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Abstract:

The United Nations’ Sustainable Development Goal 7 (SDG7) consists in ensuring access to
affordable, reliable, sustainable and modern energy for all. Before Mexico can achieve this
goal, a deeper insight into the prevailing status of rural households’ energy access needs to
be identified. The primary purpose of this study is to evaluate how does the consumption for
different energy carriers vary with income in Mexican rural households. Using household
survey data an approach to the income elasticities of different energy carriers (electricity,
liquefied petroleum gas (LPG), natural gas, coal, and firewood) is computed. The preliminary
results suggest that all variables reported the expected sign except for firewood. When the
income of Mexican rural households increases by 1%, their consumption of electricity, LPG,
natural gas, and firewood, increases by 0.35%, 0.24%, 0.44%, and 0.12%, respectively.

Additionally, when the income varies by 1%, the coal consumption decreases by 0.09%.

Keywords: Modern energy, income elasticity, rural households, Sustainable Development
Goals.
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Introduction

This study focuses on the effect of income as a determinant of modern energy access in the
rural households of Mexico. In addition, it proposes a measure to approach the spatial
component to modern energy access. Before the country can achieve the Sustainable
Development Goal 7 (SDG 7), a deeper insight into the prevailing status of rural households’
energy access needs to be identified. In this regard, this document develops an attempt to
measure the income-elasticity of modern energy in the rural households of Mexico as of
2014.

The research question directing this study consists in determine how does the consumption
for different energy carriers vary with income in Mexican rural households? It is expected
that in rural Mexico, the greater the income, the greater the consumption of modern energy.
In this sense, this study is informed by the energy ladder approach, which states that
households switch to more convenient energy forms as their disposable income increases
(Leach 1992, quoted in Ekholm et al. 2010). Income effect will be approached through
income elasticities of different energy carriers: electricity, liquefied petroleum gas (LPG),

natural gas, coal, and firewood.

The following section of the document describes the sustainable development goals
emphasizing Goal 7, the concept of energy access, and its context in Mexico. Then, the data
gathered from the 2014 Survey of Household Income and Expenditures (ENIGH) and
information on the prices of energy carriers retrieved from government agencies are
described. The methodology section specifies the model used to test the hypothesis and
includes the suggested measure for the spatial component. The preliminary results are then

presented in the next section, and the last section consists of some concluding remarks.



SDG7, Energy Access Concept, and Context in Mexico

This study contributes to the discussion of the achievement of SDGs in Mexico in terms of
modern energy. Ekholm et al. (2010) stress the relevance of available clean and affordable
energy to poor households as a prerequisite for the fight against poverty. Regarding social
impact, this study provides an attempt to measure the income elasticity of modern energy to
set the background to assess the effect of a subsidy in alternative energies such as natural
gas. The study also contributes to the evaluation of the achievement of modern energy

access in the context of rural Mexico for 2014, using an empirical approach.

The UN Open Working Group on Sustainable Development, established in January 2013 by
the decision 67/555 of the General Assembly, prepared a proposal submitted in July 2014,
which outlined the 17 SDGs and 169 targets to be achieved by 2030 (UN DESA 2013). This
study focuses on Goal 7 of the SDGs, which consists in ensuring access to affordable,

reliable, sustainable and modern energy for all.

Pachauri et al. (2012) state that modern energy access generally refers to three forms of
energy: less polluting households’ energy for cooking and heating, electricity for powering
appliances and lights in households and public facilities, and mechanical power from
electricity or other energy. Additionally, Jones (2010) discusses the access to modern
energy services in terms of households’ access to electricity and facilities such as clean

cooking fuels and stoves, advanced biomass cook stoves and biogas systems.

Balachandra (2011) defines energy access as the extent of poor people’s access to the
energy end-use services delivered by the modern energy carriers like electricity, petroleum
products, and modern bioenergy as well as the extent of poor people’s reliance on traditional
solid fuels. Examples of traditional energies are firewood, crop-waste cattle dung for cooking

or heating, and kerosene, vegetable oils and candles for lighting.

The National Council of Social Development Policy Evaluation (CONEVAL) establishes the
guidelines and criteria to define, identify, and measure poverty for rural and urban population.
CONEVAL takes into account the energy access component through reporting the access to
the basic housing services. In particular, this institution points out whether electricity is
obtained from the public service, from a solar panel, or another source. Concerning fuel for
cooking, this institution considers whether the person uses LPG or natural gas, electricity,
firewood or coal (CONEVAL 2007). Similarly, SENER and AIE (2012) state that the energy

basket consumed in Mexican households includes LPG, firewood, electricity, natural gas,



solar energy, and kerosene. However, information on the sources of firewood (purchased or

freely collected) is not available.

The National Strategy of Energy (NSE) by the Ministry of Energy (SENER) established the
objectives to be achieved in the energetic sector in Mexico within the period ranging from
2013 to 2027. NSE set as general objectives to boost the growth of GDP, and to achieve
social inclusion. The NSE proposes indicators to measure the progress in these objectives.
As for the second objective, there are 9 indicators: per capita consumption; gap between
regions in terms of per capita consumption in the residential sector; share of households
without electricity access; electricity price-cost ratio; electric energy service coverage;
electric energy equipment of households; growth in energy supply through distributed
generation; agreements with the communities to facilitate the development of grid lines; and

participation of social sector in projects related to energy.

The lack of energy access can be due to the lack of physical access, physical availability,
accessibility, affordability, and adequacy (Balachandra 2011). In the case of low income and
very low-income households in rural Mexico, the possible causes of the lack of energy
access can be attributed to the lack of physical availability and affordability, more specifically
to income poverty, and the distance of the poor rural household to the grid. If the distance
between the grid and the household proves to be significant explaining the lack of energy
access, alternative options should be offered such as extending the grid coverage or
providing small-scale renewable energy. Sovacool and Drupady (2013) developed a study
analysing energy access through hydroelectric grid and solar household systems (SHSs) in
rural areas. Their study focused on the choice between grid expansion and off-grid
electrification using renewable energy in areas that lacked economic and technical

resources, calculating the marginal cost of bringing in grid electricity to a household.



ENIGH, NEB and Energy Carriers Prices

The present research is mainly based on the 2014 National Survey of Household Income
and Expenditure (ENIGH), carried out by the National Institute of Statistics and Geography
(INEGI). Additionally, other sources such as the National Energy Balance (NEB) from
SENER and data from previous studies were also consulted. ENIGH 2014 was carried out
from August to November 2014. Information in the 2014 ENIGH was presented in different
tables referring to the personal expenditure, the concentrated expenditure by household, the
physical characteristics of households, and the characteristic of the household member
(INEGI 2015).

Data used in this research was gathered from the tables of Household Expenditure, and
Personal Expenditure. The variables gathered from the retrieved Household Expense table
were the expenditure in services of conservation and fuels, in particular LPG (G009), coal
(G012), firewood (GO13), electric energy (R001), and natural gas (R003). The current
income of rural households was retrieved from the household expenditure table as well. Due
to the lack of data regarding the household’s expenditure on kerosene and solar energy,

these energy carriers were excluded from the analysis.

The NEB provides information on the final consumption of fuels by sectors. Information on
the consumption is disaggregated by sector: agricultural, transport, industrial, residential,
commercial, and public. The residential category of the last group refers to the consumption
of fuels for cooking, water heating, heating, lighting, refrigeration and ironing in the rural and
urban population (SENER 2013). Since the information is aggregated for the national level,

data from NEB is only used as reference.

Since the ENIGH 2014 only provides information about the expenditure of households in
energy, an approximation of their consumption is calculated as the product of this
expenditure and the price for the specific energy carrier. The prices of the different energy
carriers analysed in this study are retrieved from official data from SENER, the Ministry of

Electricity (CFE), and information from previous studies.

The electricity price in Mexico, which is set by the Ministry of Finance and Public Credit
(SHCP), SENER, and the Ministry of Electricity (CFE), is differentiated by sector and by final
user. To obtain the consumption from the ENIGH 2014, this study considers the average
prices of electric energy for the residential sector provided by the statistic section of the
Energetic Information System (SIE). Since the ENIGH 2014 was retrieved from August 2014

to November 2014, to compute the consumption of electricity, the average price for this



period was used (SENER 2015). The resulting price of averaging the residential price for the
period and converting the KwH units to MJ* was 0.316 $/MJ. This price was multiplied by the
expenditure on electricity by household to generate the consumption of electric energy.

The price of LPG was also obtained from SIE (SENER 2015a). First, the national average
was measured, then the average from August to November was computed. The applied
conversion factor from Kg/$ to MJ/$ was 1kg=49MJ (ELGAS 2013). The resulting price used
for the study is 13.96 $/Kg, which after converted to MJ resulted in 0.28 $/MJ.

For the natural gas price, the information was retrieved from the Energy Regulatory
Commission (CRE), which provides information on the prices of natural gas for the different
regions in Mexico according to the private enterprises providing the natural gas services in
the country (CRE 2015). This institution provided information on a monthly basis periodicity,
and it has information from the previous three years regarding the price of residential,
industrial, and commercial users. Similarly to the other carriers’ prices in this study, the
national average price was obtained considering the regions for each month from August
2014 to November 2014, and then the average price from this period was computed.
Accordingly, the price obtained, which was used to compute the household consumption of
natural gas for 2014, is 1.7 $/MJ.

The price of coal was approached using the average value of the production of that mineral
at the national level in Mexico. The information was retrieved from the Geological Mexican
Service (SGM). This institution provides monthly information on the production and the value
of coal from 2013 to 2015. The average value of coal from August 2014 to November 2014
was 502 $/ton, that value was applied to the computation of the consumption of this type of
energy in Mexican households (SGM 2015). To convert the ton of coal into MJ, each ton of
coal has 2.9x10* MJ (http://www.iae.org.ar/equivalencias.pdf). As such, it was assumed that
the price of coal was $0.00001834/MJ. It is important to stress that this value does not
represent the price of coal but is used as a proxy due to the lack of data. For this reason, the

resulting consumption of coal might be overestimated.

Firewood prices were obtained from an evaluation of firewood used as energy in Mexico
carried out by FAO. The utilized price was 250$/m®, which after assuming a conversion
factor of 1m® “=2.35 GJ as suggested by Kofman (2010), resulted in 0.10$/MJ. After
gathering price information of the different energy carriers in Mexico, the consumption of

energy by household was computed.

! The conversion factor applied for this calculation was 1Kwh=3.6MJ



Methodology

Previous studies have analysed the determinants of the lack of energy access in developing
countries. In the case of India, Balachandra (2011) developed an analysis of the policy
effectiveness in achieving energy access in rural areas within a temporal, income, and
regional frame considering the household’s monthly per capita expenditure (MPCE). The
study used the classes adopted by the National Sample Survey Organization (NSSO) to
group households as a proxy for income classes. The classification considered by the author
was low income, middle income, and high income. Ekholm et al. (2010) split NSSO survey
data into 10 consumer groups to analyse the energy consumption patterns by consumer
groups in terms of households’ expenditure level and nature of surroundings — whether

urban or rural.

Balachandra (2011) identified unaffordability due to poverty and inaccessibility due to
inadequate infrastructure as factors affecting the modern energy access in poor countries. In
addition, Ekholm et al. (2010) concluded that the most statistically significant factors
explaining the lack of energy access are income and location. This study measures the
income effect of different energy carriers and set the background for a measure of the
inaccessibility factor. The current income of household obtained from ENIGH 2014 is used to

evaluate the unaffordability factor.

To measure the impact of changes in income in the consumption of different energy carriers

this study considers the following log-log equation:

InQ; = fo + p1InY +ui

Where Q;represents the household consumption of energy carrier i in MJ. Hence, there is
one estimated equation for each of the following energy carriers: electricity (e), LPG (Ipg),
natural gas (ng), coal (co), and firewood (fw). Y represents the household’s income. The

equation is estimated applying OLS.

The energy ladder approach states that households switch to more convenient energy forms
as their disposable income increases (Leach 1992, quoted in Ekholm et al. 2010). If that
proves to be the case in Mexico’s rural households, it is expected that coal and firewood
energy carriers present negative income elasticities. The income elasticities for electricity,

natural gas, and GLP are expected to be positive.



The inaccessibility factor is proposed to be measured through the distance from the rural
household to the closest energy grid. ENIGH 2014 provides information on the households’
geographic location. Geographic information of electric grids can be obtained from INEGI?.
Once the location of households and grids are identified the distance between the two can
be generated using a GIS software. If the distance between the grid and the household
proves to be significant explaining the lack of energy access, alternative options should be
offered such as extending the grid coverage or providing small-scale renewable energy as
Sovacool and Drupady (2013) suggested.

Results

Five equations were estimated, one for each energy carrier, by OLS using the econometric

software Gretl. Table 1 includes the income elasticities for the different energy carriers.

Table 1. Income elasticity of different energy carriers
in Mexico’s rural households, 2014

Income

Energy carrier elasticity t-value
Electricity 0.353 12.933
LPG 0.245 10.982
Natural gas 0.443 5.9904
Firewood 0.124 0.772
Coal -0.091 -0.639

Source: Author’s own calculations with data from ENIGH 2014

All variables reported the expected sign except for the income elasticity of firewood. When
the income of a Mexican rural household increases by 1%, its consumption of electricity,
LPG, natural gas, and firewood, increases by 0.35%, 0.24%, 0.44%, and 0.12%, respectively.

Additionally, when the income varies by 1%, the coal consumption decreases by 0.09%.

The signs of the income elasticity for electricity, natural gas, and GLP are as expected.
However, income elasticity of firewood was positive. This result indicates that the energy
ladder approach does not hold for this energy carrier. Rural households are not switching to
more convenient energy forms as their income increases (Leach 1992, quoted in Ekholm et
al 2010). SENER and AIE (2009) mention that, even when households have access to
modern energy in Mexico, there is an increasing mixed use of LPG and firewood

simultaneously, for economic and cultural reasons.

? http://www.inegi.org.mx/geo/contenidos/topografia/topografia_1m.aspx



Concluding Remarks

This study presented an attempt to measure the income component as determinant of
modern energy access in rural households of Mexico; in addition, it proposed a measure for
the inaccessibility factor of modern energy access. Income elasticities for electricity, GLP,
natural gas, coal, and firewood were computed. The aim of this study was to describe the
situation of rural households in Mexico as of 2014. In so doing, this study was intended to
contribute to the discussion of the Sustainable Development Goal 7 (SDG 7), providing a

deeper insight into the prevailing status of rural households’ energy access.

The preliminary results suggest that the greater the income, the greater the consumption for
modern energy in rural Mexico. Nonetheless, the consumption of traditional energy
presented a positive income effect in the case of firewood. This situation can be due to
cultural practices as suggested by SENER and AIE (2009). Therefore, the energy ladder
approach, which states that households switch to more convenient energy forms as their

disposable income increases, was not rejected except for firewood.

For future references, the location factor suggested in this study will be developed and
included in the model. Furthermore, a temporal and regional study might provide a better
understanding of Mexico’s rural households’ energy access situation. Also, as future
recommendations, it is suggested to expand the time frame of the study using ENIGH from
previous years and apply a panel data analysis. Other components can be included in the
analysis as well, such as the temporal and regional variation in the price of the energy

carriers in the country.
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