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Executive Summary 
 

English  

In 2016, Mexico was one of the first developing countries to ratify the Paris Climate Agreement, 

setting ambitious nationwide targets to slow the pace of climate change. With the most carbon-

intensive electricity grid in Latin America, a growing population, and a growing energy-intensive 

middle class, Mexico has recognized the importance of addressing emissions from the electricity 

sector. The government has set goals to reduce energy consumption by 30% in their residential 

sector by 2030.  

 

 Meeting these goals will require increased understanding of the patterns and growth of electricity 

consumption at the household level throughout the country. In this study, we analyze the 

household, community, climate, and policy drivers of domestic appliance penetration in Mexico. 

This analysis is aimed to support the ongoing development of a computer-based model to aid long-

term projections of residential electricity consumption.  

 

The findings in this study inform future decisions regarding energy efficiency policies and capacity 

expansion plans in the electric power sector. In this project, we analyze 2008-2018 data from 

Mexicoôs National Survey of Household Income and Expenditure (ENIGH) to investigate how 

household characteristics have influenced the adoption of various types of HVAC, lightbulbs, 

televisions, washing machines, and other household appliances. Using descriptive statistics, this 

study identifies common trends in the adoption of household appliances. Additionally, we analyze 

how regional and climatic differences have especially affected heating and cooling technologies.  

 

Finally, we review electricity, energy, and energy efficiency policies and programs in Mexico to 

explore their effects on appliance adoption and make recommendations for the future. Our findings 

indicate that, although the penetration of each appliance is influenced to varying degrees by 

different drivers, socioeconomic status was a common significant factor across all appliances. In 

order to better address the needs of the people and decrease emissions from the electricity sector, 

the country should enhance its appliance adoption and replacement programs catered towards low 

income communities, enforce stricter energy efficiency standards at a faster pace, proactively 

support the integration of renewables and distributed energy resources, and continue collecting 

detailed data on household energy use.  
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Español   

 

En el año 2016, México se estableció como uno de los primeros países en desarrollo en ratificar el 

Acuerdo de París, fijando objetivos ambiciosos a nivel nacional para ralentizar el ritmo del cambio 

climático. Con la red eléctrica más intensiva en carbono de América Latina, una población en 

crecimiento y una clase media con alto consumo de energía, México ha reconocido la importancia 

de abordar las emisiones del sector eléctrico. Al respecto, el gobierno ha establecido objetivos para 

reducir el consumo de energía en un 30% en el sector residencial para 2030.  

 

Cumplir estos objetivos requerirá una mayor comprensión de los patrones de crecimiento del 

consumo de electricidad a nivel de hogar en todo el país. En este estudio, se analizan los factores 

que impulsan la utilización de electrodomésticos en el hogar, entre los que se encuentran la 

comunidad, el clima y las políticas públicas. Este análisis esta enmarcado en el desarrollo de un 

modelo basado en computadora que busca proyectar a largo plazo el consumo de electricidad 

residencial. 

 

Los resultados de este estudio sirven para informar decisiones futuras con respecto a políticas de 

eficiencia energética y planes de expansión de capacidad en el sector de energía eléctrica. Se 

analizaron datos de 2008-2018 de la Encuesta Nacional de Ingresos y Gastos del Hogar (ENIGH) 

para investigar cómo las características del hogar han influido en la adopción de varios tipos de 

calefacción, refrigeración, bombillas, televisores, lavadoras y otros electrodomésticos. Utilizando 

estadísticas descriptivas, este estudio identifica tendencias comunes en la adopción de 

electrodomésticos. Además, se analizó cómo las diferencias regionales y climáticas han afectado 

especialmente las tecnologías de calefacción y refrigeración. 

 

Finalmente, se revisaron las políticas y programas de electricidad, energía, y eficiencia energética 

en México para explorar sus efectos en la adopción de electrodomésticos y hacer recomendaciones 

para el futuro. Nuestros hallazgos indican que, aunque la penetración de cada aparato está 

influenciada en diferentes grados por diferentes factores, el estado socioeconómico fue un factor 

significativo común en el uso de todos los dispositivos eléctricos. Con el fin de abordar mejor las 

necesidades de las personas y disminuir las emisiones del sector eléctrico, el país debe mejorar sus 

programas de adopción y reemplazo de electrodomésticos dirigidos a las comunidades de bajos 

ingresos, hacer cumplir más estrictamente los estándares de eficiencia energética a un ritmo más 

rápido, apoyar proactivamente la integración de fuentes de energía renovables y distribuidas 

recursos energéticos, y continuar recopilando datos detallados sobre el uso de energía en los 

hogares. 
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Acronyms and Abbreviations 
 

CFE 

CFL 

Comisión Federal de Electricidad 

Compact Fluorescent Lamp 

CDD 

CONUEE 

Cooling Degree Days 

Comisión Nacional para el Uso Eficiente de la Energía Eléctrica 

EIA U.S. Energy Information Administration  

ENCEVI Encuesta Nacional sobre Consumo de Energéticos en Viviendas 
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ENIGH 
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Gigawatt 

Gigawatt-hour 

Heating Degree Days 

IB 

INEGI 

Incandescent Bulbs 

Instituto Nacional de Estadística y Geografía 

kW 

kWh 

Kilowatt 

Kilowatt-hour 

MW 

LED 

MWh 

Megawatt 

Light-emitting diode 
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Watts 
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Chapter 1: Introduction 
 

With the passage of the Paris climate agreement and large global consensus that a transition to a 

low carbon future must occur to reduce the likelihood of the worst effects of climate change, 

countries throughout the world are closely analyzing their energy consumption in order to pass 

effective policies to reduce use. Mexico was the first developing country to submit its intended 

nationally determined contribution (INDC) to the National Institute of Environment and Climate 

Change in the lead up to the 2015 Paris agreement, setting goals to reduce its residential energy 

consumption to 30% below baseline levels by 2050 (Rodríguez et al., 2017). The electricity sector 

makes up a large portion of greenhouse gas emissions, with residential energy use accounting for 

over 30% of electricity consumption (SIE, 2018).  Although it will be important that Mexico 

improves building conservation codes and that current national energy efficiency programs are 

expanded and strengthened (Rodriguez et al, 2017), a stronger understanding of the drivers of 

appliance adoption can better inform government agencies, non-profits, and energy planners where 

they should focus their resources.  This study analyzes appliance adoption in the residential sector 

in Mexico and identifies key household characteristics that drive penetration rates. 

 

As Mexicoôs government officials and energy providers look ahead to plan infrastructure projects 

to meet Mexicoôs electricity demand, it is important to understand the factors that will drive 

consumption to grow faster in some places more than others. Mexicoôs long-term plan for its 

electric power system known as ñPrograma De Desarrollo del Sistema Eléctrico Nacional 

(PRODESEN)ò includes a number of programs to upgrade and expand the infrastructure for 

generation, transmission, and distribution of electricity. For example, the program  ñPrograma 

Indicativo para la Instalaci·n y Retiro de Centrales El®ctricas (PIIRCE)ò, is focused on the 

installation of almost 63,000 MW of additional power generation capacity, an expenditure that will 

cost the country about $88.5 billion USD.(Secretaría de Energía, n.d.) Such major installations 

will have to account for the potential increases in residential electricity consumption, which has 

already exhibited steady growth over the past decades (Rosa-Flores, J., 2010). We can expect this 

trend of increasing consumption to continue, especially considering projections indicating a 35 

million person population increase in Mexico over the next 30 years (United Nations, 2017). The 

growth in both number and use of household appliances, and the electrification and development 

of rural areas in Mexico that we might expect from these population increases could lead to 

unprecedented demand growth if left unchecked.  

 

While many studies have used estimates from the national income expenditure surveys and the 

national population census to understand trends in residential energy consumption, few studies 

have had the means to utilize a bottom-up approach to project future residential energy use 

(Martinez-Montejo et al. 2016). However, the 2018 ENCEVI survey gives our project the 

unprecedented opportunity to fill in this research gap with its detailed data on appliance ownership 

from 28,000 households throughout Mexico.  

 

In this Masterôs Project, ñAnalyzing Drivers of Residential Electricity Consumption in Mexicoò, 

we examine the drivers of adoption of household appliances in Mexico through a bottom-up 

approach, particularly focusing on how saturation rates are affected by household and community 

characteristics, population growth, policies, and climate. More specifically we analyze the 

adoption of energy efficient lightbulbs, refrigerators, washing machines, air conditioners, heaters, 
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and digital TVs given these characteristics. We consider household characteristics such as 

socioeconomic status, education levels, and housing type as well as community characteristics 

such as municipality size, climate, and state. Additionally, we consider larger trends, such as 

population growth, rising GDP, and energy efficiency initiatives.  Finally, we identify 

opportunities to improve policies and programs that will help ensure that Mexico meets in 

residential energy consumption goals.  
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Chapter 2: Background 

Population Growth: 

Across this reportôs 2008 ï 2018 study period, Mexicoôs population showed steady growth. The 

population rose by about 15 million people, an increase of 13.5%, beginning with approximately 

111 million people in 2008 and ending with 126 million in 2018. Population rise appears to have 

occurred linearly, with no significant spikes in any of the studied years.   

 
Figure 1: Population of Mexico (World Bank, 2019b) 

 
 

Overview of ENIGH Data 

 

The data extracted from the ENIGH survey indicates that the number of households in Mexico 

exhibited an even greater growth rate than did total population in Mexico, with an overall increase 

of almost 6 million households, starting with 29 million households in 2008 and ending with 

almost 35 million households in 2018. This equates to a 20.15% growth rate. It is pertinent to note 

that this growth did not occur as linearly as did that of population, with number of households 

exhibiting only a minor increase between 2012 and 2014, rising from 31.56 million households to 

31.67 million households (Encuesta Nacional de Ingresos y Gastos de los Hogares (ENIGH). 

2008-2018 Nueva Serie). 

 
Figure 2: Number of Households in Mexico in 2008-2018. Source: own elaboration with data from ENIGH (ENIGH 2008 - 2018) 

 
 

The dendrogram below displays a partition of all Mexican households according to  climate zone, 

area type (urban and rural) and socioeconomic status as found by the ENIGH in 2018 (Encuesta 

Nacional de Ingresos y Gastos de los Hogares (ENIGH). Nueva Serie, 2018.) The chart highlights 
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the large portion of the population that medium-low and medium-high urban households in 

temperate climates comprise. Together these two population groups make up 35.62% of the entire 

population of Mexico. In every climate, there are more urban households than there are rural 

households, and in every climate medium-low SES urban households make-up the greatest share 

of the population.  

 
Figure 3: Classification of households in Mexico in 2018. Source: own elaboration using data from ENIGH 2018 

 
 

 

 

 

Population Growth by State:  

The country of Mexico is composed of 32 states, all of varying population sizes. The state of 

Mexico is the most populous of the 32 states, with a population of 15,175,862 in 2010 

(Interactivos, 2018). This population is almost 6 million people greater than that of the next most 

populous state, Ciudad de México (in English, Mexico City.) In comparison, the countryôs two 

least populous states, Baja California de Sur and Colima, had populations of just over almost 

640,000 people and 650,000 people in 2010.  

 

INEGIôs 2018 ENIGH survey estimates M®xico state to have had almost 4,800,000 households 

and Ciudad de México over 2,600,000 households in 2018. In contrast, Baja California de Sur and 

Colima were estimated to have 258,000 households and 234,000 households in 2018, respectively.  
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Interestingly, the greatest population growth over the 2008 to 2018 time period was seen in Baja 

California Sur, which grew by about 60% over the 10-year time period. Colima also experienced 

some of the countryôs greatest household growth, increasing its number of households by 31% 

from 2008 to 2018. The two states that experienced the least growth in household population were 

Zacatecas and Ciudad de México, which each grew by 4% and 8%, respectively. A tabular chart 

depicting state population growth for all 32 states is included in Figure 1 in the Appendix.  

 

Population Growth by Climate:  

Mexicoôs climate zones can be classified into 3 types: arid, temperate, and tropical. This 

classification is based upon modifications made by the Mexican Climatologist, Enriqueta García, 

to the Köppen Climate Classification System, which determines climate classification based on 

local vegetation (Society, 2019). While elements of a temperate climate zone stretch from the 

northern to southern ends of the country, a general overview of the climate zones indicates a 

majority of arid climate to the north, temperate in the middle of the country, and tropical to the 

south.  

 

Most of the countryôs population lives in temperate locations. With over 18,500,000 households, 

temperate climates house more than arid and tropical climates combined. All three climate types 

have experienced quite similar growth over the 2008 to 2018 time period.  Number of households 

in temperate climates grew by approximately 19% while those in tropical and arid climates grew 

by about 21% and 22%, respectively. (INEGI, 2018) 

 

 
Figure 4: Partition of Mexican states into three climate zones. Source: own elaboration with data from ENEVI (ENCEVI, 2018) 
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Table 1: Population by Climate Type in Mexico. Source: own elaboration based on data from ENIGH 2018 

CLIMATE NUMBER OF HOUSEHOLDS IN 2008 NUMBER OF HOUSEHOLDS IN 2018 % GROWTH 

ARID 6,734,968 8,183,924 22% 
TEMPERATE 15,646,215 18,673,399 19% 
TROPICAL 6,536,654 7,887,495 21% 

 

Socioeconomic Status 

Socioeconomic status:  

ENIGHôs socioeconomic status measurement was provided only for years 2012- 2018. As such, 

the analysis conducted in this report will similarly only provide findings found from the four final 

years of the 2008-2018 biannual study period.  

 

Analyses show that changes in Mexicoôs populationsô socioeconomic status did not show a clear, 

across-the-board, linear trend, as did changes in its general population growth. Instead, changes in 

socioeconomic status varied by each socioeconomic status category. For example, the ñlowò and 

ñmedium-lowò socioeconomic status categories as a percentage of total population were both at 

their highest rates in 2012, representing 19.83% and 53.42% of the population, respectively.  In 

2014, the ñlowò socioeconomic status category decreased to 17.76% and then increased 2016 and 

2018 to a final rate of 18.68% of the population. 

 

The trends for the remaining categories do not show any clear patterns. For example, the 

percentage of residents in the medium-low category in the populations decreased from 53.42% in 

2012 until rising once again to a final value of 49.98% in 2018. Ultimately, percentages of residents 

in the medium-high category and high category have risen since their respective initial 2012 rates 

of 18.87% and 7.89%. All decreases and increases surpass each measureôs approximate standard 

error and can thus be considered significant. 
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Figure 5: Population in each category of socioeconomic status in years 2012, 2014, 2016 and 2018. Total population (left) and 

population as a share of the total (right). Source: own elaboration with data from ENIGH 2012, 2014, 2016 and 2018 

 
See Appendix for Tabular Results  

 

GDP  

Mexicoôs GDP did not show any clear trends between the 2008 ï 2018 study period. While 

countrywide GDP rose from $1.1 trillion (USD) in 2008 to $1.2 trillion (USD) in 2018, annual 

GDP increased and decreased throughout the study period, peaking at $1.3 trillion (USD) in 2013. 

The overall 2008 to 2018 increase, however, equates to a growth in GDP of 9.9%. (World Bank, 

2019a) 

 
Figure 6: GDP of Mexico. Source: own elaboration with data from  the World Bank(World Bank, 2019a) 
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Mexico was the first country to officially create and establish a multidimensional poverty index 

that not only considers the lack of economic resources, but also the social inequities that policies 

must address. Developed by the National Council for the Evaluation of Social Development Policy 

(CONEVAL), Mexicoôs poverty index encompasses the conventional economic sense, as well as 

the ability of its residents in meeting the following basic social needs: education, access to health 

services, access to social security, housing of adequate quality and sufficient space, basic housing 

services, access to food. (CONEVAL) 

  

The above social rights form the basis in evaluating a deprivation index, which ranges from zero 

to six and indicates the number of unmet social needs. For example, a person with educational lag 

and without access to social security would score a two on the deprivation index, because that 

person has two of the six social needs unfulfilled. For the lack of economic resources scale, two 

income thresholds are used to denote two levels of poverty. An income level below LBE (Línea 

de Bienestar Económico), which is a well-being threshold, indicates moderate poverty. An income 

level below LBM (Línea de Bienestar Mínimo), which is a minimum well-being threshold defined 

as income needed to afford basic food and non-food baskets of goods and services, indicates 

extreme poverty. Altogether, the deprivation index and wellbeing income combined form the 

methodology of Mexicoôs poverty index, as summarized in Figure #7 below. (CONEVAL, 2012) 

  
 

 
Figure : Mexico's official classification of poverty categories, illustrating percentages of the state populations living in extreme 

and moderate poverty conditions. Source: CONEVAL, 2012 

Weather & Climate 

Mexicoôs climate zones have very different temperature and rainfall patterns. Arid climate zones 

see very little rain throughout the year and experience frost and freezing in the winter. Temperate 

zones represent a moderate climate type with average temperatures ranging from 27ᴌ - 64ᴌ 

during winter months and above 50ᴌ in summer months. The tropical climate zones are the 

warmest of the zones, with average temperatures of over 64 ᴌ all year long (Geo-Mexico, 

2013).(Geo-Mexico, 2013) 
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Energy Trends in Mexico 

National Electricity Generation 

Most of the electricity in Mexico is generated by the Federal Commission of Electricity (Spanish 

acronym, CFE), the government provider of electricity. Some is imported from suppliers across 

the border in the U.S. The chart below shows the total electricity generation in Mexico by source. 

Steam and combined cycle sources are assumed to use fossil fuels as their primary fuel source, 

including natural gas, oil and coal. Fossil fuel resources have consistently provided a majority of 

electricity generation, especially natural gas and coal in particular. In fact, the percentage of 

generation from fossil fuels increased from 76% in 2008 to 81% in 2017, despite renewable energy 

goals put in place by the Mexican government in 2008, 2012, and 2016.  Hydroelectric power is 

the second most utilized resource, at 11.7% of generation in 2017, down from 16.6% in 2008.  

Geothermal makes up approximately 4.2%, nuclear at 2.3%, and finally, wind and solar making 

up less than 1% combined. If geothermal, hydroelectric, nuclear, wind and solar are all combined 

as a renewable energy resources, they made up less than 20% of generation in 2017. The chart 

below provides a visualization of these trends. 

 

 
Figure 7: Mexico's electricity generation by source, 2008-2016. Source: SENER. 

National Electricity Consumption 

Energy use in Mexico has increased in every sector. From 2008 to 2016, the countryôs electricity 

consumption grew by approximately 18.6%. This has occurred largely from the increase in 

electricity consumption in the industrial and residential sector, with an increase of ~16,500 GWh 

and ~11,000 GWh respectively. Although the growth rate in the agricultural sector showed the 

largest percentage increase in electricity consumption, at 39.7% from 2008 to 2016, this increase 

only accounts for ~3,000GWh. The following graph provides a visualization of the growth of each 

sector in Mexico, from 2002 to 2016. Note, that the residential sector is the 2nd largest consumer 

of electricity, after industrial. 
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Figure 8: Growth in Electricity Consumption by Sector 

 
Residential Electricity Consumption 

Mexicoôs residential sector has been a major driver for the growth of electricity consumption in 

Mexico. In 2008, the residential sector consumed approximately 47,451 GWh of electricity, 

making up approximately 25.8% of total consumption. In 2016, that number grew to 58,368 GWh, 

constituting 26.8% of the countryôs total electricity consumption. The chart below depicts the 

seasonal trends of residential energy consumption in Mexico. Residential electricity consumption 

is highest in the summer months between July and October, peaking in August. 

 
Figure 9: Electricity Consumption in the residential sector. Source: own elaboration with data from SENER. 

 
 

 

It is important to note that the seasonality has increased significantly between 2008 and 2017; the 

growth of electricity consumption in the peak summer month of August has increased by 16% 

0

25

50

75

100

125

150

175

200

225

2008 2009 2010 2011 2012 2013 2014 2015 2016

El
ec

tr
it

y 
C
o
n
su

m
p
ti

o
n
 (
TW

h
)

Annual Electricy Consumption in Mexico by Sector (TWh), 2008-2017

Residential Commercial Agricultural Industrial

2

2.25

2.5

2.75

3

3.25

3.5

3.75

4

4.25

4.5

4.75

5

5.25

5.5

5.75

6

6.25

6.5

Ja
n-

0
8

M
ay

-0
8

Se
p
-0

8

Ja
n-

0
9

M
ay

-0
9

Se
p
-0

9

Ja
n-

1
0

M
ay

-1
0

Se
p
-1

0

Ja
n-

1
1

M
ay

-1
1

Se
p
-1

1

Ja
n-

1
2

M
ay

-1
2

Se
p
-1

2

Ja
n-

1
3

M
ay

-1
3

Se
p
-1

3

Ja
n-

1
4

M
ay

-1
4

Se
p
-1

4

Ja
n-

1
5

M
ay

-1
5

Se
p
-1

5

Ja
n-

1
6

M
ay

-1
6

Se
p
-1

6

Ja
n-

1
7

M
ay

-1
7

Se
p
-1

7

TW
h
 o

f 
C
o
n
su

m
p
ti

o
n

Mexico's Residential Electricy Consumption (TWh) , 2008-2017



Analyzing Household Drivers of Residential Electricity Consumption in Mexico              Siegel, Ullman, Wu 21 

while the electricity consumption in February has only increased by approximately 9%. This 

provides evidence to suggest that peak load is increasing, which will require generators that are 

less efficient to be turned on to meet the load. 

 

Policy Landscape 

Although efforts have been made to open up the electricity sector to competition CFE still 

generates 80% of the electricity in Mexico. In 2008, congress passed the Law for the Development 

of Renewable Energy and Energy Transition Financing (LAFARETE) which set goals to increase 

renewable energy development and decrease dependence on foreign fuels. This law also created 

the Renewable Energy Fund. This fund provided $220 million in financing guarantees to directly 

support and promote energy efficiency and renewable energy from 2009 and 2011.  The law was 

reformed to establish specific targets for electricity generation. By 2050, Mexico aims to source 

50% of its electricity from fossil-free resources (Secretaría de Energía, 2008). 

 

LAFARETE also lead to the creation of Programa Nacional para el Aprovechamiento Sustenable 

de la Energía (PRONASE), which establishes strategy every four years to increase energy 

efficiency in the country. This program is planned and implemented by SENER and CONUEE. 

The PRONASE 2009-2013 plan, worked to improve energy efficiency in appliances, lightbulbs, 

and manufacturing equipment. PRONASE 2014-2018 sought to design new programs to enable 

optimal use of efficiency in all levels of the energy supply chain, strengthen regulation of energy 

efficiency in appliances, strengthen systems of government responsible for energy efficiency at 

the local, state, and national level, increase research on energy efficiency technology and build 

capacity for the dissemination of energy savings culture in Mexico (Secretaría de Energía, 2014-

2018). 

 
Figure 10: Summary of important energy laws in Mexico. Source: Own elaboration on data and policies available via the 

Mexican Government, SENER, and literature review, described in sections below 

 
 

Mexicoôs government continues to develop strategy for the adoption of renewable energy and 

energy efficiency measures. The government also recently changed the constitution to open up the 

energy industry to competition and investment from private companies This is discussed in  the 

ñElectricity Reformò section below. 

  

Electricity Sector Subsidies & Rates 

Electricity subsidies in Mexico reduce the prices that residents pay for electricity, decreasing 

economic incentives for households to adopt energy efficient appliances. The average Mexican 
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household pays approximately 40% of the total cost of electricity (Center for Energy Economics 

Bureau of Economic Geology & Monterrey, 2013). One major goal of the electricity reform in 

Mexico has been to decrease the cost of generation so that subsidies can be decreased (Sanchez, 

et al., 2018). While this has helped to decrease electricity costs, there is still a long way to go. 

 
Figure 11: Electricity Rates in Mexico for 2008 to 2016. Residential and industrial rates are artificially low because of 

government subsidies. Source: SENER. 

 
 

While these subsidies were put in place to decrease price volatility and prevent residents from 

paying high electricity prices, they also represent a high opportunity cost for public funds. In 2016, 

the cost of electricity subsidies was approximately $6.8 billion USD, with 78% of that going 

toward residential electricity. This makes up about 0.65% of Mexicoôs total GDP{Citation} . 

Arguably, these subsidies also decrease incentives for the efficient use of energy and distributed 

energy resources like solar PV, energy efficient appliances, and other energy saving technologies. 

This makes up about 0.65% of Mexicoôs total GDP (World Bank, 2019a). Arguably, these 

subsidies also decrease incentives for the efficient use of energy and distributed energy resources 

like solar PV, energy efficient appliances, and other energy saving technologies.  

 

Mexico has made efforts to decrease electricity subsidies but has faced significant barriers due to 

political disapproval and consumer pushback. In 2002, CFE implemented Tarifa Doméstica 

de Alto Consumo (DAC), which created a new tariff decreasing subsidies for households that 

consumed over 140 kWh a month (Sanchez, et al., 2018). This tariff only applies to about 25% of 

consumers and is set well above the countryôs average. Later, in November 2017, the Comisión 

Reguladora de Energía (CRE) implemented a new method which set electricity tariffs closer to 

cost-recovery prices, but an agreement with the Ministry of Finance prevented residential tariffs 

from changing (Sanchez, et al., 2018). 

 

Residential electricity tariffs and subsidies have undoubtedly decreased the rate of adoption of 

energy efficiency and distributed energy resources in households throughout Mexico. It is 
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important to take these subsidies and tariffs into consideration when analyzing the patterns of 

consumption and the adoption of electrical appliances in households throughout Mexico. 

 

Electricity Market Reform 

With Mexicoôs ambitious goals to reduce carbon emissions and move toward a clean energy future, 

the government monopoly on electricity prevented competition and reduce efficiency in market, 

preventing clean energy from entering the market (U.S. EIA, 2016). In December of 2013, 

Mexicoôs government amended the constitution to open up oil, natural gas, and electricity sectors 

to private investment and competition (CENACE, 2018). Specifically, in the electricity sector, the 

amendment required the development of centralized wholesale electricity markets and the creation 

of an independent system operator to run the market . 

 

Proponents of electricity reform in Mexico hope that wholesale electricity markets will increase 

the competitiveness of low-carbon generation resources and reduce the cost of new capacity 

development. These proponents predict that the decreased cost of generation that often comes with 

competition will allow Mexico to reduce the government retail subsidies which currently allows 

residents to pay half of what the cost that CFE pays to supply it (Lajous, 2014). Finally, supporters 

of reform also hope that electricity reform will decrease grid congestion issues and help modernize 

transmission lines, easing the impact of growth of electricity demand. 

 

The first long-term auction was held in March of 2016 and was dominated by solar and wind. The 

rich wind and solar resources in Mexico, as well as the low costs of PV and turbine installation led 

to surprisingly low auction prices. Similar results occurred in the second long-term auction, with 

even more solar and wind bidding in. This resulted in some of the lowest clean energy prices ever 

experienced internationally, at $33.47 per MWh USD (Vietor & Sheldahl-Thomason, 2017). 

Based on these early auctions, this reform has been applauded internationally as a success. 

 

These constitution amendments made several drastic changes to the electricity sector. 

Transmission, generation, and distribution branches of CFE have been unbundled. Additionally, 

there is a horizontal unbundling of CFE into 6 companies. CFE remains responsible for 

transmission and distribution but may contract with third parties for major investments. The market 

is a fairly robust system with higher locational marginal prices for generators located in areas 

where electricity is most needed.  

 

The National Center for Energy Control (CENACE) functions as the independent system operator 

for the entire electricity grid in Mexico. CENACE is responsible for ensuring the wholesale 

electricity markets are operating properly, controlling the economic dispatch of electricity to the 

grid in merit order, and guaranteeing open access for generators to transmission and distribution 

grids (Lajous, 2014). In March of 2016, Mexico had its first energy and capacity auctions for new 

electricity generation. In this auction, 11 companies won contracts to develop a total of 1.8 GW of 

new solar and wind capacity. Tradable clean energy certificates were also awarded to help Mexico 

reach its goal of 50% clean energy by 2050 (U.S. EIA, 2016).  

 

If successful, this reform could have significant effects on the way that electricity is generated and 

consumed in Mexico. As the price of wind, solar and battery technology drops to prices that are 

competitive with natural gas prices, it may open up the market for renewable developers and speed 
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up Mexicoôs decarbonization process. Furthermore, if the government is able to reduce electricity 

subsidies in Mexicoôs residential sector, higher electricity prices would increase the incentives for 

the adoption of energy efficient appliances and distributed generation and more money in the 

public funds for additional support of renewable energy and energy efficiency programs. 

 

The impacts of the electricity reform are yet to be fully realized and it will take more action and 

planning on the side of the government to get the expected results (Lujambio, 2019). Still, it is 

important to understand this reform when making projections about the energy used and adoption 

of energy efficient appliance in households in Mexico. Researchers, academics, and industry 

experts seeking to understand these trends should keep a close eye on the electricity reform. 
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Chapter 3: Energy Efficiency Policies in Mexico 
 

Energy Efficiency Standards for Residential Buildings 

 

Although Mexico does not have an official building energy code system, the Federal Law on 

Metrology and Standardization offers national energy models, which set minimum performance 

standards of building elements and materials that could be adopted into local regulation of 

residential buildings. There are both mandatory standards, which are termed Mexican Official 

Standards or NOMs, developed by standardization committees from federal government agencies 

as well as voluntary standards, which are termed as the more general Mexican Standards or NMs, 

developed by national standards bodies. However, most of the mandatory standards are currently 

enforceable for only lighting systems of non-residential buildings, lighting of roadways 

surrounding buildings, and industrial thermal insulation and pump systems. In order for the 

mandatory standards to apply towards residential buildings, they have to be officially adopted by 

state and municipal governments and incorporated into their local building construction 

regulations. The number of local governments that have done so was limited as of 2014.  

  

Examples of federal energy efficiency models that could be applied by local governments towards 

residential buildings include: 

 
¶ NOM-020-ENER-2011: Requires residential buildings to showcase a label to disclose the 

estimated solar heat gain through the building envelope compared to those of reference buildings. 

However, this norm does not set limits on actual energy consumption. 

 

¶ NOM-007-ENER-2014: Sets the maximum lighting power density (W/m2) in new buildings and 

renovations with lighting load equal to or greater than 3 kW. Implementation of this standard is 

made easier by the fact that the Federal Electricity Commission requests the compliance certificate 

of buildingôs lighting system prior to providing power service. 

 

(Global Buildings Performance Network, gbpn.org) 

 

Minimum Energy Efficiency Standards (MEES) 

 

The National Commission for the Efficient Use of Energy (CONUEE) and the Trust for Electricity 

Savings (FIDE) have worked to develop minimum energy efficiency standards (MEES) and 

policies since the early 1990s. (Martinez-Montejo et al. 2016) Since appliance ownership 

represents the primary driver of increased electricity use in the residential sector, these standards 

regulate the maximum power and energy consumption that a particular household appliance being 

sold on the market can have. These standards have also included the prohibition of certain 

equipment, such as the prohibition of incandescent light bulb sales beginning in December 2010 

(McNeil and Carreno, 2015). Currently, there are standards for most major appliances and building 

components. Many studies have sought to assess the impacts of these energy efficiency standards, 

analyzing changes in energy consumption of various household appliances and projecting that 

consumption in order to estimate changes in residential energy consumption as a whole.  
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Minimum energy efficiency standards (MEES) constitute a model of policy types aimed at setting 

energy conservation mandates for new appliances. In Mexico, there are MEES in effect for 27 

appliances as of 2016, including washing machines, refrigerators, and air conditioners. These 

MEES have been part of the countryôs national energy policy since the early 1990s. Similar to the 

United Statesô EnergyStar certification program for appliances, Mexicoôs MEES ñregulate the 

maximum power and energy consumption an appliance can have under certain test proceduresò 

(Martinez-Montejo, 2016).  

 

By focusing on unit energy consumption (UEC), the policy emphasizes that the amount of energy 

consumption by each appliance must also be taken into consideration, in addition to the standard 

measure of appliance saturation, which counts the average number of appliances of the same type 

owned per household. It is important to note, however, that since MEES only apply to new 

appliances, the useful life of current appliances is another factor that shall be considered in 

evaluating the policyôs effectiveness, since the MEES only become relevant when appliance 

owners retire their current appliances and adopt new ones. Therefore, appliances with the highest 

replacement rate will achieve the largest degree of energy savings from MEES. 

 

 Although MEES standards have been upgraded and assumedly gotten stricter at sporadic times 

since the policyôs enactment, as highlighted in Table 3 below, the UEC across all applicable 

appliances has steadily decreased each year and continues to do so for the near future as Mexico 

aims for stricter energy efficiency goals. As such, MEES has largely been considered a success as 

an overarching energy efficiency policy for Mexicoôs residential sector. (Martinez-Montejo et al., 

2016) 

  
Table 2: Timeline of MEES standards upgrades for refrigerator, washing machine, and air conditioner. Source: Rosas et al.,2010. 
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Table 3: UEC for new appliances. Source: Rosas et al.,2010. 

 
 

 

Programa de Financiamiento de Ahorros de Energía Eléctrica (PFAEE) 

 

Programa de Financiamiento de Ahorros de Energía Eléctrica (PFAEE) is an energy efficiency 

incentive program in Mexico founded by the Electric Power Savings Trust Fund (FIDE) and the 

Federal Electricity Commission (CFE). As a major source of homeowner funding for energy 

efficiency upgrades, PFAEE finances the replacement of old inefficient refrigerators and air 

conditioners for new efficient versions. The program also provides financial support for improving 

the thermal insulation of homes. Efficient lighting is also covered, through a credit paid on 

electricity bills that is quickly recovered from the typical quick payback of lighting upgrades from 

subsequent reduced electricity costs. The programôs first phase ran from 2002 to 2006 and resulted 

in improved thermal insulation for approximately 30,000 homes, replacement of approximately 

130,000 refrigerators, and replacement of approximately 623,000 air conditioning units. The 

programôs second phase ran from 2007 to 2012 and focused on introducing a smoother information 

operational system that streamlined interactions amongst relevant manufacturers, distributors, 

collectors, and appliance destruction centers. All of the substituted inefficient equipment was to 

be destroyed and an electronic billing system provided timely registration and credit billing for 

PFAEE participants. (PFAEE, Energy Efficiency Platform) 

 

Programa Nacional de Sustitución de Equipos Electrodomésticos (PSEE) 

 

The Programa Nacional de Sustitución de Equipos Electrodomésticos (PSEE) is administered and 

operated by the Fideicomiso para el Ahorro de Energía Eléctrica (FIDE) for all of Mexicoôs 

residential sector from April 2009 till November 2012, which was the closing date for solicitation 

applications. With the catchphrase of ñCambia tu viejo por uno nuevoò, PSEEôs goal was to 

provide federal support for Mexican families to replace their 10+ years old refrigerators and air 
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conditioners. Households received vouchers that covered the purchase and transportation costs 

associated with the replacements. The consumer then repaid the costs on his/her electricity bills 

over a four-year term of fixed rate and payments. Financing was available up to $479 USD for 

each replacement, but the actual amount available was determined based on appliance type and the 

old applianceôs energy efficiency rate (see Table #4 below).  

 

As of November 2011, there were more than 4,540 registered stores where PSEE participants can 

submit their vouchers and purchase equipment. FIDEôs responsibility in the program included 

oversight of participating distribution stores registered in the program, coordination of consumer 

payments from electricity bills, and certification of appliances as energy efficient. In order to be 

considered energy efficient and otherwise applicable to the program as an adequate replacement, 

new refrigerators must have estimated energy savings of 5% or more greater than the old 

refrigerators and the new refrigerators must not be more than 2 square feet in capacity greater than 

the replacement. For air conditioners, the new version must not exceed more than 1-ton capacity 

than that of the replacement. As of November 2011, 91% of replacements were for refrigerators 

and the remaining 9% of replacements were for air conditioners, with a total of 1,366,449 appliance 

replacements. Old equipment is transported by the store to the programôs central collection and 

destruction center, where program staff perform extensive routine checks including document 

number of appliances, weight of each appliance, photograph each appliance, and extract refrigerant 

gases (if refrigerator) before final disposal. (Andesco, 2011) 

 
Table 4: Maximum amount of credit available (sixth column) for replacement under PSEE based on old refrigerator's (second 

column) or old air conditioner's (third column) energy consumption. Source: Andesco, 2011. 
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Sello FIDE 

 

Similar to EnergyStar labels for appliances in the United States, Sello FIDE is Mexicoôs voluntary 

energy efficiency endorsement label administered by the Fideicomiso para el Ahorro de Energía 

Eléctrica (FIDE) for household appliances. Introduced in 1995, the certification program provides 

consumers with product labels that advertise achievement in energy efficiency, safety, and 

operating standards. There are two categories, which signify the same value but indicate different 

types of benefits related to energy efficiency:  

¶ Sello FIDE A: Electrical appliances that utilize energy efficiently and provide service directly to 

the consumer. Examples include efficient refrigerators and light bulbs. 

¶ Sello FIDE B: Products that do not save electricity on their own, but whose installation or 

application are able to create conditions that result in higher energy efficiency potential. Examples 

include thermal isolators and solar domes.  

(FIDE, 2019) 

 

In order to obtain the Sello FIDE label, manufacturers must submit certified test results undergone 

on their products as proof of meeting Sello FIDE requirements. Follow-up certified laboratory 

tests are then performed on the product to verify manufacturer claims. If approved, the 

manufacturer pays for the certification and signs an agreement that settles the certification length 

term and how the label will be displayed. The product can then be labelled with its designated 

Sello FIDE certification. (CLASP, 2020) 

 

Educacion para el Uso Racional y Ahorro de Energía Eléctrica (EDUCAREE) 

 

The Educación para el Uso Racional y Ahorro de Energía Eléctrica (EDUCAREE) is a primary 

and secondary school program in which teachers impart information gathered by the Fideicomiso 

para el Ahorro de Energía Eléctrica (FIDE) about electricity savings to their students through fun 

and simple classroom activities. This educational program is designed to foster a culture of 

electricity savings amongst younger generations. In 2005, 88,000 teachers and 2.7 million students 

across Mexico participated in the program. The main objectives of EDUCAREE are: 
¶ Develop a culture of energy savings in the younger population. 

¶ Offer the program at a national level in the elementary education schools. 

¶ Implement states-wide Day of Energy Efficiency. 

¶ Encourage conventions with Museums of Technology and Museums of Science & 

Environmental Education in all of Mexico. 

¶ Promote the creation of a specialized virtual library. 

¶ Support energy efficiency in middle and high schools. 

(Castillo, 2007) 

 

Mejoramiento Integral Sustentable en Vivienda 

 

The Mejoramiento Integral Sustentable en Vivienda is a financing program administered by the 

Fideicomiso para el Ahorro de Energía Eléctrica (FIDE) to increase proliferation of energy 
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efficient ñeco technologiesò that can reduce household gas and energy costs for families that have 

up to 5 members making minimum wage ($11,102.08 pesos per year in 2016, which is around 

$448 USD valuation in April 2020). Qualifying eco technologies include thermal windows, 

thermal insulation, inverter air conditioning, LED bulbs, reflective paint, efficient gas heaters, 

photovoltaic systems, and solar thermal systems. (FIDE, 2019)  

 

Through the program, the National Housing Commission (CONAVI) grants residentsô subsidies 

of up to 30% of the value of the ecotechnologies, along with an additional 10% subsidy from the 

Fund for Energy Transition and Sustainable Energy Use (FOTEASE). (Energy Center Mexico, 

2019) FIDE also provides a credit of up to $50,000 MXN (around $2,019 USD valuation in April 

2020) to residents, providing 14.5% - 18% fixed credit rates, plus Value Added Tax (VAT) for up 

to 5 years. (Ibid.)  The process for a household to participate in the program is as follows: 

 
1. The beneficiary solicits information and requirements from registered implementors available 

in each state. 

2. The implementor arrives, inspects the household, and proposes energy conservation 

measures. 

3. The beneficiary authorizes the project and contributes 5% of the savings. 

4. FIDE verifies the project and equipment list. 

5. The implementor installs the eco equipment while FIDE supervises. 

6. The implementor picks up the replaced equipment and takes them to the programôs central 

collection and destruction center. 

7. The beneficiary repays for the eco equipment through the realized energy savings. 

(FIDE, 2019) 

 

Behavioral Component of Energy Efficiency Programs 

 

This project will also discuss the potential behavioral influences on energy consumption that could 

drastically alter forecasts based strictly on data. For example, a large study based on household-

level electric billing records of more than 25 million residential customers in Mexico found that 

previous forecasts by the World Bank and McKinsey of electricity reduction that would result from 

refrigerator replacement initiatives was overly optimistic due to effects by resident behavior. The 

2009-2012 PSEE program replaced very old refrigerators with newer, efficient models and ended 

up reducing electricity consumption by 8%. While this reduction was substantial, it was much less 

than the over 20% reduction predicted by previous forecasts from the World Bank and McKinsey. 

The study postulated that the likely culprit for the lower percentage of electricity reduction arose 

from residents preferring larger refrigerators with more complex features ï but still deemed 

ñenergy efficientò ï knowing that the appliance would consume less energy and hence save them 

money. (Davis, 2014) Therefore, effective drafting of household appliance energy efficiency 

policies must take into consideration the effects of resident behavioral choices. 
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Policy Name: Years 

Effective: 

Description Appliances Affected:  

Normas Mexicanas  (NM) 1992 - 

Present 

Offered Mexican federal minimum energy efficiency standards (MEES) models that can be adopted by local 

governments as basis for residential energy efficiency policies. Although NM are voluntary on their own, they 

can be incorporated into local law and thereafter enforced as mandatory. (Global Buildings Performance 

Network) 

Dependent on decisions made by local 

governments, but typically applied for 

same appliances as NOM (see below). 

Normas Oficiales Mexicales  (NOM) 1992- 

Present 
Established mandatory set of minimum energy efficiency standards (MEES) for the most common household 

appliances and building materials in Mexico. New appliances applicable to the MEES are required to consume a 

rate of energy consumption, defined by a specific amount of power per unit time, at or below a specific 

threshold, defined as Unit Energy Consumption (UEC), set for each appliance. NOM are updated to stricter 

standards typically every couple years for each appliance. (Martinez-Montejo et al., 2016) 

Air Conditioners 

Freezers 

LED Bulbs 

Refrigerators 

Washing Machines 
Water Heaters 

Programa de Financiamiento de Ahorros de 

Energia Electrica (PFAEE) 

2002- 2006 Provided financing for  almost 630,000 refrigerators, about 130,000 air conditioners, and 25,000 thermal 

housing insulation over the course of the program.(Barbero Novaro, 2016)  

Air Conditioners 

Refrigerators 

Thermal Housing Insulation  

Programa Nacional de Sustitucion de Equipos 

Electrodomesticos (PSEE) 

2009- 2012 Supported the substitution of 10+ year-old air conditioning and refrigeration equipment for new energy saving 

machines. Domestic users received vouchers that covered the purchase and transportation costs of new 

equipment, as well as the removal and destruction of old equipment. Financing supported by the program was 

paid through the userôs energy bill and was overseen by the Secretariat of Energy (SENER) and operated by 

FIDE and ASI.(Rosas-Flores et al., 2011) 

Air Conditioners 

Refrigerators  

Financiamiento para el Programa de 

Aislamiento Térmico de Vivienda (FIPATERM) 

ï Now known as Ahorro Sistemático Integral 

(ASI) 

1990 ï 

Present 
Appliance substitution program that allows replacement of old refrigerators and air conditioners, as well as solar 

panel installation. Costs of installations are charged through residents' electricity bill. Bimonthly electricity 

consumption for air conditioners must be greater than $500 and for air conditioners must be greater than $200. 

Residents must also abandon their old appliance to receive the new one. (Channel 10, 2019) 

Air Conditioner 

Refrigerator 

Solar Panel Installation  

Sello FIDE 1995 - 
Present 

Energy efficiency certificate program that began in 1995. Serves as a seal on products that meet energy 

efficiency, safety, and operating standards that consumers can reference when shopping for new home 

equipment.(SDE Mexico, 2019) 

 

Educación para el uso Racional y Ahorro de 
Energía Eléctrica (EDUCAREE) 

1999 ï 
Present 

A primary and secondary school program in which teachers impart information on electricity savings to their 

students through classroom activities. Designed to develop a culture of electricity savings amongst younger 

generations. In 2005, 88,000 professors and 2.7 million students across Mexico participated in the program. 

(CASTILLO, 2007)   

 

Mejoramiento Integral Sustentable en Vivienda 2016 - 

Present 
Financing program to increase proliferation of energy efficient ñeco technologiesò that can reduce household 

gas and energy costs for families that have up to 5 members making minimum wage ($ 11,102.08 pesos, in 

2016.) Qualifying eco technologies include thermal windows, thermal insulation, inverter air condition, LED 

bulbs, reflective paint, efficient gas heaters, photovoltaic systems, and solar thermal systems. (FIDE, 2019) 

Through the program, the National Housing Commission (CONAVI) grants residentsô subsidies of up to 30% 

of the value of the ecotechnologies, along with an additional 10% subsidy from the Fund for Energy Transition 

and Sustainable Energy Use (FOTEASE.) (Energy Center Mexico, 2019) FIDE also provides a credit of up to 

$50,000 MXN to residents, providing 14.5% - 18% fixed credit rates, plus Value Added Tax (VAT) for up to 5 

years. (Ibid.)   

Air conditioning  

Efficient gas heaters 

LED Bulbs 

Refrigerators 

Solar thermal and PV systems 
Thermal Insulation 

 

 

Programa Nacional para el Aprovechamiento 
Sustentable de la Energía (PRONASE) 

 

2014 ï 2018  National energy efficiency plan   

 

Table 5: This table summarizes policies in Mexico that are relevant to energy efficiency and saturation of appliances in Mexico. Source: Own elaboration based on literature review. 



Chapter 4: Literature Review 

 

Residential Energy Consumption in Mexico:  

Much research has been conducted on the nature of residential electricity use in Mexico and its 

environmental, technological, and economic impacts. An early study by Masera et al. provided a 

historical overview of the nature of residential energy consumption in Mexico and disaggregated 

Mexicoôs residential end-use sources, analyzing the environmental impacts, opportunities, and 

barriers that accompany increases in energy efficiency (Masera et al., 1993). The study noted the 

forming asymmetry of the urban and rural residential sectors from rural to urban migration and 

internal population growth. In 1990, as highlighted in the study, most of the rural population was 

concentrated in the center and south of Mexico and many households lacked basic electricity 

services and sewage. Such lack of access resulted in disproportionate use of biomass as a fuel 

source amongst rural households.  The study also noted a decrease in average family size, resulting 

in greater growth in number of households in comparison to that of overall population. 

Additionally, the study notes the disproportionate share of annual income that rural and low-

income households in Mexico began to spend on energy after the early 1980s, citing decreasing 

tariffs and the populationôs lowered spending power as causes of this increased energy burden.  

 

The disaggregation performed in the Masera et. al study found residential energy demand to have 

consisted of 61% cooking, 27% water heating, 5% lighting, and 2.5% refrigeration, with lighting 

and refrigeration demanding the greatest amount of electricity (35% and 26%, respectively.) 

Saturation of varying appliances in urban households was found to be 60% for water heaters, 88% 

for televisions, 70% for refrigerators, and 58% for washing machines. Additionally, air 

conditioning was found to have been mostly concentrated in the Norwest cities of Mexicali and 

Hermosillo. In considering the future of energy consumption in the country, the authors note an 

expected increase in consumption as the migration to warmer portions of the country continued to 

take place. Greater access to appliances was also projected in Mexico due to economic growth 

from increasing trade with the United States.  

 

The Masera et al. study was followed by a bottom-up analysis of residential energy consumption 

in Mexico City that looked at appliance saturation by income groups and built a model to estimate 

associated energy consumption (Sheinbaum & Dutt, 1996). The study noted that in 1996, at a rate 

of 2% per year since 1988, electricity demand was found to have grown faster than GDP, and cited 

air conditioning as a growing area of concern for demand increases as rapid demand for the cooling 

technologies arose in households in northwestern Mexico. An analysis conducted by the authors 

found average savings potential of energy efficiency estimated at 35% of total energy use.  

 

In 2012, Wolfram et al. modeled energy demand development in Mexico, along with five other 

countries, using household expenditures to construct a bottom up model of residential electricity 

consumption. Their findings noted that per capita electricity expenditures were growing much 

quicker for low-income households than those of middle- and high-income. Specifically, they 

found that between 1996 and 2008, electricity expenditure of low-income households doubled, but 

only grew by 50% for middle- and high-income households (Wolfram et al., 2012). The authors 
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also noted the consistent underestimation performed by institutions projecting the future of energy 

demand in emerging economies, noting that this underestimation often results from a lack of 

understanding of differences in adoption of home appliances. These reports are often based on top-

down models that do not reflect the increases in appliance adoption that accompany the growth of 

middle-income residents in emerging economies, like Mexico. Instead, the authors suggest that 

end-use modeling (or bottom-up modeling, as it is characterized in this report), may more 

accurately represent the energy consuming realities and future consumption patterns of 

households.  

 

Most recently, in 2017, Castillo and Peña constructed a bottom-up model of appliance usage in 

Mexico over 1992 ï 2014 (Castillo & Peña, 2017). This model tracked ownership of 4 categories 

of appliances: entertainment, cooling, washing, and miscellaneous. It then analyzed adoption in 

terms of socioeconomic status and income. The authors also consider geographical region; 

household features, like household size, and age and sex of the head of the family; and dwelling 

characteristics like the number of rooms and flooring construction materials. By grouping 

households into energy consumption deciles and then into 5 energy consumption profiles 

(minimum, low, medium, medium-high, and high), the authors determined that households in 

higher consuming groups have greater adoption of cooling devices (refrigerators and fans) and that 

entertainment device ownership increases positively with energy consumption levels. 

Additionally, the study determined that most households (37%) fell into the medium energy 

consumption. Regarding socioeconomic status and energy consumption, the authors determined 

that wealthier households exhibit higher energy consumption rates, along with larger homes, 

greater education levels, urban locations, and better housing conditions, while the inverse is 

associated with lower energy consumption rates.   

 

Our study will build off of this portfolio of research by analyzing patterns and trends of appliance 

adoption and penetration over time and contextualizing these patterns within the environmental 

changes accompanying climate change, as well as equating the effects that must be considered in 

the Government of Mexicoôs plans to upgrade the countryôs electricity grid network.   

 

Energy Efficiency in Mexico:  

In 1996, a study on residential lighting efficiency in Guadalajara and Monterrey, Mexico, 

conducted by Friedmann et al. found residential lighting to be the greatest use of residential 

electricity consumption and assessed strategies to replace incandescent bulbs with CFLs (R. 

Friedmann, 1996). Friedman continued this energy efficiency analysis with Sheinbaum in a 1998 

overview of Mexicoôs energy efficiency policy efforts (Rafael Friedmann & Sheinbaum, 1998). 

Their analysis noted the challenges in energy efficiency standards work arising from ñmistrust 

between government and private entitiesò and standards enforcement issues. Their analysis found 

that much of the countryôs efforts had been focused on energy efficiency awareness and education, 

introduction of minimum energy-efficiency standards (MEES), incentivization of energy-efficient 

technologies through financing, and creation of CONAE, a technical organization created to assist 

government and private actors with energy-efficiency.   

 



Analyzing Household Drivers of Residential Electricity Consumption in Mexico              Siegel, Ullman, Wu 34 

Impacts 

Energy efficiency policies have had mixed impacts on energy consumption from residential 

appliances. Projections of energy savings attributed to the countryôs minimum energy efficiency 

standards have estimated a total energy savings of 16.06 TWh of electricity in 2012 and a projected 

savings of 69.55 TWh by 2030 (Martínez-Montejo & Sheinbaum-Pardo, 2016). However, studies 

on the effects of appliance substitution policies meant to promote exchange of older, less efficient 

appliances with new, more efficient ones, have been far less successful than projected. The 2009 

to 2012 Programa Nacional de Sustitución de Equipos Electrodomésticos (PSEE), commonly 

known as the Cash for Coolers, was one such substitution plan that supported replacement of older 

refrigerator and air conditioning appliances for low-income communities in warm regions (Davis 

et al., 2014). The policy reached 1.9 million households, 90% of which used the program to replace 

their current refrigerator. While electricity consumption from replacement of refrigerators 

decreased, this reduction was about 4 times lower than the decrease projected by the World Bank. 

Furthermore, the electricity consumption of households who replaced their air conditioner actually 

increased (Praz, 2011). These findings indicate a great need for analysis of appliance electricity 

consumption patterns based on appliance efficiency, features, and ease of use in projecting changes 

in electricity consumption based on promotion of new energy efficient appliances.  

 

Barriers 

The Masera et al study identified expected barriers to energy efficiency amongst high- and low-

income groups, appliance manufacturers and distributors, public actors, and private institutions. 

Specifically, the study highlighted challenges to energy efficiency resulting from a lack of 

financial concern for energy savings amongst high-income households and conversely, a lack of 

ability of pay for energy efficient appliances in low-income households. Appliance manufacturers, 

as noted in the study, lacked incentive for production of efficient appliances, while government 

actors lacked the financial resources and institutional inertia to overcome conflicting political 

interests, thereby preventing successful action towards energy efficiency. Finally, the study found 

that financial institutions lacked innovation in their financing scheme that would allow for greater 

adoption of energy efficiency technologies (Masera et al., 1993). 

 

Ruchansky et. Al, in a 2015 overview of energy efficiency programs across Latin America, found 

Mexico to have one of the greatest foundations of energy efficiency policy across the region but 

found areas for improvement in the coordination and operations of the Secretariat of Energy 

(SENER), FIDE, and CONUEE; resource allocation; and technical capacity in carrying out such 

policies (Ruchansky et al., 2011). The authors noted specifically the inverse effect residential 

electricity subsidies had on energy efficiency, indicating the 50% subsidized cost reduced the 

economic advantages that energy efficiency provided to homeowners.   
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Chapter 5: Data and Methods 
 

National Household Expenditure Survey (ENIGH)  

A primary source of data for this study is the National Household Expenditure Survey (Encuesta 

Nacional de Ingresos y Gastos de Hogares or ENIGH), an extensive nationwide household 

expenditure survey that is completed every two years in Mexico. This survey is conducted by the 

National Institute of Statistics and Geography (INEGI), an institute responsible for ñcapturing and 

disseminating information about Mexico in terms of territory, resources, population and economy 

in order to know the characteristics of the country and help with decision makingò (INEGI, 2019). 

The dataset provides valuable information on consumer choices as they relate to household 

appliances and occupant demographic information, such as socioeconomic status and geographic 

location. In 2008, INEGI adopted a new structure for the ENIGH survey, redesigning the survey 

dataôs representation of expenses, gifts, and household rental costs. This project uses the entirety 

of this new survey series, which consists of surveys collected from 2008 to 2018, to analyze 

saturation of household appliances across Mexico in relation to a variety of household and 

occupant characteristics. In order to represent the whole of Mexicoôs entire population, weighting 

factors specified by the survey for each household will be incorporated into data analyses. The 

total number of households surveyed for each year are as follows: 

 
Table 6: Number of Residents Surveyed in ENIGH in 2008 to 2018. Source: own elaboration. 

Survey Year Total number of households surveyed 

2008 29,468 

2010 27,655 
2012 9,003 

2014 19,480 

2016 70,312 

2018 74,648 

 

Specifically, the survey series provides data that supports analysis of trends in household saturation 

for the following appliances: air conditioning units, home heating units, light bulbs (incandescent 

and energy-saving), refrigerators, TVs (digital and analog), washing machines. This appliance data 

is provided in conjunction with the following household characteristic: locality size, house size, 

age of home, climate, locality type (urban and rural), socioeconomic status, level of education, 

city, state, and home type (apartment or house).  

 

National Survey ς Consumption of Energy Sources in Private Housing Units (ENCEVI) 2018:  

The Encuesta Nacional sobre Consumo de Energéticos en Viviendas Particulares (ENCEVI) was 

a one-time survey conducted in 2018 that provided a comprehensive look into the specific 

technologies and quantities of appliances in residential households across Mexico. This study 

analyzes data from the ENCEVI survey about the technology portfolio of air conditioning units in 

home (proportion of central air conditioning units compared to mini-split, and evaporative air 

cooling units) and home heating units (proportion of electric compared to gas units), as well as the 

time these appliances are used per year.   
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Appliance Data Overview:   

Lighting  ï The ENIGH survey has documented the number of lightbulbs in each household in 

every survey that has been conducted during this reportôs study period, from 2008 to 2018. The 

ENIGH survey began documenting the number of energy-saving bulbs (focos ahorradores) in the 

2014 survey. 

 

Refrigerators- The ENIGH surveys from 2010 to 2018 documented whether a household owned 

a refrigerator and what year the household purchased the newest refrigerator. However, these 

surveys did not include information about the energy consumption or efficiency of the refrigerator. 

Considering MEES get stricter over time, refrigerators from more recent years are more likely to 

be more energy efficient.  

 

Heating and Air Conditioning- The ENIGH survey has documented household air conditioning 

and heating technology adoption in every survey that has been conducted during this reportôs study 

period, from 2008 to 2018. The information is collected with a binary variable representing the 

response to the question of whether the home does or does not have an air conditioner and if it 

does or does not have a heater. Information about the type of heating or cooling technology is not 

found in the ENIGH survey, however the unique 2018 ñENCEVIò survey does explore prevalence 

of various types of these technologies among residentôs households.   

 

Washing Machines- The ENIGH surveys from 2010 to 2018 contain data on washing machines 

adoption by households and during which year the householdôs the washing machine was bought. 

However, these surveys did not include further questions about the actual washing machine 

themselves, such as appliance size nor energy efficiency ratings. Considering MEES get stricter 

over time, the year that the most recent washing machine was bought could be substituted as an 

indirect measure of the applianceôs energy efficiency score; washing machines from more recent 

years are more likely to be more energy efficient.  

 

TVs- The ENIGH surveys from 2014 to 2018 contain data on the number of analogue and digital 

TVs owned by each household and during which years the householdôs most recent analogue and 

digital TV were bought. However, the 2012 ENIGH survey does not distinguish between the 

analogue and digital types of TV and contains the previously mentioned information about TVs in 

general.  

 

Household and Occupant Characteristics Data Overview:  Climate 

Climate classifications are the only data points not specifically coded into the ENIGH data. 

Instead, this project derives its locality climate data values based off  the state code assigned to 

each survey response. In INEGIôs 2018 ENCEVI survey, the organization categorizes the country 

into 3 major climate types: extreme heat (characterized as ñaridò in this report), temperate, and 

tropical and assigns each state to one climate type (see below chart - left) (Encuesta Nacional 

sobre Consumo de Energéticos en Viviendas Particulares. ENCEVI. 2018).  

 

This state-by-state classification represents the foundation for this projectôs climate classification; 

however, a modification was made to this classification to represent the Köppen Climate 

Classification system. This system classifies much of the state of Veracruz de Ignacio de la Llave 
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as a tropical climate type. Analysis of temperature data using the DarkSky API confirmed the 

temperature patterns of Veracruz de Ignacio de la Llave to match those of other purely tropical 

climate-type states, so the state was reclassified as a tropical climate-type state for all data 

analysis(Dark Sky API, 2020) .    

 

State 

State values for each observation were extracted from the ENIGH surveyôs ñubica_geoò variable, 

which is composed of a string of numerical values matching to various locality characteristics, 

with the first two numbers of the value indicating the state in which the household responder is 

located. These values were decoded through INEGIôs ñCatálogo Único de Claves de Áreas 

Geoestadísticas Estatales, Municipales y Localidadesò assigned to each observation (INEGI, 

2020).  

 

City 

Similarly, to state values, city values for each observation were also extracted from the ENIGH 

surveyôs ñubica_geoò variable. City values make up the first five numbers of the ñubica_geoò 

variable and were similarly decoded using INEGIôs ñCatálogo Único de Claves de Áreas 

Geoestadísticas Estatales, Municipales y Localidadesò  (INEGI, 2020). 

 

Locality Size 

The ENIGH survey classifies locality sizes of the survey respondent into four categories: less than 

2,500 inhabitants, between 2,500 and 14,999 inhabitants, between 15,000 and 99,999 inhabitants, 

and greater than or equal to 100,000 inhabitants. This project did not make any modifications to 

this classification.  

 

Locality Type (Urban vs. Rural) 

The household locality type (urban or rural) is specifically denoted in the ubica_geo code for years 

2014-2018. INEGI describes this classification as a derivative of locality size or as a municipal 

head (in Spanish, a ñcabecera municipalò) (INEGI, 2020). Surveys from 2008 ï 2012, however, 

did not include a ubica_geo code for urban and rural localities. As such, this project manually 

classified all localities with less than 2,500 inhabitants as a rural locality for those survey years.   

 

Socioeconomic Status 

Socioeconomic status data is provided by INEGI for the final four ENIGH surveys, those collected 

from 2012-2018. The data point classifies socioeconomic status into four categories: low, medium-

low, medium-high, and high. INEGI describes this classification as derived from the 

socioeconomic characteristics of the householdôs inhabitants, physical characteristics of the home 

and its equipment, and alignment with 24 indicators constructed from the 12th General Population 

and Dwelling Census in the year 2000 (INEGI, 2018). A replicable formula could not be found for 

the years 2008 and 2010, so analyses incorporating socioeconomic status characteristics were only 

conducted for the 2012-2018 ENIGH surveys.   
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There were 34 indicators that determined the four socioeconomic levels, consisting of binary 

variables that reflect the following topics: employment, occupation, gender, age range, education, 

employability, dwelling features, and access to health services. Some examples of questions used 

to determine these binary variables included: 

 
¶ Does the household have access rights to medical services in any public or private medical 

institution, except popular insurance? 

¶ Does the household have someone older than 12 years who works, is searching for work, or has a 

job but does not work? 

¶ Does the household have access to electric lighting? 

¶ Does the household have drainage connected to the public sewage system? 

¶ Does the household have access to a water piping system within the residence, or outside of the 

residence but underground? 

 

In general, the stratification process for determining socioeconomic status in ENIGH consisted of 

the following steps: 

 
1. Choose the number of levels to represent socioeconomic status. 

2. Present different scenarios in terms of scale, shape, or dimension of the set of selected indicators. 

Alternative methods used were: 

a. Original indicators: scaled by proportion 

b. Standardized indicators: each indicator is subtracted by its average and the result is divided 

by the standard deviation 

c. Standardized indicators via Dalenius-Hodges method: each indicator is divided by the 

square root of the variance obtained by the Dalenius-Hodges method 

d. Main components regarding the original or standardized indicators: incorporates 85% of 

the dataôs variability 

3. Execution of the different exercises by applying the k-methods algorithm. 

4. Decision of the optimal stratification regarding all the realized exercises. 

 

Level of Education 

The 2008-2018 ENIGH Survey contains a variable that captures the head of the householdôs 

highest education level. In the survey, this is split into 12 different levels. For the purpose of this 

analysis, the education levels have been aggregated into 4 groups. This includes the following: 

elementary incomplete (1,2,3), elementary complete (4,5), middle school complete (6,7), high 

school complete (8,9), undergrad or higher (10,11). 

 

Type of Home 

The 2008-2018 ENIGH surveys contain a variable indicating the type of home of the survey 

respondent. In its raw data form, the variable categorizes homes into 5 home types: independent 

house, apartment, neighborhood home, rooftop home, and home that was constructed for 

habitation. The following data analysis investigates changes in only independent houses (labeled 

ñhousesò in graphs) and apartments, thereby grouping all other homes as type ñotherò and 

excluding them from formal analysis.  
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Size of Home 

This project equates number of rooms to home size, when examining appliance adoption by size 

of the respondentôs home. The ENIGH survey provides a householdôs number of rooms as a 

numerical integer value. For purposes of this study, these numerical values were categorized into 

the following values: 1 room, 2 ï 4 rooms, 5 ï 7 rooms, 8 ï 10 rooms, and 10+ rooms. In some 

analyses this classification was simplified further into small, medium, and large homes. Small 

homes contained the categories 1 room and 2 ï 4 rooms; medium-sized homes contained the 

category 5 ï 7 rooms; and large-sized homes contained the categories 8 ï 10 rooms and 11+ rooms.  

 

Age of Home 

The ENIGH surveys provide dwelling age data in two different forms across the 2008 ï 2018 study 

period. In the 2008 ENIGH survey, dwelling ages were provided in categorical form, as belonging 

to one of each of the following five categories: less than 3 years, 3 ï 6 years, 7 ï 10 years, 11 ï 20 

years, 21 ï 30 years, 31 ï 50 years, more than 50 years, and unknown.  The 2010 ï 2018 ENIGH 

surveys provided household ages as a numerical integer value, spanning from 0 to 99. For purposes 

of this study, these 2010 - 2018 numerical values were converted to a categorical form matching 

that of the 2008 survey so that survey responses could be matched amongst all survey years.  

 

Cluster Analysis (Tree/ K-means): 

To characterize various archetypes of households adopting each of the appliances studied, this 

project has conducted a clustering analysis. This analysis aims to highlight the varying trends 

exhibited amongst vastly different groups of household appliance adopters.  

 

Energy Consumption Model: 

This project has developed a model of estimated household energy consumption by appliance type 

that depicts the trends in appliance related energy consumption exhibited over the 2008 ï 2018 

study period. These estimations are then used to relate prospective increases in electricity 

consumption to the plans set forth in Mexicoôs national electricity grid capacity expansion plan. 

(Appliance-specific energy consumption estimations are provided in each applianceôs chapter.) 

 

Greenhouse Gas Emissions Model: 

This project has also developed a model to estimate the potential for greenhouse gas mitigation 

that could arise from energy efficiency and demand response policies. This model uses the outputs 

of the energy consumption estimates produced in the projectôs Energy Consumption Model as 

inputs for a base reference case of greenhouse gas emissions. It then equates the estimated potential 

for energy consumption reduction to decreases in annual CO2 emissions.  

 

Data Cleaning: 

Lighting - The number of energy-saving bulbs was reported in 2014-2018. Some NA responses 

were included in the survey data for energy-saving lightbulbs. These responses were changed to 

denote a response of ñnon-adoptionò, based on the assumption that that respondent did not have 

that technology in their home.  
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Air Conditioning and Heating- Household air conditioning and heating adoption was denoted in 

the ENIGH data by a survey response of ñ1ò by survey respondents, while non-adoption was 

denoted by a survey response of ñ2.ò Some NA responses were included in the survey data for air 

conditioning and heating adoption. These responses were changed to denote a response of ñnon-

adoptionò, based on the assumption that those respondents did not have that technology. 

 

Socioeconomic Status- Changes in socioeconomic status over the study period were measured 

using the ENIGH datasetôs built-in socioeconomic status measurement ñest_socio,ò which 

categorized socioeconomic status by labels of ñlow,ò ñmedium-low,ò ñmedium-high,ò and ñhigh.ò 

The ENIGH report defines these categories as a classification of a surveyed dwelling by the 

socioeconomic status of its inhabitants and by the dwellingôs physical characteristics and 

equipment. The stratification of the variable was conducted by ENIGH using 24 indicators from 

the 2010 Census of Population and Housing, however details on these indicators and methods were 

not provided.  

 

Education Levels- ENIGH survey respondents about the level of education of the head of the 

household, with 11 possible categories of education level. For this analysis, responses were 

grouped into four separate categories ï elementary or lower, middle school graduate, high school 

graduate, or undergraduate or professional training or higher.  

 

Household types- ENIGH survey respondents had 6 different options to select for their dwelling 

type. A large majority of households reported living in an apartment or house. Households that 

reported living in a ñrooftop roomò, ñcommunity homeò or a ñhome not meant for livingò were 

grouped into an alternative group called ñotherò for the purposes of this analysis. 

 

Overview of NA Data: The table below highlights the number of ñNAò responses found in the 

2008 ï 2018 ENIGH surveys. For the ñlocality sizeò and ñage of homeò categories, NA responses 

were not included in any data analysis functions. For the remainder of the variables listed below, 

NA responses were changed to a ñ0ò, as it is assumed those respondents answering that adoption 

of a certain appliance is ñnot availableò have not adopted that appliance.  

 
Table 7: Number of NA Values by Variable found in ENIGH of 2008 to 2018 

Year 2008 2010 2012 2014 2016 2018 

Age of Home 1,245 5,131 1,148 2,433 11,179 11,258 

Air Conditioning 1,245 1,143 0 0 0 0 

Heater 1,245 1,143 0 0 0 0 

Locality Size 0 8,924 0 0 9,012 0 

Number of Bulbs 1,653 1,449 130 170 513 498 

Number of 

Refrigerators 
5,504 0 0 0 0 1 

Number of Rooms 1,245 1,143 0 0 0 0 

Washing Machines 14,591 0 0 0 0 1 
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Survey Results: National Saturation of Appliances: 

At the national level, the household penetration of appliances under analysis and their rate of 

change of penetration over time differs greatly from appliance to appliance. A television can be 

found in nearly every Mexican home, though the ownership of personal computers has likely to 

be contributed to their slowed growth. On the other hand, heating and air conditioning remains a 

luxury for a small portion of the population. In this analysis, we analyze the specific drivers of 

adoption of appliances from year to year, breaking down the national numbers by climate, 

socioeconomic status, locality size, education levels, housing type, and number of rooms. 

 

Overall Hypotheses of Drivers of Appliance Saturation in Mexico 

We expect that unit energy consumption (UEC), which is the amount of energy consumed by a 

single appliance per unit time,  will decrease in the future. However, the penetration levels of 

appliances overall will be much more dependent on Mexicoôs future socioeconomic changes. We 

expect penetration levels of appliances overall to: 

 
¶ Increase with time. 

¶ Increase with higher socioeconomic status. 

¶ Increase in homes with household size (number of rooms). 

¶ Increase proportionately more in urban areas than in rural areas. 

¶ Increase proportionately more in large population areas than in smaller population areas. 

 

We expect efficiency levels of appliances overall to: 

 

¶ Increase with higher education 

¶ Increase with higher income 

¶ Increase in localities with larger population  

¶ Increase with more efficiency policies targeted at those appliances. 
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Chapter 6: Adoption of Energy Efficient Lighting in Mexico 
 

Chapter Overview 

This chapter analyzes saturation of lightbulbs as well as the primary drivers of adoption of energy 

efficient lighting in households in Mexico. While nearly every household has at least one lightbulb, 

Mexican households are still transitioning away from incandescent bulbs to energy saving bulbs, 

like compact fluorescent light (CFL) and light emitting diodes (LEDs).  

 

Government energy efficiency policies, rebates, and giveaway programs for lighting appliances 

have vastly increased the replacement of incandescent bulbs with energy saving ones. Still, this 

analysis reveals that income, town size, and education are the primary drivers for adoption of 

energy-saving bulbs with a higher saturation of these bulbs occurring in higher income households, 

those in which the head of the household is more educated, and those in larger cities. The analysis 

reveals the effectiveness of lighting efficiency policies and identifies the households that have the 

highest saturation of energy efficient bulbs, as well as those that will  need more support and 

targeted policies in order to transition to more efficient lighting 

 

Background 

Artificial lighting is estimated to represent about 9% of primary energy consumption globally 

(IEA, 2006). It is well documented that there are large opportunities for energy savings and 

emissions reductions through the adoption of energy efficient lighting in the residential sector.  

 

The technological development of compact fluorescent lightbulbs (CFL) and light emitting diodes 

(LEDs) provides opportunity for households to reduce their energy use by replacing incandescent 

bulbs (IB). CFLs use approximately 3 ï 4 times less energy than IBs. Additionally, CFLs have 

significantly longer lifespans, ranging from 5,000 to 25,000 hours, while IBs have an average life 

span of 1,000 hours. LEDs are even more efficient with longer lifespans; LEDs use approximately 

5-6 times less energy than IBs and last approximately 25,000 hours. For this reason, a nationwide 

switch from incandescent to CFLs and LEDs can have a significant impact on the reduction of 

electricity consumption in the residential sector. 

 

Despite the benefits of CFL lightbulbs over IBs, households around the world continue to use IBs 

and the transition to CFLs has been slow. 

 

Barriers to Adoption 

There are many interrelated factors that contribute to a low saturation rate of CFLs despite the 

benefits. Market forces, lack of information, high upfront costs, amongst other factors all 

contribute to lower than optimal saturation rates. While both developed and developing countries 

share many of the same barriers, developing countries face unique challenges, including higher 

levels of low-income households and lower education levels (Chun & Jiang, 2012). 

 

Although the lifetime costs of CFL have dropped significantly since their invention in the 1970ôs, 

higher upfront costs still remain a barrier to adoption for some households.  While, this issue has 

a small impact on higher income consumers, it is an important factor to consider for lower income 
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households. IBs can be purchased for less than $1 USD, while the retail price of CFLs is often 

several times more expensive.   

 

Despite the slightly higher upfront costs, the payback period of LEDs an CFLs is short given the 

monthly electricity costs saved from replacing IBs with LEDs and CFLs. The lack of information 

about electricity savings from CFLs and LEDs is often a barrier for low income household 

adoption and has been cited as a barrier to adoption in several studies. For example, in a study 

conducted in Pakistan, the authors found that a majority of residents perceived the lifespan of CFL 

bulbs to be much shorter than the reality. This lack of understanding influences a household to 

decide against purchasing a CFL, thereby suggesting that better labels and education campaigns 

to provide more information could be fruitful (Chun & Jiang, 2012). 

 

Another barrier to adoption of energy efficient bulbs is the principal-agent problems that exist 

between renters and property owners. Landlords are incentivized to install cheaper, less efficient 

appliances, because they do not bear the cost of electricity. This can often lead to rented homes 

being overall less energy efficient than owned homes. Still, a study conducted by the Lawrence 

Berkeley National Lab showed that only 6% of residential bulbs in the U.S. are affected by the 

principal agent problem, suggesting that the loss of energy savings from this issue is negligible 

(Murtishaw & Sathaye, 2006). 

 

The Case of Mexico 

In Mexico, lighting programs and policies have been an important part of the countryôs efforts to 

reduce residential energy consumption and meet climate and conservation goals. Several programs 

have been implemented to increase the saturation of energy saving bulbs in Mexico, some of which 

particularly target low-income states and households. Still, Mexico faces many of the same barriers 

to increased adoption of energy efficient bulbs, including income, lack of information, and 

difficulty reaching rural areas to name a few.  

 

The Mexican federal government has several policies and programs that impact the household 

adoption of energy saving lightbulbs. Every year, CONUEE develops specific energy efficiency 

targets for an Annual Work Plan, which includes specific goals for appliances like lighting. The 

federal government may also work with non-profit organizations, such as the World Bank, to 

achieve efficiency goals. Additionally, Mexicoôs NOMs provide guidance and restrictions on the 

sale and manufacturing of lighting appliances for household use. Below are the programs, past and 

present, that have been implemented to increase the saturation of energy saving bulbs and replace 

IBs (World Energy Council, 2016): 

 

Past 

 

2009-2014 -  Luz Sustentable -  CONUEE and FIDE  collaborated with World Bank to replace 

over 47.2 million bulbs by the end of 2014. This program reached over 11 million Mexican 

families through setting up deployment places in over 1000 locations and targeted low to 

middle income households (World Bank, 2017). 
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2015- Replacement of Incandescent Bulbs in Small Towns- In 2015, CONUEE carried out a 

project to replace 16 million IBs in 3.2 million with CFLs in Mexicoôs small towns (World 

Energy Council, 2016). 

 

2011- 2017 - STANDARD NOM-028-ENER-2010, Energy efficiency of lamps for general 

use. In 2011, SEGOB put new efficiency standards in place that effectively banned the 

commercialization of most IBs. The sale of IBs of 100 watts and greater with an efficiency 

less than 20.69 lumens/watt was banned as of December 31, 2011. That standard became 

stricter each year, banning IBs of 75 Watt or greater with an efficiency of 19.81 lumens / watt 

or less as of December 31, 2012, and banning the sale of IBs of 60 watts and 40 watts with an 

efficiency of less than 17.44 and 14 lumens/watt respectively as of December 31, 2013 

(SEGOB, 2010). 

 

Present 

2018- Present - STANDARD NOM-028-ENER-2017, Energy efficiency of lamps for general 

use. Standards affecting the sale of IBs will be enforced as January of 2019 (after the 2018 

survey), banning the sale of bulbs of 75 watts, 60 watts, and 40 watts with an efficiency of 

less than 15.53 lumens / watt, 14.68 lumens / watt and 13.09 respectively (SOGOB, 2017). 

 

Upfront costs and lack of information appear to have impacted the adoption rate of energy-efficient 

bulbs in Mexico. In 2015, a global consulting firm hired by SENER surveyed over 800 Mexican 

residents about their CFL purchasing choices. Nearly half (45%) of respondents cited high cost as 

a reason that they have not purchased CFL bulbs. However, in the same survey, 90% of 

respondents with an undergraduate education said that they planned their next lightbulb purchase 

to be a CFL (World Bank, 2016). This illustrates that perceptions and education still have a 

significant impact on the saturation rate of energy-saving bulbs in Mexico. 

 

Population growth likely plays a significant role in the household saturation rate of lightbulbs. 

While the number of energy-saving bulbs may be increasing in Mexico, there has been an increase 

in population which may be growing at a faster rate than the adoption of energy saving bulbs. 
 

The Analysis 

Many studies have taken a top-down approach to analyze the penetration of energy efficient bulbs 

in Mexico. In this analysis, household characteristics are considered to better understand the 

drivers that impact saturation rate of energy efficient bulbs in Mexico. This analysis can be used 

to better model adoption of efficient bulbs and to create policies that specifically target households 

with lower adoption rates. This analysis will review time, climate, socioeconomic status, housing 

type, household size, education levels, and locality size as potential factors that contribute to the 

saturation rate of energy efficient bulbs in Mexico.  
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Expectations/Hypotheses: 

Based on background research, we hypothesize the following about the saturation rate of energy 

efficient lightbulbs in Mexico: 
¶ Overtime, the penetration rate of energy saving bulbs will increase due to decreased costs of 

energy saving bulbs and energy efficiency policies 

¶ High income households will have a higher penetration of energy saving lightbulbs, but low-

income households will grow at a faster rate with targeted policies 

¶ Urban areas will have higher penetration of energy-saving lightbulbs than rural areas 

¶ Larger cities will have a higher penetration than smaller cities 

¶ Apartments will adopt at faster rates than houses 

¶ Education level will have a positive effect on adoption rate of energy efficient lightbulbs 

¶ Northern states will have more lightbulbs than southern states 

 

 

Data and Methods 

ENIGH has data on the number of households in all survey years under study in this report (2008-

2012), however, ENIGH only began collecting data on ñenergy-savingò bulbs in survey year 2014. 

In this study, the factors affecting the number of lightbulbs from 2008-2018 are analyzed. The 

factors affecting the penetration rate of energy-saving bulbs from 2014-2018 are analyzed. It is 

assumed that an ñenergy savingò bulb is synonymous with CFL, whereas all other bulbs are IBs. 

In reality, energy-saving bulbs could include LEDs and other energy efficient options. Based on 

the research conducted on lighting policies and behaviors in Mexico, this study considers the 

following factors as possible drivers for residential lighting adoption and energy-efficient lighting: 

state, climate, town-size, education level, age of household head, and housing type 

 

Drivers of Efficient Lighting Penetration in Mexico 

Variable Saturation Rate Range 

in 2018: 

Highest Saturation 

in 2018: 

Saturation Increase from 2014 to 2018: 

Socioeconomic  
Low to High:  

26% 

High:  

89% 

Low: 

27% 

Head of Household 

Education levels 

Incomplete 
Elementary ï 

Undergraduate or 

higher: 24% 

Undergraduate or 

Higher:  90% 

Incomplete Elementary:  

21%  

 

Locality Size 
(<2.5K) ï (>100K):  

17% 

>=100K:  

81% 

<2.5K:  

25% 

 

Home Type 

(House) ï 

(Apartment):  

12% 

Apartments:  

88% 

House:  

17% 
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National Penetration Rates, 2008-2018 

The total number of lightbulbs in Mexico has increased since 2008, with a growth of approximately 

28.16% between 2008 and 2018 (see figure below). The largest growth occurred between 2008 

and 2010, where the number of lightbulbs in Mexico increased by approximately 10.9% in 2 years.  

The average number of lightbulbs per household, on the other hand, has growth at a slower pace, 

with the number of lightbulbs per household growing at approximately 6.67% since 2008. In 2012, 

there was a 12% increase in the lightbulbs per household, indicating an unusual growth in 

lightbulbs per home. This may be due to an increase in income for Mexican households, including 

a growing middle class.  

 
 Figure 12: Growth in the number of bulbs in Mexico from 2008 to 2018. Source: own elaboration with data from ENIGH 2008-

2010 

     

The number of lightbulbs varies by state, with the average number significantly lower in the 

southern states than in the northern states. Chiapas, Oaxaca, and Guerrero have the lowest number 

of lightbulbs per household in the country, with an average of 5.4, 5.2, and 5.1 lightbulbs per 

household respectively. This is over 1.5 bulbs less than the national average. This pattern is likely 

affected by lower incomes affording smaller dwellings and less bulbs. 

 

 

 

 

 

 

 

 

 

 

 

 



Analyzing Household Drivers of Residential Electricity Consumption in Mexico              Siegel, Ullman, Wu 47 

 
Figure 13: Average Lightbulbs per household, 2008-2018 

2008       2018 

 
 

Penetration of Energy Saving Lightbulbs in Mexico, 2014-2018 

The number of energy-saving lightbulbs in Mexico increased significantly between 2014 and 2018. 

The largest growth occurred between 2014 and 2016, with an increase of approximately 29.0%. 

The total number of bulbs has increased, but this is to be expected, as the number of households 

has increased at approximately the same rate. 

 
Figure 14: Adoption of Energy Saving Bulbs in Mexico in 2014-2018. Source: own elaboration with ENIGH data for 2014, 2016, 

2018. 

 
 

In 2018, the average Mexican household had approximately 5.53 energy saving bulbs out of 6.88 

bulbs per household. Table 8 below summarizes the average number of energy-saving bulbs per 

households, the bulbs per household, the average proportion of bulbs that are energy saving per 
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households, and the percentage of households with at least one energy saving bulb.  On average, 

about 75.8% of the bulbs in a household are energy saving. The largest increase in proportion of 

lightbulbs that are energy-saving bulbs occurred between 2014 and 2016, with an increase of 

approximately 18%. Between 2016 and 2018, the proportion of households with energy saving 

bulbs decreased by approximately 1.1%. This is because the total number of households increased 

at a faster rate (4.1%) than the increase in energy-saving bulbs (3.7%). In 2018, about 14% of 

households, or 4.86 million households, still had no energy-saving bulbs. 

 
Table 8: Proportion of energy saving lightbulbs in Mexican households in 2014-2018. Source: own elaboration with data from 

ENIGH 2014, 2016, 2018. 

 
 

Penetration of Energy Saving Lightbulbs by State, 2014-2018 

The adoption of energy saving bulbs also varied significantly in each state. Oaxaca had the most 

drastic changes of any state. Between 2014 and 2018, the number of households grew by 

approximately 17%, while the number of energy-saving bulbs increased by 70%, from 2.9 million 

to 5.99 million bulbs (see Appendix). Additionally, the average proportion of bulbs that are energy 

saving per household increased from 49.2% of bulbs to 79.7% in the same time frame.  

 

In 2018, the two states with the highest proportion of energy-saving bulbs per household were both 

on the Yucatan Peninsula: Quintana Roo and Yucatan. In Quintana Roo, the proportion of bulbs 

that were energy saving was 91.5% and in Yucatan, it was 91.2%. Both states have the highest rate 

of tourism of any other state in the country. In Mexico City, the average proportion of bulbs that 

were energy-saving was approximately 85.2%, up by 16% from 2014. The lowest penetration of 

energy-saving bulbs occurs in Zacatecas (59.8% per household) and Chiapas (61.7%). 
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Figure 15: Average proportion of energy saving lightbulbs in Mexican states in 2014 (left) and 2018 (right). Source: own 

elaboration with data from ENIGH 2014 and 2018. 

2014        2018 

 
 

 

Penetration of Energy Saving Lighting by Socioeconomic Groups, 2014-2018 

Socioeconomic status is the most significant driver of adoption of energy-saving bulbs in Mexico. 

In 2018, the average proportion of bulbs that were energy saving in high-income homes was 26% 

higher than in low-income homes. With every incremental increase in socioeconomic level, there 

was a 5-12% increase in the proportion of energy saving bulbs. 

 

Between 2014 and 2018, the average proportion of energy saving bulbs per household increased 

in every socioeconomic group, with the most drastic increase occurring in the lowest income 

group. Between 2014 and 2018, the average share of energy-saving bulbs per household increased 

by 18, 13, and 8.5  percentage points in the mid-low, mid-high, and high socioeconomic segments. 

In contrast, the percentage of increase in the share of energy-saving bulbs per household in the 

low-income groups was approximately 35.5%. Naturally, the growth in the share of energy-saving 

bulbs decreases as penetration levels approach 100%. 
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Figure 16: Proportion of Household bulbs that are energy-saving by socioeconomic group. White text represents the number of 
bulbs in millions. See appendix for details. Source: Own elaboration based on 2014-2018 ENIGH data. 

 

 
 

Penetration of Energy Saving Bulbs with Increasing Education 

The level of education of the head of the household is also a significant factor in determining the 

proportion of bulbs that are energy saving. Households in which the head of household had little 

to no education have a significantly smaller penetration of energy-saving bulbs than those 

households with professional or college degrees.  Between no education and post graduate 

education households, there was a difference of approximately 27% in 2018, indicating that 

education level is likely one of the most important factors impacting the saturation of energy-

saving bulbs. 

 

The saturation rate of energy-saving bulbs is highest in households in which the household head 

is most educated. As the households with higher education levels reach 100% penetration, the rate 

of increase of saturation has decreased over time. This is important to note because while the total 

number of bulbs might be staying the same, the number of energy-saving bulbs is increasing. The 

increase in energy saving bulbs will lead to a decrease of lighting energy use per household as 

even the slowest to adopt begin to adopt lightbulbs. 
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Figure 17: Penetration of Energy-Saving lightbulbs in Mexican households by education level of the household head. White text 
represents the total number of energy saving bulbs in millions. Source: own elaboration with data from ENIGH 2014, 2016 and 

2018. 

 
 

Penetration of Energy Saving Lightbulbs in Small vs. Large Municipalities 

Households in larger municipalities consistently have higher penetration of energy saving 

lightbulbs than those in smaller towns. In 2018, the average proportion of bulbs that were energy-

saving in towns over 100,000 people was approximately 80.7%, while in smaller towns the 

proportion was 17% lower, at 63.6%.  This gap was particularly prevalent in 2014, when on 

average, the household saturation of energy saving bulbs was 38.2% in cities of less than 2.5K 

while the household saturation was approximately 24% higher within a city of 2.5K ï 15K. 

 

CONUEEôs efforts to specifically target smaller cities for lighting efficiency programs appeared 

to have successfully decreased that gap between 2014 and 2016. In 2015, CONUEE replaced over 

16 million IBs with CFLs in small towns. In that same time period, the proportion of bulbs that 

were energy saving in households within towns of 2.5K or less increased by approximately 29% 

and the number of households with at least one energy saving bulbs increased by approximately 

27.7%. This decreased the household saturation gap between households in cities of less than 2.5K 

people and those of 2.5-15K to approximately 9%. The number of energy-saving bulbs in 

municipalities of less than 2.5 K increased by approximately 10.5 million and by 5.9 million in 

municipalities of 2.5K ï 10K. 

 

While government efforts to replace CFLs in small towns between 2014 and 2016 appear to be 

successful at decreasing the gap between smaller towns and larger towns in terms of the proportion 

of bulbs that are energy saving, between 2016 and 2018, that difference grew larger once again.  

In 2018, the average household in cities of less than 2,500 had a 15% smaller proportion of bulbs 

that were energy saving than households in cities with a larger population of 2.5 thousand to 15 

thousand.  

 

Despite CONUUEôs efforts, the growth of number of households in the smallest municipalities 

between 2016 and 2018 (10.39%) outpaced the growth of homes with energy saving bulbs (6%). 

From 2016 to 2018, the average proportion of energy saving bulbs per households in localities 
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smaller than 2,500 people decreased from 67.1% to 63.6% (3.5%) despite the fact that the number 

of energy-saving bulbs in towns of that size increased by approximately 8%.  Lighting in 

households in small municipalities is the most inefficient of any category.  

 
Figure 18: Average proportion of energy-saving lightbulbs in Mexican households by town size. White text represents the 
number of energy-saving bulbs (in millions). Source: own elaboration with data from ENIGH 2014, 2016, 2018.  

  

Saturation of Energy-Saving Lightbulbs in Households of Different Sizes 

Larger homes, on average, have a higher proportion of energy saving bulbs that smaller homes. In 

2014, this trend was particularly pronounced, with the variation decreasing drastically between 

2014 and 2018. In 2016, one room homes, on average, had a proportion of energy saving bulbs 

that was 36% lower than households that were 10 rooms or larger. In 2018, that difference 

decreased to approximately 18%. In 2018, the proportion of energy saving bulbs in 1-bedroom 

homes increased by 16 percent points, from approximately 41% to approximately 67%.  

 

2014 

 
2016 2018 
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Table 9: Average proportion of energy-saving lightbulbs in Mexican households by number of rooms. Source: own elaboration 
with data from ENIGH 2014, 2016, 2018. 

 
 

Analysis of Lightbulbs in housing types, 2014-2018 

Households in apartment buildings have been more likely to adopt energy saving bulbs than other 

housing types. In 2014, about 86.6% of households in apartments had energy saving bulbs. 

Households in single-family homes had an adoption rate of almost 15% less. While there was an 

increase of households in apartments and single-family homes with energy saving bulbs between 

2014-2018, households in apartments still have about 8 percent point higher rates of penetration, 

with 85.6% in single family homes and 93.8% in apartments. 

 

Analysis of Lightbulbs in Different Climate Regions, 2008-2018 

The temperate region is the most populated, with approximately 60% of all Mexicoôs households 

falling in this region. Therefore, it has the largest number of lightbulbs as well. The number of 

lightbulbs has continued to increase every year in every climatic zone, with the largest increase 

occurring in the temperate region. In each climatic region, the average number of lightbulbs has 

increased slightly since 2008 with the largest increase occurring in the tropical region. The chart 

below summarizes the changes that have occurred. 

 
Table 10: Average number of lightbulbs per household and total lightbulbs by climatic region in 2008-2018. Source: own 

elaboration with data from ENIGH 2008-2018 
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Figure 19: Adoption of energy-efficient lightbulbs by Climate zone in years 2014, 2016 and 2018. White text represents the 
number of energy-saving bulbs (in millions).Source: own elaboration with data from ENIGH 2014, 2016, 2018  

 
 

 

Archetypes 

                             
 

 

 

Conclusions 

There are many household characteristics that affect the proportion of energy saving lightbulbs in 

each household. When these characteristics are combined, it becomes clear which households have 

been left behind in the transition to CFL bulbs and which have benefitted the most. 

 

This analysis shows that education, socioeconomic status, and municipality size have the largest 

effect on household saturation of energy-saving bulb. The size of the home is also a significant 

driver of household saturation rates, with larger homes having a significantly higher proportion of 

energy saving bulbs than smaller households. 

 

The geographic region plays some role as well, with households in the north having significantly 

more bulbs that households in the south, despite the proportion of energy saving bulbs being 

consistent in each climatic region. Some states, like Chiapas and Guerrero, have consistently lower 

2014 

 

2016 2018 

High Adopters: 

Educated, High 

Socioeconomic 

Status, Large 

Municipalities 

Low Adopters: 

Low SES, small homes, 

lower education levels  

Most Recent Adopters: 

Large Homes, Large 

Municipalities, Medium-

High Socioeconomic 

status 
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penetration of energy saving bulbs, while others, like Yucatan and Mexico City, have much higher 

penetration rates. 

 

Energy Use 

Energy use from lighting varies significantly from one household to another based on the number 

of lightbulbs, types of lightbulbs, and hourly usage. Based on average hourly usage rates 

determined in ENCEVI and survey data about the types of lightbulbs in households in Mexico, it 

is possible to provide high and low estimates of the total electricity consumption from the 

household lighting sector in Mexico. However, because the ENIGH survey does not specify the 

difference between energy-saving bulbs and whether they are CFLs or LEDs, two extreme 

estimates are presented below.  

 

The first estimate assumes that all the energy-saving lightbulbs adopted are CFLs. 

 

The second estimate assumes that all the energy-saving lightbulbs that are adopted before the 2014 

survey are CFLs and all adopted afterwards are LEDs.  

 
Table 11: Estimate of energy consumption due to lighting in Mexican households in 2014 and 2018 assuming all energy-saving 
lightbulbs are CFLs. Source: own elaboration with data from different sources as specified below. 

Type of 

Light bulb 

Electricity 

consumption 

per hour of 

use (Watts-

hr ) 

Hours/ 

day 

Estimated 

Energy 

Use/ 

bulb/year 

(MWh) (i)  

Number of 

lightbulbs in 

Mexico in 

2014 (ii)  

2014 

lightbulb s 

electricity 

use (TWh) 

(ii i) 

Number of 

lightbulbs in 

Mexico in 2018 

(ii ) 

2018 

lightbulbs 

electricity 

use 

(TWh)(iii ) 

IB 60 1.5 32.85 73,441,851 2.41 46,910,116 1.54 

CFL 15 1.5 8.21 144,843,667 1.19 192,237,431 1.58 

Totals    218,285,518 3.6 239,147,547 3.12 

(i) Data from XX.  

(ii) ENGH 2014 and ENIGH 2018 

(iii) Calculated by multiplying number of lightbulbs by is energy consumption and average number of days used 

 
Table 12: Estimate of energy consumption due to lighting in Mexican households in 2014 and 2018 assuming all energy-saving 
lightbulbs are LEDs. Source: own elaboration with data from different sources as specified below. 

Type of 

Lightbulb  

Electricity 

consumption 

per hour of 

use (Watts-

hr)  

Hours/ 

day 

Estimated 

Energy Use/ 

bulb/year 

(MWh) (i ) 

Number of 

lightbulbs in 

Mexico in 

2014 (ii) 

2014 

lightbulbs 

electricity 

use (TWh) 

(iii)  

Number of 

lightbulbs in 

Mexico in 2018 

(ii)  

2018 

lightbulbs 

electricity 

use 

(TWh)(iii ) 

IB 60 1.5 32.85 73,441,851 2.41 46,910,116 1.54 

CFL 8.5 1.5 4.65375 144,843,667 1.19 144,843,667 0.67 

LED 8.5 1.5 4.65375 0 0 47,393,764 0.22 

TOTALS    218,285,518 3.6 239,147,547 2.22 

(i) Data from XX.  

(ii) ENGH 2014 and ENIGH 2018 

(iii) Calculated by multiplying number of lightbulbs by is energy consumption and average number of days used 
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The estimates presented above show that the electricity consumption from the switch to energy 

efficient bulbs has led to a significant decrease in electricity consumption of between 0.48 and 

1.39 TWh in 2018. If we assume that all ñenergy-saving bulbsò are CFLs, the savings have been 

approximately 0.48 TWh. If we assume that between 2014 and 2018, all energy efficient bulbs that 

have been adopted are LEDs, then the savings are 1.39 TWh of electricity. 

 

Recommendations: 

Many residential policies and programs in Mexico have focused on replacing incandescent bulbs 

with CFLs. With the price of LEDs falling drastically over the last few years, SENER should 

consider incentivizing the remaining IB stock in residential homes to be replaced with LEDs, 

bypassing the IB to CFL transition. 

 

Additionally, SENER should consider developing policies that specifically reach households in 

the poorest and most inefficient states, where households would most benefit from reduced 

electricity bills and where rising incomes could lead to adoption of more lightbulbs. These 

communities are also most likely to replace old bulbs with cheaper incandescent, so programs must 

continuously be implemented to prevent this. 

 

Finally, energy efficiency education that reaches even the lowest grade school could help improve 

knowledge of the benefits of energy saving equipment and increase the adoption energy efficiency 

appliances. More studies on this subject would be helpful to understand that relationship. 

 

Areas of Expected Growth 

 

In future years, we do not expect significant growth in the number of bulbs per household but 

expect the number of energy efficient bulbs to continue to increase and the number of IBs to 

continue to decrease. We can expect that the switch to energy efficient bulbs, specifically among 

lower socioeconomic groups, lower education level households, and smaller towns, to increase 

rapidly in the next few years, further reducing the electricity consumption and emissions from 

Mexicoôs residential lighting. 

 

Even with the growth in overall lightbulbs due to the increase in population, the significant increase 

in efficiency of lightbulbs on the market is enough to still mitigate and even reduce the total 

electricity consumption, even with the increased number of bulbs. 
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Chapter 7: Adoption of Air Conditioning Technologies in Mexico: 
 

Chapter Overview: 

 

This chapter analyzes the primary drivers of residential air conditioning adoption in Mexico from 

2008 to 2018. Residential air conditioning adoption, especially that of high-efficiency air 

conditioners, has long been supported by policy efforts stemming from the Mexican government, 

including policy support for energy efficiency education and financial incentives for low-income 

households. Significant differences in saturation rates are visible amongst groups of households 

with varying characteristics. The main drivers discovered in this report are (by order of 

magnitude): climate type, socioeconomic status, size of home, size of locality, locality type, type 

of home, and age of home. Significance was determined using a 95% confidence interval.  

 

 

Background: 

 

Air conditioning, as the largest source of residential electricity consumption, is an additional 

appliance that our project must explore in its projection of residential energy use. Needs for air 

conditioning services in the residential sector are expected to increase widely, especially when 

considered under the impacts of climate change, which is expected to increase need for cooling 

services in Latin America by 105% by 2100 (Labriet et al., 2015). These increases are also likely 

attributable to socio-economic development, with consumption of air conditioners significantly 

higher in households that earn over $3300/month than in lower income households (McNeil & 

Letschert, 2008). These effects are expected to result in a net increase in greenhouse gas emissions, 

as the growth in energy consumption for space cooling  in Mexico is expected to outweigh any 

potential decrease in energy use for heating services that could be caused by climate-change 

induced temperature increases (Clarke et al., 2018).  

 

Policies Supporting Adoption of High-Efficiency Air Conditioners  

Since the early 1990s, Mexicoôs energy efficiency policy programs have placed significant effort 

in assisting residents with substitution of low-efficiency appliances with those that are high-

efficiency and lower consumers of energy.  (Secretaría de Salud, n.d.) The following section 

summarizes the policies described in Chapter 3: Energy Efficiency Policies in Mexico.  

 

Past:  

 

2002 - 2006: Programa de Financiamiento de Ahorros de Energía Eléctrica (PFAEE): One of 

the programs that resulted in the greatest energy efficiency impact is the Electric Energy 

Savings Financing Program (Spanish acronym, PFAEE)(CASTILLO, 2007). Over the course 

of the program, almost 630,000 refrigerators, about 130,000 air conditioners, and 25,000 

thermal housing insulation were financed.(Barbero Novaro, 2016)  
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2009 - 2012: Programa Nacional de Sustitución de Equipos Electrodomésticos (PSEE): FIDE 

reported that the Electro-domestic Equipment Substitution Program (Spanish acronym, PSEE) 

registered the substitution of over 1.65 million refrigerators and 201,000 air 

conditioners.(Barbero Novaro, 2016) Commonly known as the ñChange your old one for a new 

oneò program (ñCambia tu viejo por un nuevoò in Spanish), the program supported the 

substitution of 10+ year-old air conditioning and refrigeration equipment for new energy saving 

machines. Through the program, domestic users received vouchers that covered some of the 

purchase and transportation costs of new equipment, as well as the removal and destruction of 

old equipment. Financing supported by the program was paid through the userôs energy bill and 

was overseen by the Secretariat of Energy (SENER) and operated by FIDE and ASI.(Rosas-

Flores et al., 2011)  

 

Present:  

 

1990 ï Present: Financiamiento para el Programa de Aislamiento Térmico de Vivienda 

(FIPATERM) ï Now known as Ahorro Sistemático Integral (ASI): The Thermal Insulation 

Financing Program was a revolving fund that was created in 1990 to serve Valle de Mexicali. 

As time passed, the fund was modified to include financing for other energy saving services 

like compact fluorescent lightbulbs, door weather sealing, and air conditioning as well as serve 

additional regions across Mexico (CASTILLO, 2007).  The program is now referred to as the 

Comprehensive Systematic Savings program (Spanish acronym, ASI) and serves as an 

appliance substitution program that allows replacement of old refrigerators and air conditioners, 

as well as solar panel installation. Like PSEE, the costs of these installations are charged through 

the residents' electricity bill. Bimonthly electricity consumption for air conditioners must be 

greater than $500 and for air conditioners must be greater than $200. Residents must also 

abandon their old appliance to receive the new one. (Channel 10, 2019) 

 

1992 - Present: Sello FIDE: One notable policy still in effect today is ñSello Fideò, an energy 

efficiency certificate program that began in 1992. Named for the private organization created 

by the Federal Electricity Commission (Spanish acronym, CFE), the Electric Energy Savings 

Trust (Spanish acronym, FIDE), the Sello FIDE serves as a seal on products that meet energy 

efficiency, safety, and operating standards that consumers can reference when shopping for new 

home equipment like air conditioners.(SDE Mexico, 2019) 

 

1999 ï Present: Educación para el uso Racional y Ahorro de Energía Eléctrica (EDUCAREE): 

The Education for the Rational Use and Savings of Electric Energy Program (Spanish acronym, 

EDUCAREE) is a primary and secondary school program in which teachers impart information 

on electricity savings to their students through classroom activities. This policy is designed to 

develop a culture of electricity savings amongst younger generations. In 2005, 88,000 
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professors and 2.7 million students across Mexico participated in the program. (CASTILLO, 

2007)   

 

2013 ï Present: Norma Oficial Mexicana (NOM): Similar to the Underwriter Laboratories (UL) 

Certification Mark in the United States, Mexicoôs NOMs are mandatory technical regulations 

that products must meet prior to official sale in Mexico. (Secretaría de Salud, n.d.) Air  

conditioning specific NOMs finally became law in 1995, after initial regulatory concerns 

affected the countryôs ability to enforce minimum energy efficiency standards.(Rafael 

Friedmann & Sheinbaum, 1998) Between 2013 ï 2018, Mexicoôs National Energy Efficiency 

Commission supported the update of 21 of the 32 NOMs in force to represent more stringent 

energy efficiency standards. (Creuheras, n.d.) Each respective minimum energy efficiency 

standard can be quantified into an annual unit energy consumption (UEC) for estimation of the 

air conditionerôs respective consumption amounts. The estimated UECs for air conditioners are 

listed below:  

¶ 1990: 2.726 MWh  

¶ 1995: 2.028 MWh 

¶ 2002: 1.862 MWh 

¶ 2020: .931 MWh 

 

2016 - Present: Mejoramiento Integral Sustentable en Vivienda:  The stated objective is to 

increase adoption of energy efficient ñeco technologiesò that can reduce household gas and 

energy costs for families that have up to 5 members making minimum wage ($ 11,102.08 

Mexican pesos per year, in 2016). Qualifying eco technologies include thermal windows, 

thermal insulation, inverter air conditioners, LED bulbs, reflective paint, efficient gas heaters, 

photovoltaic systems, and solar thermal systems. (FIDE, 2019) Through the program, the 

National Housing Commission (CONAVI) grants residentsô subsidies of up to 30% of the value 

of the ecotechnologies, along with an additional 10% subsidy from the Fund for Energy 

Transition and Sustainable Energy Use (FOTEASE.) (Energy Center Mexico, 2019) FIDE also 

provides a credit of up to $50,000 MXN to residents, providing 14.5% - 18% fixed credit rates, 

plus Value Added Tax (VAT) for up to 5 years. (Ibid.)   

 

Policies Supporting Reduced Cooling Demand   

Friedmann and Sheinbaum note in their 1996 study multiple early strategies used to curb air 

conditioning-associated energy demand, including improved building construction, ñinterruptible 

electric tariffsò, MEES, and energy consumption labels, like the Sello FIDE (Rafael Friedmann 

& Sheinbaum, 1998).   
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Hypotheses: 

The data analysis presented below examines the following hypotheses about penetration of air 

conditioning equipment in Mexican households: 

 
¶ Penetration rates will increase over time 

¶ Arid climates will be more highly penetrated than temperate climates 

¶ Higher socioeconomic brackets will be more highlight penetrated than low socioeconomic 

brackets 

¶ Urban households will be more highly penetrated than rural households  

¶ Larger localities will have higher penetration rates than smaller localities 

¶ Houses will have higher penetration rates than apartments 

¶ Newer homes will have higher penetration rates than older homes 

¶ Larger homes will have higher penetration rates than smaller homes  

 

 

Analysis of Drivers of Air Conditioning Penetration: 

The sections below seek to calculate the relative impact of environmental, economic, and 

household factors on adoption of air conditioning technologies through analysis. The following 

analyses use clustering techniques to highlight the relative impact that climate, location type, 

socioeconomic status, home type, location size, age of home, and size of home have on penetration 

of air conditioning units amongst residential households in Mexico. 

 

NA Responses  

As stated in the Data Cleaning section in chapter 5, there was a number of respondents to the 

ENIGH in years 2008-2010 who answered NA for the question about the presence of air 

conditioning equipment in their household. Rather than assuming that an NA response means lack 

of air conditioning, this analysis excludes those households from consideration and as a result the 

number of valid cases is smaller. Households that answered NA for dwelling age were also 

excluded from analysis analyzing penetration by age of home. 
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Figure 20: Drivers of airconditioning penetration in Mexican households from 2008 to 2018. Source: own elaboration with data 

from ENIGH 2008-2018. Respondents with NA excluded from sample. 

Variable Penetration Rate Range 

(Highest penetration 

minus Lowest 

penetration): 

Highest Penetration: Penetration Increase for the 

category with highest penetration: 

Climate 
Arid ï Temperate: 

33.5% 

Arid:   

47.89% 

Arid:   

13.02% since 2008 

(1.18% per year) 

Socioeconomic 

Status (SE) 
High SES ï Low SES: 

29% 

High SES:  

32.49% 

Medium-Low SES:  

3.31% since 2012 

 (0.47% per year) 

Size of Home 
10+ Rooms ï 1 Room: 

27% 

10+ Rooms: 

 30.93% 

10+ Rooms:  

15.82% since 2008  

(1.44% per year) 

Locality Size 
>100K - <2.5K:  

15.5% 

> 100K:  

21.51% 

>100K:  

6.75% since 2008 

(0.61% per year) 

Location Type 
Urban ï Rural:  

12% 

Urban:   

17.5% 

Urban:   

1.12% since 2014 

(.22% per year) 

Home Type 
House ï Apartment:  

9% 

House:  

16% 

House:  

3% since 2008 

(0.27% per year) 

Age of Home 
11 to 20 yrs. ï 0 to 3 yrs. 

7% 

11-20 years:  

17% 

7-10 years: 

 4.70% since 2008 

(0.43% per year) 
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National Penetration: 

An analysis of household air conditioning penetration nationally shows that approximately 10.98% 

households had air conditioning in 2008, 12.82% in 2010, and 12.24% in 2012, 14.26% in 2014, 

14.36% in 2016, and 15.2% in 2018. The decrease in adoption rate from 2010 to 2012 is likely due 

to the growth of population being greater than household adoption of air conditioning, despite the 

total number of households that have adopted air conditioning growing from 3,777,303 in 2010 to 

3,862,722 in 2012.  

 

 

Arid: 47.89%

High SES: 73.48%

ω1 room: 34.37%

ω2-4 rooms: 68.24%

ω5-7 rooms: 76.47%

ω8-10 rooms: 90.07%

ω10+ rooms: 92.30%

Medium-High SES: 53.4%

ω1 room: 22.88%

ω2-4 rooms: 52%

ω5-7 rooms: 58.92%

ω8-10 rooms: 56.73%

ω10+ rooms: 80.26%

Medium-Low SES: 36.11%

ω1 room: 19.03%

ω2-4 rooms: 38.43%

ω5-7 rooms: 47.99%

ω8-10 rooms: 47.89%

ω10+ rooms: 47.27%

Low SES: 14.63%

ω1 room: 8.84%

ω2-4 rooms: 21.21%

ω5-7 rooms: 30.92%

ω8-10 rooms: 65.78%

ω10+ rooms: 23.89%

Tropical: 14.12% 

High SES: 61.96%

ω1 room: 21.85%

ω2-4 rooms: 60.93%

ω5-7 rooms: 76.23%

ω8-10 rooms: 93.66%

ω10+ rooms: 100%

Medium-High SES: 35.14%

ω1 room: 9.67%

ω2-4 rooms: 30.93%

ω5-7 rooms: 38.28%

ω8-10 rooms: 81.72%

ω10+ rooms: 0%

Medium-Low SES: 13.37%

ω1 room: 4.85%

ω2-4 rooms: 15.56%

ω5-7 rooms: 27.53%

ω8-10 rooms: 38.14%

ω10+ rooms: 61.76%

Low SES: 1.47%

ω1 room: 0.64%

ω2-4 rooms: 2.16%

ω5-7 rooms: 7.52%

ω8-10 rooms: 3.19%

ω10+ rooms: 100%

Temperate: 2.77%

High SES: 5.82%

ω1 room: 0%

ω2-4 rooms: 2.35%

ω5-7 rooms: 5.86%

ω8-10 rooms: 8.15%

ω10+ rooms: 1.29%

Medium-High SES: 1.45%

ω1 room: 0%

ω2-4 rooms: 1.65%

ω5-7 rooms: 2.65%

ω8-10 rooms: 3.91%

ω10+ rooms: 0%

Medium-Low SES: 1.03%

ω1 room: 0.02%

ω2-4 rooms: 1.13%

ω5-7 rooms: 1.85%

ω8-10 rooms: 0.52%

ω10+ rooms: 11.30%

Low SES: 0.38%

ω1 room: 0%

ω2-4 rooms: 0.30%

ω5-7 rooms: 0.68%

ω8-10 rooms: 2.31%

ω10+ rooms: 0%
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Figure 21: Household Air Conditioning Penetration in Mexico (2008- 2018). Source: own elaboration with data from ENIGH 2008-

2018. Respondents from NA excluded from sample. 

 
 

 

  

Penetration by State:  

Rates of household air conditioning penetration have differed by state, over the course of the 2008 

to 2018 study period. Analyses of state-by-state penetration show higher rates of penetration in the 

northern-most portion of the country (between 34% and 74% in 2018), where household incomes 

are amongst the highest in the country, as are the temperature highs during the summer seasons.  

 

The lowest rates are seen in the central Mexico, generally ranging 0% to 5% in 2018. Growth over 

time is most distinct in these northern portions and in the states of the countryôs Yucatan Peninsula, 

in southeast Mexico. This growth is likely the result of the income stimulated by the Peninsulaôs 

higher tourism rates, arising from travel to Cancún and Playa del Carmen in Quintana Roo. The 

greatest increase in adoption rates was seen in Nuevo Leon, which grew around 300%, from 

17.94% in 2008 to 45.3% in 2018. Tamaulipas also showed a stark increase in its adoption rates, 

almost doubling, from 26.53% in 2008 to 50.36% in 2018. 

 

0%

2%

4%

6%
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12%

14%

16%

2008 2010 2012 2014 2016 2018

National Air Conditioner Penetration Rate

Saturation Rate

2018 National Penetration Rate: 15% 
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Figure 22: Adoption of home heating systems in Mexican  States (2008- 2018). Source: own elaboration with data from ENIGH 

2008-20018. Respondents with NA excluded from sample. 

2008       2018 

 
 

 

 

Penetration by Climate:  

 

Of all characteristics studied, climate is the largest driver of air conditioning adoption. The analysis 

conducted indicates significantly higher adoption rates in households from arid climates, in 

comparison to households in temperate and tropical climates. In 2018, air conditioning adoption 

reached almost 48% saturation in arid climates. This rate was about 33 percentage points higher 

than those in tropical climates, and 45 percentage points higher than those in temperate climates. 

All  climate types show growth in air conditioning adoption over time, but penetration rates grew 

the most in arid climates, growing 13% over the 10-year study period. While temperate climates 

never achieve adoption rates higher than 2.8% during the study period, those of tropical climates 

do rise from 7.74% in 2008 to 14.12% in 2018.  

Difference between 2018 Highest and Lowest Adopter: 76 percentage points 
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Figure 23: Graph of Household Air Conditioning Penetration by Climate 

 
 

 

 

Penetration by Socioeconomic Status: 

Since the ENIGH survey data only provides socioeconomic status data for years 2012-2018, the 

following analysis will only focus on the most recent 4 years of the biannual survey.  

 

The analysis shows clear differences in household air conditioning adoption between residents of 

different socioeconomic statuses. The data indicates a clear trend of higher adoption rates amongst 

residents of higher socioeconomic status. Specifically, in 2012,  the adoption of air conditioners 

among residents occupying the high socioeconomic status category was 34.97% which is 

significantly higher  than the rate of adoption among those in the low socioeconomic status 

category of 1.76%. This trend is apparent in all the following surveys, although data indicates a 

slight increase of adoption rates in the low and medium-low socioeconomic status categories of 

2% and 2.5%, respectively, from 2012 to 2018. 

 

2018 Difference between Arid and Temperate:  33.5 percentage points 
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Figure 24: Penetration of Air Conditioning equipment in Mexican households by Socioeconomic Status from 2012 - 2018. Source: 

own elaboration with data from ENIGH 2012 - 2018 

 
 

 

 

 

Penetration by Number of Rooms in the HƻǳǎŜƘƻƭŘΩǎ Dwellings 

Most years showed a general pattern of increased household air conditioner adoption rates in larger 

homes. In all years but 2008, 2012, and 2016, homes with greater than 10 rooms showed the 

highest rates of heating adoption. In 2008, 2012, and 2016, the category with the second highest 

number of rooms, 8 ï 10 rooms, showed the greatest adoption rates. It is key to note that in 2012, 

no houses were categorized as having greater than 10 years, and that the yearôs ñ8-10 roomò 

adoption rate, at 28%, was the highest adoption rate of any year and any category 

 

 

2018 Difference between Low and High Socioeconomic Status:  29 

percentage points 
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Figure 25: Penetration of Air Conditioning in Mexican households by Number of Rooms in Home from 2008 - 2018-. Source: own 

elaboration with data from ENIGH 2008 - 2018 

 
 

 

Penetration by Locality Size 

Review of the data finds a consistent and steady pattern of higher adoption rates in larger localities 

than in smaller localities in all years of the 2008-2018 study period. Adoption rates in the largest 

locality size (greater than or equal to 100,000 inhabitants), compared to the smallest locality size 

(less than 2,500 inhabitants) are over 13% greater in all years analyzed. The smallest locality size 

demonstrated air conditioning adoption rates between 3% and 6% in all years of study, while the 

largest localities had adoption rates between 14% and 22%. Our  analysis also shows growth in 

adoption rates in all locality sizes between 2008 and 2018, rising in each category between 2.5% 

(locality size between 2,500 and 7,500 homes) and 7% (greater than or equal to 100,000 

inhabitants).   

2018 Difference between Large Homes and Small Homes: 27 percentage points   
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Figure 26: Penetration of Air Conditioning in Mexican households by Locality Size from 2008 - 2018-. Respondents with NA 

excluded from sample. 

 
 

 

 

Penetration by Home Type: 

Adoption of air conditioning is highest in houses, in comparison to apartments and ñotherò types 

of households (a miscellaneous category representing household types such as ñrooftop homesò). 

Throughout the course of study, penetration in houses is between 4% - 9% greater than in 

apartments.  While penetration in houses increased over time, rising from 13% in 2008 to 16% in 

2018, penetration in apartments waivers between 6% and 9% throughout the study period. Growth 

rates in the number of households living in houses versus apartments also appears to be growing 

much more quickly, rising by 5 million between 2010 and 2018 (compared to an increase of 

200,000 households living in apartments.)    

 

 

2018 Difference between Large and Small Localities: 15.5 percentage points   
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Figure 27: Penetration of Air Conditioning in Mexican households by Home Type from 2008 to 2018. Source: own elaboration 

with data from ENIGH 2008 - 2018-. Respondents with NA excluded from sample. 

 
 

 

 

 

Penetration by Age of Dwelling 

Analysis of adoption rates of household air conditioners does not appear to increase or decrease 

with age of the dwelling. However, in all years but 2012, dwellings aged 11 to 20 years old showed 

the highest penetration, exhibiting rates between 13% (2008) and 17% (2018). Penetration was 

also consistently the lowest in homes aged 0 to 3 years and over 50 years. Our analyses also show 

growth in penetration in all age brackets between 2008 and 2018, rising in each category between 

2% (0 to 3 years and 50+ years) and 5% (7 to 10 years). 

 

 

 

2018 Difference between Houses and Apartments: 9 percentage points   
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Figure 28: Graph of Household Air Conditioning Penetration by Age of Home. Source: own elaboration with data from ENIGH 

2008 - 2018-. Respondents with NA excluded from sample. 

 
 

 

 

Penetration in Urban v. Rural Households 

From the years 2014-2016, urban households are significantly more likely to have adopted air 

conditioning in their households than their rural counterparts. In 2014, rural households had a 

penetration of approximately 5% while urban households had an adoption rate of approximately 

16.83%. Both rural and urban household adoptions rates grew only by a percent between 2014 to 

2018, with a 2018 urban household adoption rate (17.95%) that was about three times greater than 

that of rural households (6%.)  

 

 

2018 Difference between 11-20 year and 0-3 year old homes: 7 percentage points   
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Figure 29: Graph of Household Air Conditioning Penetration by Locality Type (Urban vs. Rural. Source: own elaboration with data 

from ENIGH 2008 - 2018-. Respondents with NA excluded from sample.) 

 
 

 

 

 

Interactions of Drivers: 

Interaction of Climate and Socioeconomic Status 

Arid Climate: 

In arid climates, penetration rates are strongly correlated with socioeconomic status. Households 

in arid climates of high socioeconomic status, have a penetration of 72.7% , which is 51 percentage 

points higher than for households of low socioeconomic status.  

 

2018 Difference between Urban and Rural homes: 11.95 percentage points 
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Figure 30: Penetration of Air Conditioning  in Mexican households, by Socioeconomic Status in Arid Climates 

 
 

Temperate Climate 

The difference in air conditioning penetration between households of high socioeconomic status 

and low socioeconomic status in temperate climates is not quite as stark as in arid climates. With 

a penetration of 4.12%, households in temperate climates of high socioeconomic status have a 

penetration that is only 3.75% higher than for those of low socioeconomic status.  
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Figure 31: Penetration of Air Conditioning in Mexican households by Socioeconomic Status in Temperate Climates. Source: own 

elaboration with data from ENIGH 2008 - 2018 

 
 

Tropical Climate:  

When analyzed under an interaction with socioeconomic status (SES), households in tropical 

climates exhibit far more distinct patterns of higher penetration with higher SES levels. In 2018, 

the difference in air conditioning penetration between tropical households of high socioeconomic 

status and low socioeconomic status is approximately 65%, with households of high 

socioeconomic status exhibiting 68% penetration. This 68% penetration is quite significant when 

considering the 2018 tropical household penetration (without interaction with SES) was only 

14.12%.  
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Figure 32: Penetration of Air Conditioning Saturation in Mexican households by Socioeconomic Status in Tropical Climates. 

Source: own elaboration with data from ENIGH 2008 -  2018 

 
 

 

Interaction of Climate, Socioeconomic Status, and Home Size 

 

By Arid Climate:  

When the interaction of the arid climate type with socioeconomic status (SES) and home size are 

examined, the pattern of high penetration amongst larger homes and higher SES becomes quite 

clear. In 2018, large, high SES households in arid climates exhibited a penetration of 90.69%. 

Those in small, low SES homes that same year exhibited a penetration of 19.9%. Rates generally 

increase over time in all categories, however longitudinal changes in large households of all SES 

categories do not display clear linearly increasing trends. 
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Figure 33: Interaction of Socioeconomic Status (SES) and House Size in Household Air Conditioning Penetration in Arid Climates 

 
By Temperate Climate:  

Interaction with socioeconomic status (SES) and home size does not appear to affect penetration 

of air conditioning in tropical households much, in general. Penetration in small, low SES homes 

in temperate climates, is 0.28%, which is less than 5% lower than those of large, high SES homes. 

Increases in penetration over time are not quite apparent in most categories, with many exhibiting 

decreases. Large, high SES homes also appear to exhibit unusually high penetration rates of 

39.98% and 33.34% in 2014 and 2016, respectively, before dropping almost 17% in 2016 and 

2018.  

 
Figure 34: Interaction of Socioeconomic Status (SES) and House Size in Household Air Conditioning Penetration in Temperate 

Climates 

 
By Tropical Climate:  

Again, penetration of air conditioning in tropical households responds strongly to other drivers, 

with penetration greatly increasing for those with higher socioeconomic status (SES) and larger 

homes. Tropical households in large, high SES homes exhibited a penetration of 95.4% in 2018. 

This was 77.8 percentage points higher than that of those in large, high SES households. Increased 
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dwelling size within the same demographic supports the trend of higher adoption amongst larger 

dwellings, with small, high SES homes exhibiting a penetration that was 35 percentage points 

lower than that of large, high SES homes.  

 
Figure 35: Interaction of Socioeconomic Status (SES) and House Size in Household Air Conditioning Penetration in Tropical 

Climates 

 
 

 

Average Household Air Conditioning Electricity Consumption: 

 

We estimated annual household cooling-specific energy consumption assuming lower and upper 

energy consumption extremes to bound the uncertainty on total electricity consumption  for the 

country for each year studied.  

 

Lower Bound Estimation:  

The lower bound electricity consumption estimation represents the total air-conditioning related 

electricity consumption that would have occurred had the entirety of the population used a high-

efficiency air conditioner. High-efficiency air conditioner annual electricity consumption 

estimates were pulled from the Frigidaire - FFRE053WA1 air conditioner, which was one of the 

most efficient air conditioners found on the U.S. ENERGYSTAR website and had an annual 

electricity consumption estimate of approximately 300 kWh/yr (Product Finder ð ENERGY STAR 

Certified Room Air Conditioners, n.d.). ENERGYSTAR calculated its annual energy use based on 

the assumption that units are used 750 hours per year. However, this annual figure does not account 

for variation in usage across different climate zones. To account for this, the annual kWh/yr 

electricity consumption figure provided by ENERGYSTAR was divided by 750 hours/yr to obtain 

a kW power output figure of .4 kW.  

 

Upper Bound Estimation: 

 

The upper bound electricity consumption estimation represents the total air conditioning related 

electricity consumption that would have occurred had the entirety of the population used a low-

efficiency air conditioner. Low-efficiency air conditioner annual electricity consumption estimates 
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were found using the 1862 kWh/year annual unit energy consumption calculated (UEC)  by 

Martinez-Montejo & Sheinbaum-Pardo in their 2016 study  using the NOMS minimum energy 

efficiency standards set by the Mexican government for air conditioners in 2002 (Martínez-

Montejo & Sheinbaum-Pardo, 2016). This consumption estimate was then divided by 750 hours 

per year, in accordance with ENERGYSTAR convention, to find an upper bound power estimate 

of 2.482 kW.    

 

Annual Consumption Duration Estimation:  

The ENCEVI survey reports monthly and hourly usage data for household air conditioners. This 

data was aggregated for each climate and average annual usage was found by finding the mean 

number of hours per day and the number of months per year that the air conditioner was used. 

(Encuesta Nacional sobre Consumo de Energéticos en Viviendas Particulares. (ENCEVI), 2018) 

Because the ENCEVI survey was only conducted once, in 2018, this annual consumption duration 

estimate was used to estimate total electricity use for every year of the ENIGH survey, from 2008 

to 2018.  

 

Final Energy Consumption Determination:  

Using the lower and upper electricity consumption bounds, along with the annual consumption 

estimate, the following climate-specific electricity consumption estimations were determined:  

 

National Electricity Consumption Growth: 

The average annual national air conditioning electricity consumption estimate was found using the 

product of average hours used per day and days used per year reported by each household in the 

ENCEVI survey. The results indicate a 73.31% growth in air condition electricity consumption 

over the 11-year study period, from an upper bound of 8.73 TWh of electricity consumption in 

2008 to 15.13 TWh in 2018. These results can be seen in the chart below. 
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Figure 36: Estimate of Annual Air Conditioning-related Electricity Consumption (kWh) per household, averaged across regions in 

Mexico for year 2018. Source: own elaboration using data from ENIGH 2018 and ENCEVI 2018 

 
Power 

Consumption 

(kW) 

Annual 
Consumption 

Duration (Hours) 

Annual Energy 

Consumption per 

Household (kWh) 

National 
Lower: 0.4 1,167.9 126.89 

Upper: 2.482 1,167.9 161.49 

 

 

 
Figure 37: Estimate of Air Conditioning-related Electricity Consumption (TWh) in Mexico in 2008-2018. Source: own elaboration 

with data from ENIGH 2008-2018 and ENCEVI 2018.Lower bound assumes the same efficiency as Frigidaire ς FFRE053WA1 and 

the upper bound assumes consumption of 2.482KWh per hour of use. 

 2008 2010 2012 2014 2016 2018 

National 
Consumption 

(TWh) 

1.41 ï 

8.73 
1.75-10.88 

1.77 ï 

11.01 

2.09 ï 

12.95 

2.22 ï 

13.8 

2.44 ï 

15.13 

 

 

National Electricity Consumption Growth by Climate:  

Growth in national electricity consumption was calculated using the number of households that 

have an air conditioner in each climate for each year of the study, along with the lower and upper 

bound power consumption estimations. The result of these calculations can be seen in the chart 

below. 

 
Figure 38: Air-Conditioning-related Electricity Consumption per household by climate zone (kWh). Source: own elaboration using 

data from ENCEVI 2018. 

 Power 
Consumption 

(kW) 

Annual 
Consumption 

Duration 

(Hours) 

Annual Energy 

Consumption per 

Household (kWh) 

Arid Lower: 0.4 1,193.2 477.28 

Upper: 2.482 1,193.2 2,961.52 

Temperate Lower: 0.4 522.75 209.1 

Upper: 2.482 522.75 1,297.47 

Tropical Lower: -.4 1,189.1 475.64 

Upper: 2.482 1,189.1 2,951.35 
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Figure 39: Electricity Consumption from Air Conditioners Use in the Mexican Residential Sector by Climate Zone (GWh). Source: 
own elaboration with data from ENIGH 2008-2018 and ENCEVI 2018 assuming min Air conditioner efficiency of 0.4 kW and  max 

Air Conditioner efficiency of 2.482 kW 

 2008 2010 2012 2014 2016 2018 

Arid 
Min: 1,121.04 

Max: 6,957.91 

Min: 1,413.69 

Max: 8,774.31 

Min: 1,409.49 

Max: 8.748.22 

Min: 1,641.78 

Max: 10,190 

Min: 1,688.62 

Max: 10,480.67 

Min: 1,870.67 

Max: 11,610.63 

Temperate 
Min: 38.96 

Min: 241.84 

Min: 37.81 

Max: 234.65 

Min: 53.03 

Max: 329.12 

Min: 52.83 

Max: 327.88 

Min: 53.21 

Max: 330.24 

Min: 63.5 

Max: 394.13 

Tropical) 

246.03 

- 

1,527 

301.8 

- 

1,873.20 

312 

- 

1,936.49 

391.15 

- 

2,427.72 

481.71 

- 

2,989.81 

503.54 

- 

3,125.31 

By Climate and Socioeconomic Status:  

Further analysis of air conditioning-related energy consumption indicates some variability in 

electricity consumption trends amongst households of different socioeconomic statuses and 

climate types. To perform these analyses, average air conditioning hours used per day and average 

days used per year where found for each socioeconomic status group in each climate type. Hours 

used per day tended to decrease with increases in socioeconomic status, while number of days used 

per year varied between the climate types and socioeconomic status groups. Overall, the climate 

and socioeconomic status household group reported to use their air conditioning most throughout 

the year were low socioeconomic status households in arid climates, with a yearly use of almost 

1400 hours per year. The group reported to use their air conditioner least throughout the year were 

high socioeconomic status households in temperate climates, with a yearly use of just over 370 

hours per year. (Encuesta Nacional sobre Consumo de Energéticos en Viviendas Particulares. 

(ENCEVI), 2018) 

 
Figure 40: Air Conditioning-related Consumption Patterns by Climate & Socioeconomic Status. Source: own elaboration with 

data from ENCEVI 2018. 

 

These estimated hours of annual consumption were multiplied by our lower and upper bounds of 

estimated electricity consumption for each climate and socioeconomic status group pairing. The 

findings indicate the greatest total air conditioning-related electricity consumption can be 

attributed to medium-low socioeconomic status households in arid climates, with an estimated 

annual consumption of between 768.71 and 4,771.11 GWh in 2018. The lowest can be attributed 

to low socioeconomic status households in temperate climates, with an estimated annual 

consumption of between 9.23 and 194.41 GWh in 2018.  
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Figure 41: Air Conditioning Related Electricity Consumption by Climate and Socioeconomic Status (GWh). Source: own 

elaboration with data from ENCEVI 2018. 

 2012 2014 2016 2018 
 

Min Max Min Max Min Max Min Max 

Arid/Low 39.22 243.44 39.55 245.49 54.16 336.15 72.10 447.49 

Arid/Medium-Low 624.00 3,872.96 649.71 4,032.54 683.85 4,244.42 768.71 4,771.11 

Arid/Medium-High 436.18 2,707.20 583.29 3,620.30 577.12 3,582.01 636.97 3,953.48 

Arid/High 302.17 1,875.44 349.83 2,171.27 358.03 2,222.18 380.40 2,361.02 

Temperate/Low 1.36 8.43 0.80 4.95 1.46 9.06 1.49 9.23 

Temperate/Medium-Low 22.94 142.41 20.30 126.02 24.46 151.82 31.32 194.41 

Temperate/Medium-High 17.70 109.86 11.95 74.14 16.51 102.46 17.64 109.46 

Temperate/High 10.15 62.99 16.16 100.28 10.12 62.80 12.48 77.43 

Tropical/Low 17.24 106.99 23.67 146.94 42.62 264.53 48.65 301.94 

Tropical/Medium-Low 138.37 858.84 212.18 1,316.91 268.48 1,666.38 284.96 1,768.63 

Tropical/Medium-High 108.20 671.53 86.90 539.34 89.12 553.12 93.37 579.50 

Tropical/High 44.40 275.59 66.78 414.48 82.12 509.66 77.69 482.22 

 

Using the air conditioning estimated annual lower bound and upper bound electricity consumption 

estimation also allows for a clearer picture highlighting which household groups experienced the 

greatest increase (and decrease) in annual air conditioning-related energy consumption over the 

2012-2018 period. The greatest 2012-2018 increase in annual air conditioning-related energy 

consumption was exhibited in medium-high SES households in arid climates, with a total increase 

in air conditioning-related energy consumption estimated between 200.8 and 1,246.29 GWh. Some 

household groups were estimated to have decreased their annual energy consumption over the 11-

year period, due to decrease in their population size. Medium-high SES households in the tropical 

zone were found to have the greatest decrease in annual consumption, with an estimated decrease 

of between 92.03 and 14.83 GWh.   
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Figure 42: 2012- 2018 Growth in Air Conditioning Related Electricity Consumption by Climate and Socioeconomic Status Sorted 

by Decreasing 2012- 2018 Consumption Change (GWh.) Source: own elaboration with data from ENIGH 2012, 2018 and ENCEVI 

2018. 

Climate/SES 
2018 

Population 
2012 ς 2018  

Household Growth 
 (# households) 

2018 A.C. Electricity 
Consumption (GWh) 

2012- 2018  
Consumption 
Change (GWh) 

Arid / Medium-High 1,404,374 442,711 636.97 ς 3,953.48 200.8 ς 1,246.29 

Tropical / Medium-Low 597,662 307,440 284.96 ς 1,768.63 146.58 ς 909.79 

Arid / Medium-Low  1,493,720 281,188 768.71 ς 4,711.11 144.7 1- 898.15 

Arid / High 892,237 183,501 380.4 ς 2,361.02 78.23 ς 485.58 

Tropical / High 163,181 69,924 77.69 ς 482.22 33.29 ς 206.63 

Arid / Low 129,111 58,874 72.1 ς 447.49 32.88 ς 204.06 

Tropical / Low 90,283 58,291 48.65 ς 301.94 31.41 ς 194.94 

Temperate / Medium-Low 127,080 33,994 31.32 ς 194.41 8.38 - 52 

Temperate / High 83,956 15,660 12.48 ς 77.43 2.33 ς 14.44 

Temperate / Low 8,615 747 1.49 ς 9.23 .13 - .8 

Temperate / Medium-High 84,035 -307 17.64 ς 109.46 -0.4   -   -0.06 

Tropical / Medium-High 207,533 -32,958 93.37 ς 579.50 -92.03   -   -14.83 
 

 

 

Conclusions: 

This study has found that residential air conditioning penetration in Mexico increased significantly 

during the 2008 - 2018 period.  There is large variability in air conditioning penetration amongst 

households of different regions, socioeconomic status, and home size. Households in arid climates 

consistently exhibit the highest penetration followed by households in the tropical zone, while the 

households in the temperate zone have the lowest penetration. In the tropical zone, penetration is 

higher for households of higher socioeconomic status living in larger homes, while in the temperate 

climates, penetration is the lowest and there is not a clear correlation between penetration and 

socioeconomic status or home size.  
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Archetypes 

 

                             
 

    
    

 

Recommendations: 

 

With the exception of the richest households in the arid region, where penetration of air 

conditioners exceeds 90%, the scant presence of this essential equipment creates incredible 

potential for increased electricity consumption as households continue to adopt cooling 

technologies. If 100% penetration had been reached in 2018, annual electricity consumption from 

air conditioning alone would have been in the range 16.68 to 103.56 TWh. This upper bound would 

have produced the equivalent amount of emissions as those produced by almost 19 average US 

coal plants or the emissions that could have been evaded by almost 16,000 wind turbines (US EPA, 

2020). This is not only an incredibly large amount of emissions, but also a very large amount of 

capacity that would need to be added to the grid, especially since air conditioner use often takes 

place during peak hours of consumption.   

 

CONUEE has not yet released a 2030 update to their NOMs minimum energy efficiency standards.  

Doing so would enhance future cooling-related energy efficiency and shield the country from the 

necessity of such large capacity additions to their grid as more and more households begin to adopt 

household air conditioning units.  

 

Areas of Expected Growth  

 

If future trends follow those of the past decade, it is likely that Mexico will continue to see 

increased penetration of household air conditioners across all climate types. Continued rise in 

temperature is to be expected as the effects of climate change exacerbate temperature extremes in 

the country, and as such, policymakers should expect to see this change reflected in increased air 

conditioning-related energy consumption. Additionally, as Mexico continues to grow 

economically, it should expect to see increased saturation of air conditioners should its economic 

growth result in socioeconomic betterment of its current low and medium-low socioeconomic 

status households.  

High Adopters: 

Arid Climate, High 

SES, Large Homes 

Low Adopters: 

Temperate Climate, Low 

SES, Small Homes, 

Rural Towns 

Most Recent Adopters: 

Large Homes, Arid 

Climate, Large 

Localities, Medium-High 

SES 

Socioeconomic 

Sensitive Adopters: 

Tropical Climate 

Greatest Electricity 

Consumption:  

Arid Climate, Medium-

High SES  
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Potential for Energy Efficiency Effect: 

The annual electricity consumption estimated in this study confirms the importance of minimum 

energy efficiency standards to mitigate energy consumption and greenhouse gas emissions by-

products. For example, by 2020, with Mexicoôs NOMS minimum energy efficiency standards in 

place, new air conditioning appliances are expected to consume an average of 931 kWh of 

electricity per year (Martínez-Montejo & Sheinbaum-Pardo, 2016). If all air conditioners had 

achieved this standard by 2018, the yearôs annual consumption lower bound would have dropped 

by an estimated 7.6 TWh, assuming no rebound consumption effects of the applianceôs increased 

efficiency. Such a drop would have reduced country-wide power demand and corresponding 

emissions equivalent to those produced by 1.4 average US coal plants. Such an emissions reduction 

can be equated to the emissions that could have been reduced through installation of 1,160 wind 

turbines (nameplate capacity 2.32 MW with a 34% capacity factor).  The assumption of minimal 

to no rebound effect on energy efficiency, though, may be unrealistic, as research by Davis et. al 

suggests new homes with energy efficient and thermal insulation upgrades display insignificantly 

greater levels of electricity consumption than identical new homes built without the upgrades 

(Davis et al., 2020). In the study, 86% of households also reported keeping one or more windows 

open in the summer during the day, largely nullifying the effects of improved insulation, thus 

suggesting insulation-related efficiency measures be accompanied by policies promoting behavior 

change among residents.  

 

New policies must be designed accounting for the lessons from past policy efforts to increase 

adoption of efficient appliances and reduce electricity consumption. For example, only 10% of the 

appliance substitutions that occurred under the 2009 ï 2014 ñCambia Tu Viejo Por Uno Nuevoò 

program, commonly known as the ñCash for Coolersò program, were air conditioners (Davis et 

al., 2014). These low rates were likely due to the extraordinarily low air conditioner penetration in 

Mexico which resulted in only a few pieces of equipment being eligible for replacement. Among 

those households able to replace their air conditioner, though, electricity consumption rates 

actually increased (Praz, 2011). The programôs lack of success has been attributed to hypotheses 

that the program was inefficient at targeting older, inefficient appliances, and that the appliances 

being replaced were alternative cooling technologies, like electric fans and evaporative coolers, 

that are more energy efficient than the new efficient air conditioners, themselves. Finally increases 

in consumption may also be attributed to greater appliance capacity and features that make them 

easier and more convenient to use, as well as increases in time that residents stay at home due to 

the additional thermal comfort. Interpretation of these results is thus a complex process for policy 

makers and grid planners and highlights the need to study in detail the usage patterns amongst 

residents with newer, more efficient appliances as well as the behavior of owners of older, less 

efficient appliances. Policymakers aiming to increase thermal comfort and its related health 

benefits amongst residents should do so through promotion of energy efficient appliances that 

better indoor home conditions. Grid planners and advocates looking to combat climate change 

should conduct electricity consumption projection under the assumption that the future of air 

conditioning electricity consumption is likely to reflect the increased usage patterns of households 

with new, more efficient technologies. Demand response programs and smart home technologies 

can then be used to lower household air conditioning electricity consumption in ways that maintain 

this new and improved indoor thermal comfort.  
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Stimulation of Saturation Growth 

 

Currently, the households with the lowest penetration of air conditioning can be characterized as 

living in small homes, of low socioeconomic status, in temperate climate types. While lower 

adoption amongst small homes and lower socioeconomic statuses certainly point to an issue of 

technology affordability, low rates of adoption in temperate climates is to be expected. Temperate 

climates experience moderate temperatures year-round and have much lower cooling needs than 

homes in arid and tropical climates. It is thus recommended that policymakers focus their 

household cooling adoption stimulation in arid and tropical climates, unless climate modeling 

indicates that the temperate climate zone is likely  to experience uncharacteristically high 

temperatures and humidity in upcoming years. 

 

Meeting the air conditioning needs in the arid and tropical climates can be achieved with continued 

focus on improving affordability of cooling technologies, especially for low socioeconomic 

households that lack disposable income and experience a greater energy burden (percent of 

household income dedicated to cost of energy). While appliance substitution policies will ensure 

that residents who have already adopted older, less efficient air conditioning appliances have 

greater incentive and opportunity to adopt newer more efficient technologies, they do not provide 

assistance to those residents who have not yet adopted any technology at all. Equitable access 

policies that support adoption of air conditioners amongst low income communities and 

availability of these appliances in smaller-sized, rural towns can help support this adoption 

amongst all community members. Such policies have been enacted around the world, like New 

York Cityôs ñCooling Assistance Benefitò program, which provides low-income households with 

air conditioning and fan units of up to $800 (Cooling Assistance Benefit ï ACCESS NYC, n.d.).  

 

  



Analyzing Household Drivers of Residential Electricity Consumption in Mexico              Siegel, Ullman, Wu 85 

Chapter 8: Adoption of Heating Technologies in Mexico: 
 

 

Chapter Overview: 

This chapter analyzes the primary drivers of adoption of equipment for residential heating in 

Mexico from 2008 to 2018. Residential heating adoption is quite low across most groups of 

households and has not been a major focus of policy efforts stemming from the Mexican 

governments. While overall penetration is low, significant variance is visible amongst climatic and 

socioeconomic groups of households. The main, significant drivers discovered in this report are 

(by order of magnitude): size of home, socioeconomic status, climate type, age of home, size of 

locality, locality type, and home type. Significance was determined using a 95% confidence 

interval. This analysis excludes from consideration the households with an NA response to the 

question of heating equipment ownership. As a result, the total count of households is lower for a 

number of statistics presented. 

 

 

Background: 

Policies Supporting Adoption of High-Efficiency Heaters  

Since the early 1990s, Mexicoôs energy efficiency policy programs have placed significant effort 

in assisting residents with substitution of low-efficiency appliances with those that are high-

efficiency.  Much of these appliance substitution efforts have concentrated mostly on cooling 

appliances, presumably since household heater adoption throughout the country is minimal, as will 

be discussed in the following sections. For an overview of relevant policies, please review the 

policy section in Chapter 8: Adoption of Air Conditioning Technologies in Mexico.  

 

 

Hypotheses: 

 

The following data analysis presented below examines the following hypotheses about adoption 

of heaters in Mexican households: 
¶ Penetration of residential heating will increase over time 

¶ Arid climates will have higher penetration than temperate climates 

¶ Higher socioeconomic brackets will exhibit higher penetration than low socioeconomic 

brackets 

¶ Urban households will have higher penetration than rural households  

¶ Larger localities will have higher penetration than smaller localities 

¶ Houses will have higher penetration than apartments 

¶ Newer homes will have higher penetration than older homes 

¶ Larger homes will have higher penetration than smaller homes  
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Drivers of Penetration of Residential Heating: 

 

The below sections seek to calculate the relative impact of environmental, economic, and 

household factors on adoption of technologies. The following analyses use clustering techniques 

to highlight the relative impact that climate, location type, socioeconomic status, home type, 

location size, age of home, and size of home have on saturation of heating units amongst residential 

households in Mexico. 

 

NA Responses  

As stated in the Data Cleaning section in chapter 5, there was a number of respondents to the 

ENIGH in years 2008-2010 who answered NA for the question about the presence of heating 

equipment in their household. Rather than assuming that an NA response means lack of heating, 

this analysis excludes those households from consideration and as a result the number of valid 

cases is smaller. Households that answered NA for dwelling age and number of rooms in dwelling 

were also excluded from analysis analyzing penetration by age of home and size of home, 

respectively. 

 

 
Figure 43: Drivers of Penetration of Household Heating  in Mexico during 2008-2018. Source: own elaboration with data from 

ENIGH 2008-2018 

Variable Penetration Range: Highest Saturation: Penetration Increase: 

Size of Home 

10+ Rooms ï 1 Room: 

19.24% 

 

Large Size ï Small Size: 

13.84% 

10+ Rooms: 

 19.45% 

 

Large Size: 

15.66% 

10+ Rooms:  
10% since 2008 (0.91%/year) 

 

Large Size:  

3.51% since 2008 (0.29%/year) 

Socioeconomic 

Status (SE) 
High SES ï Low SES: 

10.94% 

High SES:  

11.26% 

All levels have seen decreases 

since 2012 

Climate 
Arid ï Tropical:  

10.72% 

Arid:   

10.94% 

Arid:   

5.27% since 2008 

(0.48% per year) 

Age of Home 
11 to 20 yrs. ï 0 to 3 yrs. 

6.7% 

11-20 years:  

17% 

21-30 years: 

 4.63% since 2008 (0.42% /year) 

Locality Size 
>100K - <2.5K:  

4.48% 

> 100K:  

5.01% 

>100K:  

6.75% since 2008 (0.18% /year) 

Location Type 
Urban ï Rural:  

3.27% 

Urban:   

3.79% 

Both levels have seen decreases 

since 2014 

Home Type 
House ï Apartment:  

1% 

House:  

3% 

House:  

0.09% since 2008 (0.27% /year) 
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National Penetration: 

An analysis of household heater adoption nationally shows that approximately 1.82% households 

had heaters in 2008, 2.36% in 2010, and 4.06% in 2012, 3.16% in 2014, 2.67% in 2016, and 3.03% 

in 2018. The decrease in the proportion of total households that have adopted heating from 2014 

to 2016 is not immediately explainable, as there was not a parallel increase in total number of 

households. This decrease in penetration is just outside the standard error window between the 

years, and hence may just reflect the sample error. The chart below depicts the number and 

percentage of households that have adopted heating in Mexico according to the ENIGH surveys.  

 

Large Home: 15.65%

High SES: 25.95%

ωArid: 61.8%

ωTemperate: 6.35%

ωTropical: 0%

Med-High SES: 18.67%

ωArid: 34.11%

ωTemperate: 14.69%

ωTropical: 0%

Med-Low SES: 4.65%

ωArid: 18.53%

ωTemperate: 1.21%

ωTropcial: 6.08%

Low SES: 16.3%

ωArid: 66.26%

ωTemperate: 2.05%

ωTropical: 0%

Medium Home: 5.92% 

High SES: 14.49%

ωArid: 35.02%

ωTemperate: 3.71%

ωTropical: 0.91%

Med-High SES: 7.19%

ωArid: 17.65%

ωTemperate: 1.46%

ωTropical: 1.88%

Med-Low SES: 2.69%

ωArid: 10.42%

ωTemperate: 0.63%

ωTropical: 1.31%

Low SES: 0.74%

ωArid: 6.99%

ωTemperate: 0.03%

ωTropical: 0.22%

Small Home: 1.82%

High SES: 7.38%

ωArid: 18.14%

ωTemperate: 1.57%

ωTropical: 1.89%

Med-High SES: 3.77%

ωArid: 9.95%

ωTemperate: 0.5%

ωTropical: 0.02%

Med-Low SES: 1.08%

ωArid: 4.08%

ωTemperate: 0.2%

ωTropical: 0.26%

Low SES: 0.23%

ωArid: 1.86%

ωTemperate: 0.07%

ωTropical: 0.05%
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Figure 44: Household Heating Adoption in Mexico (2008- 2018). Source: own elaboration with data from ENIGH 2008-2018. 

 
 

 

 

 

Penetration by State:  

Rates of household heating adoption are uniformly low over the entirety of the 2008 to 2018 study 

period. Analyses of state-by-state outcomes do show higher rates of adoption in the northern-most 

portion of the country, with six states having adoption rates between 4% and 26% in 2018. This 

regional pattern is similar to that of  heating penetration and can likely be attributed to the fact that 

household incomes in these states are amongst the highest in the country. These states are also 

among the most likely to need heating during winter months, as this ñaridò portion of the country 

experiences temperatures that are quite low during the winter season. The state with the highest 

adoption rate, and the highest growth in adoption between 2008 and 2018, was Nuevo Leon. Its 

adoption rate grew by 19% within the study period to a final rate of 26% in 2018.  The remaining 

central and southern portion of the country, however, all appear to have extremely low rates of 

adoption of household heaters, with most states having between 0% and 1% rates of adoption 

between 2008 and 2018.  
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2018 National Adoption Rate: 3.03% 
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Figure 45: Map of Household Heating Adoption by State (2008- 2018) 

2008      2018 

 
 

 

 

 

Penetration by House Size: / Number of Rooms:  

Most of the years analyzed showed a general pattern of increased household air conditioner 

adoption rates in larger homes. Again, in 2010, 2014, and 2018, homes with greater than 10 rooms 

showed the highest rates of heating adoption. In 2008, 2012, and 2016, the category with the 

second highest number of rooms, 8 ï 10 rooms, showed the greatest adoption rates. Again, in 2012, 

no houses were categorized as having greater than 10 rooms. Instead, the 2012 ñ8-10 roomò 

adoption rate, at 27.71%, was the highest adoption rate of any year and any category.  

 

Of all characteristics studied, home size is the largest driver of heating adoption. Analysis indicates 

significantly higher adoption rates in large-sized homes than in small and medium-sized homes. 

While the national average of heating adoption is only 3%, large homes display a 2018 penetration 

of 15.65% (with homes with 10+ rooms exhibiting a 19.45% penetration.) In comparison, medium-

sized homes reach only a 6% penetration in 2018 and small homes only a 1.8% penetration.   

 

Household heating adoption trends do not exhibit a straightforward trend of increasing saturation 

over time. While a strict comparison of the years 2008 and 2018 reveal a 3.14% increase in 

penetration, a look into each of the 6 surveyed years indicates decreases and increases in both 

penetration and overall number of households with heating adoption over the years. The country 

exhibited a peak in penetration for all home sizes in 2012, with  20% for large homes, 7.61% for 

medium-sized homes, and 2.3% for small homes. These rates then decreased for all home sizes in 

2014 and 2016, and then rose once again in 2018. It is crucial to note, however, the 

disproportionately large standard error exhibited for all home sizes in 2012, compared to those of 

previous and following years. The large standard errors reported indicate that it is likely that the 

temporal variation observed in the penetration of heating systems is not representative of reality 

and instead is just due to different households being included in the samples of each year. 

 

Difference between 2018 Highest and Lowest Adopter: 26 percentage 

points 
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Figure 46: Household Heating Adoption by Home Size in Mexico in 2008-2018. Source: own elaboration with data from ENIGH 

2008-2018 

 
 

 
  

2018 Difference between Large Homes and Small Homes: 15.66 percentage points  
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Figure 47: Household Heating Adoption by Number of Rooms in Mexico in 2008-2018. Source: own elaboration with data from 

ENIGH 2008-2018. 

 

 
 

 

 

Penetration by Socioeconomic Status:  

Like air conditioning, household heating adoption is affected by socioeconomic status. The data 

indicates the same trend of higher adoption amongst residents of higher socioeconomic status. In 

2012, residents occupying the high socioeconomic status category showed a penetration of 

18.56%, which was over 18% higher than of the 0.35% penetration in households in the low 

socioeconomic status category. 

 

While survey data following 2012 display a similar trend of higher penetration amongst 

households of higher socioeconomic status, the data exhibits decreases in penetration of household 

heating from 2012 to 2018 in all socioeconomic status categories. The 2012 penetration of 18.56% 

high socioeconomic status decreased to 11.26% by 2018 (despite arising from a peak low in 2016 

of 10.76%.) However, it is once again necessary to note the disproportionately high standard error 

exhibited by all household socioeconomic status groups in 2012 and, to a much lesser extent, in 

2014 as well.   

2018 Difference between Homes with 10+ Rooms and 1 Room: 19.24 percentage points 
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Figure 48: Household Heating Adoption by Socioeconomic Status in Mexico in 2012-2018. Source: own elaboration with data 

from ENIGH 2012-2018 

 
 

 

Penetration by Climate:  

As illustrated in the state-by-state analysis, heating penetration is higher in households in arid 

climates, in comparison to their counterparts in temperate and tropical climates.  While temperate 

climates never achieve adoption rates higher than 1.6% during the study period and those of 

tropical climates never rise above a 0.5% adoption rate, rates of heat adoption amongst households 

in arid climates average 10.94% in 2018. 

 

Changes in penetration of household heating  over time exhibit somewhat similar patterns to the 

previous drivers discussed above, with some variation across climate zones. Penetration in arid 

climates grew by 5.27% between 2008 and 2018, however as was the case in penetration by size 

of home and socioeconomic status, these rates experienced their peak in 2012 with a penetration 

rate of 13.26%. Temperate climates also experienced this same pattern, although on a much smaller 

scale and with a 2008 to 2018 growth rate of 10% that is within the dataôs margin of standard error. 

Households in tropical climates are the only group to not experience growth from the 2008 to 2018 

period, penetration rates did increase from 2008 to 2012.  Instead, penetration rates decreased 

around 50% from 2008 to 2018 (from 0.41% to 0.22%.) This decrease is outside of the range of 

one standard of error reported for the data points.  

 

2018 Difference between High SES and Low SES: 10.94 percentage points  
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Figure 49: Household Heating Adoption by Climate Zone in Mexico in 2008-2018. Source: own elaboration with data from ENIGH 

2008-2018. 

 
 

 

 

Penetration by Age of Home 

As is the case with penetration rates of air conditioners, there is not a clear pattern of penetration 

of household heaters between ages of homes. The general trend observed amongst all house age 

brackets is an overall low penetration rate rising above 4% only twice, by house age brackets 21 

to 30 and 31 to 50 in the same year, 2012.  

 

Penetration of household heating grew for all groups of dwellingôs ages, except for housing under 

3 years old, between 2008 and 2018. Penetration growth over the time period for these groups was 

between 0.6% and 2.25%. Households with homes under three years old however, exhibited a 

decrease in penetration of 1.09%. As was the case with the previously discussed drivers, 

penetration peaked for all household groups (except for those in homes that were 7- 20 years-old 

houses) in 2012.  The standard error calculated for households in the 2008, 2010, and 2012 surveys 

in many cases appeared significantly stronger than those in later years. 

2018 Difference between Arid and Tropical Climates: 10.72 percentage points 
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Figure 50: Household Heating Adoption by Age of Home in Mexico in 2008-2018. Source: own elaboration with data from ENIGH 

2008-20018. 

 
 

 

 

Penetration by Locality Size 

As is the case with adoption rates of air conditioning, review of the data finds a general trend of 

higher household heating penetration in larger localities than in smaller localities. This pattern 

holds true in all categories and years, apart from instances in 2010 to 2014 in which penetration in 

localities with less than 2,500 inhabitants was higher than those with 2,500 to 15,000 inhabitants 

(although this pattern reversal all falls within the bandwidth calculated for the dataôs standard of 

error). In all instance, those localities with over 100,000 inhabitants exhibited the greatest 

penetration, with a 2018 penetration of 5.01% that was about 4.5 percentage points greater than 

that of localities with under 2,500 inhabitants.  

 

Once again, the household heating penetration in all locality sizes rose between 2008 and 2018. 

This rise was between 0.35% (locality size less than 2,500 inhabitants) and 2.03% (locality size 

greater than or equal to 100,00 inhabitants) for all categories. This increase, however, is again 

confounded by the peak and subsequent decrease in saturation rates in 2012, in which penetration 

reached 6.37% for localities with greater than 100,000 inhabitants.  

2018 Difference between 11 to 20 years and 0 to 3-year-old homes: 6.7 percentage points 
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Figure 51: Household Heating Adoption by Locality Size in Mexico in 2008-2018. Source: own elaboration with data from ENIGH 

2008-2018 

 
 

 

 

Penetration in Urban v. Rural Households 

Since ENIGHôs urban and rural classification are derived from their locality size variable, the 

trends of urban and rural adoption follow that of small and large localities. In all instances, urban 

localities exhibit higher penetration of household heating than do rural localities. From the years 

2008-2018, penetration of household heaters in urban households is consistently over five times 

that of rural households. In 2018, urban households exhibited a penetration of 3.79% while that of 

rural households was only 0.52%.  

 

Urban and rural households both exhibit an increase in penetration of household heating from 2008 

to 2018, with a spike in both penetration and overall number of heaters in 2012. Penetration across 

the years surveyed ranges between 2.18% and 4% in urban households, while in rural householdsô 

ranges only between 0.18% and 1.59%.  

 

 

2018 Difference between localities with greater than  

 100K -  less than 2.5K people: 4.6 percentage points 
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Figure 52: Household Heating Adoption by Locality Type in Mexico from 2008- to 2018. Source: own elaboration with data from 

ENIGH 2008-2018. 

 
 

 

Penetration by Home Type:  

Unlike that of air conditioning adoption, analysis of differences in penetration between the two 

categories of home types does not reveal a clear pattern. In 4 out of the 6 surveyed years,  

households living in houses exhibited higher penetration than those living in apartments. In 2018, 

at a penetration of 3.18%, house-type households had a penetration 1.64% above that of those in 

apartment-type residences.  

 

Penetration of heating in apartment-type households ranges between 0.5% and 5% in the study 

period, while for house-type households ranges between 2% and 4%. As is the case with the 

variables analyzed in this study, penetration for both apartments and houses spikes in 2012 then 

decreases again until a final increase in 2018. It is pertinent to note that standard error for these 

results is  as high as 10% to 65% of the penetration.   

 

2018 Difference between Urban and Rural Homes: 3.2 percentage points   
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Figure 53: Graph of Household Heating Adoption by Home Type 

 
 

 

 

 

Interactions of Drivers: 

Interaction of Home Size and Socioeconomic Status 

Large Home: 

In 2014 and 2018, heating penetration amongst large homes was strongly correlated with 

socioeconomic status (SES). Large, high SES homes in 2012 exhibited a 63.81% penetration, 

while those of low SES show 0% penetration. However, in 2016 and 2018, this pattern shifted and 

saturation rates amongst large, low SES homes began to grow. In 2018, while high SES homes 

exhibited adoption rates of 25.95%, low SES were not quite as far behind, with a saturation rate 

of 16.63%.  

 

2018 Difference between Houses and Apartments: 1.64 percentage points  
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Figure 54: Household Heating Adoption by Socioeconomic Status in Large Homes in Mexico in 2012-2018. Source: own 

elaboration with data from ENIGH 2012-2018. 

 
 

 

 

 

Medium-sized Home:  

The correlation between medium-sized homes and socioeconomic status (SES) exhibit a clearer 

trend over the study period, with high SES households having consistently greater penetration than 

those of lower SES categories.  In 2018, medium-sized, high SES households exhibited a 

penetration of 14.49% , while those of low socioeconomic status showed 0.74% penetration.  

 

 

2018 Difference between High SES and Low SES in Large 

Homes: 9.32 percentage points 
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Figure 55: Household Heating Adoption by Socioeconomic Status in Medium-Sized Homes in Mexico in 2012-2018. Source: own 

elaboration with data from ENIGH 2012-2018. 

 
 

 

 

 

Small Home: 

Small homes show a similar correlation to socioeconomic status (SES) to that seen in medium-

sized homes, although to a smaller degree. In 2018, small high SES homes exhibited a penetration 

of 7.38% saturation rate, while those of low socioeconomic status had one of 0.23%.  

 

2018 Difference between High SES and Low SES in Medium 

Homes: 13.75 percentage points 
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Figure 56: Household Heating Adoption by Socioeconomic Status in Small Homes in Mexico in 2012-2018. Source: own 

elaboration with data from ENIGH 2012-2018. 

 
 

 

 

 

Interaction of Home Size, Socioeconomic Status, and Climate 

By Large Homes:  

When the interaction of the effect of large homes with socioeconomic status (SES) and climate are 

examined, clear patterns of high saturation amongst arid climates for all SES categories are most 

apparent. Surprisingly, the highest adopters in this category are low SES households in arid 

climates and large homes. This category of households has a 66.26% penetration in 2018. 

Households in tropical households exhibit low penetration overall, rising only above 0% once in 

the entire study period, with a 6.08% penetration in 2018 amongst medium-low SES households 

in tropical climates.  

 

2018 Difference between High SES and Low SES in Small 

Homes: 7.15 percentage points 
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Figure 57: Interaction of Socioeconomic Status (SES) and Climate in Adoption of Household Heaters in Large Homes 

 
 

By Medium-Sized Homes:   

Households in medium-sized dwellings exhibit a similar phenomenon to that of those in large ones, 

with the highest adoption occurring in in arid climates. While penetration of residential heating in 

low SES households in arid climates is only 6.99% in 2018, their high SES counterparts exhibit a 

penetration of 35.02% in the same year.  Additionally, households in temperate and tropical 

climates are almost all above 0% penetration for medium-sized homes.  
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Figure 58: Interaction of Socioeconomic Status (SES) and Climate in Adoption of Household Heaters in Medium-Sized Homes 

 
 

By Small Homes:   

Again, like households living in medium-sized dwellings, those in small homes show the highest 

penetration of heating in arid climates and fairly low penetration in tropical and temperate climate 

zones. In arid climates, adoption rates are highest among high SES households, with a 2018 

penetration of 18.14%.  

 
Figure 59: Interaction of Socioeconomic Status (SES) and Climate in Adoption of Household Heaters in Small Homes 
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Annual Household Heating Energy Consumption: 

 

In what follows we estimate lower and upper bounds of energy consumption in Mexico due to use 

of residential heating. The estimates are for each  year studied and are based on the data on hours 

and days of usage of domestic heating systems collected by the ENCEVI survey in 2018 and the 

data on ownership of such equipment recorded by the ENIGH.  

 

Lower Bound Estimation:  

The lower bound electricity consumption estimation represents the total heating related electricity 

consumption that would have occurred had the entirety of the population used a high-efficiency 

heater. High-efficiency heater annual electricity consumption is assumed to be identical to the 

consumption of the SAMSUNG - Slim Duct heater, which is one of the most efficient and 

representative heaters listed on the U.S. ENERGYSTAR website. This heater has a heating 

seasonal performance factor (HSPF) rating of 10.5 and a heating capacity of 12,000 Btu. This 

results in an estimated an hourly electricity consumption of 1.1 kWh.   

 

Upper Bound Estimation: 

 

The upper bound estimate is equal to the total heating related electricity consumption that would 

have occurred had the entirety of the population used a low-efficiency heater. This estimation was 

calculated using the United States Department of Energy 2015 minimum energy efficiency 

standard for heaters of 8.2 HSPF.(Goodman Air Conditioning & Heating, n.d.) The United States 

figure was used as an approximation of minimum energy efficiency standards in Mexico, since 

Mexico does not currently have its own standards for heaters but does follow trends in US 

standards due to its close market relations with this country. Based off the same Btu capacity figure 

was used in the lower bound estimation, this equates to an hourly electricity consumption figure 

of 1.5 kWh.  

 

Annual Consumption Duration Estimation:  

As was the case with ENCEVIôs survey data for air conditioners, the ENCEVI survey also provides 

reported monthly and hourly usage data for household heaters. This data was aggregated for each 

climate and average annual usage was found by finding the mean number of hours per day and the 

number of months per year that the heater was used. (Encuesta Nacional sobre Consumo de 

Energéticos en Viviendas Particulares. (ENCEVI), 2018) Because the ENCEVI survey was only 

conducted once, in 2018, this annual consumption duration estimate was applied for every year of 

the survey, from 2008 to 2018.  

 

Final Energy Consumption Determination:  

Using the lower and upper electricity consumption bounds, along with the annual consumption 

estimate, the following consumption estimations were determined:  
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Figure 60: National Average Household Heating Electricity Consumption (kWh). Source: own elaboration with data from ENCEVI 

2018. Lower bound assumes all heaters have the efficiency of a SAMSUNG Slim Duct heater and Upper bound assumes the 

efficiency of an 8.2HSPF heater.  

 

Power 

Consumption 

(kW) 

Annual 

Consumption 

Duration (Hours) 

Annual Energy 

Consumption per 

Household that owns 

residential heating 

equipment (kWh) 

National Lower: 1.1 115.35 126.89 

 Upper: 1.4 115.35 161.49 

 

 

National Electricity Consumption Growth: 

National electricity consumption growth was calculated using the number of households that have 

a heater for each year of the study. The results indicate increases in national energy consumption 

from household heaters of over 108%, with an estimated maximum of 177.45 GWh of energy 

consumed from heaters in 2018.  Estimated minimum and maximum consumption values for each 

year can be seen below:  

 
Figure 61: Annual Heating-related Electricity Consumption (GWh) in Mexico based on lower bound power consumption 1.1 kWh 

and upper bound power consumption 1.5 kWh. Source: own elaboration with data on ownership of heaters from the ENIGH 

2008-2018 and data on usage of such equipment from ENVECI 2018.  

 2008 2010 2012 2014 2016 2018 

National 

Consumption 

(GWh) 

 Min: 

66.54 

Max: 

85.20 

Min: 91.46 

Max: 

117.11 

Min: 

168.37 

Max: 

215.60 

Min: 

131.62 

Max: 

168.54 

Min: 

117.36 

Max: 

150.28 

Min: 

138.58 

Max: 

177.45 

 

National Electricity Consumption Growth by Climate:  

 

Estimates of Final Energy Consumption by Climate Zone:  

Using the lower and upper electricity consumption bounds, along with the annual consumption 

estimate, the following climate-specific electricity consumption estimates were found:  
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Figure 62: Heating Electricity Consumption per Household by Climate Zone(kWh) in Mexico. Source: own elaboration using data 

on usage of heaters from ENCEVI 2018 and assuming high efficiency is equal to that of 10.5 HSPF and low efficiency is equal to 

that of the 8.2 HSPF.(Goodman Air Conditioning & Heating, n.d. 

 

Power 

Consumption 

(kW) 

Annual 
Consumption 

Duration 

(Hours) 

Annual Energy Consumption 

per Household that has a 

heater (kWh) 

Arid 
Lower: 1.1 141.4 155.54 

Upper: 1.4 141.4 197.96 

Temperate 
Lower: 1.1 13.92 15.31 

Upper: 1.4 13.92 19.49 

Tropical 
Lower: 1.1 0.28 0.31 

Upper: 1.4 0.28 0.39 

 

National electricity consumption growth was then calculated multiplying the number of 

households that have a heater in each climate for each year of the study by the average amount of 

hours they used the heater per year. The results indicate a growth in heating electricity consumption 

of over 130% between 2008 and 2018 in arid climates, growth of almost 40% in temperate 

climates, and a minor decrease of 8% in tropical climates. Estimated minimum and maximum 

consumption values for each climate and each year can be seen in the chart below. 

 
Figure 63: Average Household Heater Use Patterns by Climate 
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Figure 64: Annual Heating-related Electricity Consumption form the Mexican Residential Sector by Climate Zone (GWh). Source: 

own elaboration with data from ENIGH 2008-2018 and ENCEVI 2018. 

 2008 2010 2012 2014 2016 2018 

Arid  
Min: 61.71 

Max: 79.01 

Min: 90.4 

Max: 115.76 

Min: 160.72 

Max: 205.81 

Min: 136.83 

Max: 175.20 

Min: 125.49 

Max: 160.69 

Min: 144.65 

Max: 185.22 

Temperate  
Min: 1.51 

Max: 1.93 

Min: 1.58 

Max: 2.02 

Min: 3.91 

Max: 5.01 

Min: 1.92 

Max: 2.46 

Min: 1.44 

Max: 1.84 

Min: 2.1 

Max: 2.69 

Tropical  
Min: 0.009 

Max: 0.012 

Min: 0.012 

Max: 0.015 

Min: 0.013 

Max: 0.017 

Min: 0.011 

Max: 0.014 

Min: 0.008 

Max: 0.011 

Min: 0.009 

Max: 0.011 

 

By Climate and Socioeconomic Status:  

Further analysis of heating-related electricity consumption indicates variability in electricity 

consumption trends amongst households of different socioeconomic statuses and climate types. 

To perform these analyses, average heating hours used per day and average days used per year 

were found for each socioeconomic status group in each climate type. As was the case with air 

conditioning usage, hours used per year tended to increase with higher socioeconomic status across 

arid and temperate climates, while results did not show as clear a trend in tropical climates.  

Overall, the climate/socioeconomic status household group reported to use their heater most 

throughout the year were high socioeconomic status households in arid climates, with a yearly use 

of almost 190 hours per year. Low and high socioeconomic status households in tropical climates 

reported no hours of household heater use throughout the year.   

 
Figure 65: Household Heater Use by Climate & Socioeconomic Status in Mexico in 2018. Source: own elaboration with data from 

ENCEVI 2018. 
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The hours of annual consumption reported in the ENCEVI were multiplied by the lower and upper 

estimates of electricity consumption for each climate and socioeconomic status group pairing, and 

number of households with heaters to obtain an estimate of annual use. The findings indicate the 

greatest total heating-related electricity consumption can be attributed to high socioeconomic 

status households in arid climates, with an estimated annual consumption of between 54.29 and 

69.52 GWh in 2018. The lowest can be attributed to tropical households of all socioeconomic 

status types, with only medium-low socioeconomic statuses, at 0.01 GWh in 2018, reporting any 

annual heater usage over 1/1000 GWh of usage. 

 
Figure 66: Annual Heating-Related Electricity Consumption in Mexico by Climate and Socioeconomic Status Assuming Usage as 

reported in ENCEVI 2018 (GWh)  Source: own elaboration with data from ENIGH 2012-2018 and ENCEVI 2018. 

 2012 2014 2016 2018  
Min Max Min Max Min Max Min Max 

Arid/Low 2.6 3.32 1.15 1.47 1.56 1.99 2.73 3.5 

Arid/Medium-Low 49.49 63.37 34.04 43.59 29.7 38.02 33.54 42.95 

Arid/Medium-High 47.7 61.08 50.40 64.53 42.35 54.23 54.08 69.25 

Arid/High 60.95 78.04 51.24 65.61 51.88 66.44 54.29 69.52 

Temperate/Low 0.03 0.04 0.01 0.02 0.02 0.02 0.03 0.04 

Temperate/Medium-Low 1.0 1.28 0.12 0.15 0.36 0.46 0.51 0.65 

Temperate/Medium-High 1.63 2.1 0.42 0.53 0.43 0.55 0.68 0.87 

Temperate/High 1.25 1.59 1.37 1.76 0.63 0.8 0.88 1.13 

Tropical/Low 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Tropical/Medium-Low 0.01 0.01 0.00 0.00 0.00 0.01 0.01 0.01 

Tropical/Medium-High 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Tropical/High 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 

 

Using the heating estimated annual electricity consumption calculation detailed above allows for 

a clearer picture highlighting which household groups experienced the greatest increase (and 

decrease) in annual heating-related energy consumption over the 2012-2018 period. The greatest 

2012-2018 increase in annual heating-related energy consumption was exhibited in medium-high 

SES households in arid climates, with a total increase in heating-related energy consumption 

estimated between 6.38 and 8.17 GWh. In fact, medium-high and low socioeconomic status 

households in arid climates were the only two household groups to have experienced an increase 

over the study period, with 6 household groups actually experiencing decreases in total 

consumption. Medium-low SES households in arid climates were found to have the greatest 

decrease in annual consumption, with an estimated decrease of between 15.94 and 20.41 GWh.   

 



Analyzing Household Drivers of Residential Electricity Consumption in Mexico              Siegel, Ullman, Wu 108 

Figure 67: 2012- 2018 Growth in Heating-Related Electricity Consumption in Mexico by Climate and Socioeconomic Status. 

Source: own elaboration with data from ENIGH 2012-2018 and ENCEVI 2018 and assuming on lower bound power consumption 

1.1 kWh and upper bound power consumption 1.5 kWh 

Climate/SES 
2018 # of 

Households 
with Heaters 

2012 ς 2018  
Household Growth 

 (# households) 

2018 Heater 
Electricity 

Consumption (GWh) 

2012- 2018  
Consumption Change 

(GWh) 

Arid / Medium-High 
334,650  39,476 

Min: 54.08 Max: 
69.25 Min: 6.38  Max: 8.17 

Arid / Low 16,917  854 Min: 2.73 Max: 3.5 Min: 0.14 Max: 0.14 

Tropical / Medium-High 3,784  2,048 Min: 0 Max: 0 Min: 0  Max: 0 

Tropical / Low 2,415  -1,760 Min: 0 Max: 0  Min: 0  Max: 0 

Tropical / High 3,374  -3,011 Min: 0 Max: 0  Min: 0 Max: 0 

Temperate / Low 1,738  -157 Min: 0.03 Max: 0.04 Min: 0  Max: 0 

Tropical / Medium-Low 17,479  -10,799 Min: 0.01 Max: 0.01 Min: -0.01 Max: 0.0 

Temperate / High 55,601  -22,677 Min: 0.88 Max: 1.13 Min: -0.46 Max: -0.36   

Temperate / Medium-
Low 32,067  -30,647 Min: 0.51 Max: 0.65 Min: -0.62  Max: -0.49   

Temperate / Medium-
High 42,826  -60,259 Min: 0.68 Max: 0.87 Min: -1.23 Max: -0.96 

Arid / High 
335,973  -41,147 

Min: 54.29 Max: 
69.52 Min:  -8.51 Max: -6.65    

Arid / Medium-Low  
207,570  -98,658 

Min: 42.35 Max: 
54.08 Min: -20.41 Max: -15.94   

 

Potential for Energy Efficiency Effect: 

Such calculations highlight the dramatic effect that minimum energy efficiency standards can offer 

to policymakers seeking to mitigate energy consumption and greenhouse gas emissions by-

products. For example, by 2023, new US heat pumps must have a minimum HSPF of 8.8, which 

translates to 1.36 GWh per hour of use. If all heaters had achieved this standard by 2018, the yearôs 

annual consumption would have dropped by an estimated 15.65 GWh. Since adoption rates are 

currently so low in Mexico, this consumption drop is far less than that of air conditioners and 

would have reduced country-wide power demand only equivalent to the emissions produced by 

0.003 average US coal plants. Such an emissions reduction can be equated to the emissions that 

could have been reduced through installation of 2 wind turbines (nameplate capacity 2.32 MW 

with a 34% capacity factor.)(US EPA, 2020) 
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Conclusions: 

The penetration of residential heating  in Mexico is low  amongst households in all climate zones 

and socioeconomic status. However, there are key characteristics of households that appear to be 

strong drivers of household heating adoption. The strongest of these drivers appears to be size of 

homes, with residents in larger homes exhibiting greater likelihood of adoption than those in small 

homes. These trends are magnified in large, high socioeconomic status households, especially 

those in arid climates where the winters are much cooler than in Mexicoôs temperate and tropical 

climates.   

 

 

Archetypes 

                             
 

 

Recommendations: 

 

Household heating technologies are the least adopted technology of the appliances analyzed in this 

study and a longitudinal glance into the past decade indicates incredibly modest increases in 

heating saturation of the Mexican residential household market. While this does mean there is 

great potential for increased electricity consumption as households continue to adopt heating 

technologies, at the current penetration growth rate, the residential sector would not reach 100% 

of penetration for over 300 years. Furthermore, while the effects of climate change will be varied 

around the world, an analysis of temperature change in Mexico over the past decade shows a 

decreasing need for residential heating further reinforcing the low likelihood of large increases in 

household heating saturation in the near future. (Dark Sky API, 2020) 

 

It appears that household heating saturation is not likely to become a reality in Mexico, however 

there are areas in which the country may expect growth over the following three decades:  

 

Areas of expected growth  

If future trends follow those of the past decade, it is likely that Mexico will continue to see 

increased penetration of household heating in arid climates. Policymakers should monitor 

temperature changes in varying climate types and act on policies that support uptake of energy 

efficient heating technologies should an increase in heating needs become a reality. At this 

moment, Mexicoôs thermal comfort energy efficiency policies are dedicated to structural 

efficiency changes, thorough updated home insulation and weather stripping. If it appears that 

residents continue to adopt home heating technologies despite these structural upgrades, 

High Adopters: 

Large, High SES 

 in Arid Climates 

Low Adopters: 

Small, Low SES 

 in Tropical Climates 

Most Recent Adopters: 

Large, 21 to 30 year-old, 

 in Arid Climates 
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policymakers may seriously consider adding heating efficiency standards to the countryôs ñNormas 

Oficiales Mexicanasò minimum energy efficiency standards.  

 

Stimulation of Household Appliance Penetration:  

Prior to attempting stimulation of residential heating technology saturation, policymakers might 

consider whether current under-adoption is due to lack of technology affordability, or lack of 

household necessity. The current households with the lowest archetypes are those in small homes, 

of low socioeconomic status, in tropical and temperate climate types. While lower adoption 

amongst small homes and lower socioeconomic statuses certainly point to an issue of technology 

affordability, low rates of adoption in tropical and temperate climates is quite a logical 

phenomenon. These climate types experience moderate to warm temperatures year-round and have 

much lower needs than homes in arid climates that experience much lower temperatures during 

winter months. It is thus recommended that policymakers focus their household heating adoption 

stimulation in arid climates, unless uncharacteristically temperate and tropical climates begin to 

experience uncharacteristically low temperatures in upcoming years. Saturation can be best 

achieved in arid climates by focusing on improving affordability of heating technologies, 

especially for low socioeconomic households that lack disposable income and experience a greater 

much greater energy burden (percent of household income dedicated to cost of energy.)  
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Chapter 9: Adoption of Televisions in Mexico 

 

Importance of Studying Smaller Appliances 

  

In terms of household appliances, there is relatively abundant research on refrigerator and 

air conditioner energy efficiency policies in Mexico, but few to none regarding smaller appliances 

such as TVs and washing machines. The existing emphasis on targeting energy reductions from 

refrigerator use is understandable considering a study found that refrigerators had overall the 

second-largest rate of energy consumption per appliance in households in Mexico, second only to 

air conditioners. (Rosas-Flores, 2011) Yet at the same time, the same study found that TVs had 

the highest saturation ï defined as number of the appliance per household ï among the most 

popular appliances in both urban and rural households, with also the highest rate of saturation 

increase among urban households. (Rosas-Flores, 2011) Yet at the same time, the same study 

found that TVs had the highest saturation ï defined as number of the appliance per household ï 

among the most popular appliances in both urban and rural households, with also the highest rate 

of saturation increase among urban households. It also found that washing machines had the 

highest rate of saturation increase in rural households. Therefore, predictions of TV and washing 

machine saturation patterns, associated changes in electricity demand forecasts, and national 

energy efficiency initiatives that could target the two appliances would be good points of research 

for this project. 

  
Figure 68: ¢ƻǘŀƭ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ aŜȄƛŎƻΩǎ ǊŜǎƛŘŜƴǘƛŀƭ ǎŜŎǘƻǊ Řuring 2006 by appliance type. Table is highlighted to 

emphasize that the combined energy consumption of TVs and washing machines (red) surpasses the energy consumption of air 

conditioner (yellow). Source: Martinez-Montejo et al. 2016. 
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Policies 

 

Digital Switchover 

  

              On December 31st, 2016, Mexico became the first and only country in Latin America to 

eliminate analogue television broadcasts. This monumental nationwide policy was first announced 

in 2013, then several programs were carried out by the government to advance the initiative starting 

in early 2015 and was fully completed by end of 2016. The most impactful program carried out by 

the government, specifically the Ministry of Communications, in preparation for the complete 

digital switchover was its handout of 14 million free digital/LED TVs to low-income households 

registered in social assistance programs. In doing so, although the government had largely 

successfully responded to concerns regarding the difficulty of low-income households to purchase 

new digital TVs, 18 million households were still left without TV signal in the aftermath of the 

analogue broadcast elimination. Most of these affected people were from working and middle 

classes, who did not qualify for social assistance programs yet were slow to upgrade to digital TVs. 

There were also criticisms that the governmentôs free handout of digital TVs was politically 

motivated since it was an election year; the free TVs were often branded with political party logos 

and political marketing was broadcast exclusively via digital signal. Nonetheless, Mexicoôs 

complete elimination of analogue broadcast significantly decreased energy consumption from 

televisions. Flat screen digital TVs consume half as much electricity as do cathode-ray tubes 

analogue TVs, which is a scale of energy conservation comparable to the switch from incandescent 

light bulbs to LED bulbs.  

(EIU, 2016) 

  

Hypothesis 

  

For televisions, we expect that: 
¶ Television UEC and analogue TV saturation levels will decrease drastically from 2015 to 2016 as 

Mexicoôs digital switchover prompts rapid drop in ownership of analogue TVs in replacement for 

rapid spike in ownership of digital TVs, which consume about half as much energy as their 

analogue counterpart.  

¶ TVs saturation levels will be most dependent on socioeconomic status and less dependent on 

climate, locality size, location type, or home type. However, Mexicoôs socioeconomic tendencies 

in certain communities and areas will cause indirect effects of those other factors on TV saturation 

levels. 

 

Drivers of Market Saturation Analysis 

 

The below sections seek to analyze the relative impact of environmental, economic, and household 

factors on adoption of analogue and digital TVs. The following analyses use clustering techniques 

to highlight the relative impact that climate, location type, socioeconomic status, home type, and 

location size have on penetration of each type of TV amongst residential households in Mexico. 

 

Analogue TV: 



Analyzing Household Drivers of Residential Electricity Consumption in Mexico              Siegel, Ullman, Wu 113 

 
Variable Penetration Range 2018: Highest 

Penetration 2018: 

Penetration Decrease from 2014 to 2018: 

Socioeconomic 

Status 
(Medium-low) ï High:  

19% 

Medium-low:  

42% 

Medium-low: 

27% 

Climate 
Temperate ï Tropical:  

7% 

Temperate:  

38% 

Temperate:  

32%  

Locality Size 
(2.5K-15K) ï (>100K): 

9% 

2.5K-15K:  

41% 

2.5K-15K:  

29% 

Location Type 
Rural -Urban: 

2% 

Rural :  

38% 

Rural:  

28% 

Home Type 
House ï Apartment:  

6% 

House:  

36% 

House:  

33% 
Table 13: Clustering analyses of factors that affect analogue TV penetration. Source: own elaboration with data from ENIGH 

20014-2018. 

 
Figure 69: Dendogram of analogue TV penetration in Mexico's households in 2018. 

 

Digital TV:  

 

  
Variable Penetration Range 2018: Highest Penetration 

2018: 

Penetration Increase, 2014 to 

2018: 

Socioeconomi

c Status 
High ï (Low or medium-low): 

20% 

High:  

83% 

High:  

13% 

Climate 
Temperate ï Arid:  

6% 

Temperate:  

71% 

Temperate:  

33%  

 

Locality Size 
(>100K) ï (<25K or between 

2.5K-15K):  

12% 

>100K:  

73% 

>100K:  

28% 
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Location 

Type 
Urban - Rural :  

9% 

Urban:  

70% 

Urban: 

29% 

Home Type 
House - Apartment: 

2% 

House:  

73% 

House:  

33% 

Table 14: Clustering analyses of factors that affect digital TV ǇŜƴŜǘǊŀǘƛƻƴ ƛƴ aŜȄƛŎƻΩǎ ƘƻǳǎŜƘƻƭŘǎ ƛƴ нлмуΦ {ƻǳǊŎŜΥ ƻǿƴ 

elaboration with data from ENIGH 2014-2018 

 
Figure 70: Dendogram of digital TV adoption in Mexico's households in 2018. Source: own elaboration with data from ENIGH 

2018. 

 

 

National Adoption 

 

An analysis of penetration of television at the national level shows that approximately 67% of 

households had analogue TV in 2014, 48% in 2016, and 36% in 2018. 39% of households had 

digital TV in 2014, 65% in 2016, and 68% in 2018. The continued significant decrease in analogue 

TV adoption nationally is to be expected considering Mexicoôs complete elimination of analogue 

signal completed by the end of 2015. The spike in higher digital TV adoption from 2014 to 2016 

nationally is largely a result of the elimination of analogue signal by the end of 2015 combined 

with the large-scale distribution of free digital TVs to the countryôs poor by the government. 

 

The chart below depicts the percentage of households that have adopted analogue and digital TVs 

in Mexico according to the ENIGH surveys.  
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Figure 71: Analogue and digital TV average adoption in Mexico for 2014-2018. Source: own elaboration with data from ENIGH 

2014-2018. 

 

Adoption by State 

 

Average adoption rates are relatively uniformly low for analogue TV and relatively uniformly 

high for digital TV across all states in Mexico by 2018. The range in adoption rates for analogue 

TV between the highest rate state, San Luis Potosi with 48%, and the lowest rate state, Mexico 

City with 23%, is 25%. The range in adoption rates for digital TV between the highest rate state, 

Mexico City with 85%, and the lowest rate state, Colima with 54%, is a bit higher than that of 

analogue TV at 31%. All states have average adoption rates of analogue TV below 50% and all 

states have average adoption rates of digital TV above 50%, which reflects the drastic nature of 

Mexicoôs complete digital switchover back in 2015. Although patterns of TV adoption are quite 

uniform across all states, there are some differences that are suggestive of socioeconomic causes. 

For analogue TV, the states with some of the highest saturation rates, which include San Luis 

Potosi, Michoacan, and Nayarit, have higher proportion of households that fall under the low-

medium socioeconomic group. This group does not fall under the low socioeconomic group that 

would have qualified them for free digital TV replacement by the government yet are low 

financially enough to be slower than most at purchasing new digital TVs. Conversely, for digital 

TV, the states with some of the highest saturation rates, which include Mexico City and 

Aguascalientes, contain cities with financial districts that have higher proportions of households 

that fall under the high socioeconomic group. This group would have the financial means to 

quickly purchase new digital TVs on their own.  
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Figure 72: Average penetration of analogue TV in Mexican states during 2018. Source: own elaboration with data from ENIGH 

2018. 

 

 
Figure 73: Average penetration digital TV in Mexican states during 2018. Source: own elaboration with data from ENIGH 2018. 
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Adoption by Socioeconomic Status 

 

Socioeconomic status appears to be the most important factor affecting the penetration of 

analogue TV in Mexican households with a total range of 19% between the highest adopter 

group and the lowest adopter group in 2018. Socioeconomic status was also the most important 

factor affecting average digital TV saturation rate, with a total range of 20% between the highest 

adopter group and the lowest adopter group in 2018. Over time, all four socioeconomic groups 

showed adoption rate changes similar to the national trends: steady significant decrease of 

analogue TV adoption rates from 2014 to 2018 and sharp increase in digital TV adoption rates 

from 2014 to 2016 and then significant but lower degree of increase from 2016 to 2018. 

However, the high socioeconomic group experienced an actual 4% decrease in average digital 

TV adoption rate from 2016 to 2018. Considering the high degree of variability among the low, 

medium-low, medium-high, and high socioeconomic groups, socioeconomic status was the most 

significant factor in both analogue and digital TV saturation. TV is societally a widely accepted 

and desired appliance for practically all Mexican residents, across practically all climatic zones, 

location types, home types, and locality sizes. As such, people are inclined to install TVs in their 

homes as long as they have the financial means to do so. Therefore, socioeconomic status is the 

most influential factor in TV adoption rates. 

 

 
Figure 74: Digital TV penetration by socioeconomic status in Mexican households during 2014-2018 with 95% confidence 

intervals. Source: own elaboration with data from ENIGH 2014-2018 
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Adoption by Climate 

 

Climate was the third most important factor affecting penetration of TV in Mexico, with a total 

range of 7% between the highest adopter group and the lowest adopter group in 2018, while climate 

was the fourth most varying factor describing average digital TV penetration, with a total range of 

6% between the highest adopter group and the lowest adopter group in 2018. Over time, all three 

climatic zones showed adoption rate changes similar to the national trends: steady significant 

decrease of analogue TV adoption rates from 2014 to 2018 and sharp increase in digital TV 

adoption rates from 2014 to 2016 and then significant but lower degree of increase from 2016 to 

2018. Considering the low degree of variability among the arid, temperate, and tropical climatic 

zones, climate was not a significant factor in neither analogue nor digital TV penetration. Unlike 

air conditioners and refrigerators, TVs are not designed to regulate space temperature and hence 

local climate does not significantly affect the residentsô desire to adopt the technology.  

 

 
Figure 75: Digital TV average adoption rate by climate during 2014-2018 with 95% confidence intervals. Source: own elaboration 

with data from ENIGH 2014-2018 
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Adoption by Locality Size 

 

Locality size was the second most important factor affecting penetration of analogue TV , with a 

total range of 9% between the highest adopter group and the lowest adopter group in 2018, while 

locality size was the second most varying factor describing average digital TV penetration, with 

a total range of 12% between the highest adopter group and the lowest adopter group in 2018. 

Over time, all four locality size groups showed adoption rate changes similar to the national 

trends: steady significant decrease of analogue TV adoption rates from 2014 to 2018 and sharp 

increase in digital TV adoption rates from 2014 to 2016 and then significant but lower degree of 

increase from 2016 to 2018. However, the 2.5K-15K locality size groupôs digital TV average 

adoption rate actually decreased from 67% in 2016 to 61% in 2018. Considering the low degree 

of variability among the less than 2.5K, between 2.5K ï 15K, between 15K-100K, and greater 

than 100K groups, locality size was not a significant factor in neither analogue nor digital TV 

penetration. Although one may believe that areas with larger populations would have greater 

number of stores and supplies to distribute TVs to residents and hence have higher adoption 

rates, the demand for TVs is so high in practically all households in Mexico that most residents 

nearly anywhere can still easily find a way to purchase TVs no matter their locality size. This 

explains the low degree of variability in TV average adoption rate among the locality size 

groups. 

 

 
Figure 76: Digital TV penetration in Mexican households by locality size during 2014-2018 with 95% confidence intervals. Source: 

own elaboration with data from ENIGH 2014-2018. 
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Adoption by Location Type 

 

Location type was the fifth most important factor affecting penetration of analogue TV, with a 

total range of merely 2% between urban and rural households in 2018, while location type was 

the third most varying factor describing digital TV penetration, with a total range of 9% between 

urban and rural households in 2018. Over time, both urban and rural households showed 

adoption rate changes similar to the national trends: steady significant decrease of analogue TV 

adoption rates from 2014 to 2018 and sharp increase in digital TV adoption rates from 2014 to 

2016 and then significant but lower degree of increase from 2016 to 2018. Considering the low 

degree of variability between the urban and rural groups, location type was not a significant 

factor in neither analogue nor digital TV saturation. Similar to locality size, the low degree of 

variability between urban and rural location types further supports that the demand for TVs is so 

high in practically all households in Mexico that most residents nearly anywhere can still easily 

find a way to purchase TVs no matter their location.  

 

 
Figure 77: Digital TV penetration in Mexican households by location type during 2014-2018 with 95% confidence intervals. 

Source: own elaboration with data from ENIGH2014-2018. 
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Adoption by Home Type 

 

Home type was the fourth most important factor affecting penetration of digital TV, with a total 

range of 6% between houses and apartments in 2018, while home type was the fifth  most varying 

factor describing digital TV average penetration, with a total range of merely 2% between houses 

and apartments in 2018. Over time, both houses and apartments showed adoption rate changes 

similar to the national trends: steady significant decrease of analogue TV adoption rates from 2014 

to 2018 and sharp increase in digital TV adoption rates from 2014 to 2016 and then significant but 

lower degree of increase from 2016 to 2018. However, the average adoption rate of digital TVs in 

apartments only increased by a mere 1% from 2016 to 2018. Considering the relatively low degree 

of variability between houses and apartments, home type was not a significant factor in neither 

analogue nor digital TV penetration. The high demand for TVs by nearly all residents in Mexico, 

regardless of whether they reside in houses or apartments, helps explain the low variability of TV 

adoption by home type. 

 

 
Figure 78: Digital TV penetration in Mexican households by home type during 2014-2018 with 95% confidence intervals. Source: 

own elaboration with data from ENIGH 2014-2018. 
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Interactions of Drivers 

 

Interaction of Locality Size and Socioeconomic Status 

 

Greater than 100,000 residents: 

 

In 2014 and 2016, digital TV penetration amongst locations with greater than 100,000 residents 

were disproportionately large for those in high socioeconomic status (SES) while medium-high 

SES had slightly larger digital TV penetration than low and medium-low SES. High SES in 

locations with greater than 100,000 residents in 2014 exhibited an average 70% penetration, while 

those of low SES showed a 32.5% penetration. However, by 2018, this pattern shifted and 

penetration amongst low, medium-low, and medium-high SES showed less variation amongst each 

other and moved closer to rates achieved by high SES. In 2018, while high SES exhibited adoption 

rates of 83%, low SES increased at a rapid pace with a penetration of 68%.  

 

 
Figure 79: Digital TV average saturation rates amongst locations with >=100k residents based on socioeconomic status 2014-

2018 
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Between 15,000 to 100,000 residents: 

 

In 2014 and 2016, digital TV penetration amongst locations with between 15,000 and 100,000 

residents were strongly correlated with socioeconomic status (SES), as the higher SES groups had 

higher penetration than the lower SES groups. High SES in locations with between 15,000 and 

10,000 residents in 2014 exhibited an average 75% penetration, while those of low SES showed a 

19% penetration. However, by 2018, this pattern shifted and penetration amongst low, medium-

low, and medium-high SES showed less variation amongst each other and moved closer to rates 

achieved by high SES. In 2018, while high SES exhibited adoption rates of 88%, low SES 

increased at a rapid pace with a penetration of 72%.  

 

 
Figure 80: Digital TV penetration amongst Mexican households in localities with 15k-100k residents based on socioeconomic 

status 2014-2018. Source: own elaboration with data from ENIGH 2014-2018. 

 

 

Between 2,500 to 15,000 residents: 

 

In 2014 and 2016, digital TV average penetration in locations with between 2,500 and 15,000 

residents were strongly correlated with socioeconomic status (SES), as the low and medium-low 

SES had similarly low rates and medium-high SES had substantial rates and high SES had large 

rates. High SES in locations with between 2,500 and 15,000 residents in 2014 exhibited an average 

59% penetration, while those of low SES showed a 22% penetration. However, by 2018, this 

pattern shifted and penetration between low and medium-high SES showed less variation amongst 
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each other and moved closer to rates achieved by high SES, while medium-low SES showed the 

lowest rates. In 2018, while high SES exhibited adoption rates of 72%, low SES increased at a 

rapid pace with a penetration of 66%.  

 

 
Figure 81: Digital TV penetration amongst Mexican households in locations with 2.5k-15k residents based on socioeconomic 

status 2014-2018. Source: own elaboration with data from ENIGH 20014-2018. 

 

Less than 2,500 residents: 

 

Socioeconomic status (SES) was not as strong of a factor in determining digital TV penetration 

amongst locations with less than 2,500 residents. The exception was year 2016, when high SES 

had a disproportionately large penetration of 88% while low SES had a much smaller penetration 

of 52%. This pattern may have been present in year 2014 as well, but the large confidence interval 

for the high SES in this year suggests lack of survey representation of this household demographic 

within locations where there are fewer than 2,500 residents in the 2014 survey. Therefore, 

conclusive patterns cannot be inferred from this limited data collection in 2014. By 2018, the 

penetration amongst the SES groups showed less variation, with high SES having  52% penetration 

and low SES having 59%. 
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Figure 82: Digital TV penetration in Mexican households in localities with <2.5k residents based on socioeconomic status 2014-

2018. Source: own elaboration with data from ENIGH 2014-2018. 

 

 

 

 

Annual Household TV Electricity Consumption 

 

Estimations of electricity consumption from the combination of both analogue and digital TVs for 

2014, 2016, and 2018 were based on the following assumptions: analogue TV has a power 

consumption of 120 watts (Understand Solar, 2017) and digital TV has a power consumption of 

45 watts (Understand Solar, 2017). Also, according to the 2018 ENCEVI report, the majority of 

Mexican households, at 46%, watched between 2 to 5 hours of TV per day. Therefore, the upper 

bound of the TV electricity consumption estimation assumes that 5 hours of TV were watched per 

TV per day, while the lower bound of TV electricity consumption estimation assumes that 2 hours 

of TV were watched per TV per day. The numbers of each type of TV in each household were 

provided by each yearôs ENIGH survey. To calculate electricity consumption from TVs for each 

relevant group, the total number of analogue and digital TVs were added up, multiplied by the 

appropriate 120 watts analogue and 45 watts digital TV power consumption, multiplied by either 

two or five hours per day, and then multiplied by 365 days in a year.  
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By Socioeconomic Status 

 

All socioeconomic status groups exhibited decreases in total electricity consumption from TVs 

from 2014 to 2016 and again from 2016 to 2018. The medium-low socioeconomic status group 

had the largest decrease in TV electricity consumption from 2016 to 2018. However, the medium-

low socioeconomic status group also had the largest total TV electricity consumption amount in 

2018 at 1,231,130 MWh - 3,077,826 MWh. The high socioeconomic status group had the lowest 

total TV electricity consumption amount in all three years. 

 

 
Table 15: Upper bound total TV electricity consumption (MWh) in Mexican households by socioeconomic status during 2014-

2018. Table 16: Upper bound of total TV electricity consumption (MWh) in Mexican households by socioeconomic status during 

2014-2018. Source: own elaboration with data from ENIGH 2014-2018. Estimates assume 5 hours of use per TV per day and 

electricity consumption of 120 watts/hour for analogue TVs and 45 watts/hour per digital TV. 

 

 
Table 17: Lower bound total TV electricity consumption (MWh) in Mexican households by socioeconomic status during 2014-

2018. Source: own elaboration with data from ENIGH 2014-2018. Estimates assume 2 hours of use per TV per day and electricity 

consumption of 120 watts/hour for analogue TVs and 45 watts/hour per digital TV. 

 



Analyzing Household Drivers of Residential Electricity Consumption in Mexico              Siegel, Ullman, Wu 127 

 

By Locality Size 

 

All locality sizes exhibited decreases in total electricity consumption from TVs from 2014 to 2016 

and again from 2016 to 2018. The localities with more than 100,000 residents  had the largest 

decrease in TV electricity consumption from 2016 to 2018. However, this locality also had the 

largest total TV electricity consumption amount in 2018 at 1,231,910 MWh - 3,079,775 MWh. 

The localities with 2,500 to 15,000 residents had the lowest total TV electricity consumption in all 

three years. 

 

 
Table 18: Upper bound total TV electricity consumption (MWh) by Mexican households in localities of different sizes during 

2014-2018. Source: own elaboration with data from ENIGH 2014-2018 and assuming 5 hours of use per TV per household and a 

consumption of 120 watts/hour for analogue TVs and 45 watts/hour for digital. 

 

 
Table 19: Lower bound total TV electricity consumption (MWh) by Mexican households in localities of different sizes during 

2014-2018. Source: own elaboration with data from ENIGH 2014-2018 and assuming 2 hours of use per TV per household and a 

consumption of 120 watts/hour for analogue TVs and 45 watts/hour for digital. 
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Conclusion 

 

An overview of drivers of residential TV consumption in Mexico supports the hypotheses. As 

expected, the low socioeconomic status group had quicker analogue-to-digital TV switchover than 

would be expected, thanks to governmentôs handout of free digital TVs to low socioeconomic 

households in 2015. The data reveals an overall high penetration of digital TVs and low penetration 

of analogue TVs by 2018. However, there are key household characteristics that appear to be 

strong drivers of digital TV adoption. The strongest of these drivers appears to be socioeconomic 

status, with residents from higher socioeconomic status groups exhibiting greater likelihood of 

adoption than those from lower socioeconomic status groups. The less significant but still notable 

driver was locality size, with residents from denser locations exhibiting greater likelihood of 

adoption than those from less dense locations.  

 

 

Archetypes of Digital TV 

 
 

Recommendations 

Mexico is on the right track for promoting energy efficiency of TVs. Mexicoôs digital switchover 

and free digital TV handout to low socioeconomic households significantly converted a large 

majority of the country from analogue to digital TV adoption. This switchover resulted in a large 

degree of energy savings while also achieving a significant increase in TV access to underserved 

populations. Therefore, Mexicoôs digital switchover and simultaneous TV replacement program 

to low socioeconomic households demonstrated a win-win scenario for environmental protection 

as well as social welfare. The government should continue its TV replacement program targeted 

towards low socioeconomic households. Although low socioeconomic households have been the 

quickest to adopt digital TVs recently, they still have the smallest adoption rates. Considering the 

lack of analogue signal and the lack of other financial means, low socioeconomic households have 

demonstrated that they rely on government funding to effectively adopt digital TVs and adapt to 

Mexicoôs new digital landscape. 

 

Mexicoôs government should also monitor for unexpected major spikes in the number of digital 

TVs per household, a behavioral component that could offset Mexicoôs current successful energy 

efficiency policies related to TVs. Although not exhibited by past data, it is possible that many 

households might adopt a greater number of TVs in the future, considering the technologyôs 

desirability and the countryôs increasing middle class. While new digital TVs consume much less 

energy than outdated analogue TVs, larger numbers of new digital TVs per household could offset 

energy savings realized from the switchover. Therefore, the government should continue to 

conduct extensive biannual ENIGH surveys that include a question about the number of TVs per 

household. 

Greatest growth in 

saturation: 

Low socioeconomic status, 

urban 

 

Highest saturation: 

High socioeconomic status, 

tropical climate, urban 
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Chapter 10: Adoption of Washing Machines in Mexico 
 

Policies 

 

Minimum Energy Efficiency Standards (MEES) 

 

There are minimum energy efficiency standards for washing machines. See earlier ñMinimum 

Energy Efficiency Standards (MEES)ò under the ñEnergy Efficiency Policies of Mexicoò section 

for detailed information about MEES and charts that include washing machine standards and 

upgrades timeline. Same as the other applicable appliances, washing machine MEES have been 

upgraded every couple years and have gotten stricter at each upgrade.  

 

Hypothesis 

¶ Washing machine UEC will decrease in the future as MEES get stricter but will be counteracted 

by increasing penetration as more of Mexicoôs population rises in the socioeconomic spectrum.  

¶ Washing machine penetration will be most dependent on socioeconomic status and much less 

dependent on climate, location type, locality size, or home type. However, Mexicoôs 

socioeconomic tendencies in certain communities and areas will cause indirect effects of 

those other factors on washing machine adoption. 

 

 

Analysis of Drivers of Penetration of Washing Machines 

The below sections seek to analyze the relative impact of environmental, economic, and household 

factors on adoption of washing machines. The following analyses use clustering techniques to 

highlight the relative impact that climate, location type, socioeconomic status, home type, and 

location size have on saturation of washing machines amongst residential households in Mexico. 

 
Variable Penetration Range 2018: Highest 

Penetration 2018: 

Penetration Increase from 2008 to 2018: 

Socioeconomic 

Status 
High - Low:  

31% 

High:  

80% 

High (2012 to 2018): 

3% 

Climate 
Arid ï Tropical:  

3% 

Arid :  

64% 

Arid :  

4% 

 

Locality Size 
(>100K) ï (2.5K-15K) 

11% 

>100K:  

67% 

>100K:  

7% 

 

Location Type 
Urban - Rural :  

5% 

Urban:  

63% 

Urban: 

15% 

Home Type 
House ï Apartment:  

12% 

House:  

71% 

House:  

16% 

Table 20: Clustering analyses of factors that affect washing machine penetration in Mexican households in 2018. Source: own 

elaboration with data from ENIGH 2008-2018 
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Figure 83: Dendogram of washing machine penetration in Mexico's  households in 2018. Source: own elaboration with data 

from ENIGH 2018. 

National Adoption 

 

An analysis of washing machine adoption nationally shows that approximately 51% of households 

had at least one washing machine in 2008, 59% in 2010, 59% in 2012, 60% in 2014, 63% in 2016, 

and 62% in 2018. The slowly increasing adoption rate of washing machines nationally from 2010 

onwards is likely caused by two attributes in Mexico. First, the rise of the low socioeconomic 

group into the growing middle class likely contributed to the overall increase in adoption rates. 

The decision to own a washing machine is largely driven by financial means and, as such, a 

decreasing low class into increasing middle class would tend towards larger number of households 

able to afford washing machines. Second, the perspective of washing machines by Mexican society 

as a luxury item likely contributed to its slow rate of increase. Unlike air conditioners and lighting, 

which are widely considered as essential technologies for comfortable healthy living, washing 

machines provide a service that can be done on oneôs own relatively easy (especially for those 

already accustomed to it) or hired out quite cheaply via cleaners. Therefore, if a household rises 

out of poverty, washing machines are often not of top priority for immediate purchase.  

 

The chart below depicts the percentage of households that have adopted washing machines in 

Mexico according to the ENIGH surveys.  
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Figure 84: Washing machine penetration in Mexican households in 2008-2018. Source:own elaboration with data from ENIGH 

2008-2018. 

 

Adoption by State 

 

Average adoption rates of washing machines vary significantly among the different states in 

Mexico, although all states except two had adoption rates above 50% by 2018. The range in 2018 

adoption rates between the highest rate state, Campeche with 85%, and the lowest rate state, 

Guerrero with 35%, is 50%. Although the range in adoption rates by states is large, the fact that 

all states except two had achieved greater than 50% adoption rates by 2018 shows significant 

progression for an appliance that had largely been considered a luxury by most of Mexican society. 

Although patterns of washing machine adoption fall within 50-75% for most states, there are some 

differences that are suggestive of socioeconomic causes. Although there are not clear trends 

amongst the states with the highest saturation rates, the states with some of the lowest penetration, 

which include Guerrero, Chiapas, and Oaxaca, are all in the southernmost part of the country that 

contains the highest proportion of communities in the low socioeconomic spectrum. Most 

households within these communities handwash clothes on their own and, even if they did rise into 

middle class, would prioritize the purchase of more essential technologies. The absence of a clear 

socioeconomic trend amongst the states with the highest adoption rates could be attributed to the 

fact that cleaners/housekeepers, who routinely do the clothes washing, are widely employed by the 

middle and high socioeconomic classes in Mexico. Instead of purchasing a washing machine, it 

may be cheaper and more convenient for some of these households to simply employ a 

cleaner/housekeeper. 
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Figure 85: Penetration of washing machines in  Mexican households in 2018 by state. Source: own elaboration with data from 

ENIGH 2018. 

 

Adoption by Socioeconomic Status 

 

Socioeconomic status was the first most varying factor describing average washing machine 

saturation rate, with a total range of 31% between the highest adopter group and the lowest adopter 

group in 2018. For both the medium-high and high socioeconomic groups, there was a slow but 

tapering increase in adoption rates from 2012 to 2018. For the medium-low socioeconomic group, 

the average adoption rates both increased and decreased by a few percentage points between 2012 

and 2018. For the low socioeconomic group, the average adoption rates increased the most out of 

all the other three groups from 34% in 2012 to 49% in 2018. Nonetheless, considering the high 

degree of variability among the low, medium-low, medium-high, and high socioeconomic groups, 

socioeconomic status was the most significant factor in washing machine penetration. Although 

still considered a luxury item, washing machines provide a service routinely carried out by 

practically all Mexican residents, across all climatic zones, location types, home types, and locality 

sizes. As such, people are inclined to install washing machines in their homes to decrease the time 

and effort required to wash clothes, as long as they have the financial means to do so and a 

cleaner/housekeeper is not already employed to wash clothes for them. Therefore, socioeconomic 

status is the most influential factor in washing machine adoption rates. 
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Figure 86: Washing machine average adoption rate by socioeconomic status during 2012-2018 with 95% confidence intervals 

 

Adoption by Climate 

 

Climate was the fifth most varying factor describing average washing machine penetration, with a 

total range of only 3% between the highest adopter group and the lowest adopter group in 2018. 

For both the temperate and tropical climate areas, the average penetration changes from 2008 to 

2018 reflect the national trend of a slow and tapering increase. For the arid climate areas, there 

was a high spike in 2010 with an average adoption rate of 74%, and then showed similar adoption 

rates as the temperate and tropical climate areas for the rest of the years onwards. Considering the 

majority low degree of variability among the arid, temperate, and tropical climatic zones, climate 

was not a significant factor in washing machine penetration. Unlike air conditioners and 

refrigerators, washing machines are not designed to regulate space temperature and hence local 

climate does not significantly affect the residentsô desire to adopt the technology.  
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Figure 87: Penetration of washing machines in Mexican households by climate during 2008-2018 with 95% confidence intervals. 

Source: own elaboration with data from ENIGH 2008-2018. 

 

Adoption by Locality Size 

 

Locality size was the third most varying factor describing average washing machine penetration, 

with a total range of 11% between the highest adopter group and the lowest adopter group in 2018. 

Over time, all four locality size groups showed adoption rate changes similar to the national trend: 

slow and tapering increase from 2008 to 2018. However, the less than 2.5K locality size groupôs 

average adoption rate increased the most from 35% in 2008 to 56% in 2018. Considering the 

relatively low degree of variability among the less than 2.5K, between 2.5K ï 15K, between 15K-

100K, and greater than 100K groups, locality size was not a significant factor in washing machine 

penetration. Although one may believe that areas with larger populations would have greater 

number of stores and supplies to distribute washing machines to residents and hence have higher 

adoption rates, the need to wash clothes is universal for practically all households in Mexico that 

most residents nearly anywhere can still easily find a way to purchase washing machines no matter 

their locality size. This explains the low degree of variability in washing machine average adoption 

rate among the locality size groups. 
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Figure 88: Penetration of washing machines in Mexican households by locality size during 2008-2018 with 95% confidence 

intervals. Source: own elaboration with data from ENIGH 2008-2018. 

Adoption by Location Type 

 

Location type was the fourth most varying factor describing average washing machine saturation 

rate, with a total range of only 5% between urban and rural households in 2018. The urban 

households showed adoption rate changes similar to the national trend: slow and tapering increase 

over time. However, the rural households had a 10% decrease in average adoption rates from 2010 

to 2014, followed by the characteristic slow tapering increase from then on. Considering the 

decreasing degree of variability between the urban and rural groups as time gets nearer to 2018, 

location type is unlikely to be a significant factor in washing machine penetration in the near future. 

Similar to locality size, the low degree of variability between urban and rural location types further 

supports that the need for washing clothes is universal in practically all households in Mexico that 

most residents nearly anywhere can still easily find a way to purchase washing machines no matter 

their location.  
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Figure 89: Penetration of washing machine in Mexican households by location type during 2008-2018 with 95% confidence 

intervals. Source: own elaboration with data from ENIGH 2008-2018. 

Adoption by Home Type 

 

Home type was the second most varying factor describing average washing machine penetration, 

with a total range of 12% between houses and apartments in 2018. Over time, houses showed 

adoption rate changes similar to the national trend of a slow tapering increase. However, the 

average adoption rate in apartments actually decreased more than increased between 2010 and 

2018. This may be a reflection of the fact that many apartment complexes, especially in dense 

urban areas, have communal laundry areas. Therefore, the data may be deceiving since, despite 

individual apartments not having their own washing machine, there are shared washing machines 

within apartment buildings not accounted for by the surveys. As populations in Mexico immigrate 

into larger cities, the proportion of apartments with shared laundry facilities increases. Although 

there is an observable difference between the average adoption rates of houses and apartments, the 

12% range in 2018 is still relatively low and especially in comparison to the 31% range in 2018 

among socioeconomic status. Therefore, socioeconomic status remains the predominant factor in 

washing machine penetration, but home type should still be considered especially with increasing 

urbanization. 
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Figure 90: Penetration of washing machines in Mexican households  by home type during 2008-2018 with 95% confidence 

intervals. Source: own elaboration with data from ENIGH 2008-2018. 

 

Interactions of Drivers 

 

Interaction of Home Type and Socioeconomic Status 

 

Houses: 

In 2012-2018, washing machine penetration in houses is strongly correlated with socioeconomic 

status (SES), as the lower SES had lower penetration while the higher SES had higher penetratin. 

High SES in houses during 2012 exhibited  85% penetration, while those of low SES showed a 

penetration of 36%. Although this pattern prevailed through 2018, the low SES made quicker 

strides in achieving higher washing machine penetration than the other SES groups. By 2018, 

while high SES exhibited a lower penetration increase to 87%, low SES increased at a rapid pace 

to a penetration of 55%.  
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Figure 91: Penetration of washing machines in Mexican households living in houses during 2012-2018,  by  socioeconomic status 

. Source: own elaboration with data from ENIGH 2012-2018. 

 

Apartments: 

Socioeconomic status did not play as strong of a factor in determining washing machine adoption 

rates in apartments as it did in houses. In 2012 and 2014, there appears to be no clear trend amongst 

the SES groups, except that medium-high SES had the highest rates. In 2016, all four SES groups 

had similar penetration of between 60-70%. In 2018, the difference amongst SES groups residing 

in apartments was most apparent, with high SES having a penetration of 67% and low SES having 

penetration of 33%.  
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Figure 92: Adoption of washing machines in Mexican households living in apartments  during 2012-2018, by soci-economic 

status. Source: own elaboration with data from ENIGH 2012-2018 

 

Annual Household Washing Machine Electricity Consumption 

 

Estimations of electricity consumption from washing machines for 2008, 2010, 2012, 2014, 2016, 

and 2018 (socioeconomic status information is not available in the 2008 and 2010 ENIGH surveys) 

were based on the assumption that each washing machine has an energy consumption of 95 kWh 

per year as based on the 2012 UEC standard for washing machines (Rosas et al.,2010). The number 

of washing machines in each household were provided by each yearôs ENIGH survey. To calculate 

electricity consumption from washing machines for each relevant group, the total number of 

washing machines were added up and multiplied by 95 kWh per year. 

 

By Socioeconomic Status 

All socioeconomic status groups exhibited increases in total electricity consumption from washing 

machines from 2012 to 2018, with the exception of decreases in electricity consumption amongst 

the low and medium-low socioeconomic status groups from 2012 to 2014. The medium-low 

socioeconomic status group had the largest increase in washing machine electricity consumption 

from 2016 to 2018, with an increase of 42,380 MWh. They also had the largest total washing 

machine electricity consumption amount in 2018 at 1,126,404 MWh. The low socioeconomic 

status group had the lowest total washing machine electricity consumption amount in all four years. 
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Table 21: Total electricity consumption (MWh) in the Mexican residential sector due to use of washing machines, by 

socioeconomic status during 2012-2018. Source: own elaboration with data from ENIGH 2012-2018. Estimate assumes each 

wahing machine consumes 95 kWh per year. 

 

By Home Type 

Both houses and apartments exhibited increases in total electricity consumption from washing 

machines from 2012 to 2018, with the exception of decreases in electricity consumption in 

apartments from 2008 to 2010 and again from 2012 to 2014. Houses had the largest increase in 

washing machine electricity consumption from 2016 to 2018, with an increase of 81,974 MWh. 

They also had the largest total washing machine electricity consumption amount in 2018 at 

2,065,961 MWh. Apartments had lower total washing machine electricity consumption amount 

than did houses in all six years. 

 

 

 
Table 22: Washing machine total electricity consumption (MWh) in Mexican households by home type during 2008-2018. 

Source: own elaboration with data from ENIGH 2008-2018. Estimates assume each washing machine consumes 95 kWh per 

year. 
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Conclusion 

 

An overview of drivers of residential washing machine consumption in Mexico supports the 

hypotheses. The data shows that penetration of washing machines has not increased significantly 

from 2010-2018, except among the low socioeconomic status group. Most of the recent increase 

in electricity consumption attributed to washing machine use arises from the increase in absolute 

number of households in Mexico, rather than from existing households adopting washing machines 

for the first time. Despite the slow increases in washing machine saturation over time, by 2018, 

most households in Mexico had adopted washing machines. However, there are key household 

characteristics that appear to be strong drivers of washing machine adoption. The strongest of these 

drivers was socioeconomic status, with residents from higher socioeconomic status groups 

exhibiting greater likelihood of adoption than those from lower socioeconomic status groups. The 

less significant but still notable driver was home type, with residents living in houses exhibiting 

slightly greater likelihood overall of adoption than those living in apartments. 

 

Archetypes 

 

Recommendations 

 

Although washing machine penetration is not increasing significantly, with the exception of low 

socioeconomic status group, electricity consumption from washing machines has been increasing 

significantly due to the increase in absolute number of households in Mexico. It is not in the best 

interest of social welfare to limit residentsô access to washing machines and, therefore, the 

government should focus instead on decreasing the amount of electricity consumed by each 

washing machine. To decrease the electricity consumption from washing machines, the 

government should continue to enforce stricter MEES for this technology at a faster pace. Since 

most households do not see the need to invest in more than one washing machine, it is not 

necessary to create programs or surveys focused on limiting the number of washing machines per 

household. Also, since low socioeconomic status group was the only socioeconomic status group 

were penetration increased significantly and this happened without apparent program funding 

assistance, the government likely does not need to invest in washing machine adoption programs 

for this sector of the population. 

  

Highest saturation: 

High socioeconomic status, 

temperate climate, urban 

 

Greatest growth in 

saturation: 

Low socioeconomic status, 

temperate climate, rural 
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Chapter 11: Discussion 
 

Summary of Results 

Although each household appliance has a different set of policy, demographic, and community 

factors that affect the penetration of appliances in the residential sector, there are some significant 

common trends that are important to recognize. Each appliance seems to take on a similar trend 

overtime, at first being utilized by early high-socioeconomic status adopters before being adopted 

in other sectors throughout the country. Additionally, although there has been an increase in the 

adoption of nearly every appliance overtime, there is a strong trend toward the adoption of energy 

efficient appliances. Socioeconomic status, climate, and locality size are all significant drivers for 

the penetration of household appliances. Each of these is explored in the section below. These 

results are further explored in the section below.  

 

Key Takeaways:  
1. Some appliances have reached near saturation while others are still experiencing rapid growth. 

Lightbulbs and televisions have reached high penetration, with the number of households not 

increasing, and the percentage of homes at 90% or above. Refrigerators and washing machines appear 

to be experiencing some growth in penetration and will likely continue to increase in the coming years. 

 

 
Figure 93: Penetration of appliances in Mexican households between 2008 and 2018. Source: own elaboration with data 

from ENIGH 2008-2018 

 
2. Although the penetration of air condition ers and heaters remains relatively low compared with 

other appliances, there has been rapid growth of those appliances since 2008. The penetration trend 

will likely continue to rapidly increase as wealth grows, appliances become more affordable, and 

cooling needs increases. 

 

 
































