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Abstract 
 
There is a growing interest in reducing energy consumption and its associated greenhouse gas emissions 
from every sector of the economy. The residential sector is a substantial consumer of energy in every 
country and understanding which factors affect the energy consumption in this sector is crucial for policy 
makers, investors, utilities, and other stakeholders. This study contributes to a better understanding of 
these factors through a case study in Queretaro, Mexico. Particularly, this study sheds light on two different 
methods for collecting detailed information on the end uses of energy in homes, and for assessing the 
relationship between energy consumption and demographic and socioeconomic indicators. The data used 
for this study were collected through face-to-face surveys in 32 households and by tracking real-time 
electricity consumption in a subset of these households. Finally, a bottom-up model was used to estimate 
the electricity demand of the households surveyed, with the results suggesting a correlation with income, 
number of lightbulbs, dwelling size, and the number of days the household was occupied. The results of 
the study motivated the authors to recommend the extension and replication of this study, to assess the 
role of private transportation in energy consumption, and to improve the use of technology for the 
collection and analysis of data. 
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1. Introduction 
 
Understanding the determinants of residential electricity consumption is necessary for efficient use of this 
service and for adequate planning of supply. Knowledge about the energy consumption and costs 
associated to the characteristics and modes of use of appliances can enable consumers to make better 
choices. This same knowledge compounded with projections about the penetration of energy consuming 
equipment can enable electricity sector planners and policy makers, to project residential demand and 
discover opportunities to reduce and/or manage such demand, and to determine the future infrastructure 
requirements to guarantee the reliability, affordability and environmental sustainability of the electric 
power sector.  
 
Forecasting residential electrical demand from the bottom-up requires detailed data on end use energy 
consumption from equipment for space heating and cooling, water heating, lighting, refrigeration, cooking, 
entertainment, as well as projections of the future characteristics of this equipment, adoption and use.  
 
In this regard, projection of demand is a critical prerequisite for adequate electricity generation planning 
and capacity building. Because of the path-dependencies and long lead times of the infrastructure 
required to meet demand, over or under investment cannot be timely corrected and hence can result in 
high costs or lack of a reliable service (Albadi & El-Saadany, 2007).   
 
However, what the demand will be in the next 5, 10 or 20 years cannot be forecast with certainty. Hence, 
power planning requires projections of different scenarios of demand under varying assumptions. In order 
to develop those projections, it is necessary to 1) Develop a top-down model that explains how aggregated 
demand in the short, middle and long term, depends on macro-economic and demographic conditions, 
and 2) A model that explains how electricity demand is disaggregated into final uses.  
 
In this project, we put more emphasis on understanding electricity demand disaggregation. The purpose 
of this study is to explore two methods for collecting disaggregated end-use energy information from 
households. To this end, we conducted field research to understand the local people’s energy consumption 
patterns in the city of Queretaro in Mexico. We conducted an end-use survey in 32 households, and 
collected billing data and real-time energy consumption data through the use of electricity monitoring 
equipment we installed in a subset of the homes. Using data from the three sources (survey, electricity 
bills, and monitors), we developed a summary of the determinants of end-use energy consumption. From 
the survey we gathered information about households’ expenditures in energy for transportation, cooking 
and water heating and how these expenses were related to income levels and the ownership of different 
appliances. We compared the answers to the surveys to the data from the electricity bills to explore the 
differences between real consumption and residents’ perception. Finally, the results from the in-situ 
measurements were compared to both the electricity bills and survey responses, and used to propose a 
method for estimating hourly electricity demand.  
 

1.2   Electricity Consumption in the Mexican Residential Sector  
1.2.1 Energy use in Latin American Countries 
 
Unlike the U.S. and OECD countries where electricity demand is expected to grow 0.6~0.9%, the demand 
in Latin America and the Caribbean (LAC) area is expected to grow 4.5% per year till 2030. Even under 
modest economic growth scenarios it is projected that the demand for electricity in LAC will double over 
the next 20 years (Yépez-García, T., & L, 2011), continuing a trend observed from 1990 - 2014, when 
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demand increased by 2.5 times (Figure 1). This increase in electricity demand in LAC will require substantial 
investment, particularly considering that during the last 25 years, installed power generating capacity has 
grown at a slower pace than demand -only 2.2 times (OLADE, 2016). 
 
Increasing the electricity generation capacity in order to meet the higher expected future consumption of 
current electricity users is just one of the goals of planning.  Another is improving access to electricity 
services in the region. Approximately 31 million of the total 646 million people in LAC do not have 
electricity in their home. While among the population without access to electricity, 27 million people are 
in rural areas, there are also 4 million in urban areas ( IEA-UNDP- UNIDO. , 2010).  
 
Yet, another goal is to offer a reliable and affordable electricity service that effectively displaces other less 
sustainable energy sources such as traditional biomass. For cooking, 85 million people depend on the 
traditional use of biomass, among which 60 million are in the rural area and 25 million in urban areas 
(Sheinbaum-Pardo & Ruiz, 2011). The heavy use of this traditional energy source results in deforestation 
and in household pollution levels that are many times higher than typical outdoor pollution levels (Romieu 
I, 2009).  
 
Access to modern forms of energy can facilitate the access to other key services such as clean water, 
sanitation and healthcare, and provide opportunities for new business and improved education. 

 
Figure 1: Electricity Demand in Latin America and the Caribbean. (SIER-OLADE, 2016) 
 
For instance, in Haiti, only 34% of the population has access to electricity. Most other Central American 
countries have an electricity access rate of 70% and rely heavily on biomass. Despite the differences in the 
state of electricity access, generation mix, and resources, the inhabitants of the LAC region have a similar 
culture that could suggest shared attitudes, behaviors and consumption patterns affecting electricity 
demand. Hence, observations from one country such as Mexico, where electricity demand has more than 
doubled in the last 20 years and is expected to grow by 50% in the next 15 years under new policy scenario 
(IEA, 2016). Particularly, in Mexico this situation may shed some light on the present and future of 
electricity and energy demand in the region.  
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1.2.2 Energy use in Mexico   
 
Mexico is located between the US and Central America, bordering the Caribbean Sea and the Gulf of 
Mexico. It is divided into 32 federal entities, which is composed of 31 states and 1 federal district. The 
estimated population in 2015 was 123 million, and it is expected to grow at 1.15% per year (CIA, 2016). 
Mexico is the second largest economy in Latin America and 15th in the world, its GDP in 2015 was $1.144 
trillion (International Monetary Fund , 2016). Between most of 2015 and early 2016, the Mexican economy 
experienced an annual increase rate of 2.5%. This growth of the economy was fueled primarily by private 
consumption given that, at the time, both investments and exports were weak (The World Bank , 2016). 
The growth is projected to decrease to 2.1% in 2016 and recover to 2.9% as the proposed structural 
reforms are implemented (International Monetary Fund , 2016). Due to the North American Free Trade 
Agreement (NAFTA), Mexico’s manufacturing sector has grown significantly and it has become the second 
largest export market for the United States, and its third largest source of imports (CIA, 2016). 
 
During the past eight decades, until the Energy Reform Law passed at the end of 2015, state-owned 
companies had the monopoly of Mexico’s energy sector, PEMEX for upstream, midstream and 
downstream oil and gas, and the federal government agency Electricity Federal Commission (CFE) for 
power generation, T&D and retail sales. The Mexican Energy Reform Law ended the state monopoly on oil 
and gas production and on electricity retail sales, allowing foreign countries to invest in oil, gas and the 
electricity markets (IEA, 2016).  
 
Since 2000, primary energy demand has increased by 25% and electricity consumption has increased by 
half. However, energy demand per capita is still 40% lower than the OECD average. Fossil fuels dominate 
the energy mix, with oil, natural gas, and coal accounting for 90% of the total primary demand. Oil has 
shifted from 59% of total primary demand to 51% (IEA, 2016). Natural gas increased from 24% to 32%. 
Part of the growth in energy demand has come from the electricity sector. Natural gas is increasingly 
replacing oil in electric power generation, in 2014 it accounted for over 55% (equivalent to 160TWh of 
300TWh) of the country’s electricity generation (EIA, 2015). Electricity demand, which accounted for 
around 18% of final energy consumption in 2014 (IEA, 2016) has more than doubled over the last 20 years 
and is projected to increase by 80% from 2016 to 2030, i.e., from 250,000 GWh to 450,000 GWh. 
Nonetheless, on a per-capita basis, electricity consumption in the residential sector is still 37% less than 
the OECD average, highlighting the potential for additional growth as incomes rise further (IEA, 2016), (IEA, 
2013).  

 

 
Figure 2: Electricity generation by fuel from 1990 to 2014 (TWh). (IEA, 2016)  
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In 2010, the residential sector accounted for 11% of the primary energy consumption (see Figure 3), but 
the electricity consumption from this sector accounts for almost one quarter, 23%, of the total electricity 
consumption (Figure 4). The primary use of residential electricity is for lighting and appliances operation; 
liquefied petroleum gas (LPG) and natural gas are mainly used for cooking and heating. Electricity for 
lighting and other appliances are among the sources of fastest growing energy usage in Mexico (Rosas-
Flores & Galvez, 2010).  
 

  
 

 
 
 

 
Figure 5: Residential energy use in Mexico by end uses. (Rosas-Flores & Galvez, 2010) 

 
1.2.3 Factors affecting household energy use in Mexico 
The literature indicates that many factors influence residential energy use in a country, including the 
income distribution, energy prices, electrification and structural factors such as household and dwelling 
size. Below we present information about these factors for Mexico.  

 
Income  
Energy consumption is correlated with income levels (Masera, Friedmann, & Bune, 1996), and hence 
discrepancies in income account for changes in levels and patterns of energy use. Mexico is a country with 
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Figure 3: End Use of Primary Energy by Sector. 
(SIE-BNE, 2010) 

 

 Figure 4: Electricity Consumption by Sector. 
(SIER-OLADE, 2016) 
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high-income inequality and high levels of poverty. The Gini Coefficient of Inequality1 in 2014, was 48.2, 
denoting higher inequality than in the United States –where the GINI is 41.1 and Canada, where this 
indicator is 33.7. Table 1 shows the income distribution trend from 2008 to 2014. The analysis divides the 
Mexican households into ten equal parts (i.e., deciles). The lowest decile receives 0.95% of the total 
income on average, while the two top deciles (i.e., the highest 20%) receive more than 50% of the income. 
This inequality suggests that any data on energy consumption must be collected for the different deciles, 
and that projections of changes in income distribution are key variables to estimates of future 
consumption. (Rosas-Flores & Galvez, 2010) 

 
 

Table 1: Percentage of income distribution in Mexico 2008-2014. (ENIGH, 2015) 
 

DECILE  2008 2010 2012 2014 

I  0.84% 0.93% 1.00% 1.03% 

II  2.21% 2.43% 2.35% 2.47% 

III 3.40% 3.71% 3.54% 3.72% 

IV 4.59% 4.89% 4.69% 4.85% 

V 5.80% 6.15% 5.98% 5.97% 

VI 7.32% 7.57% 7.43% 7.33% 

VII 9.20% 9.41% 9.22% 9.03% 

VIII 11.78% 12.05% 11.79% 11.43% 

IX 16.27% 16.46% 16.06% 15.54% 

X 38.58% 36.40% 37.94% 38.62% 

GINI COEFFICIENT 0.495 0.474 0.485 0.482 

 
 
Population growth and number of households, and urbanization  
 
Projecting future energy demand will require projections of future population and number of households, 
and, given expected differences between urban and rural residents, it will also require projections of 
urbanization. Table 2 shows a dramatic growth rate in urban population and households compared to a 
negative increase in rural population from 1996 to 2006, which demonstrates the increasing urbanization 
due to migration since the 1990s. Table 3 shows a slightly different trend between 2008 and 2014. Total 
population only grew 7.5%, but the number of households grew almost twice as much.  
 
Interestingly enough, since 2008, both rural and urban populations grew at almost the same rate, 
indicating that the trends of urbanization have become stable in Mexico. However, the number of rural 
households increased at a higher rate than the urban households. The increase in number of households 
grew faster than population, resulting in a contraction of the number of residents per household. This 
situation has been evidenced also in the size of dwellings. The average number of rooms per dwelling 
dwindled from 5.1 rooms in 1984 to 3.9 in 2006. This trend is still expected to continue, as the population 
ages (Rosas-Flores & Galvez, 2010).  

 

                                                           
1 Gini Coefficient of inequality is a measure of the income distribution of a nation’s residents.  
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Table 2: Population and number of households in Mexico 1996- 2006 (Millions). (Rosas-Flores & Galvez, 
2010) 

  1996 2006 Growth Rate 

Rural Households 4.9 5.85 19.39% 
Urban Households 15.5 20.68 33.42% 
Total Households 20.46 26.54 29.72% 

Rural Population 25.32 24.22 -4.34% 
Urban Population 67.65 80.82 19.47% 

Total Population 92.9 105.04 13.07% 

 
 

Table 3: Population and number of households in Mexico 2008-2014 (Millions). (ENIGH, 2015). 
 2008 2010 2012 2014 Growth Rate 

Rural Households 6.0 6.3 6.9 7.0 16.7% 

Urban Households 21.9 23.2 24.6 24.7 12.8% 

Total Households 27.9 29.6 31.6 31.7 13.7% 

Rural Population 25.9 26.6 27.2 27.8 7.3% 

Urban Population 85.7 88.0 90.1 92.1 7.5% 

Total Population 111.6 114.6 117.3 120.0 7.5% 

 
Electrification  
Electricity demand is a significant component of residential energy demand, and current rates of 
electrification and future projections are important factors in the projection of future energy 
consumption. Mexico has seen tremendous improvements in electricity access. Back into 1990, the 
electricity access was 96% in urban areas and 82.4% in rural regions. In 2014, electricity access reached 
99% of the inhabitants in urban areas and 97.2% in rural areas (Comisión Federal de Electricidad, 2016). 

  
Energy price  
Energy price liberalization has made that the price for gasoline, diesel, natural gas, and LPG reflect the real 
market price. Government has reduced subsidizes for gasoline and diesel. In 2008, gasoline subsidies were 
estimated to cost the state over $20 billion. Since 2008, the government has increased the price constantly 
to alleviate the financial burden (IEA, 2016). Conversely, the price of natural gas is regulated by Mexico's 
Energy Regulatory Commission (CRE) and with the Mexican Energy Reform, it is expected that the price of 
natural gas will decrease as a result of the creation of a competitive gas market (IEA, 2016).  
 
Despite of the liberalization of the energy sector after the recent energy reform, the new law states that 
CFE will continue to be the sole electricity provider for the residential sector. Therefore, the residential 
tariffs will continue to be set by the government as it has done (JIMÉNEZ, 2016). Figure 6 and 7 show the 
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electricity tariff for three categories of energy consumption: basic, medium and high2 (Comisión Federal 
de Electricidad, 2016). Two factors have affected the recent residential electricity tariffs. Lower imported 
natural gas prices and the increasing switch from fuel oil to natural gas in power generation, have helped 
reduce the average cost of supply by almost 20% since 2013. This reduction in costs has allowed reducing 
average tariffs to consumers by about 10% despite the decrease in subsidies. In the long run, much of the 
required natural gas is expected to be produced in Mexico, which makes very likely a further reduction in 
the cost of electricity generation and a corresponding reduction in rates for final consumers (JIMÉNEZ, 
2016). 

 
Summer season includes the six warmer months of the year, according to observations done by CFE´s weather stations. 

 
Figure 6: Summer Season Residential Electricity Tariff. (CFE, 2016)  

 

 
Figure 7: Summer Season Out Residential Electricity Tariff. (CFE, 2016) 
 

 

                                                           
2 Electricity tariffs of the residential sector in Mexico are differentiated by whether or not consumption occurs 
during the summer season.  
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1.2.4   Population, climate and electricity use in Queretaro  
 
Queretaro is located in the heart of Mexico, 240km northwest of Mexico City. It is one of the smallest 
states in Mexico (11,684 km2); about 1.5 times the size of Puerto Rico. Recently, the government of 
Queretaro has focused on the development of three areas: household income, local manufacturing and 
supply, and infrastructure.  
 
The manufacturing sector contributed to 28% of Queretaro’s GDP in 2014 and has attracted most of the 
state’s Foreign Direct Investment (Arsiniega, 2015). The two most important industries are automobile and 
aeronautics. In the last years, Queretaro has invested 16% of its annual GDP in infrastructure; this figure 
is more than double of Mexico’s average (6%).  
 
Queretaro’s population has grown faster than the country’s. The metropolitan area of Querétaro has seen 
a population growth of between 3.65% and 5.54% per year since the second half of the 1990s. The 
population of the state was estimated to be 2,038,372 in 2015. Table 4 compares the size and population 
for Mexico and Queretaro.  
 
Table 4: Comparison between Mexico and Queretaro's total population growth. (Citypopulation, 2015) 

 
 
Queretaro’s economy has grown at 5.5% annually compared with 2.5% in Mexico. Its economic growth 
has been much higher than the national average, with a GDP increasing from $12 Billion in 2003, to $24.8 
Billion in 2013 (Donahue, 2014). As expected, electricity demand has also experienced growth. In figure 5, 
the residential electricity consumption increased by 38% from 2007 to 2015. This tremendous growth in 
electricity demand makes of Queretaro an interesting case study to understand the determinants of 
residential consumption. 
 

 
Figure 8: Trend of the Residential Energy Consumption in Queretaro 2007-2012. (CFE, 2016) 

 
Figure 7 shows the distribution of different types of climate regionally across Mexico. Querétaro has a 
semi-arid climate with mild temperatures through the year, which may lead to lower electricity demand 

Name Capital Area Population Population Population Population Population Population
A-L (km²) Census (C) Census (C) Census (C) Census (C) Census (Cf) Estimate (E)

1990/3/12 1995/11/5 2000/2/14 2005/10/17 2010/5/31 2015/3/15
Mexico Mexico City 1,959,248 81,249,645 91,120,433 97,483,412 103,263,388 112,336,538 119,530,753
Querétaro Querétaro 11,684 1,051,235 1,250,476 1,404,306 1,598,139 1,827,937 2,038,372
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for space heating and cooling than what could be expected for other regions of the country with more 
variable and extreme climates.   

 
Figure 9: Distribution of Climate Regions in Mexico. (Geo-Mexico, 2013)  

 

2. Case study: Residential electricity demand in Queretaro - 
Mexico 
 
Since time and resource constraints make it impossible for us to look at residential electricity demand in 
the entire LAC region or the country of Mexico, our case study focuses on collecting and analyzing data to 
understand the determinants of residential electricity demand in Queretaro. The findings from this study 
highlight the need for investigating the best ways to collect information on current uses and future trends, 
and the need for studies to uncover the relationship between energy consumption and socio-economic 
variables.  
 
2.1 Method 
 
This project collected data by using three techniques: household surveys, administrative data (i.e., bills), 
and in-situ measurements (via electricity meters). The European Union in its document Manual for 
statistics on energy consumption in households presents the advantages and disadvantages of these 
methods in a table we reproduce below in Table 5 (European Union, 2013). 
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Table 5. Summary of advantages and disadvantages of five different data collection techniques. (European 
Union, 2013) 
 
Our method for collecting and analyzing data on household energy consumption can be described as a 
sequence of five steps.  

1. Conducted face-to-face surveys (see Appendix A) and observed the behavior of the people living 
in each household, to collect information on the residents’ current ownership of electricity-
consuming equipment, and use patterns, as well as their perspectives on energy consumption, 
and socioeconomic situation.  

2. Collected data from the electricity bills of the households surveyed. 
3. Installed energy monitors in the households to track the energy use of different electrical devices 

and get real-time used data.  
4. Compared the data collected from the surveys to that collected from the sensors. 
5. Conducted statistical analysis of all the data collected to infer relationships between the different 

variables and electricity consumption. 
 

2.2 Estimation of Disaggregated Electricity Demand 
The basic concept behind the estimation of electricity consumption by end users is the event in which 
every appliance is consuming power. Specifically, for the residential electricity demand, an event can be 
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defined as a repetitive way of using a particular appliance.  
 
Each appliance in a household is associated to at least one event. If any particular appliance is used in 
different ways and at different times, it will be associated to a number of events equivalent to the number 
of ways it is used.  
 
The survey identifies the number of appliances present in the household. Then the power demand curve 
is computed based on the following criteria:  

• The use of an appliance or its energy demand is equal to the sum of its events.  
• The electricity demand in every household is equal to the sum of all the household´s events.  

In order to explain how to calculate the electricity consumption and the construction of the demand curve 
we can start with this simple example: 
 

A household that only has one 200 Watt lightbulb that is turned on 2 hours per day, will have the 
following monthly power consumption: 

200W*2h*30days= 1,200W*h/month 
 

The power demand of the light bulb event is registered as a load that is recorded for the duration of 
two hours, with a power of 200 watts.  

 
With the information collected from the survey we can’t know exactly when every load is active during 
the day. But we can know the most common way in which every appliance is used. Assuming that every 
appliance is not necessarily activated or deactivated with the same frequency every day. The way that 
every appliance is used in a household can be described with two variables:  

1. Duration, which represents the time during the load is active.  
2. Interval, which defines the time within which the event can occur. It is important to clarify that 

the interval does not necessarily coincide with the duration. The interval, therefore, is defined by 
two variables, the start time and the end time.  

The survey was designed to register the duration and interval of each event and two type of events can be 
recorded: events which duration is equal to their interval and events which duration is less than their 
interval. Both cases are depicted in Figure 10 using the example of the lightbulb described before. 
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Figure 10. Representation of events. a) duration = interval, b) duration < interval 
 
 
If the duration of the event is equal to the interval, the probability of occurrence of this event contributing 
to the demand is always equal to 1. So the demand curve will be equal to the event curve, as shown in 
Figure 10.a using the same example of the 200-Watt lightbulb described above. In contrast, if duration is 
less than the interval, the demand curve will be equal to the power consumption of the event divided by 
the interval. For instance, if the 200-Watts lightbulb is usually on 2 hours from 01:00am, to 05:00. Its 
duration would be 2hrs and its interval 4hrs, so its power consumption during the interval would be 100W, 
as shown in Figure 10.b. 
 
In practice, an equal probability distribution of the event is assumed during the interval, so the demand 
curve will be a function of the event load factor during the interval. 
 
In the survey, it is assumed that most of the appliances are used in the same way every day of the month. 
Nevertheless, the interviewer should ask if every appliance is used with a different frequency (i.e. once 
every week, twice every month, etc.). In fact, in several cases events do not occur repetitively, some events 
during weekdays may be different from the ones occurring during weekdays, or the events in winter may 
be different from the ones in summer. For this reason, each event can be recorded with series of specific 
fields to categorize these different modalities. The survey does not divide consumption by weekdays and 
weekends, but it does it by season: 

• Winter Business Day 
• Summer Business Day 

These divisions are created mainly for the appliances used for heating and cooling spaces, and water 
heating. 
 
The calculation of the power demand curve takes into account a month of 30 days. As shown in the 
previous example, to build the power demand curve, the power consumption of every event and its 
frequency are used to compute the total power consumption. If the event has a lower frequency, the 
demand curve will be multiplied by its frequency of use divided by the number of days in which it is used. 
For example, if an event occurs only 3 times during a month, the value will be multiplied by 3/30.   
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This way of codifying the events is quite flexible, allowing the description of typical situations with 
repetitive events, such as that of a well-structured family with regular habits of life, or a household made 
up of students, with less regular habits.  
 
Determining the power consumption of automatic appliances  
There is a class of appliances that remain constantly connected to the power outlets and its operation is 
regulated by sensors, which activate the load when certain conditions occur. The most typical appliances 
of this type are the refrigerator, the water heater, the air conditioning with thermostat (for heating or 
cooling), and the water pump. Usually, in these type of appliances, the user affects only indirectly the 
power consumption of the appliance, since the equipment remains activated according to other variables. 
Under these conditions the calculation of consumption is a little bit different: the variables that can affect 
energy consumption are identified, and based on these variables, the consumption calculation is 
performed.  
 
For automatic appliances, the power consumption calculation was based on the following criteria: 

1. Energy label. If available, the power consumption information should be extracted from the 
energy consumption label of the appliance. In Mexico, these labels can be found in several type 
of appliances. As an example, the energy consumption label3 of a particular refrigerator is 
showed in the Figure 11.  For this particular appliance, the average hourly power consumption 
can be calculated as: 

𝑎𝑎𝑎𝑎𝑎𝑎 ℎ𝑜𝑜𝑢𝑢𝑟𝑟𝑟𝑟𝑟𝑟 𝑝𝑝𝑜𝑜𝑝𝑝𝑝𝑝𝑟𝑟 𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐𝑢𝑢𝑐𝑐𝑝𝑝𝑐𝑐𝑐𝑐𝑜𝑜𝑐𝑐 (𝑘𝑘𝑘𝑘ℎ) =
𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑝𝑝𝑎𝑎𝑐𝑐𝑎𝑎𝑐𝑐𝑝𝑝𝑐𝑐𝑐𝑐𝑝𝑝𝑎𝑎 (𝐾𝐾𝐾𝐾ℎ

𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦)

365 𝑑𝑑𝑎𝑎𝑑𝑑𝑐𝑐/𝑑𝑑𝑝𝑝𝑎𝑎𝑝𝑝∗24ℎ/𝑑𝑑𝑎𝑎𝑑𝑑
*1h 

 

𝑎𝑎𝑎𝑎𝑎𝑎 ℎ𝑜𝑜𝑢𝑢𝑟𝑟𝑟𝑟𝑟𝑟 𝑝𝑝𝑜𝑜𝑝𝑝𝑝𝑝𝑟𝑟 𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐𝑢𝑢𝑐𝑐𝑝𝑝𝑐𝑐𝑐𝑐𝑜𝑜𝑐𝑐 (𝑘𝑘𝑘𝑘ℎ) =  
600 𝑘𝑘𝑘𝑘ℎ

𝑟𝑟𝑝𝑝𝑎𝑎𝑟𝑟

365𝑑𝑑𝑎𝑎𝑟𝑟𝑐𝑐𝑟𝑟𝑝𝑝𝑎𝑎𝑟𝑟 ∗
24ℎ
𝑑𝑑𝑎𝑎𝑟𝑟

∗ 1ℎ = 0.06849 𝑘𝑘𝑘𝑘ℎ 

 

                                                           
3 The information included in these energy labels is regulated by FIDE (Fideicomiso para el Ahorro de Energía 

Eléctrica), a Mexican governmental institution focused on improving the electricity efficiency and savings in the 
country. 
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Figure 11. Energy consumption label of a particular refrigerator. (FIDE, 2016) 

 
2. Load energy meter. A plug load energy meter such as the Watts up? PRO ES, can be used to 

monitor the refrigerators load during some operation cycles. These devices measure and record 
the instant power consumption of a load at a specific sample frequency. Then the data recorded 
can be analyzed to compute the average power consumption of the appliance. For example, if 
the power consumption of a particular refrigerator has a curve load as the one showed in Figure 
12. Its average hourly power consumption could be calculated as: 

Sample rate= 1s 
Interval of measurement = 24h 

𝑎𝑎𝑎𝑎𝑎𝑎 ℎ𝑜𝑜𝑢𝑢𝑟𝑟𝑟𝑟𝑟𝑟 𝑝𝑝𝑜𝑜𝑝𝑝𝑝𝑝𝑟𝑟 𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐𝑢𝑢𝑐𝑐𝑝𝑝𝑐𝑐𝑐𝑐𝑜𝑜𝑐𝑐 (𝑘𝑘𝑘𝑘ℎ) =  
∑ 𝑃𝑃𝑐𝑐𝑎𝑎
𝑐𝑐=0

24ℎ ∗ 3600𝑐𝑐
= 0.08054 𝑘𝑘𝑘𝑘ℎ 

 



20 
 

 
Figure 12. Power consumption of a refrigerator. Data taken with a Watts up? PRO ES metering unit 
 

 
As seen, this option is more accurate than the energy label, but it requires more time and resources. 

 
3. Typical power consumption values. If the appliance’s energy label is not available and the load 

energy meter can’t be used, typical power consumption values can be used. In Mexico, FIDE 
(Fideicomiso para el Ahorro de Energía Eléctrica), provides the typical power consumption values 
of new appliances. The information of the consumption of old appliances can be obtained from 
other sources, such as the Energy Star website (See Table 6) (Energy Star, 2016). 
 

Table 6. Average power consumption values of old refrigerators in Mexico. (Energy Star, 2016). 

 
 
The data about the size and model of refrigerators are collected with the survey. The calculation of the 
average hourly consumption is done in the same way that it is done using the energy label. For example, 
for a 20 ft3 refrigerator manufactured in 1990, the power load would be: 

𝑎𝑎𝑎𝑎𝑎𝑎 ℎ𝑜𝑜𝑢𝑢𝑟𝑟𝑟𝑟𝑟𝑟 𝑝𝑝𝑜𝑜𝑝𝑝𝑝𝑝𝑟𝑟 𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐𝑢𝑢𝑐𝑐𝑝𝑝𝑐𝑐𝑐𝑐𝑜𝑜𝑐𝑐 (𝑘𝑘𝑘𝑘ℎ) =  
1,284 𝑘𝑘𝑘𝑘ℎ/𝑟𝑟𝑝𝑝𝑎𝑎𝑟𝑟
365 𝑑𝑑𝑎𝑎𝑟𝑟𝑐𝑐 ∗ 24ℎ

= 0.1466 𝑘𝑘𝑘𝑘ℎ 

 
In general, the power consumption of the refrigerators used in Mexico ranges from 350 to 1,000 kWh 
annually. The average the power consumption of refrigerators and other appliances can be found in 
Appendix E. 
 
The integration of the events 
After defining the demand curve of all the events in a household, the construction of the household’s 
power demand curve is obtained by a simple summation of the curves of the individual events by hour of 

size <16.4 ft3 size 16.5 ft3 to 18.9ft3  size 19ft3 to 21.4ft3 size 21.5ft3 to 24.4ft3 size >24.5 ft3
1980-1989 1,413 1,590 1,709 1,811 2,042
1990-1992 1,062 1,195 1,285 1,361 1,535
1993-2002 715 800 857 905 1,016
2003-2012 459 506 537 564 626
Source: Instituto Nacional de Ecologia, 2012

Average Annual Power Consumption [kWh] 
Manufacturing Date
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the day. During the summation, each event is associated to its end use category, such as lighting, cooking, 
or cooling. This permit to show the disaggregated power demand of the household divided by end uses 
and by time of the day.  
 
All these operations are done in an Excel template that is very similar to the paper version of the survey. 
So, the user only needs to be careful about filling the spreadsheet template with the correct information 
collected from the survey. In the end, the user can obtain a summary of the electricity consumption per 
hour and per end uses. The results can be visualized numerally and graphically (See Figure 13 and Table 7) 
for further analysis. 
 

 
Figure 13. Disaggregated electricity demand by end use of a typical household 

 
 

Table 7. Residential disaggregated electricity demand data by end use of a typical day 
End Uses/ Power 
Consumption (W) 

12:00 
AM 

1:00 
AM 

2:00 
AM 

3:00 
AM 

4:00 
AM 

5:00 
AM 

6:00 
AM 

7:00 
AM 

8:00 
AM 

9:00 
AM 

10:00 
AM 

11:00 
AM 

12:00 
PM 

Communications  33   33   33   33   33   33   33   33   33   33   33   33   33  
Computers & 
Accessories -  -  -  -  -  -   75   75   75  -  -  -  -  

Cooking -  -  -  -  -  -  -  -   79  -  -  -  -  

Cooling 300 150 0 0 0 0 0 0 300 300 0 0 0 

Entertainment -  -  -  -  -  -  -  
 

120   380  -  -  -   50  

Lighting -  -  -  -  -  -  
 

277  
 

277  -  -  -  -  -  

Personal Care 0 0 0 0 0 0 0 300 0 0 0 0 0 

Refrigeration  78   78   78   78   78   78   78   78   78   78   78   78   78  

Clothes Washing -  -  -  -  -  -  -  -  -  -   29   29  -  

Total 411 261 111 111 111 111 463 883 945.17 411 139.971 139.97 161 
 
2.3 Participant selection and sampling procedure 
The target population for this study was adults residing in private households in the state of Queretaro, 
Mexico. Since residential energy consumption is more strongly related to dwellings than to household, the 
survey focused on dwellings. The survey was conducted between August 24, 2016 and September 3, 2016, 
when we visited 32 dwellings stratified geographically by municipal districts (boroughs). We interviewed 
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at least 4 participants in each district (see Figure A for distribution); the participants were chosen through 
convenience sampling. We are aware than both the size and selection mechanism of the sample, greatly 
limit the robustness of our results, considering that in order to have a sample that included 0.1% of the 
300,000 houses of Queretaro, we would have need to survey at least 300 houses. Nevertheless, our 
exploration provides interesting findings and lessons on how to scope a more comprehensive study in the 
future.  
 
2.4 Survey Design 
Given the nature of the study, interviews had to be conducted in person at the respondents’ dwellings, 
primarily to assist them in answering the questions on the characteristics of their energy-consuming 
equipment and to obtain a copy of their electricity bill. 
 
The questionnaire was divided in 14 sections:  

1. Survey’s general information 
2. Resident’s General Information 
3. General Information on Household 
4. Energy Consumption 
5. Lighting 
6. Space Heating 
7. Water Heating 
8. Cooking 
9. Cooling 
10. Refrigerator and Freezers 
11. Washing Machine 
12. Other Appliances 
13. Transportation 
14. Additional Questions 
 

The survey was based on a questionnaire applied by the United States Agency for International 
Development (USAID, 2014) to develop a sound sustainable energy planning process and robust energy 
policy and strategy for the country of Georgia. The original questionnaire was conducted in 2014 across 
Georgia and produced an electronic dataset on households’ energy consumption patterns that were used 
for developing various energy consumption scenarios for that country. The content of the Georgia’s survey 
was adjusted to the weather conditions in Queretaro by eliminating questions related to space heating 
and adding questions related to firewood usage, transportation, and energy efficiency. Space cooling in 
our study region is accomplished with portable and ceiling fans instead of air conditioners. We found a 
great majority of families had coffee makers, blenders, and cooking vents so we added these questions 
related to cooking that were not in the other appliance section. We also extended the survey to inquire 
about future preferences for purchasing appliances and energy consumption equipment as shown in 
section 4 about the additional results. Asking these questions is a first step towards the exploration of the 
possible range and determinants of future changes in consumption.  
 
 
We chose the survey on Georgia as a guideline for our survey given some similarities between the 
economic development and demand for energy consumption between that country and Mexico (see 
Appendix C). We have normalized the data based on the population each country to calculate the 
production, consumption, imports and exports conditions on electricity, oil, natural gas, and petroleum 
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products per capita. We found that in the demand side, the amount for these two countries are very similar. 
Therefore, we decided to apply the survey in Georgia to the survey in Mexico. Some other reports we 
found, focused on household consumption in Canada and the European Union (Canadian Government , 
2004), (European Union, 2013) which did not seem appropriate given the differences in current electricity 
demand patterns and expected energy demand growth.   
 

3. Results 
In this section, the main findings will be summarized. First, total energy consumption and its features will 
be analyzed, and then the energy consumption characteristics of the main end uses will be presented. 
These results will be compared with the data collected from electricity bills and in-situ measurements. 
Additionally, survey results about saturation levels of different appliances will be discussed. Finally, survey 
results will illustrate the sample population’s preference on future appliance expenses. 
 
3.1 Description of the survey results  
The summary statistics for all the numerical variables included in the survey are included in Appendix D. 
Particularly, the results of the dependent variable, monthly average electricity consumption, come from 
27 valid observations of the 32 households surveyed.  
 
The summary statistics of the main variables evaluated to build a regression model are shown in Table 8.  
(See Appendix D for a more detailed information of the statistics analysis): 
 
Table 8. Summary statistics of the of the explanatory and response variables analyzed 

Variable N Mean Median Min Max Range SD Variance Skewness 
Monthly Average Electricity 
Consumption 27 124.5259 116.3 49 380.8333 331.8333 69.38901 4814.835 2.143578 
Number of occupants 32 3.15625 3 1 6 5 1.247174 1.555444 0.3087577 
Number of people employed 32 1.8125 2 0 4 4 1.029798 1.060484 0.38123 
Household monthly income 32 31634.38 23500 4800 110000 105200 28219.08 7.96E+08 1.694572 
Monthly income per Capita 32 13541.15 11666.67 1500 54500 53000 11060.91 1.22E+08 1.740903 
Area construction dwelling 28 132.6786 110 36 500 464 97.47632 9501.634 2.141638 
Last month electricity cost 29 213.6063 109 38 1602.583 1564.583 333.3394 111115.2 3.290633 
Average NG monthly cost 32 24.92969 0 0 290 290 79.39538 6303.626 2.865147 
Average LPG monthly cost 32 339.7083 190 0 1680 1680 429.7992 184727.4 1.878565 
Number of lightbulbs used 32 9.09375 8 2 22 20 5.34222 28.53931 0.9364177 
Number of electric devices 
used 32 13.03125 12 2 31 29 7.855487 61.70867 0.5307181 

 
A normal probability distribution can’t be used to represent the monthly average electricity consumption, 
because the data distribution is nonsymmetrical and positively skewed (Figure A). So, in order to normalize 
the data a logarithm transformation was used.  
 
Table 9 provides a comparison of household characteristics by income category. Households with higher 
incomes are bigger and consume more energy. It is worthy to mention that the size of the categories with 
high and low income is very small. Nevertheless, these results are compared with other references to 
evaluate its validity.  
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Table 9.Comparison of household characteristics by income. (Own calculations) 

  
 
3.2 Energy Consumption by Type of Energy 
The surveys show that the average annual energy consumption by household was 94.9 GJ, while this 
indicator for high income households was 181.8 GJ, for the middle income households 91.6 GJ, and for the 
low income households 46.1 GJ. A very important observation from the survey was that in average 75% of 
all the energy consumed in every household surveyed came from gasoline. After gasoline the next most 
important source of energy was liquefied petroleum gas (LPG) which represented 15% of the total energy 
consumed (see Figure 14). Finally, electricity represented only 5% of the total energy consumed. According 
to these results, on average every household consumed approximately 5.45GJ (1.52 MWh) annually. This 
figure is similar to the Mexican average electricity consumption per household in 2012 that was 1.58 
MWh/year (Secretariat of Energy, 2016). 
 
It is important to mention that electricity consumption was calculated from the electricity bills. In section 
3.2.3, a comparison between results obtained from the survey and the results calculated from the survey 
is presented. Also, it is important to clarify that usually energy used for transportation is not included in 
the analysis of residential sector.  
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Figure 14. Average annual energy consumption per household surveyed. (Own calculations) 
 
 
Transportation 
The consumption of energy for transportation per household is extremely high compared to other uses. 
Nevertheless, this result can be explained by the dramatic increase of private vehicles in Mexico and the 
vehicle kilometers travelled (VKT) per year. Although the use of private vehicles in Mexico is still low 
compared to developed countries, the size of the vehicle fleet in in the country has increased at a faster 
rate than its economy (See Figure 15) and its population. Particularly, the total VKT in the Metropolitan 
Zone of Queretaro (MZQ) increased from 468 million of kilometers in 1990 to 2,803 million of kilometers 
in 2010. This increment represented the highest annual growth rate in VKT (9.4%) of any city in the country 
during this period (Medina, 2012).  
 
From the survey, the average amount of cars per household was 1.37 and 85% of the households had at 
least one motor vehicle. Although this value is considerably higher than the national average, 27.5%. 
(NationMaster, 2016), it is closer to the figure calculated for metropolitan zone of Queretaro, where the 
percentage of households with at least one vehicle was 65% in 2010. (National Institute of Statistics and 
Geography, 2012) 
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Figure 15. Income per capita vs vehicle ownership. (Medina, 2012) 

 
Although, there is no data about the energy consumption of transportation in the city of Queretaro, it is 
possible to calculate its value by taking into account the results of the study “Urban mobility analysis of a 
Mexican middle city, case study: Santiago de Querétaro“ (Obregon-Biosca, 2013). According to this study, 
private vehicles like cars, pick-up trucks, and SUVs, account for 44.9% of the total trips, and the average 
vehicle occupancy is 1.19. In addition, considering an average fuel consumption fuel rate of 10km/liter 
(based on a list of 10 common vehicles sold in Mexico) (Comision Nacional para el Uso Eficiente de la 
Energia, 2011), the annual average consumption of energy used for private transportation per household 
in the MZQ could be calculated as: 
 

𝐸𝐸 =
𝑇𝑇𝑜𝑜𝑐𝑐𝑎𝑎𝑟𝑟 𝑉𝑉𝑉𝑉𝑇𝑇
𝑃𝑃𝑜𝑜𝑝𝑝𝑢𝑢𝑟𝑟𝑎𝑎𝑐𝑐𝑐𝑐𝑜𝑜𝑐𝑐

∗
𝑝𝑝𝑝𝑝𝑟𝑟𝑐𝑐𝑝𝑝𝑐𝑐𝑐𝑐𝑎𝑎𝑎𝑎𝑝𝑝 𝑐𝑐𝑟𝑟𝑐𝑐𝑝𝑝𝑐𝑐 𝑝𝑝𝑟𝑟𝑐𝑐𝑎𝑎𝑎𝑎𝑐𝑐𝑝𝑝 𝑎𝑎𝑝𝑝ℎ𝑐𝑐𝑐𝑐𝑟𝑟𝑝𝑝𝑐𝑐

𝑎𝑎𝑎𝑎𝑎𝑎. 𝑎𝑎𝑝𝑝ℎ𝑐𝑐𝑐𝑐𝑟𝑟𝑝𝑝 𝑜𝑜𝑐𝑐𝑐𝑐𝑢𝑢𝑝𝑝𝑎𝑎𝑐𝑐𝑐𝑐𝑟𝑟
∗ 𝑎𝑎𝑎𝑎𝑎𝑎.ℎ𝑜𝑜𝑢𝑢𝑐𝑐𝑝𝑝ℎ𝑜𝑜𝑟𝑟𝑑𝑑 𝑜𝑜𝑐𝑐𝑐𝑐𝑢𝑢𝑝𝑝𝑎𝑎𝑐𝑐𝑐𝑐𝑟𝑟

∗
𝑎𝑎𝑎𝑎𝑐𝑐𝑜𝑜𝑟𝑟𝑐𝑐𝑐𝑐𝑝𝑝 𝑝𝑝𝑐𝑐𝑝𝑝𝑟𝑟𝑎𝑎𝑟𝑟 𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐𝑝𝑝𝑐𝑐𝑐𝑐

𝑎𝑎𝑎𝑎𝑎𝑎.𝑓𝑓𝑢𝑢𝑝𝑝𝑟𝑟 𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐𝑢𝑢𝑐𝑐𝑝𝑝𝑐𝑐𝑐𝑐𝑜𝑜𝑐𝑐 𝑟𝑟𝑎𝑎𝑐𝑐𝑝𝑝
 

 

𝐸𝐸 =
2,803,000,000 𝑘𝑘𝑐𝑐

921,580 𝑝𝑝𝑝𝑝𝑜𝑜𝑝𝑝𝑟𝑟𝑝𝑝
∗

0.449
1.191

∗ 4.05 𝑝𝑝𝑝𝑝𝑜𝑜𝑝𝑝𝑟𝑟𝑝𝑝/ℎ𝑜𝑜𝑢𝑢𝑐𝑐𝑝𝑝ℎ𝑜𝑜𝑟𝑟𝑑𝑑 ∗
31.18 𝑀𝑀𝑀𝑀/𝑟𝑟

10 𝑘𝑘𝑐𝑐/𝑟𝑟
 

 
𝐸𝐸 = 14.49𝐺𝐺𝑀𝑀/ℎ𝑜𝑜𝑢𝑢𝑐𝑐𝑝𝑝ℎ𝑜𝑜𝑟𝑟𝑑𝑑 

 
This value is five times lower than the value obtained from the households surveyed. This means that 
although some indicators related to transportation, such as vehicle ownership, are similar between our 
sample and the population in the region, the energy consumption used in transportation of our sample 
differs significantly from the population.  
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Cooking and Water Heating 
All the houses surveyed use electricity for all the end uses except for water heating and cooking. LPG and 
natural gas were the main energy sources used to satisfy households’ energy needs for cooking and water 
heating. Specifically, 85% of the households use LPG, 11% natural gas, and only 4% use electricity for 
cooking. Energy used for water heating is distributed in a similar way by source: 81% of the households 
use LPG, 11% natural gas, 4% electricity and 4% solar energy (See Figure 16). 
 

 
Figure 16. Energy sources used for cooking and water heating. (Own calculations) 
 
3.3 Energy Consumption by Income Level 
Survey results illustrate that gasoline is the most used source in each household. Gasoline constitutes 
more than 60% of the total energy consumed in each income subgroup. As shown in Figure 17, the 
percentage of gasoline in the total energy consumption increases with the income level. The average 
quantity of gasoline consumed in high income households is twice the amount consumed by middle 
income households, while the amount of gasoline consumed by the middle income group doubles the 
consumption reported by low income households. 
 
The amount of LPG consumed also rises as the income level increases, but the percentage of LPG in the 
total energy consumption doesn’t increase with the income level. Middle income households reported 
the highest percentage of LPG consumed among the income level groups. 
 
In average, electricity is the third most important energy source in the households. The amount of 
electricity consumed increases as income level increases, but the percentage of electricity in the total 
energy consumption decreases.  
 
Finally, natural gas is consumed only in low and middle income houses. The fact that high income level 
households do not consume natural gas has to do with the limited access to this energy source. The high 
income households surveyed are located in places that do not have access to natural gas pipelines.  
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Figure 17. Distribution of annual energy consumption divided by income. (Own calculations) 
 
The percentage of energy expenses per household is presented in Figure 18. As shown, the percentage of 
energy expenses on the total income is reduced as the income level increases. Households with pre-tax 
annual income above $54,000 (high income), spend an estimated average of 5.9% of their income on 
residential and transportation energy. Energy costs for the households earning between $4,300 and 
$54,000 before taxes (middle income) represent 10.3% of income. Households with pre-tax annual income 
below $4,300 (low income), spend an estimated average of 22.2% of their income on residential and 
transportation energy. Although the percentage of energy expenses on the total income differs by income 
level, the distribution of energy expenses by type of fuel is similar among groups. From the total expenses 
on energy per household around 80% is spent in gasoline, 10% on natural gas or LPG4 and 7% on electricity. 
This result suggests that the distribution of the energy expenses by type of fuel are not related to the 
family income level. 
 

 
Figure 18. Household energy costs as percentage of before-tax income, divided by socioeconomic status. 
(Own calculations) 
 
As presented in Table 9Error! Reference source not found., households surveyed spend an estimated 
average of $1,925 per year in energy. If expenses related to transportation are not considered, the total 
figure would be $340 per year. As a way to contextualize these values, Figure 19Error! Reference source 

                                                           
4 http://elinpc.com.mx/precio-gas-lp/ 
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not found. shows a comparison between them and the average energy expenses per household in the US. 
According to the ACCE, US low income households (<$30,000) spend on average 21.6% of their income on 
residential and transportation energy, while US households with middle income (between $30,000 and 
$50,000) and high income (above $50,000) spend on average 11.6% and 6.9% of their income before taxes, 
respectively. (ACCCE, 2015). These figures are very similar to the values percentages obtained through the 
survey. 
 

 
Figure 19. Estimated household energy costs by pre-tax income category. Surveys vs US. (ACCCE, 2015) 

 
3.4 Disaggregation of Electricity Consumption 
 
Figure 20 shows the electricity consumption by end uses from all the households surveyed. Refrigeration, 
entertainment and lighting account for 60% of the total electricity consumption. Cooling accounts for a 
small percentage, 1%, because none of the households surveyed has air conditioners and hence this end 
use is composed exclusively of fans. 
 
Although, most of the households have relatively new refrigerators (80% of the households have 
refrigerators that are less than 10 years old), a quarter of the electricity consumed by the households 
surveyed is for refrigeration. It is worth mentioning that the estimation of electricity consumption of the 
refrigeration was very sensitive to the assumptions of the refrigerators’ consumption based on the size 
and age of the refrigerator. For households with low electricity consumption, refrigeration accounted by 
almost 50% of the total electricity consumption, while in some households with high consumption, this 
end use accounted only by approximately 10%. This suggests that households that have old refrigerators 
can reduce their electricity consumption significantly by upgrading these devices. In fact, the Mexican 
government has tried to reduce the energy consumption of refrigeration by establishing Minimum Energy 
Performance Standards for these and other appliances in the 90s and by financing the substitution of 
approximately 1.8 million of refrigerators and air conditioners from 2009 to 2012. (Diario Oficial de la 
Federación, 2014) 
 

 Electric  Other Gasoline Total energy
Queretaro $120.81 $220.90 $1,583.78 $1,925.49
US $1,561.00 $695.00 $2,781.00 $5,037.00
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Figure 20. Distribution of electricity consumption by end uses. (Own calculations) 
 
With the purpose of comparing the energy consumption of the households surveyed with the average 
consumption of the country, the results of the surveys and the residential energy consumption by end 
uses estimated by the Mexican Secretariat of Energy are presented in Figure 21 (Secretariat of Energy , 
2011). This comparison includes all the types of energy sources used in the residential sector. 
 
The estimation of the energy consumption by end uses for Mexico was based on the average appliances 
saturation per household, the average appliance power consumption (EIA-SENER, 2011) and the average 
use time of every appliance according to the household occupancy per household, and the monthly sales 
of electricity reported by the utility company (CFE). As shown, the values of the annual energy 
consumption per household are similar as well as some percentages of the end energy uses in the total 
energy consumption. As the methods, time, and location used to get these results are different, this 
comparison is intended only to put these result in context. 
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Figure 21. Residential energy consumption by end uses. a) Survey Results, b) Mexico. (Secretariat of Energy , 
2011) 
 
3.5 Electricity Consumption 
 
For this estimation we followed the process detailed in Section 2.2 Estimation of Disaggregated Electricity 
Demand. The method used to calculate the electricity consumption of each household assumes that the 
energy consumption is determined by two basic variables, the characteristics of the appliances present in 
the household and the ways in which those appliances are used. By arranging accurately these two 
variables, it is possible to reconstruct the behavior of the demand of the different appliances and to find 
relations between the energy demand and the type of consumers (household residents).  
 
The accuracy of the method resides in great part in the care with which the different stages of the process 
are executed. As a result of this process, Figure 22 was created to show the hourly electricity demand as 
estimated from all the households surveyed.  

The curve has a peak mid-morning from 7am to 8am, caused mainly by the use of cooking and personal 
care appliances. Then, the curve has its highest peak of the day in the evening from 7pm to 10pm, as 
residents were all using more electricity, mainly from lighting and entertainment appliances.  
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Figure 22. Disaggregation of hourly residential electricity consumption-all households. (Own calculations) 
 
The shape of the electricity consumption was formed by the aggregation of the electricity consumption of 
all the houses surveyed and it shows a variation of 9.16 KW (11.72KW-2.56 KW) on electricity consumption 
during the day. It is expected that this daily ramping in electricity consumption will increase with the 
addition of more households with similar electricity consumption patterns to those of the households 
surveyed. The daily fluctuations on electricity demand are undesirable because of the limited capability of 
the existing electricity generators to ramp up and down their power output, and also because ramping 
results in lower energy efficiency of the generators and in the associated financial and environmental 
impacts of these ramp-up periods. These ramping periods may require more fuel than to simply maintain 
operation of a currently running generator, as some generators may need to operate at minimum capacity 
(a point of low energy efficiency) rather than shut down, due to their long start-up times and high costs of 
start-up (Denholm, 2015). It is also likely that generators ramping up and down to follow variations in 
demand may have increased wear and tear and hence higher maintenance costs. Understanding the 
components of daily variations of residential electricity demand can shed light on the alternatives to 
smooth this curve and reduce the ramping needs of the electricity system. 
 
The error of the estimates of total demand from this model is estimated from a comparison with the data 
from the electricity bills, while the errors in the estimation of hourly demand from survey data will be 
estimated from a comparison with the data obtained from the electricity meters installed in a subset of 
homes as explained below. 
 
3.6 Comparison Electricity Bill vs Survey 
 
Table 10 shows a comparison of the power consumption calculated with the survey and the values 
obtained from the electricity bills of the households surveyed. In general, the power estimated from the 
survey was 16.24% higher than the value reported by the electricity bills. This difference is low if we 
consider that the survey involves a moderate degree of subjectivity. This subjectivity was evident in the 
range of error (-55%, 136%). This means that some households reported in the survey power consumption 

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

KW
Disaggregated Electricity Demand for all Households Surveyed 

Cleaning Communications Computers & Accessories Cooking
Cooling Entertainment Gardening Hand tools
Lighting Personal Care Refrigeration Washing



33 
 

that were twice what was registered in the electricity bills, while others reported half of their real 
consumption. 
 
Table 10. Comparison of electricity consumption results obtained between surveys and electricity bills. 
(Own calculations) 

Method 
TOTAL Consumption 

(KWh) 

Average Monthly 
Consumption 

p/household (KWh) 
Survey 4,052.89  144.75  

Electricity Bill 3,486.73  124.53  

Error (average)   16.24% 
 

 
3.7 Results of In-Situ Measurements 
 
In three of the households surveyed, electricity monitoring devices were installed to measure the 
electricity consumption of their electrical devices. These sensors were installed in the main electrical panel 
of the households and registered the power consumed at a 5-minute frequency from September 4 to 
October 4, 2016 (More information about this equipment is presented in Appendix G)  
 
The data collected with these devices was used to compare the perception of the households’ residents 
about their electricity consumption with the real use of energy (See comparisons for each household on 
Appendix H). The results of this comparison are included in Table 11 and they suggest that after the 
installation of the sensors, the electricity consumption was reduced. This reduction can be due to the fact 
that the sensors collected information for only one month, while residents reported their consumption, 
as they recalled it, from the previous 12 months. It may also be, that by knowing that their electricity 
consumption was being monitored, residents consciously or unconsciously reduced their consumption.   
 
This phenomenon is explained by Fisher and Gronhoj, who suggest that making energy consumption more 
visible can stimulate the desire for cost savings or for reducing environmental impact. The visibility of 
information also increases the sense of control, because consumers can learn how changes in their 
behavior affect the consumption (Fischer, 2008), (Gronhoj, 2011).  

 
Table 11. Comparison of electricity consumption results obtained between surveys, electricity bills, and 
sensors. (Own calculations) 

 
 
 
3.8 Saturation Levels of Different Appliances 
 
An important factor to consider in the analysis of energy consumption in the residential sector is the 
saturation level of the appliances per household. In Mexico, between 1995 and 2010 the average number 
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of appliances has increased significantly. Particularly the saturation of televisions per household rose from 
1.18 to 1.51, while that of refrigerators increased from 0.69 to 0.85, washing machines from 0.46 to 0.66 
and microwaves from 0.12 to 0.44 during this period. At the same time that appliances saturation has 
grown, the efficiency of the appliances has increased due to the Minimum Energy Performance Standards 
that the Mexican government has enforced since 1996 (Odon, 2016). So, for a current analysis of the 
electricity consumption in the residential sector it can be assumed that the average power appliances used 
in the Mexican households comply with the standards.  
 
From the surveys, saturation levels of refrigerators, washing machines, cooling devices (fans), televisions, 
laptops and irons are summarized in Figure 23. Saturation levels for refrigerators and washing machines 
are similar between income groups, however saturation levels of cooling devices (fans), and laptops grow 
with income. Interestingly, the adoption level of irons decrease as income grows. As seen, the saturation 
levels are larger than the saturation levels of the average Mexican household. The differences can be 
explained by the higher urbanization level of the city of Queretaro compared to the average urbanization 
level of the country. 
 

    
Figure 23. Saturation levels of different appliances as reported in the surveys. 
 
In addition, Figure 24 includes the average number of lightbulbs and appliances per household. The results 
suggest a positive relationship between income level with both indicators. 
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Figure 24. Average number of lightbulbs and appliances per household. (Own calculations) 
 
Other important results from the survey are the number of appliances per unit area and the power 
consumption per unit area. With these indicators, it is possible to find if there is a direct relation between 
appliances penetration and power consumption with square footage of households.  
 
As shown in Figure 25 the average number of appliances per unit area in households with middle income 
is higher than households with low and high income. But, the average number of lightbulbs per unit area 
is higher in low income families than in middle and high income households.  
 

 
Figure 25. Average number of appliances per unit area. (Own calculations) 
 
 
In addition, Figure 26 depicts the average monthly power consumption per unit area. As shown, the 
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average power consumption increases as the size of the household increases. This relationship was tested 
using a simple regression analysis. As a result, it was found that for the households surveyed, the area of 
the household could be used to estimate around 44% of the variability of the monthly power consumption. 
 
In Figure 26, the total number of appliances is also shown as a third variable in the graph that represents 
the size of each data point. The distribution of the data points suggests that there is not a linear relation 
between the number of appliances and the average monthly power consumption in the households 
surveyed. It is worth noting, that as part of the descriptive analysis, these variables and others were also 
analyzed in Appendix D: Descriptive Statistics of the survey. 
 
Finally, the results of the average power consumption per unit area of low-income households is almost 
the same than the consumption of high-income level families. These figures are around 30% lower than 
the ones reported by middle-income families. 
 

 
Figure 26. Average monthly power consumption per unit area. (Own calculations) 
 
 
3.9 Additional Results 
In order to get some indication on how energy demand may grow in the future, households’ residents 
were asked about their plans for buying appliances and other energy consumption equipment. To prompt 
a response, they were asked how would they spend any money they would earned extra money.  
Responses to this question indicated that travel and healthcare were their main preferences. Although 
acquiring new appliances was one of the less popular choices, the surveyed included one question about 
the preferences of households’ residents on acquiring new appliances. In this regard, laptops and washing 
machines were the first choices (See Figure 27). 
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Figure 27. Purchase expectations and future appliances that people would buy with extra income (Own 
calculations) 
 

4. Statistical analysis to explain electricity consumption as a 
function of a few observed variables 

 
Collecting accurate data on residential energy consumption is difficult and expensive, and extending a 
survey to the entire population is impractical. Instead it may be possible to find the relationship between 
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this consumption and other variables more readily available. To this end, we attempted to explain 
electricity consumption as observed in the electricity bill, as a function of other variables reported in the 
survey, and that in the future could be easier to collect from official records. After trying several models, 
we found that the best estimation of the natural logarithms of monthly average power consumption can 
be explained as a linear function of the monthly income per capita, the number of lightbulbs, the 
constructed area of the dwelling and the number of days that the dwelling is occupied in a year as 
presented below: 
 

𝑟𝑟𝑐𝑐[averagepowerconsumption] =  𝐵𝐵0� +  𝐵𝐵1� ∗ monthlyincomepercapita + 𝐵𝐵2� ∗ numberlightsused + 
 𝐵𝐵3� ∗ areaconstructiondwelling + 𝐵𝐵4� ∗ numberdaysoccupied 

 
Where: 

• Averagepowerconsumption (kWh), is the 12-month average power consumption reported for 
every household in the electricity bills. 

• Monthlyincomepercapita ($) is the monthly income reported for every household in question A5 
of the survey. 

• Numberlights used is the number of lightbulbs that people reported to use frequently in their 
household. This data was obtained from question D2. 

• Areaconstructiondwelling (m2) is the area of construction of every dwelling reported in question 
B4 of the survey.  

• Numberdaysoccupied (days) is the number of days that the household is occupied by its residents 
in a year. This value was recorded in question A2. 

 
This function explains 56% of the variability in monthly average power consumption. From observing the 
coefficients, (see detailed results from and Ordinary Least Squares (OLS) analysis in Appendix D) it can be 
concluded that: 

• Monthly income per capita is not statistically significant. This indicator is included in the model 
because it is theoretically important, as was explained in section 1.2.3. 

• Every light bulb in a household used is associated with an increase of 3.5% in predicted monthly 
electricity consumption.  

• Every meter in the area of construction of a household is associated with an increase of 0.23% in 
predicted monthly electricity consumption.  

• Every day that a household is occupied during a year is associated with an increase of 0.36% in 
predicted monthly electricity consumption.  

 

5. Conclusions and Future Work 
 
In the survey, we collected data about the energy consumption of 32 households in Queretaro Mexico. 
Although gasoline cost is the major expenditure in terms of energy, electricity costs are still important, 
especially to low-income households. It is worth noting that the electricity in Mexico is subsidized for 
households with low to medium levels of consumption, so the real cost of production would represent a 
considerable portion of the household income for the majority of the population. 
 
As for the electricity consumption, the income is positively related to electricity consumption in the 
general perception but, electricity consumption does not necessarily increase proportionately with 
income, as there are some levels of saturation where increased income will not lead to increase 
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consumption. Therefore, despite the recent and expected economic development of Queretaro, the 
electricity consumption in the residential sector, may not be as high as it has been in developed countries. 
This is expected to happen due to the lack of interest on acquiring space heating and cooling appliances.  
Nevertheless, more extensive research would be required to make any conclusions about this. 
 
From the households in which in situ measurements were made, the results showed inconsistencies 
between the monitoring data collected by the sensors, the data obtained from the surveys, and the data 
in the electricity bills. This may suggest a general discrepancy between people’s perception of their 
electricity consumption and their real electricity consumption, revealing an opportunity for policies 
oriented to educate communities about energy efficiency, energy savings, and energy consumption habits. 
It is also an opportunity for electric utilities, in this case CFE, to provide accurate and understandable 
information to their customers. 
 
Based on our limited dataset we were able to propose a bottom-up model for estimating hourly electricity 
demand for a residential sector. More analysis of this model will shed light on the uncertainty on future 
electricity demand with changing income and life styles that result in higher ownership levels of appliances 
and the penetration of different technologies of space heating and cooling technologies.  
 
 
5.1 Future Work 
With more time and resources, our work could be significantly improved. First, increasing the sample size, 
and the time horizon of the study would allow us to better explore the seasonality of electricity 
consumption and have the necessary number of observed households in each income level to have more 
statistically robust results. Second, the data collected through electricity sensors could be used to 
disaggregate the electricity demand by end use. Third, it would be convenient to get data from the CFE 
electric utility in Mexico to have a randomized trial instead of a convenience sample. 
 
But despite the limitations of our study, by combining the three methods we used to collect the data, with 
additional research we can build an accurate energy consumption model. A model that can help electric 
utilities, investors and governments to characterize energy demand. We believe our approach is an 
important first step to satisfy this need. Companies need to understand energy consumption and good 
data is imperative to do so. 
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      _____jefe/jefa del hogar 
_____esposo/esposa 

_____padre/madre 
_____hijo/hija  

_____abuelo/abuela  
_____otro 

 
Y3. Por favor complete la siguiente tabla basado en el código debajo de la misma (Incluir datos del entrevistado en el primer renglón). 

Persona Edad Sexo Educación OcupaciOn Estado de residencia (*) 
Total número de horas que está en la 

casa de lunes a viernes en una semana 
Número de horas que está en la casa 

durante un fin de semana 
1             
2             
3             
4             
5             
6             
7             
8             

(*) Indique si se encuentra habitando la vivienda de manera temporal (de visita) o permanente. 
Edad: 

A. Menor de 18 años 
B. De 18 a 24 años 
C. De 25 a 34 años 

D. De 35 a 44 años 
E. De 45 a 54 años 
F. De 55 a 64 años 

G. De 65 a 74 años 
H. 75 años o más

Sexo:     M. Masculino    F. Femenino     U. No declarado 
 
Educación:  

A. Escuela primaria o menos.  
B. Escuela secundaria incompleta. 
C. Graduado de escuela secundaria. 

D. Algunos créditos universitarios/ carrera truncada. 
E. Formación Técnica / Profesional. 
F. Licenciatura. 

    G. Título de Maestría. 
H. Graduado de Doctorado

 
 Estado laboral/profesional: 
A. Trabajador por salarios 
B. Autónomo  

    C. Desempleado  

D. Trabajo en labores del hogar 
E. Estudiante 
F. Retirado  

G. Militar 
H. No puede trabajar 

Estatus residencial:       A. temporal               B. Permanente 

Sección Y. Información del entrevistado 

Y1. Email: _____________________________________ 
Y2. Relación con el jefe/a de la vivienda: (marcar sólo una) 
 



45 
 

Sección A.  Información general de la vivienda 
 
A1. ¿Usted o el jefe/jefa del hogar ha vivido en este lugar por más de un año? (marcar sólo una) 

___Si  ___No   
 

A2. ¿Qué porción del año se ocupa esta vivienda?  
 
____ Todo el año (365 días) 
____Sólo en el Verano 
____Sólo en el Invierno 
____Fines de Semana y días festivos 
____Otro (especificar cantidad de días al año)____________ 
 

A3. ¿Es usted propietario, renta o está pagando esta vivienda? (marcar solo una) 
 

____Propia  ____Renta  ____Hipotecada ____Otra(especificar)_____________  ____NO SÉ 
 
A4. ¿Cuántas unidades habitacionales, incluyendo la suya se encuentran en esta vivienda?  _______ 
 
A5. ¿Cuál ha sido el ingreso promedio mensual antes de impuestos de su familia, o de las personas que habitan en su hogar, en los últimos 12 
meses? (considere la suma del ingreso bruto de todos los residentes del hogar al mes)     

$______________ 
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Sección B: Vivienda y edificación  
B1. ¿En qué tipo de vivienda vive? [seleccione solo una] 

a. Casa 
i. ____Casa de un piso 

ii. ____Casa de dos pisos 
iii. ____Casa de tres pisos 
iv. ____Otra 

 
 

b. Departamento/Apartamento (considere la cantidad 
de pisos del edificio) 

i. ____1-3 pisos 
ii. ____4-5 pisos 

iii. ____6 o más pisos 
iv. ____Otra 

c. ____Rancho 
d. ____Otra (especifique) _________________ 

B2. ¿Cuándo se construyó la vivienda? 
a. ____Antes de 1950.  
b. ____Entre 1950 y 1970.   
c. ____Entre 1971 y 1980.  
d. ____Entre 1981 y 2000.   

e. ____Entre 2001 y 2010.   
f. ____Después de 2011.   
g. ____NO SÉ. 

 
B3. ¿Cuál es el área aproximada total del terreno donde se encuentra construida la vivienda? __________m2    ______NO SÉ 
 
B4. ¿Cuál es el área de construcción de la vivienda?     __________m2    ______NO SÉ 
 
B5. ¿Cuantas habitaciones tiene su vivienda?     _______#   ______Es un estudio 
 
B6. ¿Cuántos baños tiene su vivienda?       _______#    
    
B7. ¿Cuántas cocinas tiene su vivienda?       _______#    
  
B8. ¿Tiene una granja o desarrolla alguna actividad comercial en su vivienda?  ___SÍ   ___NO 
B9. ¿La edificación ha sido renovada? (Considere renovaciones relevantes en la fachada, techo, cambio de ventanas, etc.) ___SÍ  ___NO  
B10. ¿Qué tipo de renovación fue hecha? 

____Renovación de la fachada.  
____Renovación del techo.  
____Sustitución de ventanas.  

   ____Renovación interior.  
____Otros __________ 

B11. ¿En qué año se hizo la(s) renovación(es)? (considere la última renovación) ________  
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Sección C: Consumo de Energía (Las preguntas C2 a la C5 pueden ser completadas con el recibo de luz) 
 

C1. ¿Su hogar tiene un medidor de electricidad individual o un medidor común compartido con otras viviendas? 
A. ___Individual 
B. ___Común 
C. ___NO SÉ 

C2. ¿Cuántos Kilowatt hora (kWh) de electricidad consumió en el mes o bimestre anterior? (por favor mire una factura o estime el valor mensual) 
 

_________kWh al bimestre _________kWh al mes   Es este valor leído en la factura de la empresa eléctrica o estimado?   ____________ 
 

C3¿Cuántos Kilowatt hora (kWh) de electricidad consumió en promedio mensual o bimestralmente en el último año? (por favor mire una factura 
o calcule el valor mensual) 

 
_________kWh  (bimestre) ____ kWh (bimestre)  Es este valor leído en la factura de la empresa eléctrica o estimado?   __________ 

 
C4. ¿Cuál fue el gasto promedio de electricidad en el mes o bimestre anterior? (por favor mire una factura o calcule el valor mensual) 

 
$_________ por Bimestre     $_________ por Bimestre 
 
Es este valor leído en la factura de la empresa eléctrica o estimado?   ________________ 

 
C5 ¿Cuál fue el gasto promedio mensual de electricidad en los últimos 12 meses? $____________   
 
Es este valor leído en la factura de la empresa eléctrica o estimado?   ________________ 

 
 

C6 ¿Cuál fue el gasto promedio mensual de gas natural en los últimos 12 meses?  $____________ 
 
Es este valor leído en la factura de la empresa eléctrica o estimado?   ________________ 

 
C7. ¿Cuál fue el gasto promedio mensual de gas LP en los últimos 12 meses?  $____________ 

 
Es este valor leído en la factura de la empresa eléctrica o estimado?   ________________  
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Sección D. Iluminación 
En la columna Total considere los focos/bombillas/bombillos con los que cuenta la vivienda. En la columna Frecuentes considere los 
focos/bombillos/bombillas que se usan diariamente.  

    D1 D2  D3. En promedio ¿Cuántos focos están prendidos en las siguientes horas? 

Tipo Potencia 
Tot
al 

Frec
uent

es 

00
-
01 

01
-
02 

02
-
03 

03
-
04 

04
-
05 

05
-
06 

06
-
07 

07
-
08 

08
-
09 

09
-
10 

10
-
11 

11
-
12 

12
-
13 

13
-
14 

14
-
15 

15
-
16 

16
-
17 

17
-
18 

18
-
19 

19
-
20 

20
-
21 

21
-
22 

22
-
23 

23
-
00 

Foco 
incand
escent

e 

≤40 W                                                    
60W                                                    
75-80W                                                    
≥100W                                                    

CFL 

≤12 W                                                     
13-18W                                                    
18-22W                                                    
≥23 W                                                     

 
LEDs 

≤5 W                                                    
6-8W                                                    
9-13W                                                    
≥16 W                                                     

Velas ---                                                    
Kerose
no. ---                         

 
                          

Fluores
cente              

 
             

Otro                                                      
 
D3. ¿Cuánto dinero cree que gasta mensualmente en la electricidad que se usa para iluminación?    $_________           ___ 

NO SÉ 
D4. ¿Si tiene foco/bombillios incandescentes, planea comprar focos ahorradores de energía (CFL ó LED)?   _____SÍ___ NO ___ NO SÉ 

 
Porque? 
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D5. Si planea comprar focos ahorradores de energía ¿ Cuándo los compraría? (Si la respuesta es NO, dejar en blanco) 
____El siguiente año  ____En 2-3 años  ____En 3-5 años   ____En más de 5 años  ____NO SÉ 
 

D6. Si planea comprar focos ahorradores de energía ¿ Cuántos compraría? (Si la respuesta es NO, dejar en blanco) 
____1 o 2 para ensayar  ____3-6  ____6-10   ____los necesarios para reemplazar todos  ____NO SÉ 
 

Sección E. Calefacción 
E1. ¿Usa calefacción en su hogar?           _____SÍ _____NO  
 
E4. ¿Planea comprar algún equipo de calefacción? (sin importar que ya cuente con uno)   _____SÍ _____NO _____NO SÉ 
 
E5. Si planea comprar un equipo de calefacción para su hogar ¿Cuándo la compraría? (Si la respuesta es NO, dejar en blanco) 

____El siguiente año  ____En 2-3 años  ____En 3-5 años   ____En más de 5 años  ____NO SÉ 
 
En la columna Total considere todos los equipos con los que cuenta la vivienda. En la columna Frecuentes considere sólo los equipos que se han 
usado en los últimos 12 meses. Escriba NO SÉ cuando el entrevistado no pueda dar una respuesta. 

 Fuente  

 

Descripción del equipo  Horas promedio encendido al día 

En un día de invierno 
normal, en promedio 

cuantas horas está 
encendido de: 

  Tipo de electrodoméstico Total 

 
Frecue
ntes Marca y 

modelo 

Area que 
calienta 
(m2) 

Potenc
ia (W) 

Volta
je (V) 

 Año  
de 
compra 

Precio  
de 
compr
a ($) Oct Nov Dic En Feb Mar 

08-19  
día 

 

19-
00 

noch
e  

00 -08 
madru
gada 

Electricid
ad 

Bomba de calor   
 

                              
Calentador eléctrico de 
resistencia portátil   

 
                              

Calentador eléctrico de aceite 
portátil   

 
                              

Ventilador de aire caliente                  

                  

Otro                                  

Gas  
Natural 

Calentador de gas para 
habitación   

 
                        

Estufa central que también es 
calentador de agua.   

 
                        

Quemador de gas conectado a 
la estufa   
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Otro                            

Madera 
Estufa                            
Chimenea                            
Otro                            

Aceite Hervidor de Kerosene                            
Otro                            

GLP Calentador de gas LP   
 

                        

Otro     
 

                        

 
E6. ¿Cuánto dinero cree que gasta al mes en la energía usada en calefacción? (considere los meses en donde se usa la calefacción) $__________ 
 
E7. ¿Cuántos meses al año usa la calefacción? __________ 
 
E7. ¿Cuántas horas al día usa la calefacción? __________ 
 
Sección F. Calentamiento de Agua 
F1. ¿Usa algún equipo para calentar el agua en su hogar? (NO considere la cocción de alimentos)    _____SÍ _____NO  
 
F2. ¿Planea comprar algún equipo de calentamiento de agua? (sin importar que ya cuente con uno) _____SÍ _____NO _____NO SÉ 
 
F3. Si planea comprar un equipo de calentamiento de agua para su hogar ¿Cuándo la compraría? (Si no, dejar en blanco) 

____El siguiente año  ____En 2-3 años  ____En 3-5 años   ____En más de 5 años  ____NO SÉ 
 
En la columna Total considere todos los equipos con los que cuenta la vivienda. En la columna Frecuentes considere sólo los equipos que se han 
usado en los últimos 12 meses. Escriba NO SÉ cuando el entrevistado no pueda dar una respuesta. 

 Fuente  

F4 F5 
 
 

 Descripción del equipo  Horas promedio encendido al día 

En un día de uso normal, 
en promedio cuantas 

horas está encendido de: 

  Tipo de electrodoméstico Total 

 
Frecue
ntes Marca y 

modelo 

Capacida
d (litros)- 
Flujo (l-
min) 

Potenc
ia (W) 

Volta
je (V) 

 Año  
de 
compr
a 

Precio  
de 
compra 
($) 

Ver
ano 

Invi
ero
n 

Pri
ma
ver
a 

Ot
oñ
o 

Uso 
infrequente 
(especificar) 
ejemplo: 3 
veces al mes 

08-19  
día 

 

19-
00 

noch
e  

00 -08 
madru
gada 

Electricid
ad 

Calentador con tanque/ boiler 
eléctrico   

 
                             

Regadera eléctrica   
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Calentador de agua de 
inmersión eléctrica   

 
                           

Otro                               

Gas  
Natural 

Tanque separado estandar                         
Sin tanque                         
Estufa central que también es 
calentador de agua.   

 
                     

Otro                         

Renovabl
es 

Solar                         
 Geotérmico                         

Leña   
 

                     

Gas LP 
Tanque separado estandar/ 
boiler   

 
                     

Otro     
 

                     

 
F6. ¿Cuánto dinero cree que gasta al mes en la energía usada en calentar agua? (considere los meses en donde se usa la calefacción) $__________ 
 
Sección G. Cocción de Alimentos 
En la columna Total considere todos los equipos con los que cuenta la vivienda. En la columna Frecuentes considere sólo los equipos que se han 
usado en los últimos 12 meses. Escriba NO SÉ cuando el entrevistado no pueda dar una respuesta. Para los equipos que combinan el horno y 
quemadores registre de forma separada las horas se usa el horno o los quemadores/fogones/hornillas. 

    G1 
G2.                  G3.Descripción del 

electrodoméstico   Horas promedio encendido al día 

 En un dia de uso normal, 
en promedio cuanto 

tiempo está encendido de: 

  
Tipo de 

electrodoméstico Total  Frecuentes 
Marca, 
Modelo 

Potencia 
aparente 

(W) 
Voltaje 

(V) 

 Año  
de 
compra 

Precio  
compra 
($) Verano Invierno Primavera Otoño 

Uso infrequente 
(especificar) ejemplo: 3 

veces al año 

08-
19  
día 

 
19-00 
noche  

00-08 
madrug. 

Electricidad 

Microondas                           

Estufa eléctrica                           

Otro                           
Gas natural  
y 
electricidad 

Horno eléctrico 
con quemadores 
de gas               

        
  horno eléctrico 

        

Gas natural 

Quemador                           
Horno con 
quemadores               

         Horno 
     Quemadores: _______ 

Otro                       
    

Solar                             
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Madera 

Estufa                           

Chimenea                       
    

Otro                       
    

Gas LP 
Quemador                       

    

Horno con 
Quemadores               

         Horno 
     Quemadores:_________ 

Otro                         
     

 
G4. En promedio, ¿cuántas veces a la semana cocina en su vivienda? (considere las veces que cocina, NO los días) ____________ 
 
G4.1. En promedio, ¿cuántas veces a la semana cocina el desayuno? ____________ cuántas hornillas usa? _________ cuánto tiempo? ________ 
 
G4.2. En promedio, ¿cuántas veces a la semana cocina el almuerzo? ____________ cuántas hornillas usa? _________ cuánto tiempo? ________ 
 
G4.3. En promedio, ¿cuántas veces a la semana cocina la comida? ____________ cuántas hornillas usa? _________ cuánto tiempo? ________ 
 
G4.4. En promedio, ¿cuántas veces a la semana prende la estufa para calentar la merienda/el algo/las onces? ____________cuantas hornillas usa? 
_________ cuánto tiempo? ________ 
 
G5. ¿Cuánto dinero cree que gasta al mes en la energía usada en la cocción de alimentos? $_____________ 
 
G6. ¿Planea reemplazar su equipo de cocción de alimentos principal por un equipo eléctrico (por ejemplo por una estufa de convección) ?
 _____SÍ _____NO _____NO SÉ 
 
G7. Si planea reemplazarlo ¿Cuándo lo haría? (Si la respuesta es NO, dejar en blanco) 

____El siguiente año  ____En 2-3 años  ____En 3-5 años   ____En más de 5 años  ____NO SÉ 
 
Sección H. Enfriamiento de Espacios 

H1. ¿Usa algún sistema de enfriamiento en su vivienda?  (considere equipos portátiles como ventiladores)  _____SÍ _____NO 
 
H2. ¿En cuántos metros cuadrados de su vivienda utiliza el sistema de enfriamiento?   _________m2 

 
H3. ¿Cuál cree que fue la temperatura promedio de su vivienda el verano pasado?     ________Celsius 
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H4. ¿Cuál cree que fue la temperatura promedio afuera de la casa el verano pasado? ________Celsius 
En la columna Total considere todos los equipos con los que cuenta la vivienda. En la columna Frecuente considere sólo los equipos que se han 
usado en los últimos 12 meses. Escriba NO SÉ cuando el entrevistado no pueda dar una respuesta.  

 Fuente  

H5 

H6.                                    
H7.Descripción del equipo  Horas promedio encendido al día 

En un día de invierno 
normal, en promedio 

cuantas horas está 
encendido de: 

  
Tipo de 
electrodoméstico Total 

 
Frecuente Marca 

y 
modelo 

Area que 
enfria 
(m2) 

Poten
cia 
(W) 

Volt
aje 
(V) 

 Año  
de 
com
pra 

Precio  
de 
compra 
($) 

Ene - 
Feb 

Mar 
-Abr 

May -
Jun 

Jul –
Ago 

Sep -
Oct 

Nov 
-Dic 

08-19  
día 

 

19-
00 

noch
e  

00 -08 
madru
gada 

Electricid
ad 

A/C de ventana o 
minisplit   

 
                              

Ventilador portatil   
 

                              

Ventilador de techo   
 

                              

A/C portátil                                  

Bomba de Calor                  

Otro                  

Otro     
 

                        

 
H8. ¿Cuánto dinero cree que gasta al mes en la energía usada en enfriamiento? (en los meses cuando se usa enfriamiento)  
 $__________ 
 
H9. ¿Planea comprar algún equipo de enfriamiento? (sin importar que ya cuente con uno)   _____SÍ _____NO _____NO SÉ 
 
H10. Si planea comprar un equipo de enfriamiento para su hogar ¿Cuándo la compraría? (Si no, dejar en blanco) 

____El siguiente año  ____En 2-3 años  ____En 3-5 años   ____En más de 5 años  ____NO SÉ 
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Sección I. Refrigerador y Congelador 
I1. ¿Cuántos equipos de éstos tiene? [Si todos son 0, ir a la pregunta I8] 

a.___Refrigerador   b.___Refrigerador con congelador  c.___Congelador  
 

Pregunta 
   

Código del refrigerador (en las líneas punteadas escribe 
la letra [a, b ó c] de la pregunta I1) 

 

      -------- -------- -------- -------- -------- -------- 

 
I2.¿Cuántos años tiene su refrigerador? 

<1            

1-5            

6-10            

11-20            

>20            

 
I3.¿Cuál es el tamaño aproximado del refrigerador 
(en cm) o ft3? 

Alto, ancho, profundidad  
(cm) ejemplo 130x70x60           

 

Pies cúbicos (ft3)            

I4. Descripción Marca            

  Modelo            

  Potencia (W)             

  Voltaje (V)            

I5.Promedio de horas de operación en un día 
  
  
  

Verano            

Invierno            

Primavera            

Otoño            

I6. Si recuerda, ¿cuál fue el costo del equipo? $            
 
I7. ¿Cuánto dinero cree que gasta en refrigeración y congelación al mes?     $__________   _____ NO SÉ 
I8. ¿Planea comprar algún refrigerador o congelador? (sin importar que ya cuente con uno)  _____SÍ _____NO _____NO SÉ 
I8.1. Si planea refrigerador o congelador, ¿Qué haría con el refrigerador o congelador que ya tiene? 
I9. Si planea refrigerador o congelador, ¿Cuándo la compraría? (Si no, dejar en blanco) 

____El siguiente año  ____En 2-3 años  ____En 3-5 años   ____En más de 5 años  ____NO SÉ 
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Sección J. Lavadora de ropa 

Pregunta   Lavadora 1 Lavadora 2 Lavadora 3 Lavadora 4 

¿Cuántos años tiene su lavadora? 

<1         
1-5         
6-10         
11-20         
>20         

¿Cuál es la capacidad de su lavadora? Kg          

Descripción 

Marca (LG, GE, etc)         
Modelo         
Potencia (W)         
Voltaje (V)         

¿Cuántas veces por semana suele usar la lavadora? (veces, NO días)           
¿Qué días de la semana suele usar la lavadora?           

¿En qúe horas del día suele usar la lavadora [marcar] 

09-10         
10-11         
11-12         
12-13         
13-14         
Otro (espec.)_______         
Otro (espec.)_______         
Otro (espec.)_______         
Otro (espec.)_______         

Si lo recuerda ¿Cuál fue el costo de su lavadora?      
 
J8. ¿Planea comprar alguna lavadora? (sin importar que ya cuente con una)  _____SÍ _____NO _____NO SÉ 
J8.1. Si planea comprar lavadora, ¿Qué haría con la que ya tiene? 
J9. Si planea comprar una lavadora ¿Cuándo la compraría? (Si la respuesta es NO, dejar en blanco) 

____El siguiente año  ____En 2-3 años  ____En 3-5 años   ____En más de 5 años  ____NO SÉ 
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Sección K. Lava-vajillas eléctrico 

Pregunta   Lavavajillas 1 Lavavajillas 2 Lavavajillas 3 Lavavajillas 4 

¿Cuántos años tiene su lava-vajillas? 

<1         
1-5         
6-10         
11-20         
>20         

Descripción 

Marca (LG, GE, etc)         
Modelo         
Potencia (W)         
Voltaje (V)         

¿Cuántas veces por semana suele usar la lavavajillas? (veces, NO 
días)           
¿Qué días de la semana suele usar la lavavajillas?           

¿En qúe horas del día suele usar la lava-vajillas [marcar] 

09-10         
10-11         
11-12         
12-13         
13-14         
Otro (espec.)_______         
Otro (espec.)_______         
Otro (espec.)_______         
Otro (espec.)_______         

Si lo recuerda ¿Cuál fue el costo de su lava-vajillas?      
 
K8. ¿Planea comprar alguna lava-vajillas? (sin importar que ya cuente con una)  _____SÍ _____NO _____NO SÉ 
K8.1. Si planea comprar lavavajillas, ¿Qué haría con la que ya tiene? 
 
K9. Si planea comprar una lava-vajillas ¿Cuándo la compraría? (Si la respuesta es NO, dejar en blanco) 

____El siguiente año  ____En 2-3 años  ____En 3-5 años   ____En más de 5 años  ____NO SÉ 
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Sección K. Secadora de ropa. Favor aclare si es eléctrica 

Pregunta   Lavavajillas 1 Lavavajillas 2 Lavavajillas 3 Lavavajillas 4 

¿Cuántos años tiene su lava-vajillas? 

<1         
1-5         
6-10         
11-20         
>20         

Descripción 
(Electrica o de gas?) 

Marca (LG, GE, etc)         
Modelo         
Potencia (W)         
Voltaje (V)         

¿Cuántas veces por semana suele usar la secadora? (veces, NO días)           
¿Qué días de la semana suele usar la secadora?           
¿Cuántas horas la usa en un dia de uso normal?      

¿En qúe horas del día suele usar la secadora [marcar] 

09-10         
10-11         
11-12         
12-13         
13-14         
Otro (espec.)_______         
Otro (espec.)_______         
Otro (espec.)_______         
Otro 
(espec.)_______         

Si lo recuerda ¿Cuál fue el costo de su secadora?      
 
K8. ¿Planea comprar alguna secadora? (sin importar que ya cuente con una)  _____SÍ _____NO _____NO SÉ 
K8.1. Si planea comprar secadora, ¿Qué haría con la que ya tiene? 
K9. Si planea comprar una secadora ¿Cuándo la compraría? (Si la respuesta es NO, dejar en blanco) 

____El siguiente año  ____En 2-3 años  ____En 3-5 años   ____En más de 5 años  ____NO SÉ 
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Sección K. Aparatos Eléctricos / Electrodomésticos 
 
En la columna Total considere todos los equipos con los que cuenta la vivienda. En la columna Frecuentes considere sólo los equipos que se usan 
frecuentemente. Si hay más de un equipo de frecuente uso, DESCRIBA SÓLO EL EQUIPO QUE COMÚNMENTE SE UTILIZA. Si el equipo se usa poco 
escriba en con qué frecuencia se usa y por cuanto tiempo. Escriba NO SÉ cuando el entrevistado no pueda dar una respuesta.  
 

Electrodoméstico Total. 

Frec
uen
tes Marca 

Mo
delo 

Potenci
a (W) 

Voltaje 
(V) 

  Marque con una cruz tiempo que esta prendido el equipo descrito. Si 
un equipo está encendido menos de 1 hora, poner la fracción de 

tiempo. Pej ½ hora como 0.5 o 1/2 o 10 mins como 10/60 . 

  K1 K2 K3 K4 K5 K6 

Uso Poco 
frecuente. 
(especificar, ej. 3 
veces al mes, 2 
horas) 
 

0
0
-
0
1 

0
1
-
0
2 

0
2
-
0
3 

0
3
-
0
4 

0
4
-
0
5 

0
5
-
0
6 

0
6
-
0
7 

0
7
-
0
8 

0
8
-
0
9 

0
9
-
1
0 

1
0
-
1
1 

1
1
-
1
2 

1
2
-
1
3 

1
3
-
1
4 

1
4
-
1
5 

1
5
-
1
6 

1
6
-
1
7 

1
7
-
1
8 

1
8
-
1
9 

1
9
-
2
0 

2
0
-
2
1 

2
1
-
2
2 

2
2
-
2
3 

2
3
-
0
0 

TV estandar                                                             

TV LCD                                                             

TV plasma                                                             

Radio-estereo                                                             

Tostadora                                                             

Licuadora                                                             

Mezcladora                                                             
Campana de 
cocina             

 
                    

 
                          

Cortadora 
eléctrica             

 
                    

 
                          

Videojuego                                                             

Plancha                                                             

Lavaplatos                                                             

Aspiradora                                                             

Secadora de ropa                                                             

Computadora                                                             

Laptop                                                             
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Impresora-
multifuncional             

 
                    

 
                          

Foto copiadora                                                             

Repr. DVD                                                             

Repr. VCR                                                             

Secador de pelo                                                             

Taladro eléctrico                                                             

Manta eléctrica                                                             

Rizadora                                                             

Modem                                                             

Bomba de agua                                                             

Antena satelital                                                             
Celular 
(cargando)             

 
                    

 
                          

Tablet 
(cargando)             

 
                    

 
                          

Otro__________                                                             

Otro__________                                                             

  K1 K2 K3 K4 K5 K6 

Uso Poco 
frecuente. 
(especificar, ej. 3 
veces al mes, 2 
horas) 
 

0
0
-
0
1 

0
1
-
0
2 

0
2
-
0
3 

0
3
-
0
4 

0
4
-
0
5 

0
5
-
0
6 

0
6
-
0
7 

0
7
-
0
8 

0
8
-
0
9 

0
9
-
1
0 

1
0
-
1
1 

1
1
-
1
2 

1
2
-
1
3 

1
3
-
1
4 

1
4
-
1
5 

1
5
-
1
6 

1
6
-
1
7 

1
7
-
1
8 

1
8
-
1
9 

1
9
-
2
0 

2
0
-
2
1 

2
1
-
2
2 

2
2
-
2
3 

2
3
-
0
0 

Electrodoméstico Total. 

Frec
uen
tes Marca 

Mo
delo 

Potenci
a (W) 

Voltaje 
(V) 

  Marque con una cruz tiempo que esta prendido el equipo descrito. Si 
un equipo está encendido menos de 1 hora, poner la fracción de 

tiempo. Por ejemplo ½ hora como 0.5 o ½, o 10 mins como 10/60 . 
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Sección L. Transporte  
L.1 ¿Con cuántos de los siguientes medios de transporte cuenta en su hogar? 

Tipo Cantidad 
a. Automóvil  
b. Camioneta  
c. Mini-camión  
d. Motocicleta  
e. Tractor  
f. Bicicleta (usada como medio de transporte)  
g.  Otro: (especifique)____________________  

 

 
L8. ¿Camina a su trabajo/negocio? _______NO  ______SI       L9.¿Cuántos kilómetros camina a la semana?___________ 
 
L10. ¿Cuántas veces ha utilizado el transporte público durante los últimos 12 meses? (Seleccione sólo una opción, deje en blanco si es NUNCA) 

1. ___Diario 
2. ___Al menos 4 veces a la semana 

3. ___Una vez a la semana 
4. ___Al menos 4 veces al mes 

5. ___Una vez al mes 
6. ___Rara vez 

  Código del Vehículo (en las líneas escriba la letra [a, b, …,g] de la pregunta L1) 
Caracteristica Pregunta Vehículo_____ Vehículo ____ Vehículo  ____ Vehículo  ____ Vehículo  __ 
L2. Descripción Marca      

Modelo      

Año del vehículo      
L3.Tipo de combustible(1.gasolina, 2.diesel, 
3.biocombustible, 4.Gas 5.eléctricidad) 

Combustible 
 

     

L.4 Distancia recorrida al mes Distancia      

L5. Gasto mensual en combustible $      
L6. Número de pasajeros que generalmente 
viajan en el vehículo 

#      

L7. Este vehículo es usado 
Principalmente para  
 

Ir de compras      
Taxi      
Otros Negocios      
Paseo-Fin semana      
Uso general      
Otro      
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Sección M. Preguntas Adicionales 
M1. ¿Si su ingreso incrementara en los próximos años, en cuál de las siguientes opciones gastaría su dinero? Por favor indique el orden en el que 
gastaría este dinero extra donde 1 significa muy probable y 10 muy poco probable. 

a. _______ Electrodomésticos 
b. _______ Educación 
c. _______ Entretenimiento 
d. _______ Comida 
e. _______ Salud 
f. _______ Casa 
g. _______ Préstamos 
h. _______ Cuidado Personal 
i. _______ Transporte 
j. _______ Viajar 
k. _______ Otro (Por favor especificar) _______________________ 
l. _______ Otro (Por favor especificar) _______________________ 

M2. Si tuviera dinero extra que solo pudiera usar en aparatos eléctricos. Por favor, ordene en qué orden comprarías estos electrodomésticos, donde 
1 significa que este es el electrodoméstico que compraría primero y 10 el último electrodoméstico que compraría.  

a. _______ Sistema de enfriamiento 
b. _______ Lavaplatos 
c. _______ Secadora 
d. _______ Laptop 
e. _______ Computadora Personal 
f. _______ Refrigerador o congelador 
g. _______ Sistema de calefacción 
h. _______Equipo de sonido 
i. _______ TV 
j. _______ Calentador de agua  
k. _______ Lavadora 
l. _______ Celular 
m. _______ Tablet 
n. _______ Otro (Por favor, especificar): _______________________________ 
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M3. ¿Sabe lo que significa el término eficiencia energética? (marque sólo una) 
______Sí    ______Creo que sí pero no estoy seguro   ______No (ir a M5) 
 
M4. ¿En donde ha escuchado sobre eficiencia energética? (marque todas las que apliquen) 

a. ____TV y radio comercial 
b. ____Internet 
c. ____Flyer/revista/periódico 

d. ____De alguna persona conocida, familiar 
e. ____Otra _________ 
f. ____No sé 

M5. ¿Ha implementado alguna de las siguientes medidas en su hogar en los últimos 12 meses? (marque todas las que apliquen) 
a. ____Uso de focos eficientes 
b. ____Aislamiento térmico 
c. ____Calentadores solares y celdas solares 
d. ____Sistema central de enfriamiento 

e. ____Reemplazo de aparatos electrodomésticos por aparatos 
de consumo eficiente (refrigeradores, aire acondicionado, 
lavadoras, etc) 

f. ____Otro________________________ 
g. ____No sé 

M6. ¿Cuál de las siguientes medidas está interesado en implementar en su hogar? (marque todas las que apliquen) 
a. ____Uso de focos eficientes 
b. ____Aislamiento térmico 
c. ____Calentadores solares y celdas solares 
d. ____Sistema central de enfriamiento (en caso de contar con 

sistema de enfriamiento) 

e. ____Reemplazo de aparatos electrodomésticos por aparatos 
de consumo eficiente (refrigeradores, aire acondicionado, 
lavadoras) 

f. ____Otro (especifique)______________________ 
g. ____No sé 

M7 ¿Por cuál razón no implementaría alguna(s) de las medidas mencionadas? (marque todas las que apliquen) 
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a. ____Falta de información 
b. ____Falta de recursos financieros 
c. ____Productos o tecnología no es adecuada/confiable  
d. ____No es económicamente viable 

 
 
 
 
 

  
M8. Tiempo de conclusión de la entrevista (HH:MM): _______________________ 
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Appendix A: Survey 
Given the nature of the study, interviews had to be conducted in person at the respondents’ dwellings, 
primarily to assist them in answering the questions on the characteristics of their dwelling and to obtain a 
copy of their electricity bill. 
 
The questionnaire was divided in 14 sections:  

Z. Survey’s general information 

 
 

Y. Resident’s General Information 

 
     Age: 

A. younger than 18 years’ old  D. 35-44 years’ old G. 65-74 years’ old 
B. 18-24 years’ old   E. 45-54 years’ old H. 75 or older 
C. 25-34 years’ old   F. 55-64 years’ old 
Sex: 
M. Male F. Female U. Undeclared 
Education: 

A. Elementary school or less     D. Some college credit, no degree  G. 
Master’s degree 

B. High school no diploma     E. Trade/technical/vocational training  H. 
Doctorate degree 

C. High school graduate, diploma or the equivalent  F. Bachelor’s degree 
 Employment status: 

A. Employed for wages D. Homemaker  G. Military 
B. Self-employed  E. Student  H. Unable to work 
C. Unemployed  F. Retired 

Residence status 
A. Temporal B. Permanent 

 
A. General Information on Household 

 

Code Concept Value
Z1 ID The ID we assigned to each survey from 0001 to XXXX
Z2 Date
Z3 Address
Z4 GPS Latitude
Z5 GPS Longitude
Z6 Electricity Bill Service Number
Z7 Name Houseowner Electricity Bill

Z8 Hour Survey Began
Z9 Hour Survey Finished

A1 A2 A3 A5 A6
More than a year? Days Occupied per year Ownership Person Age Sex Education Professional or employment status residence status Number of units Monthly Income

1
2
3
4
5
6
7
8
9

10
11
12

MAX #VALUE! #VALUE! #VALUE!

A4
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B. Energy Consumption 

 
C. Lighting 

 
 
 
 
 
 

D. Space Heating 

A1 A2 A3 A5 A6
More than a year? Days Occupied per year Ownership Person Age Sex Education Professional or employment status residence status Number of units Monthly Income

1
2
3
4
5
6
7
8
9

10
11
12

MAX #VALUE! #VALUE! #VALUE!

A4

Code Concept Value
C1 Type of metering system?

C2 Last month electricity consumption (KWh) 0

C3 Average monthly electricity consumption (kWh) #DIV/0!

C4 Last month electricity cost ($) -$                                                           

C5 Average monthly electricity cost ($) #DIV/0!

C6 Average monthly NG cost ($) -$                                                           

C7 Average monthly LPG cost ($)

C8 Electricity subsidy ("Aportacion Gubernamental")

D1 D2 D3.1 D3.2 D3.3 D3.4 D3.5 D3.6 D3.7 D3.8 D3.9 D3.10 D3.11 D3.12 D3.13 D3.14 D3.15 D3.16 D3.17 D3.18 D3.19

How many of this type of light 
bulb do you use?

How many of these 
are turned on more 
than 1 hour a day?

Type ID Description D1 D2
00-
01 01-0202-0303-0404-0505-0606-0707-0808-09 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19

1 40 W or less
2 40-60W
3 75-80W
4 100W and more
5 12 W and less
6 13-18W
7 18-22  W
8 23 W and more
9 5 W or less

10 6-8 W
11 9-13 W
12 16 W and more

Candle 13 Candle
Kerosene 14 Kerosene lamp
Other 15

TOTAL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Incandescent bulb

Compact 
flourescent lamp

LED

D3. On average how many lights are on during the following hours [Fill out only for D2 type 
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E. Water Heating 

 
 
 
 
 
 
 
 
 
F. Cooking 

Code
E1 Yes No
E2
E3

E4 E5 E6.1 E6.2 E6.3 E6.4 E6.5 E6.6 E6.7 E7 E8 E9.1 E9.2 E9.3 E9.4 E9.5 E9.6
Ask only on the appliance that was used during 

the past 12 months

Write the following where appropriate: "-1" 
don't know, "-2" refuse to answer

How 
many of 
those do 

you 
own?

How 
many of 
those do 

you 
use?

When did you 
purchase it?

How much did 
it cost?

ID Appliance type Brand model  Capacity Area it heats
Apparent 

Power (kW)
Useful 

Power (kW)
Voltage 

(V) Oct Nov Dec Jan Feb Mar

Electricity 1 Heat pump 0
2 Portable resistance electric heater 0
3 Portable oil electric heater 0
4 Other 0

Natural Gas 5 Gas room heaters 0

6
Furnace- providing both, central heating 
and hot water 0

7 Gas burner connected to the woodstove 0
8 Other 0

Wood 9 Woodstove 0
10 Fireplace 0
11 Other 0

Oil 12 Kerosene boiler 0
13 Other 0

LPG 14 LPG heater 0
Other 15 0
Total 0 0 0 0 0 0 0 0

Average Hours of Operation in a day

Do you heat your dwelling
Dwelling area heated (m2)
Monthly money spent on heating

Appliance description

ValueConcept

F1 F2 F3.1 F3.2 F3.3 F3.4 F3.5 F3.6 F3.7 F4 F5 F6.1 F6.2 F6.3 F6.4
Appliances that were used during the 
past 12 months

Write the following where appropriate: "-
1" don't know, "-2" refuse to answer

How many 
of those do 
you own?

How 
many of 
those do 

you 
use?

When did 
you 

purchase it?
How much 
did it cost?

ID Appliance type Brand model
capacity
(liters)

flow 
(l/min)

Apparent 
Power (kW)

Useful 
Power (kW)

Voltage 
(V) Summer Winter Spring Autum

Electricity 1 Standard separate tank 0
2 Tankless 0
3 electrical immersion water heater 0
4 Other 0

Natural Gas 5 Standard separate tank 0
6 Tankless 0

7
Furnace for space and water heating 
(skip iif it is same as in section E) 0

8 Other 0
Solar 9 0
Geothermal 10 0
Wood 11 Woodstove 0

12 Fireplace 0
LPG 13 Boiler 0
Other 14 0

Total 0 -$            0 0 0 0

Code
E3 Estimation of monthly money spent on water heating

ValueConcept

Average Hours of Operation in a 
dayAppliance description
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G. Cooling 

 
 
 
 
 
 
 
 
 
 
 
H. Refrigerator and Freezers 
 

G1 G2 G3.1 G3.2 G3.4 G3.5 G3.6 G4 G5

Appliance used during the past 12 months

Write the following where appropriate: "-1" don't know, "-2" refuse to 
answer

How 
many 

of 
those 

do you 
own?

How 
many of 
those do 

you 
use?

When did 
you 

purchase it? How much did it cost?

ID Appliance type Brand Model
Apparent 

Power (kW)
Useful 

Power (kW)
Voltage 

(V)

1 Microwave 0

2 Electric Stove 0

3 Coffee maker 0

4 Toaster 0

5 Dishwasher 0

6 Blender 0

7 Electric Kettle 0

8 Cooking vent 0

Natural Gas and electricity 9 Appliance with natural gas burner and electric oven 0

10 Burner 0

11 Oven  0

12 Other 0

Solar 13 0

14 Woodstove 0

15 Fireplace 0

16 Other 0

17 Burner 0

18 Oven  0

Electricity 19  Sandwich maker 0

Other (SPECIFY) 20 Other 0

Total 0 0

Code
G17
G18

Wood

LPG

Appliance description

Electricity

Natural Gas

Concept Value

Estimation of monthly money spent on cooking

Times cook per week

Code
H1 Yes No
H2
H3
H4
H5
H6
H7
H8

H9 H10 H11.1 H11.2 H11.3 H11.4 H11.5 H11.6 H12 H13 H14.1 H14.2 H14.3H14.4 H14.5 H14.6

Appliances used during the past 12 
months
Write the following where appropriate: "-
1" don't know, "-2" refuse to answer

How 
many 

of 
those 

do you 

How many of 
those do you 

use?

When did 
you 

purchase it?

How 
much 
did it 
cost?

ID Appliance type Brand Model Area it cools
Apparent 

Power (kW)

Useful 
Power 
(kW) Voltage (V) Jan-Feb Mar-AprMay-Jun Jul-Aug Sep-Oct Nov-Dec

Electricity 1 Window A/C 0
2 Central A/C 0
3 Portable electric fan 0
4 Ceiling fan 0
5 Whole house fan 0

Other 6 0
7 0

Total 0 0 0 0 0 0 0 0

Average temperature indoors last summer (Celsius)
Average temperature outdoors last summer (Celsius

Concept Value
Do you cool your dwelling
Dwelling area cooled (m2)

Monthly money spent on cooling
Cooling used in the past?

When are you going to buy
Planning to buy cooling system

Appliance description Average Hours of Operation in a day



 

2. The data is normalized based on the population in each country.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I. Washing Machine 

Code
I1.1
I1.2
I1.3
I2
I3
I4

ID Question Comments Total

-------- -------- -------- -------- --------
<1
1-5
6-10
11-20
>20

I6 cm
I7 ft3

I8.1 Brand (LG, GE, etc)
I8.2 Model
I8.3 Apparent Power (kW)
I8.4 Useful Power (kW)
I8.5 Voltage (V)
I9.1 Summer 0
I9.2 Winter 0
I9.3 Spring 0
I9.4 Autum 0

I10
If you remember, what is the 
cost of the refrigerator? $MXN -$           

Don't knowI5

What is the approximate size of 
the refrigerator (cm height) or 

ft3

In dashed line boxes (------) enter the Code 
from H1 question

Concept Value
Amount of Refrigerators
Amount of Refrigerators with Freezers
Amount of Freezers

Monthly money spent on energy consumption from refrig

Description

Average Hours of operation in a 

Planning to buy refrigerator

When are you going to buy

How old is your refrigerator?
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ID Concept
J1 Planning to buy washing machine

J2 When are you going to buy

ID Question
Comment

s Total

Washing 
Machine 1

Washing 
Machine 

2

Washing 
Machine 

3

Washing 
Machine 

4
<1
1-5
6-10
11-20
>20

J4
What is the capacity (kg 
laundry) of your wachine 

machine?
kg laundry

J5.1 Brand (LG, GE, etc)
J5.2 Model
J5.3 Apparent Power (kW)
J5.4 Useful Power (kW)
J5.5 Voltage (V)

J6
How many times per week do 
you usually use the laundry 
machine? 0

J7
Which days of the week do 
you usually use the laundry 
machine?

J8.1 07-08 0
J8.2 08-09 0

09-10
J8.3 10-11 0
J8.4 11-12 0
J8.5 12-13 0
J8.6 13-14 0
J8.7 14-15 0
J8.8 15-16 0
J8.9 16-17 0
J8.10 17-18 0
J8.11 18-19 0
J8.12 19-20 0
J8.13 20-21 0
J8.14 21-22 0
J8.15 22-23 0

J9
If you remember, what is the 
cost of the washing machine? $MXN -$                                    

What hours of the day do you 
usually use the laundry 

Machine [tick]

In dashed line boxes (------) enter the 
number from I1 question

How old is your washing 
machine

Description

J3 Don't know

Value
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J. Other Appliances 

 
K. Transportation 

 
L. Additional Questions 
 

L1. Rank the order in which you would spend this extra money, ( 1-more likely, 10-
very unlikely 

ID Rank   Comment 
L1.1   Appliances   

K1 K2 K3.1 K3.2 K3.3 K3.4 K3.5 K4.1 K4.2 K4.3 K4.4 K4.5 K4.6 K4.7 K4.8 K4.9 K4.10 K4.11
K4.1

2

Type of Device Brand Model
Apparent 

Power (W)

Useful 
Power 

(W)
Voltage 

(V) 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 10-11 11-12

Standard TV Entertainment
LCD TV Entertainment
Plasma TV Entertainment
Stereo Entertainment
Video game player Entertainment
Satellite dish Entertainment
Modem Communications
DVD Entertainment
VCR Entertainment
Iron Personal Care
Hair iron Personal Care
Hair dryer Personal Care
Curling Iron Personal Care
Vacuum cleaner Cleaning
Clothes dryer Washing/Drying Clothes
Personal Computer Computers & Accessories
Laptop Computers & Accessories
Printer Computers & Accessories
Copier Computers & Accessories
Scanner Computers & Accessories
Multifunctional Computers & Accessories
Cellphones Communications
Telephones Communications
iPad or other tablet Computers & Accessories
Cutter Gardening
Electric drill Hand tools
Electric blanket Other
Pump Other
Other
Other
Total 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Description
How 

many of 
thosedo 

you own?

How many 
of those do 

you use?Appliance Type

K7. On a typical day, on average how many hours did            

ID Question Vehicle 1 Vehicle 2 Vehicle 3 Vehicle 4 Vehicle 5 Total
M2.1 Brand
M2.2 Model
M2.3 Year #DIV/0!
M3
M4 Average Mileage (km/l) #DIV/0!
M5 Monthly expense on Fuel $MXN -$               
M6 Average vehicle occupancy #passengers #DIV/0!
M7.1 Work/Study 0
M7.2 Shopping 0
M7.3 Taxi 0
M7.4 Other Business 0
M7.5 Weekend Tour 0
M7.6 General Use 0
M7.7 Other 0

MAX Work/Study 0

Description

The vehicle is mainly used for 

Fuel Type
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L1.2   Education   
L1.3   Entertainment   
L1.4   Food   
L1.5   Healthcare   
L1.6   Housing   
L1.7   Pay loans   
L1.8   Personal care   
L1.9   Transportation   
L1.10   Travel   
L1.11   Other (please specify)   
L1.12   Other (please specify)   

 
 

L2. Rank the order in which you would buy appliances with this extra money, ( 1-more 
likely, 10-very unlikely 

ID Rank   Comment 
L2.1   Cooling system   
L2.2   Dishwasher   
L2.3   Drier   
L2.4   Laptop   
L2.5   Personal Computer   
L2.6   Refrigerator or freezer    
L2.7   Space heating equipment    
L2.8   Stereo   
L2.9   TV   
L2.10   Water heater    
L2.11   Washing Machine   
L2.12   Ipad   
L2.13   Camera   
L2.14   Other (please specify):   
L2.15   Other (please specify):   
L2.16   Other (please specify):   

 
The survey was based on a questionnaire applied by the United States Agency for International 
Development to develop a sound sustainable energy planning process and robust energy policy and strategy 
for Georgia xiii. The original questionnaire was conducted in 2014 across Georgia and produced electronic 
dataset on households’ energy consumption patterns that will be inputted in the model and used for 
developing various energy consumption scenarios in that country.  
 

 
 

 



 

2. The data is normalized based on the population in each country.  
 

Appendix B: Distribution of the sample data collected from the 
survey 

 
 
 

Appendix C: General energy statistics of Mexico and Georgia  
(the country for which the original energy consumption survey was adapted)  
 

 
Source: (CIA, 2013) 

Georgia Mexico 
Electricity - production 9.694 billion kWh (2012 est.) 296 billion kWh (2012 est.)
Electricity - consumption 9.379 billion kWh (2012 est.) 212.3 billion kWh (2010 est.)
Electricity - exports 1.492 billion kWh (2010 est.) 1.286 billion kWh (2012 est.)
Electricity - imports 614 million kWh (2012 est.) 603 million kWh (2012 est.)
Oil - production 979.5 bbl/day (2012 est.) 2.936 million bbl/day (2012 est.)
Oil - imports 0 bbl/day (2013 est.) 0 bbl/day (2010 est.)
Oil - exports 531 bbl/day (2012 est.) 1.46 million bbl/day (2010 est.)
Oil - proved reserves 35 million bbl (1 January 2013 est.) 10.26 billion bbl (1 January 2013 est.)
Natural gas - proved reserves 8.495 billion cu m (1 January 2013 est.) 487.7 billion cu m (1 January 2013 est.)
Natural gas - production 9.151 million cu m (2012 est.) 53.96 billion cu m (2012 est.)
Natural gas - consumption 1.97 billion cu m (2012 est.) 59.15 billion cu m (2011 est.)
Natural gas - exports 0 cu m (2012 est.) 11 million cu m (2012 est.)
Natural gas - imports 1.96 billion cu m (2012 est.) 17.24 billion cu m (2012 est.)
Electricity - installed generating capacity 4.538 million kW (2010 est.) 62 million kW (2010 est.)
Refined petroleum products - production 0 bbl/day (2013 est.) 1.364 million bbl/day (2010 est.)
Refined petroleum products - consumption 17,280 bbl/day (2011 est.) 2.133 million bbl/day (2011 est.)
Refined petroleum products - exports 0 bbl/day (2011 est.) 189,100 bbl/day (2010 est.)
Refined petroleum products - imports 18,500 bbl/day (2010 est.) 607,400 bbl/day (2010 est.)
Carbon dioxide emissions from consumption of energy 5.868 million Mt (2011 est.) 462.3 million Mt (2011 est.)



 

2. The data is normalized based on the population in each country.  
 

Appendix D: Descriptive Statistics of the survey  
Table A. Summary Statistics 

Variable N Mean Median Min Max Range SD Variance Skewness 
Number of occupants 32 3.15625 3 1 6 5 1.247174 1.555444 0.3087577 
Number of people employed 32 1.8125 2 0 4 4 1.029798 1.060484 0.38123 
Household monthly income 32 31634.38 23500 4800 110000 105200 28219.08 7.96E+08 1.694572 
Monthly income per Capita 32 13541.15 11666.67 1500 54500 53000 11060.91 1.22E+08 1.740903 
Area land dwelling 26 139.5769 120 36 500 464 87.7675 7703.134 2.660811 
Area construction dwelling 28 132.6786 110 36 500 464 97.47632 9501.634 2.141638 
Last month electricity cost 29 213.6063 109 38 1602.583 1564.583 333.3394 111115.2 3.290633 
Average electricity bill 29 182.8929 122.3333 47.83333 1206.86 1159.027 236.2896 55832.77 3.336722 
Last month power consumption 28 123.0179 108.25 47 314.5 267.5 60.43001 3651.787 1.471603 
Monthly Average Electricity 
Consumption 28 124.5259 116.3 49 380.8333 331.8333 69.38901 4814.835 2.143578 
Average NG monthly cost 32 24.92969 0 0 290 290 79.39538 6303.626 2.865147 
Average LPG monthly cost 32 339.7083 190 0 1680 1680 429.7992 184727.4 1.878565 
Number of bedrooms 32 2.875 3 1 6 5 1.039541 1.080645 1.126876 
Number of bathrooms 32 2.078125 2 1 5.5 4.5 1.070946 1.146925 1.174749 
Number of kitchens 32 1.03125 1 1 2 1 0.1767767 0.03125 5.388159 
Number of cars 32 1.375 1 0 4 4 1.099853 1.209677 0.840622 
Average age of cars 29 2005.862 2007 1990 2015 25 6.572258 43.19458 -0.6854138 
Monthly expense on gasoline 32 2286.458 1950 0 9600 9600 2383.696 5682006 1.68234 
Number of cooling devices (fans) 32 1.25 1 0 5 5 1.524002 2.322581 1.180556 
Number of TVs 32 1.5 1 0 5 5 1.04727 1.096774 1.112811 
Number of Laptops 32 0.625 0 0 3 3 0.8327955 0.6935484 1.12778 
Number of iron 32 0.8125 1 0 2 2 0.4709291 0.2217742 -0.6031024 
Number of light bulbs 32 16.125 12.5 6 50 44 10.83528 117.4032 1.440749 
Number of lightbulbs used 32 9.09375 8 2 22 20 5.34222 28.53931 0.9364177 
Number of electric cooking 
devices  32 3.34375 3 0 7 7 1.734087 3.007056 0.2109843 
Number of electric cooking 
devices used 32 2.375 2 0 7 7 1.827214 3.33871 0.525819 
Number of refrigerators 32 0.96875 1 0 1 1 0.1767767 0.03125 -5.388159 
Number of electric devices 32 17.90625 18 4 37 33 8.356413 69.82964 0.4091042 
Number of electric devices used 32 13.03125 12 2 31 29 7.855487 61.70867 0.5307181 
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Figure B: Histograms of all variables available to perform multi-regression model 
 

 
Figure A. Histograms of all variables available to perform multi-regression model 

 

 



 

2. The data is normalized based on the population in each country.  
 

 

 
 

 
 
 
 
 
 

 
Figure B. First Set of Box Plots of variables available to perform multi-regression model 

 



 

2. The data is normalized based on the population in each country.  
 

 
Figure C. Second Set of Box Plots of variables available to perform multi-regression model 

 
 

 
Figure D. Matrix of scatter plots for 1st set of numerical variables evaluated for multi-regression model 



 

2. The data is normalized based on the population in each country.  
 

 
Figure E. Matrix of scatter plots for 2nd set of numerical variables evaluated for multi-regression model 

 
Figure F. Matrix of scatter plots for 3rd set of numerical variables evaluated for multi-regression model 
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Appendix E: OLS regression results for model.  
 
Table B OLS regression results of multilinear model 

 
  

Dependent Variable: ln(monthly average electricity 
consumption) 
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Appendix F: Power Consumption of Typical Household 
Appliances 

 

Number Appliance Category Power Consumption (W)
1 Lightbulb-Incandescent Lighting 20-150
2 Lightbulb-CFL Lighting 7-60
3 Lightbulb-LED Lighting 5-30
4 Microwave Cooking 1300
5 Electric Stove Cooking 1000
6 Coffee maker Cooking 750
7 Toaster Cooking 850
8 Dishwasher Cleaning 400
9 Blender Cooking 350
10 Electric Cattle Cooking 1500
11 Cooking vent Cooking 100
12 Mixer Cooking 140
13 Squeezer (citrics) Cooking 30
14 Window A/C Cooling 1000
15 Central A/C Cooling 3000
16 Portable electric fan Cooling 70
17 Ceiling fan Cooling 65
18 Refrigerator (11-12ft)* Refrigeration 44                                                            
19 Refrigerator (14-16ft)* Refrigeration 51                                                            
20 Refrigerator (18-22ft)* Refrigeration 61                                                            
21 Washing Machine Washing/Drying Clothes 550
37 Clothes dryer Washing/Drying Clothes 2500
22 Standard TV Entertainment 50-120
23 LCD TV Entertainment 75
24 Plasma TV Entertainment 360
25 Stereo Entertainment 75
26 Video game player Entertainment 250
27 Satellite dish Entertainment 30
28 Radio Entertainment 15
29 Modem Communications 8
30 DVD Player Entertainment 25
31 VCR Entertainment 20
32 Iron Personal Care 1150
33 Hair iron Personal Care 85
34 Hair dryer Personal Care 1600
35 Curling Iron Personal Care 50
36 Vacuum cleaner Cleaning 1400
37 Clothes dryer Washing/Drying Clothes 2500
38 Personal Computer Computers & Accessories 250
39 Laptop Computers & Accessories 60
40 Printer Computers & Accessories 100
41 Copier Computers & Accessories 40
42 Scanner Computers & Accessories 40
43 Multifunctional Computers & Accessories 40
44 Cellphone Communications 5
45 Telephone Communications 5
46 iPad or other tablet Computers & Accessories 8
47 Electric drill Hand tools 750
48 Electric blanket Other 90
49 Water Pump Other 500

*Hourly average consumption.

References: 

http://www.fide.org.mx/images/stories/comunicacion/Evoluciona/pdf/Sabesloquegastan-opt.pdf 

http://cimepowersystems.com.mx/descargas/Tablas_Consumo-Electrico.pdf
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Appendix G: Electricity Energy Monitoring Device 
The Neurio Sensor W1 is an electricity monitoring device that measures whole-home consumption. This 
device utilizes split-core current transformers, and so can be quickly installed in a breaker panel. Neurio 
Sensor is designed for monitoring AC electrical power on residential or light commercial locations. It uses 
non-invasive clip on CT sensors for Voltage and Power calculations. 
 
Features  
• Monitors instantaneous demand and total electricity consumption of the entire home  
• Transfers data to the Neurio Cloud using WiFi  
• Quickly installs in a breaker panel  
• Certified for use in Canada, the United States, and Europe  
• Supports all common worldwide residential and light commercial voltage configurations  
 
Rules: 

1. Whenever possible, power should be disconnected upstream from the installation location before 
attempting installation of the sensor 

2. Do not use the Neurio Sensor with voltages that exceed 240V line to neutral.  
3. Only install the Neurio Sensor in approved breaker panels or enclosures.  
4. The Neurio Sensor must not be exposed to moisture, direct sunlight, extremely low or high 

temperatures, and conductive pollution.  
5. The Neurio Sensor must be installed in a location that limits access to only qualified personnel.     

 
Specifications: 

 
 
Appearance: 

 
Reference: 
Neurio Sensor W1. User Guide. Neurio Technology Inc. 2015. http://neur.io/installation/.  
 
 
 
 
 

http://neur.io/installation/
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Appendix H: Comparison between data collected from sensors 
with surveys 
 
 
 
Household 01 

 
 

Data Differences Based on Bill   

Source Daily Electricity Consumption (KWh) Monthly Electricity Consumption (KWh) Difference 

Survey 
                           

10.14  284.04 7.7% 
Sensor 5.25 157.46 -40.3% 

Bill 8.79 
                              

263.83   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 -
 200
 400
 600
 800

 1,000
 1,200
 1,400
 1,600
 1,800
 2,000
 2,200
 2,400
 2,600
 2,800
 3,000

0
:0

0

1
:0

0

2
:0

0

3
:0

0

4
:0

0

5
:0

0

6
:0

0

7
:0

0

8
:0

0

9
:0

0

1
0

:0
0

1
1

:0
0

1
2

:0
0

1
3

:0
0

1
4

:0
0

1
5

:0
0

1
6

:0
0

1
7

:0
0

1
8

:0
0

1
9

:0
0

2
0

:0
0

2
1

:0
0

2
2

:0
0

2
3

:0
0

W
AT

TS

HOURLY ELECT RI C IT Y CONSUMPT I ON-
HOUSEHOLD 01  (SURVEY VS SENSOR)

Survey Sensor Avg. Sensor Max. Sensor Min



 

2. The data is normalized based on the population in each country.  
 

 
 
Household 06 

 
Data Differences Based on Bill 

Method Daily Electricity Consumption (KWh) Monthly Electricity Consumption (KWh) Difference 
Survey                           6.72 188.21 107.2% 
Sensor 0.00 0.00 -100.0% 

Bill 3.03 
                                  

90.83   
 
Household 18 

 
 

Differences Based on Electricity Bill 

Method Daily Electricity Consumption (KWh) Monthly Electricity Consumption (KWh) Difference 

Survey 
                               

6.68  187.13 36.5% 
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2. The data is normalized based on the population in each country.  
 

Sensor 3.23 96.75 -29.4% 

Bill 
                               

4.57 
                              

137.08    
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