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Executive Summary

English

In 2016, Mexico was one of the first developing countries to ratify the Paris Climate Agreement,
setting amhious nationvide targetsto slow the pace of climate chand#ith the most carbon
intensive electricity grid in Latin America, a growing population, and a growing efitigysive
middle class, Mexico hagcognized the importance of addressing emisdiams the electricty
sector. The government hast goals to reduce energy consumption by 30% in their residential
sector by 2030.

Meeting these goals will require increased understanding pfatiternsand growth of electricity
consumption at the household level thrbogt the country In this study,we analyzethe
household, community, climate, and poldsvers of dmestc appliancepenetrationin Mexico.
This analysis is aimei support the ongoing development of a comph#esred modedo aidlong-
term projections of residential electricity consumption.

Thefindingsin this studyinform future decisions regarding energy efficiency policies and capacity
expansion plan# the electric power sector. In this project, we analyze 2P088 data from

Mexi cods National Survey of Household | ncome
household characteristics have influenced the adoption of various types of HVAC, lightbulbs,
televisions, washing machines, and other household appliddsieg) descriptive statistg this

study identifiescommon trends in the adoption of household appliaaditionally, we analyze

how regional and climatic differences have especially affeatatig and cooling technologies.

Finally, we review electricityenergy, and energy efficiency policies and programidexico to
explore their effects on appliance adoption and make recommendatitimsfédare. Our findings
indicate that, although éhpenetrationof each appliance is influenced to varying degrees by
differentdrivers socioeconomic status was a common significant factor across all appliances.
order tobetter address the needs of the people and decrease emissions ftauttivity sector,

the countryshouldenhance its appliance adoption and replacement programs catered towards low
income communities, enforce stricter energy efficiency standards at a fastepuatively
support the integration of renewables andritisted energy resourceand continue collecting
detailed data on household energy use.
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Espafiol

En el afio 2016, México se establecié como uno de los primeros paises en desarrollo en ratificar el
Acuerdo de Paris, fijando objetivos ambiciosos a nigelanal para ralentizar el ritmo del cambio
climatico. Con la red eléctrica més intensiva en carbono de América Latiagpoblacion en
crecimientoy una clase media con alto consumo de engkfgxico ha reconocido la importancia

de abordar las emisiondsl| sector eléctricdl respecto, kgobierno ha establecido objetivos para
reducir el consumo de energia en un 30% en el sector residencial para 2030.

Cumplir estos objetivos requerira una mayor comprension de los patrones de crecimiento del
consumo d electricidad a nivel de hogar en todo el pafse&ieestudiq se analizaros factores

que impulsan la utilizacion de electrodomésticos en el hogar, entre los que se encuentran la
comunidad, el clima y las politicasiblicas Esteanalisisesta enmarai en el desarrollo de un
modelo basado en computadapae buscaroyectar a largo plazo el consumo de electricidad
residencial.

Los resultados de este estudio sirven para informar decisiones futuras con respecto a politicas de
eficiencia energética y pl@s de expansion de capacidad en el sector de energia eléctrica. Se
analizaron datos de 202®18 de la Encuesta Nacional de Ingresos y Gastos del Hogar (ENIGH)
para investigar como las caracteristicas del hogar han influido en la adopcion de varids tipos
calefaccion, refrigeracion, bombillas, televisores, lavadoras y otros electrodomésticos. Utilizando
estadisticas descriptivas, este estudio identifica tendencias comunes en la adopcion de
electrodomésticos. Ademas, se analizd como las diferenciasakgignclimaticas han afectado
especialmente las tecnologias de calefaccién y refrigeracion.

Finalmente, se revisaron las politicas y programas de electricidad, energia, y eficiencia energética
en México para explorar sus efectos en la adopcion de elentsgsticos y hacer recomendaciones

para el futuro. Nuestros hallazgos indican que, aunque la penetracion de cada aparato esta
influenciada en diferentes grados por diferentes factores, el estado socioeconémico fue un factor
significativo comun en el uso dedos los dispositivos eléctricos. Con el fin de abordar mejor las
necesidades de las personas y disminuir las emisiones del sector eléctrico, el pais debe mejorar sus
programas de adopcion y reemplazo de electrodomésticos dirigidos a las comunidajes de b
ingresos, hacer cumplir mas estrictamente los estandares de eficiencia energética a un ritmo mas
rapido, apoyar proactivamente la integracion de fuentes de energia renovables y distribuidas
recursos energeticos, y continuar recopilando datos detslsmime el uso de energia en los
hogares.
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Acronyms and Abbreviations

Comision Federal de Electricidad

Compact Fluorescentamp

Cooling Degree Days

ComisionNacional para dUso Eficiente de la Energia Eléctrica
U.S.Energy Information Aiministration

Encuesta Nacional sobre Consumo de Energéticos en Viviendas
Particulares

Encuesta Nacional de Ingresos y Gastos de los Hogares
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Gigawatthour

Heating Degree Days

Incandescent Bulbs

Instituto Nacional d&stadistica y Geografia
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Megawatt

Light-emitting diode

Megawatthour

Minimum Energy Efficiency Standards

Normas Oficiales MexicangddlOMS)

Programa Nacional para el Aprovechamiento Sustentable de la Ene
Secretaat of Energy

Secretaria de Gobernacion

Socioeconomic Status

Television

Unit EnergyConsumption

Watts
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Chapter l1introduction

With the passage of the Paris climate agreement and large global consensus that a transition to a
low carbon future must occur teduce the likelihood ofhe worst effects of climate change,
countries throughout the world are closely analyzing their gnesgsumption 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 20R&ris agreement, setting goals to reduce its residential energy
consumption to 30% below baseline levels by 2050 (Rodriguez et al., 2017). The electricity sector
makes up a large portion of greenhouse gas emissions, with resideatigy use accountirfgr

over 30% of electricity consumption (SIE, 2018Although it will be important thaMexico
improvesbuilding conservation codes and that current national energy efficiency programs are
expanded and strengthened (Rodriguez et al, 2@L3)ronger undstanding of the drivers of
appliance adoptiocan better inforngovernment agencies, ngnofits, ancenergy planners where

they should focus their resourcekhis study analyzeappliance adoptiom the residential sector

in Mexico andidentifies keyhousehold characteristics thdrive penetratiorrates.

AsMexicdds government of f i dobkaahead teaphaninfrastrieturg projepts o v i d
t o meet eMdricity demand, it is important to understahé factors that will drive
consumption to grow faster isome places more than otheldexicod s -teomnptan for its

electric power systenknown asfiPrograma De Desarrollo del Sistema Eléctrico Nacional
(PRODESEN dncludes a number of programs to upgrade and expandhfti@structure for
generation, transmissipand distributionof electricity. For examplethe program i Pr o g r a ma

|l ndi cativo para | a Instalaci: - n g foddsed onrte de C
installation of almost 63,000 MW of additior@wer generationapacity, an expenditure that will

cost the country about $88.5 billion U§Becretaria de Energia, n.&ychmajor installatiors

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

already exhibited steady growth over the past deddiesaFlores, J., 2010)Ve can expect this

trend of increasing consumption to continue, especialhsidering projections indicating a 35

million person population increase in Mexico over the next 30 years (United Nations, PI047)

growth in both number anagse ofhousehold appliances, and the electrification and development

of rural areas in Mexico #t 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 trendesidential energy consumption, few studies
have had the means to utilize a bottom approach to project future residential energy use
(MartinezMontejo et al. 2016). However, th2018 ENCEVI survey gives our project the
unprecedented opportunity to fifi this research gap with its detailed data on appliance ownership
from 28,000 households throughout Mexico.

Il n t his MasAnayzing BrivddsrofiRjes ¢ tde nfi i a | El ectricity Co
we examine tharivers of adoptionof household appliancea Mexico through a bottorap

approach, particularly focusing on h@aturation rateare affected bjnouseholdand community
characteristics population growth, policiesand climate More specifically weanalyze the

adoption of energy efficient lightbulbs, refrigerators, washing machines, air conditioners, heaters,
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and digital TVs given these characteristicgVe considerhouselld characteristicssuch as
socioeconomic statygducation levelsandhousing type as well asommunity characteristics
such asmunicipality size climate and stateAdditionally, we considerlarger trendssuch as
population growth rising GDP, and enggy efficiency initiatives. Finally, we identify

opportunities to improveolicies and programdghat will help ensurethat Mexico meets in
residential energy consumption goals.
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Chapter2: Background

Population Growth:

Across thisi2mnd@Borsttaudy2 @®8 i od, Mexi cobs popul a

population rose by about 15 million peopém increase df3.5% 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.

Figurel: Population of Mexic@/Norld Bank, 2019b)
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Overview of ENIGH Data

The data extracted from the ENIGH survey indicates ttibumber of households in Mexico
exhibited an even greater growth ratentda 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 equates2. %% growth rate. It is pertinent to note

that this growth did not occur as linearly as thdt 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 householdéEncuesta Nacional de Ingresos y Gastos de los Hogares (ENIGH).
20082018 Nuevéeserie).

Figure2: Number of Househaddn Mexican 20082018. Source: own elaboration with data from EN{ENIGH 20082018)

Number of Households in Mexico: 2008018
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The dendrogram below displaggartition of all Mexican households accordingctomatezone
areatype (urban and rural) and socioeconomic statsisound by the ENIGH in 20)&ncuesta
Nacional de Ingresog Gastos de los Hogares (ENIGH). Nu&egie, 2018.) The chart highlights
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the large portion of the population that medilow and mediurrhigh urban households in
temperate climates comprise. Together these two population groups make up 35.62% wéthe ent
population of Mexico. In every climate, there are more urban households than there are rural
households, and in every climate medilow SES urban households make the greatest share

of the population.

Figure3: Classification of duseholdsn Mexicoin 2018 Sourceown elaborationusingdata from ENIGR2018

Housholds (H) in Mexico:
34,744,818
Percent of Households(P): 100%

SocicEcoanic Status

Arid Temperate Tropical:
H: 8,183,924 H: 18,673,39¢ H: 7,887,495
P: 23.6% P: 53.74 P: 22.7%
| | | | | |
Urban Rural Urban Rural Urban Rural
H: 7,053,181 H: 1,130,743 H: 14,911,45 H: 3,761,942 H: 4,778,455 H: 3,109,040
P: 20.3% P: 3.25% P: 42.92% P: 10.83% P: 13.75% P: 8.95%
] Low Low Low Low Low Low
— H:71,188 | H:528,569 |— H:494,791 (— H:1,952,602 — H:808,038 | H: 2,635,947
P: 0.2% P: 1.52% P: 1.42% P: 5.62% P: 2.33% P: 7.59%
Medium-Low Medium-Low Medium-Low Medium-Low Medium-Low Medium-Low
— H: 3,166,827 - H: 602,174 |- H: 8,216,858 -— H: 1,809,340 | H: 3,095,506 “— H: 3,095,506
P:9.11% P:1.73% P: 23.65% P:5.21% P: 8.91% P: 1.36%
Medium-High Medium-High Medium-High
— H: 2,587,902 — H: 4,160,009 — H: 635,409
L P:9.11% P:11.97% P: 1.83%
High High High
—{ H: 1,227,264 — H: 2,039,799 — H: 239,502
P: 3.53% P: 5.87% P: 0.69%

Population Growth by State:

The country of Mexico is composed of 32 states, all of varying population Jizesstate of

Mexico is the most populous of the 32 states, with a populatiod575862 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 Cityr)

compari

son,

t he

least populous stas, Baja California de Sur and Colima, had populations of just over almost
640,000 people and 650,000 peapl010.

NEGI 6s

2018

ENI

GH

survey

esti

mat es

M® X i

co

and Ciudad de México over 2,600,000 households in 20@ntrast, Baja California de Sur and
Colima wereestimate to have 258,000 households and 234,000 houseima®@d 8 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-§8ar time period. Colima also experienced
some of the ¢ oun dgrgwihsincepasiagaits eumiber o loousshelds dy 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%, respeétiadylar chart
depicting stag population growth for all 32 states is included in Figuirethe Appendix.

Population Growth by Climate:

Me x i ¢ o 0 s zonedcannbadlassified into 3 types: arid, temperate, and tropical. This
classification is based upon modifications madéheyMexican Climatologist, Enriqueta Garcia,

to the Képpen Climate Classification System, which determines climate classification based on
local vegetationSociety, 2019)While elements of temperate climate zone stretch from the
northern to southern ends of the country, a generatveew 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.

Mostoft he countryoés population |ives in temperat
temperate lamates 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 tropicarahdlimates grew

by about 21% and 22%, respectivdf\NEGI, 2018)

Figure4. Partition of Mexican states into three climate zones. Source: own elaboration with data from ENEVI (ENCEVI, 2018)

-2 . @@l Temperate

- N - Tropical
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Tablel: Population by Climate Type in Mexi&ourceown elaborationbased on data from ENIGH 2018

CLIMATE NUMBHEROFHOUSEHOI®IN 2008 NUMBER OHOUSEHOI®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

E N | G Haziseconomic status measurement was provided only for years ZI@ As such,
the analysis conducted in this report will similarly only provide findings found from the four final
years of the 2002018 biannual study period.

Analyses show that changes in Mexicobs popul a
acrossthe-board, linear trend, as did changes in its general population growth. Instead, changes in
socioeconomic status varied by each socioeconomic statigoatr vy . For exampl e,
Ameddi omd socioeconomic status categories as a
their highest rates in 2012, representing 19.83% and 53.42% of the population, respectively. In
2014, tsodoecdnomictatuscategorydecreased th7.76% and themcrease®016 and

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

The trends for the remaining categories do not show any clear pattenngxample, the
percentage of residents in the medilmw category irthe populations decreastom 53.42% in

2012 until rising once again to a final value of 49.98% in 2Qlimately, percentages of residents

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

of 18.87% and . 8 9 %. Al | decreases and increases surp
error and can thus be considered significant.

Analyzing Household Drivers of Residential Electricity Consumption in Mexico Siegel, Ullman, Wu 16



Figure5: Population in each category of socioeconomic status in years 2012, 2014, 2016 and 20X pldasibn (left) and
population as a share of the total (right). Source: own elaboration with data from ENIGH 2012, 2014, 2016 and 2018
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SeeAppendix for Tabular Results

GDP

Mexi cobs GDP did not s how ain2018 stude peod. Whilee n d s
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.
Theoverall2008 to 2018 increasbowever equates t@ growth in GDP of 9.9%World Bank,

2019a)

Figure6: GDP of MexicdSourceown elaboration with data fronthe World Ban@World Bank, 2018)
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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 theigeqgisties that policies

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

( CONEVAL) , Mexi cobs poverty index ensomelnpasses
the ability of its residents in meetirige following basic social needsducation access to health

services access to social securjtiiousing of adequate quality and sufficient spaasic housing

services access to food CONEVAL)

The above social rights form the basis in evaluagidgprivation index, which ranges from zero

to six and indicates the numberwfmetsocial needs. For example, a person with educational lag

and without access to social security would score a two emddprivation index, because that
personhastwo of the six social needsfulfilled. For the lack of economic resources scale, two

income thresholds are used to denote two levels of poverty. An income level below i (L

de Bienestar Eca@mico), whichis a weltbeing threshold, indicates moderate poverty. An income

level below LBM(Linea de Bienestar Minimpyvhich is a minimum welbeing threshold defined

as income needed to afford basic food and-foaa baskets of goods and services, indicates
extreme poverty. Altogether, the deprivation index and wellbeing income combined form the

met hodol ogy of Mexi co06s pigure# below.(CONEV/ALXx201das s um

90-100%
80-90%
70-80%
60-70%

50-60%
40-50%
30-40%

20-30%
10-20%
0-10%

Figure : Mexico's official classification of poverty categories, illustragngentages of the state populations living in extreme
and moderate poverty conditions. Source: CONEVAL, 2012

Weather & Climate

Me xi co0s c havemeryt ddéferentenmperature and rainfall patterns. Arid climate zones
see very little rain throughothie year and experience frost and freezing in the winter. Temperate
zones represent a moderate climate type with average temperatures rangingtfron®47
during winter months and abovet50n summer months. The tropical climate zones are the
warmest of the zones, with average temperatures of over &l year long(GeoMexico,
2013)(GeoMexico, 2013)
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EnergyTrends in Mexico

NationalElectricityGeneration

Most of theelectricity in Mexico is generated lilge Federal Commission of Electricity (Spanish
acronym,CFB), the government provider of electricitgome is imported from suppliers across
the border intie U.S. The chart below shows the total electricity generation in Mexico by source.
Steam and combined cycle sources are assumese dssil fuelsas their primary fuel source,
including natural gas, oil and codtossil fuel resources have consisteptigvideda majorityof
electricity generation especiallynatural gas and coah particular In fact, the percentage of
generation from fossil fuels increased from 76% in 20@8.8 in 2017, despite renewable energy
goals put in place by the Mexican gomment in 2008, 2012, and 2016lydroelectric power is

the secondnostutilized resourceat 11.7% of generatiom 2017, down from 16.6% in 2@.
Geothermal makes up approximately 4,2%clearat 2.3% and finally, wind and solar making

up lessghan 1% combinedf geothermal, hydroelectric, nuclear, wind and solar arecetibined

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

Hectricity Generation by Source (TWh), 2008-2017

TWh of Hectricity Generation

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
B Steam B Gombined Gyde B Turbogas B Internal combustion
= Dual u (od = Nudear ® Geothermd
Wind B Hydroelectric Photoelectric

Figure7: Mexico's electricity generation by source, 2Q086. Source SENER.

NationalElectricityConsumption

Energy use in Mexico hascreasedn every sector. From2008to )1 t he countryoés
consumption grew by approximately 18.6%his has occurred largely from the increase in
electricty consumption in the industrial and residential seatdath an increase 0f-16,500 GWh
and~11,000 GWh respectivel@lthoughthe growth rate inthe agricultual sectorshowed the

largest percentage increaseelectricity consumption, &9.7%from 2008 to 2016this increase

only accounts for3,000GWhThe following graph provides a visualization of the growth of each
sector in Mexico, from 2002 to 2016. Note, that tesidential sector is thedargest consumer

of electricity, after industrial.
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Figure8: Growth in Electricity Consumption by Sector

Annual Bectricy Consumption in Mexico by Sector (Twh), 2008-2017
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ResidentiaElectricityConsumption

Mexi cobds residenti al s e leetgowth ofi eestricity eansumpdidn ma j o r
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 counfiys t ot al e | e c.tTheiclart bejow depiaissthemp t i o
seasonal trends of residential energy consumption in Mexico. Residential electricity consumption

is highest in the summer months between July and October, pealkingust

Figure9: Electricity Consumption in the residential secBourcepwn elaboration with dta from SENER.

Mexico's Residential Hectricy Consumption (TWh) , 2008-2017
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It is important to note that treeasonality has increased significat®tween 2008 and 2017; the
growth of electricity consumptioim the peaksummer month aAugusthas increaseldy 16%
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while the electricity consumption in February has only increasegppgoximately %. This
provides evidence to suggest that peak loaacigasing, which will require generators that are
less efficient to be turned on to meet the load.

Policy Landscape

Although efforts have been made open up theelectricity sector tocompetition CFE still
generate80% oftheelectricityin Mexico. In 2008, congress passed the Law for the Development

of Renewable Energy and Energy Transition FinanfiAd~ARETE) which set goals to increase
renewable energy development and decrease dependence on foreign fuels. This law also created
the Renewable EnergyuRd. This fund provided $220 million in financing guarantees to directly
support and promote energy efficiency and renewable energy from 2009 and 2@1aw Was

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

50% of its electricity from fossilree resourceéSecretaria de Energia, 2008)

LAFARETE also lead to the creationBfograma Nacional para el Aprovechamiento Sustenable

de la Energa (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 2002013 planworked to improve energy efficiency in appliances, lightbulbs,
and manufacturing equipment. PRONASE 2@D48 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 Mé8eoretaria de Energia, 2014
2018)

FigurelO: Summary of important energy laws in Mexico. Source: Own elaboration on data and policies available via the
Mexican Government, SENER, htedature review, described in sections below

2015
2008 Energy Transition Law:
Renewable Energy Law: sets goals for clean
35% clean energy target energy, including grid
by 2024 mod & energy efficiency
2012 2016
Climate Change Law: Paris Agreement
reduce GHGs by 30% goes into effect

by 2020

Mexi cobds government cont i nu e sof renewaltlecemergy and st r ¢
energy efficiency measures. The government also recently changed the constitution to open up the
energyindustry to competition and investment from private companies This is discussed in the
fElectricityRe f or mo secti on bel ow.

Electricity Sector Subsidi@sRates

Electricity subsidies in Mexicoeducethe prices that residents pay for electricity, decreas
economic incentives fdnouseholds to adopt energy efficient appliandése average Mexican
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household pays approximated®% of the total cost of electriciffCenter for Energy Economics
Bureau of Economic Geology & Monterre3013) One major goal of the electricity reform in
Mexico has beerio decrease the cost of generation so that subsidigse decrease(Sanchez,
et al., 2018)While this has helpei decrease electricity costs, therstd a long way to go.

Figurell: Electricity Rates in Mexidor 2008 to 2016Residential and industrial rates are artificially low because of
government subsidieSource: SENER.

Electricity Rates in Mexico
2008-2016
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While these subsidies were putplace 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 thaj goin
toward residential electricity. T h {Cgationfja k es u
Arguably, these subsidies also decrease incentives for the efficient use of energy and distributed
energy resources like solar PV, energycedht appliances, and other energy saving technologies.
This makes wup about 0 . G\@rtd Bank, 200Ba)Aiguablyd theset ot a |
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 hasmade efforts to decrease electricity subsidies but has faced significant barriers due to
political disapproval and consumer pushback. In 2002, CFE impleme€at#d Doméstica

de Alto ConsumdDAC), which created a new tarifiecreamg subsidies for howholds that

consumed over 140 kWhrmaonth(Sanchez, et al., 2018)his tariff only applies to about 25% of
consumers and i s set welhter, indNbvember 201Hh th€omisiannt r y 6 s
Reguladora de Energ(€RE) implemented a new method which séctricity tariffs closer to
costrecovery prices, but an agreement with the Ministry of Finance prevented residential tariffs

from changingSanchez, 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 aedgzing the patterns of
consumption and the adoption of electrical appliances in households throughout Mexico.

Electricity Market Reform

With Mexicobs ambitious goals to reduce carbor
the government mommly on electricityprevented competition and reduce efficiency in market
preventing clean energy fromnteringthe market(U.S. EIA, 2016) In December of 2013,

Me xi co0s gnoerded thmemanstitution to open up oil, natural gag electricity sectors

to private investment and competiti@®ENACE, 2018)Specifically, in the electricity sector, the
amendment required the development of centralized wholesale electricity markibis argtion

of an independent system operator to run the market

Proponent®f electricity reformin Mexico hope thatvholesale electricity markets will increase
the competitiveness of lowarbon generation resourcasd reduce the cost of new capacity
developmentThese proponents predict thlaédecreased cost of generation that often comes with
conpetition will allow Mexico to reduce the government retail subsidiegh currently allovs
residents to pay half of what the cost that CFE pays to sugpbjaus, 2014)Finally, supporters

of reform also hope that eleciiticreform will decrease grid congestion issues and help modernize
transmission lineseasing the impact of growth of electricity demand

The firstlong-termauction was held iMarch of 2016 and was dominateddmlar and windThe

rich wind and solar sources in Mexico, as well as tloev costs of PV and turbine installation led

to surprisindy low auction pricesSimilar results occurred in the second lgagn auctionwith

even more solar and wirddding in. This resulted in some of the lowest clean energy prices ever
experienced internationally, at $33.47 per MWD (Vietor & SheldahiThomason, 2017)
Based orthese early auctions, this reform has been applauded internationally as a success.

These constitution amendmentsade several drastic changes to the electricity sector.
Transmission, generatipand distribution branches of CFE have been unbundled. Additionally,
there is a horizontal unbundling of CFE into 6 companies. CFE remains responsible for
transmission and distuition but may contract with third parties for major investments. The market
is a fairly robust system withigher locational marginal pricdsr generatordocatedin areas
where electricity is most needed.

The National Center for Energy Control (CENAGHIctionsas the independent system operator

for the entire electricity grid in Mexico. CENACE is responsible for ensuring the wholesale
electricity markets are operating properly, coningl the economic dispatch of electricity to the

grid in merit order, and guaranteg open access for generators to transmission and distribution
grids(Lajous, 2014)In March of 2016, Mexico had its first energy and capacityi@us 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 208(5. EIA, 2016)

If successful, this reform could have significant effectshe 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 Mexicobs decarbonization process. Furtherm

subsidi es i n Me x ihigherGlectricite mices vedd increasé thesneentives for,
the adoption of energy efficient appliances and distributed genematinmore money in the
public funds foradditional support ofenewable energy and energy efficiency programs.

The impacts of the electricity reform ayet to be fully realized and it will take more action and
planning on the side of the government to getakigectedesults(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 shoulcakaepe eye on the electricity reform.
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Chapter3: Energy Efficiendyolicies 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 Stadardization 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 standarideh are termed Mexican Offadi
Standards or NOMsleveloped by standardization committees from federal government agencies
as well as voluntary standardghich are termed as the more general Mexican Standards or NMs,
developed by national standards bodies. However, most of the tognsi@ndards are currently
enforceable for only lighting systems of nmmsidential buildings, lighting of roadways
surrounding buildings, and industrial thermal insulation and pump systems. In order for the
mandatory standards to apply towards residébtiildings, 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 domesslimited as of 2014.

Examples of federanergy efficiency models that could be applied by local governments towards
residential buildings include:

1 NOM-020-ENER-2011: Requires residential buildings to showcase a label to disclose the
estimated solar heat gain through the buildingelope compared to those of reference buildings.
However, this norm does not set limits on actual energy consumption.

1 NOM-007-ENER-2014: Sets the maximum lighting power density (\4/m new buildings and
renovations with lighting load equal to or gegathan 3 kW. Implementation of this standard is
made easier by the fact that the Federal Electricity Commission requests the compliance certificate
of buildingdéds lighting system prior to providi

(Global Buildings Performance Network, gbprg)

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 earl990s (MartinezMontejo 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 partioulsdold appliance bing

sold on the market can have. These standards have also included the prohibition of certain
equipmentsuch as the prohibition of incandescent light bulb sales beginning in December 2010
(McNeil and Carreno, 20)5Currently, there are standards feostmajor 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 estimateanges in residential energy consumption as a whole.
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Minimum energy efficiency standards (MEE®)nstitute a model of policy types aimed at setting

energy conservation mandates for new applianceblexico, hereare MEES in effect for 27

appliances as 02016, including washing machines, refrigerators, and air conditiombese

MEEShave been part af h e ¢ onatiortalrerye@ policy since the early 1990s. Similar to the
United Statesd Emepggygotam fcert app biesengod sa,t eMée X
maximum power and energy consumption an appliance can have under certain test pcedures
(MartinezMontejo, 2016.

By focusing on unit energy consumption (UEC), the policy emphasizes that the arhenetgy
consumption by each appliance must also be taken into consideration, in addition to the standard
measure of appliance saturatiovhich counts thaveragenumber of appliances of the sargpe

owned per household. It is important to note, howewbat since MEES only apply to new
appliances, the useful life of current appliances isttarofactor that shall be considered in
evaluating the policyodos effectiveness, since
ownersretiretheir current appéinces 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
si nce t heactpent] das highbghtedan Table 3 below, the UEC across all applicable
appliances hasteadily decreased each year and consitmelo so for the near future as Mexico

aims for stricter energy efficiency goals. As such, MEES has largely been considaoegss as

an overarching energy effi ci eMarfinezMontejoetwal., f or M
2016

Table2: Timeline of MEES standards upgrades for refrigerator, washing machine, and air condgmmeeRosas et al.,2010

Minimum Energy Efficiency Standards in Mexico.
Source: CONUEE (2013).

Refrigerator Cloth washing Air conditioner
Name of standard NOM-015-ENER ~ NOM-005-ENER ~ NOM-021-ENER/SCFI
In force 1995 1997 1995
First upgrade 1997 2000 2000
Second upgrade 2002 2010 2008
Third upgrade 2012 2012
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Table3: UEC for new applianceSourceRosas et al.,2010

UEC for new appliances (average kWh/year).
Source: Rosas et al. (2010), CONUEE (2013), Energy Star database: USEPA (2015), and

IPCC (2015).
Refrigerator Washing machines AC vV
1990 829 166 2725 153
1995 734 166 2028 153
1997 626 150 2028 153
2000 626 150 2028 153
2002 626 120 1862 153
2008 442 120 1862 60
2010 442 120 1862 60
2012 372 95 1862 50
2020 268 49 931 40
2030 214 31 931 40

Average considering a refrigerator of 14ft>, a washing machine of 10 kg, an air conditioner
of 1000 BTU/h and a television of 32 in.

Programa de Financiamiento Aborros de Eneig Eéctrica(PFAEE)

Programa de Financiamiento de Ahorroskaeerga Ekctrica (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 sourcéaheownerfunding for energy

efficiency upgrades, PFAEEnances the rdpcement 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 blls that is quickly recovered from the typical quick payback of lighting upgrades from
Ssubsequent reduced electricity costs. The pr of¢
in improved thermal insulation for approximately 30,000 homes, repiant of approximately

130,000 refrigeratorsand replacement of approximately 623,000 air conditioning units. The
programdés second phase r amtrofluciograsnOtiteZinfornatio? 0 1 2 &
operational system that streamlined interadi@mongst relevant manufacturers, distributors,
collectors, and appliance destruction centers. All of the substituted inefficient equipasdnt

be destroyed and an electronic billing system provided timely registration and credit billing for
PFAEE paiicipants (PFAEE,Energy Efficiency Platforin

Programa Nacional de Sustitiitide Equipos Electrodésticos(PSEE)

The Programa Nacional @ustitucon de Equipog£lectrodongsticos(PSEE)is administered and

operated by the Fideicomiso para el Ahorrokleerdga Ekctrica( F1 DE) for al | of
residential sector from April 2009 till November 2012, which was the closing date for solicitation
applicatonsWi t h t he catchphr asejof pd€ammmioa nuevoo,
provide federal support for Mexican familigs replace theid O+ years oldefrigerators and air
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conditioners. Households received vouchers that covered the purchase and transportation costs
associated with theeplacements. The consumer then repaid the costs on his/her electricity bills
over a fouryear term of fixed rate and payments. Financing was available up to $47900SD

each replacement, but the actual amount available was determined based on appéauthe

old applianceds ener dghbelow)f fi ciency rate (see T

As of November 2011, there were more than 4,540 registered stores where PSEE patrticipants can
submit their vouchers and purchase equipmeént. DEG6s r esponsi bi uded y i n
oversight of participating distribution stores registered in the program, coordination of consumer
payments from electricity biljJsand certification of appliances as energy efficiemborder to be
considered energy efficient and otherwise appleablthe program as an adequate replacement,

new refrigerators must have estimated energy savings of 5% or gneméerthan the old
refrigerators and the new refrigerators must not be more than 2 square feet in gapatgtthan

the replacement. Foiraonditioners, the new version must not exceede tharl-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 1Bappliénce

repl acements. Old equipment is transported by
destruction center, where program staff perform extensive routine checks including document
number of appliances, weight of each appliance, phgbbgrach appliance, and extract refrigerant
gases (if refrigerator) before final dispagé&indesco2011])

Table4: 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 consump8airceAndesco, 2011

Si su consumo Si su consumo
mensual promedio  mensual promedio en
fuera de verano es verano es0

(kWh) (kWh)

76-175 251- 500 USD$ 66.22 USD$ 29.43 USD$ 316.40
176-200 501-750 USD$ 21.33 USDS$ 29.43 USD$ 361.29
201-250 751-1,000 - USD$ 383.63*

Mayor a 250 Mayor a 1,000 USDS$ 479.29*
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Sello FIDE

Similar to EnergyStar | abels for appliances
energy efficiency endorsement label administered by the Fideicomiso para el Ah&merda
Eléctrica(FIDE) for household appliances. Introduced in 1988 certification program provides
consumers with product labels that advertise achievement in energy efficiency, safety, and
operating standards. There are two categowasch signify the same value but indicate different
types of benefits related to engy efficiency:
1 Sello FIDE A: Electrical appliances that utilize energy effitieand provideservice directly to
the consumer. Examples include efficient refrigerators and light bulbs.
1 Sello FIDE B: Products that do not save electricity on their dwut, 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 subriftesbtest results undergone

on their products as proof of meeting Sello FIDE requirements. Falfpwertified laboratory

tests are then performed on the product to verify manufacturer claims. If approved, the
manufacturer pays for the certification agigns an agreemetitat 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 &lso Racional y Ahorro de Eriargéctrica (EDUCAREE)

The Educacdn para elUso Racional y Ahorro denerdga Ekctrica(EDUCAREE) is aprimary
and secondary school program in which teachers impart inforngdtbered by the Fideicomiso
para el Ahorro d&nerga Ekctrica(FIDE) aboutelecticity savings to their students throufym
and simpleclassroom activitiesThis educational program isesigned tofoster a culture of
electricity savings amongst younger generations. In 2005, 8&860erand 2.7 million students
across Mexico paxipated in the progranfhe main objectives of EDUCAREE are:

1 Develop a culture of energy savings in the younger population.

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

1 Implement statewide Day of Energyfficiency.

1 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 imanting progranadministered by the
Fideicomiso para el Ahorro denerda Ekctrica (FIDE) to increase proliferation of energy
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efficient feco technologieso that can reduce
up to 5 members making minimum wage ($11,102.08 ppsoyearin 2016 which is around

$448 USD valuation in April 2090 Qualifying eco technologies include thermal windows,
thermal insulation, inverter agonditioring, LED bulbs, reflective paint, efficient gas heaters,
photovoltaic systems, and solar thermal systems. (FIDE, 2019)

Through the program, the National Hous g Co mmi ssi on ( CONAVI ) gr ant
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 (FOTEAERergy Center Mexico,

2019 FIDE also proides a credit of up to $50,000 MX(dround $2,019 USD valuation in April

2020)to residents, providing 14.5%d.8% fixed credit rates, plus Value Added Tax (VAT) for up

to 5 years. (Ibid.)The process for a household to participate in the prograsfollows:

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.
The beneficiary authorizes the project and dbates 5% of the savings.
FIDE verifies the project and equipment list.
The implementor installs the eco equipment while FIDE supervises.
The implementor picks up the replaced equipmentandtakee m t o t he pr ogr amo
collection and destruction ctem.
7. The beneficiary repays for the eco equipment through the realized energy savings.
(FIDE, 2019)

o gk w

Behavioral Component of Energy Efficiency Programs

This project will also discuss the potential behavioral influences on energy consumptmouttiat
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 McKinseyettecity reduction that would result from
refrigerator replacement initiatives was overly optimistic due to effects by resident behavior. The
2009-2012PSEE programeplaced very old refrigerators with nexyefficient modelsandended

up reducing elecicity consumption by 8%Nhile this reduction wasubstantiglit wasmuch 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 elgcteduction arose

from residents preferring larger refrigerators with more complex featutast still deemed
Aener gy I&«dolingthateha appliance would consume less energy and hence save them
money (Davis, 2014) Therefore, effective draftif household appliance energy efficiency
policies must take into consideration the effects of resident behavioral choices.
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Tableb: This table summarizes policies in Mexico that are relevant to energy efficiency and saturation of appliances in Medc@vBoelaboration based on literature review.

Policy Name: Years Description Appliances Affected:
Effective:
Normas MexicanagNM) 1992- Offered Mexican federal minimum energy efficiency standards (MEES) models that can be adopted by Ic Dependent on decisions made by local
Present governments as basis for residential energy efficiency paliéié#sough NM are voluntary on their own, they ~governments, but typically applied for
can be incorporated into local law and thereafter enforced as mandatory. (Global Buildings Performance Sa@me appliances as IMJsee below).
Network)
Normas Oficiales Mexicale$NOM) 1992 Established mandatory set of minimum energy efficiency standards (MEES) for the most common house Air Conditioners
Present appliances and building materials in Mexico. New appliances applicable to the MEE Suimedremconsume a Freezers

rate of energy consumption, defined by a specific amount of power per unit time, at or below a specific LED Bulbs
threshold, defined as Unit Energy Consumption (UEC), set for each appliance. NOM are updated to stric Refrigerators

. - ) ) Washing Machines
standards typically every aple years for each appliance. (Martifidantejo et al., 2016) Waterl I-?eatersl

Programa de Financiamiento de Ahorros de 2002 2006 Provided financing foralmost 630,000 refrigerators, about 130,000 air conditioners, and 25,000 thermal Air Conditioners

Energia Electrica (PFAEE) housing insulation over the course of the prog¢Barbero Novaro, 2016) Refrigerators
Thermal Housing Insulation

Programa Nacional de Sustitucion de Equipo. 2009 2012 Supported the substitution of 10+ yesd air conditioning and refrigeration equipment for new energy savin Air Conditioners
Electrodomesticos (PSEE) machines. Domestic usaexeived vouchers that covered the purchase and transportation costs of new Refrigerators
equipment, as well as the removal and destruction of old equipment. Financing supported by the prograr
paid through the user o6s ener gyEnérdy(SENERNadd opesated by v
FIDE and ASI(RosasFlores et al., 2011)

Financiamiento para el Programa de 199017 Appliance substitution program that allows replacement of old refrigerators and air conditioners, as well ¢ Air Conditioner
Aislamiento Térmico de ViviendgRIPATERM)  Present panel installation. Costs of installations are charged through residents' electricity bill. Bimonthly electricin Refrigerator
T Now known asAhorro Sistematico Integral consumption foair conditioners must be greater than $500 and for air conditioners must be greater than : Solar Panel Installation
(ASI) Residents must also abandon their old appliance to receive the ne{@loarnel 10, 2019)
Sello FIDE 19% - Energy efficiency certificate program that began inSL®erves as a seal on products that meet energy

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

equipmen{SDE Mexico, 2019)

Educacion para el uso Racional y Ahorro de  1999i A primary and secondary school program in which teachers impart information on electricity savings to 1
Energia Eléctricf EDUCAREE) Present students through classroom activities. Designed to develop a culture of electricity savings amongst yout

generations. In 2005, 88,000 professamd 2.7 million students across Mexico participated in the program.
(CASTILLO, 2007)

Mejoramiento Integral Sustentable en Vivienc 2016- Financing program to increase proliferation of Aircondioning
Present gas and energy costs for families that have up to 5 members making minimum wage ($ 11,102.08 peso Efficient gas heaters
2016.) Qualifying eco technologies includetmal windows, thermal insulation, inverter air condition, LED LED Bulbs
bulbs, reflective paint, efficient gas heaters, photovoltaic systems, and solar thermal R 2019) Refrigerators
Through the program the National Housing CommisSoIarthermaIandPVsystems
' Thermal Insulation
of the value of the ecotechnologies, along with an additional 10% subsidy from the Fund for Energy Tra
and Sustainable Energy Use (FOTEASEergy Center Mexico, 201%)DE also proviés a credit of up to
$50,000 MXN to residents, providing 14.59%8% fixed credit rates, plus Value Added Tax (VAT) for up to
years. (Ibid.)

Programa Nacional para el Aprovechamiento 20147 2018 National energy efficiency plan
Sustentable de la Energia (PRONASE)
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Chapterd: Literature Review

Residential Energy Consumptiomexico

Much researclnas been conducted on the nature of residential electricityn dexico andits
environmental, technological, amd¢onomicadmpacts.An earlystudy byMasera et alprovided a
historicaloverview of the nature oksidential energy consumptionexico anddisaggregated

Me x 1 c 00 s enduseisduscesinalyanlg the environmental impact®pportunities and
barriersthat accompany increaseseanergy efficiencyMasera et al., 1993The study noted the

forming asymmetry of the urban and rural residential sectors fromtoutaban migration and

internal population growth. In 1990, hgyhlighted n the study, most of the rural population was
concentratedn the center and south &exico and many households lacked basic electricity
services and sewage. Such lack of access resulted in disproportionate use of asomassl

source amongst rural households. The study also noted a decrease in average family size, resulting
in greater growt in number of households in comparison to that of overall population.
Additionally, the study noteshe disproportionate share @nnual income that rural and lew

income households in Mexico began to spend on eradtgy the early 1980s, citindecreasig
tariffs and the popul adcauses of this incoeased eaedgy Isuglenn d i n g

Thedisaggregation performed in tMasera et. al studipundresidential energy demand to have
consisted of 61% cooking, 27% water heating, 5% lighting,2ab% refrigeration, with lighting

and refrigeration demanding the greatastount of electricity (35% and 26%, respectively.)
Saturation of varying appliancesurban householdsas found to bé0% for water heaters, 88%

for televisions, 70% for refrigators, and 58% for washing machinesdditionally, ar
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 inrease in consumption as the migration to warmer portions of the country continued to
take place. Greater access to appliances was also projected in Mexicoedoadmic growth

from increasing trade with the United States

The Masera et abtudy was dllowed by abottomup analysis of residential energy consumption

in Mexico Citythatlooked at appliance saturation by income graams built a model testimate
associated energy consumpti@heinbaum & Dutt, 1996 he study noted that in 1994 a rate

of 2% per year sincE988,electricity demand was found to have grown faster thaR,@bd cited

air conditioning as a growing area of concern for demand increases as rapid demand for the cooling
technologiesarose inhouseholds in northwestern Mexidan analysis conducted ke 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, alonfweithther
counties, usinghouseholdexpenditurego construcia bottom up model of residential electricity
consumption.Their findings noted that per capielectricity expenditures wegrowing much
quicker for low-income households than those of middi@d highincome. Specifically, they
found that between 1996 a@@08, electricity expenditure of lemcome households doubldalit
only grew by 50% for middleand highincome household@Volfram et al., 2012)The authors



alsonotad the consistentinderestimatioperformed bynstitutionsprojecting the future of energy
demand in emerging econosi noting that this underestimation oftessults from a lack of
understanding of differences in adoption of home appliances. These reports are often tmgsed o
down models that do not reflect timereases in appliance adoption that accompany the growth of
middle-income residents in emerginganomies, like Mexicolnstead, the authors suggest that
enduse modeling (or bottorap modeling, as it is characterized in this report), may more
accurately represent the energy consuming realities and future consumption patterns of
households.

Most reently, in 2017, Castillo and Peitanstructeda bottomup model of appliance usage in
Mexico over 1992 2014(Castillo & Pefa, 2017)his model tracked ownership of 4 categories
of appliance: entertainment, cooling, washing, and miscellanetufienanalyzed adoption in
terms of socioeconomic status and incoribe authors als@onsidergeographical region;
household featuretike howsehold size, and age and sex of the head of the faamtidwelling
characteristicdike the number of rooms and flooring construction materidy. grouping
householdsinto energy consumption decileand then into5 energy consumption profiles
(minimum, low, medium, mediunhigh, and high) the authors determidehat households in
higher consumingroupshave greater adoption of cooling devices (refrigerators anddadshat
entertainment device ownership increaspssitively with energy consumption vels.
Additionally, the studydeterminé that most households (37%@lIfinto the medium energy
consumptionRegarding socioeconomic status and energy consumption, the authors determine
that wealthierhouseholdsexhibit higher energy consumption rates, along with larger homes,
greater education levels, urban locations, better housing conditionsvhile the inverse is
associated with lower energy consumption rates

Our study will build off ofthis portfolio of research by analyzing patterns and trendsppfiance
adoptionand penetratiolver time and contextualizing these pattenithin the environmental

changes accompanyimgjmate change, as well as equating the effects that must be considered in
theGove nment of Meox iupogbrsa dpd athnhse countryds el ectr

Energy Efficiency in Mexico:

In 1996, a study on residential lighting efficiency in Guadalajara and Monterrey, Mexico,
conducted by Friedmann et &und residential lightingo be the greatest use of residential
electricity consumption and assessed strategies to replace incandescent bulbs wiR.CFLs
Friedmann, 1996 )riedman continued this energy efficiency analysis with Sheinbaum in a 1998
overview of Mexicobs e r{Rafaghriedmdnh & Sheimbaumyl998)o 1 i cy
Theranal ysis noted the challenges in energy eff
bet ween government and private entitieso and
that much of the countryo6s ef hwarentessardadiicatioe,e n f ¢
introduction of minimum energgfficiency standards (MEES), incentivization of eneedficient
technologies through financing, and creation of CONAE, a technical organization created to assist
government and private actors witheegy-efficiency.
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Impacts

Energy efficiency policies have had mixed impacts on energy consumption from residential
appliance. Pr oj ecti ons of ener gy s aimimumgmergyaeffitiendyb ut e d
standardéiave estimated a total energy savings of 16.06 TWh of electricity in 2012 and a projected
savings of 69.55 TWh by 203MartinezMontejo & SheinbauriPardo, 2016)However, studies

on the effects of appliance substitution policies meant to promote exobianiger, less efficient
appliances with new, more efficient ones, have been far less successful than projec2@@®9The

to 2012Programa Nacional de Sustitucion de Equipos Electrodomésf{R8E&EE),commonly

known as th&€ash for Coolers, was one suclhstitution plan that supported replacement of older
refrigerator and air conditioning appliances for {mg@ome communities in warm regio(i3avis

et al., 2014)The policy reached 1rillion households, 90% of which used the program to replace

their current raigerator. While electricity consumption from replacement of refrigerators
decreased, threductionwasabout 4 times lower than the decrease projected by the World Bank.
Furthermore, the electricity consumption of households who replaced their aiicoedkictually
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 consurption based on promotion of new energy efficient appliances.

Barriers

The Masera et al study identified expected barriers to energy efficiency amongsridgbw
income groups, appliance manufacturers and distributors, public actors, and privattonsti
Specifically, the study highlighted challenges to energy efficiency resulting from a lack of
financial concern for energy savings amongst higlome households and conversely, a lack of
ability of pay for energy efficient appliances in lemcomehouseholds. 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 therebypreventing 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 technologi®sasera et al., 1993)

Ruchansky etAl, in a 20150verview 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 (Rucharsky 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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Chater 5: Data andMethods

National Household Expenditure SuriEyIGH)

A primary source of datkor this study ishe National Household Expenditure SurvEnguesta

Nacional de Ingresos y Gastos de Hogawe€£NIGH), an extensive nationwide household
expenditure survey that is completed every two years in Mexico. This survey is conducted by the
Nati onal Il nstitute of Statistics and Geogr aph
disseminating information about Mexico in terms of territoegources, population and economy

in order to know the characteristics of the ¢
The datasetprovidesvaluable information on consumer choices as they relate to household
appliancesandoccupant demographinformation, such as socioeconomic status and geographic
location.In 2008, INEGI adopted a new structure for the ENIGH survey, redesigning the survey
databds representation of ex pleimpsoed ysesdghe éntiraty, and
of this new survey seriesyhich consists of surveys collectédm 2008 to 2018, to analyze

saturation of household appliances across Mexico in relation to a variety of household and
occupant characteristidcs.n or der t o r epr e s e metpopuldtien, weightinge o f
factors specified by the survey for each household will be incorporated into data ankgses.

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

Table6: Number of Residents SurveyedMIGH i2008to 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 seripsovides data that supports analysigents in household saturation

for the following appliancesir conditioningunits homeheaing units light bulbs (incandescent

and energysaving), refrigerators, TVs (digital and analog), washing machiins appliance data

is provided in conjunction with the following househaldaracteristiclocality size, house size,

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

National Surveyg Consumpon of Energy Sources in Prividtausing UnitSENCEVD018

The Encuesta Idcional sobre Consumo de Energéticos en Viviendas Partic(EMNEXEVI) was

a onetime survey conductein 2018 that provided @omprehensivdook into the specific
technologies and quantities of appliances in residential households across Meigcstudy
analyzeglata from the ENCEVI survegboutthe technology portfolio of air conditioning units in
home (proportion of central agonditionng units conpared to minisplit, and evaporative air
cooling unitsland home heating uni¢proportion of electric compared to gas upitgs well as the
time these appliances are used per year.
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ApplianceDataOverview:

Lighting 7 The ENIGHsurvey has documented the number of lightbulbs in each household in
every survey that has been conducted during t
ENIGH survey began documenting the number of enseyyng bulbs (focos ah@dore) in the

2014 survey.

Refrigerators- The ENIGH surveys from 2@lto 2018documentedvhethera householdwned

a refrigerator and whatear the household purchased the newest refrigerator. However, these
surveys did not include information about the energy consomptiefficiency of the refrigerator.
Considering MEES get stricter over timefrigeratordrom more recent years are more likely to

be more energy efficient.

Heating and Air Conditioning- The ENIGH survey has documented household air conditioning
andheating technology adoption in every survey
period, from 2008 to 2018. The informationcsllected with ebinary variablerepresenting the
responsedo the question of whethd¢ine 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 wunique
ofva i ous types of these technologies among res

Washing Machines The ENIGH surveys from 2@ito 2018 contain data on washing machines
adoptionby householda nd dur i ng whi c hthewashimg machiee wasdoughe h o | d ¢
However, hese 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 couldtiatedbas an
indirect measure of the applianceds energy ef
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 'y
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 atfomabout TVs in

general.

Household and Occupant Characteristics Data Ovenddémate

Climate classificationsare the only data points not specifically coded into the ENIGH data.
Instead, this project derives its locality climate data values baffdble state codassigned to

each surveyresponden | NEGI 6s 2018 ENCEV lategorize theecquntryt he o
into 3 major climate types: extreme heat (chea
tropical and assigns each statedoe climate type (seleelow chart- left) (Encuesta Nacional

sobre Consumo_de Energéticos en Viviendas Particul&&EEV1.2018.

Thisstateby-st at e cl assi ficati on r epr dimateaddssfication;e f oun

however, a modification was made to this classification to represent tbgodh Climate
Classificationsystem This system classifiemuchof the statef Veracruzde Ignacio de la Llave
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asa tropical climate type. Analysis of temperature datmg the DarkSky APtonfirmed the
temperature patterns deracruzde Ignacio de la Llaveo match those obther purely tropical
climatetype states, so the statvas reclassified as a tropical climagpe state for all data
analysigDark Sky AP12020).

State

State values for each observation were extracted frolfthé GH sur veyds fnAubi ca
which is composed of a string of numerical values matching to various locality characteristics,
with the first two numbersf the value indicating the state in which the household responder is
located. These values werdecoded through N E G ICatélogoiUnico de Claves de Areas
Geoestadisticas Estatales, Municipales y Localidadssigned to each observatiQiNEGI,

2020)

City
Similarly, to state values, city values for each observation were also extramtedhiz ENIGH
surveyo6s nubi Cityg valyesonéie up the firsafivdnienbersof t he HAubi ca

variableand were similarly Catlogo deicb deuGldvesgle ArddE Gl 6 s
Geoestadisticas Estatales, Municipales y Localidad@sEGI, 2020)

Locality Size

The ENIGH survey classifies locality sizes of the survey respondent into four catelgsgdhan
2,500 inhabitants, between 2,500 da4d999inhabitants, between 15,000 é@@999 inhabitants,
and greater thaar equalto 100,000 inhabitantslhis project did not make any modifications to
this classification.

Locality Type (Urban \Bural)

The household locality type (urban or rural) is specifically denoted in the ubica_geo cpelarfor
20142018. INEGI describes this classification as a derivative of localityasizs a municipal
head ( n S p a cabesena, muracipai (INEGI, 2020) Surveys from 2008 2012, however,

did notinclude a ubica_geo code for urban and rural localithes such, this project manually
classified all localities with less than 2,500 inhabitants as a rural locality for those survey years.

Socioeconomic Status

Socioeconomistatus data is provided IMEGI for the final fourENIGH surveys, those collected
from 20122018.The data point classifie®cioeconomic status into four categories: low, medium
low, mediumhigh, and high. INEGI describes this classificatias derived from the
socioeconomicharateristicso f t h e h o u s e hphysidabharactensticafibhe home t s
and its equipmengndalignmentwith 24 indicators constructed from therwl@eneral Population
and Dwelling Census in the year 2QO0REGI, 2018) A replicable formulaould not be found for

the years 2008 and 2010, so analyses incorporating socioeconomiclséaticgeristicgvere only
conducted for th@0122018ENIGH surveys.
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There were 34indicators that determined the four socioeconomic levadssisting ofbinary
variables that reflect the following topics: employment, occupation, gender, age range, education,
employability, dwelling features, and access to health senSoese examples of questions used

to determine these binary variablasluded:

1 Does the household have access rights to medical services in any public or private medical
institution, except popular insurance?

1 Does the household have someone older than 12 years who works, is searching for work, or has a
job but does not wofk

1 Does the household have access to electric lighting?

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

1 Does the household have accesa twwater 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 dfeeletted indicators.
Alternative methods used were:
a. Original indicatorsscaled by proportion
b. Standardized indicatarsach indicator is subtracted by its average and the result is divided
by the standard deviation
c. Standardized indicators vidaleniusHodges methadeach indicator is divided by the
square root of the variance obtained by the DaleHimdges method
d. Main componentsegarding the original or standardized indicatamsorporates 85% of
the datads variability
3. Execution of the diffeent exercises by applying thenkethods algorithm.
4. Decision of the optimal stratification regarding all the realized exercises.

Level of Education

The 20082018 ENIGH Survey contains a varialilet captures thhbead of the hous
highest educatiotevel. 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 itteduftdlowing:

elementary incompletél,2,3), elementary comple{d,5), middle school aaplete (6,7), high

school complet€8,9),undergrad or highgd0,11)

Type of Home

The 20082018 ENIGH surveys contain a variable indicatinthe 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/estgates changes in only independent houses (labeled
Ahouseso in graphs) and apartments, thereby
excluding them from formal analysis.
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Size of Home

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

of the respondentds home. The ENIGH survey p
numerical integer value. For purposes of this studsgethumerical valuswerecategorized into

the followingvalues: 1 room, 2 4 rooms,57 7 rooms, & 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 and42rooms; mediursized homes contained the
category 5 7 rooms; ad largesized homes contained the categoried8 rooms and I+ rooms.

Age of Home

The ENIGH surveys providdwellingage data in two different forms across the 202818 study
period. In the 2008 ENIGH survegwelling ages were provided ategorcal form, as belonging

to one of each of thiellowing five categories: less than 3 year$,@years, 1 10 years, 11 20
years21i 30 years, 31 50 years, more than 50 years, and unknolme 20101 2018ENIGH
surveys providedhousehold ages asamerical integer valyspanning from 0 to 9%or purposes

of this study, thes2010- 2018numercal values were converted to a categorical form matching
that ofthe 2008 survey so that survey responses could be matched amongst all survey years.

Cluster Analysis (Treehieans):

To characterize various archetypes of households adopting each of the appliances studied, this
project has conducted a clustering anialy$hs analysis aims to highlight the varying trends
exhibited amongst vastly different groups of household appliance adopters

Energy Consumption Model:

This projecthas @velopeda model of estimateldouseholdenergy consumption by appliance type

that depicts the trends in appliance related energy consumption exhibited over theZ20@3

study period.These estimations are then usedrétate prospectivéncreasesin electricity
consumption to thelans setfot h i n Me x electidtysgridncapgcityoerpansion plan
(Appliancespecifice ner gy consumption estimati opes) are pr

Greenhouse Gas Emissions Model:

This projecthas also developed a model to estimate the patdat greenhouse gas mitigation

that could arise fromnergy efficiency and demand respopskcies. This model uses the outputs

of the energy consumption estimates produced ihe proj ect 6s Energy Con
inputs for a base referencase dgreenhouse gas emissiotithenequates the estimated potential

for energy consumption reductiém decreases in annu@abz emissions.

Data Cleaning:

Lighting - The number of energyaving bulbsvas reported in 2012018.Some NA responses
wereincluded in the survey data fenergysavinglightbulbs These responses were changed to
denote a reagpomtsicomd, Aimadsne d thatrespordendidansthavempt i o n
that technology in their home.

Analyzing Household Drivers of Residential Electricity Consumption in Mexico Siegel, Ullman, Wu 39



Air Conditioning and Heating- Househatl air conditioning and heating adoption was denoted in

the ENIGH data by a survey responaeptoowasii 10 b
denoted by a survey response of fA2.0 Some NA
conditoningancheat i ng adoption. These responses wer e
adoptiono, based thoserespomderstddna baweghatitechmologyh a t

Socioeconomic StatusChanges in socioeconomic status over the study period were measured
using the ENI GHn dacaisee ®sn obmiicl tst at us measur
categorized socioeconomi c -l otwg tou Shnikegdhi Juenb&ah & M i
The ENIGH report defines these categories as a classification of a suckegdohg by the
socioeconomic status of i ts i nhabitants and
equipment. The stratification of the variable was conducted by ENIGH using 24 indicators from

the 2010 Census of Population and Housing, howevailslen 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 categoriesf education levelFor this analysis responses were
grouped into fouseparate categoriéselementary 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 sade¢héirdwelling

type. Alarge majority of households reportdiding in an apartment or house. Hebslds that
reported |iving in a Arooftop roomo, Acommuni
grouped into an alternatiger o u p ¢ a | Irthelpurfoses of ¢his analysis.

Overviewof NAData:. The tabl e below highlights ttiee numb
20087 2018 ENIGH surveys=or t he Al ocal ity sizeo and fAage
were not included in any data analykiactions. For the remainder of the variables listed below,

NA responses wer e c hanthesaresponderds afisaying thatadoption i s
of a certain appl i anadaeptedtsatappliamde. avai | abl edo hav

Table7: Number of NA Values by Variabdeind 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 5504 | 0 0 0 0 1
Refrigerators
Number of Rooms 1,245 | 1,143 0 0 0 0
Washing Machines | 14,591 0 0 0 0 1

Analyzing Household Drivers of Residential Electricity Consumption in Mexico Siegel, Ullman, Wu 40



Survey Results: Natiorsdturation oAppliances

At the national level,he householdpenetrationof appliance under analysisand their rate of
change ofpenetratiorover timediffers greatlyfrom appliance to appliancé television can be
found in nearly every Mexican hom#hough the ownership of personal computers has likely
be contributed to their sieed growth On the other handheaing and air conditioning remains a
luxury for a small portion of the population. In this analysis, we analyzepbeific drivers of
adoption of appliances from year to year, breaking down the national numbeilsnbye,
socioeconomic statulcality size,education levels, housing type, and number of rooms.

Overall Hypothes of Drivers ofApplianceSaturation in Mexico

We expect that unit energy consumption (UEC), which is the amount of energy consumed by a
single appliance per unit timewill decreasen the future. However, thpenetratio levels of
appliances overall wi || be much more dependen
expectpenetratiorievels of appliances overall to:

Increase with time.

Increase with higher socioeconomic status

Increase in homes witlousehold sizénumber of rooms)

Increase proportionatelyorein urban areas than in rural areas.

Increase proportionatelyorein large population areas than in smaller population areas.

= =4 =4 4 4

We expect efficiency levels of appliances overall to

Increase witthighereducation

Increase with higher income

Increase irocalities withlarger population

Increase withmoreefficiency policies targeted at those appliances

= =4 -4 4
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Chapter6: Adoption of Energy Efficiehtghtingin Mexico

Chapter Overview

This chapter analyzesaturation ofightbulbsas well as th@rimary drivers of adoption of energy
efficientlighting in howseholds ilMexico. While nearlyevery household has at least éightbulb,
Mexican households astill transitioningaway from incandescent bulbsdaergy savindpulbs
like compact fluorescent ligfCFL) andlight emitting diogks CEDS).

Government energy efficiency policies, rebates, and giveaway programs for lighting appliances
havevastly increase the replacement oincandescent bulbs with energy savomngs Still, this
analysis reveals that income, town siaad education are theiprary drivers for adoption of
energysaving bilbswith a higher saturation ¢fiesebulbs occurringn higher income households
thosein which the head of the household is more educatedthosein larger citiesThe analysis
reveals the effectiveness$lmghting efficiency policies andlentifiesthe households thaave the
highest saturation of energy efficient bulbs, as well as thosenilaheed more suppoend
targeted policieg order to transibn 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 efffidighting intheresidential sector.

The technological developmentasmpact fluorescent lightilbs(CFL) and light emitting diodes
(LEDSs) provides opportunity for households to reduce their energy use by replacing incandescent
bulbs (IB). CFLs use aproximatdy 31 4 timeslessenergy thariBs. Additionally, CFLs have
significantly longer lifespansangingfrom 5,000 to 25,000 hours, while IBs have an average life
span of 1,000 hour&EDs are eve more efficient with longer lifespansEDs use appoximately

5-6 timeslessenergythanIBs and last approximatel®5,000hours.For this reason, a nationwide
switch from incandescent to CFlasd LEDscan 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 ts use 1B
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 th
benefits. Market forces, lack of information, high upfront costs, amongst other factors all
contribute to lover than optimasaturation rates. While both developed and developing countries
share many of the same barriers, developing countries face wfglienges, including higher
levels of lowincome households and lower education le(@hlun & Jiang, 2012)

Althoughthel f et i me costs of CFL have dropped sighn

higher upfront costs still remain a barrier to adoption for some households. While, thisassue
a small impact ohigher income consumers, it is an important factaotesider 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 costise payback periodf LEDs an CFLds short given the
montly electricity costssavedrom replacing IBs withLEDs andCFLs. Thelack of information
about electricity savings from CFLs and LEDs is often a barrieddar income household
adoptionandhas been cited as a barrier to adoption in several stéhesxample in a study
conducted in Pakistan, the authors fothmat a majority of residents perceived the lifespan of CFL
bulbs to be much shorter than the reality. This lack of undeisganfluences a household to
decide against purchasing a GRherely suggesting thabetter labels andducation campaigns
to provide more information could be fruiti(fChun & Jiang, 2012)

Another barrier to adoption of energy efficient bulbghie principalagent problems that exist
between renters and property owném@ndlordsare incentivized to install cheaper, less efficient
appliances, because they do not bear the cost of electilibity can often lead to rented homes
being overall less energy efficient than owned horBé#, 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, sggsting that the loss of energy savings from this issunegligible
(Murtishaw & Sathaye, 2006)

The Case of Mexico

Il n Mexico, l ighting programs and policies hav
reduce residential energy consumption and meet climate asdreation goalsSeveral programs

have been implemented to increase the saturation of energy saving bulbs in Mexico, some of which
particularly target lowincome states and households. Still, Mexico faces many of the same barriers

to increasedadoptionof energy efficient bulbs, including income, lack of informati@md

difficulty reaching rural areas to name a few

The Mexicanfederal government has severalipies and programthat impactthe household
adoption of energgavinglightbulbs Every year CONUEE develops specifienergy efficiency
targetsfor an AnnualWork Plan, which includesspecific goals for appliances like lightinghe
federalgovernmentmay also work withnon-profit organizations, such as the World Bank, to
achieve efficiency goal#dditionally, Me x i &OMs provide guidance and restrictions on the
sale andnanufacturing of lighting appliances for household Bstow are the programgast and
presentthat have been implementeglincrease the saturation of energy saving bulbs and replace
IBs (World Energy Council, 2016)

Past

2009-2014- LuzSustetable- CONUEE and~IDE collaborated with World Bank to replace
over47.2 million bulbs by the end @014 This progranreachedver 11 million Mexican
families through setting up deployment places in over 1000 locations and targeted low to
middle income householdgVorld Bank, 2017)
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2015 Replacement of Incandescent Bulbs in Small Toewn2015,CONUEEcarried out a
project to replace 16 million IB®& 3.2 milionwi t h CFLs i n MeMbrdods sn
Energy Council, 2016)

2011- 2017- STANDARIDNOM-028ENER2010, Energy efficiency of lamps foregeral
use.ln 2011, £GOB put new efficiency standardsn place that effectively banned the
commercialization of most IBShe sale oiBs of 100 wats and greatewith an efficiency
less tlan 20.69lumens/wattwas banned as of December 31, 20IHat standard became
stricter each yeabanningBs of 75 Watt or greatexith an efficiency of 19.81 lumens / watt
or lessas ofDecember 31, 2012, aménning the sale dBs of 60 watts and 40 watigth an
efficiency of less thanl7.44 and 14 lumens/watéspectively as of December 31, 2013
(SEGOB, 2010).

Present

2018- Present STANDARIDNOM-028ENER2017, Energy efficiency of lamps for general
use.Standardsiffecting the sale of IBwill be enforcedasJanuary of 201@after the2018
survey), banning thesale of bulbs o¥5 watts,60 watts, and 40 wattsith an efficiency of
less than 15.53 lumens / watt, 14.68 lumens / watt and 13.09 respe(@G@e0OB, 2017)

Upfront costs and lack of information appear to have impacted the adoptioneatzgjfefficient

bulbs in Mexico. In 2015, global consultingirm hired by SENER surveyed over 800 Mexican
residents about their CFL purchasing choitésarly half (45%) of respondents cited high cost as

a reason that they have not purchased CFL buflmsvever, 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, D16). This illustrates that perceptions and education still have a
significant impact on the saturation rate of enesgying bulbs in Mexico.

Population growth likely plays a significant role in the household saturation rate of lightbulbs.
While the mmber of energygaving 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 tdpwn approach to analyze the peagon of energy efficienbulbs

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 efficient bulbs ando createpolicies that specifically target households

with lower adoption rates. This analysis will review time, climatgioeconomic statysousing

type, household sizeeducation levelsandlocality size as potential factors thaintribute 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:

1 Overtime, thepenetratiorrate of energy saving bulbs will increase due to decreased costs of
energy saving bulbs and energy efficiency policies
High income households will have a higlpenetratiorof energy saving lightbulbs, but lew
income households Wigrow at a faster rate with targeted policies
Urban areas will have highpenetratio of energysaving lightbulbs than rural areas
Larger cities will have a higher penetration than smaller cities
Apartments will adopt at faster rates than houses
Educaton level will have a positive effect on adoption rate of energy efficient lightbulbs
Northern states will have more lightbulbs than southern states

= =4 =4 =8 =9 =

Data andMethods

ENIGH has data on the number of households in all survey years under study in thi€G£}sr

2012), however, EBHonl y began col | escatvii mgg od abtuad bosn i fine nseurr ¢
In this study, the factors affecting the number of lightbditbsn 20082018 are analyzedThe

factors affecting th@enetratio rateof energysaving bibs from 20142018 are analyzedilt is
assumed that an fienergy savingo bulb is synon
In reality, energysaving bulbs could include LEDs and other energy efficient options. Based on

the research conducted dghting policies and behaviors in Mexico, this study considers the
following factors as possible drivers for residential lighting adoption and ewmdfigient lighting:

state, climate, towssize, education level, age of household head, and housing type

Drivers ofEfficientLightingPenetratonin Mexico

Variable Saturation Rate Rang¢ Highest Saturation| Saturatiorincreasdrom 2014 to 2018:
in 2018 in 2018
Socioeconomic Low to High: High: Low:
26% 8% 27%
Incomplete Incomplete Elementary.
Head of Household Elementary i Undergraduate or 21% )
Education levels Undergraduate or Higher: 90%
higher: 24%
. 2.5K:
o (<2.5K) 1 (>100K): >=100K: <
Locality Size 17% 81% 25%
(House)i A .
. partments: House
Home Type (Apartment): 88% 17%

12%
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NationalPenetrationRates 20082018

The total number of lightbulbs in Mexico has increased since 2008, with a growth of approximately
28.16% between 2008 and 20(s&efigure below) The largest growth occurred between 2008

and 2010, where the numberightbulbs 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 ,n 201
there was a 12% increase in the lightbulbs per household, indicating an unusual growth in
lightbulbs per home. This may be dueatoincrease in income for Mexican households, including

a growing middle class.

Figurel2: Growth in thenumber of bulbs in Mexico from 2008 to 2018. Source: own elaboration with data from ENIGH 2008
2010

Total Bulbs in Mexico, 2008-2018 Average number of Bulbs per Household in Mexico, 2008-2018

2008 2010 2012 2014 2016 2018 2008 2010 2012 2014 2016 2018

The number of lightbulbs varies by state, with the average number significantly lower in the
southern states than in the northertestaChiapas, Oaxaand 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
affectedby lower incomes affordingmaller dwellings antéss bulbs.
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Figurel3: Average Lightbulbs per household, 2208.8

Penetrationof Energy Saving Lightbulbs in Mexico, 22048

The number of energgaving 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 expastdtnumber of households

has increased approximateljthe same rate.

Figurel4: Adoption of Energy Saving Bulbs in Mexico in 20148. Source: own elaboration with ENIGH data for 2014, 2016,
2018.
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In 2018, the average Migan householthadapproximately 5.53 energy saving bulbs out of 6.88
bulbs per household. TabBbelow summarizes the average number of ensayyng bulbs per
households, the bulbs per household, the average proportion of bulbs that are energyesaving p
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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 energgaving bulbs occurred between 204nd 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 irage in energgaving bulbs (3.7%)n 2018, about 14% of
households, or 4.86 million householdsll had no energgaving bulbs.

Table8: Proportion of energy savidightbulbsin Mexican households i20142018 Source: own elaiyation with data from
ENIGH 2014, 2016, 2018.

P .
Energy FUOI;UBVI:'IE: Households
Saving Bulbs per with Energy

Year that are X
Bulbs per Household Ener Saving
Household _gy Bulbs

Saving

2014 4.57 6.89 58.59% 72.31%
2016 5.58 6.90 76.92% 87.32%
2018 5.53 6.88 75.79% 86.11%

Penetrationof Energy Saving Lightbulbs3mste, 20142018

The adoption of energy saving bulbs also varied significantly in each state. Oaxaca had the most
drastic changes of any state. Between 2014 20iB, the number of households grew by
approximately 17%, while the number of enesgwing 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 householddreased from 49.2% of bulbs to 79.7% in the same time frame.

In 2018, the two states with the highest proportion of ersagyngbulbs 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 9B@¥%states have the highest rate

of tourism of any other state in the country. In Mexico City, the average proportion of bulbs that
were energysaving was approximately 85.2%, up by 16% fradi4£ The lowest penetration of
energysaving bulbs occurs in Zacatecas (59.8% per household) and Chiapas (61.7%)
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Figurel5: 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®gcioeconomic Group20142018

Socioeconomic statustise most significant driver of adoption of enegpving bulbs in Mexico.

In 2018, the average proportion of bulbs that were energy saving Hincigime homes was 26%
higher than in lowincome homesWith every incremental increase in socioeconomic level, there
was a 512% increase in the proportion of energy saving bulbs.

Between 2014 and 2018, the averageportionof energy saving bulbs per household increased
in every socioeconomic group, withe most drastic increase occurring in the lowest income
group. Between 2014 and 2018, the avesdgaeof energysavingbulbsperhouseholdncreased

by 18, 13, and 8.5ercentage poinia themid-low, mid-high,and high socioeconomic segments
In contrast, he percentagef increasan the shareof energysaving bulbs per household in the
low-income groupsvasappoximately 35.5% Naturally, the growtlin theshare of energgaving
bulbsdecreaseas penetratiofevels approach 100%
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Figurel6: Proportion of Household bulbs that are enesgying by socioeconomic graufvhite text represents the number of
bulbs in millions. See appendix for details. Source: €atroration based on 2032018 ENIGH data.
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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 smallgnetrationof energysaving bulbs than those
households with professional or college degrees. Between no education and post graduate
education households, theweas adifference of approximately 27% 2018 indicating that
education level idikely one of the most inportant factors impacting th&aturationof energy

saving bulbs.

The saturation rate oénergysaving bulbss highest in households in which theusehold head

is most educated\s the households with higher educatlewels reacti00% penetratiortherate

of increase of saturatidras decreaseml/er time. This is important to note because while the total
number of bulbs might be staying the same, the number of esavijyg bulbs is increasing. The
increase in energy saving bulbs will lead to a decrefsighting energy use per household as
even the slowest to adopt begin to adopt lightbulbs.
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Figurel7: Penetrationof EnergySavindightbulbs in Mexican householdy education levedf 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.
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Penetrationof Energy Savidgghtbulbs in Small vs. Large Municipalities

Households in drger municipalities consistently have higherpenetrationof energy saving
lightbulbs tharthose insmaller towns. In 2018, the average proportion of bulbs that were energy
saving in towns over 100,000 people was approximately980while in smaller towns the
proportion was 1% lower, at 63.6%. This gap was particularly prevalent in 2014, wiwn
averagethe household saturation of energy savimgbswas 38.2% ircities ofless than BK
while the household saturatiovas approximatel24% higherwithin a city of 25K i 15K.

CONUEEOGs spkdficllytasyet snwller cities fighting efficiencyprogramsappered

to havesuccessfullydecreased that gdyetween 2014 and 2016. In 20C3ONUEE replaced over

16 million IBs with CFLsin small townsIn that same time pertl, the proportion of bulbs that

were energy saving in households within towns oK2056 less increased by approximat@§%

and the number of households with at least one energy saving bulbs increased by approximately
27.7%.This decreased th®usehold saturatiagap between households in cities of less than 2.5K
people and those of 285K to approximately9%. The number of energyaving bulbs in
municipalities of less than 2.5 K increadsd approximately 10.5 milliomnd by5.9 million in
municipalities of 2.5Ki 10K.

While governmentfforts to replace CFL& small townsbetween 2014 and 20Hppear to be
successful adecreasing the gap between smaller towns and larger towns in terms of the proportion
of bulbs that are energy saving, beam 2016 and 2018, thdifferencegrew larger once again

In 2018,the averagéousehold in citiesf less than 2,50B8ada 15% smaller proportioof bulbs
thatwereenergy saving than households in citiath a larger populationf 2.5 thousand to 15
thousand

DespiteCONUUEOG s e grdwthroftniemper offoeseholdsn the smallest municipalities

between 2016 and 20180.39%)outpaced thgrowth of homes witlenergy saving bulb&%).
From 2016 to 2018, thaverage proportion of energy saving bulbs per householidsaltities

Analyzing Household Drivers of Residential Electricity Consumption in Mexico Siegel, Ullman, Wu 51



smaller than 2,500 people decreased f60m11% to 63.6%43.5%) despite the fact that the number
of energysaving bulbsin towns of that size increased by approximately 8%ghting in
households in small municipalities the most inefficient of any category.

Figurel8: Average proportion of energgavinglightbulbs in Mexicahmouseholds by town siz@/hite text represents the
number of energygaving bulbs (imillions). Source: own elaboration with data from ENIGH 2014, 2016, 2018.
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Saturationof EnergySaving Lightbulbs in Household®xferent Szes

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 atimpd energy savingulbs

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 bulb&dnobm

homes increased by p@&rcent pointsfrom agproximately 41% to approximately 67%.
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Table9: Average proportion of eneregavinglightbulbs in Mexican householdg number of roomsSource: own elaboration
with data from ENIGH 2014, 2016, 2018.

2014 2016 2018
Rrop Increase Bk Increase aE Increase
Bulbs that - Bulbs that Bulbs that
Prop from Prop from Prop from
Num Room are ; are are
Bulbs Se  previous Bulbs Se  previous Bulbs Se  previous
Energy : Energy : Energy g
: home size . home size home size
Saving Saving Saving
1room 40.9% 2.1% 67.4% 1.2% 67.3% 1.1%
2-4 rooms 54.7% 0.8% 13.8% 75.1% 0.3% 7.7% 73.8% 0.3% 6.5%
5-7 rooms 69.6% 0.9% 14.8% 82.8% 0.4% 7.7% 82.0% 0.4% 8.2%
8-10 rooms 68.9% 4.8% -0.7% 88.1% 1.3% 5.2% 91.1% 1.2% 9.1%
10+ rooms 77.6% 5.6% 8.8% 91.4% 2.4% 3.4% 85.6% 4.5% -5.5%

Analysis oLightbulbs in housing types, 202818

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 singleamily homes had an adoption rate of almost 15% less. While there was an
increaseof households in apartments and siAfgmily homes with energy saving bulbs between
20142018, households in apartments still have abqer8ent poinhigher rates openetration

with 85.6% in single family homes and 93.8% in apartments.

Analysis of Lightbulbs in Different Climate Regions,-2008

The temperate region is the most popul at ed,
falling in this region. Threfore, it has the largest numberlightbulbsas 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 numbethafltighas
increased slightly since 2008 with the largest increase occurring in the tropical region. The chart
below summarizes the changes that have occurred.

Tablel0: Averagenumber of ightbulbs per household and total lightlwsl by climatic regiom 20082018 Source: own
elaboration with data from ENIGH 202818

Arid Temperate Tropical
y M E Total M . Total M . Total
ear MeanFocos | iohtbulbs| AN TO0S  iohtbulbs| ean TO%OS | ightbulbs
2008 7.18 48,332,189
2010 798 56,201,343
2012 8.27 61,990,835 7.26 138,695,474
2014 7.550 56/673.:130 1 ]
2016 746 58,245,334
2018 7.45 60,933,206
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Figurel9: Adoption of energefficient lightbulbs by Climate zone in years 2014, 2016 and 2018. White text represents the
number of energ-saving bulbs (in millions).Source: own elaboration with data from ENIGH 2014, 2016, 2018
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Conclusions

There are many household characteristicsaffiatt the proportion of energy savifightbulbsin
each household. When these characteristics are combined, it becomes clear which households have
been left behind in the transition to CFL bulbs and whictelmenefitted the most.

This analysis shows that educatigncioeconomic statyand municipality sizéave the largest

effect onhousehold saturation of energgving bulb. The sizef the home is also a significant
driver ofhousehold saturation ratesith larger homes havingsignificantly higher proportion of

energy saving bulbs than smalleyuseholds.

The geographic region plays some role as well, with households in the north having significantly

more bulbs that households in the south, despieproportion of energy saving bulbs being
consistenin each climatic region. Some states, like Chiapas and Guerrero, have consistently lower
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penetration of energy saving bulbs, while others, like Yucatan and Mexico City, have much higher
penetration ras.

EnergyUse

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 avdragdy usage rates
determinedn ENCEVI and survey data about the typddightbulbs in households in Mexico, it
is possible toprovide high and low estimates tiie total electricity consumption from the
household lighting sector in Mexico. However, becauseethEsH survey does not specify the
difference betweerenergysavirg bulbs and whether they are CFLs or LEDsvo extreme

estimates are presented below.

The first estimate assumes thatall the energysaving lightbulbs adopted are CFLs

Thesecond estimate assumes that all the ereaging lightbulbghat are adopteddore the 2014
survey are CFLs and all adopted afterwardd_&fes.

Tablell: Estimate of energy consumption due to lighting in Mexican households in 2014 and 2018 assuming adleafirgggy
lightbulbs are CFLs. Source: own elation with data from different sources as specified below.

Type of Electricity Hours/ | Estimated Number of 2014 Number of 2018
Lightbulb | consumption | day Energy lightbulbs in lightbulb s lightbulbs in lightbulbs
per hour of Usd Mexico in electricity | Mexico in 2018 | electricity
use(Watts- bulb/year 20144(ii) use (TWh) (i) use
hr) (MWh) (i) (iii) (TWh) (iii )
B 60 15 32.85 73.441 851 2.41 46,910,116 1.54
CFL 15 15 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.
(i) ENGH 2014and ENIGH 2018
(iii) Calculatedby multiplying number of lightbulbs by is engy consumption and average number of days used

Tablel2: Estimate of energy consumption due to liggtin Mexican households in 2014 and 2018 assuming all esaxgyg
lightbulbs are LEDs. Source: own elaboration with data from different sources as specified below.

Type of Electricity Hours/ | Estimated Number of 2014 Number of 2018
Lightbulb | consumption| day | Energy Usd | lightbulbs in lightbulbs lightbulbs in lightbulbs
per hour of bulb/year Mexico in electricity | Mexico in 2018 | electricity
use (Watts (MWh) (i) 2014 (ii) use(TWh) (i) use
hr) (iii) (TWh)(iii)
IB 60 15 32.85 73.441,851 2.41 46,910,116 1.54
CFL 8.5 15 4.65375 144,843,667 1.19 144,843,667 0.67
LED 8.5 15 4.65375 0 0 47,393,764 0.22
TOTALS 218,285,518 3.6 239,147,547 2.22
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The estimates presented above show tthatelectricity consumption from the switch to energy
efficient bulbshasled to a significant decrease in electricity consumptiérogween 0.48 and

1.39 TWhin 2018 | f we assunmseawvihng badllb sfice nadraeg lygeir L s |,
approximately0.48 TWh. If we assume that between 2014 and 2018, all energy efficient bulbs that
have beemdopted are LEDs, then the savingsaB® TWh of electricity.

Recommendations:

Many residential policies and programs in Mexicov@&ocused 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 1B to CFL trarnsin.

Additionally, SENER should consider developing policies that specifically reach households in
the poorest andnost inefficient states, where households would most benefit from reduced
electricity bills and where rising incomes could lead to adoptibmore lightbulbs. These
communities are also most likely to replace old bulbs with chéagendescenso programs must
continuously be implemented to prevéms.

Finally, energy efficiency education that reaches even the lowest grade schodlatpuidprove
knowledge of the benefits of energy saving equipraadtincrease the adoptienergy efficiency
appliances. More studies on this subject would be helpful to understand that relationship.

Areas of Expected Growth

In future years, we&lo notexpectsignificantgrowth in thenumber of bulbgper householdbut
expectthe number of energy efficient bullbie continue toincreag and the number ofIBs to
continue todecreas. We can expect that the switch to energy effitigulbs, specifically among
lower socioeconomic groups, lower edtign level households, and smaller towis increase
rapidly in the next few years, further reducing the electricity consumption and emissions from
Mexi cobds residenti al l' ighting.

Even wih the growth in overall lightbulbs due to the increase in population, the significant increase

in efficiency of lightbulbs on the market is enough tallstmitigate and even reduce the total
electricity consumption, even with the increased number of bulbs
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Chapter7: 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. Residentiair conditioning adoption, especially that of higFiciency air
conditioners, has long been supported by policy efforts stemmungthe Mexican government,
including policy support for energy efficiency education and financial incentives feintmwne
households. Significant differences in saturation rates are visible amongst groups of households
with varying characteristics. Thenain 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 hom@ignificance was determined using a 95% confidence interval.

Backgroud:

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 eegeto increase widely, especially when
considered under the impacts of climate change, whielkpected tancrease need for cooling
services in Latin America by 1058y 2100(Labriet et al., 2015)These increases are also likely
attributable to soci@conomic development, with consumption of air conditioners significantly
higher in households that earn over $3300/month than in lowemia householdévicNeil &
Letschert, 2008)These effed are expected t@sult in a neincreasen greenhouse gas emissions,

as thegrowth in energy consumption for spaceoling in Mexico is expected to outweighy
potential decrease ianergy use foheating serviceshat could be caused lglimatechange
induced temperature increag€darke et al., 2018)

Policies Supporting Adoption of Hiffficiency Air Conditioners

Snce the early 1990s, Mexicods energy efficiel
in assisting residents with substitution of lefficiency appliances with those that are high
efficiency and lower consumers of energ{Secretaria de Salud, n.dlhe following section

summarizes the policies describedCinapter 3: Energy Efficiency Policies in Mexico

Past:

2002- 2006: Programa de Financiamiento de Ahorros de Energia Eléc{fF@AEE): One of

the programs that resulted in the greatest energy efficiency impact is the Electric Energy
Savings Financing Program (Spanish acronym, PFAEESTILLO, 2007) Over the course

of the program, almost 630,000 refrigerators, about 130,000 air conditioners, and 25,000
thermal housing insulation were finang&hrbero Novaro, 2016)
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2009- 2012: Programa Nacional de Sustitucién de EquifidectrodomésticoPSEE):FIDE

reported that the Electmomestic Equipment Substitution Program (Spanish acronym, PSEE)
registered the substitution of over 1.65 million refrigerators and 201,000 air
conditionergBarbero Novaro2016)Co mmonl y known as the AChange
oneo pr Gambaaunviejp por un nuew i n Spani sh), the prog
substitution of 10+ yeawold air conditioning and refrigeration equipment for new energy saving
machines. Thragh the program, domestic users received vouchers that coamrer ofthe

purchase and transportation costs of new equipment, as well as the removal and destruction of
old equipment. Financing supported bljand he pr
was overseen by the Secr@aof Energy (SENER) and operated by FIDE and ASisas

Flores et al., 2011)

Present:

199071 Present Financiamiento para el Programa de Aislamiento Térmico de Vivienda
(FIPATERM)7 Now known asAhorro Sistematico IntegralASI): 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 fuorescent lightbulbs, door weather sealing, and air conditioning as well as serve
additional regions across Mexi€GASTILLO, 2007) The program is now referred to as the
Comprehensive Systematic Savings program (Spanish acronym, ASI) and serves as an
appliance substitution progm 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 condatisrmust be
greater than $500 and for air conditioners must be greater than $200. Residents must also
abandon their old appliance to receive the new @annel 10, 2019)

1992- PresentSello FIDEOne not abl e pol i cyelcRd®lahengargy ef f e
efficiency certificag program that began in 1992. Named for the private organization created

by the Federal Electricitfommission(Spanish acronym, CFE), the Electric Energy Savings

Trust (Spanish acronym, FIDE), ti&ello HDE 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 conditionglSDE Mexico, 2019)

19991 Present Educacion para el uso Racional y Ahorro de Energia Eléc{E0JCAREE):

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 aefivitihis 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 prd@ASTILLO,
2007)

2013i PresentNorma Oficial MexicangNOM): Similar to the Undewriter Laboratories (UL)
Certification Mar k i n tdae mahdatoty technicaltregulations Me x
that products must meet prior to official sale in Mexi¢Becretara de Salud, n.d.Air
conditioning specific NOM finally became lawin 1995 after initial regulatory concerns
affected t he countryos ability t o .(Rafaef or c e
Friedmann& Sheinbaum, 1998Between 2013 2 0 1 8 , Mexi cods National
Commission supported the update of 21 of the 32 NOMs in force to represent more stringent
energy efficiency standard§Creuheras, n.d.[Each respectiveninimum energy efficiency
standard can bguantified into an annual unit energy consumption (UteCgstimation othe
air condi t i commmplisamouats phe estimateccUECS for air conditioners are
listed below:

1 1990: 2.726 MWh

T 1995: 2.028 MWh

1 2002: 1.862 MWh

1 2020:.931 MWh

2016 - Present:Mejoramiento Integral Sustentable en Viviend&he stated objective is to
increaseadoptionofener gy ef fi ci ent feco technol ogieso
energy costs for families that have up to 5 members making minimum ®abk, 102.08

Mexican pesosper year in 201§. Qualifying eco technologies include thermal windows,

thermal insulation, inverter air conditiers LED bulbs, reflective paint, efficient gas heaters,
photovoltaic systems, and solar thermal systefiREDE, 2019) Through the program, the

Nati onal Housing Commi ssion (CONAVI) grants
of the ecotechnologies, along with an additional 10% sybBom the Fund for Energy
Transition and Sustainable Energy Use (FOTEA$SEergy Center Mexico, 2019)DE also

provides a credit of up to $50,000 MXN to residents, providing 14.5886 fixed credit rates,

plus Value Added Tax (VAT) for up to 5 years. (Ibid.)

Policies SupportingedwedCooling Demand

Friedmann and Sheinbaum note in their 1996 stadliple early strategies used to curb air
conditioningassociated energy demamacludingi mpr oved bui l ding constru
el ect r i MEES, and énérdysansumptitabels, like the Sello FIDERafael Friedmann

& Sheinbaum, 1998)
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Hypotheses:

The data analysis presented belewamines thdollowing hypothesesbout penetrationf air
conditioning equipment in Mexican households

Penetratiomates will increase over time

Arid climates will be more highlpenetratedhan temperate climates

Higher socioeconomic brackets will be more highligbehetratd than low socioeconomic
brackets

Urban households will be more higlggnetated than ruralduseholds

Larger localities will have highgrenetratiorates than smaller localities

Houses will have highgrenetratiorrates than apartments

Newer homes will have highgenetratio rates than older homes

Larger homes will have high@enetratiorrates than smaller homes

= =4 =

=A =4 -8 -8 9

Analysis oDrivers ofAir Conditioning Penetration

The sectionsbelow 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 climat@yrcype,
socioeconomic status, home type, location size, age of home, and size of homegeneadration

of air conditioning units amongst residential households in Mexico.

NA Responses

As stated in the Data Cleaning section in chapter 5, thereavmasnber of respondents to the
ENIGH in years 2002010 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 excludesdle households from consideration and as a result the
number of valid cases is smallédouseholds that answerddiA for dwelling age werealso
excluded from analys@nalyzing penetration by age of home.
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Figure20: Drivers of airconditioning penetration in Mexican households from 2008 to 2018. Source: own elaboration with data

from ENIGH 2008018 Respondents with NA excluded from sample.

Variable PenetratiorRate Range HighestPenetration
(Highest penetrain
minus Lowest

Penetratiorincreasdor the
category with highegtenetration

penetratior)
_ ) . Arid:
Climate Arid T Tempefate: e e 13.02% since 2008
' ' (1.18% per year)
Socioeconomic  High SESi Low SES: High SES: Medium-Low SES:
Status (SE) 29% 32 49% 3.31% since 2012
' (0.47% per year)
. . . 10+ Rooms:
Size of Home 0% Roogs'% 1 Room: 10§0R§§(;:S' 15.82% since 2008
’ (1.4%% per year)
. . >100K:
Locality Size >1001K5'5<02'5K' 211%%0 6.75% since2008
' ' (0.61% per year)
N . ) Urban:
Location Type Urban T Rural Urban: 1.12% since 201
12% 17.5%
' (.22% per year)
. . . House:
Home Type Housei g&artment. Hfg;oe. 3% since 2008
(0.27% per year)
. ) 7-10 years:
Age of Home 11120 Yo Oto3yrs. ll'zf%zars' 4.70% since 2008

(0.43% per year)
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NationalPenetration:

An analysis of household air conditionipgnetratiomationally 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 thegrowthof popuktionbeinggreater 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.
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Figure21: HouseholdAir Conditiomg Penetration in Mexico (2008018. Source: own elaboration with data from ENIGH 2008

2018 Respondents from NA excluded from sample.
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Penetrationby State:

Rates of household air conditionipgnetratiorhave differed by state, over the course of the 2008

to 2018 study period. Analyses of statestatepenetratiorshow higher rates qfenetratia in the
northeramost portion of the country (between 34% and 74% in 2018), where householdsncome
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 istheat es of t he countryads
in southeast Mexico. This growth is |ikely th
higher tourism rates, arising from travel to Cancun and Playa del Carmen in Quintana Roo. The
greatest increase iadoption rates was seen in Noewveon, which grewaround 308, from

17.94% in 2008 to 45.3% in 2018. Tamaulipas also showed a stark increase in its adoption rates,
almost doublingfrom 26.53% in 2008 to 50.36% in 2018.
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Figure22: Adoptionof home heating systems in Mexic&tates (2008 2018. Source: own elaboration with data from ENIGH
200820018 Respondents with NA excluded from sample.

2008 2018

Difference between 2018 Highest and Lowest Adoptepéf6entage points

Penetrationby Climate:

Of all characteristics studied, climate is the largest driver of air conditioning adogt®analysis
conductedindicatessignificantly higher adoption rates in households from arid climates, in
comparisorto households in temperate and tropical climates. In 2018, air conditioning adoption
reached almost 48% saturation in arid climates. This rate was abpat@htage pointsigher

than those in tropical climates, and gércenagepointshigher than thosm temperate climates.

All climate types show growth in air conditioning adoption over timé penetration rategrew

the mostin arid climates, growing 13% over the-§8ar study period. While temperate climates
never achieve adoption rates higher tBa&8% during the study period, those of tropical climates
do rise from 7.74% in 2008 to 14.12% in 2018.

Analyzing Household Drivers of Residential Electricity Consumption in Mexico Siegel, Ullman, Wu 64



Figure23: Graph of Household Air Conditionignetraton by Climate

Household Adoption of Air Conditioning by Climate

40.0% -
0% - Climate
. Arid
- Temperate
1% = Tropical
1 1 0
10.0% - I
G =L
0.0% -

2008 2010 2012 2014 2016 2018
Year

w
S
Q

Adoption Rate
2

=)

2018 Difference between Arid and Temperate: 38rsgntage points

Penetrationby Socioeconomic Status:

Since the ENIGH survey data only provides socioeconomic status data for yeai2028]12he
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. Specificall20it?, the adoption of air conditioners

among residents occupying the high socioeconomic status categas/34.97% which is
significantly higher thanthe rate of adoption among thosethe low socioeconomic status
categoryof 1.76%. This trend is apparein all the following surveys, although data indicates a
slight increase of adoption rates in the low and medawnsocioeconomic status categories of

2% and 2.5%, respectively, from 2012 to 2018.
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Figure24: Penetration ofAir Conditioningequipment in Mexican householldg Socioeconomic Stattrem 2012- 2018 Source:
own elaboration with data from ENIGHZD- 2018
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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 heay adoption. In 2008, 2012, and 2016, the category with the second highest
number of rooms, 8 10 rooms, showed the greatest adoption rates. It is key to note that in 2012,

no houses were categorized as havi8ilg groearoer
adoption rate, at 28%, was the highest adoption rate of any year and any category
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Figure25: Penetration ofAir Conditioningn Mexican householdsy Number of Rooms in Horfrem 2008 - 2018. Source: own
elaboration wth data from ENIGH 2@0 2018
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Penetrationby 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 2a8IB8L8 study period. Adoption rates in the largest
locality size (greater than or equal to 100,@fsbitanty, compared to the smallest locality size

(less than 2,50habitant} 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 Iealities had adoption rates between 14% and 22%. &walysisalso 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 ortedl@0,00
inhabitant3.
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Figure26: Penetration ofAir Conditioningn Mexican householdsy Locality Sizeiom 20@ - 2018. Respondents with NA

excluded from sample.

Household Air Conditioning Adoption by Locality Size
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Penetrationby Home Type:

Adoption of air conditioning is highest in ho
of households (a miscellaneous categog pr esent i ng household.types
Throughout the course of studgenetrationin housesis between 4% 9% greater than in
apartments. Whilpenetratiorin houses increadever time, rising from 13% in 2008 to 16% in

2018, penetratio in apartments waiveibetween 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 aaseaé
200,000 households living in apartments.)
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Figure27: Penetration ofAir Conditioningn Mexican households lyome Typdérom 2008to 2018 Source: own elaboration
with data from ENIGH 2@3 2018. Respondents with NAeuded from sample.

Household Adoption of Air Conditioning by Home Type
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Penetration by Age oDwelling

Analyss of adoption rates of household air conditioners does not appear to irareleseease
with age of thelwelling. However, in all years but 201@wellingsaged 11 to 20 years old showed
the highespenetration exhibiting rates between 13% (2008) an&61{2018).Penetratiorwas

also consistently the lowest in homes aged 0 to 3 years and over 5@yearalyses also show
growth inpenetratiorin all age bracketsetween 2008 and 2018, rising in each category between
2% (0 to 3 years and 50+ yeaend5% (7 to 10 years
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Figure28: Graph of Household Air Conditionidgnetraion by Age of Hom Source: own elaboration with data from ENIGH
2008- 2018. Respondents with NA excluded from sample.
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Penetration in Urban v. Rural Households

From the years 2012016, urban households are significantly more likely to have adopted air
conditioning in their households thameir rural counterparts. In 2014, rural households had a
penetratiorof 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, witha 2018 urban household adoption rate (17.95%) that was about three times greater than

that of rural households (6%.)
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Figure29: Graph of Household Air Conditionidgnetation by Locality Type (Urban vs. RuBdurce: own elalvation with data
from ENIGH 20082018. Respondents with NA excluded from sample.
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Interactions of Drivers:

Interaction of Climate and Socioeconomic Status

AridClimate:
In arid climatespenetratiorrates are strongly correlated with socioeconomic status. Households

in arid climates of high socioeconomic statusye a penetration @2.7% which is51 percentage
pointshigherthanfor household®f low socioecaomic status.
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Figure30: Penetration ofAir Conditioningin Mexican householdby Socioeconomic Status in Arid Climates

Arid Household Air Conditioning Saturation by Socioeconomic Status
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Temperate Climate

The difference in air conditioningenetratiorbetween households of high socioecornostatus
and low socioeconomic status in tempedi@atesis not quite as starsin arid climates. With
a penetrationof 4.12%, households in temperate climates of high socioeconomic ktateisa
penetration that is only.75%higherthanfor those oflow socioeconomic status.
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Figure31: Penetration ofAir Conditioningn Mexican householdsy Socioeconomic Status in Temperate Clim&esarce: own

elaboration with data from ENIGH 2802018

Temperate Household Air Conditioning Saturation by Socioeconomic Status
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Tropical Climate:

When analyzed under an interaction with socioeconomic status (SES), households in tropical
climates exhibit far more distinct patterns of highenetratiorwith higher SES levels. In 2018,

the difference in air conditioningenetratiorbetween tropical households of high socioeconomic
status and low socioeconomic status is approximately 65%, with households of high
socioeconomic status exhibiting 68%énetration This 68%penetrationis quite significant when
considering the 2018 tropicadouseholdpenetration(without interaction with SES) was only
14.12%.
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Figure32: Penetration ofAir Conditioning Saturatioim Mexican householdsy Socioeconomic Status in Tropical Climates
Source: own elaboration with dateoim ENIGH 2@ 2018
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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 higienetratioramongst larger homes and higher SES becomes quite
clear. In 2018, large, high SES households in arid climates exhibpenetrationof 90.69%.

Those in small, low SES homes that same year exhibpetheatratiorof 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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Figure33: Interaction of Socioeconomic Stat(SES) and House Size in Household Air CondifR@riegrationin Arid Climates

Arid

Year SES Small Medium
2012 high 0.5672 0.7521
medium-high _
medium-low 0.2728 _
low 0.1444 0.0985
2014 high 0.6791 0.7912
medium-high 0.5725
medium-low 0.3385
low 0.1232 0.2903
2016 high 0.6321 0.7578
medium-high 0.5721
medium-low 0.3491 _

low 0.1682 0.2360 0.0902
2018 high
medium-high

medium-low

low

By Temperate Climate:

Interaction with socioeconomic status (SES) and home size does not appear foeatiéeition

of air conditioning intropical households much, iregeral.Penetration irsmall, low SES homes

in temperate climatess 0.28%,which isless than 5% lower than those of large, high SES homes.
Increases ipenetratiorover time are not quite apparent in most categories, with many exhibiting
decreases. Lagg high SES homes also appear to exhibit unusually phegtetrationrates of
39.98% and 33.34% in 2014 and 2016, respectively, before dropping almost 17% in 2016 and
2018.

Figure34: Interaction of Socioeconomic Status (SESHmuse Size in Household Air Conditiofagetrationin Temperate

Climates
Temperate

Year SES Small Medium Large

2012 high 0.0765 0.0265 [ 0:39%8
medium-high 0.0176 0.0421 0.0000
medium-low 0.0078 0.0124 0.0268
low 0.0016 0.0116 0.0000

2014 high 0.0237 00731 03334
medium-high 0.0116 0.0195 0.0000
medium-low 0.0063 0.0129 0.0728
low 0.0021 0.0025 0.0000

2016 high 0.0192 0.0501 0.0672
medium-high 0.0155 0.0206 0.1201
medium-low 0.0071 0.0196 0.0065
low 0.0026 0.0100 0.0000

2018 high 0.0232 0.0586 0.0611
medium-high 0.0161 0.0265 0.0360
medium-low 0.0105 0.0185 0.0255
low 0.0028 0.0068 0.0204

By Tropical Climate:

Again, penetration ofir conditioningin tropical households respamdtrongly to other drivers,

with penetrationgreatly increasindor those withhigher socioeconomic status (SES) and larger
homes. Tropical households in large, high SES homes exhibifgehatratiorof 95.4% in 2018.

This was 77.®ercentage pointsigher than that of those in large, high SES households. Increased
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dwelling size wihin the same demographic supports the trend of higher adoption amongst larger
dwellings with small, high SES homes exhibitingoanetrationthat was 35ercentage points
lower than that of large, high SES homes.

Figure35: Interaction of Socioeconomic Status (SES) and House Size in Household Air Corfrétietriationin Tropical

Climaes

Tropical

Medium

Year SES Small
2012 high 0.654 0.852
medium-high 0.218 0.370

medium-low 0.079
low 0.009 0.026 0.000
2014 high 0.550 0.673

medium-high 0.309 0.401
medium-low 0.103 0.234 0.359
low 0.010 0.043 0.049

2016 high 0.601 0.769 0.644
medium-high 0.305 0332 0471
medium-low 0.127 0.295 0.219
low 0.019 0.059 [ 04738

2018 high 0.602 0.762 0.954
medium-high 0.299 0.383
medium-low 0.141 0.275 0.413
low 0.020 0.075 0176

Average Household Air ConditionitecEicity Consumption:

We estimatec&nnual household coolirgpecific energy consumptiaassumindower and upper
energyconsumptionextremedo bound the uncertainty ototal electricity consumptionfor the
countryfor each year studied

Lower Bound Bsmation:

The lowerboundelectricity consumption estimatiaepresents theotal air-conditioring related
electricity consumption that would haweecurred had the entirety of the population used a-high
efficiency air conditioner.High-efficiency air conditioner annual electricity consumption
estimatesvere pulled from thérigidaire- FFRE0O53WAJ1lair conditioner, which was one of the
most efficient airconditionersfound on theU.S. ENERGYSTARwebsiteand had an annual
electricityconsumption estimate approximately 80 kwh/yr(Product Finde®d ENERGY STAR
Certified Room Air Conditioners1.d.) ENERGYSTAR calculated its annual energy based on
the assumption that unseused 750 hours per ye&towever, this annual figu@oes not account
for variation in usage across different climate zonks account for this, the annual kWh/yr
electricity consumption figure provided by ENERGYSTAR was divided by &urdyr to obtain

a kW power output figuref .4 kW.

Upper Bound Estimation:
The upper bouneélectricity consumption estimatiaepresents theotal air conditioning related

electricity consumption that wouldaee occurred had the entirety of the population used a low
efficiency airconditioner Low-efficiency air conditioner annual electricity consumption estimates
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were found using thd862 kWh/yearannualunit energy consumptionalculded (UEC) by
MartinezMontejo & SheinbaumPardo in their 2016 study usirige NOMS minimum energy
efficiency standards set by the Mexican government for air conditioners i (R0rtinez
Montejo & SheinbauriPardo, 2016)This consumption estimate was then divided by 750 hours
per year, in accordance with ENERGYSTAR convention, to find an upper bound gstveate

of 2.482 kW.

AnnualConsumptiorDuration Estimation:

The ENCEVI survey repatmonthly and hourly usageath for household air conditionerBhis

data wasaggregated 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.
(EncuestaNacional sobre Consumo de Energéticos en Viviendas Particulares. (ENQBY8)
Because the ENCEVI survey was only conducted once, in 2i$&nnual consumption duration
estimate wasised to estimate total electricity use every year of th&NIGH survey, from 2008

to 2018.

Final Energy Consumption Determination:
Using the lower and upper electricity consumption bounds, along witanimeal consumption
estimate, the following climatspecific electricity consumption estimations were determined:

National Electricity Consumption Growth:

The averagannual nationair conditioningelectricity consumption estimateas foundusng the
product ofaveragenours used per day and days used per year reported by each hous#teld in
ENCEVI survey The results indicate a 73.31% growth in air condition electricity consumption
over the liyear study period, from an upper bound of 8.73 TWh aftetty consumption in
2008 to 15.13 TWh in 2018. These results can be seen in the chart below.
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Figure36: Estimate ofAnnual Air Conditioningelated Electricity Consumption (kWg®r household, averaged across regions in

Mexico for year2018. Source: own elaboration using data from ENIGH 2018 and ENCEVI 2018

Power Annual Annual Energy
Consumption Consumption Consumption per
(kW) Duration (Hours) Household (kWh)
National \ Lower:0.4 1,167.9 126.89
| Upper:2.482 1,167.9 161.49

Figure37: Estimate ofAir Conditioningrelated Electricity Consumption (TWin)Mexico in 2002018 Source: own elaboration
with data from ENIGH 2063018 and ENCEVI 20l8wer boundssunes the sameféicieng as Frigidaire FFREO53WA1 and

the upper bound assumesnsumption of 2.482KWh per hour of use.

2008 2010 2012 2014 2016 2018
National
. 1.417 1.777 2.0971 2.22i 2.447
Consumption 1.7510.88
(TWh) 8.73 11.01 12.95 13.8 15.13

NationalElectricity 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,stlatyg with the lower and upper
bound powerconsumption estimationghe result of these calculations can be seen in the chart
below.

Figure38: AirConditioningrelated Electricity Constption per householdby climate zone(kWh). Source: own elaboration using

data from ENEVI 2018.

Power Annual Annual Energy
Consumption  Consumption Consumptionper
(kW) Duration Household(kWh)
(Hours)
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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Figure39: Electricity Consumptianom Air Conditioner&se in the MexicaResidentialSectorby ClimateZone(GWh) Source:
own elaboration with data from ENIGH 202818 and ENCEVI 2048sumingmin Air conditioner efficiency of 0.4 kW anthx
Air Conditioner efficiency of 2.482 kW

2008 2010 2012 2014 2016 2018
Arid Min: 1,121.04 Min: 1,413.69 Min: 1,409.49 Min: 1,641.78 Min: 1,688.62 Min: 1,870.67
Max: 6,957.91 Max:8,774.31 Max:8.748.22 Max:10,190 Max:10,480.67 Max:11,610.63
Temperate Min: 38.96 Min: 37.81 Min: 53.03 Min: 52.83 Min: 53.21 Min: 63.5
P Min: 241.84 Max: 234.65 Max: 329.12 Max: 327.88 Max: 330.24 Max: 394.13
246.03 301.8 312 391.15 481.71 503.54
Tropical) - - - - - -
1,527 1,873.20 1,936.49 2,427.72 2,989.81 3,125.31

By Climate and Socioeconomic Status:

Further analysis of air conditionifglated energy consumption indicatssme variability in
electricity consumption trends amongst households of different socioeconomic statuses and
climate typesTo perform these analyses, average air conditioning huse per day and average
days used per year whdmund for each socioeconomic status group in each climatelypes

used per day tended to decrea#tb increases in socioeconomic status, while number of days used
per year varied between the climagpds and socioeconomic status groupegerall, the climate

and socioeconomic status househgidupreported to use their air conditioning most throughout
the year were low socioeconomic statusdehwlds irerid climates with a yearly use clmost

1400 hours per yeafrhe group reported to use their air conditioner least throughout the year were
high socioeconomic status households in temperate climaitbsa yearly use ojust over 370
hours per yeariEncuesta Nacional sobre Consumo de Energéticos en Viviendas Particulares.
(ENCEVI) 2018)

Figure40: Air Conditioningrelated Consumption Patterty Climate & Socioeconomic Stat8surce: own elaboration with

data from ENCEVI 2018.

Climate
Arid Temperate Tropical

Hours Per Days Per Hours Per Hours Per Days Per Hours Per Hours Per Days Per Hours Per

Day Year Year Day Year Year Day Year Year
157 1,396 5 79 432 6 233 1,347
152 1,287 135 616 5 229 1,192
152 1,134 131 525 5 223 1,125
152 1,066 100 371 5 242 1,190

Socioeconomic Status

Low
Medium-low
Medium-high
High

NN o ©
N N

Theseestimated hours of annual consumption were multiplied by our lower and upper bounds of
estimated electricity consumptidor each climate and socioeconomictssagroup pairingThe
findings indicatethe greatest total air conditionirglated electricity consumption can be
attributed to mediurfiow socioeconomic status households in arid climatét, an estimated
annual consumption of between 768.71 and 4,771.11 GWh in Z@&8owest can be attributed

to low socioeconomic status housé&ds in temperate climates, with an estimated annual
consumption of between 9.23 and 194.41 GWh in 2018.
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Figure41: Air Conditioning Related Electricity Consumption by Climate and Socioeconomic Statu$S(awe) 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/MediumLow 624.00 3,872.96 | 649.71 4,032.54 | 683.85 4,244.42 | 768.71 4,771.11
Arid/MediumHigh 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/MediurdLow 22.94 142.41 20.30 126.02 24.46 151.82 31.32 194.41
Temperate/MediurHigh 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/MediumLow 138.37 858.84 212.18 1,316.91 | 268.48 1,666.38 | 284.96 1,768.63
Tropical/MediumHigh 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 theair conditioning estimated annuaklver bound and upper bouelkéctricity consumptio
estimationalsoallows for a clearer pictureighlighting whichhousehold groups experiestthe

greatest increase (and decrease) in anmuaonditioningrelatedenergy casumptionover the
20122018 period The greatest 2012018 increase in annuair conditioningrelatedenergy
consumption was exhibited in meditlmigh SEShouseholds imrid climates with a total increase

in air conditioningrelated energy consumptiortiesatedbetween 200.8 and 1,246.29 GV#ome
household groups were estimated to have decreased their annual energy consumption cver the 11
year period, due to decrease in their population 8iseliumhigh SES households thetropical
zonewere found tdhave the greatest decrease in annual consumption, with an estimated decrease
of between 92.03 and 14.83 GWh.
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Figure42: 2012 2018 Growth in Air Conditioning Related Electricity Consumption by Clima&oaiméconomic StatBorted
by Decreasing 2022018 Consumption Change (GW&ource: own elaboration with data from ENIGH 2012, 2018 and ENCEVI

2018.
2018 2012¢ 2018 2018 A.C. Electricity 2012 2018
Climate/SES Population Household Growtr Consumpbn (GWh)  Consumption
(# households) Change (GWh)
Arid / MediumHigh| 1,404,374 442,711 636.97¢ 3,953.48  200.8¢ 1,246.29
Tropical / Mediur_ow 597,662 307,440 284.96¢ 1,768.63 146.58¢ 909.79
Arid / MediumLow| 1,493720 281,188 768.71¢4,711.11 144.7 1 898.15
Arid / High 892237 183,501 380.4¢ 2,361.02 78.23¢ 485.58
Tropical / High 163,181 69,924 77.69¢ 482.22 33.29¢ 206.63
Arid / Low, 129,111 58,874 72.1¢447.49 32.88¢ 204.06
Tropical / Low 90,283 58,291 48.65¢ 301.94 31.41¢194.94
Temperate / MediurLow| 127,080 33,994 31.32¢ 194.41 8.38-52
Temperate / High ~ 83,956 15,660 12.48¢ 77.43 2.33¢ 14.44
Temperate / Low 8,615 147 1.49¢9.23 13-.8
Temperate / MediunHigh 84,035 -307 17.64¢ 109.46 -0.4 - -0.06
Tropical / MediurrHigh 207,533 -32,958 93.37¢ 579.50 -92.03 - -14.83
Conclusions:

This study has fountthatresidentiakir conditioningpenetrationn Mexicoincreasedaignificantly
duringthe 2008- 2018period There islarge variabilityin air conditioning penetratioamongst
householdsf different regions, socioeconomic status, and home size. Households in arid climates
consistently exhibit the highegénetratiorfollowed by households in the tropical zoméhile the
households in the temperate zone have the lowest penetiatibe tropicalzone penetratioris

higher forhouseholdsf highersocioeconomic statdizing in largerhomes, while in thetemperate

climates penetration is the lowesindthere is not alear correlationbetweenpenetrationand
socioeconomic status home size.

Analyzing Household Drivers of Residential Electricity Consumption in Mexico Siegel, Ullman, Wu 81



Archetypes

. Most Recent Adopters: Low Adopters:

H'gh Adopter;: Large Homes, Arid Temperate Climate, Low
Arid Climate, High Climate, Large SES, Small Homes.
SES, Large Homes Localities, MediurHigh Rural Towns

SES
’ Socioeconomic Greatest Electricity
: SensitiveAdopters: Consumption:
m Tropical Climate Arid Climate, Medium
High SES

Recommendations:

With the exception of the richest households in the arid region, where penetration of air
conditioners exceeds 90%he scantpresenceof this essential equipmentreatesincredible
potential for increased electricity consumption as households continue to adopt cooling
technologies. If 100%enetratiorhad been reached in 2018, annual electricity consumption from
air conditioning alone would haveenn the rangd 6.68 t0103.56 TWhThisupper bound would

have produced the equivalent amount of emissionsca® throduced by almost 19 average US
coal plants or themissions that could have been evadedlhyost 16,000 wind turbingéd)S EPA,

2020) This is not only an incredibly large amount of emissions, but also a verydargent of
capacitythat wouldneedto be addedo 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 effstemgrds.

Doing so would enhance future coolinglated energy efficiecy and shield the country from the
necessity osuchlarge capacity additions to their grid as more and more households begin to adopt
household air conditioning units.

Areas oExpectedGrowth

If future trends follow those of the past decade, itikely that Mexico will continue to see
increasedpenetrationof householdair conditionersacross all climate type€ontinued rise in
temperature is to be expected as the effects of clionatiege exacerbate temperature extremes in

the country and as such, policymakers should expect to see this change reflected in increased air
conditioningrelated energy consumptionAdditionally, as Mexico continues to grow
economically, it should expetd see increased saturation of air conditioners should its economic
growth result in socioeconomic betterment of its current low and meldwnsocioeconomic

status households.
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Potential for Energy Efficiency Effect:

The annual electricity consumpti@gimatedin this studyconfirms the importance @hinimum

energy efficiency standards to mitigate energy consumption and greenhouse gas emissions by
product s. For exampl e, by 2020, with Mexicods
place, new air catitioning appliances are expected to consume an average of 931 kWh of
electricity per yea(MartinezMontejo & SheinbaurPardo, 2016)If all air conditioners had
achieved this standard by Id&eérbdindvouldlaveyreppadd s an
byan estimated 7.6 TWh, assuming no rebound <co
efficiency. Such a drop would have reduced countige power deman@nd corresponding
emissiongquivalent tahoseproduced by 1.4 average US coal plants. Su@nassions 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 factdrg assumption of minimal

to no rebound effect on energy efficiency,ugb, may be unrealistic, as research by Davis et. al
suggests new homes with energy efficient and thermal insulation upgliadiesyinsignificantly

greater levels of electricity consumption than identical new homes built without the upgrades
(Davis et al., 2020)Iin thestudy,86% of householdalsoreported keeping one or more windows

open in the summer during the day, largely nullifying the effectsnpfoved insulation, thus
suggesting insulatierelated efficiency measures be accompanied by policies promoting behavior
change among residents

New policies must be designed accounting for the lessons gesnpolicyefforts to increase

adoption of efficient appliances and reduce electricity consumption. For example, only 10% of the
appliance substitutions that occurred under the 200D 1 4 biaCwMiejo Por UmNu e v 0 0
progr am, commonly known as the fACas¢(Davisetr Cool
al., 2014) These low rates welikely dueto the extraordinarily low air condition@enetrationn

Mexico which resulted in only a few piece$ equipmenbeingeligible for replacement. Among

those households able to replace their air conditioner, though, electricity consumption rates
actuallyincreasedPraz, 2011)The programdés | ack of soheseess ha
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 &ffitair 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
theaddtionalthermal comfort. Interpretation of these results is thus a complex process for policy
makers and grid planneend highlights the need to study in detail tieage patterns amongst
residents with newer, more efficient applianesswell as the beher of owners ofolder, 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 ptenrs 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 ofSaturation Growth

Currenty, the households with the lowepenetration of air conditioning can bkaracterizes

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 climateshie epected Temperate
climates experience moderatemperatures yeaound and have much loweooling needs than

homes in arid and tropical climatek is thus recommended that policymakers focus their
householdcooling adoption stimulation in aridnd tropcal climates, unlesglimate modeling
indicates that théemperate climatezone is likely to experience uncharacteristicallhygh
temperatureand humidityin upcoming years.

Meeting theair conditioningneeds in tharidand tropicatlimatescan be achievedith continued

focus on improving affordability ofcooling technologies, especially for low socioeconomic
households that lack disposable income and experience a greater energy burden (percent of
household income dedicated to cost of energ¥hile 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
assistancéo those resident&@ho 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 smalf@zed, rural towns can help support tlaidoption
amongst all community members. Such policies have been enacted around the world, like New
York Cityds ACooling Assi st andneom8leousehbldstwith pr o g
air conditioning and fan units of up to $8@0ooling Assistance BenefitACCESS NY(h.d.)
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Chapter8: Adoption ofHeatng Technologies in Mexico:

Chapter Overview:

This chapter analyzes the primary driversadbption of equipment faresidentialheatingin
Mexico from 2008 to 2018. Residentiagatingadoptionis quite low across most groups of
households and has not beanmajor focus ofpolicy efforts stemming from the Mexican
governmerg. While overalpenetration isow, sgnificantvariance issisible amongstlimatic and
socioeconomigroups of households. The masignificantdrivers discovered in this report are
(by order of magnitude): size of home, socioeconomic stelinsate type, age of homsize of
locality, locality type, and home typeSignificancewas determinedisinga 95% confidence
interval This analysis excludes from consideration the householdsamitNA response to the
guestion of heating equipment ownership. As a result, the total count of households i®tawver f

number of

statistics presented.

Background:

Policies Supporting Adoption of Hifficiency Heaters

Since

the early 1990s, Mexico0s

ener gy

ef fi

in assisting residents with substitution of lafficiency appliances with those that are high
efficiency. Much of these appliance substitution efforts hawacentrated 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: Agtion of Air Conditioning Technologies in Mexico.

Hypotheses:

The following data analysis presented below examithe following hypotheses about adoption

of heaters
1
1
1

= =4 =8 -8 -9

in Mexican households:
Penetration of residential heatingjl increase over time
Arid climates willhave higher penetratighan temperate climates

Higher socioeconomic brackets witixhibit higher penetratiothan low socioeconomic

brackets

Urban households wilkave higher penetratiadghan rural households
Larger localities will have highgrenetratiorthan smaller localities
Houses will have highgrenetratiorthan apartments

Newer homes will have high@enetratiorthan older homes

Larger homes will have highgenetratiorthan smaller homes
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Drivers oPenetration of Residential Heating

The below sections seek to calculate the relative impact of environmental, economic, and
household factors on adoption of technologidse following analyses use clustering techniques

to highlight the relative impadhat climate, location type, socioeconomic status, home type,
location size, age of home, and size of home have on saturatieatofgunits amongst residential
households in Mexico.

NA Responses

As stated in the Data Cleaning section in chapter 3ethes a number of respondents to the
ENIGH in years 2002010 who answered NA for the question about the presenkeating
equipment in their household. Rather than assuming that an NA response meandatigf

this analysis excludes those households from consideration and as a result the number of valid
cases is smalleHouseholds that answerdih for dwelling age and number of rooms in dwelling

were alsoexcluded from analysisnalyzing penetration by age obrhe and size of home,
respectively.

Figure43: Drivers of Penetration dlousehold Heatingn Mexico during 2002018. Source: own elaboration with data from

ENIGH 2002018

Variable PenetratiorRange Highest Saturation: PenetationIncrease:
10+ Roomsi 1 Room: 10+ Rooms: 10+ Rooms:
19.2%%6 19.4%% 10% since 2008(0.91%/year)
Size of Home
Large Sizei Small Size Large Size Large Size
13.84% 15.66% 3.51%since 2008@.2%nlyear)
Socioeconomic| High SESi Low SES: High SES: All levels have seen decreases
Status (SE) 10.9%%6 11.26% since 2012
- . . Arid:
Climate Arid 1'0T7r;2'°a" 1’?{'&) " 5.27% since 2008
) ) (0.48% per year)
11to 20 yrs.i O to 3 yrs. 11-20 years: 21-30years:
Age of Home 6.7% 17% 4.63% since 20080.42% /year)
. . >100K - <2.5K: > 100K: >100K:
Locality Size 4.48% 5.01% 6.75% since 2008).18% /year)
. Urban i Rural: Urban: Both levels have seen decrease
Location Type 3.2%% 3.7% since 2014
Housel Apartment: House: House:
Home Type 1% 3% 0.09% since 20080.27% /year)
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: |
Large Home: 15.65@ Medium Home: 5.929%8 Small Home: 1.82

(High SES: 25.95% |

Arid: 61.8%

| aTemperate: 6.35%

wIropical: 0%
\ J

(Med-High SES: 18.67!
wArid: 34.11%

| wlemperate: 14.69%

wiIropical: 0%
\ J

(Med-Low SES: 4.65%

GArid: 18.53%
oremperate: 1.21%
o¥ropcial: 6.08%

. J

(Low SES: 16.3% |

GArid: 66.26%
oremperate: 2.05%

oIropical: 0%

\ J

NationalPenetration:

(High SES: 14.49% |

wArid: 35.02%

| lemperate: 3.71%

wIropical: 0.91%
\ J

(Med-High SES: 7.19%
OArid: 17.65%

| lemperate: 1.46%

o ropical: 1.88%
\ J

(Med-Low SES: 2.69%

0Arid: 10.42%
wlemperate: 0.63%
oIropical: 1.31%

. J

(Low SES: 0.74%

0Arid: 6.99%
wlemperate: 0.03%
oI ropical: 0.22%

\ J

(High SES: 7.38% |

OArid: 18.14%
wlemperate: 1.57%
o ropical: 1.89%

. S

(Med-High SES: 3.77%

GArid: 9.95%
wlremperate: 0.5%
uYropical: 0.02%

. S

(Med-Low SES: 1.08%

OArid: 4.08%
wlemperate: 0.2%
oropical: 0.26%

N J

(Low SES: 0.23%

GArid: 1.86%
wlemperate: 0.07%
wY'ropical: 0.05%

\ »

An analysis of householteateradoption nationally shows that approximately 1.82% households
hadheatersn 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 ihe proportiorof total households that have adopted heating from 2014
to 2016 is not immediately explainable, as there was not a paraliebsen total number of
householdsThis decreasen penetrations just outside the standard error window between the
years and hence may just reflect the sdenprror The chart below depicts the number and
percentage of households that have adopted heating in Mexico according to the ENIGH surveys.
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Figure44: Household Heating Adoption in Mexico (20B818) Source: own elaboration with data frrENIGH 2068018.

National Heater Penetration Rate

5%

4%
3%
2%

1%

0%
2008 2010 2012 2014 2016 2018

2018 National Adoption Rate: 3.03%

Penetrationby State:

Rates of household heating adoption are uniformly low over the entirety of the 2008 to 2018 study
period. Analyses of statey-stateoutcomeslo show higher rates of adoption in the northeist

portion of the country, with six statésvingadoption rate between 4% and 26% in 2018. This
regional pattern is similar to that dileatingpenetratiorand can likely be attributed to the fact that
household incomes in these states are amongst the highestcoutitry. These states are also
among the mostlikey t o need heating during winter mont
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, wad Bl 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, witiost states hang between 0% and 1% rates of adoption
betweer?008 and 2018.
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Figure45: Map of Household Heating Adoption by State (2Q08.8)

2008 2018

Difference between 2018 Highest and Lowest Adopter: 26 percen
points

Penetrationby 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 tes of heating adoption. In 2008, 2012, and 2016, the category with the
second highest number of roomg§, B0 rooms, showed the greatest adoption rates. Again, in 2012,

no houses were categorized as having greater thaoaks . l nsteadlOrabme 2017z
adoption rate, at 27.71%, was the highest adoption rate of any year and any category.

Of all characteristics studiedpme size is the largest driver of heating adoptoralysis indicates
significantly higher adoption rates large-sizedhomes than in small and mediurized homes.
While the national average of heating adoption is only 3%, large homes display@e2et@tion
of 15.65% (with homes with 10+ rooms exhibiting a 19.4&etratior) In comparison, medium
sized homes reach only a g¥netratiorin 2018 and small homes only a 1.8#netration

Household heating adoption trends do not exhibit a straightforward trend of increasing saturation
over time. While a strict comparison of tlyears 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
penetratiorand overall number of households with heating adoption over the years. The country
exhibited a peakn penetratiorfor all home sizes in 2012, with 20% for large homes, 7.61% for
mediumsized 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, hotever,
disproportionately large standard error exhibited for all home sizes in 2012, compared to those of
previous and following year3he largestandard erroreeportedindicate thait is likely that the
temporal variation observed in the penetration @iting systems is not representative of reality

and instead is just due to different househoblkisgincluded in the samplas eachyear
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Figure46: Household Heating Adoption by Home 8iddexico in 2002018. Source: own elaboration with data from ENIGH
20082018

Household Heating Adoption by Home Size
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2018 Difference between Large Homes and Small Homes: 15.66 percentage
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Figure47: Household Heating Adoption Bjumber of Roomis Mexto in 20082018. Source: own elaboration with data from
ENIGH 2002018.

Household Adoption of Heaters by Rooms
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Penetration by Socioeconomic Status:

Like air conditioning, household heating adoptisraffected bysocioeconomic status. The data
indicates the same trend of higher adoption amongst residents of higher socioeconomic status. In
2012, residents occupying the high socioeconomic status categomedshapenetrationof

18.56%, which was over 18% higher thahthe 0.35% penetration in householdsthe low
socioeconomic status category.

While survey data following 2012 display a similar trend of higpenetrationamongst
households of higher so@conomic status, the data exhibits decreagesnetration ohousehold

heating from 2012 to 2018 in all socioeconomic status categories. Thp&tdiPatiorof 18.56%

high socioeconomic status decreased to 11.26% by 2018 (despite arising from a pea&Otbsv

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.
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Figure48: Household Heating Adoption Ipcioeconomic Status Mexico in 201:22018. Source: own elaboration with data

from ENIGH 2012018
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Penetratim by Climate:

As illustrated in the statby-state analysjsheating penetration igigherin householdsn 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 raties of heat adoption amongst households

in arid climates average 10.94% in 2018.

Changes in penetration bbusehold heating over time exhibit somewhat similar patterns to the
previous drivers discussed abowdth some variation acrossimate zones.Penetrationn arid
climates grew by 5.27% between 2008 and 2018, however as was the jpasetrion by size

of home and socioeconomic status, these rates experienced their peak in 201R2ewétration

rate of 13.26%. Temperate climates also exqpeed this same pattern, although on a much smaller
scale and with a 2008 to 2018 growth rate of
Households in tropical climates are the only group to not experience growth from the 2008 to 2018
periad, penetrationrates did increase from 2008 to 2012. Instgmhetrationrates decreased
around 50% fron2008 to 2018 (from 0.41% to 0.22%.) This decrease is outside of the range of
onestandard of error reported for the data points.
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Figure49: Household Heating Adoption iBfimateZone in Mexico in@D82018. Source: own elaboration with data from ENIGH
20082018.
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Penetration by Age of Home

As is the case witpenetratiorrates of air conditioners, there is not a clear pattepenétration
of household heaters between ages of homes. The general trend observed amongst all house age
brackets is an overall lopenetratiorrate rising above 4%nly twice, by house age brackets 21

to 30 and 31 to 50 in the same year, 2012.

Penetration ohouseholdheating grew for all groups f  d w ealgds éxoept fokmousingunder

3 years old, between 2008 and 20R8netration growtbver the time periotbr these groups as
between 0.6% and 2.25%louseholds with homegnder three years old however, exhibited a
decrease impenetrationof 1.09%. As was the case with the previously discussed drivers,
penetratiorpeaked for all household groups (exceptthmse inhomes that were-20 yearsold
houses) in 2012. The standard error calculated for households in the 2008, 2010, and/2942 su
in many cases appeared significantly stronger than those in later years.
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Figure50: Household Heating Adoption e of Homén Mexico in 2002018. Source: own elaboration with data from ENIGH
200820018.
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Penetrationby Locality Size

As is the case with adoption rates of air condiing, eview of the data finda general trend of

higher household heatingenetrationin larger localities than in smal localities This pattern

holds true in all categories and years, apart from instances in 2010 to 2014 ip&riettationn

localities with less than 2,500 inhabitants was higher than those with 2,500 to 15,000 inhabitants
(although this pattern reversal allfallsi t hi n t he bandwi dth cal cul at ¢
error). In all instance, those localities with over 100,000 inhabitants exhibited the greatest
penetrationwith a 2018penetratiorof 5.01% that was about 4gercenagepointsgreater than

thatof localities with under 2,500 inhabitants.

Once again, the household heatpenetrationn all locality sizesosebetween 2008 and 2018
This rise wadetween0.36% (locality size less than 2,500 inhabitanéd2.03% (locality size
greater than orcual to 100,0dnhabitants) for all categories. This increase, however, is again
confounded by the peak and subsequent decrease in saturation rates in 2012, pevetiekion
reached 6.37% for localities with greater than 100,000 inhabitants.
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Figure51: Household Heating Adoption hycality Sizén Mexicoin 20082018. Source: own elaboration with data from ENIGH
20082018
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Penetrationin Urban v. Rural Households

Since ENIGHOs wurban and rur al classification
trendsof urban and rural adoption follow that of small and large localities. In all instances, urban
localities exhibithigher penetration diouseholdcheating than do rural localitieBrom the years
2008-2018, penetration ohouseholdheates in urban houseHds is consistently over five times

thatof rural households. In 2018, urban households exhibipehatratiorof 3.79% while that of

rural households was only 0.52%.

Urban and rural households both exhibit an increapenetration ohousehold heating from 2008

to 2018, withaspike inboth penetration and overall numbeheftersn 2012.Penetratioracross

the years surveya@dnge between 2.18% and 4% in urbaruseholds, whileinrurdl o us eh ol ds 6
ranges only between 0.18% and 1.59%.
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Figure52: Household Heating Adoption hycality Typén Mexico from 20080 2018. Source: own elaboration with data from
ENIGH 2002018.
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Penetrationby Home Type:

Unlike that of air conditioning adoption, analysisdifferences in penetratiometween the two
categories of home¢ypes does not reveal a clear pattetn 4 out of the 6 surveyed years,
household$iving in housesexhibitedhigher penetratiothanthose living inapartmerg. In 2018,
at apenetratiorof 3.18%, houstype household$iad a penetratioh.64%above that othose in
apartmentype residences.

Penetratiorof heating inapartmentype householdsange between 0.5% and 5% in the study
period, whilefor housetype householdsanges between 2% and 4%. As is the case with the
variables analyzed in this studyenetration foboth apartments and houssgskes in 2012 then
decreaseagain until a final increase in 2018. It is pertinent to note that standard error for these
results is a high as 10% to 65% of tipenetration
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Figure53: Graph of Household Heating Adoption by Hofiype
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Interactions of Drivers:

Interaction of Home Size and Socioeconomic Status

Large Home:

In 2014 and 2018heating penetratioramongst large homes as strongly correlated with
socioeconomic status (SES). Large, high SES homes in 2012 exhibited a G&B8&&ation
while those of low SES show OpenetrationHowever, in 2016 and 2018, this pattern shifted and
saturation rates amongst large, low SES lobwgan 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%.
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Figure54: Household Heating Adoption IBpcioeconomic Status in Large Hmin Mexico in 20122018. Source: own
elaboration with data from ENIGH 202D18.
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Mediumsized Home:

The correlation between meditsized homes and socioeconorstatus (SES) exhibit a clearer
trend over the study period, with high SE&isehold$aving consistently greatpenetratiorthan
those of lower SES categories. In 2018, medaimed, high SESouseholdsexhibited a
penetration 04.49% , while those of low socioeconomic status gttiw74%penetration
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Figure55: Household Heating Adoption by Smmonomic Status iMedium-Sized Homeist Mexico in 20122018. Source: own
elaboration with data from ENIGH 202D18.
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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 expibitetiaion
of 7.38% saturation rate, while those of low socioeconomic statli®ne 00.23%.
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Figure56: Household Heating Adoption by Socioeconomic Stat8sadl Homes Mexico in 20122018. Source: own

elaboration with data from ENIGH 202P18.
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Interaction of Home Size, Socioeconomic Status, and Climate

By Large Homes:

When the interaction dhe effectof 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 6@&&8trationin 2018.
Householdsn tropical households exhibit lopenetratioroverall, rising only above 0% once in

the entire study period, with a 6.08%netrationin 2018 amongst mediwhow SEShouseholds

in tropical climates.
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Figure57: Interaction of Socioeconomic Status (SES) and Climate in Adoption of Household Heaters in Large Homes

Large
Year SES Arid Temperate Tropical
2012 High 0.00%
Medium-High 29.05% 8.98% 0.00%
Medium-Low 25.66% 2.04% 0.00%
Low 0.00% 0.00%
2014 High C 4067% 0.00%
Medium-High 58.77% 0.00% 0.00%
Medium-Low 0.84% 0.00%
Low 0.00% 0.00%
2016 High 71.11% 3.79% 0.00%
Medium-High 1.80% 0.00%
Medium-Low 15.65% 0.38% 0.00%
Low 27.24% 0.00% 0.00%
2018 High 61.80% 6.35% 0.00%
Medium-High 14.69% 0.00%
Medium-Low 18.53% 1.21% 6.08%

Low 66.26% 2.04% 0.00%

By MediumSized Homes:

Households imediumsizeddwellingsexhibit a similar phenomenon to thatbbse inargeones

with the highest adoptiooccurringin in arid climates. Whilgenetration ofesidential heating in

low SES households in arid climais®nly 6.99% in 2018, their high SES counterparts exlaibi
penetrationof 35.02% in the same year. Additionally, households in temperate and tropical
climates are almost all above Q%énetratiorfor mediumsized homes.
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Figure58: Interaction of Socioeconomic Status (SES) and Climate in Adoption of Household HekgisnrSized Homes

Medium
Year SES Arid Temperate Tropical
2012 High 40.90% 4.56% 6.76%
Medium-High 20.57% 5.71% 0.57%
Medium-Low 9.97% 1.23% 4.13%
Low 1.61% 0.54% 0.00%
2014 High 32.84% 5.04% 6.79%
Medium-High 18.10% 1.24% 0.16%
Medium-Low 8.84% 0.09% 0.33%
Low 0.00% 0.00% 0.08%
2016 High 35.37% 3.60% 1.93%
Medium-High 13.38% 0.76% 2.19%
Medium-Low 7.91% 0.47% 0.93%
Low 6.86% 0.00% 0.00%
2018 High 35.02% 3.71% 0.91%
Medium-High 17.65% 1.46% 1.88%
Medium-Low 10.42% 0.63% 1.31%
Low 6.99% 0.03% 0.22%

By Small Homes:

Again, like households living irmediumsizeddwellings those insmall homes show the highest
penetration of heating arid climates and fairly lowenetrationn tropical and temperate climate
zones In arid climates, adoption rates are highest among high SES households, with a 2018
penetratiorof 18.14%.

Figure59: Interaction of Socioeconomic Stat(SES) and Climate in Adoption of Household Heat®rsati Homes

Small
Year SES Arid Temperate Tropical
2012 High 28.30% 4.21% 3.79%
Medium-High 9.09% 1.51% 0.00%
Medium-Low 6.98% 0.35% 0.06%
Low 3.41% 0.00% 0.16%
2014 High 21.87% 1.86% 11.00%
Medium-High 9.21% 0.32% 0.96%
Medium-Low 4.76% 0.06% 0.31%
Low 1.70% 0.05% 0.00%
2016 High 16.45% 0.40% 0.61%
Medium-High 8.54% 0.54% 0.89%
Medium-Low 4.31% 0.15% 0.28%
Low 0.74% 0.06% 0.03%
2018 High 18.14% 1.57% 1.89%
Medium-High 9.95% 0.50% 0.02%
Medium-Low 4.08% 0.20% 0.26%
Low 1.86% 0.07% 0.05%
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Annual Household Heating Energy Consumption:

In what follows we estimatewer and uppebounds ofnergy consumptioim Mexico due to use

of residential heating. The estimates are for egehr studiecnd 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 ornownershipof such equipment recded by the ENIGH

Lower Bound Estimation:

The lower bound electricity consumption estimation represents thééatihgrelated electricity
consumption that would have occurred had the entirety of the population usededficighcy
heate. High-efficiency heaterannual electricity consumptios assumed to be identical to the
consumption of th6sAMSUNG - Slim Duct heater which is one of the most efficienand
representative heatefisted on the U.S. ENERGYSTAR websit&his heater has a heating
saasonal performance factod$PH rating of 10.5 and a heating capacity of 12,000 Btis
results in arestimatedan hourly dectricity consumption of 1.1 kWh.

Upper Bound Estimation:

The upper bound estineis equalto the total heating related electricity consumption that would
have occurred had the entirety of the population used-&tfigiency heaterThis estimation was
calculated using the United States Department of Energy 2015 minimum energy efficiency
standardor heaters of 8.2 HSPfGoodman Air Conditioning & Heating, n.dThe United States
figure wasused as an approximation of minimum energy efficiency standards in Mexioe
Mexico does not curreiyt haveits own standard for heaters but does follow trends in US
standards deito its close market relations withsltountry Basedff the same Btu capacity figure
wasused in the lower bound estimatidhis equates to an hourly electricity consumption figure

of 1.5 kWh.

Annual Consumption Duration Estimation:

AswasthecasewitBENCE V|1 6 s s uaircoaditiongratite ENCESI surveylsoprovides
reported monthly and hourly usage data for houseedders This data was aggregated for each
climate and average amal usage was found by finding the mean number of hours per day and the
number of months per year that theaterwas used(Encuesta Nacional sobre Consumo de
Energéticos en Viviendas Particulares. (ENCE\20)18)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 ConsumptioDetermination:

Using the lower and upper electricity consumptimunds, along with the annual consumption
estimate, the following consumption estimasieveredetermined:
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Figure60: National Average Household Heating Electricity Consumption (iB@bjce: own elaboration with data from ENCEV
2018 Lower bounéssumes all heaters have the efficiency of a SAMSUNG Slim Duct heater and Upper boundhessumes

efficiency of a 8.2HSPReater.

Annual Energy

Power Annual Consumption per
Consumption Consumption Householdthat owns
(kW) Duration (Hours) 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 heatefor each year of the studyhe resultsndicate increases in national energy consumption
from household heaters of over 108%ith an estimated maximu of 177.45 GWh of energy
consumed from heaters in 201Bstimated minimum and maximum consumption values for each

yearcan beseen below:

Figure61: Annual Heatingelated Electricity Consumption (GWimMexicobased on lower bound power consumption 1.1 kWh
and upper bound power consumption 1.5 kVBource: own elaboration with data on ownership of heaters from the ENIGH

20082018 and data on usage of such equipment from ENVECI 2018.

2008 2010 2012 2014 2016 2018

. Min: - Min: Min: Min: Min:
C(')\:Ztlﬁ;‘at'ior 66.54 M'r&:j'% 168.37  131.62  117.36  138.58

GWhp Max: 117 1'1 Max: Max: Max: Max:
(GwWh) 85.20 : 21560 16854 15028  177.45

National Electricity Consumption Growth by Climate:

Estimates oFinal Energy Consumptioby ClimateZone
Using the lower and upper electricity consumption bounds, along with the annual consumption
estimate, the following climatepecific electricity consumption estineatverefound
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Figure62: Heating Electricity Consumption per Household by Climate Zone(kWh) in Mexico. Source: own elaboration using data

on usage of heaters from ENCEVI 2018 and assurighgefficiency is equal to that of 10.5 HSPFlandefficiencyis equal to
that of the 8.2 HSPF.(Goodman Air Conditioning & Heating, n.d.

Power Annual . Annual Energy Consumption
: Consumption
Consumption Duration per Householdhat has a
(kW) (Hours) heater(kwWh)
Arid Lower: 1.1 141.4 155.54
Upper: 1.4 141.4 197.96
Temperate Lower: 1.1 13.92 15.31
P Upper: 1.4 13.92 19.49
. Lower: 1.1 0.28 0.31
Tropical | (;hner 1.4 0.28 0.39

National electricity consumption growth waben 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% betwen 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.

Figure63: Average Household Heater Use Patterns by Climate

Arid Temperate Tropical
Hours Per Day 2.0 0.5 0.0
Days Per Year 70.0 29.5 14.4
Hours Per Year 141.5 14.4 0.4
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Figure64: Annual Heatingelated Electricity Consumptidorm the Mexican Residential Sectyr ClimateZone(GWh) Source:
own elaboration with datdrom ENIGH 2008018 and ENCEVI 2018.

2008 2010 2012 2014 2016 2018

Min: 61.71  Min: 90.4  Min: 160.72 Min: 136.83 Min: 125.49 Min: 144.65

Arid Max: 79.01 Max: 115.76 Max:205.81 Max:175.20 Max:160.69 Max: 185.22

Temperate Min: 1.51 Min: 1.58 Min: 3.91 Min: 1.92 Min: 1.44 Min: 2.1
P Max: 1.93 Max: 2.02 Max: 5.01 Max: 2.46 Max: 1.84 Max: 2.69

Min: 0.009 Min: 0.012 Min: 0.013 Min: 0.011 Min: 0.008 Min: 0.009

Tropical | \jax:0.012 Max:0.015 Max:0.017 Max:0.014 Max:0011 Max: 0,011

By Climate and SocioeconorBiatus

Further analysis oheatng-related é&ctricity consumption indicates variability in electricity
consumption trends amongst households of different socioeconomic statuses and climate types.
To perform these analysesje@aageheatinghours used per day and average days used per year
were found for each socioeconomic status group in each climateAgpeas the case with air
conditioning usage,dursused peyeartended tancrease withhighersocioeconomic staturos

arid and temperateclimates while results did not show as clear a trendrippical climates.

Overall, the climatisocioeconomic status household group reported to use heaiermost
throughout the year wetegh socioeconomic status householdsrid climates, with a yearly use

of almost D0 hours per yeal.ow andhigh socioeconomic status householdsapicalclimates
reported ndhoursof household heater use throughout the year.

Figure65: Household Heater Udry Climate & Socioeconomic Staitud/exico in 2018. Source: own elaboration with data from

ENCEVI 2018.
Climate
Arid Temperate Tropical

Hours DaysPer Hours Hours DaysPer Hours Hours DaysPer Hours
Socioeconomic Status Per Day Year Per Year | Per Day Year Per Year | Per Day Year Per Year
Low 0.40 65.58 26.48 0.00 0.00 0.00 0.00 0.00 0.00
Medium-low 1.18 83.23 98.35 0.27 30.67 8.15 0.04 12.70 0.52
Medium-high 2.07 73.21 151.43 0.24 26.41 6.45 0.01 30.00 0.41
High 3.01 62.09 186.69 1.22 29.63 36.28 0.00 0.00 0.00
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The hours of annual consumpticeportedn the ENCEVIwere multiplied bythelower and upper
estimats ofelectricity consumption for each climate and socioeconomic status group pairthg
number of households with heatépsobtain an estimate of annual ugée findings indicate the
greatest totaheatingrelated electricity consumption can be attributechigh socioeconomic
status households in arid climates, with an estimated annual consumption of be4vwASamd
69.52 GWh in 2018. The lowest can be attributedtrtupical households of all socioeconomic
status types, with only mediutaw socioeconomistatuses, @.01 GWh in 2018, reporting any
annual heater usage over 1/0@\Wh of usage

Figure66: Annual HeatingRelated Electricity ConsumptionMexicoby Climate and Socioeconomic Staiissuming Usage as
reported in ENCEY018(GWh) Source: own elaboration with data from ENIGH 22028 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/MediumLow 49.49 63.37 | 34.04 43.59 29.7 38.02 | 33.54 42.95
Arid/MediumHigh a7.7 61.08 | 50.40 6453 | 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/MediurALow 1.0 1.28 0.12 0.15 0.36 0.46 0.51 0.65
Temperate/MediurdHigh | 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/MediumLow 0.01 0.01 0.00 0.00 0.00 0.01 0.01 0.01
Tropical/MediumHigh 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 theheatingestimated annual electricity consumptaiculationdetailed above allows for

a clearer picture highlighting which household groups experienced the greatest increase (and
decrease) in annubkatingrelated energy consumption over the 2Q@04.8 period. The greatest
20122018 increase in annulatatingrelated energy consumption was exhibited in medhigh

SES households in arid climates, with a total increaseeatingrelated energy consumption
estimated betweef.38 and 8.17 GWh. In fact, mediurdhigh and low socioeconomic status
households in aridlimateswere the only twdouseholdyroups to have experienced an aage

over the study periogd with 6 household groupsctually experiencing decreases total
consumption.Mediumlow SES households iarid climateswere found to have the greatest
decease in annual consumption, with an estimated decrease of bdtw8éand20.41GWh.
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Figure67: 2012 2018 Growth irHeatingRelated Electricity ConsumptionMexicoby Climate and Socioeconomic Status
Source: own elaborationith data from ENIGH 2012018 and ENCEVI 2018 and assumim¢pwer bound power consumption

1.1 kWh and upper bound power consumption 1.5 kWh

2018# of 2012¢ 2018 2018Heater 2012 2018
Climate/SES Households Household Growtt Electricity Consumption Change
with Heaters  (# households) Consumption (GWh (GWh)
. . . Min: 54.08 Max:
Arid / MediumHigh [ 39,476 69.25 Min: 6.38 Max:8.17
Arid / Low| 16,017 854 Min: 2.73 Max: 3.5  Min: 0.14Max: Q14
Tropical / MediumHigh 3,784 2,048 Min: 0Max: 0 Min: 0 Max:0
Tropical / Low 2,415 -1,760 Min: 0 Max: O Min: 0 Max:0
Tropical / High 3,374 -3,011 Min: 0 Max: 0O Min: 0 Max: 0
Temperate / Low 1,738 -157 Min: 0.08 Max: 0.04 Min: 0 Max:0
Tropical / MediumLow 17,479 -10,799 Min: 0.01Max: 0.01  Min: -0.01Max:0.0
Temperate / High 55601 -22,677 Min: 0.88Max: 1.13  Min: -0.46Max:-0.36
Temperate / Mediurm
Low 32,067 -30,647 Min: 0.51 Max: 0.65 Min: -0.62 Max=0.49
Temperate / Mediumm
High 42,826 -60,259 Min: 0.68 Max: 0.87 Min: -1.23 Max:-0.96
. . Min: 54.29 Max:
Arid / High s 41,147 69.52 Min: -8.51 Max:-6.65
. . Min: 42.35 Max:
Ard/ Mediumlow| 98,658 54.08 Min: -20.41 Max:15.94

Potential for Energy Efficiency Effect:

Such calculationkighlight 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 2B2hewUS heat pumpsust have aninimumHSPF of 8.8, which

translate$o 1.36 GWhper hourof uselfallheaterqi ad achi eved this standar
annual consumption would have dropped by an estinii€eb GWh. Snce adoption rates are

currently so low in Mexico, this consumptiainop is far less than that of air conditioners and

would have reduced catry-wide power demandnly equivalent to the emissions produced by
0.003average US coal plants. Such an emissions reduction can be equated to the emissions that
could have been reduced through installatio2 @find turbines (nameplate capacity 2.32 MW

with a 34% capacity facto({l)S EPA, 2020)
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Conclusions:

The penetration afesidential heating in Bkicois low amongst households all climate zones

and socioeconomic statudowever, 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
homeswith residents in larger homes exhibiting greater ik@bdd 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 thanicMedis t emper at e an
climates.

Archetypes
High Adopters: Most Recent Adopters: Low Adopters:
Large, High SES Large, 21 to 30 yeaold, Small, Low SES
in Arid Climates in Arid Climates in Tropical Climates

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 markeite this does mean there is

great potential for increased electricity consumption as households continue to adopt heating
technologies, at the currepénetratiorgrowth rate, the residentiaéctorwould notreach 100%

of penetratiorfor over 300 yearsg~urthermore, while the effects of climate change will be varied
around the world, an analysis of temperature change in Mexico over the past slewadea
decreasing need for residenti@atingfurther reinforcing the low likelihood of large increases i
household heating saturation in the near fut{iDark Sky APJ2020)

It appears thatousehold heating saturationniet likely to become aeality in Mexico,however
there are areas in which the country may expect dgrower 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
increasedpenetrationof household heating in arid climates. Policymakers should monitor
temperéure changes varying climate typesind act on policies that support uptake of energy
efficient heating technologies shoudoh increase irheating needs become a reality. At this

mo ment , Me xi cods t her mal comf ort @@ stractugly ef fi
efficiency changes, thorough updated home insulation and weather stripping. If it appears that
residents continue to adopt home heating technologies despite these structural upgrades,
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policymakers may seriously consider adding heating efficeen st and ar d si Noor mahse cC ¢
Oficiales Mexicana8 mi ni mum ener gy efficiency standards

Stimulation oHousehold Appliandeenetrdion:

Prior to attempting stimulation of residential heating technology saturation, policymakers might
consider whether current uneadoption is due to lack of technology affordability, or lack of
household necessity. The current households with the lowestygpels 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 adoptionn tropical and temperate climates is quite a logical
phenomenon. These climate types experience moderate to warm temperatur@sngeand have

much lower needs than homes in arid climates that experience much lower temperatures during
winter months. Iis 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. Satwatiobe 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 incedieaded to cost of energy.)
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Chapter9: Adoption ofTelevisiongn Mexico

Importance of Studyingmaller Appliances

In terms of household appliances, there is relatively abundant research on refragegdator
air conditionerenergy efficiency policies in Mexico, but few to none regardimgller appliances
such asTVs and washing machines. The existing emphasis on itaggatergy reductions from
refrigerator use is understandable considering a study found that refrigerators had overall the
secondargest rate of energy consumption per appliance in households in Mexico, second only to
air conditioners(RosasFlores, 201)] Yet at the same time, the same study found that TVs had
the highest saturation defined as number of the appliance per househddnong the most
popular appliances in both urban and rural households, with also the highest rate of saturation
increase awng urban households. (Rodasres, 2011) Yet at the same time, the same study
found that TVs had the highest saturatiodefined as number of the appliance per household
among the most popular appliances in both urban and rural households, wittedigghest 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 changeteatricity demand forecasts, and national
energy efficiency initiatives that could target the two appliances would be good points of research
for this project.

Figure6& ¢ 2 i £ Sy SNE& 02y adzY Ll A 2 yiring 3006\8appliadc Gpe. TaiesistigHiightaditd £ & SOG 2 NJ
emphasize that the combined energy consumption of TVs and washing machines (red) surpasses the energy consumption of air

conditioner (yellow)SourceMartinezMontejo et al. 2016.

Table 2
Residential energy by end uses (2006).
Source: Rosas et al. (2010). Per capita considers total population.

TWh % kWh/cap/year
Lighting 9.9 22 91.2
v 6.1 14 56.6 |
Refrigerator 13.4 30 123.5
I Cloth washers 2.7 6 249 |
Air conditioner 8.6 19 78.9
Others 3.8 9 348
Total 44.4 100 410.0

Analyzing Household Drivers of Residential Electricity Consumption in Mexico Siegel, Ullman, Wu 111



Policies

Digital Switchover

On December 3d 2016, Mexico became the first and only country in Latin America to
eliminate analogue television broadcasts. This monumental nationwide policy wasfoshaed
in 2013, therseveraprograms were carried out by the government to advance the initiative starting
in early2015 andvas fully completed by end of 2016. The miogpactfulprogram carried out by
the government, specifically the Ministry of Commizations, in preparation for the complete
digital switchover was its handout of 14 million free digital/LED TVs to-loeome households
registered in social assistance programs. In doing so, although the government had largely
successfully responded torcerns regarding the difficulty of lemcome 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 ane middl
classes, who did not qualify for social assistance programs yet were slow to upgrade to digital TVs.
There were also criticisms that the gover nme
motivated since it was an election year; the free TVs witea branded with political party logos
and political mar keting was broadcast excl us
complete elimination of analogue broadcast significantly decreased energy consumption from
televisions. Flat screen digitdlVs consume half as much electricity as do cathagetubes
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:

1 Television UEC and analogue TV saturation levels will decrease drastically from 2015 to 2016 as
Mexicobs digital switchover prompts rapid drop
rapid spike in ownership of digital TVs, which consume about aslinuch energy as their
analogue counterpart.

9 TVs saturation levels will be most dependent on socioeconomic status and less dependent on

climate locality size location type, or home type However , Mexi cods socioe
in certaincommunities andareaswill cause indirect effects dhose other factorsn 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 analogagd 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 openetratiorof each type of TV amongst residential households iniddex

Analogue TV:
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Variable PenetratiorRange2018 Highest PenetratiorDecreasdrom 204 to 2018:
Penetratior2018
Socioeconomic| (Medium-low)i High: Medium-low: Medium-low:
Status 1% 42% 27%
. Temperatei Tropical: Temperate Temperate
Climate % 38% 3%
. . (2.5K-15K) 7 (>100K): 2.5K-15K: 2.5K-15K:
Locality Size 9% 1% 29%
. Rural-Urban: Rural: Rural:
Location Type 204 35% 28%
Housei Apartment: House: House:
Home Type 6% 36% 33%
Tablel3: Clustering analyses of factors that affect analogug@etration. Source: own elaboration with data from ENIGH
200142018.
Total population
2018: 36%
|
[ | 1
R, Temperate: Tropical:
I‘l m [—lﬁ ﬁlﬁ
Socio-
W low: 42% low: 36% Il low: 44% low: 44% [l low: 35% low: 38%
status —_
Medium- Medium- Medium-
high: 33% Bl high: 38% Bl high: 31%
_'mm e
Figure69: Dendogram of analogue Pénetrationin Mexico'shouseholds in 2018
Digital TV:
Variable PenetratiorRange2018 HighestPenetration Penetratioincrease2014 to
2018 2018:
Socioeconomi High i (Low or medium-low): High: High:
c Status 20% 83% 13%
Climate Temperatei Arid: Temperate Ten;%;:ate
6% 71%
(>100K) 1 (<25K or between >100K: >100K:
Locality Size 2.5K-15K): : 28%
12% 73%
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Location Urban - Rural: Urban: Urban:
Type 9% 70% 29%
House- Apartment: House: House
Home Type 2% 7% 3%

Tablel4: Clustering analyses of factors that affect digitall D8 y SG NI} G A2y Ay

Socio-
economic

status

—_—

elaboration with data from ENIGH 242018

Total population
2018: 68%

|

[
Arid: 65%
r 1 )
Urban: 68% il Rural: 55%
Low: 48%
Medium- Medium-
B low: 60% low: 61%

Low: 47%

Medium-
high: 74%

High: 81%

~——

1
Temperate:
71%

[ 1 1

o Low: 80% J& Low: 66%

W Medium-
low: 64%

il Medium-
low: 65%

Medium-
high: 74%

High: 83%

1

aSEAD2Qa

Tropical:
67%
[ 1 1

Medium-
low: 61%
Medium-
high: 78%

High: 86%

Urban: 72% il Rural: 65% JUrban: 68% B Rural: 61%
|\ Low: 59%

Medium-
low: 64%

K2dza SK2f R:

Figure70: Dendogram of digital TV adoption in Mexidagiseholds in 201&ource: own elaboration with data from ENIGH
2018.

National Adoption

An analysis ofpenetration of television at theationallevel shows that approximately 67% of
households had analogue TV in 2014, 48% in 2016, and 36% in 29%80of households had
digital TV in 2014, 65% in 2016, and 68% in 20T8e continued significant decrease in analogue

TV

adoption

nat.

onal

Iy

i s cbnopletb elimieakiop ef analegde c o n s

signal completed by the end of 2015. The spike in higher bHifitadoption from 2014 to 2016
nationallyis largely a result of the elimination of analogue signal by the end of 2015 combined

withthe larges c a | e

di

stri

but.

on of

free

digital

TVs |

The chart below depicts the percentage of households that have aaltgdteglie and digital TVs
in Mexico according to the ENIGH surveys.
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Avg. Adoption %

Year

Figure71: Analogue and digital TV average adoption in Mexico for ZIB Source: owelaboration with data from ENIGH

20142018.

Adoption by State

Average adoption rates argatively uniformly low for analogue TV ancelatively 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 ratasdigital 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 adopditesnof analogue TV below 50% and all
states have average g@don rates of digital TV above 50%, which reflects the drastic nature of
Mexi cods compl et e di giAlthaugh pattarmstofcTY adepon ard cuitek |
uniform across all states, there are some differences that are suggestive of socicerauEes.

For analogue TV, the states with some of the highest saturation rates, which include San Luis
Potosi, Michoacan, and Nayarit, have higher proportidmokeholdshat fall undeithelow-

medium socioeconomic grouphis group does not fall undére low socioeconomic group that
would have qualified them for free digital TV replacement byginernment yeare low

financially enough to be slower than most at purchasing new digital TVs. Conversely, for digital
TV, the states with some of the highsaturation rates, which include Mexico City and
Aguascalientes, contain cities with financial districts that have higher proportibosig$holds

that fall under the high socioeconomic group. This group would have the financial means to
quickly purchas new digital TVs on their own.
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Adoption rate average of analogue TV in 2018 by state

Figure72: Averagepenetrationof analogue TV in Mexdo statesduring 2018 Source: own elaboration with data from ENIGH
2018.

Adoption rate average of digital TV in 2018 by state

Figure73: Averagepenetrationdigital TV in Mexign statesduring 2018 Source: own elaboration with data from ENIGH 2018.
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Adoption by Socioeconomic Status

Socioeconomic statleppears to be the most important factor affecting the penetration of
analogue TMn Mexican hoseholdswith a total range 019 between the highest adopter

group and the lowest adopter grou2018 Socioeconomictatus was also the mastportant
factoraffectingaverage digital TV saturation rate, with a total rang20b between the highest
adopter group and the lowest adopter group in 2@h&r 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 ihTg#doption 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 2018onsidering tk high degree of variability among the low,
mediumlow, mediumhigh, and high socioeconomic groups, socioeconomic status was the most
significant factor in both analogue and digital TV saturafionis societally a widely accepted

and desired appliance for pratily 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, socioecon@ngthatu
most influential factor in TV adoption rates.

Digital TV average adoption rate by
socioeconomic status 2014-2018 (95% confidence intervals)

Year / EstSocio
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Figure74: Digital T\penetrationby socioeconomic statuis Mexicanhouseholdsluring 20142018 with 95% confidence

intervals Source: own elaboration with data froeNIGH 2012018
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Adoption by Climate

Climate was the third mogmnportantfactor affecting pemtration of TV in Mexico, with a total

range of7% between the highest adopter group and the lowest adopter g248while climate

was the durthmost varyng factor describing average digital Pénetrationwith a total range of

6% between the highest adopter group and the lowest adopter group ifR@t&ime, all three
climatic zones showed adoption rate changes similar to the national trends: speaftyast
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 tke low degree of variability among treeid, temperate, and tropical climatic
zones, climatevas not a significant factor in neither analogue nor digitalpBvietrationUnlike

air conditioners and refrigerators, TVs are not designed to regulate space terepand hence

| ocal climate does not significantly affect t

Digital TV average adoption rate by
climate 2014-2018 (95% confidence intervals)
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Figure75: Digital TV average adoption rate by climate during 22048 with 95% confidence intervaource: own elabation

with data from ENIGH 2012018
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Adoption by Locality Size

Locality size was theecondmostimportantfactoraffecting penetration ainalogue TV , with a

total range 0% between the highest adopter group and the lowest adopter gradpanwhie
locality size was the second most varying factor describing average digifsiétrationwith

a total range of 12%etween the highest adopter group and the lowest adopter group in 2018
Over time, all four locality size groups showed adoption ragmges 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 2018oweve, the 25k1 5K | ocal ity size groupos
adoption rate actually decreased from 67% in 2016 to 61% in 2atBidering the low degree

of variability among the less than 2.5K, between 25K, between 15KL00K, and greater

than 100K grous, locality size was not a significant factor in neither analogue nor digital TV
penetrationAlthough 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 tkatasidents
nearlyanywherecanstill 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.

Digital TV average adoption rate by
locality size 2014-2018 (95% confidence intervals)

Year / Tam Loc
2014 2016 2018

Average adoption
Average adoption

Figure76: Digital V penetrationin Mexican householdsy locality size during 2012018 with 95% confidence intervaBource:
own elaboration with data from ENIGH 262@18.
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Adoption by Location Type

Location type was the fifth moghportantfactoraffectingpenetratiorof analogue TV, with a

total range of merel2% between urban and rural househatd2018, while location type was

the third most varying factor describing digital Pénetrationwith a total range d% between
urban and rural householats2018. Overime, 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 signdant 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 saturatiBmilar to locality size, the lowejyree of
variability between urban and rural location types further supportshnaiemand for TVs is so
high in practically all households in Mexico that most resideatslyanywherecanstill easily

find a way to purchase TVs no matter tHegation.

Digital TV average adoption rate by
location type 2014-2018 (95% confidence intervals)
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Figure77: Digital T\penetration in Mexican householbdy location type during 2012018 with 95% confidence intervals
Source: own elaboration with data fronNESH2014018.
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Adoption by Home Type

Home type was th#ourth mostimportantfactor affecting penetration adigital TV, with a total

range of6% between houses and apartmemt&018, while home type was tfith most varying

factor describing digital TV averageenetrationwith a total range aherely2% between houses

and apartments 2018. Over time, both houses and apartments showed adoption rate changes
similar to the national trends: steaglgnificant 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. Consideniatativelylow degree

of variability between houses and apartments, home type was not a significant factor in neither
analogue nor digital TenetrationThe high demand foFVs by nearly all residents Mexico,
regardless of whether they reside in houses or apartments, helps explain the low variability of TV
adoption by home type.

Digital TV average adoption rate by
home type 2014-2018 (95% confidence intervals)
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Figure78: Digital T\penetration in Mexican householby home type dunig 20142018 with 95% confidence intervaBource:
own elaboration with data from ENIGH 202@18.

Analyzing Household Drivers of Residential Electricity Consumption in Mexico Siegel, Ullman, Wu 121



Interactions of Drivers

Interaction ofLocality Size and Socioeconomic Status

Greater than 100,000 residents:

In 2014 and 2016&digital TV penetratiormamongstocations with greater than 100,000 residents
weredisproportionately large for those in higbcioeconomic status (SE®hile mediumhigh
SES had slightly larger digital Ty¥enetrationthan low and mediudow SES High SESin
locations with greater than 100,000 residém014 exhibited & average 7 penetrationwhile
those of low SES shod a 32.9% penetration However, by 2018 this pattern shifted and
penetratioamongstow, mediumlow, and mediurrhigh SES showed lesariation amongst each
other and moved closer to rates achieved by high BEX®18, while high SES exhibited adoption
rates of83%, low SES increased at a rapid padgéh apenetratiorof 68%.

Digital TV average saturation rates amongstlocations with >=100k residents based on
socioeconomic status 2014-2018
Year / Est Socio
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Figure79: Digital T\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 Tenetratioramongst locations withetween 15,000 and 100,000
residents werstrongly correlated with socioeconomic status (SES), as the higher SES groups had
higher penetratiothan the lower SES groupbkligh SES in locations withetween 15,000 and
10,000residents in 2014 exhibited an avera§& penetrationwhile those of low SES showed a

19% penetration However, by 2018, this pattern shifted gehetratioramongst low, medium

low, and mediurrhigh SES showed less variation amongst each other and moved closer to rates
achieved by high SES. In 2018, while higkSs exhibited adoption rates o8%, low SES
increased at a rapid pace witpenetratiorof 72%.

Digital TV average saturation rates amongst locations with 15k-100k residents based on
socioeconomic status 2014-2018
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Figure80: Digital T\penetrationamongstMexican households iocdities with 15k100k residents based on socioeconomic

status D14-2018 Source: own elaboration with data from ENIGH 2028

Between 2,500 to 15,000 residents:

In 2014 and 2016, digital TV averagenetration irlocations with betwee,500and 5,000
residentsvere strongly correlated with socioeconomic std&IsS), as the low and medidow

SES had similarly low rates and medimgh SES had substantial rates and high SES had large
rates High SES in locations with betwerb00 and 15,00@sidents in 2014 exhibited an average
5% penetration while those of low SES showed22% penetration However, by 2018, this
pattern shifted angenetratiorbetweerow and mediurrhigh SES showed less variation amongst
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each other and moved closer ttesaachieved by high SE®&hile mediumlow SES showed the
lowest ratesIn 2018, while high SES exhibited adoption rateg#, low SES increased at a
rapid pace with @enetratiorof 66%.

Digital TV average saturation rates amongst locations with 2.5k-15k residents based on
socioeconomic status 2014-2018
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Figure81: Digital T\penetrationamongstMexican households locations with 2.5KL5k residents based on socioeconomic

status 20142018 Source: own elaboration with data from ENIGH 262048.

Less than 2,500 residents:

Socioeconomic status (SES) was not as strong of a factor in determining digp&n€¥fation
amongst locations with less than 2,500 residents. The exception was year 2016, when high SES
had a disproportionately largenetration 0B8% while low SES had much smallepenetration

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 arfewer than 2,500 residenits the 2014 survey. Therefore,
conclusive patterns cannot be inferred from this limited data collection in 2014. By 2018, the
penetratioramongst the SES groups showed less variation, with high SES havingeb2¥ation

and bw SES having 59%.
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Digital TV average saturation rates amongst locations with <2.5k residents based on
socioeconomic status 2014-2018

Year / Est Socio
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Figure82: Digital T\penetration in Mexican householdslatdities with <2.5k residents based on socioeconomic status-2014

2018 Source: own elaboration with data from ENIGH 2048.

AnnualHousehold TV Electricity Consumption

Estimations otlectricity 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 (UnderstiBolar, 2017) and digital TV has a power consumption of

45 watts (Understand Solar, 2012)so, according to the 2018 ENCEVI report, the majority of
Mexican households, at 46%, watched between 2 to 5 hours of TV per day. Therefoppethe
bound of theTV electricity consumption estimation assurttest5 hours of TVwerewatched per

TV per day while the lower bound of TV electricity consumption estimation asstima¢2 hours

of TV werewatched per TV per daythe numbers of each type of TV in each $ehold were
provided by each yeardéds ENIGH survey. To calc
relevant group, théotal number of analogue and digital TVs were added up, multiplied by the
appropriate 120 watts analogue and 45 watts digital TWep@onsumption, multiplied bgither

two orfive hours per day, and then multiplied by 365 days in a year.
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BySocioeconomic Status

All socioeconomic status groupsheited decreases in total electricity consumption from TVs
from 2014 to 2016 and agafrom 2016 to 2018The mediurdow socioeconomic status group

had the largest decrease in TV electricity consumption from 2016 to B0h&ver, the medium

low socioeconomic status group also had the largest total TV electricity consumption amount in
2018at 1,231,130 MWh 3,077,826MIWh. The high socioeconomic status group had the lowest
total TV electricity consumption amount in all three years.

Upper bound total TV electricity consumption (MWh) by
socioeconomic status 2014-2018

Est Socio
Year low medium-low medium-high high
2014 1,035,252 4,116,718 1,967,629 905,549
2016 900,433 3,574,291 1,712,719 788,142
2018 810,321 3,077,826 1,446,777 666,798

Tablel5: Upper bound total TV electricity consumption (MWh) in Mexican households by socioeconomic status during 2014
2018.Tablel6: Upper bound ofotal TV electricity consumption (MWim) Mexican householdsy socioeconomic status dugin
20142018 Source: own elaboration with data from ENIGH 22048 Estimates assume 5 hours aewperTVper day and

electricity consumption df20 watts/hourfor analogue TVs and 45 watts/hour plgital TV.

Lower bound total TV electricity consumption (MWh) by
socioeconomic status 2014-2018

Est Socio
Year low medium-low  medium-high high
2014 414,101 1,646,687 787,052 362,220
2016 360,173 1,429,716 685,088 315,257
2018 324,129 1,231,130 578,711 266,719

Tablel7: Lower bound total TV electricity consumption (MWh) in Mexican households by socioeconomic status during 2014
2018. Source: own elaboration with data from ENIGH Z0IKB. Estimates assume 2 hours of use per TV per day andcélectr

consumption of 120 watts/hour for analogue TVs and 45 watts/hour per digital TV.
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By Locality Size

All locality sizesexhibited decreases in total electricity consumption from TVs from 2014 to 2016
and again from 2016 to 2018. Theealities with nore than 100,000 residentsad the largest
decrease in TV electricity consumption from 2016 to 20H®&wvever, his locality also had the
largest total TV electricity consumption amount in 2018,a81,910 MWh 3,079,775MWh.
Thelocalities with2,500 to 15,000 residenttad the lowest total TV electricity consumption in all
three years.

Upper bound total TV electricity consumption (MWh) by
locality size 2014-2018

Tam Loc
Year <2.5K 2.5K-15K 15k-100k >=100k
2014 1,373,560 1,049,141 1,198,836 4,403,611
2016 1,233,362 940,747 1,101,619 3,699,857
2018 1,127,286 834,766 959,895 3,079,775

Tablel8: Upper bound otal TV electricity consumption (MWh) Blexican households incalities of differensizes during
20142018 Source: own elaboration with data from ENIGH 2B048 and assuming 5 hours of use per TV per household and a

consumption of 120 watthour for analogue TVs antb watts/hour for digital.

Lower bound total TV electricity consumption (MWh) by
locality size 2014-2018

Tam Loc
Year <2.5K 2.5K-15K 15k-100k >=100k
2014 549,424 419,656 479,535 1,761,445
2016 493,345 376,299 440,647 1,479,943
2018 450,914 333,907 383,958 1,231,910

Tablel19: Lower bound total TV electricity consumption (MWh) by Mexican households in localities of different sizes during
20142018. Source: own elaboration with data fromlEN 20142018 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 residentidlV consumption in Mexicsupports the hypotheses. As
expected, theow socioeconomistatusggroup had quicker analogiie-digital TV switchover than

woul d be expected, thanks to governmentds har
household& 2015 The dataeveals amverallhigh penetratiorof digital TVs and lowpenetration

of analogue TVs by 20181owever, there are kelyjousehold characteristithat appear to be

strong drivers oftligital TV adoption. The strongest of these drivers appears $odeeconomic

status with residentdrom higher socioeconomic status grouwgpdibiting greater likelihood of

adoption than thosieom lower socioeconomic status groupke less significant but still notable

driver was locality sizewith residents from denser locations dxting greater likelihood of

adoption than those from less dense locations.

Archetype®f Digital TV

Highest saturation: Greatest growth in
High socioeconomic status, saturation:
tropical climate, urban Low socioeconomic status,
nirhan

Recommendations

Mexico is on the right track for promoting en
and free digital TV handout to low socioeconomic households significantly comeeléede

majority ofthe countryfrom analogueo digital TV adoption.This switchover resulted in a large

degree of energy savings while also achieving a significant increase in TV access to underserved
popul ati ons. Therefore, Mexicobds digital swit
to low socioeconomitiouseholds demonstrated a wimn scenario for environmental protection

as well as social welfare. The government should continue its TV replacement program targeted
towards low socioeconomic household#hough 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 housabelds
demongrated that theyely on government funding to effectively adopt digital TVs and adapt to
Mexi cods new digital | andscape.

Mexi cods govVver nongonforurexpected ndajoraspikesiine mamber of digital

TVs perhousehold, a behavioral compohent hat coul d offset Mexi co0s
efficiency policies related to TV#lthough not exhibited by past data, it is possible that many
households might adopt a greater number of TW/¢he future,c onsi dering the te
desirabilityand t he count ry6s Whiemew digital TVis gonsomedndch kessc | a s
energy than outdated analogue TVs, larger numbers of new digital TVs per household could offset
energy savings realized from the switchover. Therefore, the governmend stamilnue to

conduct extensive biannual ENIGH surveys that include a question about the number of TVs per
household.
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Chapter D: Adoption of Washing Machines in Mexico
Policies

Minimum Energy Efficiency Standards (MEES)

There are minimum energgfficiency standards for washing machines. See ediligti ni mu m
Energy Efficiency St @Enedy EfftiencyPoMiEednHSV)exicodu nsdeecrt i tohne
for detailed information about MEES and charts that include washing machine standards and
upgradedimeline. Same as the other applicable appliances, washing machine MEES have been
upgraded every couple years and have gotten stricter at each upgrade.

Hypothesis

1 Washing machine UEC will decrease in the future as MEEStgeter butwill be counteracted
by increasingenetratorma s mor e of Mexi cods popul ation ri s
1 Washing machingenetratiorwill be most dependent on socioeconomic status and much less
dependent on climatéocation typelocality size or home type However , Me xi cobs
socioeconomic tendencies in certaommunitiesandareaswill cause indirect effects of
those other factorsn washing machinadoption

Analysiof Drivers of Penetration of Washing Machines

The below sections seekdaalyze 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, homertgipe, a
location size have on saturation of washing machines amongst residential households in Mexico.

Variable PenetratiorRange2018 Highest Penetratiorincreasdrom 2008 to 2018:
Penetratior2018
Socioeconomic High - Low: High: High (2012 to 2018)
Status 31% 80% 3%
I . . Arid :
. Arid T Tropical: Arid o
Climate 2% 64% 4%
. >100K:
. (>100K) 7 (2.5K-15K) >100K: A
Locality Size 11% 67% 7%
. Urban - Rural: Urban: Urban:
Location Type 506 63% 15%
Houseil Apartment: House: House:
Home Type 12% 71% 16%

Table20: Clustering analyses of factors that affect washing macherestration in Mexican households in 2018. Source: own

elaboration with data from ENIGH 202818
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Figure83: Dendogram of washing machipenetrationin Mexico'shouseholds 2018 Source: own elaboration with data
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An analysis of washing machine adoption nationally shows that approximately 51% of households
had at least on@ashing machine in 2008, 59% in 2010, 59% in 2012, 60% in 2014, 63% in 2016,
and 62% in 2018The slowly increasing adoption rate of washing machines nationally from 2010

onwards is likelycausedby two attributes in Mexico. Firsthe rise of the low sageconomic

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 wenld 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 wideg} considered as essential technologies for comfortable healthy lwengjing

machines

provi de

a servi

ce that

can

be

done

already accustomed to it) or hired out quite cheaplycldaners Therefore, if ehousehold 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 adaghsag machineis
Mexico according to the ENIGH surveys.
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Washing machine average adoption rate in Mexico 2008-2018
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Figure84: Washing machinpenetrationin Mexi@an households i20082018 Source:own elaboration with data from ENIGH

20082018.

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%edowest rate state,
Guerrero with 35%, is 50%lthough 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 hagéy been considered a luxury by most of Mexican society.
Although patterns ofvashing machinadoptionfall within 50-75% for most stateshere are some
differences that are suggestive of socioeconomic caddémugh there are not clear trends
amongsthe states with the highest saturation rates states with some ofélowestpenetration

which includeGuerrero, Chiapas, and Oaxaaee all in the southernmost part of the country that
contains the highest proportion of communities in the low sooim@mic spectrumMost
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 esatvith the highest adoption rates could be attributed to the
fact thatcleaners/housekeepevghoroutinely 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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Adoption rate average of washing machine in 2018 by state

C Honduras

FigureSSf‘Penetratidnof washing machingin Mexican households 2018 by stateSource: 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 2018For both the mediunrhigh and high socioeconomic groups, there was a slow but
tapering increase iadoption rates from 2@1to 2018.For the mediumow socioeconomic group,

the average adoption rates both increased and decreased by a few percentage pant@ @Edwe

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. Nonethetessdering the high

degree of variability among the low, medidaw, mediumhigh, and high socioeconomic groups,
socioeconomic status was the most significant faatevashing machin@enetration Although

still considered a luxury item, washing machines provide a service routinely carried out by
practically all Mexican residentacrossal climatic zones, location types, home types, and locality
sizes. As such, people are inclined to instalshing machineis their homedo decrease the time

and effort required to wash clothezs long as they have the financial means to damgba
cleaner/housekeepmrnot already employed to wash clothes for th€herefore, socioeconomic

status is the most influential factorwashing machine adoption rates.
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Washing machine average adoption rate by
socioeconomic status 2012-2018 (95% confidence intervals)

Year / Est Socio
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Figure86: Washing machine average adoption rate bgiseconomic status during 202918 with 95% confidence intervals

Adoption by Climate

Climate was the fifth most varying factor describagerage washing machipenetrationwith a

total range obnly 3% between the highest adopter group and the loadspter group in 2@L

For both the temperate and tropical climate areas, the aveeag&atiorchanges 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 aage adoption rate of 74%, and then showed similar adoption

rates as the temperate and tropical climate areas for the rest of the years dboraidering the
majority low degree of variability among the arid, temperate, and tropical climatic zoneateclim

was not a significant factor imvashing machinepenetration Unlike air conditioners and
refrigeratorswashing machineare not designed to regulate space temperature and hence local
climate does not signifi canheteshnobbdyf ect the res
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Washing machine average adoption rate by
climate 2008-2018 (95% confidence intervals)
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Figure87: Penetration of vashing machingin Mexican householdsy climate during 2002018 with 95% confidence intervals

Source: own elaboration with data from ENIGH 22088.

Adoption by Locality Size

Locality size was the third most varying factor describing average washing maenisikeation

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 adoptionchssnges similar to the national trend:

slow and tapering increase from 2008 to 2M8wever, thdessthan 25K ocal i ty si ze
average adoption raiaecreased the most from 35% in 2008 to 56% in 2@®@nsidering the
relativelylow degree of variabty among the less than 2.5K, between 215K5K, between 15K

100K, and greater than 100K groups, locality size was not a significant faetasimng machine
penetration Although one may believe that areas with larger populations would have greater
number of stores and supplies to distribwteshing machireto residents and hence have higher
adoption rates, theeed to wash clotheas universal fopractically all households in Mexico that

most residents nearly anywhere can still easily find a waurichasevashing machineso matter

their locality size. This explains the low degree of variabilitwashing machinaverage adoption

rate among the locality size groups.
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Washing machine average adoption rate by
locality size 2008-2018 (95% confidence intervals)
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Figure88: Penetration ofwashing machingin Mexican householdsy locality size during 206818 with 95% confidence

intervals Source: own elaboration with data from ENIGH 2P088.

Adoption by Location Type

Location type was the fourth most varying factor describing average washing machiagosatur
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% decreagerage adoption rates from 2010

to 2014, followed bythe characteristic slow tapering increase from thenGmomsidering the
decreasinglegree of variability between the urban and rural gragsme gets nearer to 2018
location typés unlikely to bea significant factor invashing machinpenetrationn the near future
Similar to locality size, the low degree of variability between urban and rural location types further
supports thathe need for washing cloth&suniversalin practically all houseatids in Mexico that

most residents nearly anywhere can still easily find a way to puralzeteng machinreno matter

their location.
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Washing machine average adoption rate by
location type 2008-2018 (95% confidence intervals)
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Figure89: Penetration ofvashing machiné Mexican householdsy location type during 2008018 with 95% confidence

intervals Source: own elaboration with data from ENIGH 2P088.

Adoption by Home Type

Home type was the second most varying factor describing average washing rpacieitnation

with a total rangeof 12% between houses and apartments in 2018. Over time, Ishmesd
adoption rate changes similar to the national trehd slow tapering increasélowever, the
average adoption raia apartmentsactually decreased more than increased between 2@10 an
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, trershared 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 incré#tbesigh

there is an observable differenibetween 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 machingenetrationbut home type should still be considered especially with increasing
urbanization.
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Washing machine average adoption rate by
home type 2008-2018 (95% confidence intervals)
Year / Tipo Viv
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Figure90: Penetration of washing machingin Mexican householdby home type during 2068018 with 95% confidence

intervals Source: own elaboration with data from ENIGH 2P088.

Interactions of Drivers

Interaction of Home Type and Socioeconomic Status

Houses:

In 20122018 washing machin@enetrationn housess strongly correlated with socioeconomic
status (SES), as thewer SES hadbwer penetratiorwhile the higher SES hddgherpenetratin

High SESin houses during 201@xhibited 85% penetrationwhile those of low SES showed a
penetration of36%. Although this pattern prevailed through 2018, the low SES made quicker
strides in achieving higher washing machpenetrationthan the other SES groupBy 2018,
while high SES exhibited lower penetrationncrease t@7%, low SES increased at a rapid pace
to apenetratiorof 55%.
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Washing machine average adoption rate amongst houses based on socioeconomic status
2012-2018
Year / Est Socio
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Figure91l: Penetration of \ashing machingin Mexican households living imusesduring 20122018, by socioeconomic status

. Source: own elaboration with data froENIGH 2012018.

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 cieaotrgstd

the SES groups, except that medibigh SES had the highest rates. In 2016, all four SES groups
had similampenetration obetween 6670%. In 2018, the difference amongst SES groups residing

in apartments was most apparent, with high SES hapegetratiorof 67% and low SES having
penetratiorof 33%.
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Washing machine average adoption rate amongst apartments based on socioeconomic status
2012-2018

Year / Est Socio
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Figure92: Adoption of vashing machingin Mexican households livingapartments during 2012018 by soceconomic

status. Source: own elaboration with data from ENIZD122018

Annual Household Washing Machine Electricity Consumption

Estimations of electricity consumption from washing machine2068, 20102012, 2014, 2016,

and 2018socioeconomic status information is not available in the 2008 and 2010 ENIGHysur
werebased 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 dh@@ildber

of washing machines in each household were provided by eactbysa E N1 GTFb cadculatev e y .
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 exhibitedreases total electricity consumption fromeashing
machinas from2012 to 2018, with the exception of decreases in electricity consumption amongst
the low and mediuriow socioeconomic status groups from 20122@14 The mediurrlow
socioeconomic status group had the largestasan washing machine electricityonsumption

from 2016 to 2018, withraincreaseof 42,380MWh. They also had the largest totalashing
machineelectricity consumption amount in 20H8 1,126,404MWh. The low socioeconomic
status group had the lowest tokglshing machinelectricity consumption amount in &lur years.
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Washing machine total electricity consumption (MWh) by
socioeconomic status 2012-2018

Est Socio
Year low medium-low  medium-high high
2012 195,471 1,081,786 462,643 211,333
2014 185,494 1,000,325 542,754 276,696
2016 222,951 1,084,024 583,786 291,409
2018 260,979 1,126,404 587,127 299,229

Table21: Total electricity consumption (MWIi) the Mexican residential sector due to w§avashing machinesy
socioeconomic status during 262018 Source: own elaboration with dafromENIGH 201-2018. Estimate assumes each

wahing machine consumes 95 kWh per year

By Home Type

Both houses and apartmermishibited increases in total electricity consumption from washing
machines from 2012 to 2018, with the exception of decreases in electricity consumption
apartments from 2008 to 2010 and again from 2012 to.20d4dseshad the largest increase in
washirg machine electricity consumption from 2016 to 2018, with an increa8&,74MWh.

They also had the largest total washing machine electricity consumption amount in 2018 at
2,065,961IMWh. Apartmentshad lower total washing machine electricity consumptamount

than did housem all six years.

Washing machine total electricity consumption (MWh)
by home type 2008-2018

Tipo Viv
Year apartment house
2008 100,502 727,541
2010 60,878 1,256,914
2012 138,669 1,766,815
2014 122,012 1,842,727
2016 138,214 1,983,987
2018 144,764 2,065,961

Table22: Washing machine total electricity consumption (MWhMexican householdsy home type during 2003018
Source: own elaboration with data from ENIGH 20088 Estimates assueneach 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 thahetration ofvashing machirgehas not increased significantly

from 20102018, excepamongthe low socioeconomic status grodyost of the recent increase

in electricity consumption attributed to washing machine use arises from the increase in absolute
number of households in Mexico, ratithan 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 machitmsever, there are key household
characteriscs that appear to be strong driversvashing machinadoption. The strongest of these
drivers wassocioeconomic status, with residents from higher socioeconomic status groups
exhibiting greater likelihood of adoption than those from lower socioecorsiatics groups. The

less significant but still notable driver waeme type with residentdiving in housesexhibiting

slightly greater likelihoodverallof adoption than thodeving in apartments.

Archetypes

Highest saturation:
High socioeconomic status,
temperate climate, urban

Greatest growth in
saturation:
Low socioeconomic status,

tamnarata rlimata riiral

Recommendations

Although washing machingenetration isiot increasing significantly, with the exception of low
socbeconomic status group, electricity consumption from washing machines has been increasing
significantly due to the increase in absolute number of households in MExgaot in the best
interest of soci al wel f ar e &chined andnithereforegtiei d e n t
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 fasteBipaee.

most households do not see the need to invest in more than one washing machine, it is not
neessary to create programs or surveys focused on limiting the number of washing machines per
householdAlso, since low socioeconomic status group was the only socioeconomic status group
were penetratiorincreased significantly anthis happenedvithout ap@rent program funding
assistance, the government likely does not need to invest in washing machine adoption programs
for this sector of the population.
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Chapterll: Discussion

Summary of Results

Although eachhousehold appliance has a different set dicgpdemographic, and community
factors that affect thpenetratiorof appliances irthe residentiasector, there are somsgnificant
common trends that are important to recognEaech appliance seems to take on a similar trend
overtime, at first beingtilized by earlyhigh-socioeconomic statielopters beforbeing adopted

in other sectorshroughout the country. Additionally, although there has been an increase in the
adoption of nearly every appliance overtime, there is a strong trend ttheaad@tion of energy
efficient appliancesSocioeconomic status, climate, and locality size arg@iificant drivers for

the penetrationof household appliancekach of these is explored in the section beldhese
results are further explored in the sectimelow.

1. Some appliancediave reached near saturation while others are stikxperiendng rapid growth.
Lightbulbs and televisions have reachedigh penetration with the number of households not
increasing, and the percentage of hoaite30% or aboveRrefrigerators and washing machines appear
to be experiencing some growthpenetratiorand will likely continue to increase in the coming years.

Figure93: Penetrationof appliancesn Mexican householdsetween 2008 and 201&ource: own elaboration with data

from ENIGH 2008018

2. Although the penetration of air condition ers and heagers remains relatively low compared with
other appliancesthere has been rapid growth of those appliancesnce 2008Thepenetratiorirend
will likely continue to rapidly increase asealth grows, appliances become more affordable, and
cooling needs increases.
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