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ABSTRACT 

 

The electricity sector around the world is significantly changing towards the adoption of 

cleaner energy sources and its implementation through distributed generation technologies. 

The need to expand rural electrification to reduce energy poverty and the trends in 

decentralizing power generation are becoming major drivers of change. In Mexico, there are 

very few comprehensive studies on energy use and its impact on rural livelihoods. Energy 

studies in the development literature tend to analyze livelihoods that do not have access to 

modern energy services, and do not take into account that many rural communities, although 

connected to the grid, still may be considered energy poor.  This research presents findings 

of current livelihood conditions of three rural communities in the Mexican state of 

Chihuahua, in the context of livelihood diversification and energy poverty. This paper also 

presents a feasibility study for the development of a community energy model that will 

fulfill energy and vegetable intake requirements for each community analyzed.  

Results show that these communities can potentially improve their livelihood conditions 

through the implementation of what this research calls a Community Integrated Sustainable 

Energy (CISE) model by reducing energy poverty and food insecurity.  By adopting a CISE 

model, communities will become healthier by becoming supporters of energy conservation 

and energy efficiency strategies. The adoption of this community energy model will also 

encourage climate change mitigation by increasing resilience to vulnerable communities 

through enhancing food and energy security. 
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The aim of this research is to inform stakeholders (including policy makers, urban planners, 

and community members themselves) of the current status of Chihuahua’s communities and 

to start a dialogue in Mexico about engaging in a community-led,  clean energy project that 

would generate electricity for those communities while preserving rural livelihoods.  
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CHAPTER 1:  INTRODUCTION 

1.1  Explanation of the Problem and Its Context 

Communities located in arid regions often lag far behind in well-being rates compared to 

the rest of the world basically due to their socioeconomic condition which, in the majority of 

cases, is related to natural resources (Safriel & Adeel, 2005). Natural resources in drylands 

are being affected severely by desertification, which is the result of many socioecological 

factors, often triggered by poor resource management operations (Reynolds, et al., 2007).  

The importance of studying drylands is based on the fact that they comprise 41% of the total 

land area in the world (Safriel & Adeel, 2005), and that, as a result of increasing greenhouse 

gases in the atmosphere, many parts of the Earth are expected to become drier  (IPCC, 

2014).  

1.1.1  The Importance of the Context of Rural Mexico 

 Rural livelihoods have become highly vulnerable to desertification due to a lack of 

effective land use management techniques. Land use changes toward industrialization of 

agriculture and cattle production are provoking soil and water degradation. Cities are also 

expanding due to the new economic alternatives offered to rural populations to live in urban 

areas.  As a result, and for the first time in history, more people are now living in cities than 

in rural areas (Grimm, et al., 2008; UN DESA, 2014). This trend is more consistent in arid 

regions as the economic opportunities in rural areas are decreasing as a result of the 

deprivation of land and other natural resources (Safriel & Adeel, 2005).  
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In the case of Mexico, rural livelihoods have been characterized for their constant effort 

in maintaining agriculture as one of the main economic activities. However, current studies 

in climate change research argue that this activity may become highly vulnerable due to the 

lack of resources, water availability, and a significant increase in pests and crop disease. 

Electricity demand is also likely to increase as a result of future cooling needs due to higher 

temperatures as well as higher water pumping demand due to less availability of shallow 

and surface water resources. Moreover, this increased electricity demand will peak more 

frequently, putting energy transmission and distribution infrastructure at risk (Frisvold, et 

al., 2013; Tidwell, et al., 2013; IPCC, 2014). Consequently, energy poverty emerges as a 

very important issue to consider not only in the context of basic energy access, but in the 

cost that energy access represents to the individual household.  

Globally, energy poverty affects about 1.3 billion people, from which 84% are in rural 

areas (IEA, 2013), while food insecurity affects 795 million people (FAO, 2014). In 

Mexico, 46.2% of the population is considered poor (CONEVAL, 2014) and 43% of 

households are considered below the poverty energy line, which translates to 12.4 million 

households from which 4.5 million are located in rural zones (García-Ochoa, 2014). 

Although Mexico’s food security is among the highest in Latin America (FAO, 2014), the 

data from Mexico’s National Social Development Evaluation Council (CONEVAL) indicate 

that 32.1% of rural population lives within the food poverty line (CONEVAL, 2014).  

Land tenure reforms of the end of the last century have made significant changes in the 

rural context of Mexico. Today, almost 80% of Mexico’s total population lives in cities 

(INEGI, 2010), challenging the way the primary sector of the economy works. The country 
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has seen a considerable reduction of small scale agricultural production, mainly due to the 

open-market strategies imposed after NAFTA, migration, and reduction in government 

subsidies (Tillie & Cervantes-Escoto, 2008) (Esquivel, et al., 2010). In recent years, 

agricultural production has being highly oriented to external markets, while crops for 

traditional diets have been decreasing (SIAP, 2015).  

Furthermore, the agricultural sector in Mexico is currently not generating enough food to 

feed its total population, importing on the order of 48% of its food (FAO, 2014). This issue 

severely affects local small producers that compete with prices that are imposed by 

transnational food companies.  This, in turn, removes items from the basic food basket of 

the most vulnerable populations, particularly rural populations, and impacting rural 

livelihoods. This is reflected in recent studies where it was found that Mexican communities 

eat one fourth of the daily vegetable intake recommended by the World Health Organization 

(WHO, 2016; INEGI, 2014).  

1.1.2  The Community Energy Model as a Capacity Building Strategy 

A community energy model can be an alternative to the current energy and food system 

production as it incorporates the participation of locals and, hence, offers a system 

concurrent with local needs, values, and resources. It encourages local food production 

while generating electricity from a clean energy source.  With a localized system, local level 

governments become independent producers of energy and food which might also help 

respond faster to natural and social threats to the community, or to the larger economy on 

which it depends. A well implemented community energy model might discourage urban 
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migration, or better said, could encourage migration to the rural living. This has been seen 

particularly in industrialized nations, where people from urban environments, tired of 

unhealthy habits, have begun to migrate to rural settings. However, this remains a challenge 

in emerging economies where the rural economy is seen as the poorest sector of the society.   

A community energy model could be implemented as part of a whole sustainable 

community plan, promoting adaptability and absorptive capacity. Adaptability, according to 

Walker, et al, is “the capacity of actors in a system to influence resilience” (Walker, et al., 

2004). Resilience could be defined as the capacity of a system that ensures shocks and 

stressors do not have long-lasting effects and consequences in a socioecological system 

(Frankenberger, et al., 2014). A community energy model could help in building resilience 

using an Absorptive Capacity approach, coping with the ability of the communities to 

minimize exposure to shocks and stresses, and recover quickly when exposed 

(Frankenberger, et al., 2012).   

Communities currently adapting localized energy and food production are able to 

maintain a more sustainable livelihood, improve their overall wellbeing, and promote 

economic, environmental and social benefits.  

1.2  Review of Literature 

1.2.1 Community Energy 

The term community energy describes communities that are able to manage their energy 

by becoming active participants in the energy supply and demand process (St. Denis & 

Parker, 2009; Hess, 2009; Laborgne, 2011; El Bassam, et al., 2013). A community-led 
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management system seeks not only to incorporate community members’ ideas and opinions, 

but also engage them as active stakeholders in the multiple areas of energy production, 

delivery and consumption.  

Community energy can be an alternative to the current energy system as it incorporates 

participation of locals and hence offers a system concurrent with local needs, values and 

resources. With a localized system, local level governments will likely become more agile 

to respond to threats that the energy system might face.  There is also evidence that the 

existence of local landscape protection organizations and local ownership patterns counter 

the negative effects of the planning and operation of energy plants managed by large 

corporations (Hess, 2009). Local ownership and management of energy sources may also 

counter the opposition raised by activists and conservationists. Following a community 

energy approach to energy management considers a sustainable effort in which economic, 

environmental and social benefits are pursued.  

 

It is worth noting that the community energy concept has been promoted in industrialized 

countries as a means for introducing renewable energy generation in small rural or urban 

communities. Countries like Canada, Germany and Japan have followed community energy 

plans for as long as a decade (St. Denis & Parker, 2009; Hess, 2009) and some not as well 

established community energy systems have been taking place more recently in the Midwest 

and the Pacific Coast regions of the United States (Hess, 2009). This is primarily due to the 

favorable policy environment that promotes the adoption of renewable energy influenced by 

regulations and incentives.  The community energy context for emerging countries is 
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slightly different than that presented above, due to typical constraints, including poverty 

levels. Rural electrification and energy poverty are some of the main targets of development 

practice as energy is strongly connected to the achievement measures of the United Nations 

Sustainable Development Goals (UNDP, 2016) and its Sustainable Energy for All Initiative 

(Yumkella & Holiday, 2012). Not only access to, but affordability of, energy resources 

should be treated as a fundamental right for everyone. There is an increasing number of 

discussions in the development practice literature that argues this will be possible only if 

end users are made the primary stakeholders in the production, operation and management 

of the generation of energy (El Bassam, et al., 2013). The use and promotion of renewable 

energy for achieving this goal is very significant, but few studies have been found that 

actually focus on community energy for this purpose. This is mainly due to the fact that 

countries considered emerging economies rely mostly on top-down approaches and 

community energy strategies are conceived as a grassroots movement.  Therefore, fewer 

policies are put in place to encourage community level strategies. Furthermore, the majority 

of renewable energy projects in the developing world are for basic rural electrification, 

without taking into account other aspects, such as the potential future energy need and 

household energy poverty. 

 

1.2.2  Integrated Food-Energy Systems 

One model that has been proposed for developing nations is the Integrated Food-Energy 

Systems which are meant to address energy poverty levels and food security in these 

countries (Bogdanski, et al., 2010). Integrating food and energy production for small-scale 
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farmers, which is the world largest farmer group according to FAO, may improve both local 

and national food and energy security while reducing poverty and environmental impact at 

the same time.  Two types of Integrated Food-Energy Systems are proposed by FAO: the 

type in which production of food and biomass for energy generation is combined on the 

same land; and the type that intends to maximize synergies between food crops, livestock, 

fish production and sources of renewable energy by the adoption of agro-industrial 

technology. The proposed model for this research will be based on the latter. 

 

Integrated Food-Energy Systems have been proposed to alleviate the need for food and 

energy security in developing countries, while in developed nations is intended to increase 

resource efficiency.  This efficiency is especially applicable to land use, preventing risks 

related to reduced direct and indirect land usage change through renewable energy 

production such as biofuels, wind and solar power plants. Thus, Integrated Food-Energy 

Systems can help adapt to, and mitigate, the consequences of climate change, and reduce 

dependence of agricultural development on fossil fuels (Bogdanski, et al., 2010). 

 

Although the Integrated Food-Energy Systems are being proposed mainly to integrate 

food crops with energy crops, there are other approaches in which renewable energy - in the 

form of solar and wind - have been incorporated. Technologies for small-scale renewable 

application have been used, for instance, to pump water for irrigation to increase 

productivity, or to provide electricity without competing for cropland by siting them in or 

around fields, so they can harness energy while food crops are being produced.  An 
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emerging option being evaluated in recent years is the colocation of solar installations and 

vegetation.  

 

1.2.3  Colocation of Solar Infrastructure Above Crop Lands 

Collocating solar infrastructure and crops would provide additional benefits such as dual 

economic streams for farmers, employment opportunities at solar facilities for crop 

management, options for rural electrification, and electricity for processing agriculture 

products locally. Macknick and others from the National Renewable Energy Laboratory 

(2013) did an overview of opportunities of having solar panels collocated above vegetation, 

including agriculture. They observed that solar technologies can be compatible with 

harvestable crops by modifying panel height and spacing such that harvestable crops can 

thrive between them. A more recent study provided evidence that collocation of PV panels 

in agriculture fields may ensure efficient land and water use for sustaining high value crop 

production in marginal lands, particularly in arid regions (Ravi, et al., 2016). These 

collocation projects can provide additional income to land owners and provide 

diversification of revenue for years when agricultural productivity is low or for crops that 

are relatively low value. In pasture landscape, elevated solar infrastructure could provide 

shade and cover for livestock while not having a substantial impact on productivity. 

However, research is required to determine economic trade-offs associated with solar 

radiation, crop types, crop production practices, and location of the project (Macknick, et 

al., 2013; Ravi, et al., 2016).  This research aims to understand whether the adoption of a 

food-energy integrated system based on the collocation of solar technologies over crop 
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production can improve overall livelihood conditions in three rural communities in northern 

Mexico. 

 

1.3  Research Setting 

Delicias is located in the south-central region of the state of Chihuahua in northern 

Mexico (28°11’, 105°28’) about 50 miles southeast from the capital city of Chihuahua (Fig. 

1.1). Delicias is the smallest municipality of Chihuahua with an area of 335.43km² (129.5 

mi²) and a population of 137,835 habitants (INEGI, 2016). It was founded in 1935 as a 

result of the post-revolution agreements and the Irrigation System No. 5 built as part of the 

ambitious agrarian plan that then governor Enriquez proposed for Chihuahua (Gándara-

Samaniego, 2004). The construction of the irrigation system enabled suitable livelihood for 

the territories of south-central Chihuahua. The federal government was eager to test its new 

agrarian policies, particularly in water management, and this region seemed to be the perfect 

place as its extreme semiarid climate (BSoh), with an average annual precipitation regime of 

13 inches, only allowed irrigated agriculture. People from nearby communities did not want 

any land as they assumed agrarian livelihood was not possible due to the arid environment 

and the lack of surface water bodies. Thus, land designation had to be promoted to people 

from more remote areas. It is important to highlight that many of the families that first came 

to the region paid for land acquisition, as the Chihuahuan agrarian laws favored small 

private property developed as colonias instead of the ejido regime of the federal agrarian 

law (Gallegos-Perez, 2006).  However, in the 1930s, President Lázaro Cárdenas made 
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official the adoption of the ejido regime in all the nation, and Chihuahua´s government had 

no choice but to convert the private colonias into community ejidos.  

 

Livelihood activities held in Delicias were based on cotton cultivation and ginning, as 

well as crop cultivation for edible oil, including maize, soy and sunflower. During World 

War II, the industrial necessity of cotton enhanced its production in the region, making it 

very profitable. In 1943, the region was considered optimum for vineyards, but the lack of 

knowledge about the crop made it difficult to harvest. By 1957, the abrupt fall in fiber prices 

provoked a crisis that forced the development and implementation of new strategies. 

Migration of laborers to more promising livelihoods worsened the situation. During the mid-

1960s, a drastic livelihood diversification strategy changed rural Delicias. Communities 

shifted to dairy production as a primary source of income, producing alfalfa as a main crop 

(for feeding dairy cattle), using walnut as an investment (due to the long harvest time and 

extensive water use), and producing wheat as a secondary crop (Gándara-Samaniego, 2004).  

 

During the decade of 1990s, the dairy industry achieved important improvements boosted 

by the Agrarian Reform of 1992 and the NAFTA agreement.  Today, south-central 

Chihuahua is the fourth most important dairy region of Mexico, with an average of 56,000 

head of cattle in Delicias municipality alone, including the largest dairy farm in Latin 

America averaging 10,000 head of cattle and 350 hectares of land for cattle and crop 

production (Rivas-Lucero, et al., 2008). However, this achievement was not the result of 

community integrated farming, but rather the incorporation of industrialized farming into 
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the sector. During the 1990s, small farmers - former ejidatarios - began selling their lands to 

large producers and corporate unions. Therefore, it is of interest to this research to document 

how Delicias dairy farm communities have changed over those years, what livelihood 

strategies have followed after the 1990s changes, and how diversified they have become.  

 

 
 
 
There were several determinant factors for choosing Delicias as a suitable location for 

this study. It is an important location to measure livelihood diversification because it was 

founded specifically as an agricultural community after the Mexican Revolution. The fact 

that between the urban center and these rural communities does not exist suburban or 

exurban development makes the case to develop models that might discourage unplanned 

Fig. 1.1 - Location of Delicias County. Red Dots identify the communities studied 
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urban sprawl. Its geographic, natural, economic and social conditions also make an 

interesting case to study the context of current and potential food and energy production in 

the region. The communities chosen are among the poorest within the county and are 

located next to three of the largest dairy farms in the region, which is considered an 

important starting scenario for the proposed research project. The results of this research 

will serve as primary focus for an extension program developed by the College of 

Agriculture and Forestry Sciences of the Autonomous University of Chihuahua.     

 

1.4  Explanation of the Dissertation Format 

The primary goal of this dissertation research is to determine the feasibility of a 

community energy model that theoretically would improve livelihood conditions through 

the sustainable generation of energy and food.  The research presented in this dissertation is 

organized in three related studies where  three rural communities are examined in order to 

determine a community energy model according to their specific needs.  The complete 

process of the research is depicted in Fig. 2. The part that involves the dissertation research 

is presented as individual studies prepared in the form of publishable papers and included as 

appendices in this dissertation. Each paper consists of an introduction, methods, results and 

discussion, and conclusion sections.  A second, future, phase of this research is intended to 

test the assumptions presented here. 
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 Appendix A, titled: “Livelihood Changes After 25 Years of the Agrarian Reform in 

Northern Mexico: The Case of Delicias, Chihuahua” was prepared for submission to 

Geographical Journal. This paper examines how livelihood diversification has changed 

over the last 25 years in three rural communities of Chihuahua. This paper is critical to 

understanding how these livelihoods have changed after the agricultural reforms of 1992 

when the ejido land was privatized. This paper aims to test how diversified livelihoods have 

become viable after being solely dependent on agriculture activities. The importance of this 

research in the dissertation context is in the amount of information gathered which made 

possible the development of a community energy model specific to those communities. 

Appendix B, titled: “Assessing Energy Poverty in Rural Northern Mexico –The Case of 

Chihuahua” was prepared for submission to Energy Policy Journal. It presents a study of 

the current status in household energy poverty throughout the state of Chihuahua. A more 

detailed attempt is made for the three communities studied where, besides calculating the 

average percentage of households considered energy poor in the area, the research found 

Fig. 1.2 - Developing a Community Energy Model: Diagram of Dissertation Research Scope, 
Current and Future Work 
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certain livelihood assets that may be determinants to household energy poverty. This is an 

important finding as the community energy model developed in the third paper is done 

followed the premise of decreasing energy poverty in the region. The research could 

specifically analyze the data collected in situ, allowing the community energy model to be 

more accurate. 

Appendix C, titled: “Modeling a Community Integrated Sustainable Energy (CISE) 

Model as a Way to Improve Livelihood Conditions in Rural Northern Mexico” was 

prepared for submission to Applied Energy Journal. This paper presents a feasibility study 

of what was called a Community Integrated Sustainable Energy Model, which is a version 

of a community energy model prepared after analyzing the main needs to fulfill to the 

communities studied. The research determines that returning to small agriculture practices 

while investing in a solar energy generation plant through a cooperative model would allow 

households to improve their daily vegetable intake while reducing their energy poverty 

status. After analyzing economic feasibility, the research concluded that this type of strategy 

could be implemented in the region.  

1.5  Contribution of the Author 

The conceptual design, research design, and interpretation of the research papers are a 

contribution by the author, with the guidance of the committee. The author extensively 

collaborated with the College of Agriculture and Forestry of the Autonomous University of 

Chihuahua to analyze potential impacts of extension projects that would be of interest of the 

communities studied in Delicias. The author assumes that the development of a community 
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energy model would potentially be tested in an experimental field in the Delicias Campus of 

the College of Agriculture and Forestry and that this type of extension project is an 

important contribution to the rural communities in northern Mexico, with potential benefits 

to other communities with similar conditions. 
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CHAPTER 2:  PRESENT STUDY 

2.1  Summary 

The purpose of this research is to develop knowledge about sustainable energy in rural 

livelihoods of northern Mexico. It aims to develop a community energy model that would 

potentially be tested in an experimental field in Delicias Chihuahua, and then to promote it 

to the nearby rural communities as an project through the Autonomous University of 

Chihuahua extension program. The aim of this research is to help start the discussion of the 

integration of clean energy mechanisms for rural communities in the context of the 2014 

energy reforms while improving overall livelihood conditions.   

In order to promote a community energy model, the research investigates how 

livelihoods were consolidated and what main aspects would be possible to test in the model. 

Delicias was chosen as case study based on the fact that its communities were mainly 

dedicated to farming activities. At the beginning of the research it was assumed that these 

communities would continue being mainly farmers. A livelihood assessment was conducted 

to corroborate this assumption and the results showed that, although many livelihoods are 

still dependent on farming activities, the vast majority are now dependent on non-farming 

activities. The research found an important change in livelihood diversification which, 

according to Ellis (1998), is the process where households identify and pursue a diverse 

portfolio of activities in order to help improve their livelihood conditions.  Usually the more 

diversified livelihoods are considered less prone to extreme poverty due to the amount of 

activities upon which the livelihood depends.  As the aim was to determine what aspects the 



 
 
 

28 
 

research could address through the community energy model, the household assets were 

studied to understand current poverty status. The usefulness of this is discussed in Appendix 

A of this dissertation.  Then research aimed to understand current energy use in the 

communities studied.  The need of studying the energy poverty status of each community 

was identified, as energy plays a significant role in achieving better quality of life and as a 

way to improve livelihood conditions. The research found that these communities are not 

satisfying their absolute energy needs in their totality, according to the energy poverty 

definition given by García Ochoa (2014).  Energy poverty has been defined widely in the 

literature with each definition determined by the context in which it was developed. For the 

purposes of this dissertation, it was agreed to use the relative deprivation concept 

(Townsend, 1979; García-Ochoa, 2014) which is also used by most European countries.  

There, they agree that energy poverty, more than measuring plain access to modern energy 

sources, should also measure the capacity of adequate heating or cooling and provide other 

energy services in a household at an affordable cost (Pye, et al., 2015). 

Finally, after identifying energy poverty status and livelihood strategies followed by 

these communities, a community energy model could be proposed. The community energy 

model study appears in Appendix C of this dissertation.  A Community Integrated 

Sustainable Energy (CISE) model is proposed to be implemented in the three communities 

studied and the feasibility of implementing the model on each community is analyzed. The 

proposed CISE model involves the collocation of photovoltaic panels over crop production 

fields.  This approach is proposed to accommodate the potential increase in the annual 
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average vegetable intake per household while decreasing energy poverty within the 

communities studied.  

This approach is based on the premise that food and energy production are two of the 

most important economic activities in the modern world. According to climate change 

research, both activities will become highly vulnerable in the near future where lack of 

resources and increase in temperatures will affect both the agriculture and energy sectors 

(Frisvold, et al., 2013; Tidwell, et al., 2013; IPCC, 2014). It is argued that a localized 

production system could become an adaptation and mitigation response to potential climate 

change risks.  

 

For the purposes of this dissertation, a Sustainable Energy Model is defined as a strategy 

which, once implemented, is able to improve overall livelihood conditions through the 

adoption of renewable energy projects. This model can be an alternative to the current 

energy and food system production as it incorporates participation of locals and hence offers 

a system concurrent with local needs, values and resources. It encourages local food 

production while generating electricity from a clean energy source.  With a localized 

system, local level governments become independent producers of energy and food that 

might help respond faster to natural and social threats to the community, or to the larger 

economy upon which the community is dependent  (Hess, 2009). Furthermore, a Sustainable 

Energy Model might discourage urban migration, or better said, could encourage migration 

to rural living, enforcing a back-to-land culture. This has been seen particularly in 

industrialized countries, where people from urban environments, tired of unhealthy habits 
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and the adoption of a sustainability conscience, have begun to migrate to rural lifestyles 

(Halfacree, 2001; Sanders, 2004; Guthman, 2004; Halfacree, 2007).  

 

2.2  Methods 

The main data gathering method used for this study was a household survey based on the 

Sustainable Livelihoods Approach (Chambers & Conway, 1992; Ashley & Carney, 1999) 

that was conducted from May to August of 2015 in the communities studied. The data 

analysis was done using IBM SPSS 21.0 statistical software package. The livelihood 

diversification was measured using the Simpson Index of diversity (Simpson, 1949) as the 

common measure in the literature (Sujithkumar, 2007; Senyo Agyeman, et al., 2014; 

Biswarup & Bahal, 2014 ). For measuring the energy poverty status at the household level 

the study used the “Satisfaction of Absolute Energy Needs” method proposed by García 

Ochoa (2014).  This method was used as it is the only available for measuring energy 

poverty specifically in Latin America.  As energy poverty is a concept born in the UK and 

the indicators were highly related to indoor heating needs, other measuring models are not 

suitable for Latin America as climate conditions differ considerably. The energy poverty 

study is divided into two parts, one determining overall energy poverty in the state of 

Chihuahua, and a more specific one involving the three communities pertaining to this 

dissertation research. This approach was necessary for determining the amount of 

households considered energy poor in the region. A more detailed analysis on energy 

poverty was done based on the survey conducted in the three communities pertaining to the 

dissertation research.  
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In order to propose a community energy strategy and determine its feasibility, two 

scenarios were developed based on an integrated approach involving the collocation of 

photovoltaic panels over crop production fields. The data gathering method for this research 

was through the review of the most recent available data on energy and food production in 

the region. Current incentives available in Mexico were analyzed in order to invest in this 

type of project (SEDESOL, 2015), and used the results of Appendix A and B to assume 

specific conditions for each community. Software provided by the U.S. National Renewable 

Energy Laboratory was used to determine the photovoltaic system and estimate a baseline of 

labor required (Blair, et al., 2014; NREL, 2004; SAGARPA, 2016). 

2.3  Results and Conclusions 

The research aimed to determine what limitations and capabilities existed to promote the 

adoption of a community energy model in rural northern Mexico. In order to do so, the 

current livelihood and energy uses of the communities of study were examined. Results 

show that livelihoods in this area of rural northern Mexico have pursued a trend towards 

diversification following off-farming and non-farming activities, mainly as a result of the 

specialization of the region in dairy production and better connectivity to the urban center. 

Households have a mixed portfolio of activities where employees commuting outside the 

communities for work maintain 70% of the total shares of the household earnings, meaning 

that although livelihood diversification is present, income diversification remains in one 

main activity. This is important in the context of developing the community energy model, 

as one of the main strategies to pursue is precisely the possibility of enhancing a different 

economic activity that could be done locally to benefit the whole community. One of the 
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main findings in the livelihood assessment was the fact that household income increased 

based on the amount of people involved in economic activities, despite the kind of economic 

activity. The research discovered that overall, available jobs have similar wages. It is argued 

therefore, that with the promotion of a cooperative system through the proposed community 

energy model, household members may increase their overall household income. This will 

depend on the amount of money they are able to invest. Several government incentives are 

available for investing in this kind of development project, meaning that households would 

be able to engage in an income generating activity investing only a fraction of the total cost.  

 Younger generations are getting access to higher education levels and promoting their 

ability to engage in economic activities with higher salaries. The research assumes that the 

community energy model would be supported by households with young people and 

households that receive remittances. This is due to the type of incentives available for the 

investment of the community energy, which involves migrant members, women, and older 

people (SEDESOL, 2015).  

Results from this energy poverty analysis are very important as it was discovered that 

throughout the state of Chihuahua more than 85% of the households are considered energy 

poor, with the majority located in the urban zones. Considering, however, that 85% of the 

population lives in urban zones, rural regions present a higher energy poverty status in 

relative terms. A more detailed analysis conducted in the communities of study found a 

relationship between livelihood diversification and energy poverty. This is logical, as energy 

poverty is highly correlated to income poverty status, and as was stated earlier, the more 

diverse a livelihood is, the more income is presented at the household level. Although the 
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majority of households in the communities do not lack of the basic set of energy assets –

refrigerator, TV, stove - the majority do lack of the second tier of energy assets – space 

heater and cooler. Extreme climate conditions in Delicias’ communities make the use of 

some type of device necessary to improve thermal comfort inside the household.  

The research found a strong correlation between energy poor households and households 

where a member has a chronic disease, mainly diabetes and migraines. Both illness 

conditions are vulnerable to extreme temperature conditions. This diminishes quality of life 

of not only the household members with the chronic disease, but also to the members that 

live with them.  

After identifying the main issues behind energy poverty, the research determined that a 

community energy project should reduce the energy poverty status in the overall region. 

Results of the community energy model show that a cooperative system is more feasible 

than an individual system, basically due to the high investment cost and the lack of 

incentives available for investing in this type of projects. The proposed cooperative system 

using the Community Integrated Energy Strategy is feasible only if it is adopted by small 

community groups. Data analysis revealed that communities with fewer households (n=170) 

were the ones that generated profit. This is due to the caps provided in the incentives, where 

there is a maximum amount of money that can be invested per project. Therefore, a CISE 

strategy that fulfills daily vegetable intake and electricity per household for a community of 

approximate 200 households is feasible when using the incentives available.  
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The adoption of a CISE strategy is one answer to encourage the adoption of renewable 

energy while promoting agricultural activities. Further research is necessary to present a 

model for assessing the impacts in the social and environmental areas.  

2.4 Broader Impact and Further Research 

The aim of this research is to pursue the adoption and deployment of sustainable energy 

strategies that would empower rural communities in Mexico. The energy reform in Mexico 

allows any private individual to sell electricity through the wholesale energy market. 

However, the up-front cost for investing in renewable energy technologies makes it difficult 

for the majority of individuals to acquire a system.  Rural communities, such as the ones 

studied here, have the potential to sell electricity to nearby industries. This model assumes 

the possibility of doing this and opens the conversation about generating new models based 

on the premise that anyone can sell their electricity in the wholesale energy market.  

A new line of research about collocating photovoltaic panels over crop production land is 

gaining moment throughout the world. It is important to start generating models and 

implementing experimental fields specific to Mexico to advance knowledge about the type 

of crops that are more suitable for production under these circumstances. One of the main 

arguments in favor of collocation is the changes in evapotranspiration rates of the crops 

which might reduce the amount of water needed. This is particularly important in arid 

regions, where water conservation in agriculture is essential. Another application that can be 

possible is in covered agriculture, where the structure is already in place, light-weight 

photovoltaic cells can be used to generate electricity. 
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In terms of the energy and crop production system, empirical models are necessary to 

answer questions about both crop and energy production processes. These models could be 

implemented in small agriculture fields within rural communities, allowing the 

appropriation of the system by the community members. An important consideration is the 

fact that community members can be trained to install, operate and maintain the system. 

These training sessions could be offered through government support programs already in 

place.    

 

Today, community energy models are considered a trend in many developed nations who 

are able to afford the up-front costs in the name of becoming more sustainable. These 

models, while interesting, do not fit within rural communities in Latin American regions. 

Further research is necessary to actually promote the adoption of community energy models 

that are suitable for rural communities in these regions. 
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A.1.  ABSTRACT 

This paper presents evidence of livelihood diversification activities after almost 25 years 

of the 1992 land tenure reform in Delicias, Chihuahua, Mexico. Delicias was identified as 

an important location to measure diversification because it was founded specifically as an 

agricultural community after the Mexican Revolution.  Main findings show that 

communities have pursued a trend towards diversification and going away from traditional 

farming activities. Although the results considered this region as mid-diversified, the 

research found that livelihood diversification trends of the last 25 years have increased 

commuting activities between these communities and the urban center as a result of better 

economic opportunities in urban areas. This situation is promoting urban sprawl, as 

commuters expect services along their daily journey. Diversification trends have also 

discouraged traditional agricultural activities, triggering land use changes toward more 

industrialized segments, impacting the natural resources available and the scarce rural 

livelihoods within them. A lack of agricultural activities is also promoting changes in the 

nutritional habits of these communities which, on average, take only one fourth of their 

recommended daily vegetable intake.  

Conclusions show that if these communities maintain their current livelihood strategies 

trend, they will soon be absorbed by the urban center, ending the means by which small 

scale agricultural production is available. This is an important issue to consider as 85% of 

the total Mexican population is already living in cities, making them unsustainable to 

maintain.  Further research must involve the inclusion of water, energy and food production 
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systems in urban environments as a way to address the fact that rural livelihoods are being 

lost due to a lack of economic opportunities.   

 

Key words: livelihoods approach, livelihood diversification, Mexico, rural livelihoods 
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A.2.  INTRODUCTION 

A.2.1.  Livelihood Diversification in the Context of 1992 Mexican Agrarian Reforms  

Not only in Mexico, but in many other parts of the world, rural livelihoods make their 

living based on a diverse portfolio of activities and resources (Bebbington, 1999) (Ellis, 

1998) looking for opportunities to improve their conditions. In the sustainable livelihoods 

literature, livelihood strategies help in coping and recovering from shocks and stresses 

presented at the household or community level (Chambers & Conway, 1992) (Ashley & 

Carney, 1999). Livelihood diversification, therefore, determines whether a household is able 

to develop capabilities and assets that will give flexibility to overcome stresses and raise 

their living standards. The ejido system in Mexico was considered unsustainable because it 

was against the privatization schemes present since the mid-1980s. It was not profitable and 

the “ejidatarios” were not able to sustain their lands even with the support of government 

programs. Rural livelihoods in the ejido era were severely compromised, as land tenure was 

a big concern. Livelihood diversification was difficult due to the type of socio-economic 

system the ejido had developed. 

 

The reforms adopted after 1992 by the Mexican Government focused on a systematic 

program of land regularization presented as a response to ameliorate the meager agricultural 

model of ejidos and to undo the protection offered to illegal land supply. Prior to these 

reforms, ejidos were characterized by a lack of tenure rights, resulting in weak agricultural 

investment constantly requiring government intervention and support. Land restrictions on 

self-cultivation and inheritance provisions undermined the correct functioning of the 
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agricultural sector and opening up possibilities for political manipulation. As a result, local 

governance and responsibility decreased and centralized government intervention became 

more concurrent, severely limiting livelihood activities. Illegal alienation of ejidos near 

urban areas provoked uncontrolled urban sprawl, particularly in the largest cities, while in 

rural areas, parcels were transmitted as an onerous or gratuitous agreement, and in many 

cases rented or sharecropped to third parties. This was, in part, as a result of an extreme 

parceling process where the amount of land distributed to each household was very small 

making it impossible to generate profitable produce, accompanied by an aging generation of 

ejidatarios that had no other security or right to fulfill their elderly needs than their parcels.  

 

By late 1980s the rural sector in Mexico was completely undercapitalized and living 

under extreme poverty conditions (Warman, 2003) (Chacón-Hernández, 2014).  To offset 

these issues, the Mexican Government adopted a set of reforms that eliminated restrictions 

on the functioning of land markets in order to empower rural communities. Government 

reforms were based on two fundamentals: first, to end up with a land distribution scheme in 

order to guarantee tenure property and security and, second, to enable policy mechanisms 

that facilitate private investment in the agricultural sector to enhance export quality 

production (Morett Sánchez, 2003).  With this reform, now currently in place, former 

ejidatarios were able to choose the property rights regime most suitable for their livelihood 

necessities by securing their land tenure and possible investment opportunities. The reform, 

thus, allowed investment on land suitable for industrial and urban development purposes. 

Reform supporters argued that this was an essential step towards market liberalization of the 
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agricultural sector while critics claimed that the reform was focused on the wrong issues, 

leading to the disappearance of the ejido while damaging the social structure of the rural 

sector (Gordillo & Mohar, 1995) (Robledo-Rincón, 2000) (Jones & Ward, 2002). Back in 

1994, Thomson and Wilson concluded that some areas in Mexico could lead to a “modern 

day hacienda system” with the amendments to the land ownership principles in Article 27 of 

the Mexican Constitution (Thomson & Wilson, 1994).  

 

Although regulations were made to prevent single owners from acquiring large tracts of 

land, today we see a different panorama.  This is particularly true in the northern states 

where former ejidal families maintain their livelihoods by working in large, privately 

owned, highly industrialized farms and factories located on former communal land. This has 

prompted the migration of younger generations, the abandonment of small scale agriculture, 

and a dramatic increase in urban sprawl. With this context as framework, this paper aims to 

investigate what diversification strategies have been followed after the Mexican land 

privatization policies of 1992, what economic activities are prevalent in rural northern 

Mexico, and how diversified the region has become using data from three communities in 

Delicias, Chihuahua. A discussion about why current diversification strategies and 

economic activities are prevalent to the region is also presented.  

 

A.2.2.  Research Setting Context 

Delicias is located in the south-central region of the state of Chihuahua in northern 

Mexico (28°11’, 105°28’) about 50 miles southeast from the capital city of Chihuahua (Fig. 
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A.1). Delicias is the smallest municipality of Chihuahua with an area of 335.43km² (129.5 

mi²) and a population of 137,835 habitants (INEGI, 2016). It was founded in 1935 as a 

result of the post-revolution agreements and the Irrigation System No. 5 built as part of the 

ambitious agrarian plan that then governor Enriquez proposed for Chihuahua (Gándara-

Samaniego, 2004). The construction of the irrigation system enabled suitable livelihood for 

the territories of south-central Chihuahua. The federal government was eager to test its new 

agrarian policies particularly in water management and this region seemed to be the perfect 

place as its extreme semiarid climate with an average annual precipitation regime of 13 

inches, allowed only irrigated agriculture. Its Köppen classification, modified by García 

(2004), is BSoh.  People from nearby communities did not want any land as they assumed 

agrarian livelihood was not possible due to the arid environment and the lack of surface 

water bodies. Thus, land designation had to be promoted with people from more remote 

areas. It is important to highlight that many of the families that first came to the region paid 

for the land acquisition, as the Chihuahuan agrarian laws favored small private property 

developed as colonias instead of the ejido regime of the federal agrarian law (Gallegos-

Perez, 2006).  However, in the 1930s, President Lázaro Cárdenas made official the adoption 

of the ejido regime in all the nation, and Chihuahua´s government had no choice but to 

convert the private colonias into community ejidos.  
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Livelihood activities held in Delicias were based on cotton cultivation and ginning, as 

well as crop cultivation for edible oil, including maize, soy and sunflower. During World 

War II, the industrial necessity of cotton enhanced the production of the region, making it 

very profitable. In 1943, the region was considered optimum for vineyards, but the lack of 

knowledge about the crop made it difficult to harvest. By 1957. the abrupt fall in fiber prices 

provoked a crisis that forced the development and implementation of new strategies.  

 

Migration of laborers to more promising livelihoods worsened the situation. During the 

mid-1960s, a drastic livelihood diversification strategy changed rural Delicias. Communities 

shifted to dairy production as primary source of income, producing alfalfa as main crop (for 

feeding dairy cattle), using walnut as an investment (due to the harvest time length and 

extensive water use), and producing wheat as secondary crop (Gándara-Samaniego, 2004). 

Fig. A.1 - Location of Delicias County Study Area. Red dots identify the communities studied 
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During the decade of 1990s, the dairy industry achieved important improvements boosted 

by the Agrarian Reform of 1992 and the NAFTA agreement.  Today south-central 

Chihuahua is the fourth most important dairy region of Mexico, with an average of 56,000 

head of cattle in Delicias municipality alone, including the largest dairy farm in Latin 

America averaging 10,000 head of cattle and 350 hectares of land for cattle and crop 

production (Rivas-Lucero, et al., 2008). However, this achievement was not the result of 

community integrated farming, but rather the incorporation of industrialized farming into 

the sector.  

 

During the 1990s, small farmers - former ejidatarios - began selling their lands to large 

producers and corporate unions. Therefore, it is of interest in this research to document how 

Delicias dairy farm communities have changed over those years, what livelihood strategies 

have followed after the 1990s changes, and how diversified they have become. 

 

A.3.  DATA AND METHODS 

The present study was conducted in three communities in the municipality of Delicias in 

Chihuahua, Mexico. The selected communities were Colonia Miguel Hidalgo, Colonia 

Cuatro Vientos and Colonia La Quemada. Individual households were taken as unit of 

analysis. A household was defined as a social group that lives in the same place, shares the 

same meals and has a say on the decisions taken over resources and income (Ellis, 1998). 

Primary data was collected from a household survey conducted from March to August of 

2015. The survey was directed to the household head or their spouse. The sustainable 
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livelihoods (Ashley & Carney, 1999) approach served as framework of data gathering. The 

sampling size was determined with a 95% confidence interval, with a total of 296 

households (Table A.1). 

  

Community 
Name of the Dairy 
Farm next to the 
community 

Total No. 
Households 

No. of sampled 
households 

Miguel Hidalgo Granja Zaragoza 
(350 has) 730 149 

Abraham González “La Quemada” Granja Luján (181 
has) 399 105 

Morelos “Cuatro Vientos” Establo Don 
Chema (13 has) 170 42 

 

Delicias was selected as a case study due to the fact that it was founded after the Mexican 

Revolution as an empirical example of a community based on irrigated agriculture. The 

three communities chosen live below the poverty line according to the most recent 

government report on poverty and social exclusion (CONEVAL, 2014). Each of the 

communities are located an average distance of 9.5 km from urban center of Delicias. There 

is no other type of urban or suburban development within those 9.5 kilometers, meaning that 

this land today could potentially be used for agricultural purposes. In the municipal plan for 

Delicias, these territories are considered for mixed use as a planning strategy for future 

urban growth.  

The communities studied share the characteristic of being located next to dairy farms, 

where many of the community members work. They have seen a shift in the economic 

activities pursued by household members, where land-based activities are now becoming a 

secondary source of income. Data from the household survey was analyzed with statistical 

Table A.1 -  Study Communities in Delicias, Mexico 
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software IBM SPSS v.21. Diversification was measured with the Simpson Index of 

Diversity (Simpson, 1949). The Simpson Index of Diversity is defined as: 

 

𝑆𝑆𝑆𝑆𝑆𝑆 = 1 −�𝑃𝑃𝑃𝑃 ²
𝑖𝑖

 

Where, SID is the Simpson Index of Diversity, Pi is the proportion of income coming of 

economic activity i. The value of SID always falls between 0-1. If there is just one activity, 

Pi=1, then SID=0. If there are k activities, then SID falls between zero and 1-1/k.  The 

diversification index is affected both by the amount of economic activities in a household as 

well as the distribution of income between the different activities. The more uniformly 

distributed income is from each activity; the closer SID will approach 1. Accordingly, 

households with more diversified incomes will have the largest SID and the less diversified 

will have the lowest. The least diversified households are considered the ones depending on 

one main economic activity. The rationale behind this approach is based on the livelihood 

diversification definition proposed by Ellis where he defines livelihood diversification as a 

process where households identify and pursue a diverse portfolio of activities and social 

support capabilities that will help improving their way of living (Ellis, 1998). Studies on 

livelihood diversification, particularly in Asia, used the Simpson Diversity of Index as 

method of analysis. (Sujithkumar, 2007) (Senyo Agyeman, et al., 2014) (Biswarup & Bahal, 

2014 ).   
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The number of sources of income as a measure of diversification may have several 

downfalls. First, a household with more economically active individuals is more likely to 

have more income sources. This may reflect household decisions as much as a desire for 

diversification. Second, it may be argued that there is a discrepancy when comparing 

households receiving different shares of their income from similar activities.  For instance, a 

household obtaining 90% of their earnings from off-farming and 10% from remittances has 

the same number of sources of income as a household with 50% of its income from off-

farming and 50% from remittances. However, due to the diversification method used, a 

household with shares of 50-50 will be more diversified than a household with 90-10 shares. 

 

To measure other aspects of livelihood diversification, the study determined other 

differences among household types by analyzing and comparing their assets according to the 

sustainable livelihoods framework, determining the human, social, physical, financial and 

natural capitals (Ashley & Carney, 1999).   Households were categorized twice. First, 

according to the SID rank and, second, according to their main source of income using the 

proportion of income it represents to the household (i.e. if farming income share >51%, it 

was defined as a farming household). This was done to analyze correlation between assets 

and livelihood diversification in two ways:  first, by understanding the relationship between 

assets and the livelihood diversification index and, second, if there is a correlation between 

some assets and the primary livelihood activity pursued by the each household. The results 

and discussion are shown on the next section. 
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A.4.  RESULTS AND DISCUSSION  

A.4.1. Different Economic Activities as Livelihood Strategies  

First, a series of economic activities was identified representing the three communities 

studied, as households typically engage in different activities as a result of changes in local 

resources and opportunities. These activities were divided in the three primary categories 

representing the agro-economic system (Saith, 1992): farming activities, which are the ones 

that include livestock and crop income; off-farming activities, which refer to wage earned 

by laboring in other farms; and non-farming activities, which refer to working outside 

agriculture. Then, a fourth category was identified that includes other income sources that, 

more than activities per se, are economic resources, such as government programs, 

retirement checks and remittances from migrant members (Table A.2).  

 

The household survey revealed 57% of the households were established before 1992 and 

their principal income source came from either farming or off-farming activities (Table 

A.2). Since mid-1980s dairy farms were established in these areas as a result of the market 

liberalization policies that emerged in Mexico over that time, providing an alternative 

livelihood to many households that were struggling with the ejidal regime. The survey found 

two livelihood strategies that prevailed within household choices: off-farming activities 

where individuals remain as laborers or jornaleros and workers on the dairy farms; and non-

farming activities where individuals are engaged in manufacturing and services both outside 

and within the household community (Table A.2). 
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Farming Agriculture/animal farming 

People who do agriculture and/or animal 
husbandry in their own land or renting land but 
the product is for sell or self-consumption 

Off-Farm 

Off-farm Working on labor not owning land; known as 
“jornaleros” 

Formally employed in dairy farms 
Formal jobs in the dairy farm including: milker, 
breeder, artificial insemination, herder, car 
driver, assistant   

Non-
farm 

Formally employed outside the community 
(commutes every day to work to the city or 
employer’s  facility) 

Formal jobs in Delicias city mainly including: 
manufacturing, services, construction and 
crafting jobs, military 

Employed within community  
Carpenter/furniture maker, teacher, shop 
assistant, cooker, beauty salon assistant, 
automotive painter 

Small scale business (self-employment) 

Construction, Furniture manufacturing, small 
convenient stores, self-employed domestic 
workers, repairman, beauty salon   

Other 
sources 
of 
income 

Retirement check pension for their past working years 

Remittances Remittances received from migrant members 

Government PROSPERA program 

Federal government support for low income 
families that consist in a debit card where 
money is deposited every two months for food 
expenses. 

 

Of the households surveyed, 41% have at least one member engaged in non-farming 

activities. Commuting to the urban center of Delicias for working is becoming an important 

livelihood activity particularly for younger generations. The case study revealed 27% of 

economically active household members fall between the ages of 16 and 32. The 

development literature refers to livelihood strategies dependent on household members 

working in urban centers as straddling strategies, where there is an inherent relationship 

between rural and urban sectors (Ellis, 1998) (Haan, 2000). In these communities, the 

proximity to the urban center and the growth of different economic sectors within the region 

Table A.2 - Types of Income Sources Identified within Communities (HH survey) 
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are seen as an opportunity to improve livelihood conditions without leaving the household. 

Consequently, farming and off-farming activities have decreased from 92% prior 1992 to 

39% according to the surveyed population (Fig. A.2).   

 

 

A growing impetus in small-businesses, particularly in the case of stay-at-home women, 

is seen in these communities. Small convenience stores and beauty salons located in the 

front room of the household have empowered some women in these communities. Of the 

individuals that fall into the self-employment category, 76% are women.   

 

As stated in previous sections, dairy farming is an important activity in Delicias as it was 

the first main diversification strategy following the green revolution in the 1960s. Activities 

related to the dairy industry were categorized as off-farming strategies, representing the 

second most popular livelihood strategy in the communities studied. On average, 

TODAY BEFORE 1992  

Fig. A.2 - Comparison Between Households Prior to 1992 and 2015. Analysis reveals a shift in 
agricultural based activities where farming has particularly decreased after 1992, with non-farming 
being the most common economic activity today (Source: 2015 HH Survey) 
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households whose members work for dairy farms are less diversified than households with 

other activities, representing 60% of total household income. This means that working for a 

dairy farm satisfies household economic needs, compared with other activities pursued, as 

35.5% of this group depends only on the dairy farm job. However, only 24% of the sampled 

households rely on dairy farming.  

 

A.4.2.  General Trends in Livelihood Diversification 

This study revealed two main trends in livelihood activities pursued by these 

communities: one highly inclined to off-farming activities where labor wage is the main 

source of income; and a second highly devoted towards a true livelihood diversification 

where outside-community non-farming activities are becoming the main livelihood strategy. 

Income diversification is not the same as livelihood diversification according to Ellis’ 

definition (Ellis, 1998), however, the share of income generating activities needs to be 

assessed as a primary indicator of how diversified households and communities might be, 

since income remains a primary asset.  An aggregate of the shares of earnings per household 

is presented in Fig. A.3,  
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As the literature states, a more diverse livelihood helps reduce income fluctuations, 

generates economic stability and enables the capacity to increase household capital assets. 

According to an FAO report in the case of rural Mexico (Appendini & De Luca, 2006), 

livelihood diversification is the result of three main phenomena presented:  first, the public 

investment in service infrastructure as means of development, allowing communities to be 

closer to other communities and urban centers; second, innovation in agricultural practices 

trading human labor for machinery; and third, the lack of profitability in agriculture as 

consequence of failures in the neoliberal policies implemented at the end of the twentieth 

century. This is also true in Delicias, where farming has become an expensive business and 

only profitable for the ones who have land and water rights.  In Delicias, only 6% of the 

population surveyed continues farming as its main economic activity.  Furthermore, drought 

Fig. A.3 - Household Income Shares per Activity. This graph shows how diverse a household might be 
according to its economic activity. Laborers and employers outside the community generate on average 
70% of their household total income while government support represents less than 20% of the income 
generated in the households where it is present (Source: HH Survey, 2015) 



 
 
 

66 
 

has becoming a severe risk in these regions. The total area sown in Delicias has dramatically 

decreased in the last decade, forcing only the most profitable water efficient crops to be 

planted and changing land use to more profitable activities with less use of water (Ortega-

Gaucin, et al., 2008). In this context, agriculture has become an unsustainable strategy to be 

pursued by these communities. Dairy farms however continue to sow alfalfa and other 

fodder crops for their cattle, where many community members work as laborers. In this 

context, we see that on average households gaining their livelihood as laborers are less 

diversified (Fig. A.3) than households with any other livelihood strategy.  The dairy 

specialization trend inherent to the region is not necessarily benefiting the community as a 

whole. Although one of the main economic activities found to be the most common in the 

region is related to off-farming activities -  where dairy farm workers have been categorized 

- income coming from that category is on the lower income rank (Fig. A.4). This has forced 

household members to pursue livelihood activities outside their communities, where wages 

are more varied. 

 Fig. A.4 - Income Category Shares per Economic Activity (Source: 2015 HH survey) 
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Risk is also considered a main reason to encourage diversification (Bryceson, 1996) 

(Ellis, 1998). In Delicias, social and natural features are perceived as risks forcing 

communities to change their livelihood paths. Members in the communities surveyed 

currently perceive three main risks affecting their livelihoods: economic crises (37.1%), 

water shortages (20%) and the land use changes in favor of urban settlements (14.3%). 

These risks are affecting the way traditional livelihoods are developed in the region, forcing 

household members to pursue alternative income generating activities. 

A.4.3.  Livelihood Diversification Index  

The Simpson Index of Diversity is widely used to measure diversity as it relates to the 

number of sources and the balance among them. Based on the results of the index, 

households were clustered in three categories: low, medium and high diversified according 

to the amount of economic activities and income shares (Table A.3). The average 

Diversification Index in the study area was 0.26. Using the Pearson correlation method, a 

positive correlation was found between total household monthly income and the 

Diversification index (p=0.00<0.001).   

 

Diversification 
Index 

frequenc
y 

percentage Monthly HH 
income (mean) 

Main source of 
livelihood (mode) 

Low (<0.25) 141 48.1 5950 MXN (SD: 
3663) 

Laborer 

Medi
um 

(0.26-
0.60) 

116 39.6 10548 MXN (SD: 
5055) 

Employee outside 
community 

High (>0.61) 36 12.3 13617 MXN (SD: 
3544) 

remittances 

Table A.3 - Distribution of Diversification Index among Households  
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Table A3 shows that almost half of the surveyed households (48.1%) are considered in 

the low category, meaning they have one source of income or two sources with an 

imbalance of income shares. Households with more diversified livelihoods account for four 

or more different economic activities.  

 

Fig. A.5 shows the shares of livelihood activities according to the diversification index 

ranking. An interesting observation in this graph is the fact that non-farming activities 

remain the largest livelihood strategy throughout the categories. Considering the correlation 

between income and diversification index, it is assumed that the wages from non-farming 

activities, particularly the ones outside community, fluctuate on a larger distribution of 

income than other activities, so that it is present in the majority of households. The opposite 

is seen with the ‘other activities’ category, where a direct correlation is observed according 

to the livelihood index rate. Other categories include remittances, government support and 

retirement checks.  Therefore, it can be assumed that people living in households dependent 

on these sources of income are on the lower diversification rank, and presumably are related 

to the lowest income rank.    

Fig. A.5 -  Livelihood Activities per Diversification Index (Source: HH Survey, 2015)  
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A.4.4.  Livelihood Diversification Strategies 

In an attempt to measure other aspects of livelihood diversification, other differences 

among household types were determined by analyzing their assets. Assets were identified 

using the sustainable livelihoods framework, determining the human, social, physical, 

financial and natural capital (Ashley & Carney, 1999). 

 

In order to understand the main factors determining livelihood diversification in these 

communities, households were first categorized according to their diversification rank to 

compare their asset availability. Table A.4 shows statistical differences among groups 

particularly regarding human, physical, social and financial capital. Although not all 

indicators were significant, key factors were found that may clearly contribute to 

diversification. By using a Kruskal Wallis Test of ANOVA for non-parametric variables 

statistical significance was found on ten assets when comparing them by diversification 

category. From those ten,  this paper argues that household size, migration, female working 

members and household establishment date are the most significant assets, not only for the 

statistical analysis, but also as a result of understanding the nature of diversification (Adger, 

et al., 2002; Senyo Agyeman, et al., 2014; Ellis, 1999).  

 

Then, the study determined what actors may have contributed to the adoption of 

particular livelihood strategies. In order to do so, households were categorized according to 
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their main livelihood source using the proportion of income it represents to the household 

(i.e. if farming income share >51%, it was determined a farming household). 

 

The results shown in Table A.5 demonstrate that almost the same factors contributing to 

diversification are also contributing to the selection of livelihood strategies, In this case, 

eighteen assets were found that are significantly different among households with different 

principal livelihood strategies. This paper argues that besides the assets believed to be 

contributing to diversification, there are others - such as health condition and social 

involvement - that are relative to the adoption of different strategies. Over the next sections, 

this paper will discuss why some of these assets are believed to be relevant to the 

diversification of livelihoods.  
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Household Type according to diversity category: 
LOW (<0.25) 
(n=141)  

MID (0.26-
0.60) 
 (n=116) 

HIGH (>0.61) 
(n=36) 

SID (mean) (KW)*** 0.015 0.45 0.66 
ASSETS: 
HUMAN 
HH size (mean) (KW)**  3.81 3.95 4.78 
HH working members (mean) (KW)*** 1.42 1.87 2.59 
Dependency Ratio (%) 53.3 37.9 29.1 
HH with migrant members (%) (χ²=15.453)*** 30.7 38.3 66.7 
Female HHH (%) (χ²=5.904)(ns) 23.6 36.2 37.8 
HH with female working members (%) 
(χ²=25.970)*** 

22.2 34.1 38.3 

HHH Age (mean) (KW)(ns) 45.91 45.48 41.19 
Education in years (mean) (KW) (ns) 3.35 3.6 3.85 
Access to training/education programs (%) 
(χ²=0.327)(ns) 

32.9 33.6 37.8 

HH w/access to health care (IMSS/ISSSTE) (%) 
(χ²=2.013)(ns)   

48.9 40 45.7 

HH with chronic illness (%) (χ²=7.115)*     60 61.7 37.1 
Days of absence per week for illness (mean) (KW)(ns) 1.52 1.34 0.86 
PHYSICAL 
House ownership (%) (χ²=8.243)* 72.1 75 94.6 
Car ownership (%) (χ²=3.916)(ns) 51.1 54.3 69.4 
Possession rate (mean) (KW)* 0.56 0.57 0.62 
Animal ownership (%) (χ²=3.542)(ns) 29.3 37.9 43.2 
NATURAL 
 HH w/ land availability (%) (χ²=1.945)(ns) 20.7 26.7 29.7 
# of Has per HH (mean)(KW) (ns) 4.38 5.99 5.28 
Water rights ownership (%) (χ²=0.269)(ns)  16.1 15 12.5 
SOCIAL 
Family help ratio (mean) (KW)(ns) 0.51 0.52 0.51 
HH that belong to a community organization (%) 
(χ²=0.688)(ns) 

11.9 12.5 0 

HH that receive help from a group/organization (%) 
(χ²=0.181)(ns) 

8.3 8.3 0 

HH w/active participation in community decisions (%) 
(χ²=3.704)(ns) 

33.3 50 0 

HH established before 1992 (%) (χ²=10.807)** 47.1 59.5 75.7 
FINANCIAL 
HH with credit  (%)(χ²=2.914)(ns) 41.8 39.7 55.6 
HH with bank account (%) (χ²=5.352)(ns) 22.7 12.1 13.9 
HH monthly income MXN (mean) (KW)*** 5950 10558 13617 
Monthly income MXN per individual(mean) (KW)(ns) 4327 3959 3894 
 (KW) Kruskal-Wallis test of ANOVA for non-parametric variables 
(χ²) Chi-square test of independence  
(ns) Not Significant 
Significance: *p<0.05; **p<0.01; ***p<0.001 

Table A.4 – Asset Analysis by Diversity Category.  Indicators showing significance are highlighted.  
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Household Type according to main economic activity: 
Farming 
(n=10)  

Off-farming 
(n=103) 

Non-
farming 
(n=130) 

Other activities 
(n=50) 

SID (mean) (KW)* 0.28 0.26 0.23 0.36 
ASSETS: 
HUMAN 

HH size (mean) (KW)**  4.44 3.88 4.26 3.31 
HH working members (mean) (KW)*** 1.6 1.94 1.75 1.36 
Dependency ratio (%) 70.9 33.8 39.6 79.8 
HH with migrant members (%) (χ²=18.005)*** 1 35 26 32 
Female HHH (%) (χ²=22.670)*** 11.1 15.8 43.1 36.4 
HH female working members (%) 
(χ²=26.451)*** 

0 21.5 40.8 26.5 

HHH Age (mean) (KW)*** 45 44.81 41.16 56.24 
Education in years (mean) (KW) (ns) 2.25 3.37 3.68 3.63 
Access to training/education programs (%) 
(χ²=5.409)(ns) 

30 37 40 22 

HH w/access to health care (IMSS/ISSSTE) (%) 
(χ²=15.150)**   

0 46.5 40.8 62.5 

HH with chronic illness (%) (χ²=10.160)*     30 56.3 54.4 75.5 
Days of absence per week for illness (mean) (KW)* 2 1.8 .93 1.33 
PHYSICAL 

House ownership (%) (χ²=5.161)(ns) 77.8 72.3 74.6 88.5 
Car ownership (%) (χ²=5.431)(ns) 90 51.9 53.8 56 
Possession rate (mean) (KW)** 0.68 0.58 0.56 0.60 
Animal ownership (%) (χ²=4.648)(ns) 60 34 36.2 26 
NATURAL 

 HH w/ land availability (%) (χ²=35.188)*** 100 26.2 20.8 14 
# of Has per HH (mean)(KW)*** 14.1 4.26 3.56 2.64 
Water rights ownership (%) (χ²=64.553)***  100 16.5 1.9 6.9 
SOCIAL 

Receives family support  (mean) (KW)** 0.57 0.54 0.40 0.69 
HH that belong to a community organization (%) 
(χ²=4,343)(ns) 

0 4.8 8.8 30.8 

HH that receive help from a group/organization (%) 
(χ²=6.418)(ns) 

0 0 5.3 25 

HH w/active participation in community decisions (%) 
(χ²=14.120)**  

10 4.9 3.1 16 

HH established before 1992 (%) (χ²=12.630)** 50 53.4 49.2 78.0 
FINANCIAL 

HH with credit  (%)(χ²=1.287)(ns) 50 45.2 39.4 46 
HH with bank account (%) (χ²=1.778)(ns) 30 17.3 19.7 14 
HH monthly income MXN (mean) (KW)(ns) 9055 8528 8909 8781 
Monthly income MXN per individual (mean) (KW) *** 3939 3825 4256 3735 

(KW) Kruskal-Wallis test of ANOVA for non-parametric variables 
(χ²) Chi-square test of independence  
(ns) Not Significant 
Significance: *p<0.05; **p<0.01; ***p<0.001 

Table A.5 - Asset Analysis by Main Livelihood Activity. Indicators showing significance are highlighted.  
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A.4.5.  Prevalence of diversification and gender 

The study found that women have a high level of influence in the decision of the 

livelihood diversification strategies followed by the household. Although diversification 

options are generally more available to men than to women (Ellis, 1998) (Appendini & De 

Luca, 2006) this study area reveals 35% of women from the sample are engaged in an 

economic activity. The majority of diversification strategies outside more traditional 

livelihood activities are influenced by women. For instance, self-employment shows a 

75.8% female activity, 55.4% of the workers within community are women, and 40% of 

women work outside the community. More traditional livelihood activities remain for male 

workers (Fig. A.6). These results show that in some of these households, women have 

overcome customary roles traditionally seen as woman’s practice. It is true that from the 

35% of working women, 40% are considered head of household.  This logically determines 

that the principal option available is to be engaged in an economic activity, but the other 

60% are wives and daughters, who are not only involved in the customary household roles, 

but also engaged in an economic activity, proving that livelihood diversification is reachable 

through an improvement of gender relationships. 

 

The asset analysis by diversity category (Table A.5) show that female working members 

of households have a significant role in diversification, as 38% of high diversified 

households have more working women than the other categories. It is seen that working 

wives are mainly working within their community (47%), some work as laborers (25%) and 
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some considered themselves self-employed (20%).  It is important to highlight, however, 

that none of the women who stated they were married, work outside the community. This 

situation shows that traditional gender roles in the marriage relationship - where women stay 

at home and the primary income depends on the male individual - continue. The average age 

of working wives is 45 years (SD=14 years). Women considered as daughters in the 

household relationship are completely engaged in non-farming activities working either in, 

or outside, the community. This is seen in the results of Table A.6, where the non-farming 

households have the highest percentage of female working members. 

 

 

From the total households sampled, one third are headed by females. The most common 

activity done by a female head of household is working outside the community (31.2%), 

followed by working within community (23.4%) and staying at home (20.8%). These results 

corroborate the assumption that the gender of the head of household is a determining factor 

in choosing the main livelihood activity as shown on table A.6.  

 

Fig. A.6 - Economic Activities by Gender (Source: 2015 HH survey) 
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Households with female heads are slightly more diversified than the ones headed by men. 

Male-headed households scored an average diversification index of 0.24 (SD=0.26) while 

female heads of household scored 0.32 (SD=0.24). Female heads of household are more 

prone to diversification because either they are partially dependent on remittances sent by 

migrant household members, or because wages are lower for many of those women, who, in 

turn, have to look for other income generating activities. 

 

According to the study’s sample data, 10% of working women are laborers, of which the 

majority are above the age of 49 (3.8%) while the youngest generation (16-32) barely 

participate in this activity (0.2%).  A Kruskal-Wallis test showed a statistical difference 

between years in education and the type of economic activity chosen by women (χ² (2) 

=94.474, p=0.000), which maintains the assumption that education is an important factor 

that determines the livelihood activity followed.  Younger generations are getting more 

years of education due to the connectivity that today exists with the Delicias urban center, as 

well as the recent investment in basic education infrastructure within their communities. 

This is shown in the education levels of the study’s sample where mean education years in 

women above 65 is of 5.5 years (SD=1.22) while women between 16 and 32 years old have 

an average of 11 years of education (SD=2.49). A Pearson correlation analysis shows that 

there is a negative correlation between age and education years (r= -0.146; n=1056; 

p=0.000), confirming that younger generations are getting more years of education.   
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A.4.6. Health and Diversification 

Health issues represent an important factor in the definition of household strategies. 

Results show significant differences among groups regarding health-related indicators. 

Although it seems logical that a household category dependent on “other activities” results 

in the largest presence of chronic illness (75.5%) due to the assumption that this is the 

category where the elderly are clustered, the study reveals other household types present a 

significant percentage of health issues. Nevertheless, the “other activities” category is the 

one that presents the higher percentage of health care coverage. This is due to the fact that 

this cluster is the one with more retired people (60.8%) receiving retirement benefits, 

including health care.   

 

On average, household members affected by chronic diseases leave work a day and a half 

per week on average, diminishing their ability to formally maintain a job. At least one half 

of non-farming and off-farming households reported a member with chronic illness, while 

only 30% of farming households reported the same. In some cases the necessity of social 

security and health care for themselves or for a family member, pushes individuals to pursue 

formal job activities.  However, results show that more than half of households dependent 

on off- and non-farming activities, which are considered formal jobs, do not have access to 

official health care. These activities compose an array of different job options (Table A.2) 

which, in many cases, are paid hourly with no benefits. An important fact to consider is that 

these communities do not have any health care facilities and must commute to the city of 

Delicias, regardless of what kind of health coverage the household may have.  This situation 
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eventually may encourage migration to the urban center simply to be closer to the health 

facility. 

 

A.4.7.  The Role of Remittances in Livelihood Diversification 

Migration has been an important livelihood strategy for development (Ellis, 1998) (Ashley 

& Carney, 1999) (Adger, et al., 2002) It is perceived for many authors as a negative process 

due to the increasing dependence on remittances and the loss of potential labor in the 

community (Lipton, 1980) (Taylor, 1999). However, migration, as any other livelihood 

strategy, is often part of an overall household plan to raise income, provide capital for 

investment, and allow flexibility in the decision making process when income fluctuation or 

other perceived risks arise.  

Remittance dependency is actually opening livelihood options for the household 

members that stay. The investment in all types of household assets is possible due to the 

availability of this income. In many cases, remittances are the most constant income, where 

wage labor or self-employment strategies offer only seasonal options. Remittances, for 

many families, are the principal economic resource, while for many others, represents half 

their household income. In the cases studied here, the majority of the heads of household 

with migrant members work either outside the community (24.4%) or as laborers (23.3%), 

reflecting the livelihood diversification trend persistent in the region. These households have 

an average diversification rate of 0.55, with the majority of households falling on the mid-

diversified category (53.5%). On average, remittances represent 40% of the household 

income (Fig.A.3). The reality of how many households are receiving remittances is not 



 
 
 

78 
 

shown, as many interviewed felt uncomfortable when the question was raised. This could be 

due to the fact that government and development agencies are the most common people 

conducting surveys in the region and the perception is that if household members tell the 

truth, development support will decrease.   

 

According to the results shown on Tables A.4 and A.5, migration is significant both as a 

factor for diversification and as a factor for determining livelihood activities.  The most 

diversified households are the ones with more migrant members.  This shows that 

remittances are not the most important income, thus members that stayed have to look for 

other income generating activities to fulfill household basic needs.  Of the sampled 

households, 38% have at least one migrant, and 29% affirmed receiving remittances. From 

the share of households that receive remittances, 18% consider it as their only source of 

income, where the head of household is retired or stays at home. The average time that 

migrants remain outside the community is 5.5 years (SD=6.83). Households with migrant 

members considered themselves better protected from the local risks, as they assume 

remittances provides more economic security than other sources of income. Remittances as 

a livelihood diversification strategy is seen as an expenditure resource that enables investing 

in better education opportunities for their offspring, but also represents a faster way to pay 

debts and, in many cases, provides funding for investment in small businesses.  The impact 

of remittances, therefore, is an overall improving of livelihood conditions in the community 

of origin.    
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Remittances are also an important income source for population over 65 years old, 

mainly represented in the “other activities” category. This is seen in Table A.5, where 

almost one third (27.9%) of the household income from this category is dependent on 

remittances, with an average of 5164.92MXN (SD=2680.17). The rest of the household 

income is fulfilled by the retirement pension and government support programs.  

 

A.4.8.  Diversification as Strategy for Improving Livelihood Conditions 

Highly diversified households share similar situations in terms of migration, female 

incorporation to the workforce, and an earlier establishment of the household in the 

community. A highly diverse household represents better overall livelihood conditions. If 

livelihood improvement could be determined by referring to five main assets, this study 

region would reveal that high diversified households maintain a higher share of house 

ownership, a higher monthly income, a higher possession rate, better health conditions and 

more education years. This means that households that are engaging in a diverse portfolio of 

activities have more access to basic capital assets resulting in better livelihood conditions. 

The fact that high-diversified households are more dependent on remittances diminishes the 

importance of diversification, raising the question of whether is it a good strategy to pursue 

for the rest of the community. However, by all means, the higher diversified households 

represent better livelihood conditions.  In determining which economic activity reflects 

better livelihood conditions, it is seen that the farming category represents the one with less 

chronic illness, the second highest in house ownership, has the highest possession rate, and 
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the highest household monthly income. This represents an interesting observation, since 

farming is often considered as the last option towards improving livelihood conditions. 

 This group also has higher education levels, high access to health care, and high household 

ownership. Possession rates and household monthly income, however, are among the lowest 

of all household categories. Nevertheless, this is the largest group which, as this paper 

argues, will continue to rise over the next years due to the existing trends in the country, 

where 80% of the total population is now living in cities (INEGI, 2015).  This group is the 

one that includes the commuters to the urban center. If this trend continues, eventually these 

communities will be absorbed by the urban center, promoting urban sprawl, and diminishing 

livelihood quality.  Non-farming strategies mainly represented by outside community 

workers are also improving overall livelihood conditions in the households pursuing them. 

 

The poorest groups are the least diversified (Mean SID= 0.14 SD=0.21), as seen in Fig. 

A.7, but they are present in all the livelihood activities identified (Fig. A.8). This means that 

these households are engaged in more than one activity. Since the poorest groups are also 

the ones that have less working members (M=1.40, SD=0.54), and an average monthly 

Fig. A.7 - Household Income Quintiles by Household Diversification Category (Source: 2015 HH 
survey) 
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salary is of 3993MXN (SD=1860), it is seen that one working member with the average 

salary, despite the economic activity chosen, will remain in the poorest group.  A Kruskal-

Wallis test (χ²=60.236, p<0.001) comparing years of education and household income 

categories shows significant differences between household income categories and years of 

education per member. It can then be assumed that education is a factor of consideration in 

the ability to increase income, despite the type of activity an individual may pursue.  

 

Monthly income per household increases significantly according to the diversification 

index category. The most diversified households double the income from the least 

diversified ones. This may be due to the type of income generating activities that more 

diversified households choose, where the non-farming activities remain the most common 

livelihood strategy (42%). Household monthly income is related to the amount and type of 

economic activities pursued.  A Kruskal-Wallis test (χ²=208.34, p<0.001) found significance 

between livelihood strategies and household monthly income showing the obvious 

dependency between activity and wage (Fig. A.8). 
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Social capital in the form of family support, active participation in the community, as 

well as the year the household was established, shows statistical differences among groups 

where households dependent on farming and other activities are more prone to receive 

family support than the ones dependent on off- and non-farming activities. The same trend 

is seen in community participation. This is mainly due to the fact that the aging population 

is highly concentrated in these two household types. Households established before 1992 

maintain a majority in off-farming and other activities categories. Older households also are 

the ones that have more diversified livelihoods. In this case, it can be assumed that may be 

because their households have increased in size, encouraging younger members to access 

the workforce, or migrate. Physical assets will help determine the level of self-sufficiency a 

household may have in order to succeed without waged labor. This is why farming 

households have the highest rates in overall possession ranks, including a house, cars, 

machinery, and, of course, land and water (Table A.5).     

Fig. A.8 - Household Income Quintiles by Livelihood Activity (Source: 2015 HH survey) 
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A.4.9.  The Fall of Farming  

As can be seen, the true fall of farming was during the 1960s where a shift toward dairy 

production was necessary due to economic pressures. However, before 1992, 26% of 

households surveyed were dedicated to farming activities. Today, only 4% of total sampled 

households depend on farming as primary economic source, where the main crops produced 

are alfalfa (36.4%) and peanut (22.7%).  Of the actual farming households, 50%were 

established before 1992. Former farming households have shifted almost equally to off-

farming and non-farming strategies. 30% of farming households solely depend on farming 

for living, while the rest have diversified through off-farming activities. However, farming 

households have an average of 0.28 in the diversification index, with an average of 3.25 

(SD=1.751) income activities per household.  Farming livelihoods have maintained an 

average land size of 14 hectares, which is between three and four times the size of land plots 

owned by the other types. Farming household size is the largest among the categories, with 

a dependency ratio of 70.9%, where 22% are children and 19.1% are people above 65 years 

old. Family support is significant for this category compared with the off- and non-farming 

categories, as well as their participation in community decisions (Table A.5). These families 

have larger participation in accessing credit and bank accounts, and they have seen a higher 

rate in the physical capital overall, representing the highest household income among the 

categories.  
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However, the lack of land ownership is one of the main challenges this type of activity 

faces. Half of farming households do not own productive land; they have to rent it in order 

to make their living, thus depending solely on the availability of third party land tenure. 

When asked about what main changes have encouraged the decision to change their 

livelihood strategy, farming families identified four main changes: i) a decrease in seasonal 

farm income earnings, making it difficult to invest in further seasons; ii) changes in the use 

of productive land from legume and other quality crop produce to cattle fodder; iii) a 

continuous increase in the cost of water and electricity directly reflected in the cost per ton 

of produce; and iv) an abrupt change in land ownership forcing small farmers to work for 

larger producers. These changes resulted from the incorporation of new strategies of land 

ownership and municipal planning processes, where land use changes are conceived as part 

of the planning strategy for the region. This process generates economic revenue to the 

municipality and its main argument is in favor of better economic conditions for the entire 

region (Delicias, 2012). Therefore, it can be assumed that farming households are 

disappearing as a result of the land tenure policies that have changed over the last 25 years, 

forcing small farmers to change their livelihood primarily as a result of the lack of land 

ownership. Policies of land tenure at the local level appear opportunistic as they would 

change land uses according to the most convenient economic and electoral purpose of each 

governing administration.  
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A.5.  CONCLUSIONS 

Delicias was envisioned as a municipality where irrigation agriculture was the key to 

development. Before the amendments to the agrarian reform in 1992, the population in 

Delicias was mainly dedicated to farming and off-farming activities.  The aim of this 

research was to investigate what diversification strategies have been followed after land 

privatization policies of 1992 in rural Delicias. Results show that these communities have 

pursued a trend toward diversification following off-farming and non-farming activities, 

mainly as a result of the specialization of the region in dairy production and a better 

connectivity to the urban center. According to the diversification index calculated, the 

region has an average 0.26 diversification rank, which falls in the mid-diversified category. 

Households were clustered first, according to their livelihood diversification rank and 

second, according to their primary livelihood activity. Results from both categorizations 

show that there are statistical differences among groups regarding human, physical, social 

and financial capitals. Key factors found as contributors to diversification are: household 

size and the amount of working members per household; migration; women entering the 

workforce; and the early establishment of the household. Key factors contributing to the 

adoption of a particular livelihood strategy appeared to be gender of the head of household, 

land availability, and migration.  

 

It is evident that despite the low levels of diversification, households are shifting towards 

a more mixed portfolio of activities. Laborers and employees outside the community 

maintain 70% of the total shares of the overall household earnings, which means that 
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although livelihood diversification is present, one activity remains the primary source of 

income. It was found that women are highly involved in activities other than farming and 

off-farming, which is relevant to increase livelihood diversification. The poorest group has 

fewer opportunities as they do not have enough household members in the working force so 

they cannot raise their income.  Education levels have a significant relationship to the 

increments on individual income. Social capital remains important in households with older 

generations, particularly farming households and the ones dependent on secondary 

activities, where active participation in community decisions and family support ranked 

higher. Households established before 1992 are in the higher diversification category and its 

majority is dependent on secondary sources of income, such as remittances and retirement 

checks.  

 

Migration is the most important economic activity in terms of diversification and 

livelihood improvement. This finding puts in question whether this type of diversification is 

good for the overall community. The assumption that more members follow this kind of 

strategy jeopardizes the ability of maintaining the community. The second most important 

economic activity in terms of livelihood diversification and livelihood quality is the non-

farming activity, including outside community jobs. This group represents the largest share 

of the sample, and it is seen that working outside the community will continue to be the 

trend. However, if this continues, the risk of being absorbed by the urban center - promoting 

urban sprawl and reducing the existing land between the urban center and the communities - 

will increase. 
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These findings may be useful for future policy recommendations for development 

programs. If these communities maintain their current livelihood strategies trend, they will 

very soon be absorbed by the urban center, .An alternate response involving local economic 

and social development is necessary to promote new urbanism strategies that may avoid the 

current trends seen in the region. Further research will be needed to fully understand the 

impacts this may have in terms of environmental and economic impacts to the region. 
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B.1.  ABSTRACT 

The relationship between energy and poverty has been of importance in recent years. 

Energy plays a significant role in achieving better quality of life and as a way to improve 

livelihood conditions as energy is related to almost all activities at the household level. 

Access to modern and clean energy is something that should be considered as a primary 

policy line in Mexico. This research provides empirical evidence of energy poverty in 

households of Chihuahua, Mexico. The study is based on the methodology “Satisfaction of 

Absolute Energy Needs” proposed by the Economic Commission for Latin America and the 

Caribbean (ECLAC) for measuring household energy poverty in Latin America. Analysis 

found that 87.3% of households in the state of Chihuahua are considered energy poor, which 

is double the national rate of 43%. Further, the study analyzed three rural communities in 

south central Chihuahua to determine not only household energy poverty but also what 

specific livelihood assets might be related to the energy poverty condition. The study found 

that although income poverty remains the principal determinant for energy poverty, other 

conditions, such as economic activities and migration, are significant in determining energy 

poverty. This paper argues that energy poverty may cause an increase in chronical disease 

cases due to a higher exposure to extreme temperatures, which also affects working 

conditions due to consistent absences. Finally, this study found that roofing conditions 

should also be considered a basic asset to overcome energy poverty due to the effect it has 

on human thermal comfort and overall living space condition.  

Key words: energy poverty, rural communities, Mexico, energy needs  

 



 
 
 

102 
 

B.2. INTRODUCTION 

B.2.1.  The Social Dimension of Energy 

The relationship between energy and poverty is becoming an important issue to consider 

in the national and international agendas on development and public policy. Clean and 

affordable energy sources are important considerations for increasing quality of life, as well 

as reducing poverty, since energy is related to almost every single activity in daily life. 

Thus, the United Nations (UN) through the Sustainable Development Goals is encouraging 

nations “to ensure access to affordable, reliable, sustainable and modern energy for all” by 

2030 (UN, 2015, p. 19). The adoption of the Sustainable Energy for All Initiative (Yumkella 

& Holiday, 2012) specifically aims to help with the UN energy goals and taking it to the 

next level by not only ensuring universal access to modern energy services, but doubling 

both the global rate of improvement in energy efficiency and the share of renewable energy 

in the global energy mix, all by 2030.  

The social dimension of energy relies on the assumption that the energy use of a region 

increases as the poverty and development levels decrease (García-Ochoa, 2014). This is 

seen in Fig. B.1, where the percentage of population in poverty per Mexican state is 

negatively correlated with its annual electricity consumption. It seems clear that, if there is a 

desire to overcome poverty, there is a need to increase electricity consumption. The scenario 

where development necessarily increases energy consumption is of concern on several 

grounds, particularly because it may increase greenhouse gas emissions affecting the 

climate.  
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The most important factors affecting electricity consumption include: extreme climate 

conditions, lifestyle, and energy conservation and efficiency measures. It is expected that 

electricity demand will increase as a result of future cooling needs due to higher 

temperatures as well as higher water pumping demand due to less availability of shallow 

and surface water resources. Moreover, this increased electricity demand will peak more 

frequently, putting energy transmission and distribution infrastructure at risk (Frisvold, et 

al., 2013) (Tidwell, et al., 2013) (IPCC, 2014). Due to this, energy poverty emerges as a 

very important issue to consider not only in the context of energy access, but in the cost that 

energy access represents to the household according to the present and future vulnerabilities 

the system may present. In this regard, the work of Kozulj highlights three main findings 

applicable to the case of Latin America: i) access to electricity to the poor is not a priority in 

public policy and planning programs; ii) access to energy is focused on rural communities 

leaving aside the fact that 80% of the population lives in urban areas, so that poverty 

polygons have increased in recent years where access to energy is an issue; and iii) poor 

Fig. B.1 - Relation Between Annual per Capita Electricity Consumption and the Percentage of 
Population Living in Poverty per Mexican State. (Sources: compiled by author from (INEGI, 2015) and 
(CONEVAL, 2014))  
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populations spend a larger proportion of their income in energy services compared to other 

social classes (Kozulj, 2009).  

One significant issue regarding energy poverty is the lack of a consistent definition and 

thus a method for measuring it. Research on energy poverty started in the United Kingdom 

and other countries of the European Union representing a variety of issues and themes, 

including fuel poverty, access to electricity, clean energy financing for rural areas, 

household income expenditure in energy, household appliances, among others. Thus, the 

definitions surrounding energy poverty literature are constantly suited to fulfill the 

objectives of a specific study. 

 While today the most used definition is the one confirmed by the International Energy 

Agency which states that energy poverty is comprised of the lack of access to electricity and 

reliance on traditional biomass fuels for cooking (IEA, 2010) (Jones, 2010). United Nations 

has a more specific definition arguing that a household is energy poor when it does not have 

modern cooking fuels and a bare minimum of electric lighting to read or for other household 

and productive activities (Gaye, 2007). In the UK, Dr. Boardman (Boardman, 1991) 

established that a household that spends more than 10% of the total household income on 

fuel should be considered in the fuel poverty range. This definition became the most widely 

used, mainly due to the introduction of a threshold that is relatively simple to measure. 

These definitions are aligned with the concept of absolute poverty (Sen, 1983), where a cut-

off line (in this case, the access to modern energy) determines poverty. However, most 

European countries have agreed that energy poverty is more than just simple access to 

modern energy sources, but the capacity of adequate heat, or provide other energy services 
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in their homes, at affordable cost (Pye, et al., 2015). Healy (2004) developed an index, 

following the relative deprivation concept (Townsend, 1979) where he measured fuel 

poverty through objective and subjective indicators. The objective indicators had to do with 

household-specific conditions and equipment, while subjective indicators measured the 

feelings and concerns of energy needs and the satisfiers of individuals in the household.  

It is important to highlight that there has been a discussion about the semantics of fuel 

poverty and energy poverty. In many countries, including the UK itself, the term energy 

poverty has displaced the term fuel poverty, using both in the same conceptual sense (Buzar, 

2007) (FinSH, 2010). In the context of Latin American research, energy poverty is the term 

most often used, and therefore will be the one used in this study, embracing all types of 

possible energy resources.  

The main objective of studying energy poverty is to notice that energy services (e.g. 

lighting, heating and cooling energy, cooking, energy for telecommunication and 

entertainment), although taken for granted in many societies, remain unavailable to a large 

share of the world’s population.  This is due to, not only the lack of the energy resource, but 

the lack of households’ spending capacity. This represents a major barrier to human 

development and the achievement of objectives set forth by the international community.  

B.2.2.  Energy Poverty in Mexico 

While energy poverty affects about 1.3 billion people globally, from which 84% are in 

rural areas  (IEA, 2013), in Mexico, 99.1% of population has access to electricity and 81.6% 

have access to clean cooking fuel (INEGI, 2015). However, 43% of Mexican households are 
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considered below the poverty energy line, equivalent to 12.4 million households from which 

4.5 million are located in rural zones (García-Ochoa, 2014). According to the same study, 

the percentage of households considered energy poor increases in relation to the distance 

from the urban centers, where the communities start decreasing in size.  An argument often 

stated is that rural households present larger percentage of energy poverty due to the nature 

of rural housing stock and the limited choice of energy sources. In Mexico, it is seen that 

urban regions have the largest share of households in energy poverty, and according to one 

study (García-Ochoa, 2014) is double the rate of rural energy poverty.  

This assumption is highly related to the way energy poverty has been measured. While 

the IEA world data is based specifically on populations that lack of modern energy sources, 

the Mexican data resulted from a more comprehensive approach. The only study found for 

measuring energy poverty in Mexico is the one made by the Economic Commission for 

Latin America and the Caribbean (ECLAC) where the method “Satisfaction of Absolute 

Energy Needs” is proposed (García-Ochoa, 2014, pp. 16-17) based on three main 

dimensions: absolute energy needs; satisfiers; and economic assets.  The results of this study 

do not only offer the perspective of the privation of energy, but also measure the social 

dimensions of privation. Thus, the study argues that urban households are significantly more 

deprived of the satisfiers and assets (e.g. water heater, refrigerator, thermal comfort) than 

rural households (García-Ochoa, 2014, p. 19).   

A study that evaluates commercial energy use of Mexican households by income deciles 

(Rosas, et al., 2010) shows a high inequity in household energy use due to disparity in 

appliance ownership, where the highest income decile consumed 6.7 times more 
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commercial energy that the average household in the first decile. The main argument to 

interpret from the results is that low income households are deprived of basic appliances 

such as refrigerator, while the richest households are saturated with large appliances. This 

study validates the fact that energy consumption is highly dependent on income. 

Development programs have to be aware that energy consumption and its related CO2 

emissions will increase with higher levels of economic asset ownership.  

The main objective of this study is to test two situations empirically: first, whether 

energy poverty is higher in urban than in rural areas; and second, whether energy poverty is 

related to the current livelihood strategies followed in rural communities. Both studies were 

conducted in Chihuahua, Mexico.   

B.3.  DATA AND METHODS 

B.3.1.  Research Setting 

 This research is divided into two parts. The first part  analyzes energy poverty 

throughout the state of Chihuahua as a way to test - specifically in this region - the 

assumption posed by (García-Ochoa, 2014) that in Mexico there is more urban energy 

poverty than there is rural. Chihuahua is a state that shares a border with the United States of 

America and it is the largest state of the country in size, accounting for 12.6% of the 

Mexican territory. It is divided into five climate zones according to Köppen classification 

(Kottek, et al., 2006) (García, 2004), spanning from subtropical highland (Cfb) to Hot 

Desert (BWh). The state has about 3.5 million inhabitants of which 85% live in urban areas 

while only 15% in rural zones (INEGI, 2016). The analysis was made using the available 

census data from the most recent household income and expenditure survey.  These data 
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account for a sampling size of 544 households in Chihuahua representing 15 municipalities 

surveyed. (INEGI, 2014) 

 

The second part of this research paper analyses whether energy poverty is related to the 

different livelihood strategies currently followed by rural communities. The research  

narrowed its study to three rural communities from the Municipality of Delicias, Chihuahua, 

Mexico. Delicias is located in south-central Chihuahua, about 50 miles southeast of the 

capital city of Chihuahua. It is the smallest municipality in the state of Chihuahua with an 

area of 335.43km² (129.5 mi²) and a population of 137,835 habitants (INEGI, 2016). The 

selected communities were Colonia Miguel Hidalgo, Colonia Cuatro Vientos and Colonia 

La Quemada. Individual households were taken as unit of analysis. Primary data was 

collected from a household survey conducted from March to August of 2015. This was 

necessary as no specific data from these communities was available under the census data.  

The survey was designed based on several government and development methodologies 

(INEGI, 2014), (García-Ochoa, 2014), (Nussbaumer, et al., 2013) and was part of a larger 

survey based on the Sustainable Livelihoods Approach (Ashley & Carney, 1999) where 

livelihood diversification strategies were identified (See Appendix A). The sampling size 

was determined with a 95% of confidence interval, with a total of 296 households. 

 

B.3.2.  Measuring Energy Poverty 

For the purpose of the study, the scope was limited to household needs exclusively, while 

acknowledging that other energy needs exist for the development of a society. The method 
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used is based on the one proposed by (García-Ochoa, 2014), since it has been developed 

specifically for Latin American regions and is the only one that has been used to measure 

energy poverty in Mexico. The method proposed is called “Satisfaction of Absolute Energy 

Needs” and is described with the formula: 

 

𝐻𝐻𝐻𝐻𝑃𝑃 =
1
𝑛𝑛
�𝐴𝐴𝑃𝑃 < 1
𝑛𝑛

𝑖𝑖=1

 

 

Where HEP is the household energy poverty; Ai is the asset i. HEP occurs when the 

household is deprived of the totality of the amount of economic assets considered essential 

in order to satisfy the absolute energy needs (AENs). The AENs considered are: subsistence, 

protection, pleasure, knowledge, and creation; and do not change across regions, cultures, or 

time periods. The satisfiers are the ones that should cover the AENs and may change 

through time, location, and culture. The satisfiers taken into account are: feed, work, rest, 

personal care, leisure, temper, thermal comfort, and health. Finally, the assets are the 

equipment and appliances present in the household that help satisfiers to cover the AENs. 

Basic assets that must be available in the household in order to fulfill the AENs are:  electric 

or gas stove, refrigerator, lighting, and a device for entertainment (Table B.1). The 

methodology enables different energy assets according to the classification of climate zones 

based in the Köppen-Geiger classification modified for Mexico (García, 2004). This makes 

the case of the use of air conditioning, fan units, or heaters necessary in specific locations 

but not indispensable in others (See Table B.2).  
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 INDICATOR RATIONALE 
Asset   Satisfier fulfilled Absolute Energy needs fulfilled 

BA
SI

C 
AS

SE
TS

 
(T

IE
R 

1)
 

Electric or gas stove Feed, health Subsistence 
Refrigerator Feed, health Subsistence and Protection 

Lighting Personal care, work, temper, 
leisure, health 

Protection, knowledge, creation, 
pleasure 

TV, or radio, or internet 
connected device Rest, temper, leisure Pleasure, knowledge, creation 

AD
DI

TI
O

N
AL

 A
SS

ET
S 

RE
Q

U
IR

ED
 P

ER
 

CL
IM

AT
E 

ZO
N

E 
(T

IE
R 

2)
 

Water heater Thermal comfort, health, 
personal care Subsistence, protection, pleasure 

Fan Thermal comfort, rest Subsistence, protection, pleasure 

Air conditioner Thermal comfort, rest, 
temper, leisure, health Subsistence, protection, pleasure 

Space heater Thermal comfort, rest, 
temper, leisure, health Subsistence, protection, pleasure 

 

Households that do not satisfy absolute energy needs are considered energy poor. 

Perceptions about thermal comfort determine that climate is key in energy consumption and 

therefore should be taken into account when measuring energy poverty. Measuring end uses 

of energy through appliances and other equipment is essential to understand not only the 

amount of energy used but the wellbeing status of the household. The differentiation 

between needs and satisfiers proposed in the methodology by (García-Ochoa, 2014), and 

based on the work of (Max-Neef, 1991), is to incorporate the relativeness of privation which 

is related to cultural and geographical perceptions but do not change the absolute vision of 

privation. Thus, if the absolute energy needs are not covered, there is a state of absolute 

privation; but the way satisfiers play a role in covering those needs, enables the privation to 

be relative.  

 

 

Table B.1 - Household Energy Poverty Indicators (based on (García-Ochoa, 2014) 
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B.4.  RESULTS AND DISCUSSION 

B.4.1.  Rural and Urban Energy Poverty in Chihuahua 

This section presents the results obtained by applying the methodology based on the 

“Satisfaction of Absolute Energy Needs” (García-Ochoa, 2014) to the different 

municipalities in Chihuahua as available in the most recent household income and 

expenditure survey (INEGI, 2014). First, the climate zones from Chihuahua were 

determined in order to correctly measure the amount of energy assets of each household. 

The regions available in the dataset are divided in four different climates (Kottek, et al., 

2006) (García, 2004): Cold semiarid desert (BSk), Cold desert (BWk), Hot semiarid desert 

(BSh), and Hot summer Mediterranean (Csa). The three desert regions will require 

additional assets in order to satisfy thermal comfort while the temperate region will be 

analyzed only with the basic assets according to the information provided in Table B.2.  

 

Thermal 
zone 

(NMX-C-
460, 

2009) 

Climate 
Classification 

(Köppen) 
Additional essential Assets 

Total number of 
assets for 

calculating HEP 

1 Aw Fan 4+1=5 
2 Af Fan, air conditioner 4+2=6 

3 BWk, BSk Fan, air conditioner, water heater, space 
heater 4+4=8 

4 BWh, BSh Fan, air conditioner, water heater, space 
heater 4+4=8 

5 Cs No additional assets needed 4 
6 Cw Water heater, space heater 4+2=6 

Table B.2 - Energy Assets Considered According to the Climate Zones in Mexico 
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Analysis revealed that 11.8% of Chihuahua population lacks the four basic assets 

considered essential for satisfying the Absolute Energy Needs. This gets significantly higher 

when adding the energy assets considered essential according to the climate zones, where 

only 12.7% of the sample meets the criteria, meaning that 87.3% are considered energy poor 

across Chihuahua. The study wanted to understand the most significant absence of 

additional assets, in order to inform policy and development agencies. The study discovered 

that urban regions in Chihuahua have 96.1% coverage of basic assets, compared to less than 

47.8% in rural areas. When measuring access to the other essential assets considered due to 

its climate zone, it is seen that the percentages get closer, only separating urban from rural 

for 6 percent points (urban 11.1% vs. rural 4.3%). However, access to individual essential 

assets differ from urban to rural, particularly in the case of air conditioners and space 

heaters, where urban households have more air conditioners, while rural households have 

more space heaters.   

A correlation of the data using χ² test, revealed that there are significant differences 

between urban and rural households having specific assets (p<0.001). The only asset that is 

not significant is the space heater (χ²=0.535, df=1, p=0.465>0.05), where the difference is 

less than 3 percent points between rural and urban regions.  

According to (García-Ochoa, 2014), the percentage of energy poverty in urban 

households is higher than the one presented in rural zones. He argued that, although energy 

poverty in rural households is higher when compared to the total stratum, when compared to 

the total population sampled it is seen that there are more urban households considered 

energy poor than there are rural. This is true in Chihuahua as well (Table B.3). This 
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conclusion is obvious if one takes into consideration the fact that 78% of the total Mexican 

population is living in urban areas. In the case of Chihuahua, 85% of population is 

considered urban, and results represent this distribution pattern.  

  

 

 

Although the urban population might be in the overall energy poor zone - due to the 

second tier of essential assets – the study reveals that almost 50% of rural areas are still 

lacking on the basic energy assets. The asset that is most needed in rural areas is the 

refrigerator, as 48.1% of the sample does not have one. However, it is the refrigerator that 

the highest energy consumption appliance present in rural zones, accounting, on average, for 

11% of total household electrical consumption (Rosas-Flores, et al., 2011). This is an 

important consideration that makes the case for studying energy poverty in the context of 

climate change mitigation policy.  

 Urban rural 
% from total 
sample 

71.1 16.1 

% from stratum 85.6 95.7 

Table B.3 - HEP in Chihuahua According to Community Type 
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Rural communities that lack the basic assets necessary to fulfill their absolute energy 

needs are dependent on other kinds of energy resources, mainly coal or wood, to satisfy 

their primary necessities. In Chihuahua, 39.1% of rural households are still dependent on 

wood as a primary energy source for cooking and heating. A Pearson Chi-square correlation 

Fig. B.3 - Availability of Basic Assets per Community Type. Source: compiled by author with data 
from (INEGI, 2014) 

Fig. B.2 - Access to Assets According to Community Type. Source: compiled by author using 
data from (INEGI, 2014) 
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test shows statistical significance between HEP and its socioeconomic status (Fig. B.4), 

which is consistent with the national results shown in the introduction section.  

 

B.4.2.  Energy Poverty per Climate Zone  

Fig. B.5 shows the geographic location of HEP according to the different climate regions 

analyzed. The data is presented across climate zones due to the methodology. This 

methodology enables changes in essential assets required according to the climate zone.  A 

chi-square test of independence show that the relation between climate zone and energy 

poverty is significant (χ²=12.034, p=0.002<0.005).  

Fig. B.4 - Household Energy Poverty (HEP) According to Socioeconomic Status. This figure shows two 
tiers of household energy poverty. The basic HEP refers only to the four main energy assets (tier 1: lighting, 
gas/electric stove, fridge, and one entertainment device), while HEP refers to the essential assets specific to 
the climate zone (tier 2: water heater, space heater, air conditioner, fan). Analysis reveals no significant 
difference between both levels of HEP in the lower socioeconomic strata.  However there is a a huge 
disproportion between the two mid categories and the high category. Source: compiled by author using data 
from (INEGI, 2014) 
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However, the study sample size is not sufficient to make the assumption that there is 

more energy poverty in some climate regions than in others. Factors such as the already 

discussed socioeconomic status as well as the location may become more important than the 

climate zone. For instance, observing the data of the map (Fig. B.5) reveals that the area 

with the least amount of HEP cases is the one located next to the US border (BWk climate). 

Fig. B.5 - Household Energy Poverty (HEP) per Climate Zone in the Municipalities of 
Chihuahua. Gray areas (BWh and Csb) are regions with no data available. The map shows that the 
BSh region is the one with a higher percentage of HEP (94.6%), while the region with the lowest 
percentage of HEP is BWk (79.6%). Graph shows the percentage of HEP per climate region. 
(Source: map created by author with data from (INEGI, 2016), Results are based on the analysis of 
energy poverty done to the census data available (INEGI, 2014)) 
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Table B.4 - Asset Availability According to Climate Region 

This observation drives the assumption that larger accessibility to appliances (either new or 

used) is related to the proximity to the border. Still, energy poverty remains significantly 

higher in this region, where almost 80% of the households do not account for essential 

energy assets. The south-central region (BSh) has the highest HEP percentage, with almost 

95% of their households falling in the condition.  

The research finds that climate is essential in the accessibility to the second tier assets. A 

chi-square test found significant differences between climate zone and the availability of 

each of the second tier assets. According to the results, the zones with higher maximum 

temperatures are the ones with higher availability of the cooling appliances (AC and fan). 

This is not the same trend with lower temperatures, where the BWk and BSh zones present 

the lowest temperatures, but BSk is the one that has the highest saturation of space and 

water heaters (Table B.4). 

 

Climate 
Region 

Annual 
Max 
Temp. 

Annual 
Min 
Temp. 

Tier 2 assets availability (%) 

AC 
(χ²=46.046)*** 

Space Heater 
(χ²=19.028)*** 

Fan 
(χ²=19.088)*** 

Water heater 
(χ²=41.002)*** 

BSk 41.6°C 10°C 31.6 77.8 51.1 75.2 
BWk 49°C -23°C 58.3 61.2 55.8 66.5 
BSh 43°C -18°C 39.3 80.4 71.4 66.1 
Csa 34.1° 2.4°C n/a n/a n/a n/a 

(χ²) Chi-square test of independence  
Significance: *p<0.05; **p<0.01; ***p<0.001 

 

Although the study results show that there is a significant correlation between household 

energy poverty and its climate zone, the sampling does not allow the determination that 
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there is more energy poverty in regions with extreme climates than in other zones.  This is 

because the study only covers four main climate regions, all but one considered desert 

climates. However, it can be argued that the climate zone with the most extreme temperature 

conditions of our study, the BWk, is the one with the smallest share of households 

considered energy poor, demonstrating that socioeconomic status remains the primary factor 

for energy poverty. Understanding energy poverty per climate region is an important step to 

follow in policy making. Not only is it necessary to achieve access to modern lighting and 

cooking fuel but also to understand the assets that are considered important to satisfy the 

absolute energy needs proposed by (García-Ochoa, 2014) according to their thermal comfort 

measures.  

 

B.4.3.  Energy Poverty and Rural Livelihood Structure: The Case of Three Rural 

Communities in South-Central Chihuahua 

Knowing not just who is energy poor but how and why people are energy poor is 

essential for designing effective programs and policies. Energy poverty is caused by a 

complex combination of factors including, lack of physical availability of certain energy 

types, lack of income and high costs associated with using energy, among others. Several 

examples of analysis in the literature that illustrate how improved energy access correlate 

with an improvement of other developmental indicators are currently available (Kanagawa 

& Nakata, 2008), and (Yumkella & Holiday, 2012).  

This paper has proved that energy and poverty are highly related. For the purpose of this 

study, the investigation focused on whether energy poverty could be linked to livelihood 



 
 
 

119 
 

diversification strategies, as well. In order to do this, three communities of the BSh climate 

region were chosen that represented the highest percentage of HEP in Chihuahua according 

to the results presented in the previous section (Fig. B.6). These communities are located in 

the municipality of Delicias, and are considered by Mexican government evaluations to be 

living below the poverty line (CONEVAL, 2014). The selected communities are Miguel 

Hidalgo, Cuatro Vientos, and La Quemada (Table B.5). 

 

Community Total Population Total No. of 
Households 

No. of sampled 
households 

Miguel Hidalgo 3,017 730 149 
La Quemada 1432 399 105 

Cuatro Vientos 450 170 42 

The methodology implemented is based on the “Satisfaction of Absolute Energy Needs” 

(García-Ochoa, 2014) applied to the three communities identified using the data gathered in 

a survey conducted in 2015.  Results show that 86.5% of the households in the region are 

considered to be living in energy poverty. Separated by community, Miguel Hidalgo has 

less households living in energy poverty (HEP) conditions (82.6%), while Cuatro Vientos 

and La Quemada both account for 90.5% HEP (Fig. B.6).  

Table B.5 - Basic Demographic Information for Communities Analyzed 
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Small small differences were observed in access to individual essential assets among 

communities - particularly in the case of air conditioners and fans - where the availability 

significantly differs among communities (Fig. B.7), but nothing significant in order to 

determine location as a determinant factor for HEP. 

 

Fig. B.7 - Availability of Basic Assets per Community (Source: Prepared by 
author based on the 2015 survey results)  

Fig. B.6 - Household Energy Poverty (HEP) per Community. No significant differences 
were found neither in the tier 1 nor tier 2 HEP analyses. It is observed a large proportion of 
households in HEP condition (Source: Prepared by author based on the 2015 survey results).  
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B.4.4.  Livelihood Diversification Patterns Across Energy Poor Households 

The study wanted to determine whether a relation exists between diversification, 

economic activity, and household energy poverty. The research found that there is a 

significant difference in total household energy poverty across livelihood diversity 

categories, as presented in Table B.6 (diversification categories and livelihood activities are 

defined in Appendix A). The research found that low diversified households are the largest 

category of total energy poverty, followed by mid diversified and just a small share of high 

diversified households. This is consistent with the argument that more diversified 

livelihoods are less poor in general, and follows the evidence that energy poverty is 

inextricably related to overall household poverty conditions.  

 

 

(
χ
²
)
 
C
h
χi-square test of independence, (ns) Not Significant, Significance: *p<0.05; **p<0.01; ***p<0.001 
 

We found statistical significance between economic activities and total household energy 

poverty (χ²=33.311, df=8, p=0.000<0.001). Main economic activities related to households 

not considered energy poor include working on dairy farms (23.1%), followed by working 

within and outside community at equal rates (22%), whereas energy poor households are 

mainly dependent on laborer activities and outside community jobs (Fig. B.8).   

 Household type according to diversity category: 
 LOW 

(<0.25) 
(n=141) 

MID (0.26-
0.60) 
(n=116) 

HIGH 
(>0.61) 
(n=36) 

HEP basic (%) (χ²=5.068) (ns) 10.4 12.9 0 
HEP total (%) (χ²=12.250)** 48.4 41.8 9.8 

Table B.6 - Household Energy Poverty Presence According to Household Main Livelihood Activity 
and Diversity Category. Significant differences are highlighted.  
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B.4.5.  The Context of Household Energy Poverty Through the Livelihoods Approach 

Locating energy poverty in the context of the sustainable livelihoods approach offers a 

basis for addressing energy poverty in a wider range of contexts. Some studies have framed 

energy poverty in the context of income poverty, gender, and health, among other factors 

(Rehfuess, 2006) (Kitchen & O'Reilly, 2016; Pereira, et al., 2010). Addressing energy 

poverty in this context advances the understanding of several other factors surrounding 

energy poverty that might not necessarily be related to income poverty. It is, therefore, of 

interest to determine what other characteristics households share according to their energy 

poverty status. In order to do so, livelihood assets of households that are considered energy 

poor were compared with the ones that are not. Results are shown in Table B.7.  

 

Results shown in Table B.7 reveal the obvious assumption that energy poverty is highly 

related to the financial capital of livelihoods. But other capitals significantly differ 

Fig. B.8 - Economic Activities According to Energy Poverty Status. (Source: Prepared by author based on the 
2015 survey results)  
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according to their HEP status. This paper argues that although energy poverty might be 

present as a result of income poverty, results show that monthly income differs slightly 

between both categories, meaning that income alone does not determine the HEP condition.  

 

 
 

Household Energy Poverty: 
Households that fall in 

HEP 
(n=256) 

Households that do not 
fall in HEP 

(n=40) 
ASSETS: 
HH size (mean) (KW)(ns) 3.96 4.13 
HH working members (mean) (KW)(ns) 1.73 1.88 
Dependency Ratio (%) (χ²=1.273) (ns) 42.3 48.3 
HH with migrant members (%) (χ²=5.493)* 35.6 55 
Female HHH (%) (χ²=2.029)(ns) 28.9 40 
HH with female working members (%) 
(χ²=9.430)** 

41.5 67.5 

HHH Age (mean) (KW)(ns) 45.26 44.43 
Education in years (mean) (KW) (ns) 3.53 3.41 
Access to training/education programs (%) (χ²=0.819)(ns) 34.8 27.5 
HH w/access to health care (IMSS/ISSSTE) (%) 
(χ²=1.071)(ns)   

43.7 52.5 

HH with chronic illness (%) (χ²=20.663)***     63.3 25 
Days of absence per week for illness (mean) (KW)(ns) 1.41 0 
House ownership (%) (χ²=3.306)(ns) 74.3 87.5 
House with metal roofing no insulation (%)(χ²=31.605)*** 55.9 15 
Family help ratio (mean) (KW)(ns) 0.51 0.52 
HH that belong to a community organization (%) 
(χ²=1.639)(ns) 

25.3 35 

HH that receive help from a group/organization (%) 
(χ²=1.694)(ns) 

44.7 55 

HH w/active participation in community decisions (%) 
(χ²=19-132)*** 

40.3 83 

HH established before 1992 (%) (χ²=11.145)** 51.8 80 
HH with credit  (%)(χ²=13.010)*** 41.1 52.5 
HH with bank account (%) (χ²=13.010)*** 14.2 37.5 
HH monthly income MXN (mean) (KW)*** 10649.62 12508.79 
Monthly income MXN per individual(mean) (KW)** 3921.55 4395.6 
Monthly expenditure in energy (mean) (KW)* 492.14 562.30 
Energy expenditure: HH income ratio (mean) 0.079 0.0816 

(KW) Kruskal-Wallis test of ANOVA for non-parametric variables 
(χ²) Chi-square test of independence  
(ns) Not Significant 
Significance: *p<0.05; **p<0.01; ***p<0.001 
 

Table B.7 - Household Energy Poverty Analyzed Through Livelihood Assets. Indicators showing significance 
are highlighted.  
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Fig. B.9 shows the income distribution of households according to their HEP status. It 

can be observed that the shares in the lower income quintiles are very similar between both 

groups. Significant differences come at the higher income quintiles, where the mid-high 

category represents almost one quarter (22.5%) of total households not considered energy 

poor while only 6.7% of the energy poverty category fall into this condition.  

 

 

Surprisingly, all the households located in the richest quintile - representing the highest 

ownership of heating devices - fall into the energy poverty category because they lack at 

least one of the second tier essential assets (Fig. B.10).  This analysis suggests, therefore, 

that access to credit and having a bank account are factors that highly influence the 

ownership of second tier assets, mainly due to the flexibility it presents compared to paying 

in cash.  

Fig. B.9 – Household (HH) Income Shares According to Its HEP Status. We observe that the 
group of households not considered energy poor have a more equally distributed income share, 
whereas the majority of energy poor households are in the second lowest income quintile (58.5%)  
(Source: Prepared by author based on the 2015 survey results).   
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Easy access to the US side of the border also increases the availability of small-size new 

and used appliances such as window-type air conditioning units, fans and electric heaters. 

The downfall of second-hand appliances is the fact that they often are old and less energy 

efficient, promoting an increase in energy consumption and its embedded CO₂ emissions.  

 

Energy expenditure compared to household mean income did not represent a critical 

difference. Following the British energy poverty measure, the research found that the 

majority of households (74.3%) spent less than 10% of their household income on energy 

services. However, subsidies on the residential electricity sector can go up to 80% of the 

actual generation cost (de Buen R., 2012) (CFE, 2016). Energy subsidies in Mexico are a 

complex policy theme. Residential electricity tariffs are divided according to the climate 

region and electricity consumption. Subsidies are larger in regions with extreme temperature 

conditions, such as the State of Chihuahua. Current energy policies are considering the 

adoption of measures that eventually will decrease subsidies down to zero. Several critiques 

have been posed regarding the actual benefits of this kind of government support, that 

Fig. B.10 - Second Tier and Total Cooling and Heating Appliances per Household Income 
Quintiles. Analysis reveals a prevalence in cooling devices (fan and air conditioner) among 
quintiles while heating devices (water and space heater) are present mostly in the higher income 
quintile (Source: Prepared by author based on the 2015 survey results).   
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consumers in the richest population of the country receive on average nine times more 

money in energy subsidies than the poorest population (de Buen R., 2012). Debates over 

current and future energy policies are considering take-off subsidies from the residential 

tariff. This resolution will severely affect many consumers that would not be able to afford 

electricity consumption, particularly in rural communities. Assuming that all these 

households receive an average of 80% subsidy, the research found that only 25% will spend 

less than 10% of their household monthly income on energy services. 

 

This research shows that households not considered energy poor have a larger share of 

migrant members and female working members. Both variables are correlated as it is a 

common situation in these communities that male heads of household migrate as a 

livelihood strategy, leaving women in charge of the household. What is interesting of these 

data is, again, the relationship between the border and appliance availability, as 82.6% of 

migrants are working in the U.S, according to the survey results of this research.  Also, the 

fact that the majority of working women in these communities work outside the community 

(40%), thus they have more access to commercial establishments that provide a better set of 

options for appliance purchasing.  

 

Having a chronic illness in at least one of the households’ members is significantly 

higher in energy poor households (Table B.7). This is a condition that should be taken into 

account, as thermal comfort gains importance in health research. The World Health 

Organization (WHO) determines that thermal comfort is necessary not only for ensuring 
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satisfaction with the ambient temperature, but it is inextricably linked to health conditions. 

According to the WHO, thermal comfort zones should be on average between 18-24°C. 

Below and above this range, temperatures might pose a risk for many susceptible groups, 

particularly very old and very young people (WHO, 1990). Taking into account that mean 

low temperatures in winter and mean high temperatures in the summer for this region are 

considerably outside these parameters, not using air conditioning and space heaters becomes 

a health issue. The main chronic illness presented in the energy poor households was 

migraine (26.7%) and diabetes (18.8%). Migraines may be provoked by over-heating of the 

body and losing humidity in the ambient air (Boduch & Fincher, 2009). People suffering 

with diabetes are among the most susceptible groups since extreme cold and hot 

temperatures provoke hyperglycemia and other related metabolic derangements that could 

be life-threatening (Li, et al., 2014). Work absences are seen in energy poor households 

(almost 1.5 per week) while not a single household of the not-energy poor category 

indicated illness-related absences. Energy poverty in households presumably represents an 

inconvenience for employers who have to deal with continuous absences that are related to 

illness and extreme weather conditions.  

 

Roofing condition is an important consideration for determining energy poverty 

alleviation. Although the proposed methodology did not account for roofing or any other 

building material in measuring energy poverty assets, it is essential for any energy 

efficiency measures. We see that 55% of energy poor households are lacking for efficient 

roofing. Metal roofing often does not provide a conditioned space, meaning that air, rainfall, 
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heat and cold can easily penetrate the dwelling, severely affecting the thermal comfort of the 

household members. Furthermore, metal roofing in these communities is provided by zinc 

sheets, which have a high thermal conductivity rate, meaning that it transmits external 

heatwaves increasing indoor temperatures over the summer, while over the winter, the 

internal heat is transmitted to the outside, not allowing the space to maintain a comfortable 

temperature. In this regard, households that do not account for the second tier of assets (no 

air conditioner, nor heater) are also affected by an increase of indoor temperatures due to the 

building condition.  

 

From the social capital perspective, significance is observed in household establishment 

date and community decision making.  Of households that are not considered energy poor, 

80% were established before 1992 (date when these communities became landowners). 

However, this represents only 19% of the households established before 1992, meaning that 

the absolute majority does belong to the energy poor households, and it cannot be a 

determinant for energy poverty. The same can be said for community decision making 

processes.  Although they might be useful for specific community resources, such as being 

present to the repartition of specific produce brought by institutions and government, 

community decision making processes cannot be considered a factor that has helped 

families to overcome energy poverty. Nevertheless, social capital could serve as a stream for 

communication among community members for developing and implementing strategies 

that help decrease the number of energy poor households in the region. 

 



 
 
 

129 
 

 

B.5.  CONCLUSIONS 

This research provides empirical evidence of energy poverty in households of Chihuahua, 

Mexico. The method used in this study was developed by the ECLAC specifically to 

understand energy poverty in Latin America. This method defined energy poverty as the 

lack of specific energy assets representing satisfiers that would cover household absolute 

energy needs. These energy assets - refrigerators, air conditioners, heaters and TV sets - are 

considered the major energy end users in the Mexican residential sector. Despite this fact, 

this method was used because energy poverty has several stages:  the first is to achieve 

access to modern electricity services;  the second is to be able to satisfy specific needs, 

while taking into consideration possible increases in energy consumption and its 

environmental effect. The aim of this research is to determine energy poverty in the state of 

Chihuahua and, furthermore, to find more specific factors that could be related to energy 

poverty at the household level.  

 

In order to do this, the study is divided into two parts: one, aimed to identify overall 

household energy poverty in the state of Chihuahua; the other, aimed to study household 

energy poverty through the lens of the livelihoods approach in three rural communities in 

south central Chihuahua. The main findings determined that Chihuahua has 87.3% of energy 

poor households, with the majority located in urban zones.  However, considering that 85% 

of the population living in Chihuahua lives in urban areas, it can be considered that rural 

regions in relative terms have higher energy poverty rates. The lack of basic assets in rural 
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regions remains an important consideration as 47.8% of households do not have basic 

coverage, compared to 96.1% coverage in urban zones. The research also found that the 

climate regions with less household energy poverty are the ones located next to the border 

(BWk), while the ones with the highest percentage of energy poor households are located in 

the south central (BSh) and mountain (Csa) regions of Chihuahua.  Although climate is  

related significantly to energy use, this research could not determine that climate has an 

impact on energy poverty, as further analysis has to be done taking into account more 

climate zones and geographic regions within Mexico. 

 

A more specific study on energy poverty is presented using data from a survey conducted 

in three rural communities in south central Chihuahua. The research found that energy 

poverty is related to livelihood diversification, where the low diversified category has the 

largest percentage of households considered energy poor. The main economic activity 

pursued by energy poor households is as laborer, while the majority of households not 

considered energy poor work for the dairy farms. Energy poverty was determined to be 

related to income poverty. Current energy prices do not seem a critical condition to most 

households.  However, if current electricity subsidies disappear, 75% of households will be 

spending more than 10% of their household monthly income on energy, the common 

threshold to measure energy poverty in absolute terms in the UK. 

 

 Although household income distribution between groups is significantly different, 

particularly in the higher quintiles, this study observed that access to credit and bank 
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accounts is also a determinant. Migration and female working members are present in higher 

number in households that are not considered energy poor. It is assumed that this condition 

helped avoid energy poverty as they have more access to appliances due to the location 

where they work. Some situations were considered more as causes of energy poverty. For 

instance, energy poor households have a larger share of members with chronic illness. Two 

chronic diseases were identified as the most prevalent: migraine and diabetes. Both illnesses 

are vulnerable to extreme temperature conditions, making households without minimum 

thermal comfort requirements a vulnerable habitat for them. Also, work absences are present 

only in households that exhibit energy poverty conditions, which presumably represents an 

inconvenience for employers who have to deal with continuous absences. Finally, it was 

observed that more than 50% of energy poor households have poor roofing conditions, 

primarily zinc sheets. These provide an inefficient dwelling which usually does not provide 

a consistent conditioned space, making it vulnerable to weather conditions and extreme 

temperatures, severely affecting overall living condition. 

 

These findings may be useful for policy recommendations for regional energy 

development strategies. Decreasing energy poverty without increasing greenhouse gas 

emissions is the next step in the sustainable energy international agenda. Climate change 

mitigation measures may increase energy poverty levels instead of reducing them. 

Therefore, developing objectives that eventually will transition communities toward climate 

change adaptation, social inclusion, energy autonomy, and economic development are 

necessary to approach the so called energy transition in the Mexican government discourse. 
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Acknowledging main differences among per capita and geographical energy use and 

coverage, as well as household energy poverty prevalence will encourage policy makers to 

reduce main barriers to the adoption of alternative sources of energy, particularly at the end 

user side.    
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C.1.  ABSTRACT 

The electricity sector around the world is significantly changing towards the adoption of 

cleaner energy sources and its implementation through distributed generation technologies. 

The need to expand rural electrification to reduce energy poverty and the trends in 

decentralizing power generation are becoming major drivers of change, particularly in 

Mexico. This paper presents a study for the design and potential implementation of a 

community integrated sustainable energy (CISE) strategy specifically suited for three 

communities in rural northern Mexico as a way to improve their livelihood conditions. This 

research took an integrated approach involving the collocation of photovoltaic panels over 

crop production fields. This strategy has two main objectives: to increase the annual average 

vegetable intake per household and to decrease energy poverty within those communities. 

Two scenarios were analyzed: one as an individual system and the other as a cooperative 

system. The system is intended to be economically viable in terms of investment. Individual 

systems were found not to be feasible in economic terms due to the high investment cost and 

the lack of incentives to this type of approach. Cooperative systems were found to be easier 

to perform.  However, only the smallest community generated profit being the one with the 

least return on investment period of time when compared to the other two communities 

studied. The research concludes that a CISE strategy is feasible for smaller communities 

with the support of government programs and incentives. This paper argues that this system 

is one answer of many to encourage the adoption of renewable energy from the end user 

perspective. Further research is necessary to create a suitable model that presents a complete 
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assessment, involving financial, environmental and social concerns involving this type of 

approach. 

Key words: community energy, energy poverty, food-energy integrated systems, 

collocation of PV and agriculture 
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C.2.  INTRODUCTION 

Food and energy production are the two most important economic activities in the 

modern world. Current research on climate change  argues that both activities will become 

highly vulnerable in the near future. In the case of agriculture, the lack of resources, the 

stress in water availability and a significant increase in pests and crop disease will severely 

affect the whole food production system, particularly in arid regions (Frisvold, et al., 2013; 

IPCC, 2014). Due to an increase in temperatures, electricity demand will peak as a result of 

future cooling needs and water pumping, putting transmission and distribution lines at risk, 

affecting overall electricity availability (Tidwell, et al., 2013; IPCC, 2014). Localized 

production systems are becoming both an adaptation and mitigation response towards 

potential climate change risks.  

In recent years, there have been some efforts to localize food and energy production; 

however most communities in the world are becoming highly dependent on third parties for 

their basic food and energy consumption needs. In this context, this research introduces a 

Community Integrated Sustainable Energy (CISE) strategy as a localized effort to promote 

self-sustained agriculture and energy generation. This strategy has two goals: first, to 

generate enough electricity to fulfill basic household electricity needs; and second, to 

produce enough vegetables to cover the recommended daily intake per person. The purpose 

of this paper is to model a Community Integrated Sustainable Energy strategy based on data 

of three rural communities from northern Mexico. In these communities, although having 

access to the electrical grid, more than 80% of their population are living below the energy 

poverty line, meaning they do not fulfill their basic energy needs (See Appendix B). 
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Furthermore, their vegetable daily intake is about one third of the recommended by the 

World Health Organization (WHO, 2016; INEGI, 2014).  

A community integrated system that produces electricity and food on the same land is 

being considered as a result of a literature review on community energy topics (Bogdanski, 

et al., 2010; Coughlin , et al., 2010; Hess, 2009; Hoffman & High-Pippert, 2005; Walker & 

Devine-Wright, 2008; St. Denis & Parker, 2009), sustainable energy literature (Rogall, 

2009; Prandeki, 2014), as well as on  PV and agriculture co-location research (Macknick, et 

al., 2013; Ravi, et al., 2016).  A Sustainable Energy Strategy is defined, for the purposes of 

this paper, as a strategy that should improve overall livelihood conditions through the 

adoption and implementation of renewable energy projects. This strategy can be an 

alternative to the current energy and food system production as it incorporates participation 

of locals and hence offers a system concurrent with local needs, values and resources. It 

encourages local food production while generating electricity from a clean energy source.  

With a localized system, local level governments and communities can become  

independent producers of energy and food and might help respond faster to natural and 

social threats to the community, or to the larger economy upon which the community is 

dependent (Hess, 2009). Furthermore, a CISE strategy might discourage urban migration, or 

better said, could encourage migration to rural living, enforcing the back-to-land culture. 

This has been seen particularly in industrialized countries, where people from urban 

environments, tired of unhealthy habits and the adoption of a sustainability conscience, have 

begun to migrate to rural lifestyles (Halfacree, 2001; Sanders, 2004; Guthman, 2004; 

Halfacree, 2007).  
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C.2.1. Community Integrated Sustainable Energy (CISE) 

The CISE strategy could be implemented as part of a whole sustainable community plan, 

promoting adaptability and absorptive capacity. Adaptability, in the words of Walker and 

others (2004) is “the capacity of actors in a system to influence resilience”. Resilience could 

be defined as the capacity of a system that ensures shocks and stressors do not have long-

lasting effects and consequences in a socioecological system (Frankenberger, et al., 2014). 

A CISE strategy could help in building resilience acting as an Absorptive Capacity 

approach, coping with the ability of the communities to minimize exposure to shocks and 

stresses, and recover quickly when exposed (Frankenberger, et al., 2012). Communities 

currently adapting localized energy and food production are able to maintain a more 

sustainable livelihood, improving their overall wellbeing, promoting economic, 

environmental and social benefits.   

 

The Community Integrated Sustainable Energy (CISE) strategy proposed here is 

expected to perform at the community level, as a distributed generation type system.  Fig. 

C.1 depicts how this system will provide enough energy and food to fulfill community 

requirements. If any remaining surplus, this will be sold first to the community market and 

other community-owned businesses, and then to nearby industry and farming facilities. The 

idea is to start in phases, by first investing in the required energy and vegetable provisions 

for the interested communities, and then to promote further investment options for 

aggregating both energy and food production in a larger scheme.  
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The proposed business model that enables the CISE Strategy to happen is that of a 

cooperative. In Mexico, there are several types of cooperatives, with the production 

cooperative as the focus of this research (DOF, 2009).  A production cooperative is the one 

in which cooperative partners work together for the production of goods and services, 

benefiting from mutual work while sharing equal responsibility. The adoption of a 

cooperative business model is important for sustainable development, as it generates self-

employment in-situ and potentially improves livelihood conditions without the necessity to 

migrate to the city. Cooperative partners will be in charge of managing both agriculture and 

energy production.  

 

Investment in the cooperative will be an individual decision; however, this research 

assumes that each household will participate in the cooperative with an initial investment 

equivalent to the amount of energy required to fulfill their current energy needs. The 

cooperative will return the investment in a maximum period of 25 years.  Both energy and 

Fig. C.1 - Community Integrated Sustainable Energy Strategy Proposed 
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agriculture produce is shared with the cooperative partners according to the level of 

involvement for which they have subscribed. The energy produced is shared through a 

renewable energy policy called virtual net metering (Fig.C2).  

 

 

Virtual net metering allows the users to allocate the energy produced to one or multiple 

clients, no matter where they are in the country. Electricity goes through the grid and a 

credit is provided to the different owners of the renewable energy system; this credit is 

granted in their electricity bill despite being away of the renewable system location (DOF, 

2014; CRE, 2016).   

 

 

Fig. C.2 - Application of Virtual Net Metering Program (Source:  author based on CFE documents) 
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C.2.2.  Policies Behind Electricity Generation and Commercialization In Mexico 

The Mexican government recently allowed free electricity market measures after the 

amendments made to their energy laws (DOF, 2013). This allows private entities to 

participate in the created wholesale electricity market while a government based control 

center is in charge of control and operation management. Before this reform, only 

government authorized entities were able to sell electricity to the Federal Electricity 

Commission (CFE), which is the Mexican government agency in charge of generating and 

distributing electricity at the national level.  In order to successfully plan the proposed 

community energy strategy, two options need to be determined: generation for self-

consumption and generation for selling.  

 

Power generation for self-consumption consists of producing enough electricity to fulfill 

power requirements of the parties involved. In order to be exempt of regulation, these 

generation systems should be smaller than 0.5 MW and must not participate in the 

wholesale electricity market bids, meaning they must not commercialize the electricity 

generated by any means. Electricity should be delivered directly to the consumption source; 

any remaining surplus can be sent to the National Electric Grid through net metering.  

 

On the other hand, there is the independent power producer, which is allowed to offer 

electricity bids in the wholesale market to qualified users and the CFE. This producer has 

the option to sell electricity in the long term, by signing a power purchase agreement with 

an interested party like a qualified user, a supplier, or another energy trader.    
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Power producers will be able to compete with the CFE and qualified users can choose the 

best pricing option to fulfill their electricity requirements. Qualified users are clients that 

need power over 3MW and can buy electricity from the supplier that best satisfies their 

needs. Producers are not allowed to sell electricity to small consumers, nor are they able to 

promote transmission and distribution services.  Each producer can establish their own 

electricity pricing which will be checked by the National Energy Control Center (CENACE) 

to ensure competitiveness. A producer can celebrate a sale contract with one or many 

qualified users, where CENACE will be acting as intermediary to regulate the whole 

process.   

 

C.2.3.  Research Setting  

Three rural communities in Delicias, Chihuahua, in northern Mexico, were chosen as 

theoretical test locations. The decision to choose these locations is a result of the analysis of 

primary data collected from a household survey conducted from March to August of 2015. 

Results are shown in Appendix A. Delicias is located in south-central Chihuahua, about 50 

miles southeast of the capital city, Chihuahua. It is the smallest municipality of Chihuahua 

with an extension of 335.43km² (129.5 mi²) and a population of 137,835 habitants (INEGI, 

2016). The selected communities were Colonia Miguel Hidalgo, Colonia Cuatro Vientos 

and Colonia La Quemada. Livelihood conditions in these communities have abruptly 

changed, particularly after the land tenure reforms enacted in Mexico during the early 

1990’s, decreasing farming activities by 70%.  
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Delicias was selected as case study due to the fact that it was founded after the Mexican 

Revolution as an empirical example of a community based on irrigated agriculture. The 

three communities chosen live below the poverty line according to the most recent 

government report on poverty and social exclusion (CONEVAL, 2014). Each community is 

located an average distance of 9.5 km from urban center of Delicias. There is no other type 

of urban or suburban development within those 9.5 kilometers, meaning that this land today 

could potentially be used for agricultural purposes. In the municipal plan, these territories 

are considered for mixed use as a planning strategy for future urban growth. In the study 

presented in Appendix A, the research found that a significant portion of the population in 

these rural communities are sustained as a result of urban activities and remittances. The 

most common construction materials used by these communities to provide dwelling to their 

household are not energy efficient, meaning that do not provide thermal comfort, affecting 

their way of living. In addition, these communities, on average, eat 40% less vegetables than 

the portions recommended by the World Health Organization (WHO, 2016) while 88% of 

these communities’ households are considered energy poor.  

 

This research used the definition of energy poverty provided by (Pye, et al., 2015) who 

defined energy poverty as the capacity of adequately heat or provide other energy services 

in a home at an affordable cost.  It considers the method developed by ECLAC in which 

energy poverty is measured through the satisfaction of absolute energy needs. The indicators 

to determine energy poverty are the energy assets. These assets are divided in two tiers: the 
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basic assets and the additional assets. Basic assets are considered for subsistence despite the 

climate location while additional assets are required for specific needs according to the 

climate zone (Appendix B).   

 

C.3.  DATA AND METHODS 

This research aims to determine whether the proposed CISE strategy is feasible for the 

communities studied. A financial analysis was conducted to compare the net present value 

of the investment per household. The analysis considered two systems, a cooperative system 

and an individual system, the latter being considered as baseline. The first scenario is based 

on our proposed CISE strategy, and the second is based on the assumption that an individual 

system is most likely to be available for purchase and implementation.  Both scenarios have 

collocated PV over agriculture land. Both must fulfill the goal of improving the annual 

vegetable intake and decreasing the overall energy poverty of the three communities 

studied. This research also aims to determine the economic feasibility of the proposed CISE 

strategy. The study based its assumptions on data on crop production in the region available 

(SAGARPA, 2016) and calculated each photovoltaic system using NREL’s System Advisor 

Model SAM (Blair, et al., 2014). Data was used from SOLARTEC technologies to inform 

the SAM simulation for both individual and cooperative systems, as this technologies are 

produced in Mexico and are cost-effective (SOLARTEC, 2016). NREL’s Jobs and 

Economic Development Impact Model JEDI (NREL, 2004) was used to estimate a baseline 

of possible labor required for installation of the photovoltaic system, as Mexico has no 



 
 
 

157 
 

available data on that matter. Results of a survey conducted in the study area (Appendix A) 

will help determine some parameters for more accuracy in the modeling of the strategy.  

C.3.1.  Renewable Energy Model in NREL SAM 

 The System Advisor Model software program provides sufficient information to assume 

economic considerations for the adoption of renewable energy technologies. Five different 

profiles were created, three for the cooperative system, and two for the individual system. 

Each profile represents one community in the case of the cooperative system, and the groups 

of energy poor households in the case of the individual system. 

 

The system was modeled with SOLARTEC technologies, which are photovoltaic panels 

built in Mexico, and used the default parameter of technology degradation of 0.5% per year. 

A PPA of 20 years was assumed with 2% annual price escalation. Incentives were not 

modeled and the default depreciation costs provided by SAM were assumed. The Net 

Present Value was calculated separately by the author using an Excel spreadsheet.  

 

C.3.2.  Cooperative Production System 

C.3.2.1.  Crop Production 

It was assumed that every household will participate as part of the cooperative and will 

invest in the production for their recommended vegetable daily intake. It was also assumed 

that the land provided for the system will be the one currently owned by community 

members but is currently not being used, according to the survey (Appendix A).  The area 

required to produce the annual vegetable intake was calculated considering the average yield 
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provided by (CONAGUA, 2009) which is 38 tons per hectare. The total cost and labor 

necessities were assumed based on reports from the Mexican Secretariat of Agriculture 

(SAGARPA, 2016). It was assumed that crops will be collocated below a photovoltaic 

system, allowing the transmission of about 50% of incident radiation to the crops (Fig. C.3). 

Assuming a crop mixture farm, the most common crops that are suitable for consumption 

produced in the region are red tomato, green chile, onion, watermelon and peanut, produced 

mostly in two seasons (SAGARPA, 2016). An average 20% decrease is assumed in water 

use from traditional surface irrigation systems, with the collocation of panels above crops as 

evapotranspiration and sun radiation decreases (Marrou, et al., 2013).  A yield response 

factor of 1 was assumed, meaning that the yield per hectare will be directly proportional to 

the evapotranspiration rates (Steduto, et al., 2012). The recommended vegetable daily intake 

for Mexico is 400 grams per capita, which equates to 146 kilograms per person, per year 

(WHO, 2016). The average stipend of vegetables per household data is from the survey 

conducted over the summer of 2015. 

 

 
Fig. C.3 - Example of Colocation of Photovoltaic Panels and Crop Production. (Source:  Japan 
Solar Sharing Program) 
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C.3.2.2.  Electricity Generation System 

It is assumed that every household will participate as part of the cooperative and will 

expect to generate 100% of their current energy requirements. Therefore, the size of the 

system is based on the current amount of energy consumed per household in each 

community as reported in the survey. It is assumed that the electricity generated by the 

system will be purchased through a power purchase agreement with the electricity company. 

The profit will be used to pay each household electricity bill, and the remaining will be 

invested in reducing energy poverty. The agreement price for the PPA used in this study is 

the average purchase price in Chihuahua during the first bid of 2016 (SENER, 2016).  A 

power purchase agreement (PPA) is a contract between two parties, one which generates 

electricity and one which is looking to purchase electricity, usually signed for a period of 20 

years. In the case of the recently approved Mexican wholesale energy market, individual 

purchasers with an electricity requirement over 3MW can buy electricity directly to the 

generator. Other clients, including the government-owned electricity commission (CFE) 

which will continue serving current end-users, may purchase electricity in the bidding 

process held by the National Energy Center from the Secretariat of Energy.  

 

The total electricity price is generated by three factors:  the rate established in the PPA 

per MWh;  the price for the Renewable Energy Certificate; and the price of the Carbon 

Credit Offset. The PPA average rate per MWh in Chihuahua is  889.00MXN (50.7USD);  
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the Renewable Energy Certificate is paid at 444MXN (23.36USD) per MWh, and the 

Carbon Credit Offset is paid at 16 USD per ton of CO₂eq (SENER, 2016).  

 

A Renewable Energy Certificate (REC) is a mechanism that enables the production of 

clean energy. Each clean energy producer is granted one REC for each MWh of renewable 

energy production. This REC can be sold in the open market to non-renewable producers or 

to other interested parties as a commodity (DOF, 2013).   

 

C.3.3.  Individual Production System 

C.3.3.1.  Crop Production 

This research assumed an individual CISE system per household.  The vegetable garden 

size was determined according to the amount of solar energy required, so that the garden 

grows below the photovoltaic panels (Fig.C3). The average yield in vegetable gardening 

was calculated at 2.44kg/m² per season, as concluded in NGA (2009), Vitello et al (2009) 

and Fermont (2011). The research assumed an average overall production cost of 6.3 

USD/m²/harvest (Rizo, 2015), four harvest seasons per year, and a 10% average water 

reduction cost based on the research done by Marrou and others (2013) over the traditional 

system. Labor hours are based on a study made by Langellotto (2014) where he found that 

an average of 71 hours of labor input is required in a vegetable garden per harvest season.  
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C.3.3.2.  Electricity Generation System 

For this scenario it is assumed that each household will independently fulfill its 

electricity requirements considering their energy poverty condition. The research assumed 

that every household will generate 100% of their current energy requirements. Therefore, 

the size of the system is based on the current amount of energy consumed as reported in the 

survey (Appendix A and B). In this case, we do not expect any purchase agreement, as the 

system will only suffice household current energy requirements. It is expected that the 

system will be connected to the grid through basic net metering.  A 3% increase in 

residential electricity tariffs is assumed as proposed by (CIDAC, 2015) as no-subsidy 

policies are an important consideration in the Energy Reform.. 

 

C.3.4.  Available Financial Incentives   

The main barrier facing the adoption of community-led energy projects is the financial 

constraint (Walker, et al., 2010; Bomberg & McEwen, 2012), including the high investment 

cost of the required equipment for renewable energy generation, and moreover, in 

developing countries. In order to address that barrier, the United Nations encourages a 

partnership between public and private parties (Prandeki, 2014). In Mexico, there are 

identified development programs that could help decrease the up-front investment cost of 

the CISE strategy and are considered in both scenarios. The ones used in our analysis are 

explained in Table C.1. 
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Table C.1 - Financial Incentives Available in Mexico for Renewable Energy and Food Production.  

 

Governm
ent Entity 

Name of the 
incentive Explanation Maximum Amount Availble 

for Funding 

SAGARP
A-FIRCO 

Component for the 
National System for 
Agro-parks: Rural 
Transformation 
Center 
Infrastructure 

FIRCO is a government trust venture that supports projects 
for infrastructure in agriculture.  

The trust will provide up to 
50% of the total project cost 
up to a maximum of MXN 20 
million, which is about USD 
1 million*. This incentive is 
available to agriculture 
cooperatives formally 
established (FIRCO, 2016). 

SEDESO
L 

Priority Zone 
Development 
Program –
Community 
Infrastructure 

This support program is to develop projects that provide 
community infrastructure.. The requirements to access to 
this program are to present a support request in SEDESOL 
offices stating the importance of the infrastructure project 
to the community. Details about the project have to be 
provided, including technical studies, location, permits, 
and budget (SEDESOL, 2015). 

This program supports with 
up to MXN 6 million, which 
is about 315,700USD 

SEDESO
L 

3x1 Program for 
Migrants –
Infrastructure 
Projects 

This is a program is driven by migrants that live abroad as 
a way to collaborate in social projects that boost 
development to their communities of origin, further 
fomenting identity ties. It joints economic resources from 
migrants and the different government levels, from federal 
to state and municipality. The requirements for this type of 
support are: to create a migrant organization with a 
minimum of 10 members through the consulate or embassy 
in the country of migrant’s destination; and submit 
executive project and business plan details to the eligibility 
board, specifying how this will change the overall 
environment of the community to be invested in, including 
explicit economic and social impacts at the local level. 
This program is complementary to other federal support 
programs (SEDESOL, 2015). 

The maximum amount 
provided by the government 
for infrastructure projects is 
MXN 1 million, about 
52,600USD. 

FIDE Distributed 
Generation 

This program is for residential systems. The main 
requirement is to be a CFE High Demand User, exceeding 
the consumption threshold allowed according to the 
climate zone. In the case of Chihuahua, this threshold 
passes after 1,000 kWh of consumption per month (FIDE, 
2012). 

It offers a 10% discount of 
the total system cost and 
finances the rest with low 
interest rates with Federal 
resources. 

SAGARP
A 

Rural Productivity 
Program: 
Commercial 
Development of 
Family Vegetable 
Gardens 

There are two options in this program for implementation 
of vegetable gardens; the first is  (SAGARPA, 2016). 

an incentive of 90% of the 
investment up to MXN 
50,000 (≈2,600USD) for 
productive infrastructure; and 
the second is a program that 
supports 100% to vegetable 
gardens, up to MXN 10,000 
(526USD) for elder and 
female heads of household 

*Exchange rate between USD and MXN is calculated at an average 19 pesos per dollar, according to the exchange 
rate in May 2016. 
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C.3.5.  Certified Emission Reduction Credits and Clean Development Mechanisms in 

Mexico 

Certified Emission Reduction Credits are mechanisms for promoting projects whose 

main objective is the reduction of CO₂ emissions. A CER credit can be traded in the 

market for a ton of CO₂ equivalent. Each ton of CO₂eq is sold for approximately 16 

USD. Each MWh of electricity generation with fossil fuels is the equivalent of 

approximately 0.65 CO₂eq. In Mexico, carbon credits are sold through an electronic 

platform developed by the Mexican Stock Exchange where interested parties can buy the 

credits available. The Clean Development Mechanism is a policy that allows a country 

with an emission-reduction or emission-limitation commitment under the Kyoto Protocol 

to implement an emission-reduction project in developing countries. Such projects can 

earn saleable certified emission reduction (CER) credits, each equivalent to one ton of 

CO₂, (INECC, 2014) (UNFCCC, 2006).  On average in Mexico, each CER is sold at 

16USD, according to the nature of the project.  This rate will be used for the analysis of 

both individual and community led projects in this study. 

 

C.4.  RESULTS AND DISCUSSION 

C.4.1.  Economic Considerations 

Results are shown in Tables C.2 and C.3. It is seen that in terms of financial feasibility, 

only two options generate profit when calculating the net present value (NPV) of the total 

investment (Fig. C.3). The return on investment period is determined as an indicator of 

feasibility, which should be less than the lifespan of the system which is usually 20 years 
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(Salasovich & Mosey, 2011). Both options are based on the CISE strategy and represent the 

communities with fewer households. The main difference between the individual and the 

CISE cooperative model is the amount of incentives and support programs that are available 

for each. Economic incentives and other resources available are generally presented as a 

specific amount and not as a percentage of the project (SEDESOL, 2015). Thus, smaller 

communities can make the most of the incentives available. Furthermore, the amount of 

incentives and related development programs available for cooperative projects are 

significantly higher compared to the ones for a single project.  Incentives are very important 

for the adoption and deployment of any new technology or policy in place.  Therefore, these 

incentives should allow enough financial capability to assure that the policy or technology 

deployment is happening. In terms of job opportunities, the results indicate that, on average, 

11.38 full time jobs are needed per year (Table C.2) on the cooperative case, while the 

individual system requires, on average, 46.5 8hr shifts (Table C.3). 

 

When analyzing the energy-only system for each case, it becomes even less feasible in 

economic terms as none of the cases present a positive net value (Fig. C.4).  The main 

reason for this is the up-front investment for the whole generation system, and although 

incentives were applied, it is seen that the energy generation system requires incentives and 

support programs that belong to the agriculture category. The agriculture-only system for 

the cooperative case studies is feasible, particularly for the community Cuatro Vientos, 

which is the smallest analyzed. This is possible because of the available incentives and 
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because the average household expenditure in vegetables is higher than the overall cost of 

producing them. 

 

Based on the analysis, individual systems do not have enough financial incentives to 

invest in a stand-alone system. It is necessary to be part of a cooperative in order for each 

household to be able to sustain their own food and energy production systems. Although 

there are incentives for individual systems for both energy and small scale agriculture 

production, these are not enough to support the system cost for the 20-year period.   

Fig. C.4 – Financial Values of the CISE System in Cuatro Vientos Community. 
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 Table C.2 - Cooperative System Data  

*SAGARPA; **Results from NREL SAM; ***SENER; ****based on NREL JEDI results 

 

 

 

 

 

 La Quemada Cuatro Vientos Miguel Hidalgo 
Crop Production System 
Average Vegetable Intake (tons/yr) 221.37 96.30 434.85 
Required Area (has) 3 1.26 5.72 
Total area without use (has) 7.1 27 16 
Total crop production cost (USD/yr)* 28,759.08 12,511.21 56,493.90 
Cost per HH (USD/yr) 72.08 73.60 77.39 
Average stipend on vegetables per HH (USD/yr) 167.79 242.35 192.60 
Total labor (8hr shifts/yr)* 990.32 430.82 1945.37 
FTE jobs 3.8 1.65 7.48 
Energy Generation System 
Average community energy requirements 
(MWh/yr) 

1,430.21 613.093 2,910.14 

Size of the system based on current community 
energy needs (kW) 

906.59 390.54 1822.94 

Space required to locate the system (has) 1.98 0.8 3.72 
Average electricity generation (MWh/yr)** 1540.23 657.11 3029.71 
Average CO₂eq tons reduced 1001.14 427.12 1969.31 
Net capital cost (USD)** 1.9 million 1 million 3.9 million 
Average O&M costs (USD/yr)*** 3,040 1600 6,240 
investment per HH-cooperative member (USD)** 4,770.47 5,114.52 5,413.87 
Profit from PPA (1st year) (USD/yr)*** 78,089.661 33,315.47 153,606.29 
Total profit from RECs (USD/yr)*** 36,133.79 15,770.4 72,713.04 
Total profit from CERs (USD/yr)*** 16,018.24 6,833.92 31,508.96 
Total profit (PPA+RECs+CERs-O&M) (USD/yr)** 127,201.48 54,319.79 251,588.29 
Average profit per HH –cooperative member 
(USD/yr)** 

318.80 319.52 344.64 

Average electricity stipend per HH (USD/yr) 179.22 180.32 199.32 
Total labor during construction and installation 
(8hr shifts/yr) 

4,186 1,794 8,424 

FTE jobs*** * 16.1 6.9 32.4 
Financial Aspects 
1. Total System Cost ag+en (USD) 1,932,178.08 1,024,742.21 4,008,624.90 
2. Assumed Financial support (USD) 1,334,389.04 880,671.10 1,368,300.00 
Final up-front cost (1-2)(USD) 597,789.04 144,071.11 2,640,324.90 
Up-front cost per HH (USD) 1,498.21 847.47 3,616.88 
Simple payback period per HH (yr) 7 4 14 
Net Present Value (20 years) (USD) 797.43 2339.32 -1048.31 
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 Table C.3 - Individual System Data  

*results of NREL SAM; **Government subsidies to electricity service in the residential sector currently absorb about 60% of 
the total generation cost. It is expected that with the Energy Reform, this subsidy will be considerably reduced in subsequent 
years (Chacón-Anaya, 2015; CIDAC, 2015); ***based on NREL’s JEDI 

 

C.4.2.  The CISE Strategy as Energy Poverty Alleviator  

The most successful case according to our study is Cuatro Vientos, with a net present value 

over twenty years of  USD $2339.32 and a simple payback period of 4 years, assuming no 

interest rates. The average annual profit from the CISE strategy in this community is of 

USD $319.52 (Table C.2). The study also wanted to evaluate how this community could 

decrease its energy poverty cases through the investment of that money on energy poverty 

Crop Production System 
 Per HH 
Average recommended Vegetable Intake according to HH size (kg/yr) 572.32 
Required Area per HH (m²) 58.63 
Average garden size in the communities 105.5 
Total production cost (USD/yr) 370.01 
Average stipend on vegetables per HH (USD/yr) 200.91 
Total labor (8hr shifts/yr) 35.5 
Energy Generation System 
 HEP HH Non-HEP HH 
Average household requirements (kWh/yr) 6,297.62 15,735.12 
Size of the system based on current average household requirements 
(kW) 

4 10 

Space required (m²)* 87.3 218 
Average electricity generation (kWh/yr)* 6,676.9 16,700 
Average CO₂eq tons reduced 4.339 10.85 
Net capital cost (USD)* 11,633 29,082 
Average electricity stipend (USD/yr) 314.88 786.75 
Total profit from CERs (USD/yr)*** 69.42 173.6 
Simple payback time (yr) 22.73 36.86 
Average electricity stipend without government subsidies 
(USD/yr)** 

503.80 1258.8 

Payback time without incentives (yr)** 14.77 14.56 
Total labor (8hr shifts/yr) during construction and installation 
period*** 

26 78 

Financial Aspects 
1. Total System Cost ag+en (USD) 11,833.91 29,452.01 
2. Assumed Financial support (USD) 4,289 6.102.2 
Final up-front cost (1-2)(USD) 7,544.91 23,349.81 
Average stipend per HH ag+en (USD/yr) 515.79 987.66 
Simple Payback period per HH (yr) 10 22 
Net Present Value (20 years) (USD) 438.60 -13,822.09 
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Table C.4 – CISE Profit and Investment Options  

reduction methods. According to the study on energy poverty in the Delicias region 

(Appendix B), Cuatro Vientos community accounts with 90.5% of their households under 

energy poverty conditions. Assuming that each household will be able to earn almost USD 

$300 after the third year of the investment, this paper argues that it is possible in the fifth 

year of the CISE, each household could have at least one space heater and one air 

conditioner (Table C.4). Both assets are indispensable in the region as climate conditions 

require them. In Cuatro Vientos, only 12% of households have air conditioners and 14%  

space heaters (Appendix B). On average, a small energy efficient electric space heater costs 

USD $52.63 heating about 12m² (≈130sqft) and adds 400W to the household energy needs.  

A 12000 BTU mini-split air conditioner would cost about USD $295.00, cooling about 12m² 

(≈130sqft). The air conditioner would add 2.95kW to the household energy needs.  

 

 

 

Year Profit from the 
CISE strategy Investment Cost 

(USD) 
Remaining 

profit 

Increase 
on Wp 
per HH 

Increment 
on energy 
usage (%) 

Increase on 
annual 
energy 

expenditure 
(USD) 

1 -545.02 Payback NA 0 NA NA NA 
2 -264.91 Payback NA 0 NA NA NA 
3 -5.53 Payback NA 0 NA NA NA 
4 234.60 Space heater 52.63 181.97 400 12.09 21.63 
5 404.24 Air conditioner 295.0 109.24 2,950 89.16 160.48 

6-11 1133.75 Savings for 
second phase 1084.83 48.92 2,297.29 NA NA 
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The paradox between energy poverty and sustainable energy departs from the idea that it 

is necessary to increase energy consumption in order to reduce energy poverty. However, 

the energy required can come from a renewable resource, dampening the environmental 

effects of fossil fuel energy generation sources. Therefore, the idea of the CISE strategy is to 

first help increase economic capacity of households so they can improve their livelihood 

conditions through decreasing their energy poverty while promoting clean energy 

generation. In this study, at the fifth year of the CISE strategy, households in Cuatro Vientos 

would decrease their energy poverty condition through the investment in second tier energy 

assets.  

 

 

 
Fig. C.5 – Profit Registered from the Two Phases 
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C.4.3.  A Second Phase of the CISE Strategy 

This paper argues that in the sixth year, the CISE strategy can fulfill vegetable intake and 

basic energy needs per household. However, after investing in the second tier energy assets, 

it is seen that households double their electricity consumption mainly due to the use of an air 

conditioner. After incorporating the increment annual cost of energy due to the use of air 

conditioner and heater, CISE profits decreased significantly. After the investment in year 

six, the average profit was reduced by about 44%. On average, a household may still have 

an extra profit of USD $62.00 per year that could be invested in small-scale energy 

efficiency strategies.  This would promote effective use of artificial cooling and heating 

while encouraging passive solutions, such as ventilation and passive cooling techniques as 

well as modifying the type of household construction materials. 

 

This analysis should however incorporate the fact that, hypothetically, all households are 

part of a production cooperative. This means that cooperative members can determine what 

to do with the profit earned. It is assumed that after the return on investment is done in year 

four, all the profit should be invested in a second CISE system of the same capacity in terms 

of energy and food production. This system would look for similar conditions in terms of 

power and food purchase agreements. Assuming similar terms, analysis finds that the 

average accumulated profit of both systems per household per year is of USD $419.90 

(Table C.5). It is assumed that the first phase will reduce its performance after twenty years 

of use; however, research in photovoltaic technology acknowledges that the photovoltaic 

cells continue to perform well after even twenty-five years. In terms of the crop production, 
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Table C.5 - CISE Profit and Yields of First and Second Phases  

a conservative measure of assuming a yield of 38 tons per hectare on average vegetable 

production was determined appropriate. This measure includes uncertainty in the yield per 

season. 

 

The return on investment of phase two is on the first year, as both systems are selling 

electricity through a power purchase agreement and the crops produced on the second phase 

are sold in their totality through the cooperative.   

 

Year Joint 
accumulative 
profit per HH 
(USD) 

Joint energy produced 
(kWh/yr) per HH 

Joint crop produced 
(tons/yr) per HH 1st phase 2nd phase 

11 1 0.12 1,282,098 1.35 
12 2 419.90 1,275,687 1.35 
13 3 810.20 1,269,308 1.35 
14-20 4-10 2,061.4 12,536,314 8.15 
NA 11-20 1,154.4 6,111,093 12.15 

TOTAL: NPV of both 
phases:4884.25 

22,474,500 64.95 

 

Although, it is assumed that both systems could join profits only for 10 years, 

photovoltaic systems could continue to perform after 25 years, increasing the overall CISE 

strategy profit. Fig. C.5 shows the fluctuations of profits throughout thirty years (ten from 

the first phase and twenty from the second phase).  A constant decline is seen due to the 

assumed inflation rates and the assumption that electricity rates will increase significantly as 

a result of the reduction on subsidies to the energy sector according to the energy reform. 

The PPA would not be able to increase its rates in the same amount as the other two 
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variables are assumed to do. Nevertheless, it is assumed that cooperatives would continue 

investing in CISE strategies each time with less government incentive support as more 

money is entering the system.  

 

C.4.4.  Local Considerations 

According to the survey conducted in the communities studied, 96.2% of the households 

would switch to renewable energy to fulfill their electricity requirements. Informal 

interviews with community members revealed that they would rather invest in an individual 

system than to collaborate on a cooperative system.  As discussed above, individual systems 

are not feasible for investment primarily due to the high up-front investment costs and the 

types of incentives offered. Thus, a community integrated strategy would dampen the high 

investment by being protected by the cooperative system, where incentives and credits are 

available.   

 

An important issue to consider at the community level is the fact that there are not 

enough jobs within the area. According to the survey, about 20% of the total population 

below 60 years old is unemployed of which 81% (34 people) are between 18 and 32 years 

old.  The adoption of a CISE strategy would incorporate an average of 6.78 full-time 

equivalent jobs per hectare of both energy and food production. For instance, in the case of 

Cuatro Vientos community, 10 people are unemployed and the first phase CISE strategy 

generated 8.5 full-time equivalent jobs in the first year, giving a local option to people that 

are in need of employment opportunities. Furthermore, with the support of the local 



 
 
 

173 
 

government and other stakeholders, these people could get certified and find a niche 

employment opportunity in the installation and management of CISE strategies.  

 

Another local consideration is the commute to the urban center. These communities are 

in risk of being converted into satellite towns, where inhabitants only go to sleep but do all 

other things in the urban center. The loss of green space between the urban center and the 

rural communities as a result of urban sprawl promoted by the commuting culture is creating 

heat islands. Promoting CISE strategies as part of a urban greenbelt would allow urban 

planning authorities to control urban sprawl, while maintaining the land for a productive 

use. Extreme climate conditions often discourage agriculture production, that leads to land 

abandonment. The purpose of the CISE strategy is to increase agriculture production, by 

maintaining soil conditions and improving evapotranspiration rates for specific crops. This 

would also allow communities to maintain a better quality of life.   

 

C.5.  CONCLUSIONS 

A Community Integrated Sustainable Energy (CISE) strategy can be an alternative to the 

current energy and food system production as it incorporates participation of locals and 

hence offers a system that is concurrent with local needs, values and resources. It 

encourages local food production while generating electricity from a clean energy source.  

This research analyzed the implementation of a CISE strategy based on the collocation of 

photovoltaic panels above crop lands. The research studied three communities and analyzed 

two scenarios: one as an individual system and the other as a cooperative system. The main 
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goal of the CISE strategy was to produce enough food to satisfy the recommended 

household daily intake of vegetables for Mexico while reducing energy poverty levels in the 

study area. The research also aimed for the system to be economically viable in terms of 

investment.  

The research found that individual systems are not feasible in economic terms due to the 

high investment cost and the lack of incentives to this type of approach. However, the 

research found that cooperative systems are easier to perform, though only the smallest 

community generated profit and a faster return on investment compared to the other two 

communities studied. The research therefore concludes that small-size communities (up to 

200 households) are feasible for a community integrated system, as the incentives and 

support programs available can be used more efficiently, significantly reducing the up-front 

cost of the system. The case study first determined that after the fourth year of 

implementation, the system would give enough profit to each household to buy a space 

heater and an air conditioner in order to fulfill their basic energy needs, decreasing their 

energy poverty levels.  

 

After that, the amount of time needed was analyzed for the community to invest in a 

second CISE system through the cooperative. Results showed that after ten years of 

investment in the first phase, there would be enough profit to invest in a second CISE 

strategy with exactly the same conditions as the first, where all the produce would be sold to 

generate more profit. At the end of a thirty-year period, the system generated a net present 
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value that is 2.5 times the investment. This research concludes that a community integrated 

sustainable energy strategy is feasible for smaller communities with the support of 

government programs and incentives. This system is one answer of many to encourage the 

adoption of renewable energy from the end user perspective. Further research is necessary to 

create a suitable model that presents a complete assessment, involving financial, 

environmental and social concerns.  
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