generation was 20 years It was taken from 
Odón de Buen, Guía para el Desarrollo de Proyectos de Generación de Electricidad con 
Energía renovable en y para los Municipios. 2010. Pag 37.  

• Capacity factor for Biomass is 90%.  
• Biomass O&M costs are estimated at 87 Mx$/MWh. García et al., 2008, "Proyecto de 10 

MW generación de electricidad a partir de residuos y/o subproductos de biomasa: 
Evaluación económica financiera", MIEMDNETN,Dirección Nacional de energía y 
tecnología nuclear, Uruguay.  

• Capacity Factor for PV panel is 24.6% information available at: pag 15,    
http://www.revista.unam.mx/vol.11/num10/art96/ . 

• Capacity Factor for Wind Generation is 28.9% information available at: pag 18 
https://log.iaee.org/documents/03spr.pdf  

• Wind Generation will be installed at “Valle de la Trinidad”124 in Mexicali. 
• The following table shows the annual costs associated with biomass 

 
 
 
 
 
 

124 Quintero, M y Nuñez , Alan. Perspectiva Energética en Mexicali y Valle Imperial, 2005. Divulgare Energías 
Alternas. Pag 8. Avaliable at:  http://132.248.129.5/cursoOJS/index.php/uabc/article/viewFile/800/826 
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Year 

Diesel Fuel 
O&M Costs 
(Harvest & 

Transportation) 

Non-Fuel O&M 
Costs (Harvest 

& 
Transportation) 

Initial 
Capital 
Costs 

power 
plant 

(Wheat 
straw) 

Cumulative 
Annualized 

Capital 
Costs: 

O & M 
Cost 

power 
plant 

(Wheat 
straw) 

Carbon 
Credit 
Value 

Total 
Policy O 

& M Cost 

Net 
Ann
ual 

Cost
s  

  MM$ MM$ MM$ MM$ MM$ MM$ MM$ 
MM

$ 
2014 

       
  

2015 
       

  
2016 

       
  

2017 5.89 8.82 $53  $4.2  $3  -$0.03 $17.43  $22  
2018 11.88 17.64 $53  $8.47  $5  -$0.05 $34.97  $43  
2019 17.97 26.46 $53  $12.70  $8  -$0.06 $52.61  $65  
2020 24.16 35.29 $53  $16.93  $10  -$0.06 $69.93  $87  
2021 24.37 35.29 $0  $16.93  $10  -$0.06 $70.13  $87  
2022 24.57 35.29 $0  $16.93  $10  -$0.06 $70.34  $87  
2023 24.78 35.29 $0  $16.93  $10  -$0.06 $70.55  $87  
2024 24.99 35.29 $0  $16.93  $10  -$0.06 $70.76  $88  
2025 25.20 35.29 $0  $16.93  $10  -$0.06 $70.97  $88  
2026 25.42 35.29 $0  $16.93  $10  -$0.06 $71.18  $88  
2027 25.63 35.29 $0  $16.93  $10  -$0.06 $71.40  $88  
2028 25.85 35.29 $0  $16.93  $10  -$0.06 $71.62  $88  
2029 26.07 35.29 $0  $16.93  $10  -$0.06 $71.84  $89  
2030 26.29 35.29 $0  $16.93  $10  -$0.06 $72.06  $89  

 

Key Uncertainties 

None identified. 

Additional Benefits and Costs 

None identified. 

Feasibility Issues 

Key potential barriers include: 

• Opposition of entrepreneurs to apply a carbon tax. 
• Economic barrier due to the high costs of renewable technologies. 
• Limited interest from the fossil fuel-based industry 
• Coordiante environmental and energy policies. 

• Economic barriers to the initial funding (state trust) 
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ES-3. Distributed Generation Expansion in State Buildings 

Policy Description 

This policy expands the use and distribution of renewable energy in public buildings in Baja 
California for systems and facilities capable of producing energy, and reduces Greenhouse Gas 
emissions from existing fossil based sources. 

This policy makes an inventory of buildings owned by the State Government that could be 
equipped with panels to capture solar energy. The purpose of this policy is not only to reduce 
energy costs, with the consequent reduction of emissions, but to lead by example and position 
the State Government as a model to promote the use of renewable sources existing in the State. 

Policy Design 

Goals:   

• 15 MW of new distributed generation from renewable sources by 2022 

Timing:  

• Program starts in 2014, with first generation commencing in 2016 and full 
implementation of the 15 MW target by 2022. 

Parties Involved:  

The actors involved in the compliance with this policy include: 

Private 

• Independent power producers 
• Solar photovoltaic energy contractors 
• Building owners 

 

Federal: 

• Secretariat of Energy (SENER) 
• National Commission for Electricity (CFE)  

 

State: 

• CEE-BC (Baja California State Commission for Electricity) 
• State Educational System for Baja California (Sistema Educativo Estatal (SEE-BC) 
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Other: Renewable energy is defined as naturally occurring source of renewable energy. 

Implementation Mechanisms 

Implementation mechanisms envisioned to support this policy include: 

• Net metering for distributed generation 
• Electricity grid interconnection agreements 
• Combination of mechanisms, including information and education, financing, 

standardization 
• Develop "a state trust for energy sustainability" to support specific actions such as 

cogeneration, distributed generation, etc. 
• Establish a governance mechanism to engage stakeholders (state ministeries ) 
• Funding public/private 
 
Related Policies and Programs in Place and Recent Actions 

State 

• Currently, the only source of energy for public buildings in Mexicali comes from renewable 
resources.   

• Law for renewable energy for Baja California. 
 

Type(s) of GHG Reductions 

GHG reductions include CO2, N2O, CH4, and potentially black carbon. 

 

 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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Table ES-3-1. Estimated Net GHG Reductions and Costs or Cost Savings From ES-3 
Applying Direct Emissions Factors 

 
Policy 
No. 

Policy 
Recommendation 

GHG Reductions (MMtCO2e)  
Net Present 
Value 2014-

2030 
(Million 
2012$) 

 
Cost 

Effectiveness 
2014-2030 
($/tCO2e) 

Annual Total 
2020 2030 2014-2030 

ES-3 Renewable Energy 
for State Building 0.01  0.02  0.2  $7 $31 

$/tCO2e = pesos per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtCO2e = million metric tons of carbon 
dioxide equivalent.  
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2014–2030 (column 
five). The cost per tCO2e (column seven) over 2014–2030 is the discounted, net present value of the 2014–2030 cash flows in 
millions of dollars (column six) divided by the cumulative MMt of GHG reductions (column five). 
 
Data Sources:  

• Claudio A. Estrada y Camilo A. Arancibia. Las Energías Renovables: La Energía Solar y 
sus Aplicaciones, Agosto 2010, Vol. 11, Número 8, ISSN: 1067-6079. Pag 15. Available 
at: http://www.revista.unam.mx/vol.11/num10/art96/ 

ES-3. 
Distributed 
Generation 
Expansion 

in State 
Buildings

Aumento en el 
consumo de 

energías 
renovables

Reducción en la 
quema de 

combustibles 
fósiles

Emisiones 
directas de: 

CO2, CH4, N2O 
& BC

Reducción
Directa de: 

CO2, CH4, N2O 
& BC

Reducción 
Indirecta de: 
CO2, N2O y 

CH4

Aumento en la 
cantidad de 

combustibles 
para transportar 

equipo
Aumento en la 

cantidad de 
combustibles 

para la 
producción de 

equipos

First stage Second stage Third stage Fourth stage

Construcción de 
plantas y 
equipos 

generadores de 
energía 

renovable 

Emisiones
indirectas de: 
CO2, CH4 & 

N2O

Aumento en la 
cantidad de 

energía 
consumida para 
la fabricación de 

equipo

Indirect 
Emissions: 

CO2, CH4 & 
N2O

Reducción de la 
cantidad 

trasladada de 
combustible 

Reducción 
Indirecta de: 
CO2, N2O y 

CH4
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• Dremen  Thomas, Baker Arnold and Kamery William. Electricity Generation Model 
(Gen Sim). Energy Economics Educaction Foundation, Inc. Second Quarter 2003, pag 
18-19. Available at: Maggie Eldridge, Steve Nadel, Amanda Korane, John A. "Skip" 
Laitner, Vanessa McKinney, Max Neubauer, and Jacob Talbot. April 1, 2009. Potential 
for Energy Efficiency, Demand Response, and Onsite Solar Energy in Pennsylvania. 
American Council for an Energy-Efficient Economy (ACEEE) et al. Available at: 
http://www.aceee.org/pubs/e093.htm.  

• Intergovernmental Panel on Climate Change, Directrices del IPCC de 2006 para los 
Inventarios Nacionales de Gases de Efecto Invernadero, Volúmen 2, Energía, 2006. Pag 
2.16, Available at: http://www.ipcc-
nggip.iges.or.jp/public/2006gl/spanish/pdf/2_Volume2/V2_2_Ch2_Stationary_Combusti
on.pdf. 

• Muñoz Meléndez, Gabriela et. al. Baja California: Perfil Energético 2010-2020 Propuesta 
y Análisis de Indicadores Energéticos para el Desarrollo de Prospectivas Estatales. 
Available at: http://www.energiabc.gob.mx/files/public/pdf/PerfilEnergeticoBC2010-
2020.pdf. 

• Odón de Buen, Guía para el Desarrollo de Proyectos de Generación de Electricidad con 
Energía renovable en y para los Municipios. 2010. Pag 37, available at: 
http://www.renovables.gob.mx/res/1658/GuiaDesarrolloProyectosGeneracionElectricidad
PartirERMunicipios.pdf. 

• Secretaria de Energía (SENER), Balance Nacional de Energía 2011. México 2012. 
http://www.sener.gob.mx/res/PE_y_DT/pub/2012/BNE_2011.pdf 

• Secretaría de Energía (SENER), Prospectiva de Energías Renovables 2012-2026, México 
2012. Pag 128, available at: http://sener.gob.mx/res/PE_y_DT/pub/2012/PER_2012-
2026.pdf 

 
Quantification Methods:  
The analysis is divided in two sections, emissions and costs. The emissions section first 
calculates the Business as Usual for GHG emission for total electricity production in Baja 
California, in this case emissions for fuel (NG) consumption were considered. Then, the quantity 
of emission reduction was estimated; in this case the avoided emissions will be focused on 
electricity generation for the institutional sector.  
Taking into account electricity reductions costs were calculated, mainly costs for reducing 
consumption. The total cost includes capital cost, annualized capital, operation and maintenance 
cost, avoided expenditures, net costs or benefits and Net Present Value resulting from the policy. 
 
a) Emission Section 
 
GHG emissions for Business as Usual   
The Business as Usual emissions for electricity production in the institutional sector is derived as 
follows: 

• The annual fuel (NG) consumption in Tj. This information is obtained using Institutional 
Electricity Consumption (MWh) multiplied by NG heat rate (TJ/MWh), both data 
available in Baja California GHG inventory. 
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• CO2e emissions are calculated using emissions factors for NG, and bymultiplying 
emission factor (kgCO2e/Tj) by NG consumption (Tj). Final total emissions are expressed 
in tones of CO2e. 

 
GHG emission avoided by the policy 
The GHG emissions avoided by the policy are derived as follows: 

• The policy reduction targets were distributed in a proportional way to obtain the same 
percentage of reduction year by year. 

• Using the percentage of reduction value and gross total electricity production, the 
avoided electricity production with non-renewable fuel is obtained. 

• The avoided GHG emissions are obtained multiplying avoided Electricity by NG heat 
rate. 

 
b) Cost Section 
 
Capital cost 

• To calculate capital cost, investment price for MW needed for Photovoltaic Panel 
($/MW) was obtained. 

• By multiplying investment price by MW the capital cost is obtained, expressed in 
millions of pesos. 
 

Annualized Capital 
The annualized capital is derived as follow: 

• Capital Recovery Factor which is calculated using interest rate and equipment life in 
years. 

• Multiplying Capital Recovery Factor by Capital Costs of each year  
• For each year is necessary to add the previous year annualized costs.  

 
Operation and Maintenance Costs 
The Operation and Maintenance Costs are derived as follow: 

• Operation and Maintenance Costs are equal to .3% of the Annualized Capital. For each 
year annualized capital is multiplied by 0.3% and the result is Operation and Maintenance 
Cost for that specific year. 
 

Avoided Expenditures 
The avoided expenditures are derived as follow: 

• The forecast Institutional Electricity price ($/MWh) by each year that the policy suggests 
as target. 

• The quantity of Electricity (MWh) production derived from non-renewable sources saved 
in each year. 

• The avoided expenditures are the quantity of Electricity saved in each year multiplied by 
the forecast price of MWh in institutional sector, it is expressed in millions of pesos 
(MM$).  
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Total Costs 
The total costs are derived as follow: 

• Capital costs and operation and maintenance are added in each year through 2022. 
 
Net Costs or Benefits 
The net costs or benefits are derived as follow: 

• Avoided expenditures are subtracted from total costs in each year through 2022 to give a 
net cash flow for each time period. Negative values represent savings for the consumers. 

 
Net Present Value 
The net present value is derived as follow: 

• The NPV of this stream of cash flows is calculated using a 5% real discount rate to 
estimate a discounted, lump sum cost (benefit) in 2014 for the State from the program in 
2022 (assuming the relevant 2014–2030 implementation schedule).  

 
Key Assumptions 

• 100% investment will come from the governmental sector. 
• The direct average emissions factor for avoided CO2 emissions intensity for electricity is 

0.44 metric tons per megawatt-hour (tCO2e/MWh), from a combined cycle natural gas 
generation plant with an approximate heat rate of 7.0 TJ/GWh. This approach includes 
electricity transmission and distribution (T&D) losses in emission intensity. 

• The upstream GHG emissions value is .13 tCO2e/MWh, which reflects the leakage of 
methane from natural gas production and distribution. 

• For the upstream GHG emissions full fuel cycle emissions factors are used. 
• The baseline Electricity and Fuel consumption forecast is derived from Baja Inventory 

and Forecast Emisiones de gases de efecto invernadero en Baja California y 
proyecciones de casos de referencia1990-2020. The next table shows forecasted 
electricity 2012 prices for the Government sectors come from SENER (Secretaria de 
Energía in Spanish) state retail prices for each sector. For each year past the base year 
historical price through 2030. 

Fuel Price Assumption 
Sector  Electricity 

($/MWh)  
 

  
  
  
Institutional $1724 

$/MWh = pesos per megawatt-hour; Gj = Gigajoules. 
 

• Forecasted electricity prices come from SENER- 2002-2012 National Energy Balance. 
For 2012-2030 it was applied a trend to estimate the price in the rest of years. 
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• O&M cost is equal to 0.30% of the Capital Cost. 
• Capital Costs for MW for Photovoltaic Panel refer to US DOF information available at: 

Claudio A. Estrada y Camilo A. Arancibia. Las Energías Renovables: La Energía Solar y 
sus Aplicaciones, pag 15.  

Table ES-3-2. Estimated Capital Cost and O&M Cost 
 

Technology 

Capital Cost USD/kW 

 

O&M Costs  

USD/kW 

 

 

USD$/kW 

Solar Photovoltaic 3526 

 

10.47 
Source: DOF and International Association for Energy Economics, Newa Letter 2003. 

 
• Useful life was 20 years. It was taken from Odón de Buen, Guía para el Desarrollo de 

Proyectos de Generación de Electricidad con Energía renovable en y para los Municipios. 
2010. Pag 37.  

• Capacity Factor for PV panels is 24.6% information available at: pag 15,    
http://www.revista.unam.mx/vol.11/num10/art96/ . 

• The following table show incremental (new) electricity generation under the policy: 
 
 

Year Annual Electricity 
(GWH) from PV 

2014                                    -    
2015                                    -    
2016                                 4.62  
2017                                 4.62  
2018                                 4.62  

 

Key Uncertainties 

None identified. 

Additional Benefits and Costs 

None identified. 
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Feasibility Issues 

Key potential barriers include: 

• Economic barriers to initial funding 

• Cultural barriers to building capacities in climate change issues (state ministry officials). 
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Energy Supply ES-4. Distributed Generation Expansion in Residential Buildings 

Policy Description 

This policy expands the generation and use of renewable energy in the residential sector of Baja 
California through the purchase and installation of photovoltaic panels and reduces the emission 
of greenhouse gases associated with the consumption of electricity from fossil fuels. 

Given the costs of purchasing the equipment, the State's participation in financing or support 
programs will encourage the use of panels in the residential sector and, in turn, their sale and 
production, and their expanded use in the market place. 

Policy Design 

Goals:   

• 20 MW generated by Solar Photovoltaic Panels. 

Timing:  

• Project planning starts in 2014 with first renewables coming online in 2016 and the 20 
MW target accomplished by 2022 

Parties Involved:  

The actors involved in order to comply with this policy are: 

Private 

• Independent power producers 
• Solar photovoltaic energy contractors 
• Homeowners 
• Banks and other financing institution 

 

Federal 

• SENER 
• Federal Electricity Commission 
• Buiding Industry Assocation (Cámara de la Industria de la Construcción) 
 

State 

• CEE-BC 
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• State Educational System (Sistema Educativo Estatal, SEE-BC) 
 

Implementation Mechanisms 

Implementation mechanisms envisioned to support this policy include: 

• Combination of mechanisms, including information and education, financing, 
standardization 

• Develop a "trust state for energy sustainability", to support specific actions such as 
cogeneration, distributed generation, etc. 

• Establish a governance mechanism to engage stakeholders (state ministries)Net metering for 
distributed generation 

• Electricity grid interconnection agreements 
 

Related Policies and Programs in Place and Recent Actions 

• No current policy or program encourages the use of photovoltaic panels in the residential 
sector.  

• Renewable Energy Act to Baja California. 

Type(s) of GHG Reductions 

GHG reductions include CO2, N2O, CH4, and potentially black carbon. 
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Table ES-4-1. Estimated Net GHG Reductions and Costs or Cost Savings From ES-4 
Applying Direct Emissions Factors 

 
Policy 
No. 

Policy 
Recommendation 

GHG Reductions (MMtCO2e)  
Net Present 
Value 2014-

2030 
(Million 
2012$) 

 
Cost 

Effectiveness 
2014-2030 
($/tCO2e) 

Annual Total 
2020 2030 2014-2030 

ES-4 Electricity provided 
by PV panels in 
Residential Sector 0.018  0.025  0.296  $150 $505 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase

Aumento en 
el consumo 
de energías 
renovables 

(Solar) 

Reducción en 
la quema de 
combustibles 

fósiles 

Emisiones 
directas de: 
CO

2
, CH

4
, 

N
2
O & BC 

Reducción 
Directa de:  
CO

2
, CH

4
, 

N
2
O & BC 

Reducción 
Indirecta de: 
CO

2
, N

2
O y 

CH
4
 

Aumento en 
la cantidad de 
combustibles 

para 
transportar 

equipo 
Aumento en 

la cantidad de 
combustibles 

para la 
producción de 

paneles 

Construcción 
de paneles 

fotovoltaicos.  Emisiones 
indirectas 

de: CO
2
, CH

4
 

& N
2
O 

Aumento en 
la cantidad de 

energía 
consumida 

para la 
fabricación de 

paneles 
 

Indirect 
Emissions: 

CO
2
, CH

4
 & 

N
2
O 

Reducción de 
la cantidad 

trasladada de 
combustible  

Reducción 
Indirecta de: 
CO

2
, N

2
O y 

CH
4
 

First 
 

Second stage Third stage 

ES-4 
Photovoltai

c 
Residential 

Sector 

Fourth stage 

C-29 



Baja CAP Phase 2 Report     App. C- ES Policy Recommendations 
  December 19, 2014 
 
 
$/tCO2e = pesos per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtCO2e = million metric tons of carbon 
dioxide equivalent.  
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2014–2030 (column 
five). The cost per tCO2e (column seven) over 2014–2030 is the discounted, net present value of the 2014–2030 cash flows in 
millions of dollars (column six) divided by the cumulative MMt of GHG reductions (column five). 
 
Data Sources:  

• Claudio A. Estrada y Camilo A. Arancibia. Las Energías Renovables: La Energía Solar y 
sus Aplicaciones, Agosto 2010, Vol. 11, Número 8, ISSN: 1067-6079. Pag 15. Available 
at: http://www.revista.unam.mx/vol.11/num10/art96/ 

• Dremen  Thomas, Baker Arnold and Kamery William. Electricity Generation Model 
(Gen Sim). Energy Economics Educaction Foundation, Inc. Second Quarter 2003, pag 
18-19. Available at: Maggie Eldridge, Steve Nadel, Amanda Korane, John A. "Skip" 
Laitner, Vanessa McKinney, Max Neubauer, and Jacob Talbot. April 1, 2009. Potential 
for Energy Efficiency, Demand Response, and Onsite Solar Energy in Pennsylvania. 
American Council for an Energy-Efficient Economy (ACEEE) et al. Available at: 
http://www.aceee.org/pubs/e093.htm.  

• Intergovernmental Panel on Climate Change, Directrices del IPCC de 2006 para los 
Inventarios Nacionales de Gases de Efecto Invernadero, Volúmen 2, Energía, 2006. Pag 
2.16, Available at: http://www.ipcc-
nggip.iges.or.jp/public/2006gl/spanish/pdf/2_Volume2/V2_2_Ch2_Stationary_Combusti
on.pdf. 

• Muñoz Meléndez, Gabriela et. al. Baja California: Perfil Energético 2010-2020 Propuesta 
y Análisis de Indicadores Energéticos para el Desarrollo de Prospectivas Estatales. 
Available at: http://www.energiabc.gob.mx/files/public/pdf/PerfilEnergeticoBC2010-
2020.pdf. 

• Odón de Buen, Guía para el Desarrollo de Proyectos de Generación de Electricidad con 
Energía renovable en y para los Municipios. 2010. Pag 37, available at: 
http://www.renovables.gob.mx/res/1658/GuiaDesarrolloProyectosGeneracionElectricidad
PartirERMunicipios.pdf. 

• Secretaria de Energía (SENER), Balance Nacional de Energía 2011. México 2012. 
http://www.sener.gob.mx/res/PE_y_DT/pub/2012/BNE_2011.pdf 

• Secretaría de Energía (SENER), Prospectiva de Energías Renovables 2012-2026, México 
2012. Pag 128, available at: http://sener.gob.mx/res/PE_y_DT/pub/2012/PER_2012-
2026.pdf 

 
Quantification Methods:  
The analysis is divided in two sections, emissions and costs. The emissions section first 
calculates the Business as Usual for GHG emission for total electricity production in Baja 
California, in this case emissions for fuel (NG) consumption were considered. Then, the quantity 
of emission reduction was estimated; in this case the avoided emissions will be focused on 
electricity generation in the residential sector.  
Taking into account electricity reductions  costs were calculated, mainly costs for reducing 
consumption. The total cost includes capital cost, annualized capital, operation and maintenance 
cost, avoided expenditures, net costs or benefits and Net Present Value resulting from the policy. 
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a) Emission Section 
 
GHG emissions for Business as Usual   
The Business as Usual emissions for residential electricity production is derived as follows: 

• The annual fuel (NG) consumption in Tj. This information is obtained using Residential 
Electricity Consumption (MWh) multiplied by NG heat rate (TJ/MWh), both data 
available in Baja California GHG inventory. 

• CO2e emissions are calculated using emissions factors for NG and by multiplying 
emission factor (kgCO2e/Tj) by NG consumption (Tj). Final total emissions are expressed 
in tones of CO2e. 

 
GHG emission avoided by the policy 
The GHG emissions avoided by the policy are derived as follows: 

• The policy reduction targets were distributed in a proportional way to obtain the same 
percentage of reduction year by year. 

• Using percentage of reduction value and gross total electricity production, the avoided 
electricity production with non-renewable fuel is obtained. 

• The avoided GHG emissions are obtained multiplying avoided Electricity by NG heat 
rate. 
 

b) Cost Section 

 
Capital cost 

• To calculate capital cost, investment price for MW needed for Photovoltaic Panel 
($/MW) was obtained. 

• By multiplying investment price by MW,  the capital cost expressed in millions of pesos 
is obatined. 

 
Annualized Capital 
The annualized capital is derived as follow: 

• Capital Recovery Factor which is calculated using interest rate and equipment life in 
years. 

• Multiplying Capital Recovery Factor by Capital Costs of each year.. 
• For each year is necessary to add the previous year annualized costs.  

 
Operation and Maintenance Costs 
The Operation and Maintenance Costs are derived as follow: 

• Operation and Maintenance Costs are equal to .3% of Annualized Capital. For each year 
annualized capital is multiplied by 0.3% and the result is Operation and Maintenance 
Cost for that specific year. 
 

Avoided Expenditures 
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The avoided expenditures are derived as follow: 

• The forecast Residential Electricity price ($/MWh) by each year that the policy suggests 
as target. 

• The quantity of Electricity (MWh) production derived from non-renewable sources saved 
in each year. 

• The avoided expenditures are the quantity of Electricity saved in each year multiplied by 
the forecast price of MWh in the residential sector, and are expressed in millions of pesos 
(MM$).  

 
Total Costs 
The total costs are derived as follow: 

• Capital costs and operation and maintenance are added in each year through 2022. 
 
Net Costs or Benefits 
The net costs or benefits are derived as follow: 

• Avoided expenditures are subtracted from total costs in each year through 2022 to give a 
net cash flow for each time period. Negative values represent savings for the consumer. 

 
Net Present Value 
The net present value is derived as follow: 

• The NPV of this stream of cash flows is calculated using a 5% real discount rate to 
estimate a discounted, lump sum cost (benefit) in 2014 for the State from the program in 
2022 (assuming the relevant 2014–2030 implementation schedule).  

 
Key Assumptions 

• 80% investment will come from the consumers. 
• 10% investment will come from the government sector. 
• 10% investment will come from discounts applied by suppliers of equipment. 
• The direct average emissions factor for avoided CO2 emissions intensity for electricity is 

0.44 metric tons per megawatt-hour (tCO2e/MWh), from a combined cycle natural gas 
generation plant with an approximate heat rate of 7.0 TJ/GWh.  This approach includes 
electricity transmission and distribution (T&D) losses in emission intensity. 

• The upstream GHG emissions value is .13 tCO2e/MWh. 
• For the “upstream” GHG emissions full fuel cycle emissions factors are used. 
• The baseline Electricity and Fuel consumption forecast is derived from Baja Inventory 

and Forecast Emisiones de gases de efecto invernadero en Baja California y 
proyecciones de casos de referencia1990-2020. The next table shows forecasted 
electricity 2012 prices for RCII sectors come from SENER (Secretaria de Energía in 
Spanish) state retail prices for each sector. For each year past the base year historical 
price through 2030. 
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Electricity Price Assumption 
Sector  Electricity 

($/MWh)  
 

Residential  $1176 
  
  
  

$/MWh = pesos per megawatt-hour; Gj = Gigajoules. 
 

• Forecasted electricity prices come from SENER- 2002-2012 National Energy Balance. 
For 2012-2030 it was applied a trend to estimate the price in the rest of years. 

• O&M cost is equal to 0.30% of Capital Cost. 
• Capital Costs for MW by Photovoltaic Panel refer to US DOF information available at: 

Claudio A. Estrada y Camilo A. Arancibia. Las Energías Renovables: La Energía Solar y 
sus Aplicaciones, pag 15.  

Table ES-4-2. Estimated Capital Cost and O&M Cost 
 

Technology Capital Cost USD/kW 

 
 
O&M Cost 

USD$/kW 

 
 
USD$/kW 

Solar Photovoltaic 3526 
 

10.47 
Source: DOF and International Association for Energy Economics, Newa Letter 2003. 

 
• Useful life was 20 years It was taken from Odón de Buen, Guía para el Desarrollo de 

Proyectos de Generación de Electricidad con Energía renovable en y para los Municipios. 
2010. Pag 37.  

• Capacity Factor for PV panel is 24.6% information available at: pag 15,    
http://www.revista.unam.mx/vol.11/num10/art96/. 
 

Key Uncertainties 

None identified. 

Additional Benefits and Costs 

None identified. 

C-33 

http://www.revista.unam.mx/vol.11/num10/art96/


Baja CAP Phase 2 Report     App. C- ES Policy Recommendations 
  December 19, 2014 
 
 
Feasibility Issues 

Key potential barriers include: 

• Economic barriers to initial funding 
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Appendix D 
Transportation and Land Use  

Policy Recommendations 
 

These policy option recommendations and analyses are a product of decisions by members of the 
Baja California Climate Action Plan (CAP) Panel of Experts (PE) and Local Project Manager 
(LPM) developed through training and technical assistance by The Center for Climate Strategies 
(CCS). Following review of the Phase 1 work and subsequent policy prioritization efforts by the 
Secretaria de Proteccion al Ambiente (SPA), PE members and the LPM selected these policies 
as priorities for initial development and analysis in the CAP with informal input from technical 
workgroup members and the SPA. With CCS training and technical assistance, PE members 
developed the policy option templates, including policy design parameters (timing, level of effort, 
coverage of parties, implementation mechanisms), and analysis choices (best available data 
sources, methods, and assumptions), and then produced a direct impact (microeconomic) 
analysis for each policy. The results of these analyses were compiled by CCS at a stand alone 
and integrated level to construct individual and total impacts for the CAP that provided inputs to 
the indirect (macroeconomic) impacts covered in Chapter 9. 

 
"Stand-Alone" Analysis                                           

  In-State Reductions Base Year 2012$ 

Policy 
ID# 

Policy/Recent 
Action Name 
with link to 
description and 
causal chain 

Annual CO2e 
Reductions 

2030 
Cumulative 

NPV  
2014-2030 

Cost 
Effectiveness 

2020 
Tg 2030 Tg TgCO2e $Million  $/tCO2e 

TLU-1 

Black Carbon 
Control Measures 0.046  0.000  0.304  $60  $196  

TLU-2 Alternative Fuels 0.034  0.078  0.775  
($291) ($376) 

TLU-3 

Onroad Fleet 
Efficiency 0.003  0.008  0.070  ($81) ($1,150) 

TLU-4 

Increase 
efficiency in urban 
mobility125           

TLU-5 

Smart Growth 
Planning 0.011  0.036  0.280  ($480) ($1,716) 

TLU-6 

Energy Efficient 
Government Fleet 0.000  0.000  0.001  $2  $1,609  

Totals 0.095  0.121  1.430  
($789) ($552)  

 
 

 

125 A preliminary quantification method was developed for this policy; however, it was not sufficiently vetted and 
documented  in time for use in this report.   
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Intra-Sector Interactions & Overlaps Adjustments 

  
Level of Intra-Sector Overlap 

  
In-State Reductions Base Year 2012$ 

Policy 
ID# 

Policy/Recent Action 
Name 

Annual CO2e 
Reductions 

2030 
Cumulative 

NPV  
2014-2030 

Cost 
Effectiven

ess 

2020 Tg 2030 Tg TgCO2e $Million  $/tCO2e 

TLU-1 

Black Carbon Control 
Measures 0.046 0.000 0.304 

$60  $196  

TLU-2 Alternative Fuels 0.034 0.078 0.775 ($291) ($376) 

TLU-3 Onroad Fleet Efficiency 0.003 0.008 0.070 ($81) ($1,154) 
TLU-
4126 

Increase efficiency in 
urban mobility           

TLU-5 Smart Growth Planning 0.011 0.036 0.278 ($480) ($1,723) 

TLU-6 

Energy Efficient 
Government Fleet 0.000 0.000 0.001 $2  $1,615  

Total After Intra-Sector 
Interactions /Overlap 0.095 0.121 1.429 ($686) ($789) 

Description of Interaction or Overlap: 
 
Overlaps were adjusted in the order of: 1. Fuels Policies (TLU-2), 2. Vehicle Efficiency Policies (TLU-
3, TLU-6) 3. VKT Reduction Policies (TLU-5).  TLU-1 is a black carbon option, which has no overlaps.   
 

126 A preliminary quantification method was developed for this policy; however, it was not sufficiently vetted and 
documented  in time for use in this report. 
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TLU-1. Black Carbon Control  

 
Policy Description 
 
Black Carbon (BC) is the most strongly light-absorbing component of particulate matter (PM), 
and is formed from the incomplete combustion of fossil fuels, biofuels, and biomass. BC has a 
very negative impact on the health of the population, since remains suspended in the atmosphere 
for days or weeks; and it is also a contributor to global warming. Recent studies indicate that the 
reduction of BC could be an effective short-term method to mitigate global warming (U.S. EPA.  
2012). 
 
This policy is designed to reduce BC emissions from the heavy duty diesel vehicle fleet (over 3 
tons) captive to Baja California. BC emission reductions are achieved by installing PM filters on 
the most polluting segment of the heavy duty diesel vehicle fleet, that is, vehicles with model 
year between 1988 and 1994.  Emission control efficiency is estimated at 90%. 
 
Policy Design 
Goals:  Reduce BC emissions from old heavy duty diesel trucks weighing more than 3 tons by 
installing particulate matter filters to 40% of the fleet segment with a model year between 1988 
and 1997. 

 
Timing: 2016-2026 
 
Coverage: Captive fleets of heavy duty diesel trucks in Baja California. 
 
Parties Involved: Secretary of Environmental Protection for the State of Baja California (SPA), 
Municipal governments, Secretariat of Environment and Natural Resources (SEMARNAT), 
Secretary of Planning and Finance for the State of Baja California, Secretary of Transportation 
and Communications, commercial and private trucking companies, transporters associations, 
Environmental Protection Agency 
 
Implementation mechanism 

• Loans and subsidies for the installation of filters in privately- owned trucks and busses. 

• Grant program for installation of particulate filters 

• Provide incentives in the form of tax breaks or rebates 

• Encourage the use of school transport with emissions control 

• Outreach and Education to trucks and buses proprietary 
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• Promoting good practice of efficient management and modernization of freight by 
applying the Clean Transportation Program 

 
Related Programs and Policies 

• Vehicle Emissions Program for the State of Baja California 

• Program to Improve Air Quality in the metropolitan area of Tijuana, Tecate and Rosarito 
2012-2020. 

• NOM-045-SEMARNA2006. 

• Clean Transport Program 

 
Types of GHG Emission Reductions 
The star symbol identifies significant GHG effects that will be quantified.  

 

 

 

Table TLU-1-1. Estimated GHG Reductions and Costs or Cost Saving from TLU-1 Applying Direct 
Emissions Factors 

 
Policy 

No. 
Policy 

Recommendation 
GHG Reductions (TgCO2e) Net Present 

Value 
Cost-

Effectiveness Annual Total 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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2020 2025 2016-2025 2016-2025 
(Million 2012$) 

2016-2025 
($/tCO2e) 

TLU-1 Black Carbon Control -.046 -.011 -.30 $60 $196 

$/tCO2e = pesos per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; TgCO2e = teragrams of carbon dioxide 
equivalent.  
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2017–2030 (column 
five). The cost per tCO2e (column seven) over 2017–2030 is the discounted, net present value of the 2017–2030 cash flows in 
millions of dollars (column six) divided by the cumulative Tg of GHG reductions (column five). 

 
Data Sources:  

• Air Resources Board. Analysis of the Technical Feasibility and Costs of After-Treatment 
Controls on New Emergency Standby Engines. Appendix B. Available at: 
http://www.arb.ca.gov/regact/2010/atcm2010/atcmappb.pdf 

• Air Resources Board. Información sobre Regulación para camiones y autobuses, 
reduzcamos las emisiones provenientes de vehículos diesel existentes. Normas para 
alcanzar reducciones significativas de emisiones y proteger la salud pública. California 
Environmental Protection Agency. Available at: 
http://www.arb.ca.gov/msprog/onrdiesel/documents/fsoverviewsp.pdf 

• Factores de conversión. http://www.carbonlighthouse.org/wp-
content/uploads/2010/10/UnitsAndConversions.pdf 

• Instituto Nacional de Ecología. 2012. Sistema de Planeación de Alternativas Energéticas 
de Largo Plazo (LEAP). Manual de capacitación. Marzo.  

• New York Metropolitan Council. 20120. NYMTC, 2013:  New York Metropolitan 
Transportation Council, “2011_MOVES_input_for 10 counties.zip” containing Microsoft 
Excel spreadsheets with MOVES input files provided by Thusitha Chandra, NYMTC, to 
M. Mullen, SC&A, December. 

• Páramo, Víctor Hugo. 2012. "Emisiones de Carbono Negro en el Sector Transporte de la 
ZMVM Conferencia Intergubernamental Protección a corto plazo del clima y aire limpio 
para Latinoamérica y El Caribe. AR Hotel Salitre, Bogotá, Colombia, 31 de Octubre - 2 
de noviembre 2012. 

• Ross & Associates Environmental Consulting, Ltd. 2007. Estrategia y recomendaciones 
para la reducción de emisiones de diesel en la frontera de México y Estados Unidos. 
Available at: http://www.unep.org/transport/pcfv/pdf/dieselrecomm-sp.pdf 

• Volvo. Diesel Particulate Filter. Frequently Asked Questions. Available at: 
http://www.volvoce.com/SiteCollectionDocuments/VCE/Documents%20North%20Amer
ica/other/Huss_FAQV1.2.pdf 
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• U.S. EPA.  2012 Report to Congress on Black Carbon.  March 2012.  
http://www.epa.gov/blackcarbon/2012report/fullreport.pdf  

 
Quantification Methods:  
 
a) Emissions Section 

Vehicle registration records maintained by the Ministry of Environmental Protection of the State 
of Baja California was used to determine the size of the of targeted fleet segment, namely heavy 
duty diesel vehicles with capacity over 3 tons with a model year (MY) between 1988 and 1997.  
5500 vehicles were found to meet the criterion.   
 
The level of penetration was assumed at 40% over 6 years, which results in the installation of 
PM filters on 370 trucks annually from 2016 to 2021.  The PM10 emission factor for the targeted 
fleet was derived using EPA’s Motor Vehicle Emissions Simulator (MOVES) and was estimated 
at 2.5 grams per mile.  Based on the literature, it was assumed that each truck unit traveled about 
50,000 miles or 74,000 kilometers annually.  Hence, PM emissions were calculated as the 
product of truck units, distanced traveled, and the applicable emission factor. PM10 emissions 
were then converted to BC using the fraction value of BC in PM10 of 0.73 from the U.S. EPA 
SPECIATE 4.2 database (i.e., P number 3515).  The speciate profile utilized corresponds to 
uncontrolled emissions of diesel powered vehicle exhaust.  A global warming potential value of 
1,285 for BC was applied (U.S. EPA, 2012 Report to Congress on Black Carbon). 
 
In the policy scenario, emission reductions result from the installation of PM filters with a 90% 
control efficiency.  It was assumed that the BC control efficiency was the same as that for PM10.   
Finally, the policy envisions a peak emission reduction in 2021 and then a linear decrease in 
emission reductions to zero by 2025 due to the complete retirement of MY1988-1997 vehicles. 
 

Table TLU-1-2. Summary of Emissions 
 

 

 

 

 

 

 

b) Costs Section 

 

 
Year 

Black Carbon 
Reduction (tCO2e) 

2016 -9,213.54 
2017 -18,427.08 
2018 -27,640.62 
2019 -36,854.16 
2020 -46,067.70 
2021 -55,281.24 
2022 -44,224.99 
2023 -33,168.74 
2024 -22,112.49 
2025 -11,056.24 
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The price of a particulate matter filter was $ 6.000 per vehicle as assessed by a similar program 
implemented  by California Air Resources Board.   
 

Table TLU-1-3. Net Societal Costs  
 

Year 

Capital Costs –  
Installation of PM Filters Annualized Capital Cost Total Discounted Costs  

MM $ (pesos) MM $ (pesos) MM $ (pesos) 
2014 $0.00 $0.00 $0.00 
2015 $0.00 $0.00 $0.00 
2016 $29.55 $2.10 $1.73 
2017 $29.55 $4.19 $3.29 
2018 $29.55 $6.29 $4.69 
2019 $29.55 $8.39 $5.96 
2020 $29.55 $10.48 $7.10 
2021 $29.55 $12.58 $8.11 
2022 $0.00 $12.58 $7.72 
2023 $0.00 $12.58 $7.36 
2024 $0.00 $12.58 $7.01 
2025 $0.00 $12.58 $6.67 
2026 $0.00 $0.00 $0.00 
2027 $0.00 $0.00 $0.00 
2028 $0.00 $0.00 $0.00 
2029 $0.00 $0.00 $0.00 
2030 $0.00 $0.00 $0.00 
Total $177.32 $94.36 $59.63 

 
 
Key Assumptions:  The costing of this policy is modeled after a similar program by the 
California Air Resources Board. This agency issues subsidies for truck owners to install 
particulate filters. So, we assume that in Baja California the situation about the subsidies it will 
be the same as in California.  It was assumed that the subsidy of $6,000 covers operation and 
maintenance costs. 

 
Key Uncertainties 
 

• Purchase of particulate matter filters depends on the financial capability of the owners of 
heavy trucks. 

 
Additional Benefits and Costs 

 
• Improved air quality and reduced negative impacts on public health 

 
Feasibility Issues 
 
Key potential barriers include: 
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• Acceptance by the freight transport sector. 

• Financial capacity of the State for loans. 

• Low knowledge of the benefits of investing in filters. 
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TLU-2. Alternative Fuels 

 
Policy Description 
 
In recent years the demand for gasoline and diesel has increased as a result of, among other 
factors, the behavior of the automotive market, the extension of credit to purchase new cars and 
the import of used vehicles, etc. According to the State Inventory of Emissions of Greenhouse 
Gases in the State of Baja California, Carbon Dioxide (CO2) is the main greenhouse gas (GHG) 
emitted in the transport sector equal to 98% of the volume of emissions.  
 
The objective of this policy is to promote the use of biofuels (bioethanol and biodiesel) in order 
to displace fossil fuels. This policy focuses on blending biofuels with conventional fossil fuels to 
mixing ratios that do not require vehicle engine retrofits, such as 10% blend of ethanol with 
gasoline (i.e., E10) and 20% blend of biodiesel with conventional diesel (i.e., B20).  The source 
of bioethanol is sweet sorghum, and the source of biodiesel is recycled oils of hotels and 
restaurants.   
 
Policy Design 

 
Objectives: Commercialize in-state production of bioethanol and biodiesel for onroad 
transportation consumption. 
 
Time Period: 2017-2030 
 
Coverage: State 
 
Parties Involved: Ministry of Energy, Ministry of Environment of the Government of the State 
of Baja California, Ministry of Economic Development, Ministry of Agriculture, Livestock, 
Rural Development, Fisheries and Food, Ministry of Tourism, Ministry of Tourism of the State 
 
Possible Mechanisms of Implementation 

 
• Develop an introductory program for bioenergy for Baja California. 

• Mandate low-level biofuel blends (i.e, E10 or B20). 

• Regulation on quality standards in fuel blends.  
• Sale of carbon credits through CDM projects.  
• Development plan for biofuels market. 

 
Related Programs and Policies 
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At the state level there is no related program. Only at the federal level:  

• Interministerial Strategy for Bionergy. Potential and Feasibility of Using Bioethanol and 
Biodiesel for Transport in Mexico (Ministry of Energy, 2006).  

• Introductory program for Bioenergy (Department of Energy).  
• Introductory Program for Anhydrous Ethanol (Ministry of Energy, 2011) 

 
Types of GHG Emission Reductions 
 

The star symbol identifies significant GHG effects that will be quantified.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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Table TLU-2-1. Estimated GHG Reductions and Costs or Cost Saving from TLU-2 

Applying Direct Emissions Factors 
 

Policy 
No. 

Policy 
Recommendation 

GHG Reductions (TgCO2e) Net Present 
Value 

2017-2030 
(Million 
2012$) 

Cost-
Effectivene

ss 2017-
2030 

($/tCO2e) 

Annual Total 
2017-
2030 2020 2030 

TLU-2 Alternative Fuels 0.034 0.078 0.775 ($291) ($376) 
$/tCO2e = pesos per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; TgCO2e = teragrams of carbon 
dioxide equivalent.  

Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2017–2030 
(column five). The cost per tCO2e (column seven) over 2017–2030 is the discounted, net present value of the 2017–2030 
cash flows in millions of dollars (column six) divided by the cumulative Tg of GHG reductions (column five). 

Data Sources:  
• Energy Regulatory Commission. Emission factors. Available at: 

http://www.cre.gob.mx/articulo.aspx?id=172 

• Emission factors. Available at: http://www.carbonlighthouse.org/wp-
content/uploads/2010/10/UnitsAndConversions.pdf 

• Emission factors for transportation fuel. Available at: 
http://www.theclimateregistry.org/downloads/2014/04/2014-Climate-Registry-Default-
Emissions-Factors.pdf 

• ICF International. ICF Report: Life Cycle Greenhouse Gas Emissions of Petroleum 
Products from WCSB Oil Sands Crudes Compared with Reference Crudes. Appendix B. 

• Lattanzio Richard K. 2014. Canadian Oil Sands: Life-Cycle Assessments of Greenhouse 
Gas Emissions. Congressional Research Service. Marzo. 

• PEMEX. 2004. Available at: Sistemas de almacenamiento.   

• Petróleos Mexicanos. 2012. Proyectos de Inversión en PEMEX Refinación. Available at: 
http://www.ref.pemex.com/files/content/03transparencia/RC/REF03.pdf 

• Petróleos Mexicanos. 2007. Cambios en la infraestructura y operaciones de Pemex 
Refinación para formular gasolina con Etanol. 
http://www.conae.gob.mx/work/sites/CONAE/resources/LocalContent/4856/5/r_favela.p
df 

• Ministry of Energy. 2006. Potenciales y Viabilidad del uso de Bioetanol y Biodiesel para 
el Transporte en México. Available at: 
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http://www.bioenergeticos.gob.mx/descargas/SENER-BID-GTZ-Biocombustibles-en-
Mexico-Estudio-completo.pdf 

• Universidad Nacional Autónoma de México. Hoja de seguridad XII Etanol. Available at: 
http://www.quimica.unam.mx/IMG/pdf/12etanol.pdf 

• http://www.revistasumma.com/negocios/41681-panama-cada-estacion-de-gasolina-
invirtio-us$15.000-para-etanol.html 

 
Quantification Methods:  

Quantification of emissions from this policy is made in conjunction with WM-4 and AFOLU-4, 
which focused on the production aspect of bringing biofuels to market.  The focus of TLU-2 is 
on the blending of biofuels with conventional fuesl and their distribution to service points. The 
method for quantifying emissions and assessing costs are explained below. 

a) Emissions Section 

The starting point for this policy was the volume of ethanol and biodiesel produced annually as 
was assessed by AFOLU-4 and WM-4 respectively. For every liter of bioethanol introduced in 
the market, 0.66 liters of gasoline are displaced on the basis of fuel energy content. Similarly, for 
every liter of biodiesel introduced in the market, there is 0.93 of a liter of conventional diesel that 
is displaced.  Hence, the emission reductions of policy scenario were calculated as the sum of 
avoided emission from displaced fossil fuels and the emissions resulting from the production, 
commercialization and combustion of biofuels. The emissions analysis was performed on life-
cycle basis to reflect the GHG effects of entire fuel systems, not only emissions at the point of 
combustion. Life-cycle emission analysis accounts for GHG emissions across resulting from the 
production, refining, transportation, distribution and combustion of transportation fuels. 

The life-cycle emission factor per unit of volume of fossil fuel was taken from the ICF Report: 
Life Cycle Greenhouse Gas Emissions of Petroleum Products from WCSB Oil Sands Crudes 
Compared with Reference Crudes.  The annualized life-cycle emission factors per unit of volume 
of biofuels were developed as part of the AFOLU-4 and WM-4 analyses.  Please refer the 
aforementioned policy descriptions for the description of the biofuel production analyses.   

Table TLU2-2 presents a summary of net emission reductions. 
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Table TLU-2-2. Summary of Emissions 
 

 

b) Costs Section 

The costs associated with this policy fall into two groups: i) the net cost of in-state production of 
biofuels, and ii) the net cost of blending and distributing biofuel blends.  Note that the cost of 
bioethanol and biodiesel production are described under AFOLU-4 and WM-4 respectively.  The 
cost of biofuel blending and distribution is discussed below.   

The net cost of commercialization was modeled as the sum of the annualized capital cost of 
adapting the PEMEX Storage and Distribution Terminals for fuel blending; and the operation 
and maintenance cost of the blending and storage facility; 3) the cost of retrofitting service 
stations to dispense the fuel blends, and 4) the net fuel cost (i.e., the cost difference between the 
cost of biofuels and displaced conventional fuels).   

The cost to the end consumer was modeled as the sum of the biofuel wholesale price as assessed 
in AFOLU-4 and WM-4 and the net cost of biofuel  blending and distribution.  Table TLU2-3 
presents the summary of net societal costs.

Year 

Net GHG Savings from 
Ethanol (tCO2e) 

consumption 

Net GHG Savings from 
Biodiesel (tCO2e) 

consumption 

Total 
Emissions 

Reductions 

tCO2e/year tCO2e/year tCO2e/year 
2017 7,137 1,362 8,499 

2018 14,272 2,848 17,120 

2019 21,411 4,334 25,745 

2020 28,547 5,820 34,368 

2021 35,684 7,266 42,950 

2022 42,821 8,757 51,578 

2023 49,957 10,248 60,205 

2024 57,094 11,740 68,833 

2025 64,230 13,231 77,461 

2026 64,230 13,328 77,558 

2027 64,229 13,329 77,559 

2028 64,229 13,330 77,558 

2029 64,229 13,330 77,559 

2030 64,229 13,331 77,560 

Total 642,299 132,255 774,554 
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Table TLU-2-3. Net Societal Cost 
 

Year 

 Gasoline 
Displaced by 
Ethanol  

 Wholesale 
Ethanol Cost  

 Diesel 
Displaced by 
Biodiesel  

 Wholesale 
Biodiesel 
Costs  

 Annualized 
Blending 
Facility 
Capital Costs  

 Blending 
Facility O&M 
Costs  

 Additional 
Costs to Fueling 
Stations  

Net Cost 
TLU-2  

Discounted 
Cost TLU-2 

 
MM$ MM$ MM$ MM$ MM$ MM$ MM$ MM$ MM$ 

2017 -$28.00 $37.94 -$5.60 $10.24 $11.86 $3.32 $0.01 $29.77 $23.33 
2018 -$56.47 $56.62 -$11.29 $12.32 $11.86 $3.32 $0.01 $16.38 $12.22 
2019 -$85.42 $76.50 -$17.08 $14.40 $11.86 $3.32 $0.01 $3.59 $2.55 
2020 -$114.86 $96.75 -$22.96 $16.49 $11.86 $3.32 $0.01 -$9.39 -$6.36 
2021 -$144.79 $117.38 -$28.95 $19.48 $11.86 $3.32 $0.01 -$21.70 -$13.99 
2022 -$175.23 $138.39 -$35.03 $21.56 $11.86 $3.32 $0.01 -$35.11 -$21.56 
2023 -$206.17 $159.80 -$41.22 $23.65 $11.86 $3.32 $0.01 -$48.75 -$28.50 
2024 -$237.62 $181.60 -$47.50 $25.74 $11.86 $3.32 $0.01 -$62.60 -$34.86 
2025 -$269.60 $203.81 -$53.90 $27.95 $11.86 $3.32 $0.01 -$76.54 -$40.59 
2026 -$271.88 $205.57 -$54.35 $27.44 $11.86 $3.32 $0.01 -$78.03 -$39.41 
2027 -$274.19 $207.35 -$54.81 $27.63 $11.86 $3.32 $0.01 -$78.83 -$37.92 
2028 -$276.51 $209.15 -$55.28 $27.65 $11.86 $3.32 $0.01 -$79.80 -$36.56 
2029 -$278.86 $210.96 -$55.75 $27.66 $11.86 $3.32 $0.01 -$80.79 -$35.25 
2030 -$281.23 $212.79 -$56.22 $27.68 $11.86 $3.32 $0.01 -$81.79 -$33.98 
Total        -$603.6 -$290.9 

D-5 
 



Baja CAP Phase 2 Report     App. D- TLU Policy Recommendations 
  December 19, 2014 
 
 
Key Assumptions:  

• The components of the bioethanol life cycle emissions analysis are: carbon intensity for 
agriculture and bio-refining, carbon intensity for fuel transportation, emissions from the 
combustion of biomass. 

• The components of the biodiesel life cycle of biodiesel are: carbon intensity of biodiesel, 
carbon intensity for fuel transportation|, emissions from the combustion of biomass. 

•  The useful life of the equipment at Storage and Distribution Terminal (SDT) for 
blending is 30 years. 

• It is assumed that the operation and maintenance of the SDT involves 28% of the 
investment 

Key Uncertainties 
Acceptance by the population in consuming biofuels 

Additional Benefits and Costs 
• Health benefits for the population. 

• Incentives to develop new technologies. 

Feasibility Issues 
Key potential barriers include: 

• Acceptance by the population. 

• Acceptance by owners of gas station to sell biofuels. 
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TLU-3. Onroad Fleet Efficiency 

 

Policy Description 

This policy is designed to reduce GHG emissions from low fuel efficiency motor vehicles in 
circulation in the State of Baja California. Energy efficient technologies in new vehicles increase 
Km/L performance and thus generate GHG reduction in the atmosphere. 

Due to the geographic location of Baja California and the preferential tariff scheme, a large 
number of vehicles enter Baja California from the United States.  These used vehicles have a 
vehicle age ranging from 5 to 10. This translates into a vehicle fleet that does not incorporate 
new efficiency technologies for emissions reduction. The economic problems that the population 
face to acquire new vehicles allow these imported vehicles to remain in circulation. 

This policy is designed to remove the segment of the fleet that is the most energy inefficient, that 
is, vehicles older than 20 years. 

Policy Design 

Objectives: Increase the fuel efficiency of the vehicle fleet by removing 1% of the vehicles older 
than 20 years through an incentive program. 
Time Period: 2016-2030 

Coverage: State 

Parties Involved: Ministry of Environmental Protection of the Government of Baja California, 
Ministry of Finance of the State, Ministry of Fiscal Affairs. 

Implementation Mechanisms 
• Subsidize the retirement of vehicles that are older than 20 years. 

• Through the Vehicle Inspection Program, remove from the circulation inefficient vehicles  

• Encourage the purchase of more efficient vehicles through discounts. 

• Establish an increasing linear tariff structure based on performance. 

• Implement a statewide program to help the community to remove low-efficiency 
vehicles. 

• Tax incentives for hybrid cars. 
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• Establish mechanical and / or environment standards to allow the circulation of imported 
used vehicles. 

• Advise buyers of vehicles (on the most efficient vehicles on the market) 

 
Related Programs and Policies 

• Vehicle Emissions Testing Program of the State of Baja California  

• State Program for the Sustainable Use of Energy (California) 

• Regulation on the final import of used vehicles. 

 
Types of GHG Emissions Reduction 
The star symbol identifies significant GHG effects that will be quantified.  

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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Table. TLU-3-1. Estimated GHG Reductions and Costs or Cost Saving from TLU-3 

Applying Direct Emissions Factors 
 

Policy 
No. 

Policy 
Recommendation 

GHG Reductions (TgCO2e) Net Present 
Value 

2016-2030 
(Million 2012$) 

Cost-
Effectiveness 

2016-2030 
($/tCO2e) 

Annual Total 
2016-2030 2020 2030 

TLU-3 Lote Vehicular de Alto 
Rendimiento 

0.003  0.008  0.070  -$81 -$1,150 

$/tCO2e = pesos per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; TgCO2e = teragrams of carbon dioxide 
equivalent.  
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2014–2030 (column 
five). The cost per tCO2e (column seven) over 2016–2025 is the discounted, net present value of the 2016–2025 cash flows in 
millions of dollars (column six) divided by the cumulative Tg of GHG reductions (column five). 

Data Sources:  
• Cash for Clunkers. Available at: http://www.cashforclunkers.org/california-cash-for-

clunkers-program/ 

• Emission factors. http://www.carbonlighthouse.org/wp-
content/uploads/2010/10/UnitsAndConversions.pdf 

• IPCC, 2006, “Directrices del IPCC de 2006 para los inventarios nacionales de gases de 
efecto invernadero”,  Capitulo 3: Combustión móvil, Volumen 2: Energía. En,  
http://www.ipcc-
nggip.iges.or.jp/public/2006gl/spanish/pdf/2_Volume2/V2_3_Ch3_Mobile_Combustion.
pdf 

• Costs of new vehicles. Available at: http://web.nissan.com.mx/vehiculos/ 

• Ministry of Environment. 2012. Programa Estatal de Acción ante el Cambio Climático de 
Baja California. Diciembre.  

• Ministry of Environment. Vehicle Registration Database.  File name:  140213_Reporte 
Raro.xls 

• Instituto Nacional de Ecología y Cambio Climático.  2011 Sistema de Planeación de 
Alternativas Energéticas de Largo Plazo. Available at 
http://www.inecc.gob.mx/descargas/cclimatico/2011_manual_leap.pdf  

• U.S. Department of Energy (DOE).  Annual Energy Outlook 

 
Quantification Methods: 
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The analysis examines the potential reductions in greenhouse gases (GHG) under the assumption 
of replace cars older than 21 years with efficient cars by 2030. Quantification is divided into two 
sectors: a) emissions and b) costs. 

a) Emissions Section 

The GHG savings from TLU-3 were estimated according to the following steps. 

1. Vehicle Ownership in BC was estimated using average vehicle ownership per capita from the 
PEACC, which had an estimate for years 1980, 2010 and 2040.  Average vehicle ownership was 
interpolated for all intervening years, and then multiplied by the BC population for each year to 
estimate Vehicle ownership. 

2.  Data from the 140213_Reporte Raro.xls spreadsheet was used to estimate the portion of the 
fleet that is retirement age.  In this analysis, “retirement age” is vehicles that are more than 20 
years old.  Therefore, in year 2008, the “retirement age” fleet is vehicles of model year 1988 and 
earlier.  This made up 5.069% of the total fleet in 2008.  The average for years 2004-2008 is for 
vehicles in the “retirement age” fleet to make up 5.19% of the total fleet.  These are the vehicles 
eligible for the scrappage subsidy. 

3.  Each year one new model year becomes eligible for the “retirement age” fleet.  These are the 
vehicles that are exactly 20 years old (Model Year 1994 in 2014, for example).  Using vehicle 
registration data from the Ministry of Environment, the average number of vehicles entering the 
“retirement age” fleet every year was determined to be 1.37% of the total BC fleet.   

4.  Divided size of the total retirement age fleet by the number of vehicles entering the retirement 
fleet every year to estimate the average time that vehicles last before being scrapped in a BAU 
scenario.  This assumes that the number of vehicles in the retirement fleet is staying relatively 
constant.  By dividing 5.19% by 1.37%, we get an average lifespan of 3.8 years.  For this 
analysis, we rounded this number up to 4 years.  This figure was used to estimate how long a 
vehicle which is scrapped in this program would last otherwise, and therefore, how long the fuel 
savings improvement of retiring that vehicle should be taken into account.     

5.  Estimated the number of eligible vehicles per year.  This is estimated by multiplying the 
number of vehicles in BC (step 1) with the percentage of vehicles that are retirement age (step 2).     

6.  The popularity of Vehicle Scrappage program was assumed to be 2%.  This is meant to 
represent the number of people with eligible vehicles who take advantage of the program each 
year. 

7.  Estimated the number of vehicles scrapped per year.  Multiply Eligible vehicles per year (step 
5) by popularity of Vehicle Scrappage (step 6).   

8.  Estimated the vehicle miles traveled (VMT) saved from retired vehicles.  It was assumed that 
each retired vehicle would remain on average 4 years in circulation beyond the scrappage date 
(based on the calculation in Step 4).  Therefore, the VMT saved was estimated by multiplying 
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the average vehicle kilometer traveled (VKT) per vehicle (14,700 VKT, from 2011 Sistema de 
Planeacion de Alternativas Energeticas de Largo Plazo), by the number of vehicles 
retired/scrapped in the past 4 years, and then converted into miles.   

9.  Estimated the fuel consumption of the scrapped vehicles in a BAU scenario.  This uses the 
fuel efficiency metrics from the US in the US DOE’s Annual Energy Outlook (from 1996, 2006 
and 2013).  It is assumed that the fuel economy of Mexican vehicles is comparable.  The miles 
per gallon of vehicles of model years 20-23 years old was used to estimate the overall fuel 
efficiency of the vehicles being scrapped.  Fuel consumption was calculated by dividing total 
VMT by the MPG of these older vehicles. 

10.  Estimated the fuel consumption of the vehicles which are replacing the scrapped vehicles.  
This uses the same AEO source, and averages the fuel efficiency for the previous four model 
years.  Fuel consumption was calculated by dividing total VMT (step 8) by the MPG of these 
newer vehicles. 

11.  Estimated fuel savings by subtracting the fuel consumption of the new vehicles (step 10) 
from the fuel consumption in the BAU scenario (step 9). 

12.  Estimated MtCO2e reduced by multiplying the fuel savings (step 11) by the CO2 emissions 
factor for gasoline.   

13.  Estimated subsidy cost based on a USD $1000 subsidy per vehicle.  This estimate comes 
from the California Cash for Clunkers subsidy, and is constant for all vehicles.  This subsidy is 
multiplied by the vehicles scrapped each year (step 7) to estimate total costs/year.   

14.  Estimated fuel pesos saved by multiplying the gallons saved (step 11) by the pesos/gallon 
from the common assumptions spreadsheet. 

15.  Determined net costs by subtracting the fuel savings from the subsidy costs for each year.   

Table. TLU-3-2. Emissions Reductions 

Year 

GHG Emission from 
retired old vehicles 

GHG Emission from 
new vehicles 

Emissions 
Reductions 

tCO2e tCO2e tCO2e 
2016 3,446 2,844 601 
2017 7,096 5,825 1,271 
2018 10,953 8,916 2,037 
2019 15,027 12,030 2,997 
2020 15,618 12,301 3,317 
2021 16,138 12,482 3,656 
2022 16,583 12,580 4,003 
2023 17,095 12,611 4,484 
2024 17,674 12,568 5,106 
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2025 18,338 12,535 5,803 
2026 19,094 12,501 6,593 
2027 19,780 12,587 7,193 
2028 20,453 12,807 7,646 
2029 21,019 13,130 7,889 
2030 21,499 13,597 7,902 
Total 239,813 169,314 70,499 

 

b)  Costs Section 

The assumption in the design of this policy is the allocation of $1.000 as subsidy for people who 
decide to "scrap" their vehicle older than 20 years. This subsidy serves as an incentive to 
purchase a new vehicle. The costs under this section are divided into capital costs and operation 
and maintenance costs. The capital costs include the assumed subsidy and the price of a new 
vehicle. The operation and maintenance costs include the fuel savings due to the change in the 
use of these vehicles. Capital cost and operation and maintenance cost were added and then the 
assumed subsidy was discounted. Once the annual net costs were calculated, the total discounted 
cost and cost effectiveness of the policy were calculated. 

Net societal costs are summarized in Table TLU3-3. 
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Table TLU-3-3.  Net Societal Cost 

Year 

Capital Costs 
Change of 
Vehicle 
Scrappage 

Gasoline Fuel 
Cost O&M Costs 
from old vehicles 

Gasoline Fuel 
Cost O&M Costs 
from new 
vehicles 

Net Fuel Costs 
from Vehicle 
Scrappage 

Net 
Annual 
Costs  

Total 
Discounted 
Costs  

MM $ MM $  MM $  MM$ MM$ MM$ 
2014 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
2015 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
2016 $12.04 $17.85 $14.73 -$3.12 $8.93 $7.34 
2017 $12.42 $37.07 $30.43 -$6.64 $5.78 $4.53 
2018 $12.80 $57.70 $46.97 -$10.73 $2.07 $1.54 
2019 $13.18 $79.84 $63.92 -$15.92 -$2.74 -$1.95 
2020 $13.56 $83.68 $65.91 -$17.77 -$4.21 -$2.85 
2021 $13.95 $87.20 $67.44 -$19.76 -$5.81 -$3.75 
2022 $14.34 $90.37 $68.55 -$21.82 -$7.48 -$4.59 
2023 $14.73 $93.95 $69.31 -$24.64 -$9.91 -$5.79 
2024 $15.13 $97.95 $69.66 -$28.30 -$13.17 -$7.33 
2025 $15.53 $102.50 $70.06 -$32.44 -$16.91 -$8.97 
2026 $15.93 $107.63 $70.47 -$37.16 -$21.23 -$10.72 
2027 $16.33 $112.44 $71.55 -$40.89 -$24.56 -$11.81 
2028 $16.74 $117.25 $73.42 -$43.83 -$27.09 -$12.41 
2029 $17.15 $121.52 $75.91 -$45.61 -$28.47 -$12.42 
2030 $17.55 $125.35 $79.28 -$46.07 -$28.52 -$11.85 
Total     -$173.34 -$81.04 
 

Key Assumptions:  
• The Kilometers Travelled per Vehicle (KTV) has a growth rate of 1.4%. (PEACC Baja 

California, Pag. 87). 

• The VMT driven by older vehicles is assumed to be the same as for the newest vehicles.  
If scrapping vehicles encourages drivers to drive their new vehicles more, then the GHG 
reductions will be overestimated in this analysis.   

• Assumes that vehicle efficiency from the Annual Energy Outlook (a US source) is 
applicable to fuel economy in Mexico.   

• Assumes that all vehicles in this analysis are gasoline vehicles.  This program is targeting 
cars and light trucks, so the vast majority are likely to be gasoline, but if any diesel 
vehicles are involved, the costs/GHG savings would be affected.   
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• Based on small survey conducted by ARB of the Enhanced Fleet Modernization Program 
Assessment, 52% of participants did not purchase a replacement vehicle.  We assume the 
same distribution for Baja California. 

• We will assume that 48% of the cash will be spent on transport purposes, and the rest 
52% will be distributed among all consumption goods and services. 

Key Uncertainties 
Acceptance by the population is uncertain 

Additional Benefits and Costs 
• Improved air quality and reduced negative impacts on public health.  

• Reduction of in the number of vehicles requiring road assistance due to dis-repair and 
thus a reduction in vehicular congestion. 

 Feasibility Issues 
• Key potential barriers include low acceptance by the population acceptance 
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TLU-4. Increase Efficiency in Urban Mobility127 

 
Policy Description 
This policy aims at increasing the efficiency in urban mobility focused mainly on modernizing 
the public bus fleet. The upgrade includes the replacement of buses used in mass transit from old, 
energy inefficient and high polluting buses with new, energy-efficient, and less polluting ones. A 
fleet of modern buses in addition can incentivize participation in the use of public transport and a 
reduction in the number of private cars on the road. 
 
Policy Design 
Objective:  Replace public buses with low capacity for higher capacity hybrid buses. 

 
Time Period: 2016-2021 

Coverage: Tijuana 

Parties Involved: Metropolitan Planning Institute of Tijuana. Municipal Department of Public 
Transportation of Tijuana. 

Implementation Mechanisms 
 
• Tax incentives for replacement of trucks.  

• Increased monitoring of regulations  

 
Related Programs and Policies 

• Mass Transit Project Trunk-Feeder " Corredor 1 Puerta México-El Florido " Tijuana, 
Baja California. 2012  

• Municipal Development Plan 2011-2013 of Tijuana.  

• Urban Development Program of the Center of Population of Tijuana, BC (2010-2030)  

• Urban Development Program of the Center of Population of Mexicali 2025.  

• Updated Master Plan of Roads and Transport (Mexicali, 2011) 

 

127 TLU-4 is presented in the list of policies even though the quantification of it was not completed in time for use in 
this report. 
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Types of GHG Emissions Reduction 
The star symbol identifies significant GHG effects that will be quantified.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Data Sources:  

• Corporación Rehovot S.A. de C.V. 2012. Proyecto de Transporte Masivo Tronco-
Alimentador “Corredor 1 Puerta México-El Florido” Tijuana-Baja California, México. 

• Emission factors. http://www.carbonlighthouse.org/wp-
content/uploads/2010/10/UnitsAndConversions.pdf 

• Tijuana City Council. Municipal Development Plan 2011-2013. Available at: 
http://www.tijuana.gob.mx/PlanMpal2011-2013/transporte.asp 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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• Tijuana City Council. Public Transportation Regulation for the Municipality of Tijuana. 
Available at: 
http://www.tijuana.gob.mx/Reglamentos/pdf/Reglamento%20Transporte%20Publico.pdf 

• Rendimiento de autobuses híbridos Volvo. 
http://news.volvogroup.com/2012/05/31/volvo-hybrid-bus-more-fuel-efficient-than-
expected/ 

 
Quantification Methods: 
 
A preliminary quantification method was developed for this policy; however, it was not 
sufficiently vetted and documented in time for use in this report.   

 

Key Assumptions:  
None. 
 
Key Uncertainties 
None. 
 
Additional Benefits and Costs 

• Decraese in traffic congestion.  

• Decrease in noise pollution.  

• Increased convenience in using public transport.  

• Improved air quality and reduced negative impacts on public health. 

 
Feasibility Issues 
Key potential barriers include low acceptance by the population. 
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TLU-5. Smart Growth Planning 

 
Policy Description 
This policy aims at establishing urban growth strategies involving both intelligent urban planning 
and the integration of the different actors of the urban environment. By promoting denser 
population centers and balancing the demand for jobs and housing, the average number of trips 
and trip distances can be significantly reduced, which results in a decrease of GHGs and other 
criteria pollutants.    

Policy Design 
Objectives: To reduce the number of trips and trip distances trough the implementation of smart 
growth strategies by: 

• increasing household population density by 5%, and 

• improving the jobs/housing balance by 10%. 

Time Period: 2015-2030 
Coverage: Urban clusters in or near the municipalities of Tijuana and Mexicali. 

Parties Involved: Metropolitan Planning Institute of Tijuana, Municipal Institute for Research 
and Urban Planning of Mexicali, Municipal Planning Institute of Playas de Rosarito, Municipal 
Institute for Research and Urban Planning of Ensenada, Water Commission, Department of 
Public Works: main roads , municipalities. 

Implementation Mechanisms 
• Conduct an assessment of housing and job location.  
• Impose high property taxes on greenfields.  
• Subsidize housing projects with 3 to 5 floors.  
• Plan to recovery capital gains to finance environmental improvement policies in the urban 

context.  
• Requalification project of areas that have lost their economic dynamics.  
• Promote green building legislation.  
• Comprehensive Plan to reduce mobility by providing people them with the services and 

equipment they need close to where they live.  
• Land Occupancy Program to increase population density.  
• Tax incentives for the use of vacant land within urban areas.  
• Invest in telecommunication. 
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Related Programs and Policies 

• Municipal Development Plan (Tijuana) 2011-2013  
• Urban Development Program of the Center for Population of Tijuana, BC (2010-2030)  
• Urban Development Program of the Center for Population of Ensenada, BC (2010-2030) 
• Partial Program for Improvement and Urban Growth in the Northeast (Ensenada) 1st stage  
• Urban Development Program of the Center for Population of Mexicali 2025  
• Updated Master Plan of Roads and Transportation (Mexicali, 2011) 
 

Types of GHG Emission Reductions 
The star symbol identifies significant GHG effects that will be quantified.  

 

 

 
 
 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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Table. TLU5-1. Estimated GHG Reductions and Costs or Cost Saving from TLU-5 
Applying Direct Emissions Factors 

 

Policy 
No. 

Policy 
Recommendation 

GHG Reductions (TgCO2e) Net Present 
Value 

2016-2030 
(Million 2012$) 

Cost-
Effectiveness 

2016-2030 
($/tCO2e) 

Annual Total 
2016-2030 2020 2030 

TLU-5 Smart Growth Planning 0.011 0.036 0.280 -479.54 -1,715.62 

$/tCO2e = pesos per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; TgCO2e = teragrams of carbon dioxide 
equivalent.  
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2017–2030 (column 
five). The cost per tCO2e (column seven) over 2017–2030 is the discounted, net present value of the 2017–2030 cash flows in 
millions of dollars (column six) divided by the cumulative Tg of GHG reductions (column five). 

Data Sources:  
• Cambridge Systematics, Inc. 2009. Moving Cooler. An analysis of Transportation 

Strategies for Reducing Greenhouse Gas Emissions. Urban Land Institute. Available at: 
http://www.fta.dot.gov/documents/MovingCoolerExecSummaryULI.pdf 

• Secretaría de Medio Ambiente y Recursos Naturales. 2005. Inventario de emisiones de 
los estados de la frontera norte de México, 1999. 

• The Climate Registry. General Reporting Protocol. 2014. Emission Factors for 
Greenhouse Gas Inventories. Version 2. Available at: 
http://www.epa.gov/climateleadership/documents/emission-factors.pdf 

• Vernez Moudon Anne and Stewart Orion. 2013. Tools for Estimating VMT Reductions 
from Built Environment Changes.  Washington State Transportation Center (TRAC). 
WA-RD 806.3.  June (pp. 11-12). Available on: 
http://www.wsdot.wa.gov/Research/Reports/800/806.3.htm 

• Inventario de Emisiones de la Frontera Norte de México, 1999 (p. 57) 

 
Quantification Methods:  

a) Emissions Section 

1.  This analysis uses data from the Common Baseline Forecast and Microeconomic Data and the 
Baja California GHG inventories to estimate population, Transportation CO2e emissions and 
annual Vehicle Kilometers Traveled.  These are broken down based on the two major cities 
(Mexicali and Tijuana).  Emissions outside these areas will not be effected.   
2.  The goals of this policy are to increase household population density, improve the 
jobs/housing balance and decrease distance to transit.  These are estimated to reduce overall 
transportation emissions by 4%, 2% and 5% respectively. 
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3.  These emissions reductions were multiplied by the implementation path (moving towards 
100% in 2030) and by the overall policy goals (5% increase in household population density, 
10% increase in jobs/housing balance.  Thus, the total VKT reduction is estimated by the 
reduction in transportation emissions (step 2) for each option, multiplied by the implementation 
path, multiplied by the improvement expected in the policy goal.  This provides an emissions 
reduction number for each of the subparts of this option (household population density, improve 
the jobs/housing balance and decrease distance to transit) and for each of the two cities (Mexicali 
and Tijuana).   
4.  The reductions of the three options were added together to get the total reductions for 
Mexicali and Tijuana.   
5.  These reductions were then multiplied by the transportation emissions in each city to estimate 
the overall GHG savings.  This analysis assumes that VKT and GHG emissions are directly 
linked.   
6.  This GHG emissions reduction was then converted into gallons of gasoline saved by dividing 
the total tons of CO2e per the gallons by the carbon content per gallon.  This is then multiplied 
by the cost/gallon of gasoline to estimate the fuel savings for this policy option. 

Table TLU-5-2. Summary of Emission Reductions 

Year 

Fuel Consumption Net Change GHG Emission Net Change 

Million Gallons Gasoline Gg tCO2e 
2015 -0.20 -1.72 
2016 -0.40 -3.50 
2017 -0.61 -5.34 
2018 -0.83 -7.26 
2019 -1.05 -9.24 
2020 -1.29 -11.30 
2021 -1.53 -13.41 
2022 -1.78 -15.59 
2023 -2.03 -17.84 
2024 -2.30 -20.16 
2025 -2.57 -22.56 
2026 -2.85 -25.04 
2027 -3.14 -27.60 
2028 -3.44 -30.24 
2029 -3.75 -32.96 
2030 -4.07 -35.77 
Total -31.84 -279.51 

 
 

b) Costs Section 
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7.  Total costs of this policy option were estimated based on the costs of similar programs in 
Moving Cooler, a survey of transportation options from the US.  These costs were scaled based 
on the population of Tijuana and Mexicali, compared to the total US population.  This was used 
to estimate the costs of household population density and improved jobs/housing balance.  These 
costs were not considered appropriate for estimating the costs of increased transit access, given 
that these costs are based on expanded passenger rail, rather than an expanded bus program, as 
would be more practical in Tijuana/Mexicali.  Costs for improved access to transit are currently 
not included in this analysis. 
8.  Net costs were calculated by subtracting the cost savings from gasoline (step 6) from the costs 
of implementation (step 7) for both Mexicali and Tijuana.   
 

Table TLU-5-3. Net Societal Cost 

Year 

Fuel Cost 
Savings 

Cost 1, Enhance 
Housing/Population 

Density 

Cost 2, Improve 
Housing/Jobs 

Ratio 

Net Annual 
Costs  

Total 
Discounted 

Costs  

MM$ MM$ MM$ MM$ MM$ 
2015 -$7.19 $10.06 $10.06 $12.92 $11.16 
2016 -$14.78 $10.06 $10.06 $5.33 $4.39 
2017 -$22.77 $10.05 $10.05 -$2.66 -$2.09 
2018 -$31.19 $10.05 $10.05 -$11.08 -$8.27 
2019 -$40.05 $10.05 $10.05 -$19.95 -$14.18 
2020 -$49.38 $10.05 $10.05 -$29.27 -$19.81 
2021 -$59.10 $10.05 $10.05 -$39.00 -$25.14 
2022 -$69.29 $10.05 $10.05 -$49.19 -$30.20 
2023 -$79.98 $10.05 $10.05 -$59.88 -$35.01 
2024 -$91.17 $10.05 $10.05 -$71.07 -$39.58 
2025 -$102.89 $10.05 $10.05 -$82.80 -$43.91 
2026 -$115.16 $10.05 $10.05 -$95.07 -$48.01 
2027 -$128.00 $10.05 $10.05 -$107.90 -$51.90 
2028 -$141.43 $10.05 $10.05 -$121.33 -$55.58 
2029 -$155.47 $10.05 $10.05 -$135.37 -$59.06 
2030 -$170.14 $10.05 $10.05 -$150.04 -$62.35 

Total    -$956.36 -$479.54 
 

 
Key Assumptions:  

• The vehicle kilometers traveled per person per day is 6.2 (Inventario de Emisiones de la 
Frontera Norte de México, 1999 (p. 57) 

• The elasticity of household/ population density is -0.04 (Moving Cooler) 

• The elasticity of  jobs/ housing balance is -0.02 (Moving Cooler) 

• The elasticity of nearest transit stop is -0.05 (Moving Cooler) 
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Key Uncertainties 
The elasticity values were derived from a meta-analysis of smart growth strategies implemented 
in U.S. urban centers (Cambridge Systematics. Moving Cooler.  2009). The elasticity values of 
similar smart growth strategies in urban centers in Mexico, and specifically in Baja California, 
may differ from those in the U.S. 
 
Additional Benefits and Costs 

• People will walk more from a place to the other with benefits for their wellness 

• People will have more time available  

 
Feasibility Issues 

• Organize the different units for land planning 
• Political lobby from the building industry 
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TLU-6. Energy Efficient Government Fleets  

 
Policy Description 
Motor vehicles that use fossil fuels like gasoline and diesel are major emitters of greenhouse 
gases (GHG). The increased use of efficient vehicles leads to a saving of petroleum fuels, and by 
extension, a reduction of GHG emissions. 

The government has the potential to "lead by example", that is why this policy is aimed at the 
government of Baja California to reduce GHG emissions from the official vehicle fleet, by 
mandating the procurement of hybrid vehicles through an amendment of the regulations. 

Policy Design 
Objectives:  To increase the energy efficiency of the state government fleet by opting for hybrid 
vehicles over conventional vehicles.  The goal is that at least 40% of new vehicle purchases have 
fuel efficient features (hybrid). 
 
Time period: 2014-2020 

Coverage: Government vehicle fleet 

Parties Involved: Department of Energy, Administrative Office of the Government of the State 
of Baja California (Department of Administrative Regulations and Policies) 

Implementation Mechanisms 
• Develop a statewide diagnosis on the energy efficiency of the public vehicle fleet.  

• Mandate that a portion of new vehicle purchases be highly energy efficiency. 

 
Related Programs and Policies 

• Vehicle Inspection Program of the State of Baja California  

• State Program for the Sustainable Use of Energy (Baja California)  

• Rules and Policies for the Procurement of Official Vehicles (State Government of Baja 
California) 

Types of GHG Emission Reductions 
The star symbol identifies significant GHG effects that will be quantified.  
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Table TLU-6-1. Estimated GHG Reductions and Costs or Cost Saving from TLU-6 
Applying Direct Emissions Factors 

Policy 
No. 

Policy 
Recommendation 

GHG Reductions (TgCO2e) Net Present 
Value 

2016-2025 
(Million 2012$) 

Cost-
Effectiveness 

2016-2030 
($/tCO2e) 

Annual Total 
2016-2025 2020 2025 

TLU-6 Energy Efficient 
Government Fleets 

0.0001  0.0001  0.0015  $2.3  $1,609  

$/tCO2e = pesos per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; TgCO2e = teragrams of carbon dioxide 
equivalent.  

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase

D-25 
 



Baja CAP Phase 2 Report     App. D- TLU Policy Recommendations 
  December 19, 2014 
 
 
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2017–2030 (column 
five). The cost per tCO2e (column seven) over 2017–2030 is the discounted, net present value of the 2017–2030 cash flows in 
millions of dollars (column six) divided by the cumulative Tg of GHG reductions (column five). 

Data Sources:  
• Eco-vehicles. http://www.ecovehiculos.gob.mx/ecoetiquetado.php?vehiculo_id=14145 

• Emission factors. http://www.carbonlighthouse.org/wp-
content/uploads/2010/10/UnitsAndConversions.pdf 

• Costs of hybrid motor vehicles. http://www.ford.mx/autos/fusion 

• Ministry of Environment. 2012. Programa Estatal de Acción ante el Cambio Climático de 
Baja California. Diciembre.  

• Ministry of Energy. Guías para el Uso Eficiente de la Energía en el Transporte. 
Automovilista eficiente. Available at: 
http://www.conuee.gob.mx/work/sites/CONAE/resources/LocalContent/7744/5/guiaaum
ovilef.pdf 

 
Quantification Methods: 
 
The quantification was divided into two sectors: a) emissions and b) costs. 
 
A) Emissions Section 
 
Based on the register of the vehicles of the government of the State of Baja California, the 
average number of new vehicles added to the government fleet was determined to be 36 in 2014.  
The number of vehicles added to the fleet was projected to increase proportionately to population 
growth to 46 vehicles in 2030.  The quantification assumes that 40% of new vehicle purchases 
are hybrid.  By 2030, the policy envisions that 201 vehicles in the government fleet will feature 
hybrid technology.   
 
Vehicle emissions were calculated as the product of vehicle units, their average fuel efficiency, 
and average annual distanced traveled.  The policy quantification assumes that the number of 
vehicles, and the annual distance traveled are the same in both scenarios.  The only vehicle 
characteristics that varies is fuel efficiency.  The fuel efficiency of hybrid vehicles is assumed to 
remain static at 26.2 Km/liter whereas the fuel efficiency of conventional vehicles ranges from 
16.0 to 21.1 Km/liter across the temporal series (2015-2030).  Emission reductions were 
calculated as the difference of vehicle emissions for the targeted fleet between the BAU and 
policy scenarios.   
 

Table TLU-6-2. Summary of Emissions 
 

Year Size of Targeted Emissions BAU Emissions Policy Scenario Avoided Emissions 
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Vehicle Fleet tCO2e tCO2e tCO2e 
2015 14 41.61 25.46 16.15 
2016 29 83.53 52.06 31.47 
2017 44 125.77 79.84 45.93 
2018 59 168.34 108.85 59.49 
2019 74 211.24 139.12 72.11 
2020 90 254.47 170.71 83.76 
2021 106 298.04 203.65 94.39 
2022 122 341.96 238.00 103.95 
2023 138 386.22 273.80 112.42 
2024 155 430.84 311.10 119.73 
2025 172 475.81 349.96 125.85 
2026 189 521.15 390.43 130.72 
2027 192 527.29 402.36 124.93 
2028 195 533.49 414.65 118.84 
2029 198 539.77 427.33 112.45 
2030 201 546.12 440.38 105.74 

Total   5485.63 4027.72 1457.91 
 

 B)  Costs Section 

As part of the capital costs, the price of a new conventional car and the price of a hybrid car, 
were taken into account, and the difference between them was the total marginal cost. Fuel 
saving between these two types of cars was also calculated. 

Table TLU-6-3.  Net Societal Cost 

Year 

 Capital Costs – Marginal 
Cost of Hybrid Vehicles O&M Costs – Avoided Fuel Cost  Net Annual 

Costs  
Total Discounted 

Costs  
MM$ MM$ MM$ MM$ 

2015 $0.55 -$0.07 $0.48 $0.42 
2016 $0.56 -$0.13 $0.43 $0.35 
2017 $0.56 -$0.19 $0.37 $0.29 
2018 $0.57 -$0.25 $0.32 $0.24 
2019 $0.58 -$0.31 $0.28 $0.20 
2020 $0.59 -$0.36 $0.23 $0.16 
2021 $0.60 -$0.41 $0.19 $0.13 
2022 $0.61 -$0.45 $0.16 $0.10 
2023 $0.62 -$0.49 $0.13 $0.07 
2024 $0.63 -$0.53 $0.10 $0.06 
2025 $0.64 -$0.56 $0.08 $0.04 
2026 $0.65 -$0.59 $0.06 $0.03 
2027 $0.66 -$0.57 $0.10 $0.05 
2028 $0.67 -$0.54 $0.13 $0.06 
2029 $0.68 -$0.52 $0.16 $0.07 
2030 $0.69 -$0.49 $0.20 $0.08 
Total   $3.43 $2.35 
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Key Assumptions:  

• The existing number of State vehicles for each model is the number of cars bought in that 
year.  

• A new hybrid vehicle is purchased to replace one conventional vehicle.  

• The Vehicle Kilometers Traveled (VKT) has a growth rate of 1.4%, but trip distance 
remains constant between BAU and policy scenarios 

• The emission factor for gasoline is 2.4 kgCO2e / liter  

• The fuel efficiency of conventional vehicles ranges from 16.0 to 21.1 Km/liter across the 
temporal series (2015-2030).   

• The fuel efficiency of a hybrid car remains constant at 26.15 km / Lt across the temporal 
series. 

• Funding for the purchase of new vehicles will come from the state budget 

 
  
Key Uncertainties 
None identified. 
 
Additional Benefits and Costs 
The population has greater appreciation for the State Government for its effort in protecting the 
environment. 
 
Feasibility Issues 
Key potential barriers include: 

• Coordination among agencies to change vehicles.  
• Monitoring the implementation of the policy.  
• Budget allocation for the purchase of hybrid vehicles.  
• Proper maintenance for the vehicles. 
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Appendix E 
Residential, Commercial, Industrial and Institutional  

Policy Recommendations  
These policy option recommendations and analyses are a product of decisions by members of the 
Baja California Climate Action Plan (CAP) Panel of Experts (PE) and Local Project Manager 
(LPM) developed through training and technical assistance by The Center for Climate Strategies 
(CCS). Following review of the Phase 1 work and subsequent policy prioritization efforts by the 
Secretaria de Proteccion al Ambiente (SPA), PE members and the LPM selected these policies 
as priorities for initial development and analysis in the CAP with informal input from technical 
workgroup members and the SPA. With CCS training and technical assistance, PE members 
developed the policy option templates, including policy design parameters (timing, level of effort, 
coverage of parties, implementation mechanisms), and analysis choices (best available data 
sources, methods, and assumptions), and then produced a direct impact (microeconomic) 
analysis for each policy. The results of these analyses were compiled by CCS at a stand alone 
and integrated level to construct individual and total impacts for the CAP that provided inputs to 
the indirect (macroeconomic) impacts covered in Chapter 9. 
 

Alone" Analysis Summary List of Policy Recommendations 

  Total GHG Reductions Base Year 2012$ 

Policy 
ID # Policy Name  

Annual CO2e 
Reductions 

2030 
Cumulative 

NPV  
2011-2035 

Cost 
Effectiveness 

2020 Tg 2030 Tg TgCO2e $Million  $/tCO2e 

RCII-1 

Save 23% Electricity 
Consumption on New 
Residential Buildings  
through housing shell 
Improvements, year target 
2020 0.02  0.02  0.26  ($309) ($1,172) 

RCII-2 

Energy Efficiency 
Expansion in New Housing 
Design 0.02  0.02  0.4  ($290) ($675) 

RCII-3 

Energy Efficiency 
Expansion in LPG and 
Electricity Consumption for 
Existing Buildings of 
Residential and 
Commercial Sector 0.6  0.6  8  ($10,952) ($1,342) 

RCII-4 

Finance Incentives for 
Machinery Energy 
Efficiency 0.3  0.7  6.1  ($11,771) ($1,915) 

RCII-5 

Solar Water Heaters on 
Housing 0.4  0.4  6  ($8,800) ($1,435) 

RCII-6 

Flow Water Heaters for 
Residential Sector 0.1  0.14  2  ($3,095) ($1,559) 
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Totals 1.3  1.8  21  ($32,122)  
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RCII-1. Housing Shell Improvements in New Residential Buildings  

 
Policy Description 
 
This policy is designed to reduce the electricity consumption intensity of new buildings through 
improvements ordered by NOM 020 codes in design and construction, as well as in their end use. 
 
To obtain emission values and costs related to the use and saving of electricity, the calculation 
will be split in two regions, Mexicali and Baja California without Mexicali, due to the difference 
in electricity consumption. In summer, Mexicali consumes a higher level of electricity due to the 
use of A/ C compared to other regions in the same season. 
 
Construction and design modification can significantly reduce energy consumption; these actions 
can reduce a building’s energy demand, including the direct and indirect effects of energy 
extraction, processing, transport and transmission. Therefore, GHG emissions can be reduced. 
 
Policy Design 
 
Goal: 

• 23% Reduction of Energy intensity (electricity only) in new Residential 
Buildings. 

 
Timing: 2014-2020 
 
Coverage: State-level, new buildings  
 
Parties Involved: National Commission for Energy Efficiency (CONUEE, in Spanish), 
Secretariat of Energy, Construction companies, Banobras. 
 
Possible Implementation Mechanisms 

 
• Create a standard code for all municipalities. 
• Develop a State Sustainable Energy Trust to support specific actions, such as “bioclimatic 

design”, “the application of insulating materials in buildings”, “solar panels”, etc. 
• Tax incentives to builders for the design and construction of sustainable buildings. 
• Foster the development of Green supply chains.  
• Develop a database of commercial buildings that includes the type of building, climatic 

conditions of the area, characteristics of surroundings, and type of technology. 
• Specialized advisory services for builders.  
• Draft an energy conservation program for government buildings. 
• Application of NMX-AA-164-SCFI-2013 Sustainable Building – Criteria and minimum 

environmental requirements. 
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• Establish an evaluation and certification process for the construction of sustainable 

buildings. 
 
Related Programs and Policies in Place and Recent Actions 
 

• Programs exist only at the federal level: National Program for Sustainable Energy Use 
2009-2012 

• ”Green Mortgages” Program (INFONAVIT) 
• Trust for the Thermal Insulation of Housing – Systematic Comprehensive Savings 

Program (FIPATERM-ASI in Spanish) 
• Sustainable Light Program 
• NMX-AA-164-SCFI-2013 (Sustainable Building – Criteria and minimum environmental 

requirements). 
• Baja California Energy Profile 2010-2020  
• Efficient Use of Energy, CONUE 
• Financing Program for Mexican Constructors. 

 
Types of GHG Emissions Reductions 
 
The main GHG that will be reduced with this policy is CO2,  the predominant GHG in the total 
emissions, followed by NH4 and finally by N2O, though in minor quantity.   
 
The star symbol identifies significant GHG effects that will be quantified.  
 

 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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Table RCII-1-1. Estimated Net GHG Reductions and Costs or Cost Savings From 
RCII-1 Applying Direct Emissions Factors 

 
 
 
Policy 
No. 

 
 
Policy 
Recommendation 

GHG Reductions (MMtCO2e)  
Net Present 
Value 2014-

2030 
(Million 
2012$) 

 
Cost Effectiveness 

2014-2030 
($/tCO2e) 

Annual Total 
2020 2030 2014-2030 

 
RCII-1 

Improved Design and 
Construction of new 
Residential Buildings 0.02  0.02  0.26  ($309) ($1,172) 

$/tCO2e = pesos per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtCO2e = million metric tons of carbon 
dioxide equivalent.  
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2014–2030 (column 
five). The cost per tCO2e (column seven) over 2014–2030 is the discounted, net present value of the 2014–2030 cash flows in 
millions of dollars (column six) divided by the cumulative MMt of GHG reductions (column five). 
 
Data Sources: 

• Daniel Chacón Anaya, María Elena Giner, Mario Vázquez Valles, Stephen M. Roe, Juan A. 
Maldonado, Holly Lindquist, Brad Strode, Rachel Anderson, Cristina Quiroz, Jackson Schreiber. 
Emisiones de gases de efecto invernadero en Baja California y proyecciones de casos de 
referencia 1990-2025, 2010, 1ª. ed.Ciudad Juárez, Chih.: Comisión de Cooperación Ecológica 
Fronteriza, 

• Gabriela Muñoz, Eliseo Díaz, Hector Campbell and Margarito Quintero. 2012.   Baja California: 
Perfil Energético 2010-2020, Propuesta y Análisis de Indicadores Energéticos para el Desarrollo 
de Prospectivas Estatales. Available at: 
http://www.energiabc.gob.mx/files/public/pdf/PerfilEnergeticoBC2010-2020.pdf. 

• Instituto Nacional de Estadística Geografía e Informática (INEGI). Anuario Estadístico 2001-
2011. CFE, División Baja California. Gerencia Divisional; Departamento de Estudios y 
Estadísticas. Available at:  
http://www3.inegi.org.mx/sistemas/productos/default.aspx?c=265&s=inegi&upc=702825046385
&pf=Prod&ef=&f=2&cl=0&tg=8&pg=0 

• Instituto Nacional de Estadística Geografía e Informática (INEGI). Encuesta Nacional de Ingresos 
y Gastos de los Hogares 2008 (ENIGH, 2008)  
http://www.inegi.org.mx/est/contenidos/Proyectos/Encuestas/Hogares/regulares/Enigh/Enigh200
8/tradicional/default.aspx 

• Maggie Eldridge, Steve Nadel, Amanda Korane, John A. "Skip" Laitner, Vanessa McKinney, 
Max Neubauer, and Jacob Talbot. April 1, 2009. Potential for Energy Efficiency, Demand 
Response, and Onsite Solar Energy in Pennsylvania. American Council for an Energy-Efficient 
Economy (ACEEE) et al. Available at: http://www.aceee.org/pubs/e093.htm.  

• Texas Energy Efficiency at: http://www.texasefficiency.com/index.php/regulatory-
filings/deemed-savings 

 
Quantification Methods:  
The analysis was divided in two sections, emissions and costs.  
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The emissions section first calculated the Business as Usual for GHG emission for all Residential 
Sector by considering emissions for electricity consumption. Then, it estimated the emission 
reduction resulting from  the policy.  
 
Taking into account emission reductions, costs were calculated; mainly costs of improving 
energy efficiency. The total cost includes capital cost, administrative costs, total, avoided 
expenditures and net costs or benefits by apply the policy. 
 
a) Emission Section 
 
GHG emissions for Business as Usual   
The Business as Usual emissions for Residential Sector was calculated by multiplying 

• The total residential electricity consumption in MWh. This information was obtained 
from GHG inventory and secondary sources; and  

• CO2e emissions calculated by using the emissions factors for electricity. 
 
GHG emission avoided by the policy 
The GHG emissions avoided by the policy were derived as follows: 

• The policy reduction targets were distributed in a proportional way to obtain the same 
percentage of reduction year by year. 

• By using reduction values and the respective emission factors, the total policy reductions 
of GHG were calculated. 

• This policy applies only to new residential building construction. 
 

b) Cost Section 
 

Capital costs 
• the residential levelized costs for electricity efficiency by improving housing shell were 

first calculated. They were expressed in $/MWh  
• By multiplying the levelized cost and the saved electricity in MWh was obtained the 

capital cost in each year that the policy specifies the value of this costs is in millions of 
pesos (MM$). 

 
Administrative Costs 
Administrative costs also are included in the costs of RCII-1 energy efficiency. They refer to 
evaluation, marketing and outreach of the policy, and they were calculated as a percentage of 
capital costs. For this policy the assumption for that value is 15% in the residential sector. That 
percentage is multiplied by the capital costs for each year. 
 
Avoided Expenditures 
The avoided expenditures were derived as follow: 

• The forecast residential price ($/MWh) of electricity by each year that the policy suggests 
as target. 

• The quantity of electricity saved in each year (MWh) 
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• The avoided expenditures are the quantity of electricity in each year multiplied by the 
forecast price of electricity in the residential sector. They are  expressed in millions of 
pesos (MM$). 

 
Total Costs 
The total costs were derived by adding administrative costs and capital costs for each year 
through 2020. 
 
Net Costs or Benefits 
The net costs or benefits were derived by subtracting avoided expenditures from total costs in 
each year through 2020 to give a net cash flow for each time period. Negative values represent 
savings for the consumer. 
 
Net Present Value 
The net present value was calculated using a 5% real discount rate to estimate a discounted, lump 
sum cost (benefit) in 2014 for the State from the program in 2020 (assuming the relevant 2014–2030 
implementation schedule).  
 
Key assumptions 

• New housing for this policy must follow NOM020 
• 70% Policy investment will come from construction industry. 
• 10% Policy Financing will come from Federal Programs such as: “Programa de 

Financiamiento para Constructoras Mexicanas” 
• 20% Policy Investment will come from bank debt. 
• The direct average emissions factor for avoided CO2 emissions intensity for electricity is 

0.304 metric tons per megawatt-hour (tCO2e/MWh), and is derived from a consumption 
based carbon dioxide-equivalent (CO2e) forecast for each year divided by MWh forecasted 
sales. This approach includes electricity transmission and distribution (T&D) losses in 
emission intensity. 

• The next table lists the fuel emissions factor assumptions. The direct emission factors 
come from Baja Inventory and Forecast Emisiones de gases de efecto invernadero en 
Baja California y proyecciones de casos de referencia1990-2025. 

 
Table RCII-1-2. CO2 Emissions Factors (kgCO2e/Tj) 

 

Sector Fuel Type CO2 N2O CH4 
Total 
CO2e 

Commercial 
Liquefied Petroleum 
Gases 63,100 0.1 5 63235 

Industrial 

Diesel Oil 74,100 0.6 3 74343 
Liquefied Petroleum 
Gases 63,100 0.1 1 63151 

Agriculture – LPG 63,100 0.1 5 63235 

Natural Gas 56,100 0.1 1 56151 

Residual Fuel Oil 77,400 0.6 3 77643 
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Residential 

Liquefied Petroleum 
Gases 63,100 0.1 5 63235 

Natural Gas 56,100 0.1 5 56235 

Solid Biofuels: Wood 112,000 4 300 119500 
       KgCO2e/Tj=Kilograms of equivalent carbon dioxide per Terajoules of fuel consumption. 

• The baseline energy consumption forecast is derived from Baja Inventory and Forecast 
Emisiones de gases de efecto invernadero en Baja California y proyecciones de casos de 
referencia1990-202. 

• Next table shows forecasted fuel 2012 prices for RCII sectors. They come from SENER 
(Secretaria de Energía, Energy Secretariat) state retail prices for each sector. For each 
year past the base year historical price through 2030. 

 
Table RCII-1-3. Fuel Price Assumption 

 
Sector  2012 Prices $/Gj)  Electricity 

($/MWh)  
 Natural Gas  LPG Fuel Oil Gasoline 

Residential  $150.88 $242.64 $234.93  $372.37 $1176 
Commercial  $76.86  $242.64 $234.93 $372.37 $2332 
Industrial  $60.04 $242.64 $234.93 $372.37 $1525 
Institutional $76.86 $242.64 $234.93 $372.37 $1724 

$/MWh = pesos per megawatt-hour; Gj = Gigajoules. 
 

• Forecasted electricity prices come from SENER- 2002-2012 National Energy Balance. 
For 2012-2030 was applied a trend to estimate the price.. 

• For energy consumption, GHG emissions and costs, Baja California was divided in two 
regions: Mexicali and Baja California without Mexicali (Rest of Baja). The table shows 
the energy share by region, it will be for all the policy year. These values were calculated 
using end uses by zone. 
 

Table RCII-1-4. Electricity and Fuel Shares by region 
 

 
Electricity Share Fuel Share 

Regions MEXICALI BAJA-Except Mexicali MEXICALI BAJA-Except Mexicali 
All Years 59% 41% 29% 71% 

 
• The next table shows the portion of energy consumption by end use of energy in 

dwellings in Baja California 
 

Table RCII-1-5. Energy consumption in dwellings by region 
 

 
End Use 

Mexicali Rest of Baja 

% of Elec % of Fuel 
% of 
Elec 

% of 
Fuel 

Water Heating   0.0%   0.0% 
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Food Cooking   99.9%   99.9% 
Space Heating   0.1%   0.1% 
Refrigerator 
Fan 
A/C 
TV 
Lighting 
Computers 
Other 
 
Total 

6.5%   12.9%   
11.4%   0.5%   
40.8%   5.0%   
1.3%   2.6%   
6.2%   12.2%   
0.1%   0.3%   

33.7%   66.6%   
100.0% 100.0% 100.0% 100.0% 

 
• Levelized costs for energy efficiency by end uses in Baja California were calculated in 

reference to Potential for Energy Efficiency, Demand Response, and Onsite Solar Energy 
in Pennsylvania. American Council for an Energy-Efficient Economy (ACEEE). The 
levelized costs for Baja California in pesos are showed in the next table. 
 

Table RCII-1-6. Levelized costs for energy efficiency by end uses 
 

Residential End Use Measures  $MX Cost Unit 
Water Heating Solar Water Heater  $61.09  $/GJ 
Food Cooking Cooking  $81.51  $/GJ 
Space Heating Space Heating  $32.29  $/GJ 
Refrigerator Refrigeration  $496.35  $/MWh 
Fan Plug Load  $198.54  $/MWh 
A/C HVAC Equip  $41.36  $/MWh 
TV Plug Load  $198.54  $/MWh 
Lighting Lighting  $ -    $/MWh 
Computers Plug Load  $198.54  $/MWh 
Other Plug Load  $198.54  $/MWh 
Housing Shell Improved Housing Shell Performance  $179.89  $/MWh 

  
• Administrative Costs are considered among the costs of policy implementation, and are 

equal to 15% of the capital costs for all years. The 15% is a typical value that can cover 
administrative costs. 

 
Table RCII-1-7. Administrative Costs 

 

Fixed Costs of 
Efficiency Measures 

Sector 
 Residential  Commercial 

All Years 15% 15% 
 

E-10 
 



Baja CAP Phase 2 Report     App. E- RCII Policy Recommendations 
  December 19, 2014 
 
 

• Useful life was estimated like an unique value for each sector, this value took as 
reference information on Texas Energy Efficiency web page 
(http://www.texasefficiency.com/index.php/regulatory-filings/deemed-savings). 

 
Table RCII-1-8. Estimated Useful Life 

 

Estimated Useful Life 
Electricity  Fuel  

Residential Commercial Residential Commercial 
Years per Installed 
Measure 

                 
10.58  

                          
10.83  

            
10.40  

                                  
10.00  

 
Feasibility Issues 
 
Key potential barriers include: 

• Initial funding (state trust) 
• The practice of governments and institutions regarding the separation of capital and 

operational budgets rather than budgeting by lifecycle 
• A tendency to prefer a conventional commercial focus regarding the view of perceived 

costs, risks and uncertainties with respect to sustainable building 
• The limited awareness and understanding of the field of sustainable building  
• The lack of coordination and coherency within the official policies that impact on 

building 
• The lack of urban planning and construction regulations that address sustainability issues  
• The absence of a generally accepted certification system for sustainable building 

practices, and the lack of data regarding buildings’ energy and water consumption.   
 
Key Uncertainties 
 
None identified. 
 
Additional Benefits and Costs 
 
None identified. 
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RCII-2. Energy Efficiency Expansion in New Housing Design through new efficient 
appliances 

 
Policy Description 
 
This policy is designed to reduce the energy intensity of new buildings through improvements in 
end uses; it focuses on more efficient appliances to reduce electricity and LPG consumption. 
 
Efficiency and end uses improvements can significantly reduce energy consumption; this action 
can reduce a building’s energy demand, including the direct and indirect effects of energy 
extraction, processing, transport and transmission. Therefore, GHG emissions can be reduced.  
 
Energy reductions will be focused on electricity by appliance and fuel consumption but only 
LPG on residential sector.  
 
To obtain emission values and costs related to the use and saving of electricity, the calculation 
will be split in two regions, Mexicali and Baja California without Mexicali,  due to the difference 
in electricity. In summer Mexicali consumes a higher level of electricity due to the use of A/ C 
compared to other regions in the same season. 
 
Policy Design 
 
Goal: 

• Reduce energy intensity per square meter of new construction by 15% 
 
Timing: 2014-2020 
 
Coverage: State-level, new housing 
 
Parties Involved: National Commission for Energy Efficiency, Secretariat of Energy, National 
Housing Commission (Conavi in Spanish), Institute of the National Housing Fund for Workers 
(Infonavit in Spanish), National Register of Housing (RUV in Spanish), and Construction 
companies. 
 
Possible Implementation Mechanisms 

 
• Create a standard energy code for housing, entrusted to the federal “Sí se vive” program 

that is operated by Infonavit, the National Register of Housing and Conavi. 
• Tax incentives for builders for the design and construction of sustainable buildings. 
• Foster the development of Green supply chains. 
• Include civil society-generated sustainable projects. 
• Support in acquiring “green credits” for builders and or “green” mortgages. 
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• Develop analysis of bio-climate, solar behavior. 
• Application of NMX-AA-164-SCFI-2013 (Sustainable Building – Criteria and minimum 

environmental requirements) 
 

 
Related Programs and Policies in Place and Recent Actions 
 
Programs exist only at the federal level: 

• National Program for Sustainable Energy Use 2009-2012 
• “Green Mortgages” Program (INFONAVIT) 
• Trust for the Thermal Insulation of Housing – Systematic Comprehensive Savings 

Program (FIPATERM-ASI in Spanish) 
• Sustainable Light Program (Luz Sustentable in Spanish) 
• NMX-AA-164-SCFI-2013 (Sustainable Building – Criteria and minimum 

environmental requirements). 
• Baja California Energy Profile 2010-2020  

 
Types of GHG Emissions Reductions 
 
The main GHG that will be reduced with this policy is CO2, the predominant GHG in the total 
emissions, followed by NH4 and N2O, though both in minor quantity.   
 
The star symbol identifies significant GHG effects that will be quantified. 
  

 

 
 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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Table RCII-2-1. Estimated Net GHG Reductions and Costs or Cost Savings From 
RCII-2 Applying Direct Emissions Factors 

 
 
 
 
Policy 
No. 

 
 
Policy 
Recommendation 

GHG Reductions (MMtCO2e)  
Net Present 
Value 2014-

2030 
(Million 
2012$) 

 
Cost Effectiveness 

2014-2030 
($/tCO2e) 

Annual Total 
2020 2030 2014-2030 

 
RCII-2 

Energy Efficiency 
Expansion in New 
Housing Design 0.02  0.02  0.4  ($290) ($675) 

$/tCO2e = pesos per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtCO2e = million metric tons of carbon 
dioxide equivalent.  
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2014–2030 (column 
five). The cost per tCO2e (column seven) over 2014–2030 is the discounted, net present value of the 2014–2030 cash flows in 
millions of dollars (column six) divided by the cumulative MMt of GHG reductions (column five). 
 
Data Sources 

• Daniel Chacón Anaya, María Elena Giner, Mario Vázquez Valles, Stephen M. Roe, Juan A. 
Maldonado, Holly Lindquist, Brad Strode, Rachel Anderson, Cristina Quiroz, Jackson Schreiber. 
Emisiones de gases de efecto invernadero en Baja California y proyecciones de casos de 
referencia 1990-2025, 2010, 1ª. ed.Ciudad Juárez, Chih.: Comisión de Cooperación Ecológica 
Fronteriza, 

• Gabriela Muñoz, Eliseo Díaz, Hector Campbell and Margarito Quintero. 2012.   Baja California: 
Perfil Energético 2010-2020, Propuesta y Análisis de Indicadores Energéticos para el Desarrollo 
de Prospectivas Estatales. Available at:  
http://www.energiabc.gob.mx/files/public/pdf/PerfilEnergeticoBC2010-2020.pdf. 

• Instituto Nacional de Estadística Geografía e Informática (INEGI). Anuario Estadístico 2001-
2011. CFE, División Baja California. Gerencia Divisional; Departamento de Estudios y 
Estadísticas. Available at: 
http://www3.inegi.org.mx/sistemas/productos/default.aspx?c=265&s=inegi&upc=702825046385
&pf=Prod&ef=&f=2&cl=0&tg=8&pg=0 

• Instituto Nacional de Estadística Geografía e Informática (INEGI). Encuesta Nacional de Ingresos 
y Gastos de los Hogares 2008 (ENIGH, 2008) 
http://www.inegi.org.mx/est/contenidos/Proyectos/Encuestas/Hogares/regulares/Enigh/Enigh200
8/tradicional/default.aspx 

• Maggie Eldridge, Steve Nadel, Amanda Korane, John A. "Skip" Laitner, Vanessa McKinney, 
Max Neubauer, and Jacob Talbot. April 1, 2009. Potential for Energy Efficiency, Demand 
Response, and Onsite Solar Energy in Pennsylvania. American Council for an Energy-Efficient 
Economy (ACEEE) et al. Available at: http://www.aceee.org/pubs/e093.htm.  

• Texas Energy Efficiency at: http://www.texasefficiency.com/index.php/regulatory-
filings/deemed-savings 

 
Quantification Methods:  
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The analysis is divided in two sections emissions and costs. The emissions section first calculates 
the Business as Usual for GHG emission for Residential Sector, in this case emissions for fuel 
(LPG) and electricity consumption were considered.  Then, it estimated the emission reduction 
resulting from the policy; in this case the avoided emissions will focused on new buildings.  
 
Taking into account emission reductions costs were calculated; mainly costs of improve energy 
efficiency (LPG and Electricity). The total cost includes capital cost, administrative cost, total 
cost, avoided expenditures and net costs or benefits by apply the policy. 
 
a) Emission Section 
 
GHG emissions for Business as Usual   
The Business as Usual emissions for Residential Sector is derived as follows: 

• The total residential electricity and LPG consumption in MWh and Tj respectively. This 
information was obtained from GHG inventory and secondary sources such as SENER. 

• CO2e emissions which are calculated using the emissions factors for electricity and LPG. 
By multiplying each emission factor by the energy consumption,  total emissions are 
obtained expressed in tones of CO2e. 

 
GHG emission avoided by the policy 
The GHG emissions avoided by the policy were derived as follows: 

• Policy reduction targets were distributed in a proportional way to obtain the same 
percentage of reduction year by year. 

• Using the reduction values and the respective emission factors (LPG and Electricity) the 
total policy reductions of GHG were calculated. 

 
b) Cost Section 
 
Capital cost 

• Residential levelized costs for electricity efficiency and fuel were calculated. They are 
expressed in $/MWh  and $/Gj. 

• By multiplying levelized cost and saved electricity in MWh and LPG, the capital cost in 
each year was calculated. The value of this costs is in millions of pesos (MM$). 

 
Administrative Cost 
Administrative costs also were included in the costs of RCII-2 energy efficiency, and referred to 
evaluation, marketing and outreach of the policy. They are a percentage of capital costs, that in 
this policy is assumed equal to 15% in the residential sector. This percentage is multiplied by the 
capital cost for each year. 
 
Avoided Expenditures 
The avoided expenditures were derived as follow: 

• The forecast residential electricity price ($/MWh) and the forecast residential fuel price 
($/GJ)  by each year that the policy suggests as target. 

• The quantity of electricity (MWh) and fuel (Gj) saved in each year by new housings. 
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• The avoided expenditures are the quantity of electricity saved in each year multiplied by 
the forecast price of electricity in the residential sector, it is expressed in millions of 
pesos (MM$). The method to calculate the avoided LPG expenditures is the same but in 
this case the values are in reference to LPG. 

  
Total Costs 
The total costs were derived by adding administrative costs and capital costs in each year 
through 2020. 
 
Net Costs or Benefits 
The net costs or benefits were derived by subtracting the avoided expenditures from total costs in 
each year through 2020 to give a net cash flow for each time period. Negative values represent 
savings for the consumer. 
 
Net Present Value 
The net present value was calculated using a 5% real discount rate to estimate a discounted, lump 
sum cost (benefit) in 2014 for the State from the program in 2020 (assuming the relevant 2014–2030 
implementation schedule).  

 
Key assumptions 

• 15% of policy investment will come from the construction sector through installation of 
lighting and A/C. 

• 75% of policy investment will come from consumer.  
• The direct average emissions factor for avoided CO2 emissions intensity for electricity is 

0.304 metric tons per megawatt-hour (tCO2e/MWh), and is derived from a consumption 
based carbon dioxide-equivalent (CO2e) forecast for each year divided by MWh forecasted 
sales. This approach includes electricity transmission and distribution (T&D) losses in 
emission intensity. 

• The next table lists the fuel emissions factor assumptions. The direct emission factors 
come from Baja Inventory and Forecast Emisiones de gases de efecto invernadero en 
Baja California y proyecciones de casos de referencia1990-2025. 

 
Table RCII-2-2. CO2 Emissions Factors (kgCO2e/Tj) 

 

Sector Fuel Type CO2 N2O CH4 
Total 
CO2e 

Commercial Liquefied Petroleum Gases 63,100 0.1 5 63235 

Industrial 

Diesel Oil 74,100 0.6 3 74343 

Liquefied Petroleum Gases 63,100 0.1 1 63151 

Agriculture - LPG 63,100 0.1 5 63235 

Natural Gas 56,100 0.1 1 56151 

Residual Fuel Oil 77,400 0.6 3 77643 

Residential 

Liquefied Petroleum Gases 63,100 0.1 5 63235 

Natural Gas 56,100 0.1 5 56235 
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Solid Biofuels: Wood 112,000 4 300 119500 
       KgCO2e/Tj=Kilograms of equivalent carbon dioxide per Terajoules of fuel consumption. 
 

• The baseline energy consumption forecast is derived from Baja Inventory and Forecast 
Emisiones de gases de efecto invernadero en Baja California y proyecciones de casos de 
referencia1990-202. 

• Next table shows forecasted fuel 2012 prices for RCII sectors that come from SENER 
(Secretaria de Energía, Energy Secretariat state retail prices for each sector. For each 
year past the base year historical price through 2030. 

 
Table RCII-2-3. Fuel Price Assumption 

 
Sector  2012 Prices $/Gj)  Electricity 

($/MWh)  
 Natural Gas  LPG Fuel Oil Gasoline 

Residential  $150.88 $242.64 $234.93  $372.37 $1176 
Commercial  $76.86  $242.64 $234.93 $372.37 $2332 
Industrial  $60.04 $242.64 $234.93 $372.37 $1525 
Institutional $76.86 $242.64 $234.93 $372.37 $1724 

$/MWh = pesos per megawatt-hour; Gj = Gigajoules. 
 

• Forecasted electricity prices come from SENER- 2002-2012 Energy National Balance. 
For 2012-2030 was applied a trend to estimate the price. 

• For energy consumption, GHG emissions and costs, Baja California was divided in two 
regions: Mexicali and Baja California without Mexicali (Rest of Baja). The table shows 
the energy share by region for all the policy year. These values were calculated using end 
uses by zone. 

 
Table RCII-2-4. Electricity and Fuel Shares by region 

 

 
Electricity Share Fuel Share 

Region MEXICALI BAJA-Except Mexicali MEXICALI BAJA-Except Mexicali 
All Years 59% 41% 29% 71% 

 
• The next table shows the portion of energy consumption by end use of energy in 

dwellings at Baja California. 
 

Table RCII-2-5. Energy consumption in dwellings by region 
 

 
End Use 

Mexicali Rest of Baja 

% of Elec % of Fuel 
% of 
Elec 

% of 
Fuel 

Water Heating   0.0%   0.0% 
Food Cooking   99.9%   99.9% 
Space Heating   0.1%   0.1% 
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Refrigerator 
Fan 
A/C 
TV 
Lighting 
Computers 
Other 
 
Total 

6.5%   12.9%   
11.4%   0.5%   
40.8%   5.0%   
1.3%   2.6%   
6.2%   12.2%   
0.1%   0.3%   

33.7%   66.6%   
100.0% 100.0% 100.0% 100.0% 

 
• Levelized costs for energy efficiency by end uses in Baja California were calculated in 

reference to Potential for Energy Efficiency, Demand Response, and Onsite Solar Energy 
in Pennsylvania. American Council for an Energy-Efficient Economy (ACEEE). The 
levelized costs for Baja California in pesos are showed in the next table. 

 
Table RCII-2-6. Levelized costs for energy efficiency by end uses 

 
Residential End Use Measures  $MX Cost Unit 
Water Heating Solar Water Heater  $61.09  $/GJ 
Food Cooking Cooking  $81.51  $/GJ 
Space Heating Space Heating  $32.29  $/GJ 
Refrigerator Refrigeration  $496.35  $/MWh 
Fan Plug Load  $198.54  $/MWh 
A/C HVAC Equip  $41.36  $/MWh 
TV Plug Load  $198.54  $/MWh 
Lighting Lighting  $ -    $/MWh 
Computers Plug Load  $198.54  $/MWh 
Other Plug Load  $198.54  $/MWh 
Housing Shell Improved Housing Shell Performance  $179.89  $/MWh 

  
• From above tables end-use weighted averages of the costs of Energy Efficiency measures 

were calculated. They are expressed by region in the next table. 
 

Table RCII-2-7. End-use weighted average costs of Energy Efficiency measures 
 
Weighted 
Average  

Capital & 
O&M 
Cost of 

Efficiency 
Measures 

 Residential Electricity 
$/MWh  Residential Fuel $/GJ 

Commercial Electricity 
$/MWh Commercial Fuel $/MJ 

MEXICALI 

BAJA-
Except 
Mexicali MEXICALI 

BAJA-
Except 
Mexicali MEXICALI 

BAJA-
Except 
Mexicali MEXICALI 

BAJA-
Except 
Mexicali 

All Years $141.58 $ 204.85 $81.48 $ 81.48 $128.49 $69.41 $78.07 $78.07 
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• Administrative Costs are considered among the costs of policy implementation, they are 
equal to 15% of the capital costs. The 15% is a typical value that can cover administrative 
costs. 
 

Table RCII-2-8. Administrative Costs 
 

Fixed Costs of 
Efficiency Measures 

Sector 
 Residential  Commercial 

All Years 15% 15% 
 

• Useful life was estimated like an unique value for each sector, this value took as 
reference information on Texas Energy Efficiency web page 
(http://www.texasefficiency.com/index.php/regulatory-filings/deemed-savings). 
 

Table RCII-2-9. Estimated Useful Life 
 

Estimated Useful Life 
Electricity  Fuel  

Residential Commercial Residential Commercial 
Years per Installed 
Measure 

                 
10.58  

                          
10.83  

            
10.40  

                                  
10.00  

 
Feasibility Issues 
Key potential barriers include: 
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• Initial funding (state trust) 
• The practice of governments and institutions regarding the separation of capital and 

operational budgets rather than budgeting by lifecycle 
• A tendency to prefer a conventional commercial focus regarding the view of perceived 

costs, risks and uncertainties with respect to sustainable building.  
• The limited awareness and understanding of the field of sustainable building  
• The lack of coordination and coherency within the official policies that impact on 

building 
• The lack of urban planning and construction regulations that address sustainability issues.  
• The absence of a generally accepted certification system for sustainable building 

practices, and the lack of data regarding buildings’ energy and water consumption.   
 
Key Uncertainties 
 
None identified. 
 
Additional Benefits and Costs 
 
None identified. 
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RCII-3. Energy Efficiency Expansion in LPG and Electricity Consumption for 
Existing Buildings in the Residential and Commercial Sector 

 
Policy Description 
 
This policy is designed to reduce energy intensity in existing residential and commercial 
buildings through improvements in their end use. 
 
End uses efficiency can significantly reduce energy consumption mainly electricity and LPG. 
Such action may reduce the building´s energy demand, including the direct and indirect effects 
of energy extraction, processing, transportation and transmission, and therefore also cause a 
reduction in GHG emissions. 
 
Energy reductions will be focused on electricity consumption by appliances and LPG 
consumption in the residential and commercial sectors.  
 
To obtain emission values and costs by using and saving electricity, the calculation will be split 
in two regions, Mexicali and Baja California without Mexicali, due to the difference in electricity 
consumption. In summer, Mexicali consumes a higher level of electricity due to A/ C compared 
to other regions in the same season. 
  
Policy Design 
 
Objective: 

• 15% reduction in energy intensity per square meter of building.   
 
Timing: 2014-2020 
 
Coverage: Baja California State: commercial and residential buildings.  
 
Parties involved:  National Commission for Efficient Energy Use (CFE in Spanish), the 
Secretariat of Energy, construction companies.   
 
Potential implementation mechanisms  

 
• Develop a State Trust (FIDE in Spanish) for energy sustainability to support specific 

actions such as "bioclimatic design", "use of insulation materials in buildings", "solar 
panels", etc. 

• Establish government mechanisms to engage decision makers (government, tconstruction 
industry, private enterprise, etc.) 

• Develop an inventory of buildings with energy savings potential that includes a diagnosis 
by building. 
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• Preferential financing:  an Eco business credit provided by the State trust to invest in 

power saving. 
• Maximize the FIDE financing options. 
• Dissemination of options for alternative energy generation and transmission through CFE  

 
Related programs and policies in Place and Recent Actions 
 
Only federal policies apply: 
•  National Program for Sustainable Energy Use 2009-2012 
•  Green Mortgage Program through INFONAVIT (Spanish initials for National Workers´ 

Housing Fund Institute).  
•  FIPATERM Program (Spanish initials for Trust Fund for Thermal Insulation in Residential 

Buildings).  
•  Program for Sustainable Lighting 
•  NMX-AA-164-SCFI-2013 (sustainable building, criteria and minimum environmental 

requirements). 
•  NAMA supported sustainable housing in Mexico - mitigation actions and financial packages. 
•  2010-2020 Energy profile for Baja California 
 
Types of GHG Emissions Reductions  
 
The main GHG reduced with this policy will be CO2, the predominant gas in the total emissions, 
followed by NH4 and finally by N2O, though both will reduce in minor quantity. 
 
The star symbol identifies significant GHG effects that will be quantified.  
 

 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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Table RCII-3-1. Estimated Net GHG Reductions and Costs or Cost Savings From 
RCII-3 Applying Direct Emissions Factors 

 
 
 
Policy 
No. 

 
 
Policy 
Recommendation 

GHG Reductions (MMtCO2e)  
Net Present 
Value 2014-

2030 
(Million 
2012$) 

 
Cost Effectiveness 

2014-2030 
($/tCO2e) 

Annual Total 
2020 2030 2014-2030 

 
RCII-3 

Energy Efficiency 
Expansion In Existing 
Buildings of 
Residential and 
Commercial Sector 0.6  0.6  8  ($10,952) ($1,342) 

$/tCO2e = pesos per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtCO2e = million metric tons of carbon 
dioxide equivalent.  
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2014–2030 (column 
five). The cost per tCO2e (column seven) over 2014–2030 is the discounted, net present value of the 2014–2030 cash flows in 
millions of dollars (column six) divided by the cumulative MMt of GHG reductions (column five). 
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Data Sources 

• Daniel Chacón Anaya, María Elena Giner, Mario Vázquez Valles, Stephen M. Roe, Juan A. 
Maldonado, Holly Lindquist, Brad Strode, Rachel Anderson, Cristina Quiroz, Jackson Schreiber. 
Emisiones de gases de efecto invernadero en Baja California y proyecciones de casos de 
referencia 1990-2025, 2010, 1ª. ed.Ciudad Juárez, Chih.: Comisión de Cooperación Ecológica 
Fronteriza, 

• Gabriela Muñoz, Eliseo Díaz, Hector Campbell and Margarito Quintero. 2012.   Baja California: 
Perfil Energético 2010-2020, Propuesta y Análisis de Indicadores Energéticos para el Desarrollo 
de Prospectivas Estatales. Available at: 
http://www.energiabc.gob.mx/files/public/pdf/PerfilEnergeticoBC2010-2020.pdf. 

• Instituto Nacional de Estadística Geografía e Informática (INEGI). Anuario Estadístico 2001-
2011. CFE, División Baja California. Gerencia Divisional; Departamento de Estudios y 
Estadísticas. Available at: 
http://www3.inegi.org.mx/sistemas/productos/default.aspx?c=265&s=inegi&upc=702825046385
&pf=Prod&ef=&f=2&cl=0&tg=8&pg=0 

• Instituto Nacional de Estadística Geografía e Informática (INEGI). Encuesta Nacional de Ingresos 
y Gastos de los Hogares 2008 (ENIGH, 2008) 
http://www.inegi.org.mx/est/contenidos/Proyectos/Encuestas/Hogares/regulares/Enigh/Enigh200
8/tradicional/default.aspx 

• Maggie Eldridge, Steve Nadel, Amanda Korane, John A. "Skip" Laitner, Vanessa McKinney, 
Max Neubauer, and Jacob Talbot. April 1, 2009. Potential for Energy Efficiency, Demand 
Response, and Onsite Solar Energy in Pennsylvania. American Council for an Energy-Efficient 
Economy (ACEEE) et al. Available at: http://www.aceee.org/pubs/e093.htm.  

• Texas Energy Efficiency at: http://www.texasefficiency.com/index.php/regulatory-
filings/deemed-savings 

 
Quantification Methods:  
The analysis is divided in two sections emissions and costs. The emissions section first calculates 
the Business as Usual for GHG emission for Residential and Commercial Sectors, in this case 
emissions for fuel (LPG) and electricity consumption were considered. Then, the quantity of 
emission reduction targeted by the policy was calculated; in this case the avoided emissions will 
be focused on existing housing.  
 
Taking into account the emission reductions costs were calculated, mainly costs of improving 
energy efficiency (LPG and Electricity). The total cost includes capital cost, administrative cost, 
total cost, avoided expenditures and net costs or benefits resulting from  the policy. 
 
a) Emission Section 

 
GHG emissions for Business as Usual   
The Business as Usual emissions for Residential and Commercial Sectors were derived as 
follows: 

• The total residential consumption of electricity (MWh) in Residential and commercial 
sector and total LPG consumption in Residential (Gj) and Commercial sectors (Gj). This 
information was obtained from GHG inventory and secondary sources such as SENER. 
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•  CO2e emissions calculated using emissions factors for electricity and LGP. By 
multiplying each emission factor by energy consumption total emissions werr obtained 
expressed in tones of CO2e. 
 

GHG emission avoided by the policy 
The GHG emissions avoided by the policy were derived as follows: 

• The policy reduction targets were distributed in a proportional way to obtain the same 
percentage of reduction year by year. 

•  With reduction value and the respective emission factors (LPG and Electricity) the total 
GHG reductions were calculated. 

 
b) Cost Section 
 
Capital cost 

• To calculate capital cost residential and commercial levelized costs for electricity 
efficiency and fuel efficiency were obtained. They are expressed in $/MWh  and $/Gj. 

• By multiplying levelized cost and electricity savings in MWh and LPG (Gj) the capital 
cost in each year was obtained the value of this costs is in millions of pesos (MM$). 
 

Administrative Cost 
Administrative costs also are included in the costs of RCII-3 energy efficiency, they refer to 
evaluation, marketing and outreach of the policy, and were  derived as follow: 

• The administrative costs are a percentage of capital costs, in this policy the assumption 
for that value is 15% in the residential sector, and that percentage is multiplied by the 
quantity of capital cost by each year. 

 
Avoided Expenditures 
The avoided expenditures were derived as follow: 

• The forecast residential and commercial electricity price ($/MWh) and the forecast 
residential fuel price ($/GJ)  by each year that the policy suggests as target. 

• The quantity of electricity (MWh) and fuel (Gj) saved in each year by new housings. 
• The avoided expenditures are the quantity of electricity saved in each year multiplied by 

the forecast price of electricity in residential sector. They are expressed in millions of 
pesos (MM$). The method to obtain avoided LPG expenditures is the same, but the 
values refer to LPG.  

 
Total Costs 
The total costs were derived as follow: 

• Administrative costs and capital costs are added in each year through 2020. 
 
Net Costs or Benefits 
The net costs or benefits were derived by subtracting avoided expenditures from total costs in 
each year through 2020 to give a net cash flow for each time period. Negative values represent 
savings for the consumer. 
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Net Present Value 
The net present value was calculated using a 5% real discount rate to estimate a discounted, lump 
sum cost (benefit) in 2014 to the state from the program in 2020 (assuming the relevant 2014–2030 
implementation schedule).  
 
Key assumptions 

• 98% of policy investment will come from consumers. 
• 2% of policy investment will come from federal support, specifically in lighting. 
• The direct average emissions factor for avoided CO2 emissions intensity for electricity is 

0.304 metric tons per megawatt-hour (tCO2e/MWh), and is derived from a consumption 
based carbon dioxide-equivalent (CO2e) forecast for each year divided by MWh forecasted 
sales. This approach includes electricity transmission and distribution (T&D) losses in 
emission intensity. 

• The next table lists the fuel emissions factor assumptions. The direct emission factors 
come from Baja Inventory and Forecast Emisiones de gases de efecto invernadero en 
Baja California y proyecciones de casos de referencia1990-2025. 

 
Table RCII-3-2. CO2 Emissions Factors (kgCO2e/Tj) 

 

Sector Fuel Type CO2 N2O CH4 
Total 
CO2e 

Commercial Liquefied Petroleum Gases 63,100 0.1 5 63235 

Industrial 

Diesel Oil 74,100 0.6 3 74343 

Liquefied Petroleum Gases 63,100 0.1 1 63151 

Agriculture - LPG 63,100 0.1 5 63235 

Natural Gas 56,100 0.1 1 56151 

Residual Fuel Oil 77,400 0.6 3 77643 

Residential 

Liquefied Petroleum Gases 63,100 0.1 5 63235 

Natural Gas 56,100 0.1 5 56235 

Solid Biofuels: Wood 112,000 4 300 119500 
       KgCO2e/Tj=Kilograms of equivalent carbon dioxide per Terajoules of fuel consumption. 
 

• The baseline energy consumption forecast is derived from Baja Inventory and Forecast 
Emisiones de gases de efecto invernadero en Baja California y proyecciones de casos de 
referencia1990-202. 

• Next table shows forecasted fuel 2012 prices for RCII sectors come from SENER 
(Secretaria de Energía in Spanish) state retail prices for each sector. For each year past 
the base year historical price through 2030. 

 
Table RCII-3-3. Fuel Price Assumption 

 
Sector  2012 Prices $/Gj)  Electricity 

($/MWh)  
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Natural Gas  LPG Fuel Oil Gasoline  
Residential  $150.88 $242.64 $234.93  $372.37 $1176 
Commercial  $76.86  $242.64 $234.93 $372.37 $2332 
Industrial  $60.04 $242.64 $234.93 $372.37 $1525 
Institutional $76.86 $242.64 $234.93 $372.37 $1724 

$/MWh = pesos per megawatt-hour; Gj = Gigajoules. 
 

• Forecasted electricity prices come from SENER-2002-2012 Energy National Balance. 
For 2012-2030 was applied a trend to estimate the price in the rest of years. 

• For energy consumption, GHG emissions and costs, Baja California was divided in two 
regions: Only Mexicali and Baja California without Mexicali (Rest of Baja). The table 
shows the energy share by region, it will be for all the policy year. These values were 
calculated using end uses by zone. 

 
Table RCII-3-4. Electricity and Fuel Shares by region 

 
ZONA Electricity Share Fuel Share 
Year MEXICALI BAJA-Except Mexicali MEXICALI BAJA-Except Mexicali 
All Years 59% 41% 29% 71% 

 
• The next table shows the portion of energy consumption by end use of energy in 

dwellings at Baja California. 
 

Table RCII-3-5. Energy consumption in dwellings by region 
 

 
End Use 

Mexicali Rest of Baja 

% of Elec % of Fuel 
% of 
Elec 

% of 
Fuel 

Water Heating   0.0%   0.0% 
Food Cooking   99.9%   99.9% 
Space Heating   0.1%   0.1% 
Refrigerator 
Fan 
A/C 
TV 
Lighting 
Computers 
Other 
 
Total 

6.5%   12.9%   
11.4%   0.5%   
40.8%   5.0%   
1.3%   2.6%   
6.2%   12.2%   
0.1%   0.3%   

33.7%   66.6%   
100.0% 100.0% 100.0% 100.0% 

 
• Levelized costs for energy efficiency by end uses in Baja California were calculated in 

reference to Potential for Energy Efficiency, Demand Response, and Onsite Solar Energy 
in Pennsylvania. American Council for an Energy-Efficient Economy (ACEEE). The 
levelized costs for Baja California in pesos are showed in the next table. 
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Table RCII-3-6. Levelized costs for energy efficiency by end uses 

 
Residential End Use Measures  $MX Cost Unit 
Water Heating Solar Water Heater  $61.09  $/GJ 
Food Cooking Cooking  $81.51  $/GJ 
Space Heating Space Heating  $32.29  $/GJ 
Refrigerator Refrigeration  $496.35  $/MWh 
Fan Plug Load  $198.54  $/MWh 
A/C HVAC Equip  $41.36  $/MWh 
TV Plug Load  $198.54  $/MWh 
Lighting Lighting  $ -    $/MWh 
Computers Plug Load  $198.54  $/MWh 
Other Plug Load  $198.54  $/MWh 
Housing Shell Improved Housing Shell Performance  $179.89  $/MWh 

  
• From above tables end-use weighted averages of the costs of Energy Efficiency measures 

were created, they are expressed by region in the next table. 
 

Table RCII-3-7. End-use weighted average costs of Energy Efficiency measures 
 
Weighted 
Average  

Capital & 
O&M 
Cost of 

Efficiency 
Measures 

 Residential Electricity 
$/MWh  Residential Fuel $/GJ 

Commercial Electricity 
$/MWh Commercial Fuel $/MJ 

MEXICALI 

BAJA-
Except 
Mexicali MEXICALI 

BAJA-
Except 
Mexicali MEXICALI 

BAJA-
Except 
Mexicali MEXICALI 

BAJA-
Except 
Mexicali 

All 
Years $141.58 $ 204.85 $81.48 $ 81.48 $128.49 $69.41 $78.07 $78.07 

 
• Administrative Cost also going to be considered among the costs of policy 

implementation, this cost is equal to 15% of the capital costs for all years. The 15% is a 
typical value that can cover administrative costs. 
 

Table RCII-3-8. Administrative Costs 
 

Fixed Costs of 
Efficiency Measures 

Sector 
 Residential  Commercial 

All Years 15% 15% 
 

• Useful life was estimated like a unique value for each sector, this value took as reference 
information on Texas Energy Efficiency web page 
(http://www.texasefficiency.com/index.php/regulatory-filings/deemed-savings). 
 

Table RCII-3-9. Estimated Useful Life 
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Estimated Useful Life 
Electricity  Fuel  

Residential Commercial Residential Commercial 
Years per Installed 
Measure 

                 
10.58  

                          
10.83  

            
10.40  

                                  
10.00  

 
Feasibility Issues 
 
Key potential barriers include: 

• Initial funding (state trust) 
• The practice of governments and institutions regarding the separation of capital and 

operational budgets rather than budgeting by lifecycle 
• A tendency to prefer a conventional commercial focus regarding the view of perceived 

costs, risks and uncertainties with respect to sustainable building.  
• The limited awareness and understanding of the field of sustainable building  
• The lack of coordination and coherency within the official policies that impact on 

building 
• The lack of urban planning and construction regulations that address sustainability issues.  
• The absence of a generally accepted certification system for sustainable building 

practices, and the lack of data regarding buildings’ energy and water consumption.   
 

Key Uncertainties 
 
None identified. 
 
Additional Benefits and Costs 
 
None identified. 
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RCII-4. Financial Incentives for Energy Efficiency of Electricity Consumption in 
Industrial Sector 

 
Policy Description 
 
This policy is designed to improve energy efficiency in processes associated with industrial 
equipment and machinery used in industrial processes, services and trade. 
 
These kinds of equipment further increase energy consumption if they are not efficient and 
therefore also increase the amount of GHG emissions. Both the objectives and mechanisms of 
this policy are focused on reducing energy consumption and greenhouse gas emissions by way of 
strategies that involve training, tax incentives and poor equipment replacement. 
 
Policy Design 
 
Objective: 
• Reduce energy intensity in industrial sector to 0.043kWh/$ 
  
Timing: 2016-2022 
 
Coverage: Statewide: industrial sector (small, medium and large industry), agriculture sector, as 
well as commercial facilities and services. 
 
Parties involved: the National Commission for the Efficient Energy Use, the Secretariat of 
Energy, farmers, entrepreneurs and business owners. 
 
Potential implementation mechanisms 

 
• Develop a State Trust Fund to support specific actions such as "efficient engines" in 

water pumping. 
• Advice and subsidies to replace inefficient engines. 
• Provide advice to farmers to enable them to access the Energy Efficiency Program in the 

Agriculture-Food Sector (PEESA, in Spanish) of the State Trust (FIDE) for power saving 
• Develop a State Trust to support specific actions, such as cogeneration of energy. 
• Regulation of industrial engine energy efficiency. 

 
Related programs and policies in Place and Recent Actions 

 
• 2010-2020 Energy Profile for Baja California 

 
Types of GHG Emissions Reductions 
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The star symbol identifies significant GHG effects that will be quantified.  

 

 
 

Table RCII-4-1. Estimated Net GHG Reductions and Costs or Cost Savings From 
RCII-4 Applying Direct Emissions Factors 

 
 
 
Policy 
No. 

 
 
Policy 
Recommendation 

GHG Reductions (MMtCO2e)  
Net Present 
Value 2014-

2030 (Million 
2012$) 

 
Cost 

Effectiveness 
2014-2030 
($/tCO2e) 

Annual Total 
2020 2030 2014-2030 

RCII-4 
Finance Incentives 
for Machinery Energy 
Efficiency 0.3  0.7  6.1  ($11,771) ($1,915) 

$/tCO2e = pesos per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtCO2e = million metric tons of carbon 
dioxide equivalent.  
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2014–2030 (column 
five). The cost per tCO2e (column seven) over 2014–2030 is the discounted, net present value of the 2014–2030 cash flows in 
millions of dollars (column six) divided by the cumulative MMt of GHG reductions (column five). 
 
Data Sources 

• Daniel Chacón Anaya, María Elena Giner, Mario Vázquez Valles, Stephen M. Roe, Juan A. 
Maldonado, Holly Lindquist, Brad Strode, Rachel Anderson, Cristina Quiroz, Jackson Schreiber. 
Emisiones de gases de efecto invernadero en Baja California y proyecciones de casos de 
referencia 1990-2025, 2010, 1ª. ed.Ciudad Juárez, Chih.: Comisión de Cooperación Ecológica 
Fronteriza, 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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• Gabriela Muñoz, Eliseo Díaz, Hector Campbell and Margarito Quintero. 2012.   Baja California: 
Perfil Energético 2010-2020, Propuesta y Análisis de Indicadores Energéticos para el Desarrollo 
de Prospectivas Estatales. Available at: 
http://www.energiabc.gob.mx/files/public/pdf/PerfilEnergeticoBC2010-2020.pdf. 

• Instituto Nacional de Estadística Geografía e Informática (INEGI). Anuario Estadístico 2001-
2011. CFE, División Baja California. Gerencia Divisional; Departamento de Estudios y 
Estadísticas. Available at: 
http://www3.inegi.org.mx/sistemas/productos/default.aspx?c=265&s=inegi&upc=702825046385
&pf=Prod&ef=&f=2&cl=0&tg=8&pg=0. 

 
Quantification Methods:  
The analysis is divided in two sections, emissions and costs. The emissions section first 
calculates the Business as Usual for GHG emission of Industrial Sector, in this case emissions 
for electricity consumption were considered. Then, the quantity of emission reduction that the 
policy has like target was estimated. This policy will be focused on machinery and equipment 
that consumes electricity in industrial sector. 
  
Taking into account emission reductions, costs were calculated; mainly costs of improving 
energy efficiency (Electricity). Cost includes capital cost, administrative cost, total cost, avoided 
expenditures and net costs or benefits resulting from the policy. 
 
a) Emission Section 
 
GHG emissions for Business as Usual   
The Business as Usual emissions for Industrial sector were derived as follows: 

• The total industrial consumption of electricity (MWh). This information was obtained 
from GHG inventory and secondary sources such as SENER. 

• Electricity Emission Factor (tCO2e/MWh) 
• CO2e emissions calculated with emissions factors for electricity. By multiplying emission 

factors by electricity consumption, total emissions were obtained expressed in tones of 
CO2e. 

 
GHG emission avoided by the policy 
The GHG emissions avoided by the policy were derived as follows: 

• The policy reduction targets were distributed in a proportional way to obtain the same 
percentage of reduction year by year. 

• Total Industrial Electricity Consumption 
• Electricity saved, by multiplying policy reduction targets by total industrial electricity 

consumption  
• Electricity saved and emission factors (Electricity) are multiplied to obtain GHG 

emissions avoided. 
 
b) Cost Section 
 
Capital cost 
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• To calculate capital cost, levelized cost of measure to improve energy efficiency in 
Industrial sector (i.e. efficient motor and management, efficient lighting) was obtained. It 
usually is expressed in $/MWh. 

• By multiplying levelized cost and saved electricity in MWh the capital cost in each year 
that the policy specifies was obtained, the value of this costs is in millions of pesos 
(MM$). 

 
Administrative Cost 
Administrative costs also are included in the costs of RCII-4 energy efficiency, they refer to 
evaluation, marketing and outreach of the policy, and they were derived as follow: 

• The administrative costs are a percentage of capital costs, in this policy the assumption 
for that value is 15% in the residential sector, that percentage is multiplied by the quantity 
of capital cost by each year. 

 
Avoided Expenditures 
The avoided expenditures were derived as follow: 

• The forecast industrial electricity price ($/MWh) of each year. 
• Annual quantity of electricity (MWh) saved for the policy. 
• The avoided expenditures are the quantity of electricity saved in each year multiplied by 

the forecast price of electricity in industrial sector, it is expressed in millions of pesos 
(MM$).  

 
Total Costs 
The total costs were derived as follow: 

• Administrative costs and capital costs are added in each year through 2020. 
 
Net Costs or Benefits 
The net costs or benefits were derived by subtracting avoided expenditures from total costs in 
each year through 2020 to give a net cash flow for each time period. Negative values represent 
savings for the consumer. 
 
Net Present Value 
The net present value was calculated using a 5% real discount rate to estimate a discounted, lump 
sum cost (benefit) in 2014 to the State from the program in 2020 (assuming the relevant 2014–2030 
implementation schedule).  
 
Key assumptions 

• 100% of policy investment will come from the industrial sector 
• Current Baja California Industrial Energy Intensity of electricity is 0.0049 kWh/$. The target 

energy intensity in industrial sector of 0.043kWh/$ requires a 13% reduction in energy 
intensity. This 13% target is reduced by the growth in electricity demand in Baja 
California 

• The direct average emissions factor for avoided CO2 emissions intensity for electricity is 
0.304 metric tons per megawatt-hour (tCO2e/MWh), and is derived from a consumption 
based carbon dioxide-equivalent (CO2e) forecast for each year divided by MWh forecasted 
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sales. This approach includes electricity transmission and distribution (T&D) losses in 
emission intensity 

• The baseline energy consumption forecast is derived from Baja Inventory and Forecast 
Emisiones de gases de efecto invernadero en Baja California y proyecciones de casos de 
referencia1990-2020 

• Next table shows forecasted electricity 2012 prices for RCII sectors, the information 
come from SENER (Secretaria de Energía in Spanish) state retail prices for sector. Each 
year past the base year historical price through 2030 
 

Table RCII-4-2. Electricity Price Assumption 
 

Sector  Electricity ($/MWh)  
 
 

Residential  $1176 
Commercial  $2332 
Industrial  $1525 
Institutional $1724 

$/MWh = pesos per megawatt-hour. 
 

• Forecasted electricity prices come from SENER- 2002-2012 National Energy Balance. 
For 2012-2030 was applied a trend to estimate the price in the rest of years. 

• Administrative Cost also going to be considered among the costs of policy 
implementation, this cost is equal to 15% of the capital costs for all years. The 15% is a 
typical value that can cover administrative costs. 
 

Table RCII-4-3. Administrative Costs 
 

Fixed Costs of 
Efficiency Measures 

Sector 
Industrial  

All Years 15% 
 

• Useful life was taken in reference to residential and commercial sector. This value took 
as reference information on Texas Energy Efficiency web page 
(http://www.texasefficiency.com/index.php/regulatory-filings/deemed-savings) 

 
Table RCII-4-4. Estimated Useful Life 

 

Estimated Useful Life 
Electricity  Fuel  

Residential Commercial Residential Commercial 
Years per Installed 
Measure 

                 
10.58  

                          
10.83  

            
10.40  

                                  
10.00  

 
• Efficiency measure will be apply on equipment and machinery showed in next table. 
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Table RCII-4-5. Equipment and Machinary 
 

 Electricity  Measures Measure Name 

Efficient Motors and Management 
Advanced motor design, motor management and 
optimization, lubricants 

Compressed air systems mgt & advanced controls Compressed air systems mgt and advanced controls 

Efficient lighting 
Efficient lighting, fixtures, and lamps: Office, mfg, 
whse 

Advanced controls and mgt (includes HVAC) Sensors and controls, and energy mgt systems 

Efficient curing and heating and drying Infrared heating, microwave heating, and ultraviolet 
heating  

 
• Percentage of measure applicability is showed in next table. 

 
Table RCII-4-6. Percentage saving by measure 

 

Electricity  Measures Measure Name 
Measure 

Savings as % of 
Total Savings 

Efficient Motors and Management 
Advanced motor design, motor 
management and optimization, lubricants 51% 

Compressed air systems mgt & 
advanced controls 

Compressed air systems mgt and 
advanced controls 7% 

Efficient lighting 
Efficient lighting, fixtures, and lamps: 
Office, mfg, whse 7% 

Advanced controls and mgt 
(includes HVAC) 

Sensors and controls, and energy mgt 
systems 20% 

Efficient curing and heating and 
drying 

Infrared heating, microwave heating, and 
ultraviolet heating  14% 

 
• Levelized costs by measure and its forecast. Units are in US$. 

 
Table RCII-4-7. Levelized costs by measure 

 

 
Levelized Costs by Year ($/MWh) 

Electricity  Measures 2010 2020 2030 
Efficient Motors and Management  $                      19.44   $         19.44   $                              19.44  

Compressed air systems mgt & advanced controls  $                         0.22   $           0.22   $                                 0.22  

Efficient lighting  $                      21.72   $         21.72   $                              21.72  

Advanced controls and mgt (includes HVAC)  $                      15.20   $         15.20   $                              15.20  

Efficient curing and heating and drying 
 $                      74.21   $         74.21   $                              74.21  

Weighted Average  $                      25.12   $         25.12   $                              25.12  
 

• Exchanged rate used is $13.31 pesos/US dollar. 
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RCII-5. Solar Water Heaters on Housing  

 
Policy Description 
 
This policy seeks to harness solar energy through the installation of solar water heaters. The 
installation will occur on private households. This policy is intended to reduce consumption of 
LPG or electricity used to heat water in the houses, which leads at the same time, at a reduction 
of GHG through the use of renewable energy. 
 
Besides the environmental benefit of using this system ,economic benefits are obtained because 
the energy source is free as this comes from the sun and, at the same time, the quantity of LPG or 
electricity to be purcashed are reduced. 
 
For the implementation of this policy participation of the federal and state governments, 
developers and builders, producers of heaters and society will be required to participate. 
 
Policy Design 
Goals:   

• Reduce  by 45% LPG consumption used for wáter heating in new and existing residential 
buildings by 2020. 

•  
Timing: 2014-2020 
 
Parties Involved:  
Federal 

• CONUEE (National Comission for the Efficient Use of Energy) 
• National Solar Association 
• SENER 
• National Dwelling Commission 

State 
• CEE-BC 
• Municipalities 

Private Sector 
• Real Estate  
• Producers of heaters 

 
Implementation Mechanisms 

 
• Legislate the use of Solar Water Heaters for new or remodeled buildings 
• Apply the norm NMX - ES- 003 on the minimum requirements for the installation of 

solar thermal systems for water heating. 
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• Establish agreements between municipalities and heating companies to reduce 
procurement costs to the population. 

• Implement awareness campaigns to the public on the use of solar water heaters. 
 

Related Policies and Programs in Place and Recent Actions 
 
Federal 
• At the federal level there is a SENER program that promotes the use of solar water 

heaters, the program is known as PROCALSOL ( Program for Solar Water Heaters in 
Mexico) 
 

Type(s) of GHG Reductions 
 
The main GHG reduced with this policy will be CO2, the predominant gas in the total emissions, 
followed by NH4 and finally by N2O, though both will reduce in minor quantity. 
 
The star symbol identifies significant GHG effects that will be quantified.  
 

 

 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase

 

Aumento en el 
consumo de 

energías Solar 

Bajo Consumo 
de Gas Butano 

Reducción 
Directa de:  

CO2, CH4, N2O  

Reducción 
Indirecta de: 
CO2, N2O y 

CH4 

Aumento en la 
cantidad de 

combustibles 
para transportar 

equipo 
Aumento en la 

cantidad de 
combustibles 

para la 
producción de 
Calentadores 

Aumenta la 
Construcción de 

Calentadores 
Solares de Agua 

Emisiones 
indirectas de: 

CO2, CH4  N2O 
& BC  

Aumento en la 
cantidad de 

energía 
consumida para 
la fabricación de 

equipo 

Indirect 
Emissions: 

CO2, CH4  N2O  
& BC 

Disminuye la 
cantidad de Gas 
producido para 
uso domestico 

Reducción 
Indirecta de: 
CO2, N2O y 

CH4 

First stage Second stage Third stage 

RCI-5. 
Solar Water 
Heating for 

Housing 

Fourth stage 

Disminuye  el 
consumo de 
combustible 

Fósil 
Disminuye el 
consumo de 

combustible del 
transporte de 
Gas Butano a 
los Hogares 

Reducción 
Directa de:  

CO2, CH4, N2O  
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Table RCII-5-1. Estimated Net GHG Reductions and Costs or Cost Savings From 
RCII-5 Applying Direct Emissions Factors 

  
 
 
 
Policy 
No. 

 
 
Policy 
Recommendation 

GHG Reductions (MMtCO2e)  
Net Present 
Value 2014-

2030 
(Million 
2012$) 

 
Cost Effectiveness 

2014-2030 
($/tCO2e) 

Annual Total 
2020 2030 2014-2030 

 
RCII-5 

Solar Water Heaters for 
Housing 0.4  0.4  6  ($8,800) 

 
-$1,435 

$/tCO2e = pesos per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtCO2e = million metric tons of carbon 
dioxide equivalent.  
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2014–2030 (column 
five). The cost per tCO2e (column seven) over 2014–2030 is the discounted, net present value of the 2014–2030 cash flows in 
millions of dollars (column six) divided by the cumulative MMt of GHG reductions (column five). 

 
Data Sources 

• Asociación Nacional de Energía Solar A.C. Dimensionamiento, selección y beneficios de usos de 
calentadores solares de agua en el sector doméstico trece acciones para la transición energética en 
México: Una propuesta el Plan de Gobierno 2006-2012. Consejo XIII, Número 57, Marzo 2006. 
Available at: http://www.anes.org/anes/formularios/Publicaciones/RevistaSolar/RS_572006.pdf. 

• Daniel Chacón Anaya, María Elena Giner, Mario Vázquez Valles, Stephen M. Roe, Juan A. 
Maldonado, Holly Lindquist, Brad Strode, Rachel Anderson, Cristina Quiroz, Jackson Schreiber. 
Emisiones de gases de efecto invernadero en Baja California y proyecciones de casos de 
referencia 1990-2025, 2010, 1ª. ed.Ciudad Juárez, Chih.: Comisión de Cooperación Ecológica 
Fronteriza. 

• Gabriela Muñoz, Eliseo Díaz, Hector Campbell and Margarito Quintero. 2012.   Baja California: 
Perfil Energético 2010-2020, Propuesta y Análisis de Indicadores Energéticos para el Desarrollo 
de Prospectivas Estatales. Available at: 
http://www.energiabc.gob.mx/files/public/pdf/PerfilEnergeticoBC2010-2020.pdf. 

• Instituto Nacional de Estadística Geografía e Informática (INEGI). Anuario Estadístico 2001-
2011. CFE, División Baja California. Gerencia Divisional; Departamento de Estudios y 
Estadísticas. Available at: 
http://www3.inegi.org.mx/sistemas/productos/default.aspx?c=265&s=inegi&upc=702825046385
&pf=Prod&ef=&f=2&cl=0&tg=8&pg=0 

• Instituto Nacional de Estadística Geografía e Informática (INEGI). Encuesta Nacional de Ingresos 
y Gastos de los Hogares 2008 (ENIGH, 2008) 
http://www.inegi.org.mx/est/contenidos/Proyectos/Encuestas/Hogares/regulares/Enigh/Enigh200
8/tradicional/default.aspx 
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• Maggie Eldridge, Steve Nadel, Amanda Korane, John A. "Skip" Laitner, Vanessa McKinney, 
Max Neubauer, and Jacob Talbot. April 1, 2009. Potential for Energy Efficiency, Demand 
Response, and Onsite Solar Energy in Pennsylvania. American Council for an Energy-Efficient 
Economy (ACEEE) et al. Available at: http://www.aceee.org/pubs/e093.htm.  

• Texas Energy Efficiency at: http://www.texasefficiency.com/index.php/regulatory-
filings/deemed-savings 

 
 
Quantification Methods:  
The analysis is divided in two sections, emissions and costs. The emissions section first 
calculates the Business as Usual for GHG emission for all Residential Sector, in this case 
emissions for fuel (LPG) consumption were considered. Then, the quantity of emission reduction 
that the policy has like target was estimated; in this case the avoided emissions will focus on the 
residential sector.  
Taking into account emission reductions, costs were calculated; mainly costs for reducing LPG 
consumption. The total cost includes capital cost, annualized capital, operation and maintenance 
cost, fixed administrative costs, avoided expenditures, total costs and net costs or benefits 
resulting from the policy. 
 
a) Emission Section 
 
GHG emissions for Business as Usual   
The Business as Usual emissions for Residential Sector was derived as follows: 

• The annual residential LPG consumption in Tj. This information was obtained from GHG 
inventory and secondary sources such as SENER.  

•  CO2e emissions calculated using emissions factors for LPG. By multiplying emission 
factor (tCO2e/Tj) by LPG consumption (Tj),  the  total emissions are obtained expressed 
in tones of CO2e. 

 
GHG emission avoided by the policy 
The GHG emissions avoided by the policy were derived as follows: 

• The policy reduction targets were distributed in a proportional way to obtain the same 
percentage of reduction year by year. 

• Using reduction values and LPG emission factors the total policy reductions of GHG 
were calculated. 

 
b) Cost Section 

 
Capital cost 

• To calculate capital cost price for solar heater and the quantity of heaters for the 
residential sector were obtained. 

• By multiplying quantity and price the capital cost is obtained, expressed in millions of 
pesos. 

•  
Annualized Capital 
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The annualized capital was derived as follow: 

• Capital Recovery Factor calculated using interest rate and equipment life in years. 
• By multiplying Capital Recovery Factor by Capital Costs of each year the annualized 

capital is obtained. 
• For each year is necessary to add the previous annualized costs.  

 
Operation and Maintenance Costs 
The Operation and Maintenance Costs were derived as follow: 

• Operation and Maintenance Costs are a fraction of Annualized Capital, that fraction is 
equal to 2%. For each year annualized capital is multiplied by 2% and the result is 
Operation and Maintenance Cost for that specific year. 

 
Fixed Administrative Costs 
Administrative costs also are included in the costs of RCII-5 energy efficiency, they refer to 
evaluation, marketing and outreach of the policy, and were derived as follow: 

• The administrative costs are a percentage of capital costs, in this policy the assumption 
for that value is 15% in the residential sector, that percentage is multiplied by the quantity 
of capital cost by each year. 
 

Avoided Expenditures 
The avoided expenditures were divided as follow: 

• The forecast residential LPG price ($/Gj) by each year that the policy suggests as target. 
• The quantity LPG fuel (Gj) saved in each year in the residential sector. 
• The avoided expenditures are the quantity LPG fuel saved in each year multiplied by the 

forecast price of LPG in residential sector, they are expressed in millions of pesos 
(MM$).  

 
Total Costs 
The total costs were derived as follow: 

• Capital costs, administrative costs and operation and maintenance are added in each year 
through 2020. 
 

Net Costs or Benefits 
The net costs or benefits were derived by subtracting avoided expenditures total costs in each 
year through 2020 to give a net cash flow for each time period. Negative values represent 
savings for the consumers. 
 
Key assumptions 

• 40% of investment policy will come from federal found trough the Solar Heaters 
(“Calenatadores Solares”) program. 

• 60% of investment policy will come from consumers, in the case of existence buildings. 
• The direct average emissions factor for avoided CO2 emissions intensity for electricity is 

0.304 metric tons per megawatt-hour (tCO2e/MWh), and is derived from a consumption 
based carbon dioxide-equivalent (CO2e) forecast for each year divided by MWh forecasted 

E-40 
 



Baja CAP Phase 2 Report     App. E- RCII Policy Recommendations 
  December 19, 2014 
 
 

sales. This approach includes electricity transmission and distribution (T&D) losses in 
emission intensity. 

• The next table lists the fuel emissions factor assumptions. The direct emission factors 
come from Baja Inventory and Forecast Emisiones de gases de efecto invernadero en 
Baja California y proyecciones de casos de referencia1990-2025. 

 
Table RCII-5-2. CO2 Emissions Factors (kgCO2e/Tj) 

 

Sector Fuel Type CO2 N2O CH4 
Total 
CO2e 

Commercial Liquefied Petroleum Gases 63,100 0.1 5 63235 

Industrial 

Diesel Oil 74,100 0.6 3 74343 

Liquefied Petroleum Gases 63,100 0.1 1 63151 

Agriculture - LPG 63,100 0.1 5 63235 

Natural Gas 56,100 0.1 1 56151 

Residual Fuel Oil 77,400 0.6 3 77643 

Residential 

Liquefied Petroleum Gases 63,100 0.1 5 63235 

Natural Gas 56,100 0.1 5 56235 

Solid Biofuels: Wood 112,000 4 300 119500 
       KgCO2e/Tj=Kilograms of equivalent carbon dioxide per Terajoules of fuel consumption. 
 

• The baseline energy consumption forecast is derived from Baja Inventory and Forecast 
Emisiones de gases de efecto invernadero en Baja California y proyecciones de casos de 
referencia1990-2020.  

• Next table shows forecasted fuel 2012 prices for RCII sectors come from SENER 
(Secretaria de Energía in Spanish) state retail prices for each sector. For each year past 
the base year historical price through 2030. 
 

Table RCII-5-3. Fuel Price Assumption 
 

Sector  2012 Prices $/Gj)  Electricity 
($/MWh)  

 Natural Gas  LPG Fuel Oil Gasoline 
Residential  $150.88 $242.64 $234.93  $372.37 $1176 
Commercial  $76.86  $242.64 $234.93 $372.37 $2332 
Industrial  $60.04 $242.64 $234.93 $372.37 $1525 
Institutional $76.86 $242.64 $234.93 $372.37 $1724 

$/MWh = pesos per megawatt-hour; Gj = Gigajoules. 
 

• Forecasted electricity prices come from SENER-2002-2012 National Energy Balance. 
For 2012-2030 was applied a trend to estimate the price in the rest of years. 

• For energy consumption, GHG emissions and costs, Baja California was divided in two 
regions: Only Mexicali and Baja California without Mexicali (Rest of Baja). The table 
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shows the energy share by region, it will be for all the policy year. These values were 
calculated using end uses by zone. 

 
Table RCII-5-4. Electricity and Fuel Shares by region 

 
ZONA Electricity Share Fuel Share 
Year MEXICALI BAJA-Except Mexicali MEXICALI BAJA-Except Mexicali 
All Years 59% 41% 29% 71% 

 
• The next table shows the portion of energy consumption by end use of energy in 

dwellings at Baja California. 
 

Table RCII-5-5. Energy consumption in dwellings by region 
 

 
 

End Use 
Mexicali Rest of Baja 

% of Elec % of Fuel 
% of 
Elec 

% of 
Fuel 

Water Heating   0.0%   0.0% 
Food Cooking   99.9%   99.9% 
Space Heating   0.1%   0.1% 
Refrigerator 
Fan 
A/C 
TV 
Lighting 
Computers 
Other 
 
Total 

6.5%   12.9%   
11.4%   0.5%   
40.8%   5.0%   
1.3%   2.6%   
6.2%   12.2%   
0.1%   0.3%   

33.7%   66.6%   
100.0% 100.0% 100.0% 100.0% 

 
• The baseline residential liquefied petroleum gas consumption forecast developed as a part 

of the economy-wide GHG forecast for Baja California was modified by COLEF in early 
November, 2014. The COLEF forecast is much higher than the SENER forecast and the 
LPG forecast developed by CCS. The COLEF forecast for residential water heating and 
cooking (the two primary  LPG end uses) over the same period increases by ~80%. This 
forecast is potentially inconsistent with other forecasts of LPG. For example, the 
Northwest residential LPG forecast (cuadro 5.17) from SENER for 2012-2027 declines 
by 2%.128 And, population increases by only 25% over the period. The following shows 
the 3 LPG forecasts:  
 

Comparative Forecast Table (TJ) 

128 http://sener.gob.mx/res/PE_y_DT/pub/2013/Prospectiva_Gas_Natural_y_Gas_LP_2013-2027.pdf 
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Year SENER COLEF CCS 
2012 9594.99502 10200 7073.153523 
2013 9013.46202 10600 7105.83654 
2014 9141.26532 11100 7140.70459 
2015 9270.04313 11600 7150.134318 
2016 9390.68088 11900 7193.221639 
2017 9501.78515 12400 7236.568608 
2018 9603.77622 12900 7280.176789 
2019 9692.36642 13300 7324.047757 
2020 9766.70725 13700 7368.183095 
2021 9832.21214 14200 7412.584397 
2022 9889.63349 14600 7457.253264 
2023 9938.34161 15100 7502.19131 
2024 9980.64481 15500 7547.400157 
2025 10017.1867 15900 7592.881435 
2026 10050.8293 16400 7638.636788 
2027 10081.4187 16900 7684.667867 
2028 9291.16296 17300 7730.976332 
2029 9344.4469 17700 7777.563857 
2030 9532.92543 18200 7824.432122 

 
• Levelized costs for energy efficiency by end uses in Baja California were calculated in 

reference to Potential for Energy Efficiency, Demand Response, and Onsite Solar Energy 
in Pennsylvania. American Council for an Energy-Efficient Economy (ACEEE). The 
levelized costs for Baja California in pesos are showed in the next table. 

 
Table RCII-5-6. Levelized costs for energy efficiency by end uses 

 
Residential End Use Measures  $MX Cost Unit 
Water Heating Solar Water Heater  $61.09  $/GJ 
Food Cooking Cooking  $81.51  $/GJ 
Space Heating Space Heating  $32.29  $/GJ 
Refrigerator Refrigeration  $496.35  $/MWh 
Fan Plug Load  $198.54  $/MWh 
A/C HVAC Equip  $41.36  $/MWh 
TV Plug Load  $198.54  $/MWh 
Lighting Lighting  $ -    $/MWh 
Computers Plug Load  $198.54  $/MWh 
Other Plug Load  $198.54  $/MWh 
Housing Shell Improved Housing Shell Performance  $179.89  $/MWh 

  
• Operation and Maintenance Costs are equal to 2% of capital costs. 
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• Administrative Cost also going to be considered among the costs of policy 
implementation, this cost is equal to 15% of capital costs for all years. The 15% is a 
typical value that can cover administrative costs. 
 

Table RCII-5-6. Administrative Costs 
 

Fixed Costs of 
Efficiency Measures 

Sector 
 Residential  Commercial 

All Years 15% 15% 
 

• Useful life was estimated like an unique value for each sector, this value took as 
reference information on Texas Energy Efficiency web page 
(http://www.texasefficiency.com/index.php/regulatory-filings/deemed-savings). 
 

Table RCII-5-7. Estimated Useful Life 
 

Estimated Useful Life 
Electricity  Fuel  

Residential Commercial Residential Commercial 
Years per Installed 
Measure 

                 
10.58  

                          
10.83  

            
10.40  

                                  
10.00  

 
Feasibility Issues 
 
Key potential barriers include: 

• People’s willingness to change heaters  
• Ensure compliance with rule NMX - ES- 003 
• Lack of no knowledge by the population on the heating system  
• Funding resources for the purchase and installation of the heaters. 

 
Key Uncertainties 
 
None identified. 
 
Additional Benefits and Costs 
 
None identified. 
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RCII-6. Flow Water Heaters for the Residential Sector 

 
Policy Description 
 
Focused on the residential sector, this policy aims at the efficient use of LPG for heating water 
by installing flow water heaters.  
This technology reduces the volume of LPG consumed in the houses without altering the amount 
of water and with a direct impact on GHG reduction. 
 
In addition to environmental benefits , economic benefits will result from the reduction in the 
fuel consumption. 
 
Federal and state governments , developers and builders , producers of heaters and society will 
be required to participate in the implementation of this policy. 
 
Policy Design 
 
Goals:   

• Install Flow Water Heaters in 35% of housings in Baja California.  
 
Timing: 2014-2020 
 
Parties Involved:  
Federal 

• CONUEE (National Commission for the Efficient Use of Energy). 
• SENER. 
• National Dwelling Commission. 
• INFONAVIT (Institute for the promotion fo Dwelling. 
• Nationa Bulding Institute (CANACINTRA). 

State 
• CEE-BC. 
• Municipalities 

Private Sector 
• Real Estate. 
• Flow water heaters producers 

 
Implementation Mechanisms 
 

• Legislate the use of flow water heaters for new or remodeled buildings 
• Establish agreements between municipalities and companies to reduce procurement costs 

to the population 
• Implement payment scheme to facilitate the acquisition of flow water heaters 
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• Implement awareness campaigns to the public on the use of flow water heaters 
 

Related Policies and Programs in Place and Recent Actions 
Federal 
• Although there are houses with flow water heaters, no similar policies or programs ahve 

been implementated 
 

Type(s) of GHG Reductions 
The main GHG reduced with this policy will be CO2, the predominant gas in the total emissions, 
followed by NH4 and finally by N2O, though both will reduce in minor quantity. 
 

 

 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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Table RCII-6-1. Estimated Net GHG Reductions and Costs or Cost Savings From 
RCII-6 Applying Direct Emissions Factors 

 
 
 
 
Policy 
No. 

 
 
Policy 
Recommendation 

GHG Reductions (MMtCO2e)  
Net 

Present 
Value 

2014-2030 
(Million 
2012$) 

 
Cost 

Effectiveness 
2014-2030 
($/tCO2e) 

Annual Total 
2020 2030 2014-2030 

RCII-6 Pass Boiler on 
Dwelling 

0.14 0.14 2.0 -$3,095 -$1,559 

$/tCO2e = pesos per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtCO2e = million metric tons of carbon 
dioxide equivalent.  
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2014–2030 (column 
five). The cost per tCO2e (column seven) over 2014–2030 is the discounted, net present value of the 2014–2030 cash flows in 
millions of dollars (column six) divided by the cumulative MMt of GHG reductions (column five). 
 
Data Sources 

• Asociación Nacional de Energía Solar A.C. Dimensionamiento, selección y beneficios de usos de 
calentadores solares de agua en el sector doméstico trece acciones para la transición energética en 
México: Una propuesta el Plan de Gobierno 2006-2012. Consejo XIII, Número 57, Marzo 2006. 
Available at: http://www.anes.org/anes/formularios/Publicaciones/RevistaSolar/RS_572006.pdf. 

• Daniel Chacón Anaya, María Elena Giner, Mario Vázquez Valles, Stephen M. Roe, Juan A. 
Maldonado, Holly Lindquist, Brad Strode, Rachel Anderson, Cristina Quiroz, Jackson Schreiber. 
Emisiones de gases de efecto invernadero en Baja California y proyecciones de casos de 
referencia 1990-2025, 2010, 1ª. ed.Ciudad Juárez, Chih.: Comisión de Cooperación Ecológica 
Fronteriza. 

• Gabriela Muñoz, Eliseo Díaz, Hector Campbell and Margarito Quintero. 2012.   Baja California: 
Perfil Energético 2010-2020, Propuesta y Análisis de Indicadores Energéticos para el Desarrollo 
de Prospectivas Estatales. Available at: 
http://www.energiabc.gob.mx/files/public/pdf/PerfilEnergeticoBC2010-2020.pdf. 

• Instituto Nacional de Estadística Geografía e Informática (INEGI). Anuario Estadístico 2001-
2011. CFE, División Baja California. Gerencia Divisional; Departamento de Estudios y 
Estadísticas. Available at: 
http://www3.inegi.org.mx/sistemas/productos/default.aspx?c=265&s=inegi&upc=702825046385
&pf=Prod&ef=&f=2&cl=0&tg=8&pg=0 

• Instituto Nacional de Estadística Geografía e Informática (INEGI). Encuesta Nacional de Ingresos 
y Gastos de los Hogares 2008 (ENIGH, 2008) 
http://www.inegi.org.mx/est/contenidos/Proyectos/Encuestas/Hogares/regulares/Enigh/Enigh200
8/tradicional/default.aspx 

• Maggie Eldridge, Steve Nadel, Amanda Korane, John A. "Skip" Laitner, Vanessa McKinney, 
Max Neubauer, and Jacob Talbot. April 1, 2009. Potential for Energy Efficiency, Demand 
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Response, and Onsite Solar Energy in Pennsylvania. American Council for an Energy-Efficient 
Economy (ACEEE) et al. Available at: http://www.aceee.org/pubs/e093.htm.  

• Procuraduria Federal del Consumidor, Noviembre 2011, Estudio de Calidad: Calentadores de 
agua de uso doméstico. Available at: http://www.consumidor.gob.mx/wordpress/wp-
content/uploads/2012/03/CALENTADORES_AGUA.pdf 

• Texas Energy Efficiency at: http://www.texasefficiency.com/index.php/regulatory-
filings/deemed-savings 

 
Quantification Methods:  
The analysis is divided in two sections, emissions and costs. The emissions section first 
calculates the Business as Usual for GHG emission for all Residential Sector, in this case 
emissions for fuel (LPG) consumption were considered. Then, the quantity of emission reduction 
that the policy targets was estimated; in this case the avoided emissions will be focused on 
residential sector.  
Taking into account emission reductions costs were calculated; mainly costs for reduce LPG 
consumption by using flow water heater. The total cost includes capital cost, annualized capital, 
operation and maintenance cost, fixed administrative costs, avoided expenditures, total costs and 
net costs or benefits resulting from the policy. 
 
a) Emission Section 
 
GHG emissions for Business as Usual   
The Business as Usual emissions for Residential Sector were derived as follows: 

• The annual residential LPG consumption in Tj. This information was obtained from GHG 
inventory and secondary sources such as SENER. 

•  CO2e emissions calculated using with emissions factors for LPG. By multiplying 
emission factor (tCO2e/Tj) by LPG consumption (Tj), the total emissions are obtained 
expressed in tones of CO2e. 
 

GHG emission avoided by the policy 
The GHG emissions avoided by the policy are derived as follows: 

• The policy reduction targets were distributed in a proportional way to obtain the same 
percentage of reduction year by year. 

• Using reduction values and LPG emission factors the total GHG reductions were 
calculated. 

 
b) Cost Section 
 
Capital cost 

• To calculate capital cost the price of flow water heaters and the quantity of heaters for the 
residential sector were obtained. 

• By multiplying quantity and price, the capital cost  expressed in millions of pesos is 
obtained. 
 

Annualized Capital 
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The annualized capital was derived as follow: 

• Capital Recovery Factor was calculated using interest rate and equipment life in years. 
• By multiplying Capital Recovery Factor by Capital Costs of each year the annualized 

capital is obtained. 
• For each year is necessary to add the previous annualized costs.  

 
Operation and Maintenance Costs 
The Operation and Maintenance Costs were derived as follow: 

• Operation and Maintenance Costs are a fraction of Annualized Capital, that fraction is 
2%. For each year annualized capital is multiplied by 2% and the result is Operation and 
Maintenance Cost for that specific year. 

 
Fixed Administrative Costs 
Administrative costs also are included in the costs of RCII-6 energy efficiency, they refer to 
evaluation, marketing and outreach of the policy, and are derived as follow: 

• The administrative costs are a percentage of annualized capital costs, in this policy the 
assumption for that value is 15% in the residential sector, that percentage is multiplied by 
the quantity of capital cost by each year. 

 
Avoided Expenditures 
The avoided expenditures were divided as follow: 

• The forecast residential LPG price ($/Gj) by each year that the policy suggests as target. 
• The quantity LPG fuel (Gj) saved in each year in the residential sector. 
• The avoided expenditures are the quantity LPG fuel saved in each year multiplied by the 

forecast price of LPG in residential sector, they are expressed in millions of pesos 
(MM$).  
 

Total Costs 
The total costs were derived as follow: 

• Capital costs, administrative costs and operation and maintenance are added in each year 
through 2020. 

 
Net Costs or Benefits 
The net costs or benefits were derived by subtracting avoided expenditures from total costs in 
each year through 2020 to give a net cash flow for each time period. Negative values represent 
savings for the consumers. 
 
Key assumptions 

• 100% policy investment will come from consumers 
• The direct average emissions factor for avoided CO2 emissions intensity for electricity is 

0.304 metric tons per megawatt-hour (tCO2e/MWh), and is derived from a consumption 
based carbon dioxide-equivalent (CO2e) forecast for each year divided by MWh forecasted 
sales. This approach includes electricity transmission and distribution (T&D) losses in 
emission intensity 
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• The next table lists the fuel emissions factor assumptions. The direct emission factors 
come from Baja Inventory and Forecast Emisiones de gases de efecto invernadero en 
Baja California y proyecciones de casos de referencia1990-2025. 
 

Table RCII-6-2. CO2 Emissions Factors (kgCO2e/Tj) 
 

Sector Fuel Type CO2 N2O CH4 
Total 
CO2e 

Commercial 
Liquefied Petroleum 
Gases 63,100 0.1 5 63235 

Industrial 

Diesel Oil 74,100 0.6 3 74343 
Liquefied Petroleum 
Gases 63,100 0.1 1 63151 

Agriculture - LPG 63,100 0.1 5 63235 

Natural Gas 56,100 0.1 1 56151 

Residual Fuel Oil 77,400 0.6 3 77643 

Residential 

Liquefied Petroleum 
Gases 63,100 0.1 5 63235 

Natural Gas 56,100 0.1 5 56235 

Solid Biofuels: Wood 112,000 4 300 119500 
       KgCO2e/Tj=Kilograms of equivalent carbon dioxide per Terajoules of fuel consumption. 
 

• The baseline energy consumption forecast is derived from Baja Inventory and Forecast 
Emisiones de gases de efecto invernadero en Baja California y proyecciones de casos de 
referencia1990-202. 

• Next table shows forecasted fuel 2012 prices for RCII sectors come from SENER 
(Secretaria de Energía in Spanish) state retail prices for each sector. For each year past 
the base year historical price through 2030. 

 
Table RCII-6-3. Fuel Price Assumption 

 
Sector  2012 Prices $/Gj)  Electricity 

($/MWh)  
 Natural Gas  LPG Fuel Oil Gasoline 

Residential  $150.88 $242.64 $234.93  $372.37 $1176 
Commercial  $76.86  $242.64 $234.93 $372.37 $2332 
Industrial  $60.04 $242.64 $234.93 $372.37 $1525 
Institutional $76.86 $242.64 $234.93 $372.37 $1724 

$/MWh = pesos per megawatt-hour; Gj = Gigajoules. 
 

• Forecasted electricity prices come from SENER- 2002-2012 National Energy Balance. 
For 2012-2030 was applied a trend to estimate the price in the rest of years. 

• For energy consumption, GHG emissions and costs, Baja California was divided in two 
regions: Only Mexicali and Baja California without Mexicali (Rest of Baja). The table 
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shows the energy shareby region, it will be for all the policy year. These values were 
calculated using end uses by zone. 

 
Table RCII-6-4. Electricity and Fuel Shares by region 

 
ZONA Electricity Share Fuel Share 
Year MEXICALI BAJA-Except Mexicali MEXICALI BAJA-Except Mexicali 
All Years 59% 41% 29% 71% 

 
• The next table shows the portion of energy consumption by end use of energy in 

dwellings at Baja California. 
 

Table RCII-6-5. Energy consumption in dwellings by region 
 

 
 

End Use 
Mexicali Rest of Baja 

% of Elec % of Fuel 
% of 
Elec 

% of 
Fuel 

Water Heating   0.0%   0.0% 
Food Cooking   99.9%   99.9% 
Space Heating   0.1%   0.1% 
Refrigerator 
Fan 
A/C 
TV 
Lighting 
Computers 
Other 
 
Total 

6.5%   12.9%   
11.4%   0.5%   
40.8%   5.0%   
1.3%   2.6%   
6.2%   12.2%   
0.1%   0.3%   

33.7%   66.6%   
100.0% 100.0% 100.0% 100.0% 

 
• Levelized costs for energy efficiency by end uses in Baja California were calculated in 

reference to Potential for Energy Efficiency, Demand Response, and Onsite Solar Energy 
in Pennsylvania. American Council for an Energy-Efficient Economy (ACEEE). The 
levelized costs for Baja California in pesos are showed in the next table 
 

Table RCII-6-6. Levelized costs for energy efficiency by end uses 
 

Residential End Use Measures  $MX Cost Unit 
Water Heating Solar Water Heater  $61.09  $/GJ 
Food Cooking Cooking  $81.51  $/GJ 
Space Heating Space Heating  $32.29  $/GJ 
Refrigerator Refrigeration  $496.35  $/MWh 
Fan Plug Load  $198.54  $/MWh 
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A/C HVAC Equip  $41.36  $/MWh 
TV Plug Load  $198.54  $/MWh 
Lighting Lighting  $ -    $/MWh 
Computers Plug Load  $198.54  $/MWh 
Other Plug Load  $198.54  $/MWh 
Housing Shell Improved Housing Shell Performance  $179.89  $/MWh 

  
• Operation and Maintenance Costs are equal to 2% of capital costs. 
• Administrative Cost also going to be considered among the costs of policy 

implementation, this cost is equal to 15% of the capital costs for all years. The 15% is a 
typical value that can cover administrative costs. 
 

Table RCII-6-7. Administrative Costs 
 

Fixed Costs of 
Efficiency Measures 

Sector 
 Residential  Commercial 

All Years 15% 15% 
 

Table RCII-6-8. Estimated Useful Life 
 

• Useful life was estimated like an unique value for each sector, this value took as 
reference information on Texas Energy Efficiency web page 
(http://www.texasefficiency.com/index.php/regulatory-filings/deemed-savings). 
 

Estimated Useful Life 
Electricity  Fuel  

Residential Commercial Residential Commercial 
Years per Installed 
Measure 

                 
10.58  

                          
10.83  

            
10.40  

                                  
10.00  

 
Feasibility Issues 
 
Key potential barriers include: 

• People’s willingness to change heaters  
• Ensure compliance with rule NMX - ES- 003 
• Lack of no knowledge by the population on the heating system  
• Funding resources for the purchase and installation of the heaters. 

 
Key Uncertainties 
 
None identified. 
 
Additional Benefits and Costs 
 
None identified 
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Appendix F 
Agriculture, Forestry, and Other Land Uses Policy 

Recommendations 
 

These policy option recommendations and analyses are a product of decisions by members of the 
Baja California Climate Action Plan (CAP) Panel of Experts (PE) and Local Project Manager 
(LPM) developed through training and technical assistance by The Center for Climate Strategies 
(CCS). Following review of the Phase 1 work and subsequent policy prioritization efforts by the 
Secretaria de Proteccion al Ambiente (SPA), PE members and the LPM selected these policies 
as priorities for initial development and analysis in the CAP with informal input from technical 
workgroup members and the SPA. With CCS training and technical assistance, PE members 
developed the policy option templates, including policy design parameters (timing, level of effort, 
coverage of parties, implementation mechanisms), and analysis choices (best available data 
sources, methods, and assumptions), and then produced a direct impact (microeconomic) 
analysis for each policy. The results of these analyses were compiled by CCS at a stand alone 
and integrated level to construct individual and total impacts for the CAP that provided inputs to 
the indirect (macroeconomic) impacts covered in Chapter 9. 
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Summary List of Policy Recommendations 

Policy 
ID# Policy Name 

Total GHG Reductions Base Year 2012$ 
Annual CO2e 
Reductions 2030 

Cumulative 
NPV  

2014-2030 
Cost 

Effectiveness 

2020 Tg 2030 Tg TgCO2e $Million  $/tCO2e 
AFOLU-1 Manure Management: Non-

Dairy Livestock 0.00037 0.00037 0.0048 $3.4 $714 
AFOLU-2 Manure Management: Dairies 0.020 0.021 0.27 $31.2 $117 
AFOLU-
3a 

Utilization of Wheat Straw 
N/A; GHG reductions and costs are reported with the ES-2 policy totals, 

where the biomass fuel resulting from this policy is consumed. 
AFOLU-
4b 

Bioethanol Production from 
Sweet Sorghum N/A; GHG reductions and costs are reported with the TLU-2 policy 

totals, where the bioethanol fuel resulting from this policy is consumed. 
AFOLU-5 Livestock Grazing 

Management 0.069 0.12 1.3 $1,117 $855 
AFOLU-6 Urban Forestry 0.000049 0.00063 0.0034 $17 $5,514 

Totals 0.090 0.14 1.6 $1,151 $1,686 
a AFOLU-3 cost analysis not reported here. They are presented with the full results of ES-2. 
b AFOLU-4 reductions not reported here. Ethanol production volumes and carbon content are captured in the TLU-2 
analysis where net GHG benefits are determined for both policies. 

Intra-Sector Interactions & Overlaps Adjustments 

  
Level of Intra-Sector Overlap & Resulting Costs 

Policy 
ID# Policy Name 

Total GHG Reductions Base Year 2012$ 
Annual CO2e 
Reductions 2030 

Cumulative 
NPV  

2014-2030 
Cost 

Effectiveness 
2020 Tg 2030 Tg TgCO2e $Million  $/tCO2e 

AFOLU-1 Manure Management: Non-
Dairy Livestock 0.00 0.00 0.00 $3.4 $714 

AFOLU-2 Manure Management: Dairies 0.00 0.00 0.00 $31 $117 
AFOLU-3 Utilization of Wheat Straw 

N/A; GHG reductions and costs are reported with the ES-2 policy totals, 
where the biomass fuel resulting from this policy is consumed. 

AFOLU-4 Bioethanol Production from 
Sweet Sorghum N/A; GHG reductions and costs are reported with the TLU-2 policy 

totals, where the bioethanol fuel resulting from this policy is consumed. 
AFOLU-5 Livestock Grazing 

Management 0.000 0.00 0.00 $1,117  $855  
AFOLU-6 Urban Forestry 0.000 0.000 0.000 $17  $5,514  

Totals 0.000 0.00 0.00 $1,151 $1,686 
Description of Interaction or Overlap: 
AFOLU-1 No intra-sector policy interactions or overlaps were identified. 
AFOLU-2 No intra-sector policy interactions or overlaps were identified. 
AFOLU-3 Cost analysis not reported here. They are presented with the full results of ES-2. 
AFOLU-4 GHG reductions are not reported here, since the bioethanol volumes and carbon content are used to 
determine the total GHG benefits of TLU-2 (addressing renewable fuels use). 
AFOLU-5 No intra-sector policy interactions or overlaps were identified. 
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AFOLU-1. Manure Management: Non-Dairy Livestock 

Policy Description 

This policy seeks to optimize the management and use of livestock manure from swine of 
Production Unit (PU) of medium to large scale (>300 head). To optimize manure management, 
anaerobic digestion (AD) will be promoted to obtain biogas (medium PU), electricity (large 
farms PU) and bio fertilizer (both farms).Application of processed manure to crop fields will also 
be optimized in order to match crop nutrient requirements with applications of these organic 
fertilizers in order to reduce GHG emissions and use of commercial fertilizers. 

The use of this resource will help reduce methane (CH4) and nitrous oxide (N2O) in the 
atmosphere, given the fact that manure generates a little more than half of the emissions in Baja 
California´s agricultural sector. 

Policy Design 

Goals: 

1. Take advantage of 50% of the manure from swine to obtain biogas, electricity and 
biofertilizer from Anaerobic Digestion process. 

2. 45% Medium Scale. Biogas 

3. 55% Large Scale. Electricity  

The avoided GHG emissions from use of biofertilizer were not considered on the emissions 
analysis. 

Timing: 2016-2020 

Parties involved: The implementation of this policy will require the involvement and support of 
the following agencies: 

Federal Institutions: 

1. Secretariat of Agriculture, Livestock, Rural Development, Fisheries And Food (In Spanish 
SAGARPA): Shared Risk Trust Fund (In Spanish FIRCO) 

2. Electricity Federal Commission (In Spanish CFE) 
3. Secretariat of Energy (In Spanish SENER)  

AFOLU-6 No intra-sector policy interactions or overlaps were identified. 
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State Institutions: 

4. Secretariat of Agricultural Development 
5. Secretariat of Environmental Protection  
6. Secretariat of Economic Development 
Others: 

7. Cattle Raisers Association 
8. Farmers Association 
9. Universities and Research Centers of Baja California 

 
Potential Implementation Mechanisms 

1. Create a statewide program for manure management and utilization. Such a program would 
be responsible for the SEFOA (Secretariat of Agriculture Development, in Spanish). The 
following strategies should be considered: 

a. Economic or fiscal incentives for farmers who utilize manure to produce biogas and 
compost. 

b. Economic support or subsidy to purchase the biodigester system. 

c. Training workshops on this type of production, for breeders and farmers. 

d. Dissemination and awareness raising activities (forums, conferences, workshops, etc.). 

e. Organize a productive chain for the production of compost from manure. 

2. Develop a map of potential areas for manure utilization, with the aid of a geographic 
information system (GIS). The map should have the following information: livestock 
population; Production Units; tons of manure generated; proposed technologies; type and 
quantity of product produced (biogas, electrical power and compost), among other 
information. 

Related Policies and Programs in Place and Recent Actions 

• Project for the Support of Added Value Agribusinesses with Risk-Sharing Schemes 
(Proyecto de Apoyo al Valor Agregado de Agronegocios con esquemas de Riesgo 
Compartido: “PROVAR”). Secretariat of Agriculture, Livestock, Rural Development, 
Fisheries and Food (SAGARPA by its Spanish initials): FIRCO (Shared Risk Trust Fund). 
This project is aimed to Production Unitsof swine over 3000 heads. 

Type(s) of GHG Reductions 

The star symbol identifies significant GHG effects that will be quantified.  
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Manure 
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Activity

 
 
 

Table. AFOLU-1-1. Estimated GHG Reductions and Costs or Cost Saving from AFOLU-1 
Applying Direct Emissions Factors 

 

Policy 
No. 

Policy 
Recommendation 

GHG Reductions (TgCO2e) Net Present 
Value 

2015-2030 
(Million 2012$) 

Cost-
Effectivenes
s 2015-2030 

($/tCO2e) 

Annual Total 
2015-2030 2020 2030 

AFOLU-1 Improve the management 
from swine manure 0.0004 0.0004 0.005 $3.4 $714 

 
$/tCO2e= pesos per metric ton of carbon dioxide equivalent; GHG=greenhouse gas; TgCO2e= teragrams 
of carbon dioxide equivalent. 
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 
2016–2030 (column five). The cost per tCO2e (column seven) over 2016–2030 is the discounted, net 
present value of the 2016–2030 cash flows in millions of pesos (column six) divided by the cumulative 
Tg of GHG reductions (column five). 

Data Sources:  
• COCEF-CCS-Gobierno de Baja California, 2010, “Emisiones de gases de efecto 

invernadero en Baja California y proyecciones de casos de referencia 1990-2025”, 
Comisión de Cooperación Ecológica Fronteriza (Cocef), Center for Climate Strategies 
(CCS), Ciudad Juárez Chihuahua. 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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• Botero, B.M. y R.P. Thomas, 1987, Biodigestor de bajo costo para la producción de 
combustible y fertilizante a partir de excretas. Manual para su instalación, operación y 
utilización. Centro Internacional de Agricultura Tropical. Cali, Colombia.  

• Franco, 2010, "Valoración económica de la emisión de los principales gases de efecto 
invernadero en algunos embalses de presas de México", Tesis de Maestría, Universidad 
Autónoma Nacional de México, 
http://132.248.9.195/ptb2010/mayo/0657752/0657752_A1.pdf 

• Gutiérrez, et al., 2012, "Biogás una alternativa ecológica para la producción de energía", 
Ide@s CONCYTEG, 7 (85), pp. 881-894. 

• Massachusetts Institute of Technology, 2010, "Unit & Conversions Fact Sheet", 
http://www.carbonlighthouse.org/wp-content/uploads/2010/10/UnitsAndConversions.pdf 

• Pages E., 2014, Sistema biobolsa, http://sistemabiobolsa.com/inicio/ 

• Sagarpa-Firco, 2007, "Aprovechamiento de biogás para la generación de energía eléctrica 
en el sector agropecuario", Documento de trabajo, 
http://www.cmp.org/apoyos/BIOGAS0902/0524_LIBRO_de_BIOGAS.pdf 

• Sagarpa-Firco, 2010, "Generalidades sistemas de biodigestión", Fideicomiso de Riesgo 
Compartido (Firco), en http://sigan.org/2010/pdf/generalidades.pdf 

• Sefoa, 2011, “Estudio estadístico sobre porcicultura en Baja California”, Secretaria de 
Fomento Agropecuario (Sefoa), Oficina Estatal de Información para el Desarrollo Rural 
Sustentable-Gobierno de Baja California-Sagarpa. Mexicali, Baja California. 

• Sener, 2010, “Lista de combustibles que se considerarán para identificar a los usuarios 
con un patrón de alto consumo, así como sus factores para determinar las equivalencias 
en términos de barriles equivalentes de petróleo”, Diario oficial (Primera Sección), 
Secretaría de Energía (Sener), en: 
http://sener.gob.mx/res/Acerca_de/ListaCombustiblesConsideranIdentificarUsuariosPac.
pdf 

Quantification Methods:  

The analysis was divided in two sectors, Emissions & Energy Impacts and Net Societal Costs. 
Emissions section was calculated using 1) estimates of livestock population provided by the 
Inventory and Forecast for Baja California, and 2) Statistical study on swine farming in Baja 
California, 2011, provided by Secretariat of Agricultural Development.  

The first task of emissions & energy section calculated the Business as Usual for GHG emission 
from Swine. Then, it estimated the GHG emissions from swine addressed, medium and large 
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farms. And finally, it considered the avoided GHG emissions from electric power & liquefied 
petroleum gas (LPG) use. 

Table AFOLU-1-2. Estimated GHG Reductions 

 

Total GHG 
Emission from 

Swine 
GHG Emission from 
Swine (Addressed) 

Biogas Production - 
Swine: Med. farms 

Power Production - 
Swine: Large farms 

tCO2e/yr tCO2e/yr tCO2e/yr tCO2e/yr 
2016 496 -50 -13 Year 
2017 496 -99 -26 -40 
2018 496 -149 -39 -59 
2019 496 -198 -52 -79 
2020 496 -248 -65 -99 
2021 496 -248 -65 -99 
2022 496 -248 -65 -99 
2023 496 -248 -65 -99 
2024 496 -248 -65 -99 
2025 496 -248 -65 -99 
2026 496 -248 -65 -99 
2027 496 -248 -65 -99 
2028 496 -248 -65 -99 
2029 496 -248 -65 -99 
2030 496 -248 -65 -99 

    tCO2e= metric ton of carbon dioxide equivalent 
 
The cost analysis was divided based on the sizes of the farms. It was considered that the medium 
farms produce biogas to offset LPG use, and the large farms could generate both LPG & electric 
power. Thus, only the large farms needed an engine-generator system. But, both produce 
fertilizers. In this part, it included the production and the use of LPG and electric power, the 
biofertilizer sales, and carbon credit value. 
 

Table AFOLU-1-3. Investment and Operation & Maintenance Costs of Enhanced Swine 
Manure Management, separated by size 

Year 

Swine 
Addressed 
by Policy 

Med. Farms: 
Annualized 

Capital Costs 
Med. Farms: 
O&M Costs 

Large farms: 
Annualized 

Capital Costs 
Large farms: 
O&M Costs 

head MM$ MM$ MM$ MM$ 
2016 1,223 $0.02 $0.07 $0.05 $0.04 
2017 2,446 $0.04 $0.13 $0.10 $0.07 
2018 3,669 $0.07 $0.20 $0.15 $0.11 
2019 4,892 $0.09 $0.27 $0.20 $0.14 
2020 6,116 $0.11 $0.33 $0.25 $0.18 
2021 6,116 $0.11 $0.33 $0.25 $0.18 
2022 6,116 $0.11 $0.33 $0.25 $0.18 
2023 6,116 $0.11 $0.33 $0.25 $0.18 
2024 6,116 $0.11 $0.33 $0.25 $0.18 
2025 6,116 $0.11 $0.33 $0.25 $0.18 
2026 6,116 $0.11 $0.33 $0.25 $0.18 
2027 6,116 $0.11 $0.33 $0.25 $0.18 
2028 6,116 $0.11 $0.33 $0.25 $0.18 
2029 6,116 $0.11 $0.33 $0.25 $0.18 
2030 6,116 $0.11 $0.33 $0.25 $0.18 
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                 MM$= million pesos 

Table AFOLU-1-4. Additional Cost Components: Power and LPG Production & Fertilizer 
Sales. 

Year 

Swine 
Addressed 
by Policy 

Med. Farms: 
Avoided LPG 

Cost 

Med. Farms: 
Value of 

Biofertilizer 

Large farms: 
Avoided 

Electricity 
Costs 

Large farms: 
Value of 

Biofertilizer 

Med & Larg: 
Carbon Credit 

Value 

head MM$ MM$ MM$ MM$ MM$ 
2016 1,223 -$0.04 -$0.01 -$0.03 -$0.01 -$0.004 
2017 2,446 -$0.09 -$0.01 -$0.06 -$0.01 -$0.01 
2018 3,669 -$0.13 -$0.01 -$0.08 -$0.02 -$0.01 
2019 4,892 -$0.18 -$0.02 -$0.11 -$0.02 -$0.01 
2020 6,116 -$0.23 -$0.02 -$0.14 -$0.02 -$0.01 
2021 6,116 -$0.23 -$0.02 -$0.14 -$0.02 -$0.01 
2022 6,116 -$0.23 -$0.02 -$0.14 -$0.02 -$0.01 
2023 6,116 -$0.23 -$0.02 -$0.14 -$0.02 -$0.01 
2024 6,116 -$0.24 -$0.02 -$0.14 -$0.02 -$0.01 
2025 6,116 -$0.24 -$0.02 -$0.14 -$0.02 -$0.01 
2026 6,116 -$0.24 -$0.02 -$0.14 -$0.02 -$0.01 
2027 6,116 -$0.24 -$0.02 -$0.14 -$0.02 -$0.01 
2028 6,116 -$0.24 -$0.02 -$0.14 -$0.02 -$0.01 
2029 6,116 -$0.25 -$0.02 -$0.14 -$0.02 -$0.01 
2030 6,116 -$0.25 -$0.01 -$0.14 -$0.02 -$0.01 

    MM$= million pesos 

Even though the federal government has a financing program to swine manure management, the 
majority of Baja California farms are not qualified because they have less than 3000 heads (our 
target). Therefore, support for these projects will depend on the state government and Cattle 
Raisers Association. 
 
Key Assumptions:  

• Medium Farms: 300-500 heads.  

• Large Scale: >500  

• Emission factor: 0.041 tCO2e/head-year. 

• Medium farms will produce biogas to offset LPG use. These farms do not include motor-
generator system. 

• Large farms will produce biogas for the production of electric power. 

• The avoided GHG emissions from use of biofertilizer were not considered on the 
emissions analysis. 

Key Uncertainties 

• Production yields varies for each system. Either to generate heat, gas or power. 
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• The support from the State Government to fund or subsidize the biodigester system, and/or to 

give incentives for farmers.  

Additional Benefits and Costs 

• Benefits: 
o Economics: 

 Job creation. 
 Auto-consumption of biogas. 
 Auto-consumption of electricity.  
 Sales of Biofertilizer. 

o Environmental: 
 Decrease emissions from BAU management of manure. 
 Decrease emissions from electricity and gas LP production. 
 Decrease emissions from fertilizer inorganic production and application. 

• Costs: 
o Costs of facilities of anaerobic digester and motor-generator. 
o Costs of the process to obtain biofertilizer. 

 
Feasibility Issues 

• Farmers’ acceptance of the practices. They don't know negative environmental impacts of 
these practices. 

• The financial situation that is affecting this sector. Because there is no economic support for 
small farms. 

Status of Group Approval 

Approved. 

Level of Group Support 

Unanimous.  
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AFOLU-2. Manure Management from Dairy Cattle 

Policy Description 

This policy proposes to use dairy manure generated in the dairy farms (Production Units >500 
heads) in Baja California to produce electricity and biofertilizer. To optimize manure 
management it is recommended to install anaerobic digesters and motors-generator, which will 
be used to process the manure through anaerobic digestion and to produce electricity, 
respectively. To calculating emissions and costs, the Production Units were grouped into 
Medium and Large Farms. 

The proposed use of manure helps reduce carbon dioxide emissions (CO2), methane (CH4), and 
nitrous oxide (N20) as well as groundwater contamination that is generated by inadequate 
manure management. In addition, there will be economic benefits received by the dairy farmers 
of Baja California as a result of electricity generation and the sale of compost, especially for the 
region´s organic agriculture production. 

Policy Design 

Goals: 

1. Take advantage of 50% of the manure from dairy cattle to obtain electricity and biofertilizer 
from Anaerobic Digestion process. 

1.1. Medium scale farms. Electricity. 50% 

1.2. Large scale farms. Electricity. 50% 

Timing:2016-2020  

Parties Involved: 

The implementation of this policy will require the involvement and support of the following 
agencies: 

Federal Institutions: 

1. Secretariat Of Agriculture, Livestock, Rural Development, Fisheries And Food 
(SAGARPA): Shared Risk Trust Fund (FIRCO) 

2. Electricity Federal Commission (In Spanish CFE) 
3. Secretariat of Energy (In Spanish SENER)  

State Institutions: 

1. Secretariat of Agricultural Development. 
2. Secretariat of Environmental Protection  
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3. Secretariat of Economic Development 
Others: 

1. Cattle Raisers Association 
2. Farmers Association 
3. Universities and Research Centers of Baja California 

Implementation Mechanisms 

1. Take advantage of FIRCO and SAGARPA program “Project for the Support of Added Value 
Agribusinesses with Risk-Sharing Schemes”; this program helps with the 50% of the 
facilities costs of the anaerobic digester and motor-generator. 

2. Create a state-wide program for manure utilization and management. SEFOA (Secretariat of 
Agriculture Development) would be in charge of the program. The following strategies 
should be considered:    

a. Create a state-wide program for manure utilization and management. 

b. Economic or fiscal incentives for farmers invested in manure management for this 
production.  

c. Organize a productive chain for the production of compost from manure. 

d. Training courses for producers that generate biogas, electricity and biofertilizer. 

e. Conduct information dissemination activities to raise awareness (Forums, conferences, 
workshops, etc.) for the farmers.  

Related Policies/Programs in Place and Recent Actions 

• Project for the Support of Added Value Agribusinesses with Risk-Sharing Schemes 
(Proyecto de Apoyo al Valor agregado de Agronegocios con esquemas de Riesgo 
Compartido: “PROVAR”).  Secretariat of Agriculture, Livestock, Rural Development, 
Fisheries and Food (SAGARPA in Spanish): FIRCO (Shared Risk Trust Fund). 

• 50% of the investment cost of the digester. 

• 50% of the investment cost of the motor-generator. 

 
Type(s) of GHG Reductions 
 
The star symbol identifies significant GHG effects that will be quantified.  
 
 
 
 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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Table. AFOLU-2-1. Estimated GHG Reductions and Costs or Cost Saving from AFOLU-2 
Applying Direct Emissions Factors 

Policy 
No. 

Policy 
Recommendation 

GHG Reductions (TgCO2e) Net Present 
Value 

2015-2030 
(Million 2012$) 

Cost-
Effectivenes
s 2015-2030 

($/tCO2e) 

Annual Total 
2015-2030 2020 2030 

AFOLU-2 Improve the management 
from dairy manure 0.02 0.02 0.27 31.2 -$117 

$/tCO2e= pesos per metric ton of carbon dioxide equivalent; GHG=greenhouse gas; TgCO2e= teragrams of carbon 
dioxide equivalent. 
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2016–
2030 (column five). The cost per tCO2e (column seven) over 2016–2030 is the discounted, net present value of the 
2016–2030 cash flows in millions of pesos (column six) divided by the cumulative Tg of GHG reductions (column 
five). 
 
Data Sources:  

• Casas-Prieto, et al., 2009, “Estudio de factibilidad para la puesta en marcha de los 
digestores anaeróbicos en establos lecheros en la cuenca de Delicias, Chihuahua”, Revista 
Mexicana de agronegocios, Vol. 24, Ene-Jun. 

• COCEF-CCS-Gobierno de Baja California, 2010, “Emisiones de gases de efecto 
invernadero en Baja California y proyecciones de casos de referencia 1990-2025”, 
Comisión de Cooperación Ecológica Fronteriza (Cocef), Center for Climate Strategies 
(CCS), Ciudad Juárez Chihuahua. 
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• Gutiérrez, et al., 2012, "Biogás una alternativa ecológica para la producción de energía", 
Ide@s CONCYTEG, 7 (85), pp. 881-894. 

• Méndez, et al., 2000, "Evaluación productiva, de efecto ambiental y de problemas 
relevantes es explotaciones lecheras de pequeña escala", Livestock Research for Rural 
Development 12 (1) , en: http://www.fao.org/ag/aga/agap/frg/lrrd/lrrd12/1/manu121.htm 

• Sefoa, 2011, “Panorama general de la producción lechera en Baja California”, Secretaria 
de Fomento Agropecuario (Sefoa)-Oficina Estatal de Información para el Desarrollo 
Rural Sustentable-Gobierno de Baja California-Sagarpa. Mexicali, Baja California.  

• Sagarpa-Firco, 2007, “"Aprovechamiento de biogás para la generación de energía 
eléctrica en el sector  agropecuario”, Secretaria de Agricultura, Ganadería, Desarrollo 
Rural, Pesca y Alimentación (Sagarpa), Fideicomiso de Riesgo Compartido (FIRCO). 
Documento de trabajo, en: 
http://www.porcimex.org/apoyos/BIOGAS0902/0524_LIBRO_de_BIOGAS.pdf 

• Salazar E. et al., 2003, "Abonos orgánicos y plasticultura", Sociedad Mexicana de la 
Ciencia de Suelo A.C.-Facultad de Agricultura y Zootecnica de la Universidad Juárez del 
Estado de Durango (UJED), 222 P. 
http://faz.ujed.mx/Posgrado/maos/AUTOEVALUACION/CATEGORIAS/6-
COOPERACION_CON_OTROS_ACTORES_DE_LA_SOCIEDAD/6%20Cooperaci%C
3%B3n%20con%20otros%20actores%20de%20la%20sociedad/18%20Vinculaci%C3%B
3n/18.2%20Intercambio%20Acad%C3%A9mico/18.2.1.%20Convenios/18.2.1.6%20Pub
licaciones/18.2.1.6.2%20Public.%20Libros%20T%C3%A9cnicos/18.2.1.6.2.3.pdf 

• Vázquez, 2010, “Situación del tratamiento de aguas residuales en los establos lecheros de 
Tijuana y los factores limitantes en su tecnificación”, [Tesis de Maestría], El Colegio de 
la Frontera Norte. 

• Vicencio de la Rosa, et al., 2011, "Producción de composta y vermicomposta a partir de 
los lodos de la planta de tratamiento de aguas residuales de un rastro", Rev. Int. Contam. 
Ambie. 27 (3) 263-270. En: 
http://www.journals.unam.mx/index.php/rica/article/view/26301/24763 

• Werner and Strehler, n/d, "British Columbia On-Farm anaerobic digestion Benchmark 
Study", B.C. Agricultural Research and Development Corporation, en: 
https://www.bcac.bc.ca/sites/bcac.localhost/files/AD%20Benchmarking%20Study_0.pdf 

 
Quantification Methods:  
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The analysis was divided in two sections, emissions and costs. Emissions section was calculated 
using 1) estimates of livestock population provided by Inventory and Forecast for Baja 
California, and 2) study of population of dairy cattle in Baja California 2011, provided by 
Secretariat of Agricultural Development.  

The first task of emissions section calculated the Business as Usual for GHG emission from 
dairies. Then, it estimated the GHG emissions from dairies addressed, medium and large farms. 
And finally, it considered the avoided GHG emissions from power production. 

 
Table AFOLU-2-2. Estimated GHG Reductions. 

Year 

Total GHG 
Emission from 

Dairies 
GHG Emission from 
Dairies (Addressed) 

Grid Offset Benefit: 
Medium & Large 

tCO2e/yr tCO2e/yr tCO2e/yr 
2016 2,615 -278 -2,426 
2017 2,657 -557 -4,874 
2018 2,699 -835 -7,344 
2019 2,741 -1,114 -9,837 
2020 2,784 -1,392 -12,352 
2021 2,828 -1,392 -12,409 
2022 2,873 -1,392 -12,466 
2023 2,918 -1,392 -12,523 
2024 2,964 -1,392 -12,523 
2025 3,011 -1,392 -12,523 
2026 3,011 -1,392 -12,523 
2027 3,011 -1,392 -12,523 
2028 3,011 -1,392 -12,523 
2029 3,011 -1,392 -12,523 
2030 3,011 -1,392 -12,523 

                           tCO2e= metric ton of carbon dioxide equivalent 

 

The cost section was divided based on the sizes of the farms. It included production and use of 
power, biofertilizer sales, and carbon credit value. In addition it was considered the Federal 
Government subsidy to the acquisition of biodigestor and motor-generator system. 

Table AFOLU-2-3. Annualized Investment and Operation & Maintenance Costs of 
Enhanced Dairy Manure Management, separated by dairy size 

Year 

Dairies 
Addressed 
by Policy 

Med. Farms: 
Annualized 

Capital Costs 
Med. Farms: 
O&M Costs 

Large farms: 
Annualized 

Capital Costs 
Large farms: 
O&M Costs 

head MM$ MM$ MM$ MM$ 
2016 6,870 $0.4 $0.4 $0.3 $0.18 
2017 13,739 $1.3 $0.7 $0.8 $0.37 
2018 20,609 $2.6 $1.1 $1.6 $0.55 
2019 27,479 $4.3 $1.5 $2.7 $0.73 
2020 34,349 $6.4 $1.8 $4.1 $0.92 
2021 34,349 $6.4 $1.8 $4.1 $0.92 
2022 34,349 $6.4 $1.8 $4.1 $0.92 
2023 34,349 $6.4 $1.8 $4.1 $0.92 
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2024 34,349 $6.4 $1.8 $4.1 $0.92 
2025 34,349 $6.4 $1.8 $4.1 $0.92 
2026 34,349 $6.4 $1.8 $4.1 $0.92 
2027 34,349 $6.4 $1.8 $4.1 $0.92 
2028 34,349 $6.4 $1.8 $4.1 $0.92 
2029 34,349 $6.4 $1.8 $4.1 $0.92 
2030 34,349 $6.4 $1.8 $4.1 $0.92 

                 MM$= million pesos 
 

Table AFOLU-2-4. Savings from Power Production & Fertilizer Sales 

Year 

Dairies 
Addressed 
by Policy 

Med & Larg: 
Value of 

biofertilizer 

Med & Larg: 
Avoided 

Electricity Costs 

Med & Larg: 
Carbon Credit 

Value 
head MM$ MM$ MM$ 

2016 6,870 -$3 -$1 -$0.3 
2017 13,739 -$6 -$3 -$0.5 
2018 20,609 -$9 -$5 -$0.8 
2019 27,479 -$12 -$7 -$1.1 
2020 34,349 -$15 -$8 -$1.4 
2021 34,349 -$15 -$8 -$1.4 
2022 34,349 -$15 -$8 -$1.4 
2023 34,349 -$15 -$8 -$1.4 
2024 34,349 -$15 -$8 -$1.4 
2025 34,349 -$15 -$8 -$1.4 
2026 34,349 -$15 -$8 -$1.4 
2027 34,349 -$15 -$8 -$1.4 
2028 34,349 -$15 -$8 -$1.4 
2029 34,349 -$15 -$8 -$1.4 
2030 34,349 -$15 -$8 -$1.4 

                              MM$= million pesos 

Key Assumptions:  

• Medium Farms: 500-1000 heads.  

• Large Scale: >1000 -2000 heads. 

• Emission factor: 0.041 tCO2e/head-year. 

• Federal and State Government, and Cattle Raisers Association will provide: subsidy, 
incentives and/or training to farmers. 

• The avoided GHG emissions from use of biofertilizer were not considered on the 
emissions analysis. 

Key Uncertainties 

• Yields biogas and power production depends on each system.  
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• The implementation of this policy is considering the support from federal, state government 

and Cattle Raisers Association to fund or subsidize the biodigester system, and/or to give 
incentives for farmers.  

Additional Benefits and Costs 

• Benefits: 

o Economics: 
 Job creation. 
 Auto-consumption of electricity.  
 Sales of Biofertilizer. 

o Environmental: 
 Decrease emissions from BAU management of manure. 
 Decrease emissions from electricity and gas LP production. 
 Decrease emissions from fertilizer inorganic production and application. 

• Costs: 

o Costs of facilities of anaerobic digester and motor-generator. 
o Costs of the process to obtain biofertilizer. 

  
Feasibility Issues 
 

• Acceptance on behalf of farmers. 

• The financial situation which is affecting this sector. 

• In the case of Tijuana: Dairy farmers resistance against bio-digesters due to uncertainty 
that they will be permanent based on the fear that they will be displaced by rapid 
urbanization. 

Status of Group Approval 

Approved. 

Level of Group Support 

Unanimous. 
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AFOLU-3. Utilization of Wheat Straw 

Policy Description 

This policy proposes to take advantage the wheat straw available in the Mexicali Valley, for use 
as biomass for power generation. The purpose of this policy is to optimize wheat straw 
management by installing a power plant, which it will be used to process the straw through 
controlled combustion.  

The implementation of this policy will allow the agricultural residue burning to decrease, which 
is a common practice among Mexicali farmers. Because the farmers burn 85% of the wheat straw 
in situ, and 15% is used to 1) Incorporation into soil, 2) Food for livestock, 3) A good source of 
fiber for making construction, and 4) Base for the cultivation of mushrooms.  

Therefore, this policy proposes decreasing the emissions of carbon dioxide (C2O), nitrogen 
dioxide (N2O) and methane (CH4) generated by this activity. This is expected to have a direct 
impact on air quality in the region and on the health of the population which shares this 
atmospheric basin. In addition, as a result of this implementation it is technically feasible to 
convert the wheat crop residues into electric power through controlled combustion, to take 
advantage of this available energy source. 

AFOLU-3 is the first part of the analysis; it will focus on the burning, collection and 
transportation of wheat straw. Greenhouse Gases reductions and Costs of power generation plant 
will be considered under the Energy Supply-2 (ES.2) -State Energy Matrix Diversification.  

Policy Design 

Goals: 

1. Take advantage the 100 000 tons of wheat straw generated in the Mexicali Valley, as a 
source of energy for power generation. To installation of a power plant of 16 MW of 
capacity. 

Timing: 

2017 -2020.  

Parties Involved: 

Implementing this policy will require the involvement and support of the following agencies and 
organizations:  

Federal: 
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1. Secretariat of Agriculture, Livestock, Rural Development, Fisheries and Food (In Spanish 

SAGARPA) 
2. Secretariat of Environment and Natural Resources (In Spanish SEMARNAT):  
3. Fideicomiso de Riesgo Compartido (FIRCO) 
4. Fideicomiso Instituidos en Relación con la Agricultura (FIRA) 
5. Financiera Nacional de Desarrollo Agropecuario, Rural, Forestal y Pesquero (Financiera 

Rural) 
6. Electricity Federal Commission (In Spanish CFE) 
7. Secretariat of Energy (In Spanish SENER)  
State: 
1. Secretariat of Agricultural Development (SEFOA) 
2. Secretariat of Environmental Protection (SPA) 
3. Secretariat of Economic Development  (SEDECO) 
4. State Energy Commission 
5. Autonomous University of Baja California (Institute of Engineering) 

 
Local: 
1. Farmers Associations 
2. Livestock Associations 
3. Civil society, non-governmental organizations 

 
Implementation Mechanisms 

2017: 

1. Design and implement incentive program for farmers to avoid agricultural burning and 
encourage them to use best practices in disposing of agricultural waste. 

2. Carry out dissemination activities to raise awareness (forums, congresses, workshops, etc.) 
in the Mexicali Valley and in the State that promote the economic and environmental 
advantages of using by-products. 

2020: 
1. Organize a production chain for 1) assessing the construction and operation of a plant to 

produce wheat straw pellets to be used as biofuel, a pilot plant for power generation, and 2) 
evaluate the technical and economic feasibility of expanding the power generation project 
using other crops residues. 

Related Policies/Programs in Place and Recent Actions 

• Program There are no related programs or policies to date 

Type(s) of GHG Reductions 
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The star symbol identifies significant GHG effects that will be quantified.  
 

 
 

AFOLU-3. 
Utilization of 
Wheat Straw

Increased 
Use of 
Wheat 

Straw for 
power 

generation  
by 

controlled 
combustion

First stage Second stage Third stage Fourth stage Fifth stage

Increase in 
Straw 

Harvest, 
Processing 

& 
Transport 
Activity

Direct 
Reductions 
in CH4, CO2

& N2O 
Emissions

Reduce 
BAU Straw 

Management 
(burning or 
decomp.)

Increased 
Energy Use

Direct 
Increase in 

GHG
Emissions

Increased 
Energy 

Demand

Indirect 
Increase in 
Upstream 

GHG
Emissions: 

Energy 
Supply

 
 

Table. AFOLU-3-1. Estimated GHG Reductions from AFOLU-3 Applying Direct Emissions 
Factors 

Policy 
No. 

Policy 
Recommendation 

GHG Reductions (MMtCO2e) Net Present 
Value 

2015-2030 
(Million 2012$) 

Cost-
Effectivenes
s 2015-2030 

($/tCO2e) 

Annual Total 
2015-2030 2020 2030 

AFOLU-3 Improve the management 
of wheat straw 0.0054 0.0053 0.0674 ES-2 ES-2 

$/tCO2e= pesos per metric ton of carbon dioxide equivalent; GHG=greenhouse gas; MMtCO2= million metric tons of 
carbon dioxide equivalent. 
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2016–
2030 (column five). The cost per tCO2e (column seven) over 2016–2030 is the discounted, net present value of the 
2016–2030 cash flows in millions of pesos (column six) divided by the cumulative MMt of GHG reductions (column 
five). 
 
Data Sources:  

• ASTM International, n/d, “Standard Specification for diesel fuel oils D975, en 
http://www.astm.org/Standards/D975.htm 

• COCEF-CCS-Gobierno de Baja California, 2010, “Emisiones de gases de efecto 
invernadero en Baja California y proyecciones de casos de referencia 1990-2025”, 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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Comisión de Cooperación Ecológica Fronteriza (Cocef), Center for Climate Strategies 
(CCS), Ciudad Juárez Chihuahua. 

• IDEA, 2005, "Consumos energético en las operaciones agrícolas en España", IDEA 
(Instituto para la Diversificación y Ahorro de la Energía)-Ministerio de Industria, 
Turismo y Comercio. 
http://www.idae.es/uploads/documentos/documentos_10255_Consumos_energeticos_ope
raciones_agricolas_Espana_05_b8820458.pdf 

• Intelligent Energy Europe, 2012, "Difusión de un modelo sostenible en la UE para 
producir etanol de 1ra generación a partir de sorgo dulce en plantas descentralizadas", 
Sweethanol, 9na ed. http://www.sweethanol.eu/upload/file/9th%20Newsletter%20SP.pdf 

• IPCC, 2006, “Directrices del IPCC de 2006 para los inventarios nacionales de gases de 
efecto invernadero”,  Capitulo 3: Combustión móvil, Volumen 2: Energía. En,  
http://www.ipcc-
nggip.iges.or.jp/public/2006gl/spanish/pdf/2_Volume2/V2_3_Ch3_Mobile_Combustion.
pdf 

• IPCC, 2006, "Guidelines for National GHG Inventories", Vol. 2 Energy, Chapter 2: 
Stationary Combustion, Table 2.2. Solid biofuel: Other primary Solid biomass 
http://www.ipcc-
nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_2_Ch2_Stationary_Combustion.pdf 

• Ganesh A, Banerjee R., 2001, "Biomass pyrolysis for power generation a potential 
technology", Renew Energy, Vol. 22:9–14. India. 

• Moncada A. y Quintero M., 2008,  “Contaminación y control de las quemas agrícolas en 
Imperial, California y Mexicali, Baja California”, Región y Sociedad, XX, 3-24. 

• Oficina Estatal de Información para el Desarrollo Rural Sustentable (OEIDRUS), 2014, 
“Producción histórica anual del trigo en Mexicali”, Series históricas agrícolas 2003-2013, 
Secretaria de Fomento Agropecuario (Sefoa) en http://201.140.167.37/series/ 

• Sener, 2006, "Potenciales y Viabilidad del Uso de Bioetanol y Biodiesel para el 
Transporte en México", Secretaria de Energía (Sener), Banco Interamericano de 
Desarrollo (BID), en: 
http://www.sener.gob.mx/res/PE_y_DT/pub/Biocombustibles_en_Mexixo_Estudio_Com
pleto.pdf 

Quantification Methods:  
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The entire analysis was divided in two policies, AFOLU-3 and ES-2. The first considered the 
avoided emissions to non-burning of wheat straw, also it includes the cost and emissions from 
their collection and transportation. The second policy included the power plant process.  

AFOLU-3 includes Greenhouse Gas (GHG) Emissions and Cost analysis for biomass energy 
supply. It was calculated the Business as Usual for GHG emission from wheat straw burning in 
Mexicali. Then, we estimated the avoided GHG emissions from 100,000 tonnes of straw (final 
goal).  

Table AFOLU-3-2. Estimated GHG reductions. 

Year 

Total GHG 
Emission from 
wheat burning 

Avoided GHG 
emissions from wheat 

burning  
Wheat straw 
addressed 

tCO2e/yr tCO2e/yr tonnes 
2017 16,331 1,764 25,000 
2018 16,445 3,528 50,000 
2019 16,761 5,292 75,000 
2020 16,833 7,056 100,000 
2021 16,736 7,056 100,000 
2022 16,976 7,056 100,000 
2023 17,090 7,056 100,000 
2024 17,098 7,056 100,000 
2025 17,216 7,056 100,000 
2026 17,519 7,056 100,000 
2027 17,759 7,056 100,000 
2028 17,912 7,056 100,000 
2029 18,114 7,056 100,000 
2030 18,343 7,056 100,000 

                          tCO2e= metric ton of carbon dioxide equivalent 

The next step was to calculate the fuel required (diesel) to collection and transportation of wheat 
straw. After, emissions from diesel use were estimated. 

Table AFOLU-3-3. Estimated Fuel Consumption and GHGs Generated 

Year 
Wheat straw 
addressed 

Energy Consumption 
from harvest & 
transportation  

GHG Emission from 
harvest & 

transportation 
tonnes TJ tCO2e 

2017 25,000 4.32 325 
2018 50,000 8.63 650 
2019 75,000 12.95 976 
2020 100,000 17.26 1,301 
2021 100,000 17.26 1,301 
2022 100,000 17.26 1,301 
2023 100,000 17.26 1,301 
2024 100,000 17.26 1,301 
2025 100,000 17.26 1,301 
2026 100,000 17.26 1,301 
2027 100,000 17.26 1,301 
2028 100,000 17.26 1,301 
2029 100,000 17.26 1,301 
2030 100,000 17.26 1,301 
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                           tCO2e= metric ton of carbon dioxide equivalent; TJ=Terajoules 

Finally, to calculate the cost section were considered the data provided by a study of Sagarpa, 
2006 a group of Sefoa´s expert. It was considered the cost of the wheat straw (ton), collection 
(hectare) and transportation to power plant (ton). It was divided component Non-Fuel and Diesel. 
 

Table AFOLU-3-4. Costs of Wheat Straw, collection and transportation 

Year 
Wheat Straw 
Value Cost 

Diesel Fuel 
O&M Costs: 

collec. & trans. 

Non-Fuel O&M 
Cost: collec. & 

trans. 
Wheat straw Total 

cost 

MM$ MM$ MM$ $/ton 

2017 $7.49 $1.26 $6.25 $599.93 
2018 $14.98 $2.53 $12.61 $602.48 
2019 $22.47 $3.83 $19.08 $605.05 
2020 $29.95 $5.15 $25.66 $607.64 
2021 $29.95 $5.20 $25.88 $610.25 
2022 $29.95 $5.24 $26.10 $612.89 
2023 $29.95 $5.29 $26.32 $615.55 
2024 $29.95 $5.33 $26.54 $618.23 
2025 $29.95 $5.38 $26.76 $620.94 
2026 $29.95 $5.42 $26.99 $623.66 
2027 $29.95 $5.47 $27.22 $626.42 
2028 $29.95 $5.51 $27.45 $629.19 
2029 $29.95 $5.56 $27.69 $631.99 
2030 $29.95 $5.61 $27.92 $634.81 

                    MM$= million pesos; $/ton =pesos per metric ton  

Key Assumptions: 

• Mexicali´s farmers burned 85% of the total wheat straw. 15% of the straw is incorporated 
to soil, food for cattle, and other uses.  

• In the Mexicali Valley 3 tons of available wheat straw per hectare is generated.  

• Collection service and transportation of wheat straw will be hired. 

• The power plant will be located within 60km of wheat fields. 

• Costs of power plant facilities were taken from studies for all types of agricultural 
biomass. 

Key Uncertainties 

• The implementation of this policy is considering the support from federal and state 
government and Farmers Associations. 

Additional Benefits and Costs 

• Benefits: 
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o Economics: 
 Job creation. 
 Sales of wheat straw. Most farmers (85%) do not obtain economic benefits 

from the sale of this biomass. 
o Environmental: 

 Decrease emissions from wheat straw burning. 
 Decrease emissions from electricity production. 
 Promote the use of the wheat straw to incorporate into soil: Improving the 

quality of agricultural land. 
o Social: 

 Decrease in public health problems by wheat straw burned.Especially chronic 
respiratory diseases. 

• Costs: 

o Costs to collection and transportation of wheat straw to agricultural area to power 
plant. 

o Costs of facilities of power plant. 
 

Feasibility Issues 

• Willingness of farmers. Some farmers believe that the burning is a necessary activity, 
because it helps to eliminate weeds, diseases and pests. And this practice doesn´t generate 
any cost for them. 

• Installation of power plants in rural areas, near to agricultural lands to avoid 
transportation costs. The power plant should be installed within 20-30 km of where 
biomass is located. 

Status of Group Approval 

Approved. 

Level of Group Support 

Unanimous.  
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AFOLU-4. Bioethanol Production from Crops 

Policy Description 

This policy proposes the production of sweet sorghum (Sorghum bicolor L. Moench) in Mexicali 
Valley to produce bioethanol. Bioethanol generated will be used as a source of biofuel, based on 
a mix, for the purposes of transportation sector in Baja California. AFOLU-4 promotes the use of 
sustainable agricultural practice in sweet sorghum production, as low use of fertilizer and water. 
Furthermore, this new agricultural production represents other option to farmers of Mexicali, 
during the agricultural cycle of spring/summer.  

The production and use of bioethanol as a fuel will lead to a reduction of carbon dioxide (CO2) 
emissions generated by transportation sector, which account for more than half of the total 
greenhouse gas emissions in the State. 

AFOLU 4 includes the calculations of Greenhouse Gasses emissions and costs of 1) sorghum 
cultivation, 2) harvest, 3) the transport of sweet sorghum and 3) biorefinery process. The 
emissions and cost after the biorefinery will be calculate in Policy Transportation and Land Use 
(TLU- 2) -Alternative Fuels: bioethanol and biodiesel-. This policy is the first part of the entire 
analysis. 

Policy Design 

Goals: 

Produce 32,250,000 liters of bioethanol from sweet sorghum to mix with gasoline. 

Timing: 

2017-2025 

Parties Involved: 

Implementing this policy will require the involvement and support of the following agencies:  

Federal: 
2. Secretariat of Agriculture, Livestock, Rural Development, Fisheries and Food (In Spanish 

SAGARPA): 
3. Fideicomiso de Riesgo Compartido (FIRCO) 
4. Fideicomiso Instituidos en Relación con la Agricultura (FIRA) 
5. Financiera Nacional de Desarrollo Agropecuario, Rural, Forestal y Pesquero (Financiera 

Rural) 
 
6. Secretariat of Energy (In Spanish SENER) 
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7. Secretariat of Environment and Natural Resources (In Spanish SEMARNAT) 
8. Petróleos Mexicanos (In Spanish PEMEX) 
9. Research Centers 
State: 
1. Secretariat of Agricultural Development (In Spanish SEFOA) 
2. Secretariat of Environmental Protection (In Spanish SPA) 
3. Secretariat of Economic Development  (In Spanish SEDECO) 
4. Universities of de Baja California 
Local: 
1. Farmers Associations in Mexicali  
2. Civil society, non-governmental organizations 

 
Implementation Mechanisms 

1) Create a statewide program to encourage the production of energy crops to produce bio-
ethanol from sweet sorghum, considering the following: 

a) Give preference to soils with high levels of salinity and sodium. 

b) Implement a guaranteed price for energy crops to make production attractive to farmers. 

c) Installation of autonomous bio-refineries in rural areas near the farms. 

d) Develop training workshops for farmers. 

e) Take advantage of 100% of the bagasse for generate electricity to supply the biorefinery. 

f)  Use the biomass obtained in the biorefinery and sweet sorghum residues (leaves and 
stems) to add to the soil. 

g) Take advantage of 100% of the sorghum bagasse for generate energy to supply the 
biorefinery. Also, used the residual biomass of the biorefinery to add the rest of 
agricultural by-products (leaves and stems) to the soil. 

h) Schedule sowing and harvest times for sorghum in: March (sowing), July (first cut) and 
November (second cut). 

2) Take advantage of the Program of Sustainable Input Production forBioenergy and Scientific 
and Technological Development to get resources for production; and (2) the Program for the 
Introduction of Bioenergy for Installation of Bio-refineries. 

3) Take advantage of regulatory framework for promotion of clean energy (Bank of energy, 
efficient cogeneration, etc.) 
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Related Policies/Programs in Place and Recent Actions 

• Program of Sustainable Input Production for Bioenergy and Scientific and Technological 
Development of the Secretariat of Agriculture, Livestock, Rural Development, Fisheries and 
Food, (SAGARPA). 

• Program of promotion for agriculture 2014: Component of bioenergy and sustainability. 
Sub-Secretariat of Agriculture. Department of Natural Fibers and Biofuels (Federal 
program).  

• Concept: Bioenergy 
• Up to 30% of the cost of the technology package, and up to $ 5, 000,000 (five 

million pesos 00/100 MN) per project. To pilot plants, up to 50% of the project and 
up to $ 20, 000,000 (twenty million pesos 00/100 MN) per project. 

• Program for the Introduction of Bioenergy for Installation of Bio-refineries of the 
Secretariat of Energy (SENER). 

 
Type(s) of GHG Reductions 
 

 
 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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Direct 
Increase in 

GHGs

AFOLU-4. 
Bioethanol
Production
from crops

First stage Second stage Third stage Fourth stage Fifth stage

Increase 
Bioethanol 
Production

Increase 
Feedstock 
Production 

Activity. 
eg: water 

and 
inorganic 
fertilizer.

Increase 
Fuel 

Production 
Energy Use

Increase in 
Energy Use

Direct 
Increase in 

GHGs

Increase in 
Energy 

Demand

Indirect 
Increase 
in GHGs 

from 
Energy 
Supply

Increase in 
Energy Use

 
 

 
Table AFOLU-4-1. Estimated GHG Reductions from AFOLU-4 Applying Direct Emissions 

Factors 

Policy 
No. 

Policy 
Recommendation 

GHG Reductions (MMtCO2e) Net Present 
Value 

2015-2030 
(Million 2012$) 

Cost-
Effectivenes
s 2015-2030 

($/tCO2e) 

Annual Total 
2015-2030 2020 2030 

AFOLU-3 Increase bioethanol 
production  See TLU-2  See TLU-2 See TLU-2 See TLU-2 See TLU-2 

$/tCO2e= pesos per metric ton of carbon dioxide equivalent; GHG=greenhouse gas; MMtCO2= million metric tons of 
carbon dioxide equivalent. 
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2016–
2030 (column five). The cost per tCO2e (column seven) over 2016–2030 is the discounted, net present value of the 
2016–2030 cash flows in millions of pesos (column six) divided by the cumulative MMt of GHG reductions (column 
five). 

Data Sources:  
• Alvarado et al., 2011, "Genotipos de sorgo dulce potenciales para producción de 

bioetanol en el Valle de Mexicali", Investigación y Ciencia, 15-20 pp. Mexicali, B.C. En: 
http://www.redalyc.org/pdf/674/67419879002.pdf 
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• Cai H., et al., 2013, "Life-cycle energy use and greenhouse gas emissions of production 
of bioethanol from sorghum in the United States", Biotechnology for biofuels, 6:141. En: 
http://www.biotechnologyforbiofuels.com/content/pdf/1754-6834-6-141.pdf 

• COCEF/CCS/Gobierno de Baja California, 2010, “Emisiones de gases de efecto 
invernadero en Baja California y proyecciones de casos de referencia 1990-2025”, 
Comisión de Cooperación Ecológica Fronteriza (Cocef), Center for Climate Strategies 
(CCS), Ciudad Juárez Chihuahua. 

• IEA/OECD, 2007, "Biomass for power generation and CHP", IEA energy technology 
essentials, Paris. http://www.iea.org/techno/essentials3.pdf 

• INE/Semarnat, 2012, "Sistema de planeación de alternativas energéticas de largo plazo 
(LEAP): Manual de Capacitación", Instituto Nacional de Ecología/Secretaría de Medio 
Ambiente y Recursos Naturales. 
file:///C:/Users/CarolinaSG/Downloads/2011_Sistema%20de%20planeacion%20de%20al
ternativas%20energeticas%20de%20largo%20plazo%20(LEAP).pdf 

• Intelligent Energy Europe, 2012, "Difusión de un modelo sostenible en la UE para 
producir etanol de 1ra generación a partir de sorgo dulce en plantas descentralizadas", 
Sweethanol, 9na ed. http://www.sweethanol.eu/upload/file/9th%20Newsletter%20SP.pdf 

• IPCC, 2006, "Directrices del IPCC para los inventarios nacionales de gases de efecto 
invernadero”, Volumen 2: Energía, Capítulo 2: Combustión estacionaria, Cuadro 2.2. 
Otra biomasa sólida primaria, en: http://www.ipcc-
nggip.iges.or.jp/public/2006gl/spanish/pdf/2_Volume2/V2_2_Ch2_Stationary_Combusti
on.pdf 

• IPCC, 2006, “Directrices del IPCC de 2006 para los inventarios nacionales de gases de 
efecto invernadero”,  Volumen 2: Energía, Capitulo 3: Combustión móvil, cuadro 3.3.1. 
Factores de emisión por defecto para las fuentes y maquinaria móviles todo terreno, en,  
http://www.ipcc-
nggip.iges.or.jp/public/2006gl/spanish/pdf/2_Volume2/V2_3_Ch3_Mobile_Combustion.
pdf 

• Muñoz et al., 2012, "Baja California: Perfil energético 2010-2020", Comisión Estatal de 
Energía de Baja California, en 
http://www.energiabc.gob.mx/files/public/pdf/PerfilEnergeticoBC2010-2020.pdf 

• Oficina Estatal de Información para el Desarrollo Rural Sustentable (OEIDRUS), 2014, 
“Producción histórica anual del algodón en Mexicali”, Series históricas agrícolas 2003-
2013, Secretaria de Fomento Agropecuario (Sefoa) en http://201.140.167.37/series/ 
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• Sagarpa, 2014, “Programa de Fomento a la agricultura 2014, Componente de bioenergía 
y sustentabilidad”, Subsecretaría de Agricultura-Dirección General de Fibras Naturales y 
Biocombustibles.  
http://firco.gob.mx/componentes_2014/Documents/bioenergia2014/CONVOCATORIA_
BIOENERGIA%20Y%20SUSTENTABILIDAD%202014.pdf+ 

• Secretaría General de Medio Ambiente Rural y Producción ecológica, 2009, "Análisis de 
la eficiencia energética del cultivo del algodón en Andalucía", Consejería de Agricultura 
y Pesca de la Junta de Andalucía, España. En 
http://ws128.juntadeandalucia.es/agriculturaypesca/portal/opencms-
cap/opencms/handle404?exporturi=/agriculturaypesca/portal/export/sites/default/comun/g
alerias/galeriaDescargas/cap/servicio-estadisticas/Estudios-e-informes/desarrollo-rural-
sost/eficiencia_energxtica_algodxn_andalucxa.pdf&exporturi=/agriculturaypesca/portal/e
xport/sites/default/comun/galerias/galeriaDescargas/cap/servicio-estadisticas/Estudios-e-
informes/desarrollo-rural-sost/eficiencia_energxtica_algodxn_andalucxa.pdf 

• Sefoa, 2013, “Estimación de costo de cultivo de la línea de algodón O.I. 2012-2013”, 
Dirección de Asesoría y Acompañamiento técnico, Secretaría de Fomento Agropecuario 
de Baja California (Sefoa).  

• Sefoa, 2013, “Estimación de costo de cultivo de la línea de sorgo grano P.V. 2013”, 
Dirección de Asesoría y Acompañamiento técnico, Secretaría de Fomento Agropecuario 
de Baja California (Sefoa).  

• Sefoa, 2014, “Producción histórica anual del algodón en Mexicali”, Series históricas 
agrícolas 2003-2013,  Oficina Estatal de Información para el Desarrollo Rural 
Sustentable (OEIDRUS), Secretaria de Fomento Agropecuario de Baja California (Sefoa) 
en http://201.140.167.37/series/ 

• Sener/BID/GTZ, 2006, "Potencialidades y viabilidad del uso de bioetanol y biodiesel 
para el transporte en México", México, 
http://www.bioenergeticos.gob.mx/descargas/SENER-BID-GTZ-Biocombustibles-en-
Mexico-Estudio-completo.pdf 

• Smith C., and R. Frederiksen, 2000, "Sorghum: origin, history, technology and 
production", John Wiley and Sons, 811 p., New York. 

Quantification Methods:  

a) Emissions Section 

The goal considered the agricultural capacity of Mexicali Valley. This Analysis focused on 
Greenhouse Gas (GHG) emissions and cost from 1) sorghum & cotton cultivation, 2) harvest, 3) 
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http://ws128.juntadeandalucia.es/agriculturaypesca/portal/opencms-cap/opencms/handle404?exporturi=/agriculturaypesca/portal/export/sites/default/comun/galerias/galeriaDescargas/cap/servicio-estadisticas/Estudios-e-informes/desarrollo-rural-sost/eficiencia_energxtica_algodxn_andalucxa.pdf&exporturi=/agriculturaypesca/portal/export/sites/default/comun/galerias/galeriaDescargas/cap/servicio-estadisticas/Estudios-e-informes/desarrollo-rural-sost/eficiencia_energxtica_algodxn_andalucxa.pdf
http://ws128.juntadeandalucia.es/agriculturaypesca/portal/opencms-cap/opencms/handle404?exporturi=/agriculturaypesca/portal/export/sites/default/comun/galerias/galeriaDescargas/cap/servicio-estadisticas/Estudios-e-informes/desarrollo-rural-sost/eficiencia_energxtica_algodxn_andalucxa.pdf&exporturi=/agriculturaypesca/portal/export/sites/default/comun/galerias/galeriaDescargas/cap/servicio-estadisticas/Estudios-e-informes/desarrollo-rural-sost/eficiencia_energxtica_algodxn_andalucxa.pdf
http://ws128.juntadeandalucia.es/agriculturaypesca/portal/opencms-cap/opencms/handle404?exporturi=/agriculturaypesca/portal/export/sites/default/comun/galerias/galeriaDescargas/cap/servicio-estadisticas/Estudios-e-informes/desarrollo-rural-sost/eficiencia_energxtica_algodxn_andalucxa.pdf&exporturi=/agriculturaypesca/portal/export/sites/default/comun/galerias/galeriaDescargas/cap/servicio-estadisticas/Estudios-e-informes/desarrollo-rural-sost/eficiencia_energxtica_algodxn_andalucxa.pdf
http://ws128.juntadeandalucia.es/agriculturaypesca/portal/opencms-cap/opencms/handle404?exporturi=/agriculturaypesca/portal/export/sites/default/comun/galerias/galeriaDescargas/cap/servicio-estadisticas/Estudios-e-informes/desarrollo-rural-sost/eficiencia_energxtica_algodxn_andalucxa.pdf&exporturi=/agriculturaypesca/portal/export/sites/default/comun/galerias/galeriaDescargas/cap/servicio-estadisticas/Estudios-e-informes/desarrollo-rural-sost/eficiencia_energxtica_algodxn_andalucxa.pdf
http://201.140.167.37/series/
http://www.bioenergeticos.gob.mx/descargas/SENER-BID-GTZ-Biocombustibles-en-Mexico-Estudio-completo.pdf
http://www.bioenergeticos.gob.mx/descargas/SENER-BID-GTZ-Biocombustibles-en-Mexico-Estudio-completo.pdf
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transport and 3) biorefinery process. TLU-2 policy calculates the emissions and costs from the 
mix process and bioethanol combustion. 

Table AFOLU-4-2. Estimated sweet sorghum and bioethanol production 

Year 

Cumulative 
Production 

Capacity 
 Sorghum 

Production Area 

Liters hectares 
2017 3,583,333 484 
2018 7,166,667 968 
2019 10,750,000 1,453 
2020 14,333,333 1,937 
2021 17,916,667 2,421 
2022 21,500,000 2,905 
2023 25,083,333 3,390 
2024 28,666,667 3,874 
2025 32,250,000 4,358 
2026 32,250,000 4,358 
2027 32,250,000 4,358 
2028 32,250,000 4,358 
2029 32,250,000 4,358 
2030 32,250,000 4,358 

 
GHG emissions section includes the Business as Usual for GHG emission from cotton 
production, with data provided by Sefoa, 2014. Then, It was calculated the GHG from sweet 
sorghum agricultural process. This information was obtained of fuel and fertilizer consumptions. 
 

Table AFOLU-4-3. Estimated GHG emissions from cotton and sweet sorghum production 

Year 

Cotton Sweet Sorghum 
Fuel 

Consumption:  
GHG Emissions: 
Diesel & fertilizer  Fuel Consumption:  GHG Emissions: 

Diesel & fertilizer  

TJ Diesel tCO2 TJ Diesel tCO2 
2017 8 866 7 746 
2018 15 1,733 15 1,491 
2019 23 2,599 22 2,237 
2020 31 3,466 29 2,983 
2021 39 4,332 36 3,728 
2022 46 5,199 44 4,474 
2023 54 6,065 51 5,220 
2024 62 6,932 58 5,965 
2025 69 7,798 66 6,711 
2026 69 7,798 66 6,711 
2027 69 7,798 66 6,711 
2028 69 7,798 66 6,711 
2029 69 7,798 66 6,711 
2030 69 7,798 66 6,711 

TJ= Terajoule; tCO2e= metric ton of carbon dioxide equivalent  
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The next step was to calculate the fuel required and their emissions generated from harvest (it 
includes the process of ensilage to preserve the biomass), collection and transport of sweet 
sorghum. 

Table AFOLU-4-4. Energy Consumption from Harvest, Transport, & Biorefinery Process 

Year 

Energy 
Consumption 
from Harvest  

Energy 
consumption from 

transport (field-
biorefinery) 

Energy 
Consumption from  

Biorefinery process: 
Bagasse 

Energy 
consumption from 

transport 
(biorefinery-Pemex) 

TJ diesel TJ diesel TJ electricity & heat TJ diesel 
2017 0.6 0.7 33 0 
2018 1.1 1.4 66 0 
2019 1.7 2.2 99 1 
2020 2.2 2.9 132 1 
2021 2.8 3.6 165 1 
2022 3.3 4.3 198 1 
2023 3.9 5.0 231 1 
2024 4.4 5.8 264 2 
2025 5.0 6.5 297 2 
2026 5.0 6.5 297 2 
2027 5.0 6.5 297 2 
2028 5.0 6.5 297 2 
2029 5.0 6.5 297 2 
2030 5.0 6.5 297 2 

            TJ= Terajoule 

 

Table AFOLU-4-5. Estimated GHG Emissions from Harvest, Transport and Biorefining 
 of Sweet Sorghum 

 

Year 
Emissions 

from harvest 
Emissions from the 

transport (field-
biorefinery) 

Emissions from  
Biorefinery process: 

Bagasse 

Emissions from  the 
transport 

(biorefinery-Pemex) 
tCO2e tCO2e tCO2e tCO2e 

2017 46 60 83 17 
2018 92 121 165 33 
2019 138 179 248 50 
2020 184 239 330 66 
2021 230 299 413 83 
2022 276 358 496 100 
2023 322 419 578 116 
2024 368 478 661 133 
2025 414 538 743 149 
2026 414 538 743 149 
2027 414 538 743 149 
2028 414 538 743 149 
2029 414 538 743 149 
2030 414 538 743 149 

            tCO2e= metric ton of carbon dioxide equivalent 

b) Cost Section 

Finally, the costs were calculated to sorghum & cotton cultivation, 2) harvest, 3) transport and 3) 
biorefinery process. It was divided component non-fuel and diesel, operation and maintenance, 
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and biorefinery installation. Government subsidies to sweet sorghum cultivation and biorefinery 
installation were considered.  
 

Table AFOLU-4-6. Production Costs for Sweet Sorghum 

Year 
Production Cost 

$/tonne 
2017 $288 
2018 $290 
2019 $292 
2020 $294 
2021 $296 
2022 $299 
2023 $301 
2024 $303 
2025 $305 
2026 $307 
2027 $310 
2028 $312 
2029 $314 
2030 $317 

$= pesos; the government subsidy for agricultural production  
was considered until the end of the planning period. 

 
Table AFOLU-4-7. Costs for Biorefining 

Year 
Annualized Capital Costs: 

biorefinery O&M Biorefinery Sales of Excess 
Power 

MM$ MM$ MM$ 
2017 $23 $15 ($1.92) 
2018 $23 $31 ($3.85) 
2019 $23 $46 ($5.77) 
2020 $23 $62 ($7.69) 
2021 $23 $77 ($9.62) 
2022 $23 $92 ($11.5) 
2023 $23 $108 ($13.5) 
2024 $23 $123 ($15.4) 
2025 $23 $139 ($17.3) 
2026 $23 $139 ($17.3) 
2027 $23 $139 ($17.3) 
2028 $23 $139 ($17.3) 
2029 $23 $139 ($17.3) 
2030 $23 $139 ($17.3) 

               MM$= million pesos 

 
Table AFOLU-4-8. Net Bioethanol Production Costs 

Year $/Liter 
2017 $10.59  
2018 $7.90  
2019 $7.12  
2020 $6.75  
2021 $6.55  
2022 $6.44  
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2023 $6.37  
2024 $6.33  
2025 $6.32  
2026 $6.37  
2027 $6.43  
2028 $6.49  
2029 $6.54  
2030 $6.60  

 
Key Assumptions:  

• Cultivation & the transport of biomass: 

o Sorghum yield: 100 tonnes/hectare/year. Two cuts per year (50 tonnes/cut). 

o Minimal use of water and fertilizers. Minimal increase above BAU cotton 
production for cultivating sorghum. 

o Capacity of the truck for transporting bioethanol from the biorefinery to Pemex 
biorefinery: 20,000 liters.  

o Cultivation cost was taken of grain sorghum cost production (Except ensilaje 
process). 

o Financing to the agricultural process: it will finance up to 30% of the agricultural 
process, up to Mx$5,000,000 per project. 

• Biorefinery: 

o The biorefinery will be located within 60 kilometers of sweet sorghum fields. 

o Biorefinery plant capacity: 150 m3/daily, 250 days/year, 86% of their capacity & 
32,250 m3/year. 

o Feedstock cost (Sweet Sorghum): Mx$600.00/ton. 

o Bioethanol yield: 74 liters/ton. 

o Sweet sorghum bagasse will be used to produce the power to biorefinery (heat 
and electricity). 

o Excess Power will be sold to Federal Electricity Commission (In Spanish CFE) or 
to the Industrial Sector. 

o Subsidy to Biorefinery facility: Mx$20,000,000 per plant. 

Key Uncertainties 

• Production yields of sweet sorghum depend on each farmer 

F-33 



Baja California CAP Phase 2 Report     App. F- AFOLU Policy Recommendations 
  December 19, 2014 
 

• Production yields of power depend on the type of system installed. 

• The implementation of this policy is considering the support from federal and state 
government and Farmers Associations. 

• Private initiative and federal and state government will support to fund or subsidize the 
biorefinery.  

Additional Benefits and Costs 

• Benefits: 

o Economic: 
 Job creation. 
 Sales of sweet sorghum. 

o Environmental: 
 Decrease emissions from sweet sorghum cultivation: less fertilizer inorganic 

& water sweet sorghum uses less fertilizer and water than other crops of 
Mexicali. 

 Decrease emissions from bioethanol. 
• Costs: 

o Costs to transport sweet sorghum to agricultural area to biorefinery. 
o Costs of facilities of biorefinery. 

 
Feasibility Issues 

• Willingness of farmers to change their crops. 

• Installation of biorefinery in rural areas, near to agricultural lands to reduce costs for 
transport. The biorefinery should be installed within 60 km of where biomass is located. 
Within Mexicali Valley. 

Status of Group Approval 

Approved. 

Level of Group Support 

Unanimous. 
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AFOLU-5. Livestock Grazing Management  

Policy Description 

In Baja California currently the quantity of head cattle, mainly of bovine, have increased due to 
increase of inhabitants who directly have influence on food demands, principally on the 
consumption of meat and dairy, both kind of nourishment come from bovines which are 
important in the cattle activity of the State.  

Nevertheless, cattle raising has impacts over the environment, data from FAO, 2006, indicate 
that 18% of GHG, in all the world, came from that activity which at the same time affect ground 
and water consumption. 

To reduce environmental impacts of cattle raising on Baja California, a policy with its 
mechanisms is proposed, the main objective is to reduce animal load in order to improve 
damaged ground, avoid erosion and improve vegetation development which was damaged by 
overgrazing in Baja California. 

Policy Design 

Goals:   

1. Limit animal load to 0.03 units (heads of grazing cattle) per hectare. 

2.  Accomplish said reduction in 20 % of all areas (highest priority) in the state by 2016, and 
60% by 2020.   

Timing: 2014-2020  

Parties Involved:   

National Institutions: 

1. SAGARPA 
2. INIFAP 

 
State Institutions: 

1. Municipal Governments 
2. SEFOA 
3. Livestock State Unions. 
4. PROGAN 
5. Environmental Protection Ministry 
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Implementation Mechanisms 

• Establish a diagnosis, in relation to overgrazing, erosion, loss of soil and wáter problem. Said 
diagnosis will identify critical areas with requirements of immediately animal load 
adjustment and establish treatment measures to improve ground conditions damaged by 
overgrazing.  

• Ranchers training about correct ground use. It will impart  with specialized staff on cattle and 
ground  management, the training goal is to guide ranchers on management head cattle on 
grazing land to obtain high weight bye animal head and at the same time using  less surface 
of grazing. It will be supply by SEFOA or SAGARPA-B.C.  

• Legislate to fix animal load on levels that won´t damage soils. This mechanism is in relation  
with the firs, since legislation made should have  as reference and support  the Diagnosis to 
indicate idela animal load to avoid overgrazing problems. 

• Monitoring (Law enforcement). Having exact animal load, cattle authorities will be response 
to check, in base to the Law, that each rancher is using the ideal number of heat cattle on the 
ground.   

Related Policies/Programs in Place and Recent Actions 

• Proyecto Transversal de Apoyo Emergente al Ajuste de la Carga Animal en Agostaderos 
(SAGARPA) 

Causal Chain for GHG Reductions  

The star symbol identifies significant GHG effects that will be quantified.  

 

 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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Table AFOLU-5-1. Estimated GHG Reductions from AFOLU-5 Applying Direct Emissions 

Factors 
 
 
Policy 
No. 

 
 
Policy 
Recommendation 

GHG Reductions (Tg CO2e)  
Net Present 
Value 2015-
2030 (Million 

2012$) 

 
Cost 

Effectiveness 
2015-2030 
($/tCO2e) 

Annual Total 

2020 2030 2014-2030 

 
AFOLU-5 

 
Livestock Grazing 

Management 

 
0.0689 

 
0.11648 

 
1.31 

 
$1,117 

 
$855 

$/tCO2e= pesos per metric ton of carbon dioxide equivalent; GHG=greenhouse gas; TgCO2e= teragrams of carbon 
dioxide equivalent. 
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2016–
2030 (column five). The cost per tCO2e (column seven) over 2016–2030 is the discounted, net present value of the 
2016–2030 cash flows in millions of pesos (column six) divided by the cumulative Tg of GHG reductions (column 
five).  
 
Data Sources 

• Adame S, Oropeza J, Martínez M, Santoyo Vinicio y Ramírez M. Economic Evaluation 
of the Soil Conservation Project in the Texcoc River Basin. Agrociencia, vol 34, num 4, 
Julio-agosto, 2000, pp 5009-521, Colegio de Postgraduados México. 

• Centro Empresarial de Asesoría, S.C. Estimación del Costo de Oportunidad del Uso de 
Suelo Forestal en Ejidos  a Nivel Nacional. Instituto Nacional de Ecología-Dirección 
General de Investigación en Política y Economía Ambiental, 2002. Available at: 
http://www.inecc.gob.mx/descargas/dgipea/costo_opor_cam_uso_suelo_for.pdf. 

• Daniel Chacón Anaya, María Elena Giner, Mario Vázquez Valles, Stephen M. Roe, Juan 
A. Maldonado, Holly Lindquist, Brad Strode, Rachel Anderson, Cristina Quiroz, Jackson 
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Schreiber. Emisiones de gases de efecto invernadero en Baja California y proyecciones 
de casos de referencia 1990-2025, 2010, 1ª. ed.Ciudad Juárez, Chih.: Comisión de 
Cooperación Ecológica Fronteriza, 

• Directrices del IPCC de 2006 para inventarios nacionales de gases efecto invernadero. 
Capitulo 6 Pastizales. Available at: http://www.ipcc-
nggip.iges.or.jp/public/2006gl/spanish/pdf/4_Volume4/V4_06_Ch6_Grassland.pdf. 

• Fideicomiso Instituito en Relación a al Agrícultura (FIRA). Panorama Agroalimentario-
Carne de Bovino 2010. Available at: 
http://www.corraldeengorda.com.mx/download/panorama-bovino-carne-2010.pdf. 

• Gabriela Muñoz, Eliseo Díaz, Hector Campbell and Margarito Quintero. 2012.   Baja 
California: Perfil Energético 2010-2020, Propuesta y Análisis de Indicadores Energéticos 
para el Desarrollo de Prospectivas Estatales. Available at: 
http://www.energiabc.gob.mx/files/public/pdf/PerfilEnergeticoBC2010-2020.pdf. 

• Instituto Nacional de Ecología-Superficie Afectada por Sobrepastoreo. Available at: 
http://www.paot.mx/centro/ine-
semarnat/indicadores05/indicadores04/03_suelos/ficha_3_2.shtml 

• Ortega L y Saldaña R. Producción Pecuaria Sustentable y Ordenamiento Ganadero y 
Apícola PROGAN Productivo.  Secretaria de Agricultura Ganadería Desarrollo Rural 
Pesca y Alimentación-XXXIII Seminario de Economía Agrícola-Mesa 3. La política 
actual de desarrollo del sector Productividad, Asistencialismo y Medio Ambiente, 1 
Octubre 2013. Available at: 
http://www.iiec.unam.mx/sites/www.iiec.unam.mx/files/Presentaci%C3%B3n%20Luis%
20Ortega.pdf 

• Secretaría de Fomento Agropecuario de Baja California, Oficina Estatal de Información 
para el Desarrollo Rural Sustentable. Available at: http://www.oeidrus-
bc.gob.mx/oeidrus_bca/. 

• Secretaría del Medio Ambiente y Recursos Naturales, Compendio de Estadísticas 
Ambientales 2012, Coeficiente de Agostadero por Entidad, availble at: 
http://app1.semarnat.gob.mx/dgeia/Compendio_2012/dgeiawf.semarnat.gob.mx_8080/ibi
_apps/WFServlet77fe.html. 

• Secretaría del Medio Ambiente y Recursos Naturales-Anexo 2. Modelos propuestos para 
la recuperación y conservación forestal en la región I, Península de Baja California, 2007. 
Available at: 
http://www.conafor.gob.mx:8080/documentos/docs/12/0Modelos%20de%20Recuperació
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n%20Forestal%20Propuestos%20para%20la%20Pen%C3%ADnsula%20de%20Baja%20
California.pdf. 

• Tennigkeit Timm and Wilkes Andreas, Las Finanzas del Carbono de los Pastizales una 
Evaluación del Potencial en los pastizales Comunales. Word Agroforestry Centre, 2008. 
Pag 17. Available at: 
http://cmsdata.iucn.org/downloads/microsoft_word___carbon_finance_spanish.pdf. 

 
Quantification Methods: The analysis is divided in two sections emissions and costs. The 
emissions section first calculates the Business as Usual GHG emissions by total annual head 
cattle, in this case was considered enteric fermentation and manure management emissions. The 
second step followed was to estimate the quantity of reduction in emissions that the policy has 
like target; in this case the avoided emissions depend of cattle reduction portion.  

Taking reductions in reference was calculated section costs; mainly costs of grassland improves 
and cattle reductions. The total cost includes capital cost, administrative cost, total cost, avoided 
expenditures and net costs or benefits by apply the policy. 

a) Emissions Section 

Business as Usual GHG emissions  

The Business as Usual emissions for cattle, except dairy cows, is derived as follow: 

• Total cattle, except dairy cows, for each year in Baja California. 

• Enteric fermentation emission factor (Head cattle/CO2e). 

• Manure management Emission factor (Head cattle/CO2e). 

• Total enteric fermentation emission. Multiply total head cattle of each year by Enteric 
Fermentation Emission Factor. 

• Total manure management emission. Multiply total head cattle of each year by Manure 
management emission factor. 

• Total CO2e emissions; add up total manure management emissions and total enteric 
fermentation emissions, final result will be expressed in million tones.  

GHG avoided emission by the policy 

The GHG emissions avoided by the policy are derived as follows: 

• Identify quantity of overgrazing land. 
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• Policy targets. Taking in reference the policy targets, these were distributed in a 
proportional way to obtain the same percentage of reduction year by year. 

• Overgrazing land reduction. Multiply policy targets by quantity of overgrazing land. 

• Cattle reduction. From overgrazing land reduction remove quantity of overcrowding 
cattle. 

• Emissions factor. Enteric fermentation and manure management emissions factor. 

• Total Avoided enteric fermentation emission. Multiply cattle reduction by enteric 
fermentation emission factor. 

• Total avoided manure management emission. Multiply cattle reduction by manure 
management emission factor. 

• Total GHG avoided emissions. Add up total avoided enteric fermentation emission and 
total avoided manure management emission. Te result will be express in million tones. 

• All this method is by year.  

b) Cost Section 

Capital cost 

Capital cost is derived as follow: 

• Capital investment needed to recover damage hectare by overgrazing. 

• Overgrazing land reduction. 

• Capital Cost. Multiply Capital investment by overgrazing land reduction the result is 
capital costs it should be express in million pesos. 

Annualized Capital 

The annualized capital is derived as follow: 

• Capital Recovery Factor which is calculated using interest rate and equipment life in 
years. 

• Multiplying Capital Recovery Factor by Capital Costs of each year the annualized capital 
is obtained. 

• For each year is necessary to add the previous annualized costs.  

Operation and Maintenance Costs 
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The Operation and Maintenance Costs are derived as follow: 

• O&M cost by hectare 

• Total O&M. Multiply O&M cost by number of overgrazing land reduction this result is 
annual and will be in million pesos. 

Avoided Expenditures 

The avoided expenditures are divided as follow: 

• Cattle reduction by year. 

• Cost to produce 1Kg of meat. 

• Average weight of cattle. 

• Avoided expenditures. Multiply cattle reduction by year, cost to produce one kg of meat 
and average weight of cattle. 

Opportunity Costs 

Opportunity cost is derived as follow: 

• Income. Market price of cattle meat multiplied by cattle reduction. 

• Costs. Meat production costs multiplied by cattle reduction. 

• Opportunity costs. Subtract income to costs, result is the income that farmer will lose for 
reduce the number of cattle.   

Total Costs 

The total costs are derived as follow: 

• Add up annualized capital cost, opportunity cost and O&M cost, it is by year through 
2020. 

Net Costs or Benefits 

 The net costs or benefits are derived as follow: 

• Avoided expenditures are subtracted from total costs in each year through 2020 to give a 
net cash flow for each time period. Negative values represent savings for the consumer. 

Net Present Value 

The net present value is derived as follow: 
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• The NPV of this stream of cash flows is calculated using a 5% real discount rate to 
estimate a discounted, lump sum cost (benefit) in $2012 to the state from the program in 
2020 (assuming the relevant 2014–2030 implementation schedule).  

Key assumptions 

• 10% of policy investment will come from Federal Subsidy with PROGRAN as Federal 
program for cattle raising. 

• 90% investment will come from producer. 

• The next table lists the cattle emissions factor assumptions. The direct emission factors 
come from Baja Inventory and Forecast Emisiones de gases de efecto invernadero en 
Baja California y proyecciones de casos de referencia1990-2025. 

 
Table AFOLU-5-2. Emission Factor by Other Cattle in Baja California (tCO2e/head) 

 
Cattle Emission Emission factor (tCO2e/head) 
Other cattle Manure management 0.021 
Other Cattle Enteric fermentation 1.176 

tCO2e/head = Tones of equivalent carbon dioxide per head cattle. 
 

• The baseline cattle population come from Baja Inventory and Forecast Emisiones de 
gases de efecto invernadero en Baja California y proyecciones de casos de 
referencia1990-2020. 

• Next table shows total cattle area and overgrazing area in Baja California. This 
information was taken from INE (Instituto Nacional de Ecología) 

Table AFOLU-5-3. Livestock And Surface Overgrazing by State, 2002 
 

ENTIDAD FEDERATIVA 
SUPERFICIE 

GANADERA SOBREPASTOREO 
Aguascalientes  280 000  4 249 

Baja California 4 700 000  16 316 

Notas:     
1) La información de la superficie ganadera fue revisada en el 2004 por Cotecoca (Comisión Técnica 
Consultiva de Coeficientes de Agostadero, Sagarpa) determinando que no era necesaria su 
modificación. 
2) La superficie con sobrepastoreo fue calculada por la Dirección de Geomática de la DGEIA , a partir 
de la información cartográfica de: Semarnat y CP (2003). 

 
• Rangeland coefficient was taken from SEMARNAT. For Baja California the coefficient 

is 0.029 Head/Ha. 

 

F-42 



Baja California CAP Phase 2 Report     App. F- AFOLU Policy Recommendations 
  December 19, 2014 
 

• Next table shows values used to calculate production and income costs of produce cattle 
meat. The information comes from: Centro Empresarial de Asesoria (Business 
Consulting Center) A.C and FIRA. 

 
Table AFOLU-5-4. Production and Income Costs of Producing Cattle Meat 

 
Concept Value Units 

Animal unit carcass 200 Kg of meat 
Total Cost by meat kg $15.89 Mx $/kg 
Market price of meat $36.99 Mx $/kg 

  
• Investment capital by recovery damage hectares is showed in the next table. The 

information comes from SEMARNAT. 

Table AFOLU-5-5. Ground Recovery Costs 
 

Concept  Price Units 

Adquisición de 22 postes ($51.00 C/U)/Purchase 22 poles $1,122 $/ha 

Adquisición de árboles/ tree purchase  $266 $/ha 
Adquisición de 715 metros lineales de alambre ($.60/mlineal)/wire purchase 
715 meters $429 $/ha 

total/total capital cost $1,817 $/ha 
 

• O & M costs by recovery damage hectares are showed in the next table. The information 
comes from SEMARNAT 

Table AFOLU-5-6. O&M Costs of Recovery Overgrazing Lands 
 

Concepto/Concept  Precio/Price Unidades/Units (pesos $/ha) 
Traslado/move $400 $/ha 
Preparación de pozos y su establecimiento postes/ 
Wells preparation and setting poles $50 $/ha 

Poceta y plantación/well and planting $100 $/ha 

Riego/irrigation $1,090 $/ha 

Colocación de alambre de puas/placing barbed wire $100 $/ha 

Total O&M $1,740 $/ha 
 

• Discount rate used is 5% 
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Feasibility Issues 

• Acceptance of the breeder to reduce number of head cattle.  

• Possible reluctance of legislators. 

• Existence of support programs to advise about adjustment on animal load on grassland.  

Status of Group Approval 

Approved. 

Level of Group Support 

Unanimous. 
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AFOLU-6. Urban Forestry 

Policy Description 

This policy, with its mechanisms, seeks to take advantage of vacant lots found within the cities in 
Baja California, in order to reforest them and increase the surface area of vegetation in the State, 
while at the same time, building green corridors to help connect the cities´ parks and gardens. 

And given that the urban green area per capita in Baja California, is below the recommended 
standards (9 m2 / inhabitant), the correct implementation of the policy proposed will promote 
compliance with these standards. 

Policy Design 

Goals: 

• By 2020, increase area of urban greenery by 100% measured in meters/capita basis.    

• By 2030, increase by 100% the per capita urban greenery accomplished in 2020.   

Timing: 

Begin implementation in 2016. Achieve the full goal by 2030. Assume linear ramp-up between 
2016 and 2020, and then again between 2021 and 2030.  

Parties Involved: 

The implementation of this policy will require the involvement and support of the following 
agencies: 

Federal level: 

1. National Forestry Commission 
2. National Water Commission 
3. Ministry of Environment and Natural Resources 

 
State level: 

1. Public Service Commission 
2. Secretariat of Environmental Protection 
3. State Water Commission 

 
Municipal level 

1. Municipal Urban Development 
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2. Municipal Ecology 
 

Others:   

1. Interamerican Development Bank. 

Implementation Mechanisms 

• Create legislation to set minimum rates of urban per capita.  

• Identify how many of these surfaces can be realistically become a part of the cities´ green 
corridors.  

• Identify species (grasses, trees, plants) with the potential of flourishing in the different 
climate zones within the state.  

• Enable nurseries for production of spices to green corridors. 

Related Policies/Programs in Place and Recent Actions 

• National Forestry Program: It seeks to promote the use of forest resources and associated 
partners, according to the principles of sustainable forestry management in order to 
contribute toward maintaining and increasing the availability of environmental goods and 
services. 

• National Reforestation Program: It aims to reforest, with broad and effective social 
participation, through the use of techniques and species appropriate to the environmental 
conditions of each region for the restoration and conservation of the ecosystems and the 
increase of the country´s forest cover. 

• Green Corridor Program in Mexicali: This program aims to recover, through reforestation, 
land surfaces currently regarded as illegal landfills in Mexicali.   

Causal Chain for GHG Reductions 

The star symbol identifies significant GHG effects that will be quantified.  
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Table AFOLU-6-1. Estimated GHG Reductions from AFOLU-6 Applying Direct Emissions 

Factors 

 
 
Policy 
No. 

 
 
Policy 
Recommendation 

GHG Reductions (Tg CO2e)  
Net Present 
Value 2015-
2030 (Million 

2012$) 

 
Cost 

Effectiveness 
2015-2030 
($/tCO2e) 

Annual Total 

2020 2030 2014-2030 

 
AFOLU-6 

 
Urban Forestry 

 
0.00004 

 
0.00058 

 
0.0031 

 
$17.17 

 
$5,514 

$/tCO2e= pesos per metric ton of carbon dioxide equivalent; GHG=greenhouse gas; TgCO2e= teragrams of carbon 
dioxide equivalent. 
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2016–
2030 (column five). The cost per tCO2e (column seven) over 2016–2030 is the discounted, net present value of the 
2016–2030 cash flows in millions of pesos (column six) divided by the cumulative Tg of GHG reductions (column 
five).  

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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Data Sources  

• Sistema Estatal de Evaluación del Desempeño-Resumen de Indicadores. Available at: 
http://sei.copladebc.gob.mx/consultaciudadana/resumen_indicador.jsp?indicador=ES-
SPA-18&tipografica=2. 

• U.S Forest Service, available at: 
http://www.fs.fed.us/psw/publications/mcpherson/psw_2011_mcph. 

• Meza R and Osuna E. Estudio Dasonométrico del Mezquite en la zona de las Pocitas, 
B.C.S. Instituto Nacional de Investigaciones Forestales, Agrícolas y Pecuarias. Folleto 
científico Número. 3, julio de 2003, avaliable at: http://www.oeidrus-
bcs.gob.mx/Info_dependencias/INIFAP/Publicaciones_archivos/Mezquite%20Pocitas.pd
f. 

• McPherson et al, Western Washington and Oregon Community Tree Guide: Benefits, 
Costs and Strategic Planting. Center for Urban Forest Research, USDA Forest Service, 
Pacific Southwest Research Station. March 2002. Available at: 
http://www.fs.fed.us/psw/programs/uesd/uep/products/cufr_164.pdf. 

•  Diario Oficial de la Federación 25/02/2011. Available at: 
http://dof.gob.mx/nota_detalle.php?codigo=5179472&fecha=25/02/2011. 

• Krishnamurthy L. and Rente José. Áreas Verdes Urbanas en Latinoamérica y el Caribe. 
Centro de Agroforestería para el Desarrollo Sostenible, Universidad Autónoma 
Chapingo, 1998. Available at: 
http://www.rivasdaniel.com/Pdfs/Areas_verdes_LatAmerica.pdf. 

 
Quantification Methods: The analysis is divided in two sections emissions and costs. Emissions 
takes in reference the number of trees planted and the quantity of carbon captured by each one, 
this section also consider avoided emissions for electricity and fuel saved.  

Taking reductions in reference was calculated section costs; mainly costs for plant trees and costs 
for save energy and fuel, this section  includes capital cost, O&M cost, total cost, avoided 
expenditures and net costs or benefits by apply the policy. 

a) Emissions Section 

Carbon sequestration by tree.  

Carbon sequestration is derived as follow: 

• Land area to be forested. Identify quantity State hectares to be cover by trees.   
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• Kind of tree. Identify regional trees suitable for Baja California Climate.  

• Fraction of trees to put on area to be forested. In this case is 50% 

• Number of trees by Hectare. 

• Total number of trees needed for the policy.  Multiply number of trees by hectare times 
land area to be forested, result is total trees needed to accomplish policy. 

• Tree carbon sequestration. In base to age and kind of tree, identify the quantity of carbon 
captured by year. 

• Annual carbon sequestration. Multiply number of trees needed for the policy by tree 
carbon sequestration. Result is teragrams of CO2  each year.   

Saved Energy 

Saved Energy is derived as Follow: 

• Electricity saved by tree for avoided use of cooling system. 

• Total number of trees needed for the policy. 

• Proportion of Potential Energy Benefits Achieved by Trees Planted each Year. 

• Saved Energy. Multiply electricity saved by tree, total number of trees needed for the 
policy and proportion of potential energy benefits achieved by trees planted each year. 
The result is in million pesos 

Fuel Savings 
 
Fuel Savings is derived as follow: 

• Heating savings. Trees provide a house shell in winter and reduce the heating system use, 
here is necessary identify total fuel saved by tree. 

•  Proportion of Potential Energy Benefits Achieved by Trees Planted each Year. 

• Total number of trees needed for the policy. 

• Fuel Savings. Multiply heating savings, proportion of potential energy benefits achieved 
by trees planted each year and total number of trees need for the policy. The result is in 
million pesos. 

Avoided Electricity Emissions 
• Electricity emission factor. 
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• Saved energy. 

• Multiply electricity emission factor by saved energy, the result is avoided electricity 
emission it should be express in million tons for each year. 

Avoided Fuel Emissions 

• Fuel emission factor, in this case was considered Natural Gas. 

• Saved fuel. 

• Multiply fuel emission factor by saved fuel, the result is avoided fuel emission it should 
be in million tons for each year. 

Policy Avoided emissions + carbon sequestration  

• Add up carbon sequestration by tree, avoided electricity emissions and avoided fuel 
emissions, the result is the total CO2e avoided emissions by AFOLU-6. 

b) Cost Section 

Capital cost 

Capital cost is derived as follow: 

• Capital investment needed to install trees on urban lands. 

• Total trees to be planted. 

• Capital Cost. Multiply Capital investment by total trees to be planted, the result is annual 
capital cost for AFOLU-6. 

Annualized Capital 

The annualized capital is derived as follow: 

• Capital Recovery Factor which is calculated using interest rate and finance term in years. 
Here the assumption is that financing comes from 20-year federal bonds. 

• Multiplying Capital Recovery Factor by Capital Costs of each year the annualized capital 
is obtained. 

• For each year is necessary to add the previous annualized costs.  

Operation and Maintenance Costs 

The Operation and Maintenance Costs are derived as follow: 
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• Annual O&M cost by tree 

• Total O&M. Multiply annual O&M cost by number of tree planted by year. 

Avoided Expenditures 

The avoided expenditures are divided as follow: 

• Annual Saved energy. 

• Electricity production cost. 

• Avoided electricity expenditures. Multiply annual saved energy by electricity production 
costs. 

• Annual saved fuel. The fuel avoided in this policy is Natural Gas  

• Annual fuel price. This should be annual price for Natural Gas 

• Avoided fuel expenditures. Multiply annual saved fuel by annual fuel price. 

• Policy avoided expenditures. Add up avoided electricity expenditures and avoided fuel 
expenditures. 

Total Costs 

The total costs are derived as follow: 

• Add up annualized capital cost and O&M cost, it is by year through 2020. 

Net Costs or Benefits 

 The net costs or benefits are derived as follow: 

• Avoided expenditures are subtracted from total costs in each year through 2020 to give a 
net cash flow for each time period. Negative values represent savings for the consumer. 

Net Present Value 

The net present value is derived as follow: 

• The NPV of this stream of cash flows is calculated using a 5% real discount rate to 
estimate a discounted, lump sum cost (benefit) in $2012 to  society from implementation 
of the policy (assuming the relevant 2014–2030 implementation schedule).  

Key assumptions 
 

F-51 



Baja California CAP Phase 2 Report     App. F- AFOLU Policy Recommendations 
  December 19, 2014 
 

• 80% total policy investment will come from Federal programs like “ProÁrbol” or 
“Programa Nacional Forestal” both belonging to CONAFOR (Forestry National 
Commission). 

• 20% total policy investment will come from private sector.   

• The direct average emissions factor for avoided CO2 emissions intensity for electricity is 
0.444 metric tons per megawatt-hour (tCO2e/MWh), and is derived from a consumption 
based carbon dioxide-equivalent (CO2e) forecast for each year divided by MWh 
forecasted sales. This approach includes electricity transmission and distribution (T&D) 
losses in emission intensity. 

• The next table lists the fuel emissions factor assumptions. The direct emission factors 
come from Low Inventory and Forecast Emissions of greenhouse gases in Baja 
California and referencia1990-2025 case projections. 

Table AFOLU-6-2. CO2 Emissions Factor Used in Baja California (kgCO2e/TJ) 
 

Fuel Type CO2 N2O CH4 Total CO2e 

Liquefied Petroleum Gases 63,100 0.1 5 63235 

Natural Gas 56,100 0.1 5 56235 

Solid Biofuels: Wood 112,000 4 300 119500 
kgCO2e/Tj=Kilograms of equivalent carbon dioxide per Terajoules of fuel consumption. 
NOTE: CO2 from wood combustion is biogenic and therefore excluded from total CO2e emissions.  

 
• Next table shows forecasted fuel 2012 prices it come from SENER (Secretaria de 

Energía in Spanish). 

 
Table AFOLU-6-3. Fuel Cost Assumption 

 
Sector  2012 Prices $/Gj)  Electricity ($/MWh)  

 

Natural Gas  LPG Fuel Oil Gasoline 
Residential  $39.93 $232.60 $183.41  $337.49 $650 

$/MWh = dollar per megawatt-hour; $/Gj = Dollar per Gigajoules. 
 

• Forecasted electricity prices come from SENER-Balance Nacional de Energía 2002-
2012. For 2012-2030 was applied a trend to estimate the price in the rest of years. 

 
Table AFOLU-6-4. Tree Characteristics and kinds Used by AFOLU-6 

 
Characteristic Kind 

Med. Deciduous Chilean Mesquite 
Lg. Deciduous Evergreen Ash 
Evergreen Aleppo pine. 
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Table AFOLU-6-5. The Characteristic and Fraction of Trees to be Planted 
 

Area Tree Fraction 
Urban Built-Up Plantings Med. Deciduous Plantings 33% 

Lg. Deciduous Plantings 33% 
Evergreen Plantings 34% 

Peri-Urban Strategic Plantings Med. Deciduous Plantings 20% 
Lg. Deciduous Plantings 20% 
Evergreen Plantings 60% 

Other Peri-Urban Plantings Med. Deciduous Plantings 20% 
Lg. Deciduous Plantings 20% 
Evergreen Plantings 60% 

   
Table AFOLU-6-6. Carbon Sequestration Growth Effect Based on Tree Age 
 

Tree Type; Model Species 

CO2 Sequestration Benefit (lb CO2/tree-yr) 

Yr 1-5 Yr 6-10 Yr 11-15 Yr 16-20 Yr 21-25 Yr 26-30 Yr 31-35 

Med Deciduous; Chilean Mesquite 0 4 9.1 15.6 23.5 32.7 43.2 

Lg. Deciduous; Evergreen Ash 1.5 4.2 8.8 15.8 25.6 38.8 55.8 

Evergreen; Aleppo Pine 0 12 32 50 60 61 53 

Weighted Avg based on Planting Assumptions 

Peri-Urban Strategic 0.15 10.42 27.39 43.14 52.91 55.95 52.3 

Peri-Urban Other 0.15 10.42 27.39 43.14 52.91 55.95 52.3 

Urban Built-Up 0.495 6.786 16.787 27.362 36.603 44.335 50.69 

% of Full Sequestration Potential: Urban Built-Up 0.0045454 0.062314 0.1541505 0.2512580 0.3361157 0.4071166 0.4654729 

 

Table AFOLU-6-7. Annual Electricity and Fuel Savings by Tree 

Saves type Annual Quantity Units 

Electricity Saving (cooling) 68.6 kWh/tree-yr 

Natural Gas (heating savings) 0.033284 GJ/tree-yr 

 

• Next table shows energy savings and costs variables by plantation area and kind of tree. 

Table AFOLU-6-8.  Energy Savings and Cost Variables Derivation 
 

 
Med. Deciduous Lg. Deciduous Evergreen 

 

Energy Savings or Cost Variable 
Chilean Mesquite Evergreen Ash Aleppo Pine Weighted 

Average 
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Energy Savings 
Cooling savings (kWh/tree-yr) 151 279 32 68.6 

Heating savings (MMBtu/tree-yr) -0.0045 -0.0015 0.04 0.0314 

Capital and Maintenance Costs 

Maintenance costs Peri-urban 
Strategic (2007 $/tree/yr) 

 
$                     33.04  

 
$                33.04  

 
$             33.04  

 
$               33.04  

Maintenance costs Other Peri-urban 
(2004 $/tree/yr) 

 
$                     33.04  

 
$                33.04  

 
$             33.04  

 
$               33.04  

Maintenance costs Urban Built-
UpCore (2007 $/tree/yr) 

 
$                     33.04  

 
$                33.04  

 
$             33.04  

 
$               33.04  

Peri-urban Strategic planting & 
establishment (pesos 2007) 

 
$                     73.65  

 
$                73.65  

 
$             73.65  

 
$               73.65  

Peri-Urban Other: planting and 
establishment (pesos 2007) 

 
$                     73.65  

 
$                73.65  

 
$             73.65  

 
$               73.65  

Urban Built-Up planting & 
establishment (2007 $/tree) 

 
$                     73.65  

 
$                73.65  

 
$             73.65  

 
$               73.65  

 
Feasibility Issues 

• Enough founding to improve corridors. 

• Lack of trained technicians in urban forestry and green corridors. 

Key Uncertainties 

None identified. 

Additional Benefits and Costs 

None identified. 

Status of Group Approval 

Approved. 

Level of Group Support 

Unanimous. 
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Appendix G 
Waste Management Policy Recommendations  

 

These policy option recommendations and analyses are a product of decisions by members of the 
Baja California Climate Action Plan (CAP) Panel of Experts (PE) and Local Project Manager 
(LPM) developed through training and technical assistance by The Center for Climate Strategies 
(CCS). Following review of the Phase 1 work and subsequent policy prioritization efforts by the 
Secretaria de Proteccion al Ambiente (SPA), PE members and the LPM selected these policies 
as priorities for initial development and analysis in the CAP with informal input from technical 
workgroup members and the SPA. With CCS training and technical assistance, PE members 
developed the policy option templates, including policy design parameters (timing, level of effort, 
coverage of parties, implementation mechanisms), and analysis choices (best available data 
sources, methods, and assumptions), and then produced a direct impact (microeconomic) 
analysis for each policy. The results of these analyses were compiled by CCS at a stand alone 
and integrated level to construct individual and total impacts for the CAP that provided inputs to 
the indirect (macroeconomic) impacts covered in Chapter 9. 
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"Stand-Alone" Analysis 

Polic
y ID# Policy Name 

Total Reductions Base Year 2012$ 

Annual CO2e 
Reductions 

2030 
Cumulativ

e 

NPV  
2014-
2030 

Cost 
Effectiveness 

2020 
Tg 

2030 
Tg TgCO2e $Million  $/tCO2e 

WM-1 Landfill Gas Management 0.27 0.32 3.9 $258 $66.68 
WM-2 Indirect Potable Water Re-Use 0.025 0.035 0.43 $226 $532 
WM-3 Water Reclamation 0.04 0.07 0.76 $415 $545 

WM-4 Biodiesel Production 
N/A; This is a renewable fuel supply policy; results are 

exported for integration with the demand-side policy, TLU-2 
Totals 0.34 0.43 5 $383 $76 

a WM-4 Reductions and costs have been integrated with TLU-2 and are included there.     
  

 
Intra-Sector Interactions & Overlaps Adjustments 

Policy 
ID# Policy Name 

Level of Intra-Sector Overlap 
Total Reductions Base Year 2012$ 

Annual CO2e 
Reductions 

2030 
Cumulative 

NPV 2014-
2030 

Cost 
Effectiveness 

2020 Tg 2030 Tg TgCO2e $Million  $/tCO2e 

WM-1 Landfill Gas Management 0.00 0.00 0.00 $0.00 $0.00 
WM-2 Indirect Potable Water Re-Use 0.00 0.00 0.00 $0.00 $0.00 
WM-3 Water Reclamation 0.00 0.00 0.00 $0.00 $0.00 

WM-4 Biodiesel Production 
N/A; This is a renewable fuel supply policy; results are exported for 

integration with the demand-side policy, TLU-2 
Total After Intra-Sector Interactions 

/Overlap 0.34 0.43 5.06 $383 $76 
Description of Interaction or Overlap: 
WM-1 No intra-sector policy interactions or overlaps were identified; electricity generated will be used to serve 
on-site/local needs, not provided to the grid. 
WM-2 No intra-sector policy interactions or overlaps were identified. 
WM-3 No intra-sector policy interactions or overlaps were identified. 
WM-4 Reductions and costs have been integrated with TLU-2 and are included there. 
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WM-1. Landfill Gas Management  

Policy Description 

This policy seeks to capture methane (CH4) from landfills of Tijuana (1), Mexicali (1) and 
Ensenada (1) to generate electricity with connection into the public grid run by the Federal 
Electricity Commission (CFE in Spanish).   

The capture of methane helps to reduce methane emissions from landfills that contribute to 
global climate change; offset the use of non-renewable resources, such as oil, coal, and natural 
gas; and provide revenues for landfills and energy cost saving for users off Landfill Gas energy 
help. In addition the electricity produced is considered to be carbon neutral.  

Policy Design 

Goals:   

Take advantage methane of Tijuana, Mexicali and Ensenada Landfills to generate 53,872 MWh 
annually. 

Timing:   

Achieve full implementation by 2025 

Parties Involved:   

Implementing this policy will require the involvement and support of the following agencies and 
organizations:  

Federal Institutions: 

1. Federal Electricity Commission (CFE) 
 
State Institutions: 

1. Secretariat of Environmental Protection (SPA) 
2. State Energy Commission (CEE) 

Local Institutions: 
1. Municipal Government of Tijuana, Mexicali and Ensenada 
2. Border Environment Cooperation Commission (BECC)  
3. North American Development Bank (BDAN) 
4. Promotora Ambiental: Grupo PASA (company that collects and provides solid waste 

in Baja California) 
5. Clean Development Mechanisms (Technical assistance) 
6. EPA-Landfill Methane Outreach (assistance program) Technology adviser 
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7. Jersey del Noroeste, S.A. de C.V. (Local Dairy Company) 
 

Implementation Mechanisms 

1. Building and strengthening the capacity of municipal governments in Ensenada, Mexicali 
and Tijuana. 

2. Installation of landfill gas (LFG) extraction wells and collection systems at each landfills. 
The number of extraction wells installed per landfill will depend on: 1) landfill size, 2) 
how long the waste has been in place, 3) depth, and 4) quantity and composition of the 
waste deposited. 

3. Distribution and marketing of 53,872 MWh of electric power generated by methane from 
LFG (biogas). 

4. Take advantage of the regulatory framework of the promotion of clean energy. 

Related Policies/Programs in Place and Recent Actions 

• Iniciativa Global del Metano (IGM) Asociación Voluntaria. 

Type(s) of GHG Reductions 

The star symbol identifies significant GHG effects that will be quantified.  
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Reduced 
Landfill CH4

Emissions

WM-1. 
Landfill Gas 
Management

First stage Second stage Third stage Fourth stage

Increase 
Landfill Gas 
Collection & 
Energy Use

Increased 
CH4 Energy 
Production

Offset Grid-
Based 

Electricity 
Production

Indirect 
GHG 

Reductions 
from Power 

Plants

Direct N2O 
and CH4

from 
Landfill Gas 
Combustion

 

 

Table WM-1-1. Estimated Net GH Reductions and Costs or Cost Saving from WM-1 
Applying Direct Emissions Factors 

 

Policy 
No. Policy Recommendation 

GHG Reductions (MMtCO2e) Net Present 
Value 

2017-2030 
(Million 2012$) 

Cost-
Effectivenes
s 2017-2030 

($/tCO2e) 

Annual Total 
2017-2030 2020 2030 

WM-1 

Take advantage of 
methane from 
landfills of Baja 
California 

0.27 0.32 3.87 258 7 

$/tCO2e= pesos per metric ton of carbon dioxide equivalent; GHG=greenhouse gas; MMtCO2= million metric tons of 
carbon dioxide equivalent. 
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2017–
2030 (column five). The cost per tCO2e (column seven) over 2017–2030 is the discounted, net present value of the 
2017–2030 cash flows in millions of pesos (column six) divided by the cumulative MMt of GHG reductions (column 
five). 

Data Sources:  

• COCEF-CCS-Gobierno de Baja California, 2010, “Emisiones de gases de efecto 
invernadero en Baja California y proyecciones de casos de referencia 1990-2025”, 
Comisión de Cooperación Ecológica Fronteriza (Cocef), Center for Climate Strategies 
(CCS), Ciudad Juárez Chihuahua. 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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• EPA, N/D, “LFG energy Project development handbook”, Chapter 1: Landfill Gas 
Energy Basics. United States Environmental Protection Agency (EPA). En: 
http://www.epa.gov/lmop/documents/pdfs/pdh_chapter1.pdf 

• EPA, 2011, “LFG Energy Handbook; Case Study: Electricity 2”, Landfill Methane 
Outreach Program, United States Environmental Protection Agency (EPA).  

• Air Liquide, 2014, “Gas Encyclopedia”, Standard conversion, en: 
http://encyclopedia.airliquide.com/Encyclopedia.asp?GasID=41 

Quantification Methods:  

The goal (53,872 MWh) was defined considered the capacity, years of operation and daily 
quantity of waste disposed in the Landfill of Tijuana (Santa Alicia), Mexicali (Located at Km 25 
of Federal Highway Mexicali-San Felipe) y Ensenada operated by Promotora Ambiental. The 
analysis was divided in two sectors, emissions and costs.  

a) Emissions section 

First were taken the Greenhouse Gas (GHG) Emissions of the Business as Usual (BAU) from 
Inventory and Forecast for Baja California, solid waste landfill section. Then, it estimated the 
emissions from three landfills addressed to this policy with the data provided by directors of 
landfills. 

Table WM-1-2. Estimated GHG reductions 

Year 

All Landfills 
(Least CH4 of 
Verde Valle) 

Direct Landfill CH4 
Collection & 
Destruction 

tCO2e tCO2e 
2017 16,331.00 1,764.00 
2018 16,445.12 3,528.00 
2019 16,761.49 5,292.00 
2020 16,833.37 7,056.00 
2021 16,736.36 7,056.00 
2022 16,976.35 7,056.00 
2023 17,090.90 7,056.00 
2024 17,098.40 7,056.00 
2025 17,216.63 7,056.00 
2026 17,519.66 7,056.00 
2027 17,759.86 7,056.00 
2028 17,912.61 7,056.00 
2029 18,114.05 7,056.00 
2030 18,343.10 7,056.00 

tCO2e= metric ton of carbon dioxide equivalent; Valle Verde landfill takes advantage the methane.  
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The next step was to calculate the power production in these three landfills, the installed capacity 
and avoided Green Gas emissions. 

Table WM-1-3. Estimated power generation and GHG generated 

Year 

Electricity 
Production 

Electricity 
Production -

Installed 
Capacity- 

Avoided GHG 
emissions from 

landfills 
Total In-State Net Change in GHGs 

MWh MW tCO2 tCO2e 
2017 13,152.50 1.77 -7,305.11 -75,974.78 
2018 27,694.27 3.72 -15,203.94 -159,939.74 
2019 43,525.39 5.85 -23,626.94 -251,315.96 
2020 45,439.57 6.1 -24,397.41 -262,317.82 
2021 47,262.54 6.35 -25,162.90 -272,847.00 
2022 49,007.07 6.58 -25,881.55 -282,926.73 
2023 50,704.08 6.81 -26,571.38 -292,735.75 
2024 52,321.76 7.03 -27,217.11 -302,090.56 
2025 53,872.82 7.24 -27,826.81 -311,064.69 
2026 53,872.82 7.24 -26,837.83 -310,185.81 
2027 53,872.82 7.24 -27,012.47 -310,415.06 
2028 53,872.82 7.24 -26,837.39 -310,385.68 
2029 53,872.82 7.24 -26,671.23 -310,354.39 
2030 53,872.82 7.24 -26,507.73 -310,315.10 

     MWh= Mega Watt/hour; tCO2e= metric ton of carbon dioxide equivalent 

b) Cost section 

Costs sections were divided in initial capital cost of the different power system, their operation & 
maintenance, and avoided cost to power production. The value of the Carbon credit was not 
considered for this analysis. 

Table WM-1-4. Costs of power plant & electricity generated 

Year 
Annualized Initial 

Capital Costs 
Operations & 
Maintenance  

Value of 
Electricity 

MM$ MM$ MM$ 
2017 $7.7 $7.8 -$8.1 
2018 $16 $17.0 -$17 
2019 $26 $27.7 -$27 
2020 $27 $29.9 -$28 
2021 $28 $32.1 -$29 
2022 $29 $34.4 -$30 
2023 $30 $36.7 -$31 
2024 $48 $39.0 -$32 
2025 $41 $41.4 -$33 
2026 $33 $42.6 -$33 
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2027 $24 $43.8 -$33 
2028 $22 $45.0 -$33 
2029 $21 $46.1 -$33 
2030 $20 $47.3 -$33 

                             MM$= million pesos 

Key Assumptions:  

• It considered three landfills operated by promotora ambiental. 

• Landfills years of life: 20 years. 

• Landfill Gas Collection Efficiency: 75%  

• LFGTE Capacity Factor: 0.85 

• The value of the Carbon credit was not considered for this analysis. 

• The power generated from each project will be used to serve on-site or local needs, not 
provided to the grid.  

Key Uncertainties 

• Production yields of power depend on the type of system installed. 

• The implementation of this policy is considering the support from federal, state and 
municipal government, and private initiative. 

• If instead of serving local electrical needs, the power generated is to feed to the grid; then 
additional inter-connection costs would apply. However, this power could also contribute 
toward renewable portfolio standard (RPS) goals in the ES sector. This aspect has not 
been considered in the current analysis.  

Additional Benefits and Costs 

• Benefits: 

o Economics: 
 Job creation. 

o Environmental: 
 Decrease methane emissions. 
 Decrease emissions from electricity production. 

• Costs: 

o Costs of facilities of power plant. 
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Feasibility Issues 

•  Acceptance on behalf of municipal governments. 

• Power plant cost. 

Status of Group Approval 

Approved. 

Level of Group Support 

Unanimous.   
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WM-2. Indirect Potable Water Re-Use  

Policy Description 

This policy establishes the use and management of indirectly treated wastewater in Tijuana, 
through injection to current supply sources, mainly to the local dam, with the intention of 
reducing the municipality´s water demand, which represents a savings in both energy and supply 
costs. 

It is worth mentioning that the reduction in the demand for drinking water from the 
municipalities will not affect supply to the population because this will be compensated with 
treated water generated in the State. 

Policy Design 

Goals:   

• Accomplish a 15% supply of water from indirect potable reuse. 

Timing:  

 2014-2020 

Parties Involved:   

Federal Institutions  

1. Secretariat of Environment and Natural Resources 
2. National Water Commission  
3. BANOBRAS  (National Bank for Public Works and Services) 

State Institutions 

1. Secretariat of Infrastructure and Urban Development for the State 
2. Secretariat for Environmental Protection of B.C. 
3. State Water Commission 
4. State Commissions for Public Works in B.C.  
5. Municipal Governments 

Binational Institutions 

1. BECC- NADBANK, IBWC 
Foreign Institutions 

1. EPA 
2. Japanese Bank- JBIC 
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Implementation Mechanisms 

The mechanisms for implementing this policy are the following:  

• Equip current water supply sources for indirect drinking water reuse (Abelardo L. Rodriguez 
Dam). 

• Build infrastructure for water transfer from the treatment plants to the current  supply sources. 
• Monitor compliance with official Mexican standards (NOM-003-SEMARNAT-1996) for 

water quality. 
 

Related Policies/Programs in Place and Recent Actions 

There is no program or policy that fosters Indirect Potable Water Re-Use to date. 

Causal Chain for GHG Reductions 

The star symbol identifies significant GHG effects that will be quantified. 

 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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Table WM-2-1. Estimated Net GH Reductions and Costs or Cost Saving from WM-2 
Applying Direct Emissions Factors 

 
 

 

Policy 
No. 

 

 

Policy 
Recommendation 

GHG Reductions (Tg CO2e)  

Net Present 
Value 2016-
2030 (Million 
2012$) 

 

Cost 
Effectiveness 
2016-2030 
($/tCO2e) 

Annual Total 

2020 2030 2016-2030 

 

WM-2 

 

Indirect Potable Water 
Reuse  

 

0.025 

 

.035 

 

0.425 

 

-$238 

 

-$560 

$/tCO2e= pesos per metric ton of carbon dioxide equivalent; GHG=greenhouse gas; TgCO2e= teragrams of carbon 
dioxide equivalent. 
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2016–
2030 (column five). The cost per tCO2e (column seven) over 2016–2030 is the discounted, net present value of the 
2016–2030 cash flows in millions of pesos (column six) divided by the cumulative Tg of GHG reductions (column 
five). 
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Data Sources 

• Comisión Estatal de Servicios Públicos de Tijuana. II Congreso Nacional de Servicios 
Públicos, 2012. Pag 12. Available at: 
http://www.iclei.org.mx/web/uploads/assets//Presentaciones_Tijuana/CESPT-
agua_y_alcantarillado-Juan_M_Tamayo.pdf. 

• Comision Estatal del Agua de Baja California, Informe Mensual junio 2013. Available at:  
http://www.cea.gob.mx/indicadores.html 

• Gabriela Muñoz, Eliseo Díaz, Hector Campbell and Margarito Quintero. 2012.   Baja 
California: Perfil Energético 2010-2020, Propuesta y Análisis de Indicadores Energéticos 
para el Desarrollo de Prospectivas Estatales. Available at: 
http://www.energiabc.gob.mx/files/public/pdf/PerfilEnergeticoBC2010-2020.pdf. 

• Ramírez Ramón and Mendoza Leopoldo, Factibilidad Financiera del reúso de aguas 
residuales tratadas en Tijuana, Baja California, bajo mecanismos del mercado: el caso del 
proyecto Monte de los Olivos. Ingeniería Hidráulica en México/julio-septiembre de2004, 
pag 3. Available at: https://www.google.com.mx/webhp?sourceid=chrome-
instant&ion=1&espv=2&ie=UTF-
8#q=factibilidad%20financiera%20del%20reuso%20de%20aguas%20residuales%20trata
das%20en%20Tijuana. 

Quantification Methods: The analysis is divided in two sections emissions and costs. First 
emissions section calculates Business as Usual for GHG emission coming from pumping and 
water treatment, electricity consumption emissions was considered for this policy. In this section 
second step followed was to estimate the quantity of reduction in emissions that the policy has 
like target; avoided emissions will be focused on electricity consumption used by water supply to 
Tijuana.  

Taking reductions in reference was calculated section costs; mainly avoided electricity costs by 
pumping and treatment water. The total cost includes capital cost, administrative cost, total cost, 
avoided expenditures and net costs or benefits by apply the policy. 

a) Emissions section 

GHG emissions for Business as Usual   

The Business as Usual emissions of Water Supply to Tijuana is derived as follows: 
• For each year. The total electricity (MWh) consumption by water supply to Tijuana 

(including pumping and water treatment). This information was obtained from Comision 
Estatal del Agua (CEA). 

• For each year. Electricity emissions factor which includes T&D losses (tCO2e/MWh).  
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• Multiplying electricity emission factor by total electricity consumption is obtained BAU 
GHG by supply water. The result is CO2e tones this value will be expressed in millions of 
tones. 

GHG emissions avoided by the policy 

The GHG emissions avoided by the policy are derived as follows: 

• For each year. Total Water pumping to Supply Tijuana. 

• Percentage of reduction. Taking in reference the policy reduction targets, these were 
distributed in a proportional way to obtain the same reduction percentage year by year. 
WM-2 policy target is 15% reduction of water supply by pumping. 

• Reduction of water supply. Multiply total water pumping to supply Tijuana by percentage 
of reduction. 

• Pumping Energy intensity. 

• Pumping electricity saved. Multiply reduction of water supply by pumping energy 
intensity  

• Total Electricity Saved. This is pumping electricity saved.   

• GHGs avoided by the policy. Multiply total saved electricity value by avoided electricity 
emission factor the result is GHG avoided this should be expressed in CO2e million tons 
for each year. 

b) Costs section 

Capital cost 

• Total monetary investment. To calculate capital cost was necessary to get total monetary 
investment of facilities and equipment needed for the policy. 

• Annual capital cost. Divide total monetary investment by total implementation years of 
policy. The result will be capital cost  

• Capital cost by year. The annual capital cost result will be cost for each year of policy 
implementation. 

Annualized Capital 

The annualized capital is derived as follow: 
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• Capital Recovery Factor which is calculated using interest rate and equipment life in 
years. 

• Multiplying Capital Recovery Factor by Capital Costs of each year the annualized capital 
is obtained. 

For each year is necessary to add the previous annualized costs 

Operation and Maintenance Costs 

The Operation and Maintenance Costs are derived as follow: 

• In this case O&M costs won´t be counted because it is covered by existing resources 
from municipal water system (CESPT)  

Administrative Cost 

Administrative costs also are included in the costs of WM-2, these costs are about evaluation, 
marketing and outreach, and it is derived as follow: 

• The administrative costs are a percentage of capital costs, policy assumption is 15%, that 
percentage is multiplied times the quantity of capital cost by each year. 

Avoided Expenditures 

The avoided expenditures are derived as follow: 

• Electricity price for Tijuana public convenience ($/MWh). 

• Electricity saved by pumping. Multiply pumping electricity saved by Electricity price for 
Tijuana public convenience. It should be express in million pesos. 

• Avoided expenditures are total annual electricity saved by pumping. 

• Calculation is for each year. 

Total Costs 

The total costs are derived as follow: 

• Annualized capital, O&M costs and Administrative costs are added to obtain total cost 
for each. 

Net Costs or Benefits 

The net costs or benefits are derived as follow: 
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• Avoided expenditures are subtracted from total costs in each to give a net cash flow for 
each time period. Negative values represent savings for society. 

Net Present Value 

The net present value is derived as follow: 

• The NPV of this stream of cash flows from 2014-2030 is calculated using a 5% real 
discount rate to estimate a discounted, lump sum societal cost (benefit) in $2012 
(assuming the relevant 2014–2030 implementation schedule).  

Key assumptions 
 

• 30% policy investment will come from CESP (Public Services State Commission).  

• 40% policy investment will come from CONAGUA (Water National Comission) 

• 20%  policy investment sources will come from  international institutions like BNDAN 
and EPA which have programs like “Fondo de Infraestructura Ambiental Fronteriza”by 
La Corporación Financiera de América del Norte S.A de C.V A. (COFIDAN) or  
“Programas de Asistencia para Desarrollo de Proyectos” by Environmental Protection 
Agency (EPA). 

• 10% policy investment will come from bank debt. 

• Policy implementation need follow NOM-003 code. 

• WM-2 is addressed to Tijuana 

• Reservoir will be “Abelardo Rodriguez” dam. 

• Interest rate apply in this policy is 5%. 

• Treatment plan will be Monte de los Olivos which supply treated water to Abelardo 
Rodriguez dam. 

• The direct average emissions factor for avoided CO2 emissions intensity for electricity is 
0.444 metric tons per megawatt-hour (tCO2e/MWh), and is derived from a consumption 
based carbon dioxide-equivalent (CO2e) forecast for each year divided by MWh 
forecasted sales. This approach includes electricity transmission and distribution (T&D) 
losses in emission intensity. 
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• The baseline energy consumption forecast is derived from Baja Inventory and Forecast 
Emisiones de gases de efecto invernadero en Baja California y proyecciones de casos de 
referencia1990-2020. 

• Energy intensity was taken from Comisión Estatal del Agua, 2012, next table shows 
values 

Table WM-2-2. Energy Intensity Values 
 

Energy Intensity 

Energy Intensity by 
pumping Energy intensity by  

water treatment 

Energy Intensity by 
water potabilization 

kWh/m3 KWh/m3 KWh/m3 

3.81 0.35 0.2420 
 

• Next table shows 2012 prices for water supply electricity consumption and O&M costs 
of pumping, this information comes from Comisión Estatal del Agua (CEA, 2013).  

 
Table WM-2-3. Electricity Price and Cost Assumption 

 
Activity 2012 Prices  

Price $/kWh 

Pumping $1.05 

Water treatment  $1.05 

O&M by Pumping (Cost)  ($/m3) $5.02 
$/MWh = pesos per megawatt-hour; $/m3 = pesos per cubic meter. 

 
• Exchange rate used is $13.31 

• Costs for reduce water pumping in Tijuana were taken in reference to Factibilidad 
Financiera del reúso de aguas residuales tratadas en Tijuana, Baja California, bajo 
mecanismos del mercado: el caso del proyecto Monte de los Olivos. (Financial 
Feasibility of reuse of treated wastewater in Tijuana, Baja California, under market 
mechanisms: the case of the Mount of Olives project.) The costs in pesos are showed in 
the next chart. 

Table WM-2-4. Total Investment to Indirect Potable Water Re-use 
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 Total Investment to Indirect Potable Water Re-use.  

Total (Pesos 13.31 * Dólar) $         28,098,059 
 

• Operation and Maintenance Costs is a portion of capital this portion is 2%. 

• Administrative Cost also going to be considered among the costs of policy 
implementation, this cost is a capital costs fraction which is 15% for all years. The 15% is 
a typical value that can cover administrative costs. 

Table WM-2-5. Administrative Cost of Replacing Pumping Water 

Fixed Costs  

Replace 
pumping water 

Percentage 
All Years 15% 

• Useful life of equipment is 20 year it was taken in reference to 
https://www.google.com.mx/webhp?sourceid=chrome-instant&ion=1&espv=2&ie=UTF-
8#q=factibilidad%20financiera%20del%20reuso%20de%20aguas%20residuales%20trata
das%20en%20Tijuana. 

Key Uncertainties 

None identified. 

Additional Benefits and Costs 

None identified. 

Feasibility Issues 

• Public Opinion (Acceptance)  

• Identify agency responsible for counting and identifying consumption, supplies and 
infrastructure.  

Status of Group Approval 

Approved. 
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Level of Group Support 

Unanimous.  
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WM-3. Water Reclamation  

Policy Description 

This policy proposes the use of treated wastewater for irrigation of urban green areas, thereby 
saving on total water consumption and costs, while at the same time preserving the cities´ green 
spaces and conserving the population´s drinking water supply. 

In order to comply with this policy, a wastewater irrigation systems network must be put in place 
exclusively to distribute treated wastewater to urban green areas in Baja California. It will be 
crucial to monitor the quality of the water being distributed, through constant surveillance efforts 
to ensure compliance with the NOM-003-SEMARNAT-1996 (Official Mexican Standard-003, 
issued by SEMARNAT in 1966). 

Policy Design 

Goals:   

• Apply 35% of treated wastewater for urban greenery irrigation 

Timing:  

• 2014 – 2020; achieve the full goal by 2020 with a linear ramp-up from 2014 - 2020  

Parties Involved:   

Implementing this policy will require the involvement and support of the following agencies:  

Federal Institutions: 

1. Secretariat of Environment and Natural Resources.   
2. National Water Commission.  
 

State Institutions: 
3. State Secretariat of Infrastructure and Urban Development   
4. Secretariat of Environmental Protection of Baja California.   
5. State Water Commission. 
6. State Public Works Commissions of Baja California 
7. City Governments 
 

Implementation Mechanisms 

• Ensure compliance with NOM-003. 
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Related Policies/Programs in Place and Recent Actions 

• Proyecto Morado en Tijuana (Tijuana´s “Purple Project” is a treated waste water reclamation 
project). 

• In the state´s capital, in Mexicali, the State Commission for Public Works operates a waste 
water treatment plant with capacity for treating 15 liters per second.  The treated water is 
utilized for irrigating street medians as well as gardens outside industrial parks and store 
fronts. 

Causal Chain for GHG Reductions 

The star symbol identifies significant GHG effects that will be quantified.  

 

 

 

 

 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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Table WM-3-1. Estimated GHG Reductions from WM-3 Applying Direct Emissions Factors 
 

 

Policy 
No. 

 

 

Policy 
Recommendation 

GHG Reductions (MMtCO2e)  

Net Present 
Value 2014-
2030 (Million 
2012$) 

 

Cost 
Effectiveness 
2014-2030 
($/tCO2e) 

Annual Total 

2020 2030 2014-2030 

 

WM-3 

 

Water Reclamation 

 

0.04 

 

0.07 

 

0.761 

 

-$415 

 

-$545 

$/tCO2e= pesos per metric ton of carbon dioxide equivalent; GHG=greenhouse gas; TgCO2e= teragrams of carbon 
dioxide equivalent. 
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2016–
2030 (column five). The cost per tCO2e (column seven) over 2016–2030 is the discounted, net present value of the 
2016–2030 cash flows in millions of pesos (column six) divided by the cumulative Tg of GHG reductions (column 
five). 

Data Sources 
• Comisión Estatal de Servicios Públicos de Tijuana. II Congreso Nacional de Servicios 

Públicos, 2012. Pag 12. Available at: 
http://www.iclei.org.mx/web/uploads/assets//Presentaciones_Tijuana/CESPT-
agua_y_alcantarillado-Juan_M_Tamayo.pdf. 

• Comision Estatal del Agua de Baja California, Informe Mensual junio 2013. Available at:  
http://www.cea.gob.mx/indicadores.html. 

• Gabriela Muñoz, Eliseo Díaz, Hector Campbell and Margarito Quintero. 2012.   Baja 
California: Perfil Energético 2010-2020, Propuesta y Análisis de Indicadores Energéticos 
para el Desarrollo de Prospectivas Estatales. Available at: 
http://www.energiabc.gob.mx/files/public/pdf/PerfilEnergeticoBC2010-2020.pdf. 

• González Rebeca, Mercado Potenciales y Beneficios del Uso de Agua Residual tratada en 
la ciudad de Tijuana, Baja California. Tijuana 2012. Tesis de Maestría, El Colegio de la 
Frontera Norte. Available at: http://www.colef.mx/posgrado/wp-
content/uploads/2014/03/Tesis-completa-González-Rebeca.pdf. 

• Ramírez Ramón and Mendoza Leopoldo, Factibilidad Financiera del reúso de aguas 
residuales tratadas en Tijuana, Baja California, bajo mecanismos del mercado: el caso del 
proyecto Monte de los Olivos. Ingeniería Hidráulica en México/julio-septiembre de2004, 
pag 3. Available at: https://www.google.com.mx/webhp?sourceid=chrome-
instant&ion=1&espv=2&ie=UTF-
8#q=factibilidad%20financiera%20del%20reuso%20de%20aguas%20residuales%20trata
das%20en%20Tijuana.  
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Quantification Methods: The analysis is divided in two sections emissions and costs. First 
emissions section calculates Business as Usual for GHG coming from water pumping and 
treatment. In this section second step followed was to estimate the quantity of CO2e reduction in 
base to policy targets; avoided emissions will be focused on electricity consumption reductions.  

For societal costs, net cost components were mainly avoided electricity and some capital costs 
for reclaimed water infrastructure. Cost includes capital cost, administrative cost, total cost, 
avoided energy expenditures and net costs/benefits by applying the policy. 

a) Emissions section 

GHG emissions for Business as Usual   

The Business as Usual emissions of Water Supply to Tijuana is derived as follows: 

• For each year. The total electricity consumption (MWh) by water supply to Tijuana 
(including pumping and water treatment). This information was obtained from Comision 
Estatal del Agua (CEA). 

• For each year. Electricity emissions factor which includes T&D losses (tCO2e/MWh).  

• Multiplying electricity emission factor by total electricity consumption is obtained BAU 
GHG by supply water. The result is CO2e tones this value will be expressed in millions of 
tones. 

GHG emission avoided by the policy 

The GHG emissions avoided by the policy are derived as follows: 

• For each year. Total treated water. 

• Reused quantity of treated water. 

• Available treated water for the policy. Subtract reused quantity of water treated and total 
treated water. 

• Percentage of applicability. Taking in reference the policy reduction targets, these were 
distributed in a proportional way to obtain the same reduction percentage year by year. 
WM-3 policy target is 35% of available treated water used to irrigate green areas. 

• Cumulative percentage of applicability. Add up percentage of applicability form previous 
year. 

• Reduction of potable water pumped. Multiply available treated water for the policy by 
cumulative percentage of applicability. 
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• Pumping energy intensity, potabilisation energy intensity and water treatment energy 
intensity. 

• Pumping electricity saved. Multiply reduction of potable water consumption by pumping 
energy intensity  

• Potabilisation Electricity Saved.  Multiply reduction of potable water pumped by 
potabilisation energy intensity. 

• Electricity Saved. Add up Saved Electricity by pumping and saved electricity by water 
potabilisation.  

• Electricity Emission Factor. 

• GHG avoided by the policy. Multiply total saved electricity value by electricity emission 
factor; the result is GHG avoided; this should be expressed in CO2e teragrams for each 
year. 

• Electricity Consumption for use of reclaimed water. Multiply reduction of water pumped 
by water treatment  energy intensity. 

• GHG emissions by the policy. Multiply electricity consumption for use of reclaimed 
water by electricity emission factor. 

• Total GHG emissions avoided by the policy. Subtract  GHG emissions by the policy from 
GHG avoided by the policy.   

b) Cost Section 
Capital cost 

• Total monetary investment. To calculate capital cost was necessary to get total monetary 
investment of facilities and equipment needed for the policy. 

• Annual capital cost. Divide total monetary investment by total implementation years of 
policy. The result will be capital cost  

• Capital cost by year. The annual capital cost result will be cost for each year of policy 
implementation. 

Annualized Capital 

The annualized capital is derived as follow: 

• Capital Recovery Factor which is calculated using interest rate and equipment life in 
years. 
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• Multiplying Capital Recovery Factor by Capital Costs of each year the annualized capital 
is obtained. 

For each year is necessary to add the previous annualized costs 

Operation and Maintenance Costs non-energy 

The Operation and Maintenance Costs non-energy are derived as follow: 

• Operation and Maintenance Costs non-energy is a portion of Annualized Capital, that 
fraction is 2% (split in 1.72% for energy and 0.28% non-energy). For each year, 
annualized capital is multiplied by non-energy fraction (0.28%) and the result is 
Operation and Maintenance non-energy Cost for specific year. 

Administrative Cost 

Administrative costs also are included in the costs of WM-3, these costs are about evaluation, 
marketing and outreach, and it is derived as follow: 

• The administrative costs are a percentage of annualized capital costs, policy assumption 
is 15%, that percentage is multiplied times the quantity of capital cost by each year. 

Avoided Expenditures 

The avoided expenditures are derived as follow: 

• Pumping Electricity price ($/MWh) and pumping O&M cost ($/m3). 

• Electricity saved by pumping. Multiply pumping electricity saved by pumping electricity 
price. It should be express in million pesos. 

• Saved pumping O&M non-energy cost: Multiply times reduction of water supply by 
pumping O&M non energy costs. It should be express in million pesos. 

• Avoided expenditures. Add up Electricity saved by pumping and saved pumping O&M 
cost. 

• Calculation is for each year. 

Total Costs 

The total costs are derived as follow: 

• Annualized capital, O&M costs and Administrative costs are added to obtain total cost 
for each. 

Net Costs or Benefits 
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 The net costs or benefits are derived as follow: 

• Avoided expenditures are subtracted from total costs to give a net cash flow for each 
time period. Negative values represent savings for the consumer. 

Net Present Value 

The net present value is derived as follow: 

The NPV of this stream of cash flows from 2014-2030 is calculated using a 5% real discount rate 
to estimate a discounted, lump sum societal cost (benefit) in $2012 (assuming the relevant 2014–
2030 implementation schedule).  

Key assumptions 
 

• 60% policy investment will come from CONAGUA (Water National Commission) 
trough program: “Programa de Agua Potable Alcantarillado  y Saneamiento en zonas 
Urbanas (APAZU)” 

• 35%  policy investment sources will come from  international institutions like BNDAN 
and EPA which have programs like “Fondo de Infraestructura Ambiental Fronteriza”by 
La Corporación Financiera de América del Norte S.A de C.V A. (COFIDAN) or  
“Programas de Asistencia para Desarrollo de Proyectos” by Environmental Protection 
Agency (EPA). 

• 5% policy investment will come from private sector. 

• Policy implementation need follow NOM-003 code. 

• WM-3 is addressed to Tijuana 

• Interest rate apply in this policy is 5%. 

• Treatment plan will be Monte de los Olivos which supply treated water to green areas off 
Tijuana. 

• The direct average emissions factor for avoided CO2 emissions intensity for electricity is 
0.444metric tons per megawatt-hour (tCO2e/MWh), and is derived from a consumption 
based carbon dioxide-equivalent (CO2e) forecast for each year divided by MWh 
forecasted sales. This approach includes electricity transmission and distribution (T&D) 
losses in emission intensity. 
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• The baseline energy consumption forecast is derived from Baja Inventory and Forecast 
Emisiones de gases de efecto invernadero en Baja California y proyecciones de casos de 
referencia1990-2020. 

• Energy intensity was taken from Comisión Estatal del Agua, 2012, next table shows 
values. 

Table WM-3-2. Energy Intensity Values 
 

Energy Intensity 

Energy Intensity by 
pumping Energy intensity by  

water treatment 

Energy Intensity by 
water potabilization 

kWh/m3 kWh/m3 KWh/m3 

3.81 0.35 0.24 
 

• Next table shows 2012 prices for water supply electricity consumption and O&M costs 
of pumping, this information comes from Comisión Estatal del Agua(CEA, 2013).  

 
TableWM-3-3. Electricity Price and Cost Assumption 

 
Activity 2012 Prices 

Price $/kWh 

Pumping $1.05 

Water treatment  $1.05 

O&M by Pumping (Cost)  ($/m3) $5.02 
$/MWh = pesos per megawatt-hour; $/m3 = pesos per cubic meter. 

 
• Exchange rate used is $MX13.31/$US 

• Costs were taken in reference to Mercado Potenciales y Beneficios del Uso de Agua 
Residual tratada en la ciudad de Tijuana, Baja California. Tijuana 2012, pag 39. The 
costs in pesos are showed in the next chart. 

Table WM-3-4. Repumping Conduction Line from Water Treatment Plant to Abelardo 
dam 

Concept Units 
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Expense (l/s) 30 

Cost L (Dollar) $          36,931,422.38 

Sub total (Dollar) $          36,931,422.38 

Adjust (Dollar) $          12,925,997.83 

Total (Dollar) $          49,857,420.21 

Total (Pesos 13.31 * Dollar) $         663,602,263 
 

• Operation and Maintenance non-energy Costs is a portion of annualized capital this 
portion is 0.3%. 

• Administrative Cost also going to be considered among the costs of policy 
implementation, this cost is an annualized capital costs fraction which is 15% for all 
years. The 15% is a typical value that can cover administrative costs. 

Table WM-3-5. Administrative Cost to Replace Pumping Water 

Fixed Costs  

Replace 
pumping water 
Percentage 

All Years 15% 

• Useful life of equipment is 20 year it was taken in reference to: 
https://www.google.com.mx/webhp?sourceid=chrome-instant&ion=1&espv=2&ie=UTF-
8#q=factibilidad%20financiera%20del%20reuso%20de%20aguas%20residuales%20trata
das%20en%20Tijuana. 

Key Uncertainties 

None identified. 

Additional Benefits and Costs 

None identified. 
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Feasibility Issues 

• Financial Source. 

• Public Opinion (Acceptance). 

• Authorities’ commitment to remain working this policy. 

• Identify surface to be irrigate. 

• Increasing prices of equipment and material. 

• Little disposal of the people to help in care green areas. 

• Change of government which makes difficult to develop the policy totally. 

Status of Group Approval 

Approved 

Level of Group Support 

Unanimous.  
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WM-4. Biodiesel Production from Waste 

Policy Description 

This policy aims to take advantage of the Waste Vegetable Oil (WVO) from the restaurant sector 
to produce biodiesel for a 2% blend (B2) for use in the Baja California´s transportation sector. 
Considering the restaurant sector of Baja California could be generated 10, 000, 000 liter of 
WVO per year. 

The implementation of this policy will help reduce the use of diesel as well as the emissions of 
fossil-based carbon dioxide (CO2), nitrous oxide (N2O) and methane (CH4) generated as a result 
of fossil fuel production and consumption. At the same time, compliance with this policy will 
promote the use of biofuels in the State, and gradually increase mixtures (B10, B20 and B80, 
B100) from this, as well as from other available waste sources.   

WM-4 is the first part of the entire analysis (production-side). It includes the calculations of 
greenhouse gas emissions and costs from biodiesel production. The emissions and cost after the 
biorefinery will be calculated in policy TLU- 2 -Alternative Fuels: bioethanol and biodiesel.  

Policy Design 

Goals:   

• Collect 5,000,000 liters, annually, of waste vegetable oil from the restaurant sector within 
the State to produce biodiesel for use in Baja California´s transportation sector.  

Timing:   

2017- 2025.  

Parties Involved:   

Implementing this policy will require the involvement and support of the following agencies:   

Federal Institutions: 

1. Secretariat of Energy  (SENER) 
2. Mexican Petroleum (Petróleos Mexicanos, PEMEX) 

 

State Institutions: 

1. Secretariat of Agricultural Development  (SEFOA) 
2. Secretariat of Environmental Protection  (SPA) 
3. Secretariat of Economic Development  (SEDECO) 

Other: 
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1. Border Environmental Cooperation Commission  (BECC) 
2. North American Development Bank (NADBANK) 
3. Public transportation system  
4. State educational institutions. 

Implementation Mechanisms 

1. Locate collection sites for the residual vegetable oil.  

2. Install a biodiesel production pilot plant. 

3. Install a certified laboratory to monitor biodiesel quality. 

4. Create a statewide program for the collection and use of residual vegetable oil for 
biodiesel production. 

5. Analyze the costs of the entire production process. 

6. State government and private initiative will support this proposal. 

Related Policies/Programs in Place and Recent Actions 

• There are no related programs or policies to date 

Type(s) of GHG Reductions 

The star symbol identifies significant GHG effects that will be quantified.  

 

 

Box Indicates Direct GHG Reduction
Box Indicates Indirect GHG Reduction

Box Indicates Direct GHG Increase
Box Indicates Indirect GHG Increase
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WM-4. 
Biodiesel 

Production 
from Waste 
Vegetable 

Oil (WVO)

Increase 
Biodiesel 

Production

First stage Second stage Third stage Fourth stage Fifth stage

Indirect 
Decrease in 
GHGs from 

Energy 
Supply

Increase 
energy 

consumption 
during 
process 

Decrease 
Fossil Diesel 
Combustion

Decrease 
Fossil Diesel 

Demand

Direct 
Reductions of 

CO2, CH4, 
N2O

Increase in 
Energy Use

Direct 
Increase in 

GHGs

Increase in 
Energy 

Demand

Indirect 
Increase in 
GHGs from 

Energy 
Supply

Increase in 
energy to 
collect the 

WVO

Decrease in 
Energy 

Consumption 
during 

Wastewater 
Treatment

Direct 
Decrease in 
GHGs from 
Wastewater 
treatment

 

Table WM-4-1. Estimated GHG Reductions and Costs or Cost Saving from WM4 Applying 
Direct Emissions Factors 

 

Policy 
No. Policy Recommendation 

GHG Reductions (MMtCO2e) Net Present 
Value 

2017-2030 
(Million 2012$) 

Cost-
Effectivenes
s 2017-2030 

($/tCO2e) 

Annual Total 
2017-2030 2020 2030 

WM-4 

Take advantage of Waste 
Vegetable Oil from 
restaurant sector of Baja 
California 

See TLU-2 See TLU-2 See TLU-2 See TLU-2 See TLU-2 

$/tCO2e= pesos per metric ton of carbon dioxide equivalent; GHG=greenhouse gas; MMtCO2= million metric tons of 
carbon dioxide equivalent. 
Note: GHG reductions are calculated for each year (columns three and four above) and the cumulative for 2017–
2030 (column five). The cost per tCO2e (column seven) over 2017–2030 is the discounted, net present value of the 
2017–2030 cash flows in millions of pesos (column six) divided by the cumulative MMt of GHG reductions (column 
five). 
 
Data Sources:  

• ASTM International, ASTM D6751, 
http://www.nrel.gov/vehiclesandfuels/pdfs/43672.pdf 

• COCEF-CCS-Gobierno de Baja California, 2010, “Emisiones de gases de efecto 
invernadero en Baja California y proyecciones de casos de referencia 1990-2025”, 
Comisión de Cooperación Ecológica Fronteriza (Cocef), Center for Climate Strategies 
(CCS), Ciudad Juárez Chihuahua. 
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• González et al., n/d, "Estudio de pre factibilidad para la instalación de una planta 
productora de biodiesel B20", Universidad Autónoma Metropolitana, Tesis. 
http://148.206.53.84/tesiuami/UAMI13018.pdf 

• IPCC, 2006, "Guidelines for National GHG Inventories", Vol. 2 Energy, Chapter 2: 
Stationary Combustion, Table 2.2. Gas/Diesel oil. http://www.ipcc-
nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_2_Ch2_Stationary_Combustion.pdf 

• Isuzu, 2010, "Comparativo gasto de combustible ELF400,500 y 600", 
http://www.isuzubajio.com/informacion/02b-diesel-gasolina.html 

• Isuzu: lista de precios de 2013. 
http://www.isuzuvallejo.com.mx/s_seccion39000/html/elementocatn1.exr?Clave_Elemen
to=59&Clave_Categoria=107&N=0 

• Isuzu, 2013, MANTENIMIENTOS PREVENTIVOS ISUZU ELF 400 , 450/500, 600, 
http://www.grupo-central.com.mx/MntoPrev_ELF400_450_500_600.pdf 

• Larosa R., N/D, "Proceso para la producción de Biodiesel (Metilester o esteres metílicos 
de ácidos grasos", 
http://www.inia.org.uy/gras/cc_cg/biocombustibles/r_larosa_prod_biodiesel.pdf 

• Lazcano I., 2006, "Agricultural aspects and sources for biodiesel production" en 
Sener/BID/GTZ, "Potencialidades y viabilidad del uso de bioetanol y biodiesel para el 
transporte en México", México, en: 
http://www.bioenergeticos.gob.mx/descargas/SENER-BID-GTZ-Biocombustibles-en-
Mexico-Estudio-completo.pdf 

• Leiva C., 2011, “Subproductos generados en el proceso de producción de biodiesel a 
partir de aceite de tempate”, Editorial Universidad Francisco Gavidia, El Salvador. 

• Lovera, 2011, "Estado del arte y novedades de la bioenergía en el Paraguay", Oficina 
Regional para América Latina y el Caribe-RLC. 
http://www.fao.org/docrep/019/as414s/as414s.pdf 

• STPS/CNSM, 2014, Salarios mínimo, 1ro de enero de 2014, Secretaría del Trabajo y 
previsión social (STPS)/Comisión Nacional de los salarios mínimos (CNSM), México. 

• Talebian-Kiakalaieh, 2013, "A review on novel processes of biodiesel production from 
waste cooking oil", Applied Energy, 104, pp. 683-710. 
http://www.academia.edu/4750935/A_review_on_novel_processes_of_biodiesel_product
ion_from_waste_cooking_oil# 
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• Montero et al., 2009, "Biodiesel: Una opción para recuperar energía de aceites vegetales 
residuales y grasas bovinas", Red de Ingenieria en Saneamiento ambiental, en 
http://www.redisa.uji.es/artSim2009/TratamientoYValorizacion/Biodiesel_una%20opci%
C3%B3n%20para%20recuperar%20energ%C3%ADa%20de%20acietes%20vegetales%2
0residuales%20y%20grasas%20bovinas.pdf 

Quantification Methods:  

The goal was defined considered the estimates of Waste Vegetable Oil (WVO) generated in Baja 
California from restaurant sector. First, the collected amount of WVO was calculated. 

Table WM-4-2. WVO collected  

Year 

Waste Vegetable 
Oil (WVO) 
Collected 

Annual Biodiesel 
Production 

Liters Liters 
2017 555,556 500,000 
2018 1,111,111 1,000,000 
2019 1,666,667 1,500,000 
2020 2,222,222 2,000,000 
2021 2,777,778 2,500,000 
2022 3,333,333 3,000,000 
2023 3,888,889 3,500,000 
2024 4,444,444 4,000,000 
2025 5,000,000 4,500,000 
2026 5,000,000 4,500,000 
2027 5,000,000 4,500,000 
2028 5,000,000 4,500,000 
2029 5,000,000 4,500,000 
2030 5,000,000 4,500,000 

 
The analysis was divided in two sectors, emissions and costs.  
 
a) Emissions section 

There is no information of the production and use of biodiesel from Waste Vegetable Oil used in 
the Baja California transportation sector. Hence, it did not consider the estimates the Greenhouse 
Gas (GHG) Emissions of the Business as Usual (BAU).  
The next step was to calculate the consumption of fuel and power from WVO collection and 
process production of biodiesel; it included the use of methanol (CH3-OH). Finally, it estimated 
the GHG Emissions from these activities. 

Table WM-4-3. Estimated Power Consumption and GHG Emissions 

Year 
Energy 

consumption 
from WVO 

Energy consumption 
from process: Plant  

Energy consumption 
from process: Plant  Total emissions 

G-88 

http://www.redisa.uji.es/artSim2009/TratamientoYValorizacion/Biodiesel_una%20opci%C3%B3n%20para%20recuperar%20energ%C3%ADa%20de%20acietes%20vegetales%20residuales%20y%20grasas%20bovinas.pdf
http://www.redisa.uji.es/artSim2009/TratamientoYValorizacion/Biodiesel_una%20opci%C3%B3n%20para%20recuperar%20energ%C3%ADa%20de%20acietes%20vegetales%20residuales%20y%20grasas%20bovinas.pdf
http://www.redisa.uji.es/artSim2009/TratamientoYValorizacion/Biodiesel_una%20opci%C3%B3n%20para%20recuperar%20energ%C3%ADa%20de%20acietes%20vegetales%20residuales%20y%20grasas%20bovinas.pdf


Baja CAP Phase 2 Report     App. G- WM Policy Recommendations 
  December 19, 2014 
 
 

collection 

TJ Diesel MWh (Electricity) TJ (Natural Gas) tCO2e/TJ 
2017 0.3 19 1 12 
2018 0.3 38 2 9 
2019 0.4 57 3 8 
2020 0.4 76 4 7 
2021 0.9 95 5 7 
2022 0.9 114 6 7 
2023 0.9 132 7 6 
2024 0.9 151 8 6 
2025 0.9 170 9 6 
2026 0.9 170 9 5 
2027 0.9 170 9 5 
2028 0.9 170 9 5 
2029 0.9 170 9 5 
2030 0.9 170 9 5 

     MWh= Megawatt-hour; TJ= Terajoule; tCO2e= metric ton of carbon dioxide equivalent 

 

b) Cost Section 

Costs sections were divided in initial capital cost of the different power system, their operation & 
maintenance, chemical feedstock, collection and transportations of WVO. 

Table WM-4-4. Production Costs 
 

Year 
Feedstock Value Glycerol sale Total Policy Cost Net Production 

Costs 

MM$ MM$ MM$ $/L 
2017 $1 ($0.08) $10.24 $20 
2018 $3 ($0.16) $12.32 $12 
2019 $5 ($0.24) $14.40 $9 
2020 $7 ($0.32) $16.49 $8 
2021 $9 ($0.40) $19.48 $7 
2022 $10 ($0.48) $21.56 $7 
2023 $12 ($0.56) $23.65 $6 
2024 $14 ($0.64) $25.74 $6 
2025 $16 ($0.73) $27.95 $6 
2026 $16 ($0.73) $27.44 $6 
2027 $16 ($0.73) $27.63 $6 
2028 $16 ($0.73) $27.65 $6 
2029 $16 ($0.73) $27.66 $6 
2030 $16 ($0.73) $27.68 $6 

              MM$= million pesos; $= pesos; L= Liters 

Key Assumptions:  
• Cost of WVO: Mx$3.25/liter. 
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• Installation of two plants of biodiesel: Tijuana & Mexicali (the plant of Tijuana will 
include zone of Rosarito and Tecate). 

• Technology: Oscillatory flow reactor. 

• Biodiesel yields: 90%. 

• Crude Glycerol production: 0.00009 tonnes/liter. 

• Glycerol produced will be sold: $1,638.00/tonne. 

• Recovery of chemical feedstock.  

• This analysis did not consider the avoided emissions from wastewater treatment. 

Key Uncertainties 

• Production yields of power depend on the type of system installed. 

• State government and private initiative will support the plant cost. 

• Strategies routes for collection of WVO. 

Additional Benefits and Costs 

• Benefits: 

o Economic: 
 Job creation. 
 Sales of Waste Vegetable Oil. 

o Environmental: 
 Decrease emissions from diesel combustion. 
 Decrease emissions from wastewater treatment. 

• Costs: 

o Costs to transport WVO. 
o Costs of facilities of biorefinery. 

 
Feasibility Issues 

•  Acceptance of restaurant sector to provide its WVO. 

• Power plant cost. 
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Status of Group Approval 

Approved. 
 
Level of Group Support 

Unanimous. 
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Appendix H 
Macro-economic Analysis of Policy 

Recommendations 
 

These policy option recommendations and analyses are a product of decisions by members of the 
Baja California Climate Action Plan (CAP) Panel of Experts (PE) and Local Project Manager 
(LPM) developed through training and technical assistance by The Center for Climate Strategies 
(CCS). Following review of the Phase 1 work and subsequent policy prioritization efforts by the 
Secretaria de Proteccion al Ambiente (SPA), PE members and the LPM selected these policies 
as priorities for initial development and analysis in the CAP with informal input from technical 
workgroup members and the SPA. With CCS training and technical assistance, PE members 
developed the policy option templates, including policy design parameters (timing, level of effort, 
coverage of parties, implementation mechanisms), and analysis choices (best available data 
sources, methods, and assumptions), and then produced a direct impact (microeconomic) 
analysis for each policy. The results of these analyses were compiled by CCS at a stand alone 
and integrated level to construct individual and total impacts for the CAP that provided inputs to 
the indirect (macroeconomic) impacts covered in Chapter 9. 
 
For the macroeconomic analysis, PE members prepared the stand-alone macro analysis for 
selected policies while CCS prepared them for the balance of policies, and CCS prepared the 
integrated macro analysis for all policies. 
 

Description of the REMI PI+ Model 

REMI PI+ is a structural economic forecasting and policy analysis model. It integrates input-
output, computable general equilibrium, econometric and economic geography methodologies. 
The model is dynamic, with forecasts and simulations generated on an annual basis and 
behavioral responses to wage, price, and other economic factors. 
The REMI model consists of thousands of simultaneous equations with a structure that is 
relatively straightforward. The exact number of equations used varies depending on the extent of 
industry, demographic, demand, and other detail in the model. The overall structure of the model 
can be summarized in five major blocks: (1) Output and Demand, (2) Labor and Capital Demand, 
(3) Population and Labor Supply, (4) Compensation, Prices, and Costs, and (5) Market Shares. 
The blocks and their key interactions are shown in Figures H1 and H2. 
The Output and Demand block includes output, demand, consumption, investment, government 
spending, import, product access, and export concepts. Output for each industry is determined by 
industry demand in a given region and its trade with the US market, and international imports 
and exports. For each industry, demand is determined by the amount of output, consumption,  

Figure H1.  REMI Model Linkages (Excluding Economic Geography Linkages) 
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Source: REMI, 2014 

 
investment, and capital demand on that industry. Consumption depends on real disposable 
income per capita, relative prices, differential income elasticities and population. Input 
productivity depends on access to inputs because the larger the choice set of inputs, the more 
likely that the input with the specific characteristics required for the job will be formed. In the 
capital stock adjustment process, investment occurs to fill the difference between optimal and 
actual capital stock for residential, non-residential, and equipment investment. Government 
spending changes are determined by changes in the population. 
The Labor and Capital Demand block includes the determination of labor productivity, labor 
intensity and the optimal capital stocks. Industry-specific labor productivity depends on the 
availability of workers with differentiated skills for the occupations used in each industry. The 
occupational labor supply and commuting costs determine firms’ access to a specialized labor 
force. 
Labor intensity is determined by the cost of labor relative to the other factor inputs, capital and 
fuel. Demand for capital is driven by the optimal capital stock equation for both non-residential 
capital and equipment. Optimal capital stock for each industry depends on the relative cost of 
labor and capital, and the employment weighted by capital use for each industry. Employment in 
private industries is determined by the value added and employment per unit of value added in 
each industry. 
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The Population and Labor Supply block includes detailed demographic information about the 
region. Population data is given for age and gender, with birth and survival rates for each group. 
The size and labor force participation rate of each group determines the labor supply. These 
participation rates respond to changes in employment relative to the potential labor force and to 
changes in the real after tax compensation rate. Migration includes retirement, military, 
international and economic migration. Economic migration is determined by the relative real 
after tax compensation rate, relative employment opportunity and consumer access to variety. 
The Compensation, Prices, and Costs block includes delivered prices, production costs, 
equipment cost, the consumption deflator, consumer prices, the price of housing, and the wage 
equation. Economic geography concepts account for the productivity and price effects of access 
to specialized labor, goods and services. 
These prices measure the value of the industry output, taking into account the access to 
production locations. This access is important due to the specialization of production that takes 
place within each industry, and because transportation and transaction costs associated with 
distance are significant. Composite prices for each industry are then calculated based on the 
production costs of supplying regions, the effective distance to these regions, and the index of 
access to the variety of output in the industry relative to the access by other uses of the product. 
The cost of production for each industry is determined by cost of labor, capital, fuel and 
intermediate inputs. Labor costs reflect a productivity adjustment to account for access to 
specialized labor, as well as underlying compensation rates. Capital costs include costs of non-
residential structures and equipment, while fuel costs incorporate electricity, natural gas and 
residual fuels. 
The consumption deflator converts industry prices to prices for consumption commodities. For 
potential migrants, the consumer price is additionally calculated to include housing prices. 
Housing price changes from their initial level depend on changes in income and population 
density. Regional employee compensation changes are due to changes in labor demand and 
supply conditions, and changes in the national compensation rate. Changes in employment 
opportunities relative to the labor force and occupational demand change determine 
compensation rates by industry. 
The Market Shares equations measure the proportion of local and export markets that are 
captured by each industry. These depend on relative production costs, the estimated price 
elasticity of demand, and effective distance between the home region and each of the other 
regions. The change in share of a specific area in any region depends on changes in its delivered 
price and the quantity it produces compared with the same factors for competitors in that market. 
The share of local and external markets then drives the exports from and imports to the home 
economy. 
As shown in Figure A2, the Labor and Capital Demand block includes labor intensity and 
productivity, as well as demand for labor and capital. Labor force participation rate and 
migration equations are in the Population and Labor Supply block. The Compensation, Prices, 
and Costs block includes composite prices, determinants of production costs, the consumption 
price deflator, housing prices, and the wage equations. The proportion of local, interregional and 
international markets captured by each region is included in the Market Shares block. 
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Figure H2.  Economic Geography Linkages 

 
Source: REMI, 2014 

 

Application of the Custom Industry Function in REMI 

In this section, we discuss how to use the Custom Industry to analyze impacts of GHG mitigation 
policies for both demand-side and supply-side options.   
 
For residential, commercial, industrial, and institutional (RCII) demand-side mitigation options, 
the following policy levers in REMI can be utilized to simulate the impacts of reduced electricity 
consumption resulting from efficiency improvement in the RCII sectors.   

• Reduce the Sales of the electricity generation sector (the established Custom Industry) 
combine with the information on the Regional Purchase Coefficient of electricity 
generation to reflect the reduced electricity demand of the RCII customer sectors. 

• Reduce the Production Cost (in dollar amount) of the businesses to reflect the 
electricity fuel cost reduction. 

• For the households sector, increase consumption of all other consumer expenditure 
categories (using the Consumer Spending Reallocation variable) to reflect electricity 
bill savings, and thus increased purchasing power of the households. 
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The simulation on the ES supply-side mitigation options would require more efforts.  Take the 
Renewable Portfolio Standard option as an example:   
 

1. Stimulus effects of renewable electricity generation. 
a. Obtain data on capital investment in different types of renewable generations 

(solar, geothermal, and others) from the micro level analysis results;  
b. Split the total capital investment for each type of renewable generation between 

Construction and purchases of renewable generation equipment from the 
appropriate manufacturing sector;  

c. Shock the Final Demand of the Construction sector, as well as the appropriate 
manufacturing sectors in REMI;  

d. For the changes in the sales of the electricity generation sector, we use a 
combination of the “Industry Sales (amount)” variable and the “Nullify 
Intermediate Inputs Induced by Industry Sales (amount)” variable for the Utility 
sector.  The use of the “Nullify” variable overrides the model’s default 
intermediate input response when specific information about the intermediate 
input is known, and thus avoids double-counting of the effects captured in steps a 
to c immediately above. 

2. Dampening effects of fossil fuel electricity generation displacement can be simulated 
similarly to step 1 based on avoided generation expenditure data from the micro analysis 
results.   

3. Price differential impacts. 
a. We assume that possible higher or lower cost of electricity generation stemming 

from the switch from the fossil-fuel electricity generation technology to the 
renewable electricity generation technology would eventually pass through onto 
ratepayers via increased electricity rates.   

b. To estimate the percentage increase in electricity price, we begin with the 
(aggregate) Utility sector.  When we change the Capital Cost and Production Cost 
(in dollar amount) for the Utility sector in REMI (based on the incremental capital 
cost and operation cost of electricity generation from micro analysis), we can 
obtain from the REMI results the corresponding increased Consumer Price for 
Electricity, Gas and Other Fuels (in percentage terms). 

c. For business sectors, we translate the percentage price increase in Electricity, Gas 
and Other Fuels into percentage increase in Production Cost for each sector.  This 
is done by multiplying the percentage price increase in Electricity, Gas and Other 
Fuels by the share of total fuel inputs with respect to the output of the business 
sector.  The latter is calculated based on the detailed INEGI 170-sector Mexico I-
O table, which has the information on the inputs of Electricity, Gas and other 
Fuels for each sector.  Then the price differential impacts on the business sectors 
(commercial and industrial sectors) can be modeled by utilizing the Production 
Cost (in percentage terms) variable in REMI. 

d. For household sectors, we use the policy variable of Consumer Price for 
Electricity, Gas and Other Fuels (in percentage terms).  
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REMI Model Input Development  

In Tables H1 to H4, we use four example options, RCII-3 Energy Efficiency Expansion in 
Existing Buildings, ES-3 Distributed Energy Supply for Building, AFOLU-1 Manure 
Management:  Non-Dairy Livestock, and TLU-3 On-road Fleet Efficiency, to illustrate how we 
translate, or map, the microeconomic results of options from different sectors into REMI 
economic variable inputs.  
 
In Table H1, the first two columns show the quantification analysis results of this mitigation 
option according to their applicability to business (commercial and industrial) sectors and the 
household (residential) sector. The third column presents the corresponding economic variables 
in the REMI PI+ Model and their position within the Model (i.e., in which one of the five major 
blocks the policy variables can be found).  The last column indicates whether the direct shocks 
entered in the REMI Model are expected to generate positive or negative impacts to the economy. 
Tables H2 to H4 have the same structure as Table H1. 
 

Table H1.  Mapping RCII-3 Energy Efficiency Expansion in Existing Buildings into REMI 
Inputs 

Linkage Microeconomic Quantification Results Policy Variable Selection in REMI 

Positive or 
Negative 
Stimulus to the 
Economy 

1 
Upfront Mitigation Capital Investment 
on Building Retrofit and Purchases of 
Energy Efficient Equipment/Appliances 

Output and Demand Block →Exogenous Final Demand 
(amount) for Construction, Machinery ne.ec., and 
Electrical and Optical Equipment sectors→ Increase 

Positive 

2 
Annual 
Levelized 
Capital Cost  

Businesses 
(Commercial Sectors) 

Compensation, Prices, and Costs Block →Capital Cost 
(amount) of Individual Commercial Sectors→Increase Negative 

Households 
(Residential Sector) 

Output and Demand Block →Consumption Reallocation 
(amount)→All Consumption Sectors →Decrease 

3 Increased Demand of Program 
Administrative Service 

Custom Industry →Sale for Electric Power Generation, 
Transmission, and Distribution sector →Increase Positive 

4 
Increased 
Administrative 
Cost  

Businesses 
(Commercial Sectors) 

Compensation, Prices, and Costs Block →Capital Cost 
(amount) of Individual Commercial Sectors→Increase Negative 

Households 
(Residential Sector) 

Output and Demand Block →Consumption Reallocation 
(amount)→All Consumption Sectors →Decrease 

5 Interest Payment of Financing Capital 
Investment 

Output and Demand Block →Exogenous Final Demand 
(amount) for Financial Intermediation sector→Increase Positive 

6 Electricity and 
Fuel Savings  

Businesses 
(Commercial Sectors) 

Compensation, Prices, and Costs Block→ Production 
Cost of Individual Commercial Sectors→Decrease 

Positive 
Households 
(Residential Sector) 

Output and Demand Block →Consumption Reallocation 
(amount)→All Consumption Sectors →Increase 

7 Energy Demand Decrease from the 
Energy Supply Sectors 

Custom Industry →Sale for Electric Power Generation, 
Transmission, and Distribution sector →Decrease 
Output and Demand Block →Exogenous Final Demand 
(amount) for Coke, Refined Petroleum and Nuclear Fuel 
sector→Decrease 

Negative 
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Table H2.  Mapping ES-3 Distributed Energy Supply for Building into REMI Inputs 
 

Linkage Microeconomic Quantification 
Results Policy Variable Selection in REMI 

Positive or 
Negative 
Stimulus to 
the Economy 

1 Increased Demand of Solar PV 
Panels 

Output and Demand Block →Exogenous Final Demand 
(amount) for Electric and Optical Equipment sector and 
Construction sector→Increase 

Positive 

2 
Increased Government Spending 
on Solar PV (Offsetting other 
General Government Spending) 

Output and Demand Block → Government Spending (amount) 
→ Total→Decrease Negative 

3 
Increased Demand of Inspection, 
Maintenance, and Repair of Solar 
PV and Devices 

Output and Demand Block →Exogenous Final Demand 
(amount) for Renting of Machinery & Equipment and Other 
Business Activities sector→Increase 

Positive 

4 

Increased Government Spending 
on Solar PV O&M (Offsetting 
other General Government 
Spending) 

Output and Demand Block → Government Spending (amount) 
→ Total→Decrease Negative 

5 Fuel Cost Savings Output and Demand Block → Government Spending (amount) 
→ Total→Increase Positive 

6 Reduced Demand of Electricity Custom Industry →Sale for Electric Power Generation, 
Transmission, and Distribution sector →Increase Negative 

 

Table H3.  Mapping AFOLU-1 Manure Management:  Non-Dairy Livestock into REMI 
Inputs 

 

Linkage Microeconomic Quantification 
Results Policy Variable Selection in REMI 

Positive or 
Negative 
Stimulus to 
the Economy 

1 

Upfront Mitigation Capital 
Investment on New Equipment for 
Anaerobic Digestion or 
Composting, and Electricity 
Generation from Methane 

Output and Demand Block →Exogenous Final Demand 
(amount) for Machinery Manufacturing sector → Increase Positive 

2 Increased Capital Cost of the 
Livestock Production Sector 

Compensation, Prices, and Costs Block → Capital Cost 
(amount) of Agriculture, Hunting, Forestry and Fishing sector 
→ Increase 

Negative 

3 Interest Payment of Financing 
Capital Investment 

Output and Demand Block →Exogenous Final Demand 
(amount) for Financial Intermediation sector→Increase Positive 

4 Increased O&M Cost of the 
Livestock Production Sector 

Compensation, Prices, and Costs Block →Production Cost 
(amount) of Agriculture, Hunting, Forestry and Fishing 
sector→Increase 

Negative 

5 Reduced Electricity Cost of the 
Livestock Production Sector 

Compensation, Prices, and Costs Block →Production Cost 
(amount) of Agriculture, Hunting, Forestry and Fishing 
sector→Decrease 

Positive 

6 Reduced Demand from Electric 
Power Generation Sector 

Custom Industry →Sale for Electric Power Generation, 
Transmission, and Distribution sector →Decrease Negative 

7 Reduced LPG Cost of the 
Livestock Production Sector 

Compensation, Prices, and Costs Block →Production Cost 
(amount) of Agriculture, Hunting, Forestry and Fishing 
sector→Decrease 

Positive 

8 Reduced Demand from LPG 
Producing Sector 

Output and Demand Block → Exogenous Final Demand 
(amount) for Coke, Refined Petroleum and Nuclear Fuel → 
Decrease  

Negative 

H-7 



Baja CAP Phase 2 Report     App. H- Macro-economic Analysis 
  December 19, 2014 
 
 
 

Table H4. Mapping TLU-3 On-road Fleet Efficiency into REMI Inputs 
 

Linkage Microeconomic Quantification 
Results Policy Variable Selection in REMI 

Positive or 
Negative 
Stimulus to 
the Economy 

1 Spending of Cash Received from 
old Vehicle Retirement 

Output and Demand Block → Consumer Spending → 
Transport → Increase 
Output and Demand Block → Consumption Reallocation → 
All Consumption Categories → Increase 

Positive 

2 Fuel Cost Savings Output and Demand Block → Consumption Reallocation → 
All Consumption Categories → Increase Positive 

3 Reduced Demand of Gasoline 
Output and Demand Block →Exogenous Final Demand 
(amount) for Coke, Refined Petroleum and Nuclear Fuel 
sector→Increase 

Negative 

 

H-8 



Baja CAP Phase 2 Report     App. H- Macro-economic Analysis 
  December 19, 2014 
 
 
Macroeconomic Impact Results for Individual Policy Options or Policy 
Bundles 

In the tables below, we present the macroeconomic impact analysis results for each of the 22 
individual mitigation policy options/bundles. 

Table H5. Macroeconomic Impact Analysis Results of ES-1 Micro-Hydro Renewable 
Energy Generation 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 0 -31 -338 -251 -134 

Gross Domestic Product Millions of Fixed (2012) Pesos 0 -11 -219 -201 -751 

Output Millions of Fixed (2012) Pesos 0 -5 -407 -375 -1,316 

Disposable Personal Income Millions of Fixed (2012) Pesos 0 3 -102 -91 -308 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 0 7 -17 -46 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,381,870 1,502,902 1,622,027 1,764,228 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,480 867,706 1,033,333 1,233,896 
 Output Millions of Fixed (2012) Pesos 1,492,466 1,786,856 2,155,085 2,605,095 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,137 496,468 602,391 734,982 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,448 3,870,031 4,188,959 4,494,710 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0000% -0.0021% -0.0208% -0.0143% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0000% -0.0013% -0.0211% -0.0163% 
 Output Millions of Fixed (2012) Pesos 0.0000% -0.0003% -0.0189% -0.0144% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0000% 0.0006% -0.0171% -0.0124% 
 PCE-Price Index 2009=100 (Nation) 0.0000% 0.0019% 0.0002% -0.0002% 
 Population Number of People 0.0000% 0.0002% -0.0004% -0.0010% 
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Table H6. Macroeconomic Impact Analysis Results of Policy Bundle ES-2/AFOLU-3 
Energy Supply Diversification and Utilization of Wheat Straw 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 0 1,683 -4,451 -3,228 -773 

Gross Domestic Product Millions of Fixed (2012) Pesos 0 908 -2,669 -2,446 -3,034 

Output Millions of Fixed (2012) Pesos 0 1,723 -5,231 -4,857 -6,381 

Disposable Personal Income Millions of Fixed (2012) Pesos 0 602 -1,251 -1,100 -536 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 0 291 85 -303 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,381,870 1,504,617 1,617,913 1,761,252 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,480 868,626 1,030,883 1,231,652 
 Output Millions of Fixed (2012) Pesos 1,492,466 1,788,584 2,150,262 2,600,614 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,137 497,066 601,242 733,973 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,448 3,870,314 4,189,061 4,494,711 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0000% 0.1120% -0.2744% -0.1829% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0000% 0.1047% -0.2583% -0.1982% 
 Output Millions of Fixed (2012) Pesos 0.0000% 0.0964% -0.2427% -0.1864% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0000% 0.1213% -0.2078% -0.1496% 
 PCE-Price Index 2009=100 (Nation) 0.0000% 0.0602% 0.0359% 0.0217% 
 Population Number of People 0.0000% 0.0075% 0.0020% -0.0067% 
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Table H7. Macroeconomic Impact Analysis Results of ES-3 Distributed Energy Supply for 

Building 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 0 56 -67 -55 -2 

Gross Domestic Product Millions of Fixed (2012) Pesos 0 31 -54 -53 -25 

Output Millions of Fixed (2012) Pesos 0 103 -102 -98 190 

Disposable Personal Income Millions of Fixed (2012) Pesos 0 17 -22 -23 9 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 0 7 5 0 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,381,870 1,502,989 1,622,297 1,764,424 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,480 867,749 1,033,498 1,234,044 
 Output Millions of Fixed (2012) Pesos 1,492,466 1,786,965 2,155,390 2,605,372 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,137 496,481 602,472 735,050 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,448 3,870,031 4,188,981 4,494,711 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0000% 0.0037% -0.0041% -0.0031% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0000% 0.0035% -0.0053% -0.0043% 
 Output Millions of Fixed (2012) Pesos 0.0000% 0.0058% -0.0047% -0.0038% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0000% 0.0033% -0.0036% -0.0032% 
 PCE-Price Index 2009=100 (Nation) 0.0000% 0.0005% -0.0002% -0.0003% 
 Population Number of People 0.0000% 0.0002% 0.0001% 0.0000% 
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Table H8. Macroeconomic Impact Analysis Results of ES-4 Photovoltaic Panel Electricity 

Generation 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 0 79 -80 -64 3 

Gross Domestic Product Millions of Fixed (2012) Pesos 0 47 -62 -59 38 

Output Millions of Fixed (2012) Pesos 0 149 -116 -108 386 

Disposable Personal Income Millions of Fixed (2012) Pesos 0 25 -25 -26 42 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 0 9 8 1 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,381,870 1,503,013 1,622,285 1,764,416 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,480 867,765 1,033,490 1,234,039 
 Output Millions of Fixed (2012) Pesos 1,492,466 1,787,010 2,155,376 2,605,363 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,137 496,490 602,469 735,048 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,448 3,870,033 4,188,983 4,494,711 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0000% 0.0053% -0.0049% -0.0036% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0000% 0.0055% -0.0060% -0.0048% 
 Output Millions of Fixed (2012) Pesos 0.0000% 0.0083% -0.0054% -0.0041% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0000% 0.0050% -0.0041% -0.0035% 
 PCE-Price Index 2009=100 (Nation) 0.0000% 0.0006% -0.0002% -0.0004% 
 Population Number of People 0.0000% 0.0002% 0.0002% 0.0000% 
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Table H9. Macroeconomic Impact Analysis Results of RCII-1 Save 23% Electricity 
Consumption on New Residential Buildings through Housing Shell Improvements 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 14 1 -20 -19 -7 

Gross Domestic Product Millions of Fixed (2012) Pesos 3 -10 -21 -25 -122 

Output Millions of Fixed (2012) Pesos 5 -21 -43 -47 -247 

Disposable Personal Income Millions of Fixed (2012) Pesos 2 -2 -9 -9 -37 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 0 1 0 -2 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,381,884 1,502,934 1,622,345 1,764,461 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,484 867,707 1,033,531 1,234,073 
 Output Millions of Fixed (2012) Pesos 1,492,471 1,786,840 2,155,450 2,605,423 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,139 496,463 602,485 735,065 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,449 3,870,025 4,188,975 4,494,710 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0010% 0.0001% -0.0012% -0.0011% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0005% -0.0011% -0.0021% -0.0020% 
 Output Millions of Fixed (2012) Pesos 0.0004% -0.0012% -0.0020% -0.0018% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0006% -0.0004% -0.0014% -0.0012% 
 PCE-Price Index 2009=100 (Nation) 0.0000% 0.0000% -0.0001% -0.0001% 
 Population Number of People 0.0000% 0.0000% 0.0000% 0.0000% 
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Table H10. Macroeconomic Impact Analysis Results of RCII-2 Energy Efficiency 
Expansion in New Housing Design 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 6 5 -5 -7 0 

Gross Domestic Product Millions of Fixed (2012) Pesos 2 -4 -12 -15 -59 

Output Millions of Fixed (2012) Pesos 4 -10 -22 -28 -121 

Disposable Personal Income Millions of Fixed (2012) Pesos 1 0 -3 -4 -12 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 0 0 -1 -2 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,381,876 1,502,938 1,622,360 1,764,473 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,483 867,713 1,033,541 1,234,083 
 Output Millions of Fixed (2012) Pesos 1,492,470 1,786,852 2,155,469 2,605,443 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,138 496,464 602,490 735,070 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,448 3,870,023 4,188,975 4,494,710 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0005% 0.0003% -0.0003% -0.0004% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0003% -0.0005% -0.0011% -0.0012% 
 Output Millions of Fixed (2012) Pesos 0.0003% -0.0005% -0.0011% -0.0011% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0003% -0.0001% -0.0005% -0.0005% 
 PCE-Price Index 2009=100 (Nation) 0.0000% 0.0001% 0.0000% 0.0000% 
 Population Number of People 0.0000% 0.0000% 0.0000% 0.0000% 
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Table H11. Macroeconomic Impact Analysis Results of RCII-3 Energy Efficiency 
Expansion in LPG and Electricity Consumption for Existing Buildings of Residential and 

Commercial Sector 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 354 379 20 -54 165 

Gross Domestic Product Millions of Fixed (2012) Pesos 142 67 -141 -242 -92 

Output Millions of Fixed (2012) Pesos 261 52 -352 -513 -827 

Disposable Personal Income Millions of Fixed (2012) Pesos 116 192 87 52 1,326 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 13 58 75 82 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,382,223 1,503,313 1,622,385 1,764,425 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,622 867,785 1,033,411 1,233,857 
 Output Millions of Fixed (2012) Pesos 1,492,727 1,786,913 2,155,141 2,604,958 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,252 496,656 602,581 735,125 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,461 3,870,081 4,189,051 4,494,710 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0256% 0.0252% 0.0012% -0.0031% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0193% 0.0078% -0.0136% -0.0196% 
 Output Millions of Fixed (2012) Pesos 0.0175% 0.0029% -0.0163% -0.0197% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0280% 0.0386% 0.0144% 0.0071% 
 PCE-Price Index 2009=100 (Nation) -0.0075% -0.0197% -0.0153% -0.0115% 
 Population Number of People 0.0004% 0.0015% 0.0018% 0.0018% 
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Table H12. Macroeconomic Impact Analysis Results of RCII-4 Finance Incentives for 
Machinery Energy Efficiency 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 0 1,397 3,474 5,423 2,394 

Gross Domestic Product Millions of Fixed (2012) Pesos 0 627 1,605 2,591 10,401 

Output Millions of Fixed (2012) Pesos 0 1,343 3,526 5,854 22,859 

Disposable Personal Income Millions of Fixed (2012) Pesos 0 659 1,456 2,286 9,681 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 0 49 90 70 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,381,870 1,504,331 1,625,839 1,769,903 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,480 868,343 1,035,157 1,236,689 
 Output Millions of Fixed (2012) Pesos 1,492,466 1,788,204 2,159,018 2,611,325 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,137 497,123 603,950 737,359 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,448 3,870,072 4,189,065 4,494,711 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0000% 0.0930% 0.2141% 0.3074% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0000% 0.0722% 0.1553% 0.2099% 
 Output Millions of Fixed (2012) Pesos 0.0000% 0.0752% 0.1636% 0.2247% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0000% 0.1327% 0.2417% 0.3109% 
 PCE-Price Index 2009=100 (Nation) 0.0000% -0.0818% -0.1217% -0.1276% 
 Population Number of People 0.0000% 0.0013% 0.0021% 0.0016% 
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Table H13. Macroeconomic Impact Analysis Results of RCII-5 Solar Water Heaters on 
Housing 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 302 439 110 62 216 

Gross Domestic Product Millions of Fixed (2012) Pesos 208 346 131 104 2,238 

Output Millions of Fixed (2012) Pesos 413 664 233 189 5,957 

Disposable Personal Income Millions of Fixed (2012) Pesos 91 119 9 -7 815 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 10 52 78 95 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,382,172 1,503,372 1,622,475 1,764,541 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,689 868,064 1,033,684 1,234,203 
 Output Millions of Fixed (2012) Pesos 1,492,880 1,787,525 2,155,726 2,605,659 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,226 496,584 602,503 735,066 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,458 3,870,076 4,189,054 4,494,711 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0219% 0.0292% 0.0068% 0.0035% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0284% 0.0400% 0.0127% 0.0085% 
 Output Millions of Fixed (2012) Pesos 0.0277% 0.0371% 0.0108% 0.0072% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0218% 0.0241% 0.0015% -0.0011% 
 PCE-Price Index 2009=100 (Nation) 0.0011% 0.0022% 0.0007% 0.0003% 
 Population Number of People 0.0003% 0.0014% 0.0019% 0.0021% 
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Table H14. Macroeconomic Impact Analysis Results of RCII-6 Flow Water Heaters for 
Residential Sector 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 187 379 197 138 225 

Gross Domestic Product Millions of Fixed (2012) Pesos 120 256 147 119 1,797 

Output Millions of Fixed (2012) Pesos 229 459 246 199 3,178 

Disposable Personal Income Millions of Fixed (2012) Pesos 59 127 78 63 907 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 6 36 63 83 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,382,057 1,503,312 1,622,562 1,764,617 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,601 867,972 1,033,699 1,234,218 
 Output Millions of Fixed (2012) Pesos 1,492,695 1,787,321 2,155,739 2,605,670 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,194 496,591 602,571 735,136 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,454 3,870,059 4,189,038 4,494,710 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0136% 0.0252% 0.0121% 0.0078% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0165% 0.0294% 0.0142% 0.0097% 
 Output Millions of Fixed (2012) Pesos 0.0154% 0.0257% 0.0114% 0.0076% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0140% 0.0255% 0.0129% 0.0085% 
 PCE-Price Index 2009=100 (Nation) 0.0007% 0.0019% 0.0014% 0.0010% 
 Population Number of People 0.0002% 0.0009% 0.0015% 0.0018% 
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Table H15. Macroeconomic Impact Analysis Results of WM-1 Landfill Gas Management 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 0 -116 -176 -94 -84 

Gross Domestic Product Millions of Fixed (2012) Pesos 0 -63 -102 -71 -456 

Output Millions of Fixed (2012) Pesos 0 -114 -183 -126 -788 

Disposable Personal Income Millions of Fixed (2012) Pesos 0 -30 -52 -33 -221 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 0 -3 -16 -29 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,381,870 1,502,818 1,622,188 1,764,385 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,480 867,655 1,033,450 1,234,026 
 Output Millions of Fixed (2012) Pesos 1,492,466 1,786,747 2,155,309 2,605,345 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,137 496,435 602,442 735,040 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,448 3,870,021 4,188,960 4,494,710 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0000% -0.0077% -0.0109% -0.0053% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0000% -0.0073% -0.0099% -0.0058% 
 Output Millions of Fixed (2012) Pesos 0.0000% -0.0064% -0.0085% -0.0048% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0000% -0.0059% -0.0086% -0.0045% 
 PCE-Price Index 2009=100 (Nation) 0.0000% -0.0002% -0.0005% -0.0007% 
 Population Number of People 0.0000% -0.0001% -0.0004% -0.0007% 
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Table H16. Macroeconomic Impact Analysis Results of WM-2 Indirect Potable Water Re-

Use 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 0 0 14 24 8 

Gross Domestic Product Millions of Fixed (2012) Pesos 0 -2 10 19 40 

Output Millions of Fixed (2012) Pesos 0 -2 25 47 119 

Disposable Personal Income Millions of Fixed (2012) Pesos 0 6 15 19 89 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 0 0 3 7 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,381,870 1,502,933 1,622,379 1,764,503 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,480 867,715 1,033,562 1,234,118 
 Output Millions of Fixed (2012) Pesos 1,492,466 1,786,859 2,155,517 2,605,517 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,137 496,471 602,509 735,093 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,448 3,870,024 4,188,979 4,494,710 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0000% 0.0000% 0.0009% 0.0013% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0000% -0.0003% 0.0009% 0.0016% 
 Output Millions of Fixed (2012) Pesos 0.0000% -0.0001% 0.0012% 0.0018% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0000% 0.0013% 0.0025% 0.0027% 
 PCE-Price Index 2009=100 (Nation) 0.0000% -0.0013% -0.0016% -0.0012% 
 Population Number of People 0.0000% 0.0000% 0.0001% 0.0002% 
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Table H17. Macroeconomic Impact Analysis Results of WM-3 Water Reclamation 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 0 41 44 82 45 

Gross Domestic Product Millions of Fixed (2012) Pesos 0 43 53 96 496 

Output Millions of Fixed (2012) Pesos 0 109 139 228 1,226 

Disposable Personal Income Millions of Fixed (2012) Pesos 0 34 43 59 354 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 0 8 21 35 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,381,870 1,502,975 1,622,409 1,764,561 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,480 867,760 1,033,606 1,234,193 
 Output Millions of Fixed (2012) Pesos 1,492,466 1,786,970 2,155,631 2,605,698 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,137 496,499 602,536 735,132 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,448 3,870,032 4,188,996 4,494,711 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0000% 0.0027% 0.0027% 0.0046% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0000% 0.0050% 0.0052% 0.0077% 
 Output Millions of Fixed (2012) Pesos 0.0000% 0.0061% 0.0064% 0.0088% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0000% 0.0068% 0.0070% 0.0080% 
 PCE-Price Index 2009=100 (Nation) 0.0000% -0.0051% -0.0061% -0.0047% 
 Population Number of People 0.0000% 0.0002% 0.0005% 0.0008% 
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Table H18. Macroeconomic Impact Analysis Results of AFOLU-1 Manure Management:  
Non-Dairy Livestock 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 0 -1 -1 -1 -1 

Gross Domestic Product Millions of Fixed (2012) Pesos 0 0 0 -1 -5 

Output Millions of Fixed (2012) Pesos 0 0 -1 -1 -5 

Disposable Personal Income Millions of Fixed (2012) Pesos 0 0 0 0 0 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 0 0 0 0 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,381,870 1,502,933 1,622,363 1,764,478 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,480 867,718 1,033,552 1,234,098 
 Output Millions of Fixed (2012) Pesos 1,492,466 1,786,861 2,155,491 2,605,469 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,137 496,465 602,494 735,073 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,448 3,870,023 4,188,976 4,494,710 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0000% 0.0000% -0.0001% -0.0001% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0000% 0.0000% 0.0000% -0.0001% 
 Output Millions of Fixed (2012) Pesos 0.0000% 0.0000% -0.0001% -0.0001% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0000% 0.0000% -0.0001% -0.0001% 
 PCE-Price Index 2009=100 (Nation) 0.0000% 0.0000% 0.0000% 0.0000% 
 Population Number of People 0.0000% 0.0000% 0.0000% 0.0000% 
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Table H19. Macroeconomic Impact Analysis Results of AFOLU-2 Manure Management: 
Dairies 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 0 33 -2 6 6 

Gross Domestic Product Millions of Fixed (2012) Pesos 0 22 -10 -7 6 

Output Millions of Fixed (2012) Pesos 0 51 -17 -12 40 

Disposable Personal Income Millions of Fixed (2012) Pesos 0 10 -6 -5 -7 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 0 3 2 4 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,381,870 1,502,967 1,622,363 1,764,486 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,480 867,740 1,033,542 1,234,091 
 Output Millions of Fixed (2012) Pesos 1,492,466 1,786,912 2,155,475 2,605,459 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,137 496,475 602,487 735,068 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,448 3,870,026 4,188,978 4,494,710 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0000% 0.0022% -0.0001% 0.0004% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0000% 0.0026% -0.0009% -0.0006% 
 Output Millions of Fixed (2012) Pesos 0.0000% 0.0029% -0.0008% -0.0005% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0000% 0.0020% -0.0011% -0.0007% 
 PCE-Price Index 2009=100 (Nation) 0.0000% 0.0000% -0.0002% -0.0002% 
 Population Number of People 0.0000% 0.0001% 0.0001% 0.0001% 
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Table H20. Macroeconomic Impact Analysis Results of AFOLU-5 Livestock Grazing 
Management 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 0 -464 -290 -46 -247 

Gross Domestic Product Millions of Fixed (2012) Pesos 0 -83 -15 58 -298 

Output Millions of Fixed (2012) Pesos 0 -149 -39 87 -593 

Disposable Personal Income Millions of Fixed (2012) Pesos 0 -25 -7 26 -83 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 0 -19 -53 -57 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,381,870 1,502,469 1,622,075 1,764,434 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,480 867,634 1,033,537 1,234,155 
 Output Millions of Fixed (2012) Pesos 1,492,466 1,786,712 2,155,452 2,605,558 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,137 496,440 602,486 735,100 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,448 3,870,005 4,188,922 4,494,711 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0000% -0.0309% -0.0179% -0.0026% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0000% -0.0096% -0.0015% 0.0047% 
 Output Millions of Fixed (2012) Pesos 0.0000% -0.0084% -0.0018% 0.0033% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0000% -0.0049% -0.0013% 0.0035% 
 PCE-Price Index 2009=100 (Nation) 0.0000% -0.0065% -0.0088% -0.0062% 
 Population Number of People 0.0000% -0.0005% -0.0013% -0.0013% 
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Table H21. Macroeconomic Impact Analysis Results of AFOLU-6 Urban Forestry 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 0 0 -1 -2 -1 

Gross Domestic Product Millions of Fixed (2012) Pesos 0 0 -1 -1 -6 

Output Millions of Fixed (2012) Pesos 0 -1 -2 -2 -11 

Disposable Personal Income Millions of Fixed (2012) Pesos 0 -1 -2 -2 -14 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 0 0 0 0 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,381,870 1,502,933 1,622,364 1,764,478 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,480 867,717 1,033,551 1,234,096 
 Output Millions of Fixed (2012) Pesos 1,492,466 1,786,860 2,155,490 2,605,468 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,137 496,463 602,491 735,071 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,448 3,870,024 4,188,976 4,494,710 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0000% 0.0000% -0.0001% -0.0001% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0000% -0.0001% -0.0001% -0.0001% 
 Output Millions of Fixed (2012) Pesos 0.0000% -0.0001% -0.0001% -0.0001% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0000% -0.0003% -0.0003% -0.0003% 
 PCE-Price Index 2009=100 (Nation) 0.0000% 0.0000% 0.0000% 0.0000% 
 Population Number of People 0.0000% 0.0000% 0.0000% 0.0000% 
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Table H22. Macroeconomic Impact Analysis Results of T-1 Black Carbon Control 
Measures 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 0 -3 -3 1 -1 

Gross Domestic Product Millions of Fixed (2012) Pesos 0 -1 0 0 -4 

Output Millions of Fixed (2012) Pesos 0 1 2 1 7 

Disposable Personal Income Millions of Fixed (2012) Pesos 0 -1 -1 0 -4 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 0 0 0 0 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,381,870 1,502,930 1,622,362 1,764,480 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,480 867,717 1,033,552 1,234,099 
 Output Millions of Fixed (2012) Pesos 1,492,466 1,786,862 2,155,495 2,605,471 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,137 496,464 602,494 735,073 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,448 3,870,023 4,188,975 4,494,710 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0000% -0.0002% -0.0002% 0.0000% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0000% -0.0001% 0.0000% 0.0000% 
 Output Millions of Fixed (2012) Pesos 0.0000% 0.0000% 0.0001% 0.0000% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0000% -0.0001% -0.0001% 0.0000% 
 PCE-Price Index 2009=100 (Nation) 0.0000% 0.0000% 0.0000% 0.0000% 
 Population Number of People 0.0000% 0.0000% 0.0000% 0.0000% 
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Table H23. Macroeconomic Impact Analysis Results of Policy Bundle T-2/AFOLU-4/WM-4 

Alternative Fuels / Bioethanol Production from Sweet Sorghum / Biodiesel Production 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 0 -157 -333 -412 -166 

Gross Domestic Product Millions of Fixed (2012) Pesos 0 -76 -154 -204 -662 

Output Millions of Fixed (2012) Pesos 0 -167 -336 -435 -1,535 

Disposable Personal Income Millions of Fixed (2012) Pesos 0 -51 -110 -140 -514 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 0 10 -10 -42 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,381,870 1,502,776 1,622,032 1,764,068 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,480 867,642 1,033,399 1,233,894 
 Output Millions of Fixed (2012) Pesos 1,492,466 1,786,695 2,155,157 2,605,035 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,137 496,414 602,384 734,933 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,448 3,870,034 4,188,966 4,494,711 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0000% -0.0104% -0.0205% -0.0233% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0000% -0.0087% -0.0148% -0.0165% 
 Output Millions of Fixed (2012) Pesos 0.0000% -0.0093% -0.0156% -0.0167% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0000% -0.0103% -0.0182% -0.0190% 
 PCE-Price Index 2009=100 (Nation) 0.0000% 0.0017% 0.0006% 0.0003% 
 Population Number of People 0.0000% 0.0003% -0.0002% -0.0009% 
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Table H24. Macroeconomic Impact Analysis Results of T-3 Onroad Fleet Efficiency 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 0 22 25 25 20 

Gross Domestic Product Millions of Fixed (2012) Pesos 0 14 17 19 134 

Output Millions of Fixed (2012) Pesos 0 23 30 32 229 

Disposable Personal Income Millions of Fixed (2012) Pesos 0 6 9 11 68 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 0 2 4 7 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,381,870 1,502,955 1,622,390 1,764,505 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,480 867,730 1,033,570 1,234,117 
 Output Millions of Fixed (2012) Pesos 1,492,466 1,786,885 2,155,522 2,605,502 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,137 496,471 602,502 735,084 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,448 3,870,025 4,188,979 4,494,710 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0000% 0.0014% 0.0016% 0.0014% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0000% 0.0016% 0.0017% 0.0016% 
 Output Millions of Fixed (2012) Pesos 0.0000% 0.0013% 0.0014% 0.0012% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0000% 0.0013% 0.0015% 0.0014% 
 PCE-Price Index 2009=100 (Nation) 0.0000% 0.0001% 0.0001% 0.0001% 
 Population Number of People 0.0000% 0.0000% 0.0001% 0.0002% 
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Table H25. Macroeconomic Impact Analysis Results of T-5 Smart Growth Planning 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs 32 55 71 83 58 

Gross Domestic Product Millions of Fixed (2012) Pesos 11 28 44 58 330 

Output Millions of Fixed (2012) Pesos 19 48 75 97 568 

Disposable Personal Income Millions of Fixed (2012) Pesos 6 15 23 32 184 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 0 5 12 21 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,381,901 1,502,988 1,622,436 1,764,562 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,491 867,745 1,033,596 1,234,155 
 Output Millions of Fixed (2012) Pesos 1,492,485 1,786,910 2,155,566 2,605,567 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,143 496,480 602,518 735,105 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,449 3,870,029 4,188,988 4,494,710 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs 0.0023% 0.0037% 0.0044% 0.0047% 
 Gross Domestic Product Millions of Fixed (2012) Pesos 0.0014% 0.0032% 0.0042% 0.0047% 
 Output Millions of Fixed (2012) Pesos 0.0013% 0.0027% 0.0034% 0.0037% 
 Disposable Personal Income Millions of Fixed (2012) Pesos 0.0016% 0.0031% 0.0040% 0.0044% 
 PCE-Price Index 2009=100 (Nation) 0.0000% 0.0003% 0.0004% 0.0004% 
 Population Number of People 0.0000% 0.0001% 0.0003% 0.0005% 
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Table H26. Macroeconomic Impact Analysis Results of T-6 Energy Efficient Government 

Fleet 

 

Differences from Baseline Level      

Variable Units 2015 2020 2025 2030 
Jobs per 
Yr/NPV 

Total Employment Jobs -1 0 1 0 0 

Gross Domestic Product Millions of Fixed (2012) Pesos -1 0 0 0 0 

Output Millions of Fixed (2012) Pesos -1 0 1 0 2 

Disposable Personal Income Millions of Fixed (2012) Pesos 0 0 0 0 -2 

PCE-Price Index 2009=100 (Nation) 0 0 0 0 N/A 

Population Number of People 0 0 0 0 N/A 

       Baseline Plus Addition of the Policy  
    Variable Units 2015 2020 2025 2030 

 Total Employment Jobs 1,381,869 1,502,933 1,622,365 1,764,479 
 Gross Domestic Product Millions of Fixed (2012) Pesos 733,480 867,718 1,033,553 1,234,098 
 Output Millions of Fixed (2012) Pesos 1,492,466 1,786,861 2,155,493 2,605,470 
 Disposable Personal Income Millions of Fixed (2012) Pesos 414,136 496,465 602,494 735,073 
 PCE-Price Index 2009=100 (Nation) 125 144 162 183 
 Population Number of People 3,550,448 3,870,023 4,188,976 4,494,710 
        Percent Change from Baseline Level  

    Variable Units 2015 2020 2025 2030 
 Total Employment Jobs -0.0001% 0.0000% 0.0000% 0.0000% 
 Gross Domestic Product Millions of Fixed (2012) Pesos -0.0001% 0.0000% 0.0000% 0.0000% 
 Output Millions of Fixed (2012) Pesos 0.0000% 0.0000% 0.0000% 0.0000% 
 Disposable Personal Income Millions of Fixed (2012) Pesos -0.0001% 0.0000% 0.0000% 0.0000% 
 PCE-Price Index 2009=100 (Nation) 0.0000% 0.0000% 0.0000% 0.0000% 
 Population Number of People 0.0000% 0.0000% 0.0000% 0.0000% 
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