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Abstract 
 

The current report provides an overview of the Mexican electricity sector in order to frame the context 
in which energy efficiency national policies and strategies are developed. This report then focuses on 
one specific energy efficiency strategy: residential air conditioner (AC) replacement programs. A 
spreadsheet model was developed and presented as the core tool for analyzing the three most relevant 
air conditioner substitution programs in Mexico (FIPATERM ASI, FIDE PFAEE 2002-2006, and PNSEE). It 
then, provides a sensitivity analysis and scenario analysis for the PNSEE replacement program to provide 
insight on the main variables affecting the results of the program. The model estimates energy savings, 
CO2 emissions avoided and the economic impact to the user and to the utility. 
 
 Together, the FIPATERM and FIDE PFAEE 2002-2006 programs are estimated to result in 2,371 GWh 
saved and 1.4 million tons of CO2 avoided. Projected results from the PNSEE program are 4,710 GWh 
saved and 2.8 million tons of CO2 reduced by 2021. This is equal to average annual savings of 482 GWh 
or 0.45% of annual residential electricity consumption in 2008. Further, these results were found to be 
sensitive to the increase in the new units cooling capacity compared to the capacity of the replaced 
units. Electricity rates and costs define the distribution of economic benefits to the user and the utility. 
Improvements to the program rules, better information of AC stock, and improved transparency when 
reporting replacement actions, are some of the final recommendations for enhancing air conditioner 
replacement programs benefits. 
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Evaluation of Air Conditioning Replacement Programs in Mexico: Energy, Economic and Environmental 
Impacts 

  

I. Introduction 

One of the main pathways that can lead to the transformation of the Mexican electricity sector into a 

sustainable one, under a climate change and global economic downturn context, is investing in energy 

efficiency. Over the past two decades, energy efficiency has been promoted by the national government 

through regulation, education and financing programs. Because of Mexico’s national vertically 

integrated electric system, legal framework and pricing policies, energy efficiency might be in the short 

term the most practical and also cost effective strategy that will help the sector achieve economic 

sustainability, increase the system’s reliability and reduce the sector’s climate impact. 

 

To better understand the political, economical and structural variables that affect the motivation, 

design, investments and outcomes of national energy efficiency programs it is necessary to have a 

general understanding of the Mexican electricity sector. This report presents an overview of the 

Mexican electricity sector revealing the high relevance of energy efficiency as a key strategy for 

achieving an economically and environmentally sustainable electricity sector. One of the strategies 

promoted by the Mexican government to provide energy efficiency, are programs that support the 

accelerated substitution of domestic appliances. The programs are focused particularly in the 

replacement of refrigerators and air conditioners (ACs) as these appliances represent a large percentage 

of residential consumption. This report provides an analysis of the three most relevant air conditioner 

substitution programs. It then, provides a sensitivity analysis and scenario analyses for the current 

national program (PNSEE) to provide insight on the main variables affecting the results of this. Finally 

recommendations are provided on alternatives to enhance AC replacement program benefits. 

 

II. Mexican Electricity Sector and Energy Efficiency 

A) Electricity Sector Composition 

Mexico electricity sector is based on one state-owned vertically integrated utility company named 

Comisión Federal de Electricidad (CFE). Up until 2009, two state owned utilities duopolized electricity 

generation, transmission and distribution. In 2009, the smaller of these two companies, Luz y Fuerza del 

Centro (LyFC), was closed by presidential mandate and its assets were absorbed by CFE. In 1992 

Mexico’s Electricity Public Sector Law (LSPEE) was amended to allow private participation under the 

following different schemes: self supply, cogeneration, independent power production, imports and 
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export and small scale generation.  (Carreon, Jimenez San Vicente, & Rosellon, 2003) (See Appendix 1 for 

a description of each). With the introduction of this amendment the entrance of independent power 

producers (IPP) in the generation portfolio was incentivized resulting in a participation of almost 20% of 

installed capacity by 2008.  

 

B) Electricity in Mexico 

Electricity consumption in Mexico in 2008 was equal to 208 TWh, of this 12% (24 TWh) was self supply1 

and 88% (184 TWh) were internal sales provided by CFE. The residential and industrial sectors represent 

the highest percentage of demand with 84% (155 TWh). Electricity consumption per capita in 2008 was 

equal to 2,016 KWh, similar to that of Brazil, Turkey and China, but much lower than that of the USA and 

Germany 2008 consumption of 13,647 and 7,148 KWh per capita respectively. (IEA, 2008)   

 

  

Exhibit 1 Sector participation in electricity consumption in 2008 (GWh) (SENER, 2009) 

Consumption is expected to grow at 3.6% medium annual rate during the 2009-2024 period. With this 

fast growth pace future electricity consumption in 2024 is expected to be equal to 333,000 GWh, 

representing a 60% increase compared to 2008 levels. (SENER, 2009). Consumption from the residential 

and industrial sectors is expected to grow the fastest. 

 

Installed capacity in 2008 was equal to 59.6 GW (51 GW from public service and independent power 

producers and 8 of permission capacity2). The capacity portfolio is concentrated on fossil fuel generation 

                                                        
1 Self supply is generation of electricity to meet an industrial facility’s own energy needs.  
Refers to power plants owned and operated by private companies. 
2  Permission capacity here refers to private participation schemes where the electricity generated is not sold 
to CFE.  
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with 38% of energy coming from combined cycle plants (mostly fueled by natural gas), 22% of 

thermoelectric technology (generally fueled by fuel oil), and 19% of hydropower. (See Appendix 2 for 

detailed list of installed capacity by power plant). To satisfy future demand, capacity additions of 12 GW 

between 2012 and 2018 and 19 GW between 2019-2024  will be required. Projections by the Mexican 

government estimate an increase of natural gas participation as the main generation source, increasing 

its generation participation from 59% in 2008 to 66% in 2024. Coal is also expected to increase its 

participation in the generation portfolio considerably from 18% to 27%. Of the total coal for generation 

in 2024, 55% is expected to be imported.  

 

 

Exhibit 2 CFE evolution of installed capacity (1998-2008) (MW) (SENER, 2009) 

C) Electricity Rates 

Electricity rates in Mexico are classified in five major groups, residential, commercial, services, 

agricultural and industrial. The residential rates are sub-classified according to the monthly average 

summer temperature of the region where the consumer’s residence is located. The rates have also an 

associated maximum monthly consumption limit. Whenever the consumer surpasses this monthly 

average consumption, the electricity rates are changed to the domestic high consumption rates which 

are more expensive than the regular domestic rate assigned. Commercial rates are among the most 

expensive and are referred to as low tension. The service sector rate considers rates for public lighting 

and drinkable and sewage water pumping. The agricultural sector rates refer to rates for electricity uses 

such as water pumping for irrigation and are the least expensive rate of all sectors. The industrial rates 

are divided into two categories, medium and high tension rates. There are sub-classifications under 

these two categories, but the main difference is that for high tension the rate scheme includes time- of-

use rates. For the sectors under the industrial high-tension classification it is possible to participate in 

interruptible demand programs. (CFE, 2010). Exhibit 3 shows the evolution of electricity rates by 

classification from 2004 to 2010. 
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Exhibit 3 Average electricity rates by sector (SIE, 2010) 

 

The electricity cost is calculated through a process that considers weighing and adding up all the 

system’s supply costs (generation, transmission, distribution and commercialization) and then the 

corresponding fraction of these total cost is assigned to each segment of the users. (SENER, 2008). The 

distribution of the assigned fraction of supply cost considers the number of users and the total energy 

consumed per segment. As of today, these cost are estimated using a specific methodology and there is 

no information publicly available on plant by plant real generation costs. Based on this estimation of 

costs Exhibit 4 presents the costs per KWh assigned to each segment during the 2004 -2007 period.  

 

 

Exhibit 4 Electricity costs (SENER, 2008) 

 

 

Exhibit 5 Estimated price/cost ratio for 2007 
(SENER, 2008) 

It is evident from Exhibit 5 that costs exceed prices for all segments except for the commercial and 

industrial sector. This reveals the large subsidies needed to sustain the Mexican electricity rates policy.  

Given the large participation of residential consumption and the low price/cost ratio of this segment, 

75% of the total electricity subsidies go to the residential sector.  
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D) National Policy for Energy Efficiency 

Though energy efficiency savings are not considered in the traditional supply and demand forecast for 

planning electricity infrastructure, energy efficiency is now one of the nine guiding axes of energy policy 

in Mexico. The National Energy Strategy, published in 2010, established the objective of reducing total 

energy consumption by an average of 280 TWh over the 2010 -2024 period. The achievement of this 

objective would represent a 1% reduction in the annual energy consumption growth rate. (SENER, 

2010). According to the National Program for the Sustainable Use of Energy (PRONASE) approximately 

30% of this savings will come from the reduction of electricity end-use consumption, while the rest 

corresponds to savings of gasoline and diesel in the transportation sector. This estimation was made for 

efficiency improvements that are economically cost-efficient for the country. The following graph 

presents the opportunities for energy savings through efficiency improvements presented in the 

PRONASE. 

 

 

Exhibit 6 Energy efficiency opportunity savings (Diaro Oficial, 2009) 

The most recent effort led by the federal government to promote the efficient use of energy is the 

PRONASE. The PRONASE, created in 2009, focuses mostly on mandating the creation of Minimum 

Energy Performance Standards (MEPS) known in Mexico as NOMs.  

 

PRONASE has seven fields of action addressing strategies for the reduction of energy consumption. 

These fields of action are transportation, lighting, domestic electric appliances, co-generation, buildings, 
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industrial motors and water pumps. For the domestic electric appliances axis, the strategies outlined by 

the program are the establishment of new more stringent MEPS for refrigerators, air conditioners and 

water heaters and the substitution of approximately 2 million refrigerators and air conditioners by 2012 

(a four year period) (Diaro Oficial, 2009). To put this in perspective and understand the level of ambition 

of this measure it is important to consider that between 2002 and 2006 (five year period) FIDE 

substituted 130,000 air conditioners and 623,000 refrigerators. This means that FIDE replaced on 

average 150,000 refrigerators and air conditioners per year, while PRONASE is proposing to substitute 

annually around 500,000 refrigerators and air conditioners by 2012. This will be a major increase in the 

investment and highlights the relevance of modeling the possible outcomes of such actions.  

 

Although PRONASE states this substitution goal, it does not provide more specific information on the 

cost of the program and the distribution of investment between refrigerators and air conditioners.  

 

E) End-Use Energy Efficiency in Mexico 

Energy efficiency is highlighted by the Mexican government as one of the ten guiding axes of the 

National Energy Strategy published in 2010. Energy efficiency is key for the achievement of 

environmental sustainability and economic competitiveness not only within the electricity sector, but of 

each and every production sector of the Mexican economy. Energy efficiency programs can also help 

improve the electric system reliability by reducing the likelihood of dangerous high demand periods. The 

promotion of energy efficiency in the residential sector through education and financial support is also 

helping low-income households reduce their expenses on the service. As electricity prices are expected 

to rise nationally in the short-term, energy efficiency programs become more relevant as a mean to 

protect the poorest sector of the Mexican society, while allowing the electricity tariffs to reflect the real 

costs of electricity.  

 

The need of improvements in energy efficiency in Mexico is particularly relevant given the high subsidies 

associated with the energy provision. The average annual subsidy of the 2005-2009 period was equal to 

200 billion pesos (approx. 15.3 billion dollars). Of this, 63% was allocated to electricity. Electricity 

subsidies have grown steadily reaching a maximum of 149 million pesos in 2008. (SENER, 2010). The 

electricity rates have an average subsidy of 30% of the accounting cost and domestic and agricultural 

rates are subsidized the heaviest. Domestic rates have an average subsidy of 58%, while agricultural 
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rates have a 71% subsidy. This is one of the most important disincentives for residential consumers to 

invest in electricity conservation and efficiency. 

 

Electricity rates are controlled by the central government and are subject to a large political burden. This 

prevents rates from reflecting real costs of electricity, hampering price signals that would naturally 

promote efficiency. Though this is not the ideal scenario for efficiency, the high costs of subsidies to the 

government have enhanced the relevance of end-use energy efficiency programs as a sustainable 

strategy to both reduce environmental impact and reduce expenses from this market distortion. 

 

Because of the economic relevance of end-use energy savings and the social and environmental benefits 

associated with it, Mexico created the CONAE (Commission for the Saving of Energy) in 1989. This 

commission, re-named in 2008 CONUEE (Commission for the Efficient Use of Energy), is defined as a 

decentralized administrative organ that works under the Mexican Energy Agency budget and 

supervision. This commission has decision autonomy and flexibility for execution on technical matters 

related to the sustainable use of energy. CONUEE is mainly responsible for the standardization process 

for the establishment of MEPS. On the same regulatory line, CONUEE is in charge of the development of 

measurement and verification methodologies for the economic valuation of energy saved. It is also in 

charge of setting guidelines for energy efficiency in the public sector and of managing information on 

federal government funds and trust funds for the sustainable use of energy. (CONUEE, 2010). The 

mission of CONUEE is to promote and support the development of markets and systems that allow the 

sustainable use of energy. 

 

As of today, Mexico has 20 current MEPS regulating the consumption of specific types of pumps, 

lighting, water heaters, housing insulation, motors, air conditioners and some other housing and 

commercial electrical appliances. (See Appendix 4 for a list of current publicly available MEPS). CONUEE 

estimated savings of 196 TWh during the 2001-2007 period, 70% of these savings were attributed to 

standardization. (ECLAC OLADE GTZ, 2009) 

 

The trust fund for the savings of electric energy, FIDE (Fideicomiso para el Ahorro de Energía Eléctrica) 

was created in 1990 pushed by CFE, LyFC and the electricity labor union (SUTREM or Sindicato Único de 

Trabajadores Electricistas de la República Mexicana) with support of the main Mexican business 

organizations. FIDE is a Mexican non-profit organization created and managed by CFE’s initiative with 
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the mission of implementing energy efficiency actions. Though FIDE is defined as a private institution, its 

strategy is aligned with SENER’s and CFE’s priorities as it is a fund managed by CFE. (ENTE, 2009) FIDE’s 

trustees group is integrated by industrial chambers such as the CONCAMIN, CANACINTRA, CANAME, 

CNEC, CMIC and by the electricity labor union SUTREM. The beneficiary of the trust fund is CFE and the 

consumer in general. This structure evidences the alignment of FIDE with the federal energy policy. 

 

FIDE is in charge of the implementation of several programs directed to achieve energy efficiency by 

supporting electricity consumers in various economic sectors. FIDE provides support for the substitution 

of electric devices for more efficient versions. Support and financing to the residential sector is given 

mainly for the substitution of refrigerators, air conditioners and light bulbs. The commercial, industrial 

and service sectors are eligible for financing for the substitution of a wider variety of electric products 

and services that ranges from motors and pumps, installation of monitoring and automation systems, to 

chillers and thermal insulation, among others. FIDE also provides technical assistance for large industrial 

facilities. At the same time FIDE manages the Sello FIDE program, which is a certification program that 

provides high-efficiency products with a certified label that allows the differentiation of products. FIDE 

in collaboration with the National Chamber of Consulting Companies (CNEC) also certifies firms that are 

specialized in the execution of energy saving projects. FIDE also runs educational and awareness 

programs such as EDUCAREE through the creation and publication of pedagogical literature to aid 

elementary and junior high-school teachers in spreading awareness of the relevance of reducing energy 

waste. Finally, FIDE also provides technical assistance through energy audits for companies. (FIDE, 2009) 

 

FIDE was assigned a 4.3 billion pesos spending budget for 2010. Of this, 1.7 billion pesos, 40% of the 

total budget, was expected to be assigned programs for the substitution of domestic electric devices 

such as air conditioners and refrigerators.  

 

The FIPATREM is an older trust fund than FIDE, pushed by the federal government in the 1990’s with the 

specific objective of providing electricity savings for the residential sector. FIPATERM runs the ASI 

(Program for Systematic Savings), which began financing the thermal insulation installation in the state 

of Baja California (Morales, 2011). In 1997 the substitution of electric appliances such as air conditioners 

and incandescent light bulbs was incorporated as part of the FIPATERM ASI. (Gomez Rodriguez, 2005)  

 

III. An Overview of Air Conditioner Replacement Programs 
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In the residential sector, air conditioning and refrigeration electricity consumption are expected to be 

the main growth areas of domestic demand. Where air conditioning is used it accounts for 

approximately 25% of residential consumption. Though the saturation of air-conditioners in Mexico is 

only about 20%, electricity use from this appliance could increase 10-fold in 2030. This would represent 

an incremental consumption equal to three times residential electricity use in 2005. (Johnson, Alatorre, 

Romo, & Liu, 2010) To address consumption growth due to saturation increase, the Mexican 

government main strategy is to update air conditioner MEPS and building codes. On the other hand, to 

reduce electricity demand from already installed air-conditioners (ACs), accelerated substitution has 

been reported by FIDE to yield important energy savings. 

 

There have been two parallel but closely related programs for the replacement of residential electric 

appliances for its more efficient versions in Mexico. One run by FIDE and the second one run by the 

FIPATERM. Both programs provide financing to residential users that wish to replace an old inefficient 

AC unit for a new and more efficient one. FIDE lead the PFAEE (Program for the Financing of Electric 

Energy Savings) substitution program from 2002 to 2006. The operation of the PFAEE was managed by 

FIPATERM teams in the FIPATERM region (the state bordering the US, the tropical states of the Yucatan 

Peninsula plus Chiapas and Tabasco. The PFAEE program supported the replacement of thermal 

insulation, refrigerators and air conditioners. Of the total replacement actions, 17% corresponded to air 

conditioner replacements. 

  2002 2003 2004 2005 2006 Total 

Thermal Insulation 
                                 

44  

             

3,157  

           

6,225  

           

8,881  

           

7,039  

         

25,346  

Number of Air 

Conditioners replaced by 

FIDE's PFAEE 

                              

280  

           

30,335  

         

30,799  

         

43,555  

         

24,920  

      

129,889  

Refrigerators 
                                  

-    

             

1,330  

      

123,001  

      

315,451  

      

183,535  

      

623,317  

Exhibit 7  Air conditioners replaced by PFAEE program (FIDE, 2009) (This do not include Baja California 
FIPATERM replacements) 

The second air conditioner substitution is the Baja California FIPATERM ASI. This program started in 

1997, and has been running since then. Because of its origins and long operation time, Baja California’s 

FIPATERM actions during the 2002-2006 period were reported separately from the PFAEE’s reports. 
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FIPATERM ASI program in Baja California is worth analyzing as it has been running consistently for more 

than a decade and its actions have been recorded in detail for a longer period of time than the PFAEE. 

Detailed data from AC unit replacement by FIPATERM ASI is shown in Exhibit 8 and Exhibit 9 (FIPATERM, 

2010) 

 

 

Exhibit 8 AC units replaced in Baja California 
through FIPATERM (FIPATERM, 2010) 

 

Exhibit 9 Distribution of replaced  AC units by 
refrigeration capacity over 1997-2010 period in 
FIPATERM program (FIPATERM, 2010) 

There are two main trends that can be observed from the FIPATREM data. First of all, there is a 

migration from window air conditioner towards split technology. Secondly, there is an average 14% 

increase in cooling capacity of new installed equipments versus replaced ones. This is shown by the 

estimated weighted average capacity of the replaced equipments, 1.8 refrigeration tons, compared to 

the estimated weighted average capacity of the installed new equipments, 2.08 refrigeration tons. To 

evaluate the effect of this type of trend is important to better predict the results of further investments 

in accelerated substitutions. 
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Exhibit 10 Observed technology change from 

window AC models to split technology in FIPATERM 

program 

 

Exhibit 11 Distribution of new installed  AC units by 

refrigeration capacity over 1997-2010 period in 

FIPATERM program (FIPATERM, 2010) 

 

In 2009, the federal government provided energy efficiency funding (with the support of the World Bank 

and of KfW) to be managed by FIDE. These funds came from the PNSEE (National Program for Energy 

Efficiency) which is expected to run from 2009-2012. A percentage of these funds will be allocated to 

provide financing for the replacement of domestic electric appliances. The PNSEE is expected to be 

managed by FIDE with rules and structure similar to those defined for the 2002-2006 PFAEE program.  

 

The eligibility criteria for the participation in the air conditioning substitution financing programs have 

had slight changes over the years. The following are some of the most important characteristics of the 

current program operated by FIDE and financed by the PNSEE.  

 

 Be a customer billed by electricity rates that apply to regions with summer minimum average 

temperatures equal to or greater than 30OC  

 Have a functioning 10 or more year old air conditioner with a capacity of 0.75 tons of 

refrigeration or greater. 

 The old air conditioner has to be delivered at the moment of the receit of the new one.  

 The sizes of the new equipments can range from 0.75 to 5 but the new equipment cannot 

exceed in more than 1 ton the capacity of the replaced air conditioner.  

 

There are two types of support economic bonus and financial help. The total amount of support is a 

function of the level of monthly electricity consumption and specifics on this can be found in Appendix 

3. (Andrade Salaverria, 2010) 
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A) Air Conditioning Participation in the Commercial Electricity Consumption 

In 2007, Mexico had approximately 26.3 million residential users. Of this, 55% were located in 

temperate climates, 43% were located in hot climates and 2% were considered within the high 

consumption rate or DAC. Temperate weather residential users (tariff 1) in 2009 consumed roughly 1100 

KWh/year while hot weather residential users (1A-1F) consumed approximately 2255 KWh/year. It is 

estimated that around 30% of electricity consumption in hot weather regions is associated with space 

cooling.  

 

There is little information on commercial electricity end-uses in Mexico. Given the systematic 

classification of CFE based on voltage of service only it would seem that only 7 % of consumption comes 

from commercial and service building. Still it was found that most of service sector facilities such as 

hotels, restaurants, shopping centers, schools and hospitals are connected to medium tension rates, and 

therefore are misleadingly classified as medium industry. (UNEP SBCI, 2009) (de Buen, 2010). The 

following table presents an estimation of the building stock that was calculated to be left out of the 

commercial and service segment presented by CFE. These are customers classified as medium industry 

in the electric tariff system, but which are actually commercial buildings with important electricity 

demand from air conditioners. Because they are classified under medium industry tariff, they are likely 

to be not accounted when characterizing consumption from appliances like ACs. This could cause these 

customers to be underserved by programs addressing their efficiency needs.  

 

 

Exhibit 12 Table synthesizing estimations from Odon de Buen, (Johnson, Alatorre, Romo, & Liu, 2010) & (UNEP 
SBCI, 2009) 
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Warehouse 5 1 50% 148.32 28 19% 742

Hotels  & Restaurants 14 23 89% 310.6 81 26% 4348

Office Bui ldings 4.6 8 50% 158.91 41 26% 730

Wholesale & Retai l  

Properties  
15.2 2.1 100% 189.81 49 26% 2885

Theatres  & 

Recreational  Faci l i ties
3 2 100% 242.75 63 26% 728

Hospita ls  & Health 

Faci l i ties
6 21 100% 335.57 87 26% 2013

Schools 121 150 50% 90.11 13 15% 10903

TOTAL 168.8 22,350          



13 
 

It is important to highlight the relevance of these findings. There is an estimated 22,350 GWh/year 

consumption from large commercial and general service buildings. Considering consumption values of 

2008, this represents a 11% contribution from these type of installations to total national consumption.  

 

Assessed the real contribution of the commercial sector to the national total consumption reveals that 

there is a large opportunity for energy savings existing in air-conditioning efficiency improvements in 

this segment.  

 

According to one relevant study on alternatives for the reduction of GHG emissions for Mexico, (the 

MEDEC (Low Carbone Development for Mexico)) among many other options investing in non-residential 

and residential air conditioning substitution could provide economic benefits of $10/ton CO2 eq abated 

and $4/ ton CO2 eq respectively. (Johnson, Alatorre, Romo, & Liu, 2010) 
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IV. Problem Definition 

Given the continuous emphasis placed on air conditioning substitution both from the energy savings 

point of view and the environmental impact associated with it, it is worth analyzing these in greater 

depth. Better understanding the impact of past AC substitution efforts could help provide valuable 

insights and information on possible results of already committed objectives and future programs. The 

Mexican government’s current and past air conditioner substitution programs have and will continue to 

bring important energy savings. At the same time they represent one of the key strategies providing 

electricity savings and economic relief to the residential consumer.  

 

Because of this, an evaluation of energy consumption, economic savings and environmental impacts 

associated with AC substitutions is highly relevant. Further analysis can help better understand future 

outcomes of planned programs. It allows the identification of the key variables that impact the level of 

energy, economic and environmental achievements. Modeling and analyzing the impact of AC 

replacement programs can provide a mean to distinguish the benefits that are additional to AC MEPS 

and provided exclusively by replacement programs. This information can therefore help improve the 

design of future energy efficiency programs. At the same time, when analyzing the economics 

associated with the program and comparing them with investments in new generation capacity it can 

help understand the possibility of considering investments in energy efficiency as an alternative for 

providing a percentage of supply. This is highly relevant as it can inform decision makers when allocating 

scarce resources for the development of a sustainable electricity system. 

 

Analyzing these programs in greater depth will help estimate the impact of investments in decreasing 

end-use energy waste and its impact on demand growth. The analysis will help answer important 

questions such as: 

 

 Are investments in AC replacement a cost-effective mean of balancing demand and supply when 

compared to investments in new generation?  

 Would larger direct investments in end-use energy efficiency make a significant difference in 

releasing the energy efficiency potential in Mexico?  

 

V. Objectives 

a) Understand the context that surrounds Mexican energy efficiency programs and their relevance. 
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b) Estimate energy and CO2 emission savings associated with AC substitution programs 

c) Estimate economic impacts of national substitution programs and compare with investments in 

new generation 

d) Identify key variables through scenario and sensitivity analysis.  

 

VI. Air Conditioner Replacement Model 

The following sections present the structure of the model built to estimate the resulting impacts from 

AC substitution programs in Mexico. The model is run to estimate energy savings, CO2 emission 

reductions and economic savings to the user and the utility for three substitution programs ( FIPATERM, 

PFAEE and PNSEE). The PNSEE is then selected as the baseline program to run sensitivity analysis and 

different scenarios modifying the most important variables affecting the program’s performance. The 

variables to be modified for creating scenarios and running sensitivity analysis are identified through the 

modeling and analysis of the FIPATERM program results.  

 

After estimating baseline savings for the PNSEE program, from 2009-2012, different scenarios of 

substitution were analyzed to answer the question of whether this energy efficiency strategy is a cost-

effective and a competitive supply alternative and of how the results of such programs could be 

enhanced.   

 

These scenarios will allow  a better understanding of the possible impacts of projected continuation of 

investments in accelerated substitution and identifying the variables that can considerably affect the 

results of these substitutions. 

 

The model is built based on the data from the ASI program of FIPATERM in Baja California. This program 

provided detailed data on the capacity and efficiency of replaced and new installed air conditioners. This 

information allowed the development of a deterministic spreadsheet model to estimate the impacts of 

the replacements over time. Most of the data provided by FIPATERM are averages and agreed 

constants. More granular data was not available and is usually not recorded or archived in a regular 

basis.  
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A) Model structure 

The model is a spreadsheet deterministic model based on a diagram of influence of the replacement 

programs. The model’s main inputs are the number of AC units replaced (or expected to be replaced for 

the PNSEE case) along with average distribution of the equipment size (or capacity), average distribution 

of type of technology and AC stock natural replacement probability, among others. The current section 

presents a list of the inputs and outputs included in the model along with an overall description of the 

modeling and estimation process.  

Inputs 

AC characteristics  

 Number of AC units substituted per year 

 Efficiency of substituted AC units (COP = coefficient of performance in Wt/We) 

 Percentage distribution of substituted AC units by cooling capacity 

 Efficiency of replacement AC units (COP [Wt/We)]) 

 Percentage distribution of replacement AC units by technology type (window or split 

technology) (%) 

 Percentage distribution of AC’s with higher cooling capacity than the substituted unit (%) 

 AC useful life (years) 

 AC probability of natural replacement as a function of age (%) 

 AC average use factor (%) 

 Replacement AC units price ($MXP/unit) 

 AC use coincidence with peak demand (%) 

Electricity system characteristics 

 Electricity prices ($MXP/KWh) 

 Electricity cost ($MXP/KWh) 

 Capacity costs (($MXP/KW) 

 Percentage losses during peak capacity (%) 

 Average CO2 emission factor Mexico electricity system (tons/GWh) 

Economic variables 

 User discount rate (%) 

 Utility discount rate (%) 

 Interest on loan (%) 
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Outputs 

 Energy (KWh) saved per year 

 Capacity (KW)saved 

 GHG emissions avoided (tons of CO2) 

 User economic savings (NPV of EBITDA (Earnings before interests taxes depreciation and 

amortization) ($MXP) 

 Utility economic savings (EBITDA NPV) ($MXP) 

 

B) Model description 

The model can be described as integrated by two functional modules: a module estimating electricity 

system and environmental savings and a second module that estimating the economic impact 

associated with the substitution program.  

 

Exhibit 13 and Exhibit 14 show flow diagrams of the first module. The first module can be further 

subdivided into three sections baseline estimations, replacement program based estimation and saving 

estimations. The baseline estimations are fed with the annual number of window AC units substituted 

each year, their cooling capacity and baseline efficiency or COP (Appendix 6). With the data of old AC 

units that would have been in place without the implementation of the program coupled with the 

national average AC usage (Appendix 6) (Sanchez, Pulido, McNeil, Turiel, & della Cava, 2007), the model 

estimates baseline energy consumption. In order to estimate the baseline energy consumption, the 

model uses a natural replacement function taken from (Lawrence Berkeley National Laboratory, 2008) 

that considers increasing probability of natural replacement of AC units with age and reaches a 

probability of being naturally replaced equal to 1 at age 20. The model also estimates the peak demand 

capacity derived from AC use considering a 40% coincidence with peak demand (Appendix 6). The model 

estimates energy savings and peak demand in a yearly basis until the old AC unit reaches an age equal to 

20 years and is therefore assumed to have been naturally removed from the AC stock in use.  

 

Estimation of replacement AC energy consumption is fed with the number of replacement air 

conditioners installed each year. These are then characterized by the probability of being of equal or 

greater capacity than the substituted unit. They are also characterized by the probability of being of split 

or window type technology. With these inputs the model then estimates the new replacement AC stock 
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rotation by applying, after new AC units reach an age of 10 years, the natural replacement probability 

function. To estimate energy consumption of new replacement AC units per year the model assumes 

that efficiency or COP of new AC units is equal to the Mexican MEPS or NOM (Norma Oficial Mexicana) 

of the replacement year.3 With these data the model then estimates energy consumption and peak 

demand capacity used by the new replacement AC units. 

 

The savings section subtracts the program based on yearly energy consumption and peak demand from 

the baseline annual estimations. This provides an estimation of the energy and capacity savings that 

result from the substitution program for each year. Considering the energy savings associated to the 

program and the average CO2 emission factor (Appendix 6) of the Mexican electricity system, the model 

estimates annual CO2 emissions avoided. 

  

                                                        
3 This is a simplifying approach to provide an evolution of efficiencies overtime to input in the model. This is particularly 
important for the FIPATERM run of the model. Usually the replacement programs require AC units to have a FIDE label 
and have efficiencies higher than those established by the MEPS. The PNSEE program is run considering efficiency levels 
required for the high efficiency certification FIDE label. 
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Exhibit 13 Flow diagram describing estimations of energy consumption and peak demand from AC se 
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Exhibit 14 Flow diagram describing energy savings and emissions avoided. 
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The second functional module estimating economic impacts of the substitution program has two main 

final outputs: net present value (NPV) to the user and NPV to the utility. The net present value 

calculated for both stakeholders considers the net present value of earnings associated with the 

program before interests, taxes, depreciation and amortization which is also known as the EBITDA NPV. 

For this model the utility and the energy efficiency institution managing the financing of the substitution 

program are merged into one stakeholder called the “utility stakeholder”. This is based on the fact that 

the utility is state owned and the energy efficiency institution is a structural branch of the utility.  

 

The economic impacts module is fed with the energy and capacity savings outputs from the first 

functional module. The economic impacts are estimated using average electricity prices and costs, the 

marginal electricity demand cost and AC prices. (Appendix 6 

 

The NPV to the user flow diagram is shown in Exhibit 15. It estimates monetary savings from reduced 

energy consumption by multiplying the energy saved in each year by the residential annual average 

electricity price. Annual historic and forecasted residential tariffs are presented in Appendix 6. Cash-out 

to the user is equal to the annual payments of the loan provided by the program to replace the old AC 

unit.  
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Exhibit 15 Flow diagram describing cash flow and NPV estimation to the users.  

Exhibit 16 explains the process for the estimation of the cash flow and NPV to the utility. Cash-in to the 

utility is integrated by the avoided electricity cost and avoided investment in new capacity generation to 

satisfy peak demand. It is important to mention that the avoided investment in peak generation can only 

be accounted for once and in this model it is accounted for during the year when the replacement is 

made.  

 

Cash-out to the utility is integrated by the investment in replacement, operational costs of the 

replacement program, which in the model are considered as a percentage of the investment in 

replacement (See Appendix 6) and the revenue change resulting from the reduction of electricity 

consumption. 
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Exhibit 16 Flow diagram describing cash flow and NPV estimation to the utility 

C) Model Runs and Scenario Definition 

Using the previously presented model, three main estimations were run to understand the savings 

associated with AC substitution programs. Then, based on the PNSEE program estimation, different 

scenarios will be run to help identify how variables like the type of technology and the price of electricity 

can impact the program’s results.  

 

a) Model run 1: Baja California FIPATERM program 

This run estimates the results of the 1997-2010 ASI program of Baja California. This 

simulation is run based on data and averages derived provided by FIPATERM and on the 

assumptions presented in Appendix 6. 
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Characterization of replaced and new AC units 

 76% of window air conditioners are replaced with this same technology 

 24% of window air conditioners are replaced with split AC units 

 5% of total are replaced with units of larger cooling capacity (increase in cooling 

capacity are equal to or less than 1 refrigeration ton) 

 Replaced units are at least 10 years old 

 COP (coefficient of performance) of replaced units is 1.76 

 New window units have a COP that complies with the Mexican Minimum 

Performance Standards. 

 For the COP of split technology AC units, as there were no Mexican MEPS before 

2010, COP is assumed equal to the USA MEPS. 

 AC units have a useful life of 10 years and after this the probability of retirement 

increases 10% each year.  

 

Economic variables of the project 

 Discount rate for utility 12% 

 Consumer discount rate 8.31% 

 Loan interest rate 13.8% 

 Payment period 4 years 

 

b) Model run 2: FIDE PFAEE 2002-2006 substitution program 

This run estimates the impacts of the PFAEE 2002-2006 substitution program. The total AC 

units replaced by PFAEE shown in Exhibit 7 will be characterized following the FIPATREM 

trends as there is no public access to the FIDE PFAEE granular data on replacements. Though 

PFAEE program provided different percentages of financing based on user’s electricity 

consumption level, the model here presented makes the simplifying assumption that AC 

units are financed 100% by the program loan given that no publicly available detailed data 

on the financials associated with replacement in the PFAEE program is provided. 

 

Economic variables of the project 

 Discount rate for utility 12% 

 Consumer discount rate 8.31% 
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 Loan interest rate 12% 

 Payment period 4 years 

 

c) Model run 3: PNSEE program 2009-2012 

This run estimates the impact of the projected (by the author) substitution of air conditioners 

based on the objectives stated in the PRONASE for domestic appliances program. The 

percentage of substituted units corresponding to air conditioner units will be assumed to be 

equal to the PFAEE 2002-2006 distribution and spread evenly throughout the program life. To 

create the PNSEE base case scenario, characterization of replacements will follow FIPATERM’s 

trends except for the following: 

  New window units have a COP equal to averages established by FIDE 

requirements for obtaining the Sello FIDE certification. (Sello FIDE is the labeling 

program to distinguish energy saving appliances) (Sello FIDE, 2007) 

 New split type units have a COP equal to averages established by FIDE 

requirements for obtaining the Sello FIDE certification. (Sello FIDE, 2010) 

 

Economic variables of the project 

 Discount rate for utility 12% 

 Consumer discount rate 8.31% 

 Loan interest rate 12% 

 Payment period 4 years 

 

To better understand the impact of uncertainty and variability in the parameters defining 

the performance of the program alternative scenarios for the Model run 3 will be presented 

along with some sensitivity analysis. 

 

 Sensitivity and scenario analysis 

a. Sensitivity analysis on the change in AC replacement capacity 

b. Scenario analysis considering a hypothetical parallel program for the commercial 

sector 

c. Scenario analysis of lower efficiency levels 
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VII. Results and Observations 

A) FIPATERM Baja California program 

The AC substitution model estimated energy, peak demand and CO2 emission savings for 87,233  

window air conditioners replaced, or 98% of the total window AC’s substituted through the FIPATERM 

program between 1997 and 2010. 

 

The total energy savings to 2010 were 665 GWh and considering the Mexican electricity system emission 

factor of 605 CO2 tons/GWh (Sanchez, Pulido, McNeil, Turiel, & della Cava, 2007) 402,000 CO2 tons were 

saved. The model also estimates that replacement action made up to 2010 will continue to yield energy 

and CO2 emission savings up to 2019 to reach total savings of 967 GWh and 585,000 tons of CO2. 

 

 

Exhibit 17 Annual energy savings and annual units replaced 

 

It is important to observe that there are four possible alternatives for replacing an AC unit under the 

substitution program: 

 

1. replace a window AC with the a same capacity and same technology unit 

2. replace a window AC with a unit with the same capacity but change towards split AC 

technology 

3. replace a window AC with a window unit but of larger capacity. (refrigeration capacity 

increase is never greater than 1 ton) 
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4. replace a window AC unit with a split unit of larger capacity. (refrigeration capacity increase 

is never greater than 1 ton) 

 

These replacement alternatives were identified as one of the variables that could significantly affect the 

performance of substitution programs. As it can be seen in Exhibit 18, according to the model, 

replacement alternative 3,  yields negative energy savings. Though the increases in energy consumption 

due to alternative 3 are small compared to the total performance of the project, it is worth highlighting 

the phenomenon. Understanding this is important as a major negative impact could take place in future 

similar programs if the percentage of AC units replaced for larger capacity ones was to increase. 

 

 

Exhibit 18 Annual energy savings per alternative 

While negative effects are evident for alternative 3, effects of alternative 4 are close to zero. This is 

because assumed energy efficiency of new split air conditioners is higher than that of window air 

conditioners of the same capacity. This causes a positive effect for air conditioner replacements over 1 

ton that is then reduced or offset by the negative effect of air conditioner replacement of 1 ton and 0.75 

ton refrigeration capacity.   

 

Because a 1 ton increase in capacity when replacing a 1 ton unit is equal to a 100% increase in capacity, 

the effect of increased capacity dwarfs and even offsets efficiency improvements. In contrast, a 1 ton 
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programs performance and energy savings are highly dependent on the distribution of replacements by 

capacity, particularly under the circumstances defined in alternative 3 and 4.  

 

Peak demand reduction is another beneficial aspect of improving AC efficiency. According to the model, 

the FIPATERM program has provided an average of 10 MW of peak capacity annually over the 1997-

2010 period. Replacements made before 2010 will continue to provide a decreasing level of peak 

capacity up to 2019. 

 

 

Exhibit 19 FIPATERM annual peak capacity savings/ peak demand reduction 

 

It is relevant to acknowledge that investing in improved AC energy efficiency provides important savings 

both to the user and the utility.  Exhibit 20 present the cash flow to the utility and the user for the 

FIPATERM program expressed in nominal terms. This shows that at the beginning of the period there 

were negative cash flows to the utility but given the continued savings that resulted from the 

substitution, cash flows remain positive up to 2019. Savings are extended to 2019 but disappear 

afterwards. This is so because Model run 1 only considers already performed actions and does not 

account for projected substitutions, even though FIPATERM ASI is expected to continue operating after 

2010. Savings are diluted and equal to zero ten years after 2010, the last substitution modeled. This is 

because replaced air conditioners have to be at least 10 years old when replaced, therefore efficiency 

gains decrease over time as the probability of replaced units to be naturally retired increases and 

reaches 100% at age 20; or what is the same, year 10 after the replacement. Modeling this decreasing 
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trend in energy savings over time is important in order to better valuate investments in retrofits and 

accelerated substitution of domestic appliances and avoid overestimations of energy efficiency by 

assuming that this type of efficiency gains will provide a constant and infinite effect. 

 

 

Exhibit 20 EBITDA Cash Flow for FIPATERM AC replacements over 1997-2010 

The total EBITDA NPV to the user/consumer over the 1997-2017 period was estimated by the model to 

be 161 million pesos (in 1996 pesos). While the upfront investment made by the utility/government was 

189 million pesos (in 1996 pesos).. It is important to observe that the EBITDA cash flows and NPVs for 

alternatives 3 and 4 are negative and decrease the total economic results of the program.  

 

1996 Million 
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Total 
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NPV User $133.06  $51.42  ($12.96) ($9.63) $161.89  

NPV Utility  $142.25  $57.48  ($10.41) ($6.03) $183.31  

Exhibit 21 NPV shown by alternative replacement pathway for FIPATERM (1997-2010) 

The savings to the user/consumer are straight forward and equal to the energy saved. The savings to the 

utility/government are compounded by the savings associated with avoided cost of electricity and 

avoided investment cost in capacity to supply peak demand. On the other hand costs to the 

utility/government are compounded by the revenue lost, the operational expenses of the program and 
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utility cash flows is a simplifying assumption based on the fact that, as mentioned in the introduction, 
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the utility is state-owned and the substitution programs are under the utility’s organizational umbrella. 

Exhibit 22 shows the cash flow components to the utility/government and the user/consumer.   

 

 

Exhibit 22 Components of EBITDA for user and utility in 1996 MXP 

As illustrated by Exhibit 22 the largest component of savings to the utility comes from electricity costs 

avoided. At the same time savings from avoided investments in peak capacity are small as only the 

annual marginal savings are considered.  

 

B) FIDE PFAEE 2002-2006 substitution program 

The model is then run considering replacements made through the national program FIDE PFAEE. FIDE 

only provides global data and general characteristics of the program and a record of the number of 

substitution actions performed. Because of this, FIDE’s PFAEE model run assumes a characterization of 

replacements based on FIPATERM’s trends and 100% financing to the consumer (similar to FIPATERMs 

assumptions). This is despite the fact that the program did provide direct economic bonus in some 

cases, the data of the percentage of receivers of this direct support is not publicly available. Because of 

this, the results of this run are not intended to provide an accurate calculation of the impacts of the 

program, but to give a rough view of the behavior of the program. At the same time, the Excel model is 

expected to be shared with FIDE staff, to provide an alternative tool for them to further analyze the 

PFAEE program by populating the model with their granular data, provided that this exists. 

 

The model estimated 97% of the total AC units substituted during the 2002-2006. The total energy saved 

obtained through the PFAEE program is slightly larger than the FIPATERM estimated savings. As shown 
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in Exhibit 23 given that the program stopped in 2006, its energy savings will be diluted by 2015. Total 

estimated savings resulting from PFAEE model were 1,404 GWh and 849,000 tons of CO2 avoided. 

 

 

 

Exhibit 23 Estimated energy savings for PFAEE and FIPATERM programs. 

The following graphs help to understand the effects of AC replacements in peak demand and how 

investment in accelerated substitution could be compared with investments in new capacity. Exhibit 24 

shows peak demand shaved or avoided through the program.  

 

 

Exhibit 24 PFAEE estimated annual peak capacity savings/ peak demand reduction 

 

It is important to understand the behavior of capacity savings over time in order to fairly compare 

capacity from new generation with providing capacity through energy efficiency (e.g. the substitution of 
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ACs). An example from the PFAEE model illustrates this behavior. The model estimated that 8,730 1-ton 

window AC units were replaced by more efficient window AC units of the same capacity in 2004. 

Considering a 40% coincidence with peak demand and a 39% COP increase from old non-regulated 

inefficient units, peak demand shaved by these units was estimated to be 3.2 MW in the first year. Still, 

each year, the probability that old units are naturally replaced without the replacement program 

increases, therefore reducing the attributable to the program peak capacity savings. Exhibit 25 and 

Exhibit 26 illustrate this behavior by comparing AC substitution capacity savings with a hypothetical 3.2 

MW micro-generator.  

 

 

Exhibit 25 Capacity savings attributable to an AC 
unit replacement program (E.g. PFAEE 2004 
window-window same capacity example) 

 

Exhibit 26 Capacity savings attributable AC unit 
replacement program (E.g. PFAEE 2004 window-
window same capacity example) 

To better understand this phenomenon, the generation capacity service provided by investing in new 

generation infrastructure has to be carefully considered. This generation capacity service is provided 

over the useful life of the generation infrastructure which is approximately 20 years. The service can be 

geometrically and mathematically expressed by the area under the capacity curve (20 years*3.2 KW). On 

the other hand because the baseline of old AC units is annually reduced, capacity service provided by 

new AC units is continuously reduced as shown in the figure. This results in capacity service or 

equivalent peak demand reduction smaller than that provided by new generation. The capacity service 

or peak demand balancing service provided by AC replacements is the area under the annual capacity 

service curve of AC replacements (blue line in Exhibit 25 and Exhibit 26). This is equal to (10 years*3.2 

KW/2). This shows that a MW of capacity saved through substitution programs provides ¼ of the 

capacity service provided by investment in new generation. This is important to consider when investing 

in new generation vs. investing in replacement programs that provide peak demand reduction.  
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C) PNSEE program 2009-2012 

As mentioned in the introduction section, the PRONASE is proposing to substitute approximately. 2 

million air conditioners and refrigerators between 2009 and 2012. For the PNSEE model it is assumed 

that 17% of the total projected substitutions correspond to air conditioner replacements. This 

assumption is based on the FIDE program replacement trend. The model assumes constant yearly 

replacements (See Exhibit 27). 

PNSEE AC assumed replacement based on PRONASE objectives 

2009 2010 2011 2012 Total 

85,171 85,171 85,171 85,171 340,684 

Exhibit 27 PNSEE estimated AC yearly replacements 

Considering a size and technology distribution of AC replacement equal to FIPATERM’s program 

distribution averages of years 2007 to 2010, the PNSEE program is estimated to provide energy savings 

by 2012 equal to 1,927 GWh. This is an average annual saving of 482 GWh or 0.45% of total residential 

consumption in 2008. Savings associated with this program will continue up to 2021 adding up to a total 

of 4,710 GWh. Over the 2009-2021 period almost 3 million tons of CO2 are estimated to be avoided.  

 

 

Exhibit 28 Energy savings (GWh) and AC units replaced 

 

EBITDA NPV to the user and to the utility is estimated in 1996 pesos for consistency with results of the 

two previous model runs. NPV is also estimated in 2008 pesos to provide an actualized estimation useful 

for comparison with other contemporary studies. NPV estimation for the PNSEE assumes no bonuses for 

consumers and no limits on financing for any consumption level.  
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Exhibit 29 

 

Exhibit 30 

 

EBITDA NPV to the user discounted to 2008 is equal to 2616 million pesos. This means that there is a 

negative cost of 556 MXP$/MWh. In other words, considering January 2011 exchange rate, economic 

savings to the user would be equal to 48.5 US$/MWh saved considering savings over the 2009-2021 

period. This is consistent with the order of magnitude provided by PRONASE for domestic appliances 

energy efficiency improvements. 

 

 Because the PNSEE substitution of AC units is an ongoing program, a sensitivity and scenario analysis to 

understand the impact of changes in variables subject to uncertainty is even more relevant than a 

forecast of outcomes. At the same time understanding possible outcomes and the factors influencing 

this can be the basis for future program design. 

 

D) Sensitivity and scenario analysis  

a. Sensitivity analysis on the change in AC replacement capacity 

The three program estimations are run under the FIPATERM’s provided information that considers that 

only 5% of replacements are made with equipments with larger cooling capacity than that of the 

substituted unit (increments of 1 refrigeration ton or less). As shown in Exhibit 31 EBITDA NPV is 

negatively affected when the percentage of larger capacity replacements increases. It can also be 

observed that NPV to the user is more sensitive to changes in the capacity of replacement than NPV to 

the utility. The sensitivity of NPV to the utility excluding benefits from capacity savings is also presented 

given the discussion about valuation of savings associated with avoided investments in capacity 

presented previously. From Exhibit 31 it can be observed that all else being equal when the percentage 

of larger capacity replacements is greater than 53% the NPV to the users turns negative. For the utility 
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the break-even point is 67.5% including savings from avoided investment in capacity and 62.5% without 

these.  

 

 

Exhibit 31 Sensitivity analysis on the impact of percentage of AC units replaced for higher capacity units changes 
in EBITDA NPV values. 

b. Scenario analysis considering a hypothetical parallel program for the commercial 

sector 

The three previously analyzed government AC replacement programs are targeted only to residential 

customers. The size of the market and the penetration of AC units between 1 to 5 refrigeration tons in 

buildings under the commercial rate is yet to be assessed. Still, because the commercial rate is perhaps 

the highest of all, it is worthwhile estimating the potential economic benefit of a program of the same 

characteristics of the PNSEE but applied to commercial customers and the implications of it. As shown in 

Exhibit 5, the price to cost ratio of the commercial electricity rates is the highest of all rate types. The 

contrasting case of commercial rates as a source of revenue to the utility/government explains Error! 

eference source not found. negative EBITDA NPV to the utility when modeling a program with the 

same characteristics as the PNSEE but targeting commercial users. At the same time it is interesting to 

observe that the EBITDA NPV to the commercial user is almost twice that of the residential. This is 

driven by the price of electricity and the low interest rate provided in the baseline program the PNSEE.  
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Million MXP discounted to 2008 

NPV User  $8,234 

NPV Utility (with capacity) ($1,871) 

NPV Utility (without capacity) ($2,724) 

Exhibit 32 EBITDA NPV of hypothetical 
replacement program with characteristics equal to 
that of PNSEE but targeted to the commercial user 

The potential economic negative impact of such a program to the utility and the potential positive 

economic benefit to the commercial user highlights the gap in the participation of the private sector in 

creating loans or financial products that can help capture energy efficiency business opportunities like 

this. 

 

c. Scenario analysis of lower efficiency level  

The PNSEE program guarantees the highest energy efficiency through the exclusive replacement of old 

AC units with FIDE higher efficiency certified equipments (labeled AC units). At the same time MEPS 

have been the drivers of increasing operational efficiency of overall electric appliances produced and 

imported to Mexico, including AC units. Window AC units have been subject to minimum energy 

performance standards regulation since 1994. (NOM-073-SCFI-1994, 1994). On the other hand, split AC 

units had no MEPS specific to this technology until 2010 (NOM-023-ENER-2010, 2010). While there were 

no MEPS specifically regulating split ACs, importers and manufacturers split type of ACs were given the 

alternative of complying with window AC MEPS levels or of central systems MEPS (NOM-011-ENER-

2006, 2010) (Morales, 2011). At the same time, split AC units have had a mandatory 3.4 (Wt/We) COP in 

the US since 2006 (DOE EERE, 2001). Based on this, new split AC units for the FIPATERM and PFAEE run 

were assumed in compliance with NOM-011-ENER-2006 having an efficiency level equal to SEER 3.8 

(Wt/We) and an estimated COP of 3.41 (Wt/We) since 2008 (This is supported by the recognition that AC 

units are imported and not manufactured in Mexico). Still, as mentioned before, PNSEE program 
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requires new equipment to comply with FIDE high efficiency labeling requirements which for the split 

case represents an average of 3.02 (Wt/We).  

 

To inform on the impact of ruling programs in favor of high efficiency certified equipments as opposed 

to equipments complying only with the Mexican MEPS it is relevant to run a scenario analysis 

considering the hypothetical effect of replacing old AC units with equipments exclusively under 

compliance of NOM-023-ENER-2010 and NOM-021-ENER-2008 (NOM-021-ENER/SCFI-2008, 2008). It is 

relevant to mention that NOM-023-ENER-2010 establishes a 2.72 (Wt/We) COP for split ACs which is 

much lower than the minimum efficiency levels established by the NOM-011-ENER-2006.  

 

Exhibit 33 illustrates the results of the PNSEE assuming new split AC units have an efficiency of 2.72 

(Wt/We) COP complying only with NOM-023-ENER-2010. 

 

  

PNSEE baseline 

PNSEE lower 

efficiency level of 

AC MEPS scenario 

% 

Difference 

Total Energy savings (GWh)                            4,710                       3,995  -15% 

Total Avoided Peak demand (KW)             1,019,613                  864,826  -15% 

Total GHG emissions saved (tons)             2,849,630              2,417,030  -15% 

Exhibit 33 Table comparing PNSEE baseline scenario vs. a lower efficiency level of replaced split AC units 

Running this scenario shows that there is an important reduction in energy savings and in the 

environmental benefits associated with the PNSEE program if AC units complying solely with NOM-023- 

ENER-2010 replace old window AC ones. At the same time, when comparing the economic impact of the 

PNSEE lower AC MEPS scenario with the baseline PNSEE, the EBITDA NPV to the user shows a reduction 

of 25%. This scenario comparison shows that continuously increasing efficiency levels guaranteed by 

proper program design are essential for the success of replacement programs. 
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VIII. Conclusions and Recommendations 

Overall the FIPATERM and FIDE PFAEE 2002-2006 programs are estimated to result in 2,371 GWh saved 

and 1.4 million tons of CO2. The PNSEE program for 2009-2012 if achieving a level of replacements close 

to that of the proposed in PRONASE will result in 4,710 GWh and 2.8 million tons of CO2 reduced by 

2021, twice as much as both previous programs together. This is equal to average annual savings of 482 

GWh or 0.45% of annual residential consumption in 2008.  

 

 

Exhibit 34 Number of AC units replaced per program 

 

 

Exhibit 35 Estimated savings for each replacement 
program. 

Having an estimate of the impact of current and past replacement programs helps inform future energy 

efficiency program design. The model built represents a tool that can help in decision making during the 

process of design and valuation of current and future programs.  

 

Through the modeling process it was found that the stock turn over or natural replacement is an 

important variable to consider when modeling the impact of energy efficiency programs that are 

additional to MEPS. Stock turn-over or the consideration of natural replacement avoids double counting 

of energy and emission reductions. The almost 7000 GWh reduction in energy consumption between 

1997 and 2021 can be said to be additional to that of MEPS, if it is considered that without the 

program’s financial support, ACs accounted within the program would have not been replaced with new 

efficient units. Still, this assumption is yet to be tested through the surveying of participants.  

 

It is also important to mention that without MEPS that promote the introduction and spread of 

increasingly efficient equipments, replacement programs would not be possible or would be too 

expensive due to a lack of supply of efficient alternatives. The success of replacement programs is 
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closely linked to the correct establishment of both aggressive MEPS and labeling programs. This was 

illustrated by the lower efficiency scenario for the PNSEE which resulted in a 15% reduction of energy 

savings and a 25% decrease in NPV to the user when changing the rules towards only compliant with 

MEPS. The large economic and energy impact when changing efficiency compliance rules highlights the 

relevance of continuously raising the bar for MEPS to capture the benefits of evolving technology and 

economies of scale. On the MEPS line of thought, it is important to mention that the Mexican MEPS 

level for split AC units is 20% below that of the US.  Considering that practically all AC units are imported 

it is worthwhile to question whether the Mexican MEPS is ambitious enough. Given that split AC units 

are gaining market share to window AC units and have a big potential due to the expected increase in 

residential AC saturation, it is important to further study the MEPS and efficiency labeling requirements.  

 

The definition of the program rules for increasing capacity of new equipment compared to the 

previously installed one resulted to be another key variable in the performance of the program. A trend 

towards more users increasing their capacity by up to 1 refrigeration ton has a detrimental effect in both 

EBITDA NPV and in energy and emission savings. This was illustrated by the sensitivity analysis presented 

in the previous section. To reduce the probability of increased capacity scenarios and therefore of 

associated poor results from investment in replacements two proposals are here presented: a) allow a 

percentage increase in cooling capacity instead of a 1 ton increase limit, and b) allow a wider range in 

the cooling capacity increase options as long as there is a determined percentage decrease in annual 

energy use. The first alternative requires the availability of a broad range of AC equipments sizes 

perhaps feasible only in more mature markets such as the US’s. To avoid this challenge, a step function 

could be used to establish the maximum cooling capacity increase in relation to the cooling capacity of 

the old AC unit. The second alternative implies that the user can replace its equipment with a higher 

capacity one as long as the change provides defined minimum annual energy savings. This provides 

flexibility to the program while incentivizing the acquisition of the most efficient technologies that can 

provide the required energy savings despite of the increased capacity. This definition of the rules would 

require a system to calculate savings and identify acceptable replacement options. The present model 

can be used to test this alternative set of restrictions. 

 

Further, a third important input to the program is electricity rates. In particular, the price-to-cost ratio is 

key in the distribution of economic benefits to the stakeholder. As show in the analysis considering a 

hypothetical parallel program for the commercial sector, the price-to-cost ratio of the commercial rate 
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causes the savings to heavily favor the user. Larger economic benefits can be gained by the commercial 

customer through the financed replacement of old AC units. Under this scenario, the utility incurs in a 

loss of revenue from the commercial sector, which is one of the few sectors that represent a source of 

direct profit from the sales of electricity given the greater than one price-to-cost ratio. This 

phenomenon makes it challenging for the utility and the government overall to invest in a commercial 

AC replacement program. Still, because of the important savings to the user associated with 

replacement activities, private financial institutions might be able to capture the commercial user 

financing need and turn it into a profitable business opportunity. There are several challenges that 

financial institutions could face when approaching this niche market and which can explain the lack of 

this service. One is the challenge of how to reduce the risk associated with providing this type of 

financial products. The second challenge is that, even though a private financial institution might be able 

to provide a financial product or loan for AC replacement that yields an attractive rate of return, there is 

a lack of private energy service companies that could provide the managerial expertise to actually 

implement a privately driven AC replacement financing program. This represents an important 

entrepreneurial opportunity.  

 

It is important to mention that between 1997 and 2021 3.7 million tons of CO2 are estimated to be 

avoided as a result of energy consumption reduction from the three combined programs. This is 

interesting to highlight, particularly when considering the hypothetical scenario of a program targeting 

commercial users. Provided accounting of energy consumption reduction and emissions avoided could 

be improved, the program could be suitable to get certified emission reductions under the Kyoto clean 

development mechanism. This could increase the financial feasibility of a program targeting the 

commercial sector from the perspective of the utility. 

 

On the general economic results it is relevant to underline that these are merely estimates based on 

averages and informed assumptions. Detailed information on the costs associated with the 

implementation of the program and other financial reporting is scarce and practically unavailable. This 

represents an important opportunity area for the energy efficiency trust funds to improve their 

reporting on sources of funding and their allocation. Increased transparency is always desirable. At the 

same time increased transparency allows better communication with stake holders and enhances 

participation and collaboration with academic and social institutions both at the local and international 

level.  
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The model estimations show that overall, the FIPATERM, PFAEE and PNSEE program provide positive 

EBITDA NPV both to the user and the utility under the baseline scenarios. Still, the EBITDA NPV is likely 

to be much higher than the complete estimation of NPV considering interest, taxes, depreciation and 

amortization. At the same time the transaction and operational costs of the program are not well 

captured by the model. The accuracy of the model can considerably be improved when including this 

information.  

 

As shown by the results of the three model runs, the program is successful in reducing residential 

electricity consumption. This electricity consumption reduction or “negawatt-hour”4 can be easily 

compared in both physical and economic terms with electricity generated. In the case of peak demand 

avoided, the valuation and comparison of this service less straight forward. As previously explained, 

because of the AC natural replacement periods both of new and old equipment, AC stock turnover is 

faster than that of electricity generation facilities. This makes the comparison of investment in terms of 

capacity investment avoided more complex. In the analysis of the PFAEE this issue is addressed and a 

rough estimation mechanism to valuate investment in traditional new generation capacity vs. 

investment in reductions of peak demand is proposed. Given the turnover rates it was found that in 

terms of capacity services that provide peak demand balancing, investments in a MW capacity service 

through AC replacement programs can be considered approximately equal to an investment in ¼ of a 

MW in new generation. In other words for AC replacement to provide the total capacity service as 1 MW 

of new generation, it would have to reduce peak demand of 4 MW. Despite of this, it is important to 

mention that the capacity service provided by AC replacement will always be available during a shorter 

period of time.  

 

Based on this study’s estimations, it was found that AC replacement programs targeting the residential 

sector are a cost-effective means of supplying energy needs for space weathering compared to 

supplying electricity. The user’s economic benefits are always positive (under the model financial and 

usage defined parameters).On the other hand, the attractiveness of the replacement program to the 

utility is closely linked to the price-to-cost ratio of the tariffs. In terms of providing capacity services to 

satisfy peak demand, AC replacement programs cannot be compared in a straight forward manner to 

                                                        
4  Unit derived from the “negawatt” concept coined by Amory Lovins in 1989.  It refers to a unit of energy 
saved 
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investments in new generation capacity and therefore cannot be considered a perfect alternative to 

new generation. To better valuate and compare the capacity service provided by AC replacement 

programs better statistics on usage trends are needed. This information would allow the development 

of uncertainty analysis and the creation of distribution curves showing the capacity services that could 

be provided as a result of replacing AC equipment with more efficient units.  

 

As stated before, residential AC saturation is close to 20%. This means that about 5.3 million households 

in Mexico have some type of AC unit in place. The informational gap on the age and characteristics of 

currently installed residential AC stock makes the evaluation of potential further expansion of the 

program a challenging and uncertain task. What can be said is that the sum of past replacements and 

projected PNSEE replacement are 10% of estimated AC stock, with 60% of the replacements projected 

to happen between 2009 and 2011. To more accurately measure the potential for the expansion of 

replacement programs the inclusion of residential energy end-use indicators in the national census 

systems along with field sampling of the characteristics and penetration of domestic appliances stock 

are necessary. A program targeting consumers under the commercial rate seems financially attractive to 

the user. This represents an interesting business opportunity for the private financing industry and 

private energy service companies. The utility might also be able to capture this opportunity if it factors 

and monetizies environmental benefits such as CO2 emission reductions. A deeper evaluation of this 

alternative is still needed. Modeling of the benefits associated with the creation of a similar replacement 

program targeting commercial and service buildings under the medium industry electricity rate was not 

covered in this paper but is of relevance for future studies.    

 

IX. Model Critique and Future Work 

 

The current model is a deterministic spreadsheet model based on average values of the input variables 

and parameters based on FIPATERM’s program reports. The understanding of the uncertainty in the 

estimation and forecast of the energy, economic and environmental impacts can be considerably 

improved through a stochastic model. The evolution of this model towards a stochastic one is possible 

with improved databases and perhaps some type of sampling and surveying that would provide 

statistical information and material for the creation of distribution curves that describe the behavior of 

input variables.   
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The current model has several limitations derived from some simplifying assumption. First of all, 

efficiency of old AC units subject of replacement is assumed constant and equal to previous to MEPS 

regulation. This may overestimate savings, therefore sampling of replaced units can provide improved 

accuracy to the model. On the economic estimations, the model is built under the assumption that 

direct support is not provided. The loan is the only type of support provided to the user and it is 

assumed that there is no limit to loan amount. Again, information on the distribution of the two 

different financial types of support and the amount would provide improved accuracy.  

 

Finally, further work should be performed to account for emission reductions resulting from the disposal 

of refrigeration gases, particularly CFCs.  

 

Because of the aforementioned, the current model is a building block and a useful tool still subject to 

improvement. Though it is an evolving model it can be used to inform decision makers, policy and 

program designers on estimated results of national and local AC replacement programs and help them 

better understand variables influencing these results. 
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XII. Appendix 
 
Appendix 1 Private participation activities approved under LSPEE (Carreon, Jimenez San Vicente, & 
Rosellon, 2003) 

 
Scheme 

 
Description 

Self Supply Generation of electricity to meet an industrial facility’s own energy needs.  
Refers to power plants owned and operated by private companies 

Cogeneration Refers to electricity generated simultaneously with steam or other types of  
secondary thermal energy to be used in an industrial process, or the  
generation of electricity from the surplus of thermal energy of an industrial  
proces 

Independent 
Power 
Productio 

Refers to power plants with installed capacity larger then 30 MW, built  
and operated by private companies.  All generated power must be sold to  
CFE under a power purchase agreement 

Imports and 
exports 

Exports refer to electricity produced under cogeneration, IPP or small  
scale generation categories.  
Imports refer to electricity exclusively used for self-supply purposes. 

Small-scale 
generation 

Refers to power plants with an installed capacity no larger than 30 MW  
built and operated by private companies.  This electricity is to be sold  
solely to CFE 

 
Appendix 2  Mexican public service power plants (CFE) 

 

Name of the plant 
Number 
of Units 

Beginning of 
operations 
date 

Effective 
installed 
capacity 

Location Type Status Administrator 

Carbón II 4  02-Nov-1993 1,400 Nava, Coahuila Coal plant 
In 

service CFE 

José López Portillo 
(Río Escondido) 4 21-Sep-82 1,200 Nava, Coahuila Coal plant 

In 
service CFE 

Chihuahua II (El 
Encino) 5   09-May-2001 619 

Chihuahua, 
Chihuahua Combined cycle 

In 
service CFE 

Dos Bocas 6   14-Aug-1974 452 Medellín, Veracruz Combined cycle 
In 

service CFE 

El Sauz 7  29-Jul-1981 603 
Pedro Escobedo, 

Querétaro Combined cycle 
In 

service CFE 

Felipe Carrillo 
Puerto (Valladolid) 3   30-Jun-1994 220 Valladolid, Yucatán Combined cycle 

In 
service CFE 

Gómez Palacio 3   05-jan-1976 240 
Gómez Palacio, 

Durango Combined cycle 
In 

service CFE 

Hermosillo 2 31-Dec-05 227 Hermosillo, Sonora Combined cycle 
In 

service CFE 
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Name of the plant 
Number 
of Units 

Beginning of 
operations 
date 

Effective 
installed 
capacity 

Location Type Status Administrator 

Huinalá 5   10-Jul-1998 378 
Pesquería, Nuevo 

León Combined cycle 
In 

service CFE 

Huinalá II 
(Monterrey II) 2   17-Sep-2000 450 

Pesquería, Nuevo 
León Combined cycle 

In 
service CFE 

Pdte. Emilio 
Portes Gil (Río 

Bravo) 3 5-Oct-07 211 
Río Bravo, 

Tamaulipas Combined cycle 
In 

service CFE 

Presidente Juárez 
(Rosarito) 4   06-Jul-2001 496 

Rosarito, Baja 
California Combined cycle 

In 
service CFE 

Samalayuca II 6   12-May-1998 522 
Cd. Juárez, 
Chihuahua Combined cycle 

In 
service CFE 

Tula 6   08-May-1981 489 Tula, Hidalgo Combined cycle 
In 

service CFE 

Valle de México 4   01-Jul-2004 549 Acolman, México Combined cycle 
In 

service CFE 

San Lorenzo 
Potencia 3 30-Dec-09 382 

Cuautlancingo, 
Puebla Combined cycle 

In 
service CFE 

Altamira II 3 1-May-02 495 
Altamira, 

Tamaulipas Combined cycle 
In 

service IPP 

Altamira III y IV 6 24-Dec-03 1,036 
Altamira, 

Tamaulipas Combined cycle 
In 

service IPP 

Altamira V 6 22-Oct-06 1,121 
Altamira, 

Tamaulipas Combined cycle 
In 

service IPP 

Campeche 2 28-May-03 252 Palizada, Campeche Combined cycle 
In 

service IPP 

Chihuahua III 3 9-Sep-03 259 
Cd. Juárez, 
Chihuahua Combined cycle 

In 
service IPP 

La Laguna II 3 15-Mar-05 498 
Gómez Palacio, 

Durango Combined cycle 
In 

service IPP 

Monterrey III 2 27-Mar-02 449 
Pesquería, Nuevo 

León Combined cycle 
In 

service IPP 

Naco - Nogales 2 4-Oct-03 258 Agua Prieta, Sonora Combined cycle 
In 

service IPP 

Río Bravo II 
(Anáhuac) 3 18-Jan-02 495 

Valle Hermoso, 
Tamaulipas Combined cycle 

In 
service IPP 
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Name of the plant 
Number 
of Units 

Beginning of 
operations 
date 

Effective 
installed 
capacity 

Location Type Status Administrator 

Río Bravo III 3 1-Apr-04 495 
Valle Hermoso, 

Tamaulipas Combined cycle 
In 

service IPP 

Tuxpan II 3 15-Dec-01 495 Tuxpan, Veracruz Combined cycle 
In 

service IPP 

Baja California Sur 
I 2 28-Jul-05 79 

La Paz, Baja 
California Sur 

Internal combustion or 
diesel 

In 
service CFE 

Gral. Agustín 
Olachea A. (Pto. 

San Carlos) 3  16-Aug-1991 104 
Comondú, Baja 
California Sur 

Internal combustion or 
diesel 

In 
service CFE 

Guerrero Negro II 
(Vizcaíno) 3  17-Jun-2004 11 

Mulegé, Baja 
California Sur 

Internal combustion or 
diesel 

In 
service CFE 

Hol-Box 8   01-jan-1985 3 
Lázaro Cárdenas, 

Quintana Roo 
Internal combustion or 

diesel 
In 

service CFE 

Huicot 16   01-jan-1973 1 Nayarit y Jalisco 
Internal combustion or 

diesel 
In 

service CFE 

Santa Rosalía 11 10-Jun-75 11 
Mulegé, Baja 
California Sur 

Internal combustion or 
diesel 

In 
service CFE 

Yécora 4 03-Jun-1977  2 Yécora, Sonora 
Internal combustion or 

diesel 
In 

service CFE 

Paquete de 
unidades móviles 22 1901- 1983 3 

Diferentes estados 
de la república 

Internal combustion or 
diesel 

In 
service CFE 

Esmeralda 5 15-Apr-71 0 
Sierra Mojada, 

Coahuila 
Internal combustion or 

diesel 
Out of 
Service CFE 

Guerrero Negro 4  02-Apr-1982 0 
Mulegé, Baja 
California Sur 

Internal combustion or 
diesel 

Out of 
Service CFE 

Guerrero Negro 1 2-Apr-82 1 
Mulegé, Baja 
California Sur Wind 

In 
service CFE 

La venta 104 10-Nov-94 85 Juchitán, Oaxaca Wind 
In 

service CFE 

Cerro Prieto I 5   12-Oct-1973 180 
Mexicali, Baja 

California Geothermal 
In 

service CFE 

Cerro Prieto II 2   01-Feb-1984 220 
Mexicali, Baja 

California Geothermal 
In 

service CFE 
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Name of the plant 
Number 
of Units 

Beginning of 
operations 
date 

Effective 
installed 
capacity 

Location Type Status Administrator 

Cerro Prieto III 2   24-Jul-1985 220 
Mexicali, Baja 

California Geothermal 
In 

service CFE 

Cerro Prieto IV 4  26-Jul-2000 100 
Mexicali, Baja 

California Geothermal 
In 

service CFE 

Humeros 8   30-May-1991 40 Humeros, Puebla Geothermal 
In 

service CFE 

Los Azufres 15  04-Aug-1982 195 
Cd. Hidalgo, 
Michoacán Geothermal 

In 
service CFE 

Tres Vírgenes 2  02-Jul-2001 10 
Mulege, Baja 

California  Geothermal 
In 

service CFE 

Aguamilpa 
Solidaridad 3 15-Sep-94 960 Tepic, Nayarit Hydro power 

In 
service CFE 

Ambrosio 
Figueroa (la 

Venta) 5 31-May-65 30 La Venta, Guerrero Hydro power 
In 

service CFE 

Ángel Albino 
Corzo (penitas) 4 15-Sep-87 420 Ostuacán, Chiapas Hydro power 

In 
service CFE 

Bacurato 2 16-Jul-87 92 
Sinaloa de Leyva, 

Sinaloa Hydro power 
In 

service CFE 

Bartolinas 2 20-Nov-40 1 
Tacámbaro, 
Michoacán Hydro power 

In 
service CFE 

Belisario 
Domínguez 
(Angostura) 5 14-Jul-76 900 

Venustiano 
Carranza, Chiapas Hydro power 

In 
service CFE 

Bombaná 4 20-Mar-61 5 Soyaló, Chiapas Hydro power 
In 

service CFE 

Boquilla 4 1-Jan-15 25 
San Francisco 

Conchos, Chihuahua Hydro power 
In 

service CFE 

Botello 2 1-Jan-10 13 
Panindícuaro, 

Michoacán Hydro power 
In 

service CFE 

Camilo Arriaga (El 
Salto) 2 26-Jul-66 18 

El Naranjo, San Luis 
Potosí Hydro power 

In 
service CFE 

Carlos Ramírez 
Ulloa (El Caracol) 3 16-Dec-86 600 Apaxtla, Guerrero Hydro power 

In 
service CFE 

Chilapan 4 1-Sep-60 26 Catemaco, Veracruz Hydro power 
In 

service CFE 
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Name of the plant 
Number 
of Units 

Beginning of 
operations 
date 

Effective 
installed 
capacity 

Location Type Status Administrator 

Cóbano 2 25-Apr-55 52 
Gabriel Zamora, 

Michoacán Hydro power 
In 

service CFE 

Colimilla 4 1-Jan-50 51 Tonalá, Jalisco Hydro power 
In 

service CFE 

Colina 1 1-Sep-96 3 
San Francisco 

Conchos, Chihuahua Hydro power 
In 

service CFE 

Colotlipa 4 1-Jan-10 8 
Quechultenango, 

Guerrero Hydro power 
In 

service CFE 

Cupatitzio 2 14-Aug-62 72 Uruapan, Michoacán Hydro power 
In 

service CFE 

Electroquímica 1 1-Oct-52 1 
Cd. Valles, San Luis 

Potosí Hydro power 
In 

service CFE 

Encanto 2 19-Oct-51 10 
Tlapacoyan, 

Veracruz Hydro power 
In 

service CFE 

Falcón 3 15-Nov-54 32 
Nueva Cd. Guerrero, 

Tamaulipas Hydro power 
In 

service CFE 

Fernando Hiriart 
Balderrama 
(Zimapan) 2 27-Sep-96 292 Zimapán, Hidalgo Hydro power 

In 
service CFE 

Humaya 2 27-Nov-76 90 Badiraguato, Sinaloa Hydro power 
In 

service CFE 

Infiernillo 6 28-Jan-65 1,120 La Unión, Guerrero Hydro power 
In 

service CFE 

Itzícuaro 2 1-Jan-29 1 
Peribán los Reyes, 

Michoacán Hydro power 
In 

service CFE 

Ixtaczoquitlán 1 10-Sep-05 2 
Ixtaczoquitlán, 

Veracruz Hydro power 
In 

service CFE 

José Cecilio del 
Valle 3 26-Apr-67 21 Tapachula, Chiapas Hydro power 

In 
service CFE 

Jumatán 4 17-Jul-41 2 Tepic, Nayarit Hydro power 
In 

service CFE 

La Amistad 2 1-May-87 66 Acuña, Coahuila Hydro power 
In 

service CFE 
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Name of the plant 
Number 
of Units 

Beginning of 
operations 
date 

Effective 
installed 
capacity 

Location Type Status Administrator 

Leonardo 
Rodríguez Alcaine 

(El Cajón) 2 1-Mar-07 750 
Santa María del Oro, 

Nayarit Hydro power 
In 

service CFE 

Luis Donaldo 
Colosio (Huites) 2 15-Sep-96 422 Choix, Sinaloa Hydro power 

In 
service CFE 

Luis M. Rojas 
(Intermedia) 1 1-Jan-63 5 Tonalá, Jalisco Hydro power 

In 
service CFE 

Malpaso 6 29-Jan-69 1,080 Tecpatán, Chiapas Hydro power 
In 

service CFE 

Manuel M. 
Diéguez (Santa 

Rosa) 2 2-Sep-64 61 Amatitlán, Jalisco Hydro power 
In 

service CFE 

Manuel Moreno 
Torres 8 29-May-81 2,400 Chicoasén, Chiapas Hydro power 

In 
service CFE 

(Chicoasén)         Hydro power 
In 

service CFE 

Mazatepec 4 6-Jul-62 220 
Tlatlauquitepec, 

Puebla Hydro power 
In 

service CFE 

Micos 2 1-May-45 1 
Cd. Valles, San Luis 

Potosí Hydro power 
In 

service CFE 

Minas 3 10-Mar-51 15 Las Minas, Veracruz Hydro power 
In 

service CFE 

Mocúzari 1 3-Mar-59 10 Álamos, Sonora Hydro power 
In 

service CFE 

Oviáchic 2 28-Aug-57 19 Cajeme, Sonora Hydro power 
In 

service CFE 

Platanal 2 21-Oct-54 9 Jacona, Michoacán Hydro power 
In 

service CFE 

Plutarco Elías 
Calles 3 12-Nov-64 135 Soyopa, Sonora Hydro power 

In 
service CFE 

(El Novillo)         Hydro power 
In 

service CFE 

Portezuelos I 4 1-Jan-01 2 Atlixco, Puebla Hydro power 
In 

service CFE 

Portezuelos II 2 1-Jan-08 1 Atlixco, Puebla Hydro power 
In 

service CFE 

Puente Grande 2 1-Jan-12 12 Tonalá, Jalisco Hydro power 
In 

service CFE 

Raúl J. Marsal 2 13-Aug-91 100 Cosalá, Sinaloa Hydro power 
In 

service CFE 

(Comedero)         Hydro power 
In 

service CFE 

Salvador Alvarado 2 8-May-63 14 Culiacán, Sinaloa Hydro power 
In 

service CFE 

(Sanalona)         Hydro power 
In 

service CFE 
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Name of the plant 
Number 
of Units 

Beginning of 
operations 
date 

Effective 
installed 
capacity 

Location Type Status Administrator 

San Pedro Porúas 2 1-Oct-58 3 
Villa Madero, 

Michoacán Hydro power 
In 

service CFE 

Schpoiná 3 7-May-53 2 
Venustiano 

Carranza, Chiapas Hydro power 
In 

service CFE 

Tamazulapan 2 12-Dec-62 2 
Tamazulapan, 

Oaxaca Hydro power 
In 

service CFE 

Temascal 6 18-Jun-59 354 
San Miguel 

Soyaltepec, Oaxaca Hydro power 
In 

service CFE 

Texolo 2 1-Nov-51 2 Teocelo, Veracruz Hydro power 
In 

service CFE 

Tirio 3 1-Jan-05 1 Morelia, Michoacán Hydro power 
In 

service CFE 

Tuxpango 4 1-Jan-14 36 
Ixtaczoquitlán, 

Veracruz Hydro power 
In 

service CFE 

Valentín Gómez 
Farías (agua 

prieta) 2 15-Sep-93 240 Zapopan, Jalisco Hydro power 
In 

service CFE 

Villita 4 1-Sep-73 300 
Lázaro Cárdenas, 

Michoacán Hydro power 
In 

service CFE 

Zumpimito 4 1-Oct-44 6 Uruapan, Michoacán Hydro power 
In 

service CFE 

27 de Septiembre 
(El Fuerte) 3 27-Aug-60 59 El Fuerte, Sinaloa Hydro power 

In 
service CFE 

El Durazno 
(Sistema 

Hidroeléctrico 
Miguel Alemán) 2 1-Oct-55 0 

Valle de Bravo, 
México Hydro power 

Out of 
Service CFE 

Huazuntlán 1 1-Aug-68 0 Zoteapan, Veracruz Hydro power 
Out of 
Service CFE 

Ixtapantongo 
(Sistema 

Hidroeléctrico 
Miguel Alemán) 3 29-Aug-44 0 

Valle de Bravo, 
México Hydro power 

Out of 
Service CFE 

Las Rosas 1 1-Jan-49 0 
Cadereyta, 
Querétaro Hydro power 

Out of 
Service CFE 

Santa Bárbara 
(Sistema 

Hidroeléctrico 
Miguel Alemán) 3 19-Oct-50 0 

Santo Tomás de los 
Plátanos, México Hydro power 

Out of 
Service CFE 
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Name of the plant 
Number 
of Units 

Beginning of 
operations 
date 

Effective 
installed 
capacity 

Location Type Status Administrator 

Tepazolco 2 16-Apr-53 0 Xochitlán, Puebla Hydro power 
Out of 
Service CFE 

Tingambato 
(Sistema 

Hidroeléctrico 
Miguel Alemán) 3 24-Sep-57 0 Otzoloapan, México Hydro power 

Out of 
Service CFE 

Laguna Verde 2  29-Jun-1990 1,365 
Alto Lucero, 

Veracruz Nuclear 
In 

service CFE 

Altamira 4   19-May-1976 800 
Altamira, 

Tamaulipas Thermo-electric 
In 

service CFE 

Benito Juárez 
(Samalayuca) 2    02-Apr-1985 316 

Cd. Juárez, 
Chihuahua Thermo-electric 

In 
service CFE 

Carlos Rodríguez 
Rivero (Guaymas 

II) 4   06-Dec-1973 484 Guaymas, Sonora Thermo-electric 
In 

service CFE 

Felipe Carrillo 
Puerto (Valladolid) 2   05-Apr-1992 75 Valladolid, Yucatán Thermo-electric 

In 
service CFE 

Francisco Pérez 
Ríos (Tula) 5   30-Jun-1991 1,606 Tula, Hidalgo Thermo-electric 

In 
service CFE 

Francisco Villa 5   22-Nov-1964 300 Delicias, Chihuahua Thermo-electric 
In 

service CFE 

Gral. Manuel 
Álvarez Moreno 
(Manzanillo I) 4 1-Sep-82 1,200 Manzanillo, Colima Thermo-electric 

In 
service CFE 

Guadalupe 
Victoria (Lerdo) 2   18-Jun-1991 320 Lerdo, Durango Thermo-electric 

In 
service CFE 

José Aceves Pozos 
(Mazatlán II) 3   13-Nov-1976 616 Mazatlán, Sinaloa Thermo-electric 

In 
service CFE 

Juan de Dios Bátiz 
P. (Topolobampo) 3   12-Jun-1995 320 Ahome, Sinaloa Thermo-electric 

In 
service CFE 

Lerma (Campeche) 4   09-Sep-1976 150 
Campeche, 
Campeche Thermo-electric 

In 
service CFE 

Manzanillo II 2   24-Jul-1989 700 Manzanillo, Colima Thermo-electric 
In 

service CFE 

Mérida II 2  13-Dec-1981 168 Mérida, Yucatán Thermo-electric 
In 

service CFE 

Nachi-Cocom 2   06-Jun-1962 0 Mérida, Yucatán Thermo-electric 
In 

service CFE 

Pdte. Adolfo López 
Mateos (Tuxpan) 6   30-Jun-1991 2,100 Tuxpan, Veracruz Thermo-electric 

In 
service CFE 

Pdte. Emilio 
Portes Gil (Río 

Bravo) 1  11-Jul-1964 300 
Río Bravo, 

Tamaulipas Thermo-electric 
In 

service CFE 

Poza Rica 3   04-Feb-1963 117 Tihuatlán, Veracruz Thermo-electric 
In 

service CFE 
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Name of the plant 
Number 
of Units 

Beginning of 
operations 
date 

Effective 
installed 
capacity 

Location Type Status Administrator 

Presidente Juárez 
(Rosarito) 6   06-Mar-1964 320 

Rosarito, Baja 
California Thermo-electric 

In 
service CFE 

Puerto Libertad 4   01-Aug-1985 632 Pitiquito, Sonora Thermo-electric 
In 

service CFE 

Punta Prieta II 3   01-Aug-1979 113 
La Paz, Baja 

California Sur Thermo-electric 
In 

service CFE 

Salamanca 4    19-Jun-1971 866 
Salamanca, 
Guanajuato Thermo-electric 

In 
service CFE 

Valle de México 3    01-Apr-1963 450 Acolman, México Thermo-electric 
In 

service CFE 

Villa de Reyes 2   01-Nov-1986 700 
Villa de Reyes, San 

Luis Potosí Thermo-electric 
In 

service CFE 

Guaymas I 2  10-Aug-1962 0 Guaymas, Sonora Thermo-electric 
Out of 
Service CFE 

La Laguna 1    01-Dec-1967 0 
Gómez Palacio, 

Durango Thermo-electric 
Out of 
Service CFE 

Monterrey 6 15-Jul-65 0 
San Nicolás de los 

Garza, N.L. Thermo-electric 
Out of 
Service CFE 

San Jerónimo 2 30-Sep-60 0 
Monterrey, Nuevo 

León Thermo-electric 
Out of 
Service CFE 

Caborca 2   03-Nov-1970 42 Caborca, Sonora Turbogas 
In 

service CFE 

Cancún 4  01-jan-1974 102 
Cancún, Quintana 

Roo Turbogas 
In 

service CFE 

Chankanaab 3  01-Mar-1968 53 
Cozumel, Quintana 

Roo Turbogas 
In 

service CFE 

Chávez (TG. 
Laguna - Chávez) 2   07-Jul-1971 28 

Francisco I. Madero, 
Coahuila Turbogas 

In 
service CFE 

Ciprés 1  12-Dec-1981 27 
Ensenada, Baja 

California Turbogas 
In 

service CFE 

Ciudad 
Constitución 1   26-Oct-1984 33 

Cd. Constitución, 
Baja California Sur Turbogas 

In 
service CFE 
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Name of the plant 
Number 
of Units 

Beginning of 
operations 
date 

Effective 
installed 
capacity 

Location Type Status Administrator 

Ciudad del 
Carmen 3   28-Jul-1986 47 

Ciudad del Carmen, 
Campeche Turbogas 

In 
service CFE 

Ciudad Obregón 2   01-Jun-1972 28 Cajeme, Sonora Turbogas 
In 

service CFE 

Culiacán 1   01-jan-1990 30 Culiacán, Sinaloa Turbogas 
In 

service CFE 

El Verde 1  01-Feb-1973 24 El Salto, Jalisco Turbogas 
In 

service CFE 

Esperanzas 1   16-Nov-1971 12 Múzquiz, Coahuila Turbogas 
In 

service CFE 

Fundidora (TG. 
Monterrey) 1   05-Apr-1971 12 

Monterrey, Nuevo 
León Turbogas 

In 
service CFE 

Industrial (TG. 
Juárez) 1 

    01-Mar-
1977 18 

Cd. Juárez, 
Chihuahua Turbogas 

In 
service CFE 

La Laguna (TG. 
Laguna - Chávez) 4  05-May-1970 56 

Gómez Palacio, 
Durango Turbogas 

In 
service CFE 

La Paz 2   01-Jun-1977 43 
La Paz, Baja 

California Sur Turbogas 
In 

service CFE 

Las Cruces 3   01-jan-1969 43 Acapulco, Guerrero Turbogas 
In 

service CFE 

Leona (TG. 
Monterrey) 2   01-Mar-1972 24 

Monterrey, Nuevo 
León Turbogas 

In 
service CFE 

Los Cabos 3   30-Nov-1983 85 
Los Cabos, Baja 
California Sur Turbogas 

In 
service CFE 

Mérida II 1   01-Apr-1981 30 Mérida, Yucatán Turbogas 
In 

service CFE 

Mexicali 3  01-Oct-1974 62 
Mexicali, Baja 

California Turbogas 
In 

service CFE 

Monclova 3  01-Dec-1975 48 Monclova, Coahuila Turbogas 
In 

service CFE 

Nachi-Cocom 1  16-Mar-1987 30 Mérida, Yucatán Turbogas 
In 

service CFE 

Nizuc 2   01-Apr-1980 88 
Cancún, Quintana 

Roo Turbogas 
In 

service CFE 

Parque (TG. 
Juárez) 4   01-Oct-1974 59 

Cd. Juárez, 
Chihuahua Turbogas 

In 
service CFE 
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Name of the plant 
Number 
of Units 

Beginning of 
operations 
date 

Effective 
installed 
capacity 

Location Type Status Administrator 

Tecnológico (TG. 
Monterrey) 1   01-Feb-1974 26 

Monterrey, Nuevo 
León Turbogas 

In 
service CFE 

Tijuana 3  01-Jul-1982 210 
Rosarito, Baja 

California Turbogas 
In 

service CFE 

Universidad (TG. 
Monterrey) 2  31-Oct-1970 24 

Monterrey, Nuevo 
León Turbogas 

In 
service CFE 

Xul-Ha 2  05-Nov-1980 14 
Othón P. Blanco, 

Quintana Roo Turbogas 
In 

service CFE 

Huinalá 1 2-Mar-99 150 
Pesquería, Nuevo 

León Turbogas 
In 

service CFE 

Pdte. Adolfo López 
M. (Tuxpan) 1 2-Jan-04 163 Tuxpan, Veracruz Turbogas 

In 
service CFE 

P. Móvil OT-5000-
1 1 2-Oct-84 3 

Guerrero Negro, 
B.C.S  Turbogas 

In 
service CFE 

P. Móvil T-14000-1 1 7-Jan-70 13 Santa Rosalía, B.C.S.  Turbogas 
In 

service CFE 

P. Móvil T-14000-2 1 13-Feb-72 13 
Cabo San Lucas, 

B.C.S  Turbogas 
In 

service CFE 

P. Móvil T-18000-1 1 1-Jul-87 13 
Chetumal, Quintana 

Roo Turbogas 
In 

service CFE 

P. Móvil T-25000-1 1 1-Jun-87 19 
Cabo San Lucas, 

B.C.S. Turbogas 
In 

service CFE 

P. Móvil T-25000-2 1 28-Jan-88 19 
Cabo San Lucas, 

B.C.S  Turbogas 
In 

service CFE 

P. Móvil T-25000-3 1 26-Jan-77 20 
Gomez Palacio, 

DGO.  Turbogas 
In 

service CFE 

P. Móvil T-25000-4 1 1-Jun-87 17 
Ensenada, Baja 

Califor Turbogas 
In 

service CFE 

Chaveña 1 1-Jun-70 0 
Cd. Juárez, 
Chihuahua Turbogas 

Out of 
Service CFE 

Chihuahua 4   01-Apr-1972 0 
Chihuahua, 
Chihuahua Turbogas 

Out of 
Service CFE 

Nuevo Laredo 
(Arroyo del 

Coyote) 2  10-Dec-1980 0 
Nuevo Laredo, 

Tamaulipas Turbogas 
Out of 
Service CFE 
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Name of the plant 
Number 
of Units 

Beginning of 
operations 
date 

Effective 
installed 
capacity 

Location Type Status Administrator 

Chaveña 1 1-Jun-70 0 
Cd. Juárez, 
Chihuahua Turbogas 

Out of 
Service CFE 

Chihuahua 4   01-Apr-1972 0 
Chihuahua, 
Chihuahua Turbogas 

Out of 
Service CFE 

Nuevo Laredo 
(Arroyo del 

Coyote) 2  10-Dec-1980 0 
Nuevo Laredo, 

Tamaulipas Turbogas 
Out of 
Service CFE 

Bajío 4 9-Mar-02 495 
San Luis de la Paz, 

Querétaro   
In 

service IPP 

Hermosillo 2 1-Oct-01 250 Hermosillo, Sonora   
In 

service IPP 

Mérida III 3 9-Jun-00 484 Mérida, Yucatán   
In 

service IPP 

Mexicali 3 20-Jul-03 489 
Mexicali, Baja 

California   
In 

service IPP 

Río Bravo IV 3 1-Apr-05 500 
Valle Hermoso, 

Tamaulipas   
In 

service IPP 

Saltillo 2 19-Nov-01 248 
Ramos Arizpe, 

Coahuila   
In 

service IPP 

Tamazunchale 6 21-Jun-07 1,135 
Tamazunchale, San 

Luis Potosí   
In 

service IPP 

Tuxpan III y IV 6 23-May-03 983 Tuxpan, Veracruz   
In 

service IPP 

Tuxpan V 3 1-Sep-06 495 Tuxpan, Veracruz   
In 

service IPP 

Valladolid III 3 27-Jun-06 525 Valladolid, Yucatán    
In 

service IPP 

Norte Durango 3 7-Aug-10 450 Durango, Durango   
In 

service IPP 
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Appendix 3 Replacement support limits and characteristics for PNSEE 

 

 
Exhibit 36 Source (Andrade Salaverria, 2010) 

Appendix 4 Current Mexican MEPS  

 NOM-001-ENER-2000  Eficiencia energética de bombas verticales tipo turbina con motor 
externo eléctrico vertical. Límites y método de prueba. 

 NOM-003-ENER-2000  Eficiencia térmica de calentadores de agua para uso doméstico y 
comercial. Límites, método de prueba y etiquetado. 

 NOM-004-ENER-2008  Eficiencia energética de bombas y conjunto motor-bomba, para bombeo 
de agua limpia, en potencias de 0,187 kW a 0,746 kW. Límites, métodos de prueba y etiquetado. 

 NOM-005-ENER-2010  Eficiencia energética de lavadoras de ropa electrodomésticas. Límites, 
método de prueba y etiquetado. 

 NOM-006-ENER-1995  Eficiencia energética electromecánica en sistemas de bombeo para pozo 
profundo en operación.- Límites y método de prueba. 

 NOM-007-ENER-2004  Eficiencia energética en sistemas de alumbrado en edificios no 
residenciales. 

 NOM-008-ENER-2001  Eficiencia energética en edificaciones, envolvente de 
edificios no residenciales. 

 NOM-009-ENER-1995  Eficiencia energética en aislamientos térmicos industriales. 



61 
 

 NOM-010-ENER-2004   Eficiencia energética del conjunto motor bomba sumergible tipo pozo 
profundo. Límites y método de prueba. 

 NOM-011-ENER-2006  Eficiencia energética en acondicionadores de aire tipo central, paquete o 
dividido. Límites, métodos de prueba y etiquetado. 

 NOM-013-ENER-2004   Eficiencia energética para sistemas de alumbrado en vialidades y áreas 
exteriores públicas. 

 NOM-014-ENER-2004   Eficiencia energética de motores de corriente alterna, monofásicos, de 
inducción, tipo jaula de ardilla, enfriados con aire, en potencia nominal de 0,180 a 1,500 kW. 
Límites, método de prueba y marcado. 

 NOM-015-ENER-2002   Eficiencia energética de refrigeradores y congeladores 
electrodomésticos. Límites, métodos de prueba y etiquetado. 

 NOM-016-ENER-2002   Eficiencia energética de motores de corriente alterna, trifásicos, de 
inducción, tipo jaula de ardilla, en potencia nominal de 0,746 a 373 kW. Límites, método de 
prueba y marcado. 

 NOM-017-ENER/SCFI-2008   Eficiencia energética de lámparas fluorescentes compactas. Límites 
y métodos de prueba. 

 NOM-018-ENER-1997   Aislantes térmicos para edificaciones. Características, límites y métodos 
de prueba. 

 NOM-019-ENER-2009  Eficiencia térmica y eléctrica de máquinas tortilladoras mecanizadas. 
Límites, método de prueba y marcado. 

 NOM-021-ENER/SCFI-2008   

 NOM-022-ENER/SCFI-2008   Eficiencia energética y requisitos de seguridad al usuario para 
aparatos de refrigeración comercial autocontenidos. Límites, métodos de prueba y etiquetado. 

 
Appendix 5 AC prices 

Window AC prices  
 
There is (almost) no national production of air conditioner in Mexico. Therefore, the market is 
dominated by imported products. Because air conditioners sold in Mexico are exclusively from imported 
sources and there is no publicly available information on the current state of the Mexican market the 
study assumes brand market shares and prices equal to the US’s.  
 
In 2007, there were less than 10 manufacturers supplying the USA’s window air conditioner market and 
70% of it was dominated by LG, Fedders, Frigidaire (Electrolux) and Whirlpool. The rest of the market 
was shared by manufacturers such as Sharp, Samsung, Haier, among others. LG had the largest share 
with 32% of it. (DOE EERE, 2001) (DOE EERE, 2001)  
 
Since 1980, window air conditioner prices have decreased both in nominal and real terms (DOE EERE, 
2001) (DOE EERE, 2001). The graph here presented shows retail price vs capacity and evidences a 
positive trend.  
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Exhibit 37 Sample of air conditioner prices vs cooling capacities taken from online US retail stores in 2011.  

It is important to mention that even though prices in the US have decreased in nominal and real terms, 
this trend is not evident in the Mexican market. This is caused by the consistent decrease in the 
peso/dollar exchange rate over the last two decades.  
 
Split AC prices  
 
Split air conditioners offered in the Mexican market are also imported. The following graph presents the 
positive relationship shown between price and cooling capacity.  
 

 
Exhibit 38 Sample of air conditioner prices vs cooling capacities taken from online Mexican retail stores in 2011. 

Because of a lack of market studies and historical price data of split type of AC units the model assumes 
a trend of AC prices over time similar to that shown for window AC units. Appendix 6 presents assumed 
AC prices for both split and window technologies over time.  
 
Appendix 6 Input variables, constants and parameters 

Constants and parameters 

Discount rate government projects 12%  (Sanchez, Pulido, McNeil, Turiel, & della Cava, 2007) 

User discount rate 8.51%  (Sanchez, Pulido, McNeil, Turiel, & della Cava, 2007) 
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Emission factor  (tons/GWh) 605  (Sanchez, Pulido, McNeil, Turiel, & della Cava, 2007) 

Air conditioner use factor  25%  (Sanchez, Pulido, McNeil, Turiel, & della Cava, 2007) 

Coincidence factor with peak demand 40%  (Sanchez, Pulido, McNeil, Turiel, & della Cava, 2007) 

Transmission losses in peak demand 19%  (Sanchez, Pulido, McNeil, Turiel, & della Cava, 2007) 

Useful life of AC units 
              

10  
 (Lawrence Berkeley National Laboratory, 2008) 

Annual probability of natural retirement 
increment  

10%  (Lawrence Berkeley National Laboratory, 2008) 

Operational costs (% of investment) 
10%  Assumed by author (no information on operational 

costs is provided by institutions managing 
substitution programs) 

Baseline AC efficiency 
COP 1.76 

=REE 6 
(FIPATERM, 2010) 

Percentage of window AC replaced with 
window AC units 

76% Conservative estimation based on FIPATERM 
replacement distribution. 

Percentage of replaced units with higher 
cooling capacity than the replaced one. 

5% Based on results from FIPATERM (Morales, 2011) 
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AC characteristics 
 
 Variable: Number of AC units substituted per year 
 Definition: 
 Considerations: For FIPATERM estimation the number of AC units replaced was equal to the  number of window AC units 
reported to have been replaced between 1997 -2010. (FIPATERM, 2010). For PFAEE the number of AC units replaced was equal to 
the number reported by FIDE. (FIDE, 2009). For PNSEE estimation the number of AC units replaced was assumed to be equal to that 
projected by the PRONASE distributed evenly between 2009-2012. (Diaro Oficial, 2009) 
 
 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Total 

FIPATERM 10 74 331 1,703 6,905 11,666 9,619 8,023 16,089 10,070 52 1,731 7,094 15,637   89,004 

PFAEE      280 30,335 30,799 43,555 24,920       129,889 

PNSEE**             86223 86223 86223 86223 344,892 

   
Variable: Efficiency of substituted AC units 

 Definition: COP coefficient of performance is the ratio of the change in heat to the supplied work. (Wt/We) 
 Considerations: For FIPATERM, PFAEE and PNSEE COP for window AC units was assumed constant and equal to 1.76 for all 
AC units replaced. (Sanchez, Pulido, McNeil, Turiel, & della Cava, 2007) & (FIPATERM, 2010) 
 

Variable: Efficiency of new AC units 
 Definition: COP coefficient of performance is the ratio of the change in heat to the supplied work. (Wt/We) 
 Considerations: For FIPATERM and PFAEE COP for new window AC units was assumed equal to those established by the 
MEPS or NOM valid for the year of replacement. (NOM-073-SCFI-1994, 1994) (NOM -021 ENER/ECOL -2000, 2000) (NOM-021-
ENER/SCFI-2008, 2008)For FIPATERM and PFAEE COP for split AC units was assumed equal to the US MEPS valid in that year. (DOE 
EERE, 2001) For the PNSEE COP, for both window and split units, was assumed equal to that established by the Sello FIDE 
certification requirements. (Sello FIDE, 2010) (Sello FIDE, 2007) 
 

Variable: Distribution of substitution AC units by cooling capacity 
 Definition: this is the cooling capacity or size of the replaced units expressed in refrigeration tons. (1 refrigeration 
ton=3516.85 Watts) 
 Considerations: For FIPATERM this is equal to the distribution of actual window units replaced between 1997 and 2010. 
(FIPATERM, 2010)  For the PNSEE and PFAEE the distribution was calculated to be similar to that of FIPATERM.  
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  Cooling capacity (tons) FIPATERM PFAEE PNSEE 

R
ep

la
ce

d
 W

in
d

o
w

 u
n

it
s 

0.75 10,701 18,212 5,164 

1 38,927 53,008 147,380 

1.5 11,688 16,794 40,700 

2 20,326 23,483 134,120 

3 3,794 9,929 10,488 

4 3,568 8,464 7,040 

Total 89,004 129,890 344,892 

 
**Constant: Percentage of replaced units with higher cooling capacity than that of the replaced unit 

 Definition: this is the percentage of replacement units that have a higher capacity than that of the replaced unit.  For the 
model this was assumed to be 5%.  
 Considerations: According to FIPATERM, PFAEE and PNSEE programs’ rules new units can have a maximum cooling capacity 
increase compared to the old one’s of 1 refrigeration ton. The following table shows the possible cooling capacity assumed available 
when under the increased cooling capacity alternative. 
 

Capacity increase options assumed in the model to comply with the 1 
refrigeration ton increase limit 

Replaced unit cooling capacity 
(tons)   

New unit cooling capacity 
(tons) 

0.75 -> 1.5 

1 -> 2 

1.5 -> 2 

2 -> 3 

3 -> 4 

4 -> 4 

 
Variable: Replacement AC unit price (MXP/unit) 

 Definition: estimated annual average price in Mexican peso currency for each type of air conditioner and cooling capacity  
 Considerations: See Appendix 5 
 



66 
 

Window Air conditioners 
Nominal MXP by cooling 
capacity  

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 

0.75 tons 2,326 2,979 2,764 3,015 3,216 3,071 3,827 3,386 3,388 3,594 3,813 4,045 4,291 4,553 4,830 5,124 5,436 5,767 

1 tons 2,855 3,666 3,411 3,730 3,991 3,823 4,778 4,242 4,250 4,509 4,783 5,075 5,384 5,712 6,059 6,428 6,820 7,235 

1.5 tons 3,911 5,039 4,704 5,162 5,541 5,326 6,680 5,952 5,975 6,338 6,725 7,134 7,568 8,029 8,518 9,037 9,588 10,171 

2 tons 4,968 6,412 5,997 6,593 7,091 6,829 8,583 7,662 7,699 8,168 8,666 9,193 9,753 10,347 10,977 11,646 12,355 13,108 

3 tons 
                  

4 tons 
                  

 
Split Air conditioners 
Nominal MXP by cooling 
capacity 

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 

0.75 tons 2,734 3,509 3,264 3,567 3,814 3,651 4,561 4,047 4,053 4,300 4,562 4,840 5,135 5,448 5,779 6,131 6,505 6,901 

1 tons 3,563 4,586 4,277 4,689 5,029 4,830 6,052 5,387 5,405 5,735 6,084 6,454 6,847 7,264 7,707 8,176 8,674 9,202 

1.5 tons 5,219 6,738 6,304 6,933 7,459 7,186 9,035 8,069 8,109 8,603 9,127 9,683 10,272 10,898 11,562 12,266 13,013 13,805 

2 tons 6,876 8,891 8,332 9,177 9,889 9,542 12,017 10,750 10,813 11,471 12,170 12,911 13,697 14,531 15,416 16,355 17,351 18,408 

3 tons 10,190 13,197 12,386 13,664 14,750 14,255 17,982 16,113 16,220 17,208 18,256 19,368 20,547 21,798 23,126 24,534 26,029 27,614 

4 tons 13,504 17,503 16,440 18,152 19,610 18,968 23,946 21,475 21,628 22,945 24,342 25,824 27,397 29,066 30,836 32,714 34,706 36,819 

 
Electricity system characteristics 
 

Variable: Electricity prices (MXP/KWh) 
 Definition: annual average prices for the residential and commercial sector  
 Considerations: electricity prices after 2007 were estimated based on the historic trend of average commercial and 
residential prices reported in (SENER, 2008). 
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Variable: Electricity costs (MXP/KWh) 
 Definition: annual average costs for the residential and commercial sector  
 Considerations: electricity costs after 2007 were estimated based on the historic trend of average commercial and 
residential costs reported in (SENER, 2008). 
 

Variable: Capacity costs (MXP/KW) 
 Definition: costs of investment in new generation  
 Considerations: capacity costs are based on (CFE, 2007) combined cycle investment cost. The timeline was built assuming 
these costs change due to inflation only.  
 
Economic Variables 
 

Variable: Inflation 
 Definition:  
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 Considerations: Inflation rate was equal to the annual average inflation rate for years previous to 2010 (Banco de Mexico). 
Inflation was assumed constant and equal to 3% after 2010.  
 
 
 


