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Abstract 
Lack of reliable energy is one of the main obstacles for families in developing countries to 
increase their living standards. In Bolivia, 45 % of the rural population lacked access to 
electricity in year 2010. This can partly be explained by very high costs for the enterprises to 
expand the electricity grid to the isolated villages, a low electricity demand, the low incomes 
of the people who live in these areas and also the topographic difficulties. In order to receive 
data and information about the energy demand in the rural areas of Bolivia, a field study was 
made where the energy use and living conditions were investigated in each of the country´s 
three topographical zones. The information was collected through interviews, observations 
and measurements with people in 20 households in villages outside the three cities Trinidad, 
Cochabamba and La Paz.  

The field study was a partial project in a bigger cooperation between The Royal Institute of 
Technology in Stockholm and Universidad Mayor de San Simón in Cochabamba where one 
of the main projects is to design and dimension polygeneration systems suitable for non-
connected households in Bolivia in order to offer an alternative and reliable energy solution. 

The result of the study showed that the electricity use was bigger in the afternoon and evening 
and that the average daily electricity use was biggest in the semi-tropical zone Yungas (2.59 
kWh), less big in the tropical zone Oriente (0.97 kWh) and lowest in the Andean plateau 
Altiplano (0.77 kWh). This could partly be explained by low prices for electricity and more 
used devices in the Yungas region, as well as a common use of refrigerators. Refrigerators 
were even more common in the Oriente region, but several of the investigated households 
were self-sufficient farmers with unstable incomes which can explain a more careful use of 
electricity. The lowest average electricity use in Altiplano can possibly be explained by few 
used devices. Furthermore, there was a need for heating in Altiplano and a need for cooling in 
Oriente. 

Concerning cooking, the average daily energy use was highest in Altiplano (194.0 MJ) due to 
the use of cow dung as energy source. The average daily energy use was equivalent in Oriente 
(66.7 MJ) and Yungas (68.6 MJ) where firewood and LPG were used. 
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Sammanfattning 
Avsaknad av pålitlig energi är ett av de största hindren för att förbättra levnadsstandarden för 
familjer i utvecklingsländer. I Bolivia saknade 45 % av den rurala befolkningen tillgång till 
elektricitet år 2010. Det kan delvis förklaras genom väldigt höga kostnader för att förlänga 
elnätet till isolerade byar, lågt elektricitetsbehov, låg inkomst bland människorna som bor i 
dessa områden samt topografiska svårigheter. För att inhämta data och information om 
energibehovet på den bolivianska landsbygden gjordes en fältstudie där energianvändningen 
och levnadsvillkoren undersöktes i landets tre topografiska zoner. Informationen inhämtades 
genom intervjuer, observationer och mätningar hos människor i 20 hushåll i byar utanför de 
tre städerna Trinidad, Cochabamba och La Paz. 

Fältstudien var ett delprojekt ett större samarbete mellan Kungliga Tekniska Högskolan i 
Stockholm och Universidad Mayor de San Simón i Cochabamba där ett av de större projekten 
är att designa och dimensionera polygenerationssystem anpassade för hushåll i Bolivia som 
inte är kopplade till elnätet med avsikt att erbjuda en alternativ och pålitlig energilösning. 

Studiens resultat visade att elektricitetsanvändningen var större på eftermiddagen och kvällen 
och att den dagliga genomsnittsanvändningen av elektricitet var störst i den semi-tropiska 
regionen Yungas (2.59 kWh), mindre i den tropiska regionen Oriente (0.97 kWh) och minst i 
den andiska platån Altiplano (0.77 kWh). Det kan delvis förklaras av lågt elpris i och fler 
använda apparater samt att kylskåp ofta användes i Yungas. Kylskåp var än mer vanligt 
förekommande i Oriente, men flera av de undersökta hushållen var självförsörjande bönder 
med instabil inkomst, vilket kan vara anledningen till en mer försiktig användning av 
elektricitet. Den lägsta genomsnittliga elektricitetsanvändningen i Altiplano kan möjligtvis 
förklaras genom få använda apparater. Därutöver fanns ett behov av värme i Altiplano och ett 
behov av kyla i Oriente. 

Gällande matlagning var den högsta dagliga energianvändningen i Altiplano (194.0 MJ) vilket 
beror på att kodynga användes som energikälla. Den genomsnittliga dagliga 
energianvändningen var densamma i Oriente (66.7 MJ) och Yungas (68.6 MJ) i vilka ved och 
LPG användes som bränsle. 
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Resumen 
La falta de energía confiable es uno de los principales obstáculos para aumentar el nivel de 
vida de millones de familias en los países en desarrollo. En Bolivia, el 45% de la población 
rural carece de acceso a la electricidad de acuerdo al del año 2010. Esto puede explicarse en 
parte a los elevados costos que representan, para las empresas eléctricas, la ampliación de 
redes hacia estas poblaciones alejadas y dispersas, la baja demanda de energía eléctrica de las 
mismas, los magros ingresos económicos que tienen las familias, como también las 
dificultades topográficas que presenta el terreno en diferentes regiones del país.  

Con el fin de recibir datos e información sobre la demanda de energía en las zonas rurales de 
Bolivia, se realizó un estudio de campo en el que se investigó el uso de la energía y las 
condiciones de vida en cada una de las tres principales zonas geográficas del país, Altiplano, 
Valles y Llanos Orientales. La información se recogió a través de entrevistas, observaciones y 
mediciones realizadas en 20 hogares de poblaciones rurales ubicadas alrededor de las 
ciudades de La Paz, Cochabamba y Trinidad. 

El estudio de campo realizado es un proyecto parcial que se encuentra dentro el marco de la 
cooperación entre el Instituto Real de Tecnología de Estocolmo KTH-Suecia y la Universidad 
Mayor de San Simón de Cochabamba UMSS-Bolivia, en el cual uno de los proyectos 
principales esta relacionado con el análisis, diseño e implementación de sistemas de 
Poligeneración adecuados para los hogares que no cuentan con el servicio eléctrico en Bolivia 
con la finalidad de ofrecer una solución a la falta de energía que sea confiable y alternativa. 
 
El resultado del estudio demostró que la utilización de energía eléctrica es mayor en horarios 
de la tarde y  la noche y que el promedio de consumo de energía eléctrica diaria es más grande 
en la zona de los Valles (2,59 kWh), menor en la zona de los Llanos Orientales (0,97 kWh) y 
aún más baja en el Altiplano (0,77 kWh). Esto podría explicarse a los bajos precios de la 
electricidad y el mayor uso de artefactos eléctricos en la región de los Valles, así como el uso 
común de los refrigeradores para la conservación de alimentos. En la región de los Llanos 
Orientales el uso de refrigeradores es aún mayor, pero varios de los hogares investigados eran 
de agricultores con ingresos económicos bajos e inestables lo cual explica el uso más 
cuidadoso de la electricidad. El bajo promedio de consumo de energía eléctrica en el 
Altiplano posiblemente se deba a los pocos artefactos eléctricos que las familias poseen así 
como los altos costos de electricidad. Se constató, también, que existe necesidad de sistemas 
de calefacción en el Altiplano y una necesidad de sistemas de refrigeración y aire 
acondicionado en los Llanos Orientales. 
 
En cuanto a la cocción de alimentos, el uso promedio de energía diaria es mayor en el 
Altiplano (194,0 MJ), debido al uso de estiércol de vaca como fuente de energía. El uso 
promedio diario de energía fue equivalente a (66,7 MJ) en los Llanos Orientales y (68,6 MJ) 
en los Valles, donde se utiliza leña y GLP. 
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Nomenclature 
Bs = Bolivianos [1 Bs = 1.24 SEK (June 2015)] 

LPG = Liquid petroleum gas 

FUNDEPCO = Fundación para el Desarrollo participativo Comunitario 

KTH = The Royal Institute of Technology in Stockholm, Sweden 

LACT = Latin American Children Trust 

PEN = Peruvian Soles [1 PEN = 2.72 SEK (June 2015)] 

RAES = Remote Autonomous Energy Systems 

SIDA = The Swedish International Development Cooperation Agency 

TSF = Three-stone fire 

WBT = Water boiling test 

UMSS = Universidad Major de San Simón in Cochabamba, Bolivia 

Z$ = Zimbabwean dollar [1 Z$ = 0.024 SEK (June 2015)] 

Physical quantities 
Edung = The average daily energy from cow dung used for cooking [MJ] 

ELPG = The average daily energy from LPG [MJ] 

Etotal = The average daily electricity used per household [Wh] 

Ewood = The average energy from firewood per meal [MJ] 

GCVdung = The gross calorific value for dung [MJ/kg] 

GCVLPG = The gross calorific value for LPG [MJ/dm3] 

GCVwood = The gross calorific value for firewood [MJ/kg] 

h = The height of one cow dung briquette [m] 

mdung =  The mass of one cow dung briquette [kg] 

mwood = The mass of firewood per meal [kg] 

ndung = The quantity of cow dung briquettes used per household  

nmeal = The number of meals cooked per day 
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Pdevice = The power for a specific device [W] 

r = The radius of one cow dung briquette [m] 

tdevice = The time that one specific device was used [h] 

twood = The cooking time with firewood [h] 

Vdung = The volume of one cow dung briquette [m3] 

VLPG = The volume of LPG used in the household per month [dm3] 

Vwood = The volume of firewood per meal [m3] 

ρwood = The density of firewood [kg/m3] 
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1. Problem- and goal description 
Human development is strongly connected to energy access and can fuel the economic growth 
of both countries and individuals. Meanwhile, one third of the world’s population is relying 
on traditional solid fuels for cooking. Cooking on stoves with bad ventilation as well as 
gathering both firewood and water can cause significant health impact of which mainly 
women and children are stricken. These domestic tasks are time consuming and therefore both 
women and children often miss opportunities for education or other productive activities. 
Eliminating poverty is a long-term goal of development but in order to reach that goal, 
suitable and affordable energy services is a step in the right direction. This because access to 
modern energy services would improve living standards and health dramatically as well as 
give the people more job opportunities (Goldemberg, 2000).  

In rural Bolivia, cooking with traditional fuels is estimated to stand for 90 % of the energy 
use, illumination for 5 % and boiling water 4 % (Fernández Fuentes, 2010). The choice of fuel 
has except for implication on health and life quality also effects on the local and global 
environment. Locally, it affects the landscape and forests while using wood for cooking and 
heating, as well as the village’s future availability to collect the same kind of fuel due to forest 
depletion, erosion and biodiversity losses. Globally, the burning of fuel increases the CO2 
emissions. As shown in Table 1, the burning of firewood has a larger impact on the CO2 
content than kerosene and coal, two common fuel sources used in the first phases of economic 
development (Manning & Taylor, 2014) Though, firewood is a renewable energy source as 
long as the trees are replanted in the same frequency as the deforestation. 

Fuel source [1 kg] CO2 emissions [kg] 
Firewood 0.39 

Coal 0.37 
Kerosene 0.26 

Table 1. Released CO2 emissions from burning 1 kg of fuel (Manning & Taylor, 2014). 

Concerning electricity, an electrification project made in Peru shows that school children in 
households with access to electricity read and study a longer time per day than in households 
with lack of electricity. Thus, access to electricity is also an important issue for promoting a 
sufficient study environment (Barnes et al., 2010) 

Sustainable energy development can be described as the relationship between sustainable 
development and energy generation and use, and there are two important features. The first is 
the importance of suitable energy services to satisfy the basic needs of humans that provide 
social welfare and can help to achieve economic development. The other is that the 
production and use of energy should not jeopardize the quality of life for both current and 
future generations and should not exceed the carrying capacities of the world’s ecosystems 
(Rogner & Popescu, 2000).  

1.1 Millennium Development Goals  
The World Summit on Sustainable Development has found an explicit link between access to 
energy and poverty reduction, and since the UN have affirmed that the available energy 
services worldwide fail to meet the needs of the poor, six main challenges have been 
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identified as particularly important for achieving the Millennium Development Goals 
concerning energy supply:  

• Energy services such as lighting, heating, cooking, motive power, mechanical power, 
transport and telecommunications are essential for socio-economic development, 
since they yield social benefits and support income and employment generation. 
 

• The poor obtain energy services by gaining access to modern fuels, electricity and 
mechanical power. This access is particularly important for women and girls since 
they are often the most affected by inadequate energy services. 
 

• Reforms to the energy sector should protect the poor, especially the 1.1 billion people 
who live on less than $1 per day, and take gender inequalities into account in 
recognizing that the majority of the poor are women. 
 

• The environmental sustainability of energy supply and consumption should be 
enhanced to reduce environmental and health hazards. This requires measures that 
increase energy efficiency, introduce modern technologies for energy production and 
use, substitute cleaner fuels for polluting fuels, and introduce renewable energy. 
 

• Large amounts of financial resources need to be mobilized for expanding energy 
investments and services in developing countries. They account for a much larger 
share of gross domestic product compared to OECD countries. Public sector 
resources will remain crucial for investing in energy service delivery for the poor due 
to the private sector’s limited appetite for risk in emerging markets. 
 

• The role of energy and the costs of energy services should be factored into overall 
national economic and social development strategies, including poverty reduction 
strategies and MDG campaigns, as well as to donor programmes [sic] in order to 
reach development goals. Energy planning must be linked to goals and priorities in 
other sectors. 

(UN-Energy, 2004) 

Achieving the challenges is not only important for the socio-economic growth, but is also 
particularly important for women and girls who generally suffer most from inferior quality 
energy services (UN-Energy, 2004). A study of the current energy need in the rural areas of 
Bolivia would be part of that achievement and for a sustainable development, especially since 
the result could be used as a model for other countries with similar conditions such as low 
population density and limited or no access to electricity grids. Above all, it is important to 
investigate the energy based activities in the rural areas of Bolivia to map out the patterns for 
improved future energy supply through correctly dimensioned generation systems. 

1.2. A university cooperation 
This B.Sc. project is part of a bilateral cooperation between the Department of Energy 
Technology at The Royal Institute of Technology (KTH) in Stockholm, Sweden and the 
Universidad Mayor de San Simón (UMSS) in Cochabamba, Bolivia. It is a SIDA-funded 
project constituting a study of polygeneration technologies and other alternative solutions for 
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Bolivia's future energy supply. Several PhD students and researchers are involved in the 
cooperation project that is focused on the design and optimization of micro polygeneration 
systems considering different applications such as combined heating, cooling and electricity 
generation for residential and industrial purposes, especially in rural areas. The main goal is to 
set up micro polygeneration plants in Bolivia where the implementation of the biomass-based 
polygeneration plants will consider economic and environmental factors to find the best 
solutions (Erlich, 2015).  

One of the main projects is to design a Stirling engine that is suitable for the conditions in the 
rural areas of Bolivia in order to offer access to modern energy in villages with unreliable or 
lack of access to electricity. The Stirling engine is a combustion engine containing a fluid that 
expands when it is heated. The heated fluid drives a piston that creates mechanical work. It 
also emits heat that can be used for producing hot water in order to use as a heat source. An 
important advantage of the Stirling engine its flexibility concerning choice of heat source 
since it can be driven by as well solar energy or biomass as by biogas or fossil fuels (Cardozo 
et al., 2014). In order to size the micro-scale polygeneration unit it is necessary to have good 
knowledge about the energy demand in different rural areas.  

1.3. Purpose  
The purpose of this B.Sc. thesis is to map out the energy-based activities concerning demand 
of electricity, cooking, heating and cooling in various villages in the rural areas of Bolivia. 
Since the climate varies a lot due to the great height variations in the country, there is a need 
to find out how the need of energy as well as the pattern of use differs according to the 
climate. Therefore, villages in the three different topographical zones will be studied. In 
Altiplano we will visit a village in the La Paz region, in Yungas a village close to 
Cochabamba and in Oriente one close to Trinidad.  

The study will be pervaded by a perspective of sustainable development to ensure that the 
result can be used to optimize the future energy supply in Bolivia.  

1.4. Objectives  
This report is focusing on determining the energy demand in the rural areas of Bolivia. The 
objectives of the study are: 

- to provide data of the energy based activities in the three topographical zones 
concerning cooking, heating, cooling and electricity  

- to visualize how the energy based activities differ during the day through a simulation 
model based on the collected data  

- to find the most contributing factors concerning the energy demand  
- to describe the differences in energy need and living conditions due to the different 

topographical zones  
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2. Facts about Bolivia 
This section gives an overview of Bolivia in aspects of the country’s history as well as 
economical and energy situation.  

2.1. General 
Bolivia is located in the west part of South America’s midland (Figure 1) and has a young and 
rapidly growing population although it is sparsely populated with over 10.5 million 
inhabitants. A big majority of the population belongs to various Native American groups. 
Spanish is Bolivia’s first language but due to the large proportion of indigenous people half of 
the population speaks Quechua or Aymara (Lindahl, 2013).  

 

Figure 1. Bolivia in red in the South American continent (Pavón Besalú, 2011). 

2.2. History of Bolivia 
Approximately 3000 years ago, an agricultural civilization emerged around Lake Titicaca. 
The area known today as Bolivia was first conquered by the Inca Empire in the 15th century 
and the second time by Spain around 150 years later. The Spaniards used the Indians as slaves 
in the silver mines and it was not until the year of 1825 that Bolivia became an independent 
country. During the following decades Bolivia lost a lot of land area in war and after a 
revolution in 1952 an economic crises broke out. After twelve years of uncertainties, the 
military took the power over Bolivia followed by almost two decades of an undemocratic 
government. This time of insecurity led to high foreign loans which had big consequences for 
the country. Bolivia became a victim of high inflation, debt crisis, increased unemployment 
and severe corruption for many years. The growing social inequalities and the controversial 
gas extraction led to violent protests all over the country. During this turbulent time the 
people elected an Aymara Indian, Evo Morales, as a president in 2005. The socialist president 
Morales won the last election in October 2014 with a wide margin and is now entering his 
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third term as the country’s head of both state and government. Morales has strong support 
among the poor who has benefited from the strong growth during his time (Lindahl, 2013). 

2.3. Economy  
Bolivia possesses big quantities of natural resources such as natural gas, oil and minerals. 
Nevertheless, the country is poor and in high debt to foreign countries. The economy is highly 
dependent on aid from developed countries since the country’s agricultural sector is nearly 
negligible. One important reason for this is that the economy is heavily based on commodity 
exports. When market prices fall the export earnings are not sufficient to cover the imports. 
Another big problem in Bolivia is the huge social and economic disparities across the country. 
As a consequence Bolivia is plagued by massive unemployment which leads to a large 
informal sector including street vendors, coca growers and traffickers. Two-thirds of the 
working population is currently working within this sector and half of this group is self-
supporting farmers (Lindahl, 2013).  

Bolivia is one of the poorest countries in Latin America despite their great natural assets, but 
in recent years the economic growth has led to a decrease of the poor population and the gap 
between the rich and the poor social differences has decreased. However, almost half of the 
population is currently living below the national poverty line. Poverty is worst in the rural 
areas and the social and economic gaps between urban and rural areas are wide (Lindahl, 
2013).  

2.4. Food culture 
In a report about the nutritional status and the diet characteristics of a group of teenagers in 
the rural town off Calama outside La Paz, the eating habits have been mapped out. Calama 
has a population of around 2 000 scattered in 14 adjacent colonies and are located 1 500 meter 
over the sea level. The results were based are partially based on a 24-hour recall were the 
adolescents had to indicate precisely what they consumed in a day. The eating habits of the 
participators was that the usual breakfast consisted of a hot meal, like a soup with pasta, rice, 
potatoes, vegetables and meat or a meat dish with spicy sauce, potatoes and rice or pasta. It 
was less common to just drink a cup of tea or coffee with a piece of bread. Of the participants 
over 75 % ate breakfast on a daily basis. Both their snack and lunch were consumed outside 
the home and in most cases it included a soup and a second meat dish. In the afternoon it was 
time for the typical Bolivian tea or coffee that was served with fruit and/or bread. Dinner was 
also consumed at home and usually consisted of a bowl of soup made from pasta, potatoes, 
rice, vegetables and meat and the second dish that they ate included meat, usually chicken, 
pork or beef with vegetables and potatoes and/or rice and/or pasta. Traditionally the diet of 
the sub-tropical rural area in Bolivia is rich in vegetables and local fruits (Pérez-Cueto et al., 
2009). 

2.5. Variation in climate  
In Bolivia, half of the population earns its living from agriculture and the country holds with 
respect to topography a great variation. The country is divided into three geographical zones, 
delimited by the Andes. The western part of the country, Altiplano, is high plateau located in 
the Andes, and the eastern part is divided into the semitropical valleys, Yungas, by the eastern 
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side of the Andes, and the lowlands, Oriente, which covers two thirds of the country’s surface, 
shown in Figure 2. The climate in Bolivia holds great contrasts mainly due to the great 
differences in height. This means that the temperatures can vary a lot and the need for heating 
is different all around the country (Hudson, 1991). Lake Titicaca and La Paz, the city with the 
seat of Bolivia’s government, are situated in Altiplano. Due to the high altitude with an 
average height of 3700 m, the climate is extreme with drought and average temperature drops 
of 25°C between the often sunny days and frosty nights (Müller, 1999). The Yungas area has 
a milder climate but with heavy rainfall parts of the year. Cochabamba and the capital Sucre 
are situated here, but the infrastructure outside the cities is very poor. In Oriente, the climate 
is tropical and the land consists of rainforests, forests and savannas. The precipitation is heavy 
three months per year and turns the ground into swamps, but the rest of the year is rainless 
and dry. A significant part of the country’s gas and petroleum reserves are to be found in 
Oriente and one of the most important cities, Santa Cruz, is located here as well as the city 
Trinidad (Hudson, 1991).  

 
Figure 2. Bolivia with the three different topographical zones (Ibáñez, 2008). 

2.6. Average temperatures 
The annual average temperatures as well as the annual average high and low temperatures in 
the three cities close to the studied villages are shown in Table 2 below. The temperatures in 
La Paz are relatively cold, in Cochabamba warmer and in Trinidad tropical. 

City Average temperature Average high Average low 
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[ºC] temperature [ºC] temperature [ºC] 
La Paz 7 13 1 

Cochabamba 17 24 9 
Trinidad 25 30 21 

Table 2. The annual average temperatures in the La Paz, Cochabamba and Trinidad (Weatherbase, 2015). 

2.7. Energy situation  
The world’s need for basic requisites is increasing since 80 % of the world’s population 
currently is living in developing countries. Their approach to sustainability as well as their 
consumption will have a huge impact on the global economy. To achieve global sustainability 
the energy use in the developing countries plays a big role. Bolivia is one of the poorest 
nations in Latin America and the absence of big industries makes the country very dependent 
on foreign import. Bolivia’s economic situation is based on subsistence farming, the 
production of hydrocarbons and mining industry. The decline of the mining industry is one of 
the factors that has caused Bolivia to a fast development of the industry of fossil fuels since 
Bolivia owns one of the biggest sources of natural gas in the world (Pansera, 2012). Even 
though there is no direct lack of resources, 29.8 % of the population in 2011 had no access to 
electricity (WorldBank, 2013). Even though a big part of the population still lacks electricity 
there has been a progress connecting the Bolivian inhabitants to the public grid, this shown in 
Figure 3. Here it is observed that the access to electricity in the rural population has increased 
around 10 % in the last twenty years and that in the year of 2010, 55 % of the rural population 
had access to electricity (Pansera, 2012).  

 

Figure 3. Percentage of the population with access to electricity (The World Bank, 2015). 

Today approximately 3.2 million people in Bolivia live without electricity and most of them 
live in the rural areas around the country where almost 70 % of the people rely the biggest 
part of their energy demand on biomass (Leal Filho & Buch, 2012). Bolivia’s weak 
institutional structure and high inequalities do not allow the right exploitation of the natural 
resources among the inhabitants (Pansera, 2012). One major obstacle for the expansion of the 
public grid to rural villages is the nature of Bolivia. It is extremely expensive to connect the 
rural mountain areas due to the lack of infrastructure in the topographically difficult areas, a 
problem that also includes provision of fuels. Between 1990 and 2007, the price per 
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household for extending the grid to get access to electricity increased with 86 % from 700 
$US to 1300 $US, a socio-economic problem that mainly effects poor rural families. This 
confirms that rural electrification with the conventional method of grid extension is getting 
more difficult to implement and that communities must consider alternative decentralized 
sources to generate electricity to meet the energy demand, in Figure 4 one can see how the 
public grid in Bolivia is expanded (Fernández Fuentes, 2010).  

 

Figure 4. Map of the main electricity infrastructure in Bolivia (EIA, 2008) 

Bolivia has big sources of natural gas, minerals and oil. Even if the oil reserves are 
comparatively large Bolivia exports significantly less oil than natural gas. One important 
reason for this is the relatively new pipeline to Brazil that has increased the export of natural 
gas. The great supply of natural resources makes Bolivia self-supported in energy and today 
more than half of their electricity is based on natural gas, see Figure 5 (Lindahl, 2013). 
Natural gas is an important element of Bolivia’s economy and accounts for 34 % of the total 
public sector revenue. Although, the traditional biomass is still an important fuel for heating 
and cooking, especially for the 3.2 million Bolivians who lack access to electricity, according 
to the U.S. Energy Information Agency’s latest estimates in year 2011. Natural gas-fired 
plants and hydropower are the dominant sources of Bolivia’s electricity supply (EIA, 2014). 
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Figure 5. The sorces of Bolivias electricity generation in 2010 (The World Bank, 2015). 

The lack of industries in Bolivia is also shown in the use of energy (Pansera, 2012). In Bolivia 
623 kWh/capita and year is used for industrial purpose, which is approximately 7% of that the 
OECD countries use (UNData, 2011). Even though the power generation is very centralized, 
the environmental awareness over the last 20 years within this field has increased rapidly. It is 
common that universities and other organizations search for alternative solutions to strengthen 
the electric network. “The rule of public university” has been essential in the progress of 
international development actions. This can be why Bolivian universities present many levels 
of brilliance in areas like mining, energy and environmental management. However, there is 
no policy of innovation in Bolivia and almost all initiatives are done by foreign actors. In the 
last decade, an international action has been done trying to formulate a strategy to spread 
sustainable use of energy in rural areas. Nevertheless, traditional knowledge is very important 
for Bolivians since it is a central part for their social life. This can be one reason why a 
sustainable development is not always taken into account (Pansera, 2012).  

3. Energy in rural areas 
This section provides information from previous studies concerning rural energy supply, 
electrification and cooking habits. Every part in this section also explains the situation in rural 
Bolivia. 

3.1. Energy ladder 
The energy ladder is a concept that has its starting point in the difference between energy-use 
patterns and the household’s economic situation. The concept is based on the assumption that 
a household’s behavior is consistent with the neoclassical consumer which means that with 
increased income the household will choose more sophisticated energy carriers. This means 
that wood or crop wastes are burned by the poor meanwhile wealthier households use 
petroleum products and electricity (Hosier & Dowd, 1987).  

The energy ladder is a socio-economic model often used by economists to describe how 
households advance to a more sophisticated fuels as their economic situation improve. The 
underlying theory is that households will move up the energy ladder shown in Figure 6 and 
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replace the traditional biomass fuels with kerosene, gas and eventually electricity 
(Maconachie et al., 2009).  

 
Figure 6. The energy ladder model concerning cooking (Roser, 2015). 

 

3.2. Energy demand in rural areas  
According to (Guta, 2012) the key factors concerning the energy demand of a household in 
rural areas are the price of energy and appliances, the household’s income, the accessibility of 
other fuel sources and appliances, specific requirements for the use and cultural factors. How 
the choice of fuel source changes with an increasing income can be described by the concept 
of the energy ladder, explained in section 3.1. In the developing world, biomass is the most 
common energy source. With an economic development, the trend is to start using other fuel 
sources such as liquid petroleum gas (LPG) for cooking (Manning & Taylor, 2014) & (Craig 
& Overend, 1995). Though, households in developing countries tend to stick to a combination 
of fuels instead of a complete switch to modern fuels, a phenomenon called fuel stacking 
(Guta, 2012). 

In a study made in South Africa the authors analysed the energy use before and after grid 
electrification. Before the electrification the domestic energy use for the five villages was 
8100 to 14 000 MJ per capita and year. In the different villages there were four different 
energy sources before and after grid electrification, this shown in Table 3 below (Johnson & 
Bryden, 2012).  

 

 

Heating and cooking Wood [%] Wood and 
Kerosene [%] 

Electricity 
[%] 

Before grid 45 50 - 
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electrification 
After grid electrification 45 22 31 

Table 3. Describes how the citizens in the five villages in South Africa use different fuels for heating and 
cooking before and after grid electrification (Johnson & Bryden, 2012). 

The authors found that space heating in these villages started in mid-November and lasted 
until mid-February. All families in the study used a primary heating fire and about half of the 
families used a secondary heating fire for elderly overnight. During December the energy use 
for space heating was measured with a mean and standard deviation of 130 and 42 MJ/day, 
family. The families that also used secondary heating used an additional 60 MJ/day and 
family. In the coldest period the found out that the consumption of wood for heating doubled 
(Johnson & Bryden, 2012).    

In an investigation of Bhutan’s energy situation - a country with an extremely various 
topographical geography and a very high use of firewood - the results showed that the amount 
of fuelwood used for domestic purposes increased distinctly with the altitude for all three 
kinds of studied stoves; cattle feed stove, heating stove and cooking stove. The average use in 
the high altitude (up to 7000 meters above the sea level) compared to the low altitude (down 
to 200 meters above the sea level) was 6.5 times higher for the heating stove and 3.3 times 
higher for the cooking stove (UNDP, 2012). The average use of firewood in Bangladesh, one 
of the world’s lowest users of fuel, is 4.24 tons per family and year. With an average family of 
5-6 persons, that means 707 kg per person and year (PISCES, 2011).  

In a report about the household fuel choice in Zimbabwe the authors investigate if the income 
is connected to the fuel choice. In 1986 the country was still dependent on wood fuel to 
supply the energy needs of the residential sector but the country also has big plenty of coal 
and hydropower resources. Normally the household energy use varies according to the 
household’s income and the authors are basing their hypothesis on the energy ladder concept. 
Table 4 is a summary of what fuels the different income groups use where the income is based 
on the monthly income in Zimbabwean dollars (Hosier & Dowd, 1987). 

Income 
category 

[Z$ dollars 
per month] 

Quantity Fuel 
wood 

[kg/day] 

% using 
fuel 

wood 

Coal 
[kg/day] 

% 
using 
coal 

Kerosene 
[lt/ week] 

% using 
kerosene 

Load limited 
electricity % 

using 

Metered 
electricity 
% using 

Less than 
Z$50 

1173 15.1 86.6 4.5 0.3 0.6 68.5 5.2 3.4 

Less than 
Z$150 

589 14.6 68.9 9.7 4.2 1.1 63.7 17.6 1.9 

Less than 
Z$250 

166 15.3 51.8 8.3 3.0 1.5 42.8 27.1 11.4 

Greater 
than Z$250 

218 15.6 38.5 4.6 1.4 1.4 39.0 28.9 26.6 

Total 2146 15.0 74.2 8.5 1.7 0.8 62.2 12.7 6.0 

Table 4. Choice of fuel for energy in Zimbabwe depending on the monthly income (Hosier & Dowd, 1987) 

According to the results in Table 4 the wood fuel consumption does not appear to change with 
increasing income although the proportion of households that relies on the fuel significantly 
decreases. The authors also make the conclusion that the reason that the coal consumption 
differs along the different income groups can be because it is a fuel that is not very popular 
among the households. Both the quantity of kerosene consumption per household and the 
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electricity use do in fact increase with income. Observed is that the patterns of household 
energy use vary in a reasonable manner according to the income. Even so the author’s 
conclusion is that other factors such as subsector and ecological zone are important in the 
choice of fuel (Hosier & Dowd, 1987).   

In Bolivia, LPG is usually not available in smaller rural villages due to lack of infrastructure. 
Though, it is more common in major rural centers and in cities. In the more isolated areas, 
biomass such as firewood is the most common energy source with an average coverage of 80 
% of the total energy demand in rural Bolivia. There are also some villages where 
hydropower covers up to 97 % of the demand. Table 5 shows the percentage of use for the 
most common fuel sources used for cooking in Bolivia in year 2009. Firewood and LPG are 
the main fuel sources, but also dung has a considerable importance (Canedo Espinoza et al., 
2013). 

Fuel 
source 

Wood Liquid 
gas 

Dung Kerosene Electricity Natural 
gas 

Other No 
cooking 

Percentage 
of use [%] 46.51 45.24 6.57 0.33 0.28 0.14 0.06 0.87 

Table 5. The percentage of use for the most common fuel sources in rural Bolivia (Canedo Espinoza et al., 
2013). 

3.3. Cooking in developing countries 
3.3.1. Choice of fuel 
Today it is common for households in developing countries to use firewood and charcoal as 
cooking fuels and this has contributed to the increasing deforestation and carbon dioxide 
emissions. It has been estimated that more than 15 million hectares of tropical forest is 
desolated annually to provide for small-scale agriculture of for use as fuel wood for both 
cooking as well as heating (Akpalu et al., 2011). The dominating source of energy for 
cooking and heating in developing countries is biomass. In a report about cooking fuels in 
Ghana the authors state that each person uses around 640 kg of wood fuel annually (Akpalu et 
al., 2011). 

In Ghanaian households the most common fuel for cooking and heating is charcoal which is 
unusual in most developing countries. Though, charcoal is a more desirable fuel for domestic 
use than firewood due to its high energy content and since it is easy to transport. However, 
since charcoal is made of wood, there is also a loss of energy potential in the charcoal 
production. Kerosene is usually used as a modern cooking fuel, it has high energy density and 
high combustion efficiency (Akpalu et al., 2011). In Mexico, another popular choice of fuel 
for the rural inhabitants is LPG. It is usually used in combination with traditional energy 
sources and LPG is almost always used as a secondary fuel for smaller tasks in the kitchen 
(Berrueta et al., 2008). 

An estimation made by INE (Bolivia’s national statistics institute) in 2012 shows that in the 
cities, 61 % of the fuels for cooking come from bottled gas, and 24 % from firewood (INE, 
2012). In a study about different types of firewood in Bolivia, the use of firewood was 
estimated to 2.5 kg per person and day for the northern part of Potosi and the southeast part of 
Cochabamba (Thomas et al., 2011). In an electrification study made by Björnström and Palm 
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(1995) in Altiplano in the rural areas outside La Paz, cow dung was the most common energy 
source for cooking because of the dramatic deforestation in the last century. The cow dung 
was estimated to stand for 58 % of the total energy use in the studied villages. Its energy 
content can, according to Björnström and Palm (1995), reach 4.2 kWh/kg with an 
approximated water content of 15 %, 0.1 kWh/kg less than the previous used Thola plant, a 
tree species used for firewood, which in most areas is no longer available. Kerosene was also 
used for cooking and illumination, a fuel source that can cause bronchi and eye irritations if 
the kerosene is of bad quality (Björnström & Palm, 1995).  

3.3.2. Health effects 
In many rural households firewood helps to bridge the income gaps and can be seen as an 
important engine for economic growth. The negative side of firewood it that the smoke from 
solid fuels worldwide takes 1.45 million lives annually. Indoor air pollution from biomass is 
one of the largest health threats for humanity and is often caused by incomplete combustion. 
It is more common for women to be responsible for cooking and as a consequence of that, 
women are much more exposed to indoor air pollution than men. It is also common that the 
women carry their children on their back which also causes the children a high level of 
exposure for indoor air pollution. Children are particularly vulnerable for these diseases 
(Maes & Verbist, 2012), but the most common used fuelwood technology is still the open fire. 
This technology is associated with high emissions from inefficient combustion. In a report 
about Mexico, the writers state that the women spend between 2 and 4 hours a day cooking 
and therefore breath in the dangerous smoke (Berrueta et al., 2008).  

3.3.3. Different types of stoves 
In Mexico the most typical stove is the traditional open fire surrounded by three stones and 
are therefore called three-stone fire (TSF) and another common stove is the open fires with U-
shaped surroundings called the U-type stove. In this area the U-type is usually made from 
mud or clay. Even if the U-type stoves use a kind of combustion chamber there is no chimney 
which leaves the combustion incomplete and uncontrolled (Berrueta et al., 2008).  

The thermal efficiency of the three-stone fire typically ranges between 5 % and 17%. Another 
type of stove that is widely used is the Patsari stove. The project behind this stove won the 
Ashden Health and Welfare prize for Sustainable Energy in 2006. This stove is a wood 
burning cook stove that is designed to take care of its user’s health, environment and 
economy. The Patsari stove is usually built of bricks and cement with integrated metal comals 
that are sealed with clay to avid smoke leaks into the kitchen as well as a chimney. The 
authors compared these three types of stoves that are common in Mexico and performed water 
boiling test (WBT)1 and the result is shown in Table 6 below (Berrueta et al., 2008).  

 

1 The WBT has three different components; one test at high power with cold start conditions, one with warm 
start conditions and another test at low-power to simulate the cooking tasks that needs less heat. The test is about 
boiling three litre of water and measure thermal efficiency, firepower and specific fuel consumption of a stove 
(Berrueta et al., 2008). 
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 Thermal 
efficiency [%] 

Specific fuel consumption 
[kg wood/kg water] 

Firepower 
[kW] 

High-power phase 
cold start    

Patsari 7 ± 0.6 0.49 ± 0.8 9.1 ± 1.2 
TSF 13 ± 3.7 0.19 ± 0.2 9.2 ± 0.6 
U-type 18 ± 0.9 0.13 ± 0.1 6.4 ± 1.2 
High-power phase 
warm start    

Patsari 17 ± 3.9 0.18 ± 0.4 4.4 ± 0.5 
TSF 19 ± 4.2 0.13 ± 0.3 7.1 ± 1.5 
U-type 17 ± 0.7 0.14 ± 0.1 8.1 ± 0.4 
Low-power phase 
simmer    

Patsari 30 ± 11.7 0.19 ± 0.1 2.3 ± 1.1 
TSF 19 ± 6.8 0.29 ± 0.5 3.9 ± 0.8 
U-type 15 ± 1.3 0.28 ± 0.4 3.8 ± 0.6 

Table 6. The WBT results of the improved wood cookstove Patsari and the two different open fire stoves, three-
stone fire and U-type (Berrueta et al., 2008) 

This water boiling test shows that the Patsari stove is not that good in the high-power phase 
and has a low thermal efficiency. However it works better in the low-power phase and gets 
the best thermal efficiency of all the stoves. While both U-type and TSF increased in specific 
fuel consumption trough out the test, the Patsari stove actually decreased. Despite the 
Patsari’s poor performance, one cannot forget that this is the only stove with a chimney and 
even though it require more fuel in the high-power phases this stove can give a household a 
better health, which cannot be measured in efficiency.  

The authors also wanted to see how the fuelwood and energy use in the different stoves 
differed and therefore the cooked the typical meal tortillas on the different stoves to compare 
them. The authors used 20 MJ/kg of oven-dried wood and 28 MJ/kg charcoal as the heating 
source for this test and the result is described in Table 7 (Berrueta et al., 2008). 

Device N 
Fuelwood for 
tortilla task 

[kg/kg] 

Energy use 
[MJ/kg] 

Savings 
compared to 
U-type [%] 

Savings 
compared 

to TSF [%] 
Patsari, metal 
comal 6 0.64 ± 0.07 12.89 ± 1.32 65 57 

Patsari, clay 
comal 6 0.84 ± 0.16 16.72 ± 3.18 55 44 

TSF 
 6 1.49 ± 0.40 29.86 ± 8.08 19 - 

U-type 
 6 1.85 ± 0.41 36.98 ± 8.13 - - 

Table 7. Energy use and fuelwood for a standard cooking task in Mexico (Berrueta et al., 2008)  

In Table 7 it is observed that the Patsari stove uses considerably lower amount of fuelwood 
and thereby has lower energy use compared to the other traditional stoves while cooking 
tortillas. Even though the results of the Patsari stove in the WBT was not that good, one can 
see that when it is used for cooking it is a lot better than the traditional stoves. Furthermore, it 
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does not emit as much of the dangerous smoke since it is equipped with a chimney. A suitable 
choice for making tortillas is therefore the Patsari stove with the metal comal. 

3.4. Electricity in houses in development countries 
In studies concerning energy and electricity, both the power and hourly use for each device is 
important to know to be able to estimate the total use of energy as well as to calculate the 
peak demands. It is also important to study the energy demand that is not part of the 
electricity use since for example cooking - and in some cases heating – often are major parts 
of the energy use in rural areas but seldom parts of the electricity use. 

A study of rural electrification has been made in rural areas in several developing countries in 
Asia and Africa (Paleta et al., 2014). The study was based on the RAES (Remote 
Autonomous Energy Systems) methodology which uses two assumed scenarios for off-grid 
village power systems, one base scenario and one welfare scenario, for the installed electricity 
capacity. The base scenario is considering only the use in one public building and the welfare 
is considered a connection of two public buildings and eight houses. The public building in 
the base scenario has an energy demand from morning to evening, including a continuous use 
of a freezer also in the night, and the welfare scenario shows a bigger demand also including 
ventilation and computer usage, as well as a second freezer and longer light usage in the 
evening. The electrical energy intensity in the study was set to 5.10 kWh/day in the public 
buildings and to 0.1 kWh/day in the households. The hourly electricity demand respectively 
the peak, mean and minimum electricity demands for the two scenarios are shown in Figure 7, 
Figure 8 and Table 8 below (Paleta et al., 2014). These figures and type of data are important 
examples of how the electricity demand varies during a time period due to type of demand 
scenario and time of the day, which both are important aspects in the design of the off-grid 
solution. The electricity demand is low during the night and higher during the day and the 
afternoon in both scenarios as can be expected. However, the peak demand is earlier the 
afternoon in the welfare scenario and later in the afternoon in the base scenario. 

 
Figure 7. The hourly electricity demand for the base and welfare scenario (Paleta et al., 2014). 
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 Figure 8. The minimum, average and maximum electricity demand per hour for the two scenarios shown 

graphically (Paleta et al., 2014). 

 

 Base scenario 
(31 of 70 days) 

Welfare scenario 
(40 of 70 days) 

Minimum daily energy 
demand [kWh] 0.06 4.03 

Average daily energy 
demand [kWh] 2.18 6.22 

Maximum daily energy 
demand [kWh] 3.99 10.51 

 
Table 8. The minimum, average and maximum energy demand for the two scenarios (Paleta et al., 2014). 

Figure 7 shows that the electricity demand during daytime is up to four times bigger in the 
welfare scenario than in the base scenario. This could partly be explained by the homes where 
the ventilation and computers can be assumed to be used during the day and afternoon. 
Another explanation can be that the main electricity activity in the base scenario is 
illumination, which is mainly used during the dark hours in the afternoon and early night. In 
Figure 8, the maximum demand peaks during daytime from 10 am to 5 pm in the welfare 
scenario but is less big and during a shorter period, from 5 pm to 8 pm in the base scenario. It 
is also to be observed that the base scenario keeps a more constant pattern between minimum, 
average and maximum demand compared to the welfare scenario where the minimum and 
maximum demand clearly differ from the average demand. This can possibly be explained by 
that the living conditions in the welfare scenario allow more irregular electricity use that does 
not only cover the basic needs. Table 8 shows the difference in energy demand in the two 
scenarios where the welfare scenario has an almost three times as big demand as the base 
scenario.  

An electrification project (Barnes et al., 2010) was made on off-grid households as well as 
grid connected households in seven different topographical zones in 3378 rural villages in 
Peru in order to provide information for further development of policies concerning rural 
electrification in Peru. Peru is a country with topographical as well as socioeconomic 
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similarities to Bolivia. The average use of electricity in the rural areas was estimated to 27 
kWh per electrified household and month and 70 % of the grid connected rural villages used 
less than 30 kWh per electrified household and month. The low use compared to rural areas in 
countries with a similar socioeconomic status in South East Asia was explained by several 
factors such as expensive electricity and unavailability of cheap electrical devices. The 
monthly average electricity use per electrified household based on income is shown in Table 9 
below. The use can be approximated as a linear function to the income (Barnes et al., 2010).  

 US$ <35 US$ 35-62 US$ 62-99 US$ 99-165 US$ >165 All 
Illumination 
[kWh/month] 5.1 6.4 6.5 8 9.7 7.7 

Total [kWh/month] 13.1 14.8 22.2 28.5 46.5 27.1 
Table 9. The average monthly use of electricity for light and in total per electrified households in rural Peru by 
income (Barnes et al., 2010) 

Our study object can be compared to two of the investigated areas in Peru; the Andean South 
where the altitude is high and the weather is cold and windy and the tropical Amazon region. 
Those areas have many similarities to the conditions in Altiplano and Amazonas. Table 10 
shows the monthly electricity use in electrified households in the two regions Andean South 
and Oriente, as well as for all studied regions. The use of electricity is only half as big in the 
Andean South compared to the Amazonas region, which partly could be explained by 17 % 
more expensive electricity as well as lower average incomes in the Andean South and 
therefore less possibilities to buy electronic devices (Barnes et al., 2010). 

 Andean South Amazonas All regions 
kWh used per month 16.7 31.6 27.2 
% used for illumination 54.6 38.5 42.9 
kWh for illumination per month 5.8 6.9 7.1 

Table 10. The average monthly use of electricity for light and in total per electrified households in rural Peru for 
the two regions Andean South and Amazonas, as well as for all studied regions (Barnes et al., 2010). 

In the investigated Peruvian electrified households, 37 % had a black and white TV and 33 % 
had a color TV. In the households with lack of access to the electricity grid, 20 % had a 
television operated by car batteries. That indicates that television is one of the most desired 
aspects of electrification. The hourly use of the most common solutions for TV sets and radios 
are shown in Table 11 and Table 12. The Tables show that the viewing hours per day are 
distinctly more with a plug-in color TV than for both kinds of a connected black and white 
TV and that the listening hours for the radio are more when a dry cell is used than for car 
batteries and grid connection. That can possibly be explained by a more frequent use of TV 
and less need for a radio with access to the electricity grid or a car battery. Since a TV is an 
audio-visual kind of entertainment and also considered more modern than a radio, it is likely 
to partly replace the radio hours with hours in front of the TV when having access to the 
electricity grid since the grid is not limited like a battery (Barnes et al., 2010). In the rural 
areas of Bolivia it is common to listen to the radio and there is over 800 radio channels in the 
country (Lindahl, 2013). 

 Car battery, Grid, plug-in Grid, plug-in 
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b&w TV b&w TV color TV 
Viewing hours per day [h] 2.81 2.59 6.83 
Viewing hours per month [h] 87 80 212 
Power rating [W] 24 48 75 
Monthly used electricity [kWh] 2.09 8.85 15.88 

Table 11. The pattern of use for TV:s in rural Peru by electricity solution (Barnes et al., 2010). 

 Dry cell Car battery Plug-in, grid 
connected 

Listening hours per day [h] 4.64 3.68 2.87 
Listening hours per month [h] 141 112 87 
Power rating [W] 3 9 18 
Monthly used electricity [kWh] 0.42 1.01 1.57 

Table 12. The pattern of use for radios in rural Peru by electricity solution (Barnes et al., 2010). 

In the same report, a comparison was done with another estimation of the same topic made in 
year 1999. In that study the regions were divided into three bigger regions; the Andean, 
Amazon and Coastal zones. The monthly use in the Andean and Amazon zones are presented 
in Table 13 below. One explanation to the higher use compared to Table 10 is that the study in 
1999 was made closer to urban areas (Barnes et al., 2010). 

 Illumination 
[kWh/month] 

Radio & TV 
[kWh/month] 

Refrigeration 
[kWh/month] 

Other 
[kWh/month] 

Total 
[kWh/month] 

Andean 7.3 5.4 - 23.4 36.1 
Amazon 9.2 5.4 13.5 20.2 48.3 

Table 13. The monthly electricity use per household in rural areas in the Andean and Amazon regions in Peru 
estimated in the year of 1999 (Barnes et al., 2010). 

An evaluation was also made on the change in monthly expenditures after electrification. 
Table 14 below shows the changes, where the most increasing expenditures were for 
electricity, small generators and LPG, and the most decreasing expenditures were for wood 
and kerosene (Barnes et al., 2010). Like discussed in section 3.1, LPG is a commonly used 
energy source as the life conditions are improving. 

Energy 
source 

Kerosene Candles LPG Dry 
cell 

Battery 
charging 

Battery Wood Small 
generators 

Electricity 

Monthly 
change in 
expenditure 
[PEN/ 
month] 

-10.5 -2.9 10.4 -1.6 -2.0 -1.4 -58.8 15.0 50.4 

Table 14. The monthly change in expenditures in Peruvian Nuevo Sol (PEN) per electrified household in rural 
areas in Peru (Barnes et al., 2010). 

The monthly maximum use of installed electricity year 2013 in the departments of La Paz, 
Cochabamba and Trinidad are shown in Table 15 below (Comite Nacional de Despacho de 
Carga, 2013). It shows that the demand in La Paz and Cochabamba is a little higher during the 
summer and autumn months when the temperatures decrease, and higher during the autumn 
and winter in Trinidad, possibly because of an increased demand of air conditioning and 
cooling due to very high temperatures, see Table 16. 
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City Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

La Paz [GWh] 138.1 123.5 132.4 132.2 137.6 136.8 138.9 140.4 134.1 140.7 134.4 138.5 

Cochabamba [GWh] 87.9 78.2 89.2 86.9 89.5 86.3 91.2 91.1 89.6 95.1 90.7 90.6 

Trinidad [GWh] 22.1 24.3 19.9 20.2 20.2 19.4 18.9 20.1 20.3 20.7 22.3 23.9 

Table 15. The monthly energy demand in the three cities La Paz, Cochabamba and Trinidad year 2013 in GWh 
(Comite Nacional de Despacho de Carga, 2013) 

City Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

La Paz [ºC] 8 8 8 7 6 5 5 6 7 8 8 8 

Cochabamba [ºC] 18 18 18 17 15 13 13 15 17 18 20 19 

Trinidad [ºC] 27 27 27 26 25 23 23 24 25 27 26 27 

Table 16. The monthly average temperatures in ºC in the three cities La Paz, Cochabamba and Trinidad 
(Weatherbase, 2015). 

The average electricity use in Bolivia is very low compared to other countries in the region. In 
Bolivia it was estimated to 36 kWh per person and month year 2008, compared to 64 kWh in 
Peru, 156 kWh in Brazil and 226 kWh in Chile. Though, it is even lower in the Bolivian rural 
areas with an estimated average of only 25 kWh per month which is similar to the demand in 
the Peruvian study above (Leal Filho & Buch, 2012). 

According to Björnström and Palm (1995) the use of energy and electricity in households in 
rural areas outside La Paz was estimated to 1.2 MWh respectively 0.04 MWh per person and 
year. Of the energy, 90 % was used for cooking. The total electricity use in each village in 
March 1995 is shown in Table 17 below (Björnström & Palm, 1995). The table shows that the 
monthly used electricity differed between 33 to 58 kWh per subscriber.  

Village Number of 
subscribers 

Electricity used 
[kWh] 

Number of street 
lamps 

Ocomisto 34 1978 4 
Pomamaya 57 2302 3 
San Roque 105 3430 7 
Tacachira 52 2240 4 

Villa Andrani 36 1566 3 
Table 17. The electricity use in five small villages outside La Paz in March 1995 (Björnström & Palm, 1995). 
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4. Methodology  

 

Figure 9. The methodology of the study step by step. 

To achieve a sustainable development in the rural areas of Bolivia for people with lack of 
access to the public grid, the study was made through a perspective of sustainability. 
Sustainable development is a dynamic process, and therefore the energy situation had to be 
studied throughout a long-time perspective by not only contemplating today’s energy demand, 
but also by investigating what the people needed besides the basic requisites, and also what 
they might need in the future.  

The steps of the study are shown in Figure 9. The field study was mainly done through 
observations, measurements and interviews with locals, see further explanation in Table 18. It 
was done on the structures and materials of the houses, on materials and fuels used for 
heating, on existing electricity generators and on patterns of the energy use in the households 
concerning cooking, lighting, amusement etc. during the whole day. The heating and cooling 
demand was also studied through observations and communication with the inhabitants by 
asking about today’s need – both fulfilled and unfulfilled – and what was lacking. Questions 
in English were prepared in advance and translated question by question by an interpreter into 
Spanish during each interview. The interviews were done orally and the answers were written 
down, this since analphabetism is common in the rural areas of Bolivia and a written 
questionnaire could therefore possibly exclude important knowledge and information. The 
interview was started by telling the respondents that the research team was from Universidad 
Mayor de San Simón in Cochabamba, this to avoid that the respondents would hide 
information with fear that the information would be used by the government. During the 
interviews and the evaluation of the answers, the inhabitants’ perspectives were to be taken 
into consideration. They did most likely not have the same view of needs and comfort as the 
research team and they could not always express what they wanted and needed. Therefore, 
examples and suggestions of future needs were given during the interviews. Quantitative 
measurements were mainly made on time durance for the energy based activities. For the 
collecting of data a questionnaire (Appendix 1), a folding rule and a camera were used and the 
energy models were created in STELLA 10.0.06. 
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 Primary method Secondary method 
Electricity Interviews Observations 

Heating Interviews Observations 
Cooling Interviews Observations 

Cooking Interviews Measurements 
Houses Observations Measurements 

Living conditions Interviews Observations 
Table 18. The methods used for each investigated subject in the households. 

4.1. Structure and interpretation of the result 
The observed and collected information was partly qualitative, and therefore some 
assumptions had to be made (see section 4.4) to be able to convert that information into 
quantitative data. The quantitative data was then compiled and visualized in STELLA 10.0.06 
and resulted in an energy model with appurtenant diagrams showing the daily energy use and 
its variation during the day for each household in the different topographical zones. The non-
quantifiable information is partly described in section 5.1-5.3 and more deeply in Appendix 2-
4 and discussed in relation to the energy models in section 5.4.  

One to three households in twelve different villages were studied in each of the three 
topographical zones. Those households have then been used as templates for the energy 
situation in the three zones, a generalization made to delimit the study within the time frame 
of eight weeks.  

4.2. Study objects 
Only one of the investigated villages, Waka Wasi in the sub-tropical zone, was visited 
because of previous contacts. The other villages were randomly chosen during the study after 
communication with locals in the three cities Cochabamba, La Paz and Trinidad. Only four 
households in the Altiplano region were investigated, this because several approached 
families in that region were shy to let the research team enter their households and since the 
investigation time in Altiplano was limited. The visited villages are described in section 4.2.1 
to 4.2.3 below. 

4.2.1. The Oriente villages 
Oriente is the tropical part of Bolivia with hot temperatures all year round as well as a humid 
climate. The altitude is less than 400 meters above sea level. The visited villages in the 
Oriente region are described below. 

4.2.1.1. Santa Rosa 
This community is located around 100 km outside Trinidad and around 65 families live here. 
The village has recently received electricity and to connect a household to the grid the 
families have to pay 80 Bs at the responsible enterprise’s main office in Trinidad. The main 
occupation in the village is agriculture, even though it is more common in self-consuming 
purposes than for sell it. The village has a water tank that each household pays 15 Bs per 
month, a gift from the Japanese government. 
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4.2.1.2. Nuevo Horizonte 
This village is located in the department of Beni, 83 km outside Trinidad. At the time of the 
investigation, the Bolivian government is planning to extend the public grid to this village to 
supply the people with modern electricity. There where around 20 households in the village 
that had already received assistance a couple of years ago from four non-governmental 
organisations, G.A.M San Andrés, FUNDEPCO, LACT and OXFARM, which helped the 
inhabitants to build new houses. This community has one generator that can be used by 
anyone for domestic purposes by adding own gasoline. There was also a water tank in the 
community where all the inhabitants got their water from for around 12 Bs per month. 

4.2.1.3. El Rosario 
This small community is located less than 10 km outside of Trinidad. Around 30 families live 
in the village and the grid had been extended there in October 2014. Even though the grid is 
available for the inhabitants, not everyone could afford to connect their house to it.  

4.2.1.4. Casarabe 
This village is located 51 km outside Trinidad on an altitude of around 200 meters above sea 
level. The village has had access to electricity for at least 20 years and although agriculture is 
important for the inhabitants, it is not uncommon to have a job besides the farming. This can 
be because it is rather close to Trinidad and the crowded village made it hard for the people to 
have a big land for large-scale production. Since electricity was introduced in the village a 
long time ago the village rather modern. The community has a water tank but since the water 
is rather salty, the citizens can not drink it right away.  

4.2.2. The Yungas villages 
Yungas is the semitropical part of Bolivia with fertile land as well as suitable climate for 
agriculture. The visited villages in the Yungas area are described below. 

4.2.2.1. Waka Wasi 
Waka Wasi is a grid collected village in the high valley on an altitude of 3200 meters around 
60 km from Cochabamba. There are around 50 households in the village. Most of the 
households are already connected to the public grid. The village gets water from a well that 
costs the families 100 Bs per year. The most common occupation is agriculture due to the 
fertile conditions.  

4.2.2.2. Lipez, Londo, Poquera and Tariza 
Lipez, Londo, Poquera and Tariza are four small villages situated close to each other in the 
low valley south of Cochabamba. The villages have similar conditions with less than 50 
households in each village and with agriculture and milk farming as the most common 
occupations. 

4.2.3. The Altiplano villages 
Altiplano is situated in the Bolivian highlands where the temperatures are colder. The average 
altitude is 3750 meters above sea level. The descriptions of the investigated villages in this 
region are to be found below. 
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4.2.3.1. Chiarpata 
In this village around 250 adults live, and most of them work within agriculture. The village is 
located 80 km outside El Alto and has approximately the same altitude. The village has access 
to the electricity grid which is used by the families who can afford to be connected. 

4.2.3.2. Esquivel 
This village is located around 100 km outside El Alto and the altitude is almost the same, 
around 4 000 meter above sea level. The most common occupation is agriculture with focus 
on cattle. It is common to use the animals for producing and selling the products that they can 
extract from them, like milk and cheese. There is access to electricity in this village and most 
of the citizens are connected. Though, the public grid is not very reliable since blackouts are 
common during thunder storms, a natural phenomenon that occurs frequently in this area. 

4.2.3.3. Cotushuma 
This village is located around 120 km outside El Alto. In this village the citizens mainly work 
with agriculture with cattle as their main income and it is common to have cows to produce 
milk and cheese. The village is located close to Lake Titicaca and there is access to electricity 
within the village as well as a school for the children. 

4.3. Modelling with STELLA 10.0.06 
STELLA 10.0.6 is distributed by ISEE Systems and is a program to create system diagrams 
simulated over time to show different scenarios graphically and schematically (ISSE-Systems, 
2015). For this study, the program was used to graphically show the hourly used electricity as 
well for calculating the total daily energy demand in each investigated household. The in data 
needed for this simulation is the hourly use as well as the wattage for each used device. With 
that information STELLA creates a model of the energy demand given in the unit Wh. For the 
simulation, the time interval of one hour was used which affects the graphs to be inaccurate in 
the angles of the slopes in situations where the electricity use increases dramatically from one 
hour to another. 

4.4. Assumptions 
Concerning the electrical devices, the assumption was made that all similar devices have the 
same power, data chosen by observations of the devices in some households. This assumption 
was made since all families did not let us see all their devices. The assumed and observed 
values for each device are shown in Table 19 below. An approximation was also made that 
the power of the refrigerator is constant every hour throughout the whole day. 
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Device Assumed 
power [W] 

Blender 385 
Bulb 40 
Cell phone 5 
DVD 25 
Fan 120 
Irrigation system  700 
Laptop 45 
Low energy bulb 14 
Radio 15 
Refrigerator (modern) 37 
Refrigerator (unmodern) 130 
Stationary phone 25 
Stereo 300 
Toaster 1100 
TV 75 

Table 19. The assumed power for all the used devices in the investigated households. 

Since almost all electrical devices were used regularly every day, the STELLA models were 
created to show the daily electrical energy demand. Though, a few devices like the blenders 
and charging of cell phones were not used every day but the STELLA models show the 
typical day when every device is used.  

To calculate the average daily energy demand for cooking a number of assumptions were 
made. There were three fuels used for cooking; LPG, cow dung and firewood. During the 
field study the inhabitants had problems trying to describe how much LPG they used per day 
and they instead shared the information of how much LPG they used in a month, and the most 
common answer was one tank a month. To calculate how much LPG the respondents usually 
used per day, the assumptions were made that the volume of a LPG tank is 15 dm3 and that 
one month has 30 days. 

Due to the fact that the responding families often had difficulties to tell how much firewood 
they usually used for one meal and since the type of firewood often differed a lot, the 
assumption was made that 4 dm3 of firewood was used per hour of cooking after measuring 
the pieces of wood that some of the families showed. The energy content of eucalyptus has 
been used for calculating the average daily energy demand for cooking for all households that 
used firewood. 

The dung found in the Altiplano area had the approximated dimensions of 20 cm in diameter 
and a height of 2 cm. If the shape of one briquette of dung is considered to be a cylinder, the 
volume of each briquette is calculated to 0.0006 m3. That volume was used to calculate the 
weight using the density of dried cow dung (Table SSS) which resulted in an approximate 
weight of  0.25 kg for each briquette. Each household usually used around 30-40 pieces of 
dung per cooked meal. 
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Table 20 below shows the densities and calorific values of the three fuel sources used for 
calculating the average daily energy use for cooking. 

Fuel source Density [kg/m3] Gross calorific 
value  

LPG 540 27.1 MJ/ dm3 
Eucalyptus 550 18.8 MJ/kg 
Dried cow dung 387 2 14.4 MJ/kg 

Table 20. The densities and calorific values for LPG, eucalyptus and cow dung used for the energy calculations 
(Staffell, 2011; CABI, 2013; Luger, 2015; Oroka & Akhihiero, 2013). 

4.5. Used equations 
To calculate the average daily electricity used per household equation (1) was used: 

Etotal =Σ( Pdevice * tdevice ) 
                                                                                                       (1) 

where Etotal is the average daily electricity used per household [Wh], Pdevice is the power [W] 
for each device and t is the time [h] that each device is used. 

To calculate the average daily energy from dung used for cooking the equations (2), (3) and 
(4) were used: 

𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 =  𝜋𝜋𝑟𝑟2 ∙ ℎ 
(2) 

where Vdung is the volume [m3], r is the radius [m] and h is the height [m] of the one cow dung 
briquette. 

𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 =  𝜌𝜌𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ∗ 𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 
(3) 

where mdung is the mass [kg] and ρdung  is the density [kg/ m3] of the one cow dung briquette. 

Once the mass 𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 of one briquette of cow dung is known it is possible to calculate the 
energy use per meal: 

𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 =  𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ∗ 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ∗ 𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ∗ 𝐺𝐺𝐺𝐺𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 

(4) 

where 𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑  is the average daily energy from cow dung used for cooking [MJ], 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 is the 
quantity of briquettes used per household used and meal, 𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 is the number of meals the 
household used dung for cooking and GCVdung is the gross calorific value for dung [MJ/kg] 
shown in Table 20 above. 

2 Density of unprocessed material 
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To calculate the average daily energy from LPG used for cooking equation (5) was used: 

 𝐸𝐸𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑉𝑉𝐿𝐿𝐿𝐿𝐿𝐿
30 

 ∙ 𝐺𝐺𝐺𝐺𝑉𝑉𝐿𝐿𝐿𝐿𝐿𝐿 

(5) 

where 𝐸𝐸𝐿𝐿𝐿𝐿𝐿𝐿  is the average daily energy from LPG used for cooking [MJ], VLPG is the volume 
of LPG used per month [dm3] and GCVLPG is the gross calorific value for LPG [MJ/dm3] 
shown in Table 20 above and 30 is the assumed number of days of a month. 

To calculate the average daily energy from firewood used for cooking the equations (6) and 
(7) were used: 

𝑚𝑚𝑤𝑤𝑤𝑤𝑤𝑤𝑑𝑑 =  𝜌𝜌𝑤𝑤𝑤𝑤𝑤𝑤𝑑𝑑 ∗ 𝑉𝑉𝑤𝑤𝑤𝑤𝑤𝑤𝑑𝑑 

(6) 

where mwood is the mass [kg], ρwood  is the density [kg/ m3] and Vwood  is the volume [m3] of the 
used firewood for one meal. 

To calculate how much energy from firewood one household uses per day the number of 
cooking hours were taken into account by multiplying the time with the mass and gross 
calorific value for wood: 

𝐸𝐸𝑤𝑤𝑤𝑤𝑤𝑤𝑑𝑑 =  𝑚𝑚𝑤𝑤𝑤𝑤𝑤𝑤𝑑𝑑 ∗ 𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤𝑑𝑑  ∗  𝐺𝐺𝐺𝐺𝑉𝑉𝑤𝑤𝑤𝑤𝑤𝑤𝑑𝑑 
(7) 

where 𝐸𝐸𝑤𝑤𝑤𝑤𝑤𝑤𝑑𝑑  is the average energy from firewood per meal used for cooking [MJ], twood is the 
cooking time [h] and GCVwood is the gross calorific value for eucalyptus wood [MJ/kg] shown 
in Table 20 above. 

To convert the calculated energies into the unit kWh, the conversion factor was used that  
1 kWh equals 3.6 MJ. 
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5. Result and discussion  
In this section the results are presented and discussed. The result is based on observations and 
interviews about peoples’ everyday life and energy use, consisting of households both with 
and without access to electricity. The houses without electricity are discussed from their 
future desires in a scenario of access to modern energy. More detailed descriptions of each 
household are to be found in Appendix 2-4 except for one household in each topographical 
zone that has been selected to be representative for the area.  

5.1. The households in Oriente 
This section starts with a full description of one for the Oriente region typical household and 
follows by shorter descriptions of the rest of the households including tables and graphs of the 
energy demand in each household. 

5.1.1. Santa Rosa, household 1 
In this household a total of five persons lived, where two were teenagers and one was a child. 
The family did not have a stable income since the man of the household worked as a 
constructer and his salary was both low and irregular. They mainly used wood for cooking, 
especially guayabochi and curupao, but sometimes they also used LPG when they did not 
have wood or if it rained and they usually used two tanks per month. The family ate three 
meals per day; breakfast, lunch and dinner. The typical meals were based on banana, masaco 
and bread for breakfast and dinner, and lunch was the biggest meal of the day with rice and 
meat.  

The house was made of wooden planks with a roof made of straw and mosquito nets instead 
of glass windows. The family had two buildings where one was used as a bedroom and the 
other was a kitchen which had two stoves; one for using LPG and one for wood. The stove 
fuelled with firewood was constructed of clay and the pots stood on top of metal sticks and 
there was no chimney. This resulted that soot had darkened the roof and walls inside as well 
as outside the kitchen. The family expressed that the indoor temperature was often too warm 
but that they were used to it. They also expressed their concern about the children who 
suffered the most from the hot temperatures. Their current solution to handle the hot 
temperatures was to frequently take showers, to take their clothes off, to wave leaves of pieces 
of clothes at themselves or to put water on the floor but they wished for an air condition 
system. The family was connected to the electricity grid and paid 110 Bs per month for 
electricity. Table 21 and Figure 10 below show the collected data of the family’s energy 
demand respectively the hourly electricity use during one day.   
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Device Quantity Energy source Power [W] Hourly use 
Stove 1 1 Firewood 

(guayabochi, 
curupao) 

- 06.45-07.00 
11.30-12.00 
17.30-17.45 

TV 1 Electricity 75 20.00-21.00 
DVD 1 Electricity 25 20.00-21.00 
Refrigerator 1 Electricity 37 00.00-24.00 
Fan 1 Electricity 120 19.00-21.30 
Low energy bulb 4 Electricity 14 19.00-21.00 
Cellphone 2 Electricity 5 22.00-23.00** 
**Assumed value 

Table 21. The devices, energy sources and hourly use for each device in the first household in Santa Rosa. 

 

Figure 10. The average hourly electricity use during one day in watt (W) in the first household in Santa Rosa. 

5.1.2. Santa Rosa, household 2 
In this household six people lived and they were self-sufficient farmers. The family mainly 
used wood for cooking and ate three meals per day. The stove was constructed by placing a 
metal grate on top of a couple of bricks, the typical three stone fire stove. The house was 
made of concreate and the windows were covered with mosquito net instead of glass. The 
family considered the indoor temperature to be too hot all hours of the day. Table 22 and 
Figure 11 below show the collected data of the family’s energy demand respectively the 
hourly electricity use during one day. 

 

 

 

 

 

 

38 
 



Device Quantity Energy source Power [W] Hourly use 
Stove 1 1 Firewood 

(guayabochi, 
curupao) 

- 07.00-07.20 
10.30-11.30 
16.30-17.30 

TV 1 Electricity 75 14.00-16.00 
19.00-21.30 

DVD 1 Electricity 25 14.00-16.00 
19.00-21.30 

Fan 1 Electricity 120 19.00-21.30 
Low energy bulb 3 Electricity 14 18.30-22.00 
Cellphone 1 Electricity 5 22.00-23.00** 
**Assumed value 

Table 22. The devices, energy sources and hourly use for each device in the second household in Santa Rosa. 

 

 
Figure 11. The average hourly electricity use during one day in watt (W) in the second household in Santa Rosa. 

5.1.3. Santo Rosa, household 3 
The six people of this family earned their living from agriculture and some extra work when it 
occurred. The household mainly used firewood for cooking and ate three meals per day. The 
stove was constructed by placing a metal grate on top of a couple of bricks, the typical three 
stone fire stove. The house was made of wooden planks and the windows were covered by 
mosquito net instead of glass. The indoor temperature was often too hot and the only solution 
the family had was to take of their cloths and take showers. The house was not connected to 
the public grid but in the future they wished for a refrigerator and a DVD. Table 23 below 
show the collected data of the family’s energy demand. 

Device Quantity Energy source Hourly use 
Stove 1 1 Firewood 

(guayabochi, 
curupao) 

07.00-07.30 
12.00-12.30 
18.00-18.30 

Light 1 Kerosene Irregularly 
Cellphone 2 Electricity Irregularly 

Table 23. The devices, energy sources and hourly use for each device in the third household in Santa Rosa. 
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5.1.4. Nuevo Horizonte, household 1 
This household consisted of twelve persons who were self-sufficient farmers. The household 
only used firewood for cooking and ate three meals per day. The stove was located outside 
and it was made of metal with a grate on top. The family lived in a recently constructed house 
made of bricks that they had received as a gift from a number of non-governmental 
organisations, and even though it was new they considered the indoor temperature to be too 
hot. The house was not connected to the public grid but had access to a gasoline generator and 
the devices that they wished for was a refrigerator and a fan. Table 24 and Figure 12 below 
show the collected data of the family’s energy demand respectively the hourly electricity use 
during one day. 

Device Quantity Energy source Power [W] Hourly use 
Stove 1 1 Firewood - 06.00-08.00 

11.00-12.00 
20.00-21.00 

Low energy bulb 3** Gasoline generator 14 19.00-22.00** 
Cellphone 3** Gasoline generator 5 19.00-21.00** 
**Assumed value 

Table 24. The devices, energy sources and hourly use for each device in the first household in Nuevo Horizonte. 

 

Figure 12. The average hourly electricity use during one day in watt (W) in the first household in Nuevo 
Horizonte. 

5.1.5. Nuevo Horizonte, household 2     
This family consisted of six persons who were self-sufficient farmers. The household only 
used firewood for cooking and ate three meals a day, cooked in a stove located outside which 
was made of metal with a grate on top, a typical three stone fire. The family lived in a new 
house made of bricks and considered the indoor temperature to be too hot. The house was not 
connected to the public grid but had access to a gasoline generator. The family had a few 
devices but wished for a refrigerator and a radio. Table 25 and Figure 13 below show the 
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collected data of the family’s energy demand respectively the hourly electricity use during 
one day. 

 

Device Quantity Energy source Power [W] Hourly use 
Stove 1 1 Firewood 

(guayabochi, 
curupao, pacay) 

- 08.00-09.00 
13.00-14.00 
20.00-20.30 

TV 1 Gasoline generator 75 19.00-20.00 
DVD 1 Gasoline generator 25 19.00-20.00 
Cellphone 3** Gasoline generator 5 19.00-20.00 
**Assumed value 

Table 25. The devices, energy sources and hourly use for each device in the second household in Nuevo 
Horizonte. 

 

Figure 13. The average hourly electricity demand during one day in watt (W) in the second household in Nuevo 
Horizonte. 

5.1.6. El Rosario, household 1 
Three persons lived in this household. The man of the household was a constructor but also 
the mayor of this small community but he did not have a stable income. The family only used 
LPG for cooking and they ate three meals per day. There was a new gas stove in the kitchen 
which did not have a chimney even though the house was new. It was made of concrete with 
one fan in each bedroom, but the family still considered the indoor temperature to be too hot. 
The household was connected to the public grid and Table 26 and Figure 14 below show the 
collected data of the family’s energy demand respectively the hourly electricity use during 
one day. 
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Device Quantity Energy source Power [W] Hourly use 
Stove 1 1 LPG - 06.30-06.40 

10.30-11.10 
18.30-18.45 

TV 1 Electricity 75 13.00-14.00 
16.00-22.00 

Radio 1 Electricity 15 07.30-10.00 
Fan 2 Electricity 120 22.00-04.00 
Laptop 1 Electricity 45 18.00-19.00 
Refrigerator 1 Electricity 130 00.00-24.00 
Low energy bulb 6* Electricity 14 19.00-22.30 
Cellphone  2 Electricity 5 22.00-23.00** 
Stationary phone 2 Electricity 25 00.00-24.00 
*All devices are not always used at the same time 
**Assumed value 

Table 26. The devices, energy sources and hourly use for each device in the first household in El Rosario. 

 

Figure 14. The average hourly electricity use during one day in watt (W) in the first household in El Rosario. 

5.1.7. El Rosario, household 2  
This household consisted of eight persons and the adults had a rather stable income. The 
household only used firewood for cooking and ate three meals a day. They household did not 
have one specific place for the stove but moved it around depending on the weather and if it 
rained they cooked inside the bedroom without a chimney. The stove was constructed by 
placing two metal sticks on top of a couple of bricks, the typical three stone fire stove. The 
house was made of pieces of metal, wood and plastic and was not connected to the public 
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grid. In the future the family wished to buy a TV, a fan and a refrigerator. Table 27 below 
shows the cooking time. 

 

 

Table 27. The devices, energy sources and hourly use for each device in the second household in El Rosario.  

5.1.8. Casarabe, household 1 
Two adults lived in this household and they earned their living from their commercial 
business, a small store. The household mainly used LPG for cooking and cooked three meals 
per day. The stove was a rather new gas stove but it did not have a chimney. The house was 
made of wooden planks and the family considered the indoor temperature to be too hot, 
especially from August to November. The house was connected to the public grid and Table 
28 and Figure 15 below show the collected data of the family’s energy demand respectively 
the hourly electricity use during one day. 

Device Quantity Energy source Power [W] Hourly use 
Stove 1 1 LPG - 07.30-08.00 

12.00-13.00 
18.00-18.45 

TV 1 Electricity 75 Sometimes in 
the weekends 

DVD 1 Electricity 25 Sometimes in 
the weekends 

Blender 1 Electricity 385 07.00-07.05 
Iron 1 Electricity 800 Once a week 
Refrigerator 1 Electricity 37 00.00-24.00 
Toaster 1 Electricity 1100 07.00-07.05 
Low energy bulb 5 Electricity 14 19.00-23.00 
Cellphone 2 Electricity 5 00.00-06.30 

23.00-24.00 
Table 28. The devices, energy sources and hourly use for each device in the first household in Casarabe. 

Device Quantity Energy source Hourly use 
Stove 1 1 Firewood 

(tahivo, 
vechuco) 

07.00-07.15 
11.00-12.30 
18.00-18.10 
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Figure 15. The average hourly electricity use during one day in watt (W) in the first household in Casarabe. 

5.1.9. Casarabe, household 2 
Three adults lived in this household but only one had a job and she was a teacher in 
handicrafts. The household mainly used LPG for cooking and cooked two meals per day. The 
stove was an old gas stove without chimney located in the bedroom. The house was made of 
wood and the family considered the indoor temperature to be too hot but they did not wish for 
an air conditioning system since they claimed that it could cause health problems. The house 
was connected to the public grid and Table 29 and Figure 16 below show the collected data of 
the family’s energy demand respectively the hourly electricity use during one day. 

Device Quantity Energy source Power [W] Hourly use 
Stove 1 1 LPG - 07.30-07.45 

19.00-19.15 
TV 1 Electricity 75 09.00-12.00 

14.00-18.00 
Laptop 1 Electricity 45 18.15-18.45 
Blender 1 Electricity 385 Once a week 
Low energy bulb 2 Electricity 14 18.30-24.00 
Cellphone 1 Electricity 5 21.00-22.00** 
**Assumed value 
Table 29. The devices, energy sources and hourly use for each device in the second household in Casarabe. 
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Figure 16. The average hourly electricity use during one day in watt (W) in the second household in Casarabe. 

5.1.8. Patterns in the Oriente villages 
The social information for each household in Oriente is shown in Table 30 below. It is shown 
that the number of persons in each household is two to twelve persons with a median of six 
and that all families except one cook three meals per day. It is also shown that the most 
common house material is wood. 

Village and 
household 

Number 
of persons 

Whereof 
children 

Number of 
hot meals  

Type of house 

Santa Rosa     
Household 1 5 1 3 Wood 
Household 2 6 4 3 Concrete 
Household 3 6 3 3 Wood 
Nuevo 
Horizonte 

    

Household 1 12 2 3 Bricks 
Household 2 6 2 3 Bricks, wood 
El Rosario     
Household 1 3 2  3 Concrete 
Household 2 8 4 3 Sheets of metal, plastic and wood 
Casarabe     
Household 1 2 0  3 Wood 
Household 2 3 0 2 Wood 

Table 30. The social information as well as living conditions for each household in the Oriente. 

Since the climate is hot and humid in Oriente, it is common to produce food for self-
consumption. The diet is based on the food that is easy to grow in this part, often potatoes, 
corn and banana but also meat. It is common only to have one bigger dish including meat 
every day and the most common fuel for cooking is different kinds of firewood. The 
collecting of fuel was not considered as a burden but the dangers with snakes could be an 
obstacle when they collected it. The stove was simply constructed and it was common to be 
made either of metal or clay. The stoves were often constructed like this to make it easy to 
move them outside since it was uncommon to have the stove inside of a kitchen, this shown in 
Figure 17 and 18.        
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Figure 17 and 18. The open fire stoves in household 1 respective 3 in Santa Rosa are examples of typical stoves 
in the Oriente (Hallme, 2015).  

The typical house in the Oriente part was made of wooden planks with a straw roof. This 
technique had been passed down for generations and according to the inhabitants this type of 
house creates a circulation that makes the indoor temperature more comfortable. It was also 
common not to have glass in the windows and instead use mosquito nets, see Figure 19.  The 
indoor temperature was a big problem for the interviewed families. Almost everyone wished 
for a lower indoor temperature and it was not uncommon to own a fan to handle the hot 
climate inside, see Table 31.  

 

Figure 19. A typical house in Oriente with wooden walls, straw roof and mosquito net as windows (Hallme, 
2015).  

In the grid connected households it was common to own a refrigerator and those who did not 
yet have electricity expressed that a refrigerator would be one of the most important devices 
for them to buy in the future. Since it was common to own a refrigerator it was also shown on 
the electrical bill, which the investigated households were aware of and in some cases the 
families could not afford a higher bill. Table 31 below shows that there is no need for heating 
but a big need for cooling in Oriente. The families did not boil their water before drinking 
which indicates reliable supply of fresh water.  
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Village and 
household 

Is heating a 
problem? 

Is cooling a 
problem? 

Is the drinking 
water boiled?  

Used devices 

Santa Rosa     
Household 1 No Yes No Cell phones, DVD, fan, 

low energy bulbs, 
refrigerator, TV 

Household 2 No Yes No Cell phones DVD, fan, 
low energy bulbs, TV 

Household 3 No Yes No Cell phones 
Nuevo Horizonte     
Household 1 No Yes No Cell phones, low energy 

bulbs 
Household 2 No Yes No Cell phones, DVD, low 

energy bulbs, TV 
El Rosario     
Household 1 No Yes No Cell phones, fan, low 

energy bulbs, radio, 
refrigerator, TV, 
stationary phones 

Household 2 No Yes No - 
Casarabe     
Household 1 No Yes No Blender, cell phones, 

DVD, iron, low energy 
bulbs, refrigerator, 
toaster, TV  

Household 2 No Yes No Blender, cell phone, 
laptop, low energy bulbs, 
TV 

Table 31. The information about cooling, heating, drinking water and used devices for each household in the 
Oriente. 

The energy situation in Oriente is shown below in Table 32. Firewood is the most common 
fuel source for cooking and the average daily energy demand differed between 13.6 MJ in two 
families that used LPG for cooking and up to 165.4 MJ in a family using firewood which 
shows that the energy use for cooking is higher while using firewood compared to LPG. The 
average peak power demand differed between 0.057 kW in a family that used a gasoline 
generator and up to 0.460 kW in a grid-connected household. The average daily electricity 
demand differed between 0.115 kWh in a family that used a gasoline generator and up to 
6.646 kW in a grid-connected household. The average daily electricity demand for the grid-
connected households in Oriente was 0.971 kWh. 
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Village and 
household 

Fuel 
used for 
cooking 

Average 
daily energy 
demand for 
cooking 
[kWh] 

Electricity 
source 

Peak 
power 
demand 
[kW] 

Average 
daily 
electricity 
demand 
[kWh] 

Average 
daily energy 
demand 
[kWh] 

Percentage 
of energy 
used for 
cooking 
[%] 

Santa Rosa        
Household 1 Firewood 11.5 Electricity 0.193 1.105 12.6 91.2 
Household 2 Firewood 26.4 Electricity 0.262 0.842 27.6 95.5 
        
Household 3 Firewood 17.2 No access - - 17.2 100.0 
Nuevo 
Horizonte 

       

Household 1 Firewood 46.0 Gasoline 
generator 

0.057 0.156 46.2 99.7 

Household 2 Firewood 28.7 Gasoline 
generator 

0.115 0.115 28.8 99.6 

El Rosario        
Household 1 LPG 3.8 Electricity 0.460 6.646 10.4 36.4 
Household 2 Firewood 21.8 No access - - 21.8 100.0 
Casarabe        
Household 1 LPG 3.8 Electricity 0.207 1.556 5.4 70.9 
Household 2 LPG 7.5 Electricity 0.200 0.752 8.3 90.8 
Average for 
Oriente  

 18.3   1.596 19.9 92.0 

Table 32. The data concerning energy for each household in the Oriente. 

5.2. The households in Yungas 
This section starts with a full description of one for the Yungas region typical household and 
follows by shorter descriptions of the rest of the households including tables and graphs of the 
energy demand in each household. 

5.2.1. Poquera, household 1 
Three persons lived in this household whereof one was a child. The family worked within 
agriculture with crops such as potatoes, carrots, corn and onions. They did also have cattle 
including chickens and cows, from the cows they produced milk that they sold to bigger 
factories. The typical monthly income was around 800 Bs, but a big share of this money was 
reinvested in the animals. The household mainly used wood for cooking, especially molle, 
euqalypus and kiña but they also used LPG. The household consumed around one tank per 
month and did not think that it was a burden to collect the wood fuel. They ate three meals per 
day and common ingredients were meat, egg, rice and vegetables. The family got water from 
a tank trough pipelines and they usually boiled their daily amount of drinking water for 20 
minutes every morning.  

The house was made of clay formed into bricks and had a few glass windows. The roof was 
made of a metal sheet and the kitchen was located outside. The household had one gas stove 
located under a roof with good shelter without chimney and the stove used with firewood was 
made of clay and located under a small metal sheet without walls. They considered the indoor 
temperature to be comfortable, but it could get a little cold in the morning, a problem they 
solved by putting more clothes on. The household had been connected to the public grid for 
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almost 20 years and they paid around 50 Bs per month for electricity. They used electricity for 
an irrigation system and they therefore tried to use as little electricity as possible by 
sometimes not using their lamps, this to keep the electricity bill affordably low. That they 
chose to decrease their use of illumination shows that the knowledge about electricity is low 
since the low energy bulbs consume relatively little energy compared to other used devices. 
Table 33 and Figure 20 below show the collected data of the family’s energy demand 
respectively the hourly electricity use during one day. 

Device Quantity Energy source Power [W] Hourly use 
Stove 1 1 Firewood (molle, 

taco, eucalyptus, 
kiñe) 

- 10.00-11.00 
18.00-18.30 

Stove 2 1 LPG - 07.00-07.50 
TV 1 Electricity 75 05.30-07.00 

19.00-24.00 
DVD 1 Electricity 25 Sometimes 
Radio 1 Battery 15 Sometimes 
Refrigerator 1 Electricity 37 00.00-24.00 
Irrigation system 1 Electricity 700 Once a week 

from September 
to December, 
15.00-20.00 

Low energy bulbs 4 Electricity 14 19.00-21.00 
Cellphone 2 Electricity 5 21.00-21.30 
Table 33. The devices, energy sources and hourly use for each device in the first household in Poquera. 

 

Figure 20. The average hourly electricity use during one day in watt (W) when the irrigation system was on in 
the first household in Poquera. 

5.2.2. Waka Wasi, household 1 
Two adults and three children lived in this household. The family worked with agriculture, 
mainly with crops like potatoes and beans but they did also have a local pub. Firewood was 
the mainly used fuel for cooking but LPG was used while cooking something quick. Usually 
the family ate three meals per day whereof the lunch often consisted of two dishes. The stove 
was constructed by a couple of bricks and the pot was placed between the walls of bricks, a 
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typical three stone fire. The house was made of clay that was formed into bricks and the 
family considered the indoor temperature to be comfortable. The household was connected to 
the public grid Table 34 and Figure 21 below show the collected data of the family’s energy 
demand respectively the hourly electricity use during one day. 

Device Quantity Energy source Power [W] Hourly use 
Stove 1 1 LPG - 07.00-07.20 

08.00-08.30 
Stove 2 1 Firewood 

(eucalyptus) 
- 14.00-14.30 

18.00-18.30 
TV 1 Electricity 75 18.00-20.00 
DVD player 1 Electricity 10 18.00-19.00 
Sound system 1 Electricity 700 10.00-01.00 
Low energy bulb 5* Electricity 14 18.30-01.00 
Cellphone 3 Electricity 5 23.00-01.00 
*All devices are not always used at the same time 

Table 34. The devices, energy sources and hourly use for each device in the first household in Waka Wasi. 

 

Figure 21. The average hourly electricity use during one day in watt (W) in the first household in Waka Wasi. 

5.2.3. Waka Wasi, household 2 
Two adults and one child lived in this household. They worked with agriculture, mainly on a 
self-sufficient level, and they also had a local pub. The household usually used firewood for 
cooking but used LPG for quick meals, and in total they ate three meals per day. The stove for 
firewood was a U-type stove with a combustion chamber where the firewood was placed. The 
house was made out clay formed into bricks and the indoor temperature was considered to be 
comfortable. The household was connected to the public grid and Table 35 and Figure 22 
below show the collected data of the family’s energy demand respectively the hourly 
electricity use during one day. 
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Device Quantity Energy source Power [W] Hourly use 
Stove 1 1 LPG - 07.00-07.20 
Stove 2 1 Firewood 

(eucalyptus) 
- 14.00-14.30 

18.00-18.30 
TV 1 Electricity 75 08.00-09.00 

19.00-21.00 
DVD 1 Electricity 25 19.00-21.00 
Radio 2 Electricity 15 08.00-22.00 
Bulb 4* Electricity 40 19.00-23.00 
Low energy bulb 1 Electricity 14 19.00-23.00 
Cellphone 1 Electricity 5 23.00-01.00 
*All devices are not always used at the same time 
Table 35. The devices, energy sources and hourly use for each device in the second household in Waka Wasi. 

 
Figure 22. The average hourly electricity use during one day in watt (W) in the second household in Waka Wasi. 

5.2.4. Lipez, household 1 
This household consisted of five persons who worked with agriculture, both crops and cattle. 
The household mainly used LPG for cooking their three daily meals and their stove was a gas 
stove without chimney. The house was recently constructed and made of bricks and the family 
considered the indoor temperature to be comfortable. The household was connected to the 
electricity grid and Table 36 and Figure 23 below show the collected data of the family’s 
energy demand respectively the hourly electricity use during one day. 
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Device Quantity Energy source Power [W] Hourly use 
Stove 1 1 LPG - 06.00-06.30 

11.30-13.00 
19.00-20.00 

Refrigerator 1 Electricity 37 00.00-24.00 
TV 1 Electricity 75 20.00-21.00 
DVD player  1 Electricity 25 Twice a week 
Radio 1 Electricity 15 06.00-21.00 
Low energy 
bulb 

8* Electricity 14 00.00-06.00 
18.30-24.00 

Cellphone 3 Electricity 5 21.00-22.00** 
*All devices are not always used at the same time 
**Assumed value 
Table 36. The devices, energy sources and hourly use for each device in the first household in Lipez. 

 
Figure 23. The average hourly electricity use during one day in watt (W) in the first household in Lipez. 

5.2.5. Londo, household 1 
This household consisted of four persons and the family worked with agriculture, both crops 
and cattle. The household mainly used firewood for cooking their three meals per day. The 
stove was made of mud-bricks which had a metal grate on top without a chimney. The house 
was made of clay formed into bricks and the family considered the indoor temperature to be 
comfortable, although it could get a little cold in the mornings. The household was connected 
to the electricity grid and Table 37 and Figure 24 below show the collected data of the 
family’s energy demand respectively the hourly electricity use during one day. 
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Device Quantity Energy source Power [W] Hourly use 
Stove 1 1 Firewood 

(molle, 
algarrobo, 
catcha catcha) 

- 07.00-07.30 
10.00-11.00 
18.00-18.30 

TV 1 Electricity 75 07.00-22.00 
Refrigerator 1 Electricity 130 00.00-24.00 
Low energy bulb 2 Electricity 14 19.00-22.00 
Cellphone 2 Electricity 5 21.00-22.00 

 
Table 37. The devices, energy sources and hourly use for each device in the first household in Londo. 

 
Figure 24. The average hourly electricity use during one day in watt (W) in the first household in Londo. 

5.2.6. Tariza, household 1 
There lived twelve persons in this household and they worked with agriculture, both crops and 
cattle. The household mainly used firewood for cooking their three daily meals. The stove 
used for firewood was made of clay and the house was made of bricks. The family considered 
the indoor temperature to be comfortable, although it could get a little cold in the mornings. 
The household was connected to the public grid and Table 38 and Figure 25 below show the 
collected data of the family’s energy demand respectively the hourly electricity use during 
one day. 

Device Quantity Energy source Power [W] Hourly use 
Stove 1 1 Firewood 

(algarrobo, taco, 
kiñe) 

- 07.30-07.45 
12.00-13.00 
18.30-19.30 

TV 1 Electricity 75 06.30-07.30 
19.00-22.00 

Radio 1 Electricity 15 06.30-19.00 
Low energy bulb 6 Electricity 14 18.00-20.00 
Cellphone 5 Electricity 5 20.00-21.00 
Table 38. The devices, energy sources and hourly use for each device in the first household in Tariza. 
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Figure 25. The average hourly electricity use during one day in watt (W) in the first household in Tariza. 

5.2.7. Tariza, household 2 
In this household a total of six persons lived and their mainly income was from the man who 
worked as a constructor. The household mainly used wood for cooking their three meals per 
day. The stove used for firewood was made of clay and was located outside under a tree and 
used if the weather allowed so. The house was made out clay and the family considered the 
indoor temperature to be comfortable. The household was connected to the electricity grid and 
Table 39 and Figure 26 below show the collected data of the family’s energy demand 
respectively the hourly electricity use during one day. 

Device Quantity Energy source Power [W] Hourly use 
Stove 1 1 Firewood 

(algarrobo) 
- 08.00-08.30 

12.30-13.30 
19.00-20.00 

TV 1 Electricity 75 06.30-07.00 
19.00-19.30 

Radio 1 Electricity 15 05.00-08.00 
Low energy bulb 7* Electricity 14 00.00-06.00 

19.00-24.00 
Cellphone 2 Electricity 5 20.00-21.00 
*All devices are not always used at the same time 
Table 39. The devices, energy sources and hourly use for each device in the second household in Tariza. 
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Figure 26. The average hourly electricity use during one day in watt (W) in the second household in Tariza. 

 5.2.7. Patterns in the Yungas villages 
The social information for each household in Yungas is shown in Table 40 below. It is shown 
that the number of persons in each household is three to twelve persons with a median of five 
and that all families cook three meals per day. It is also shown that the most common house 
material is bricks made of clay. 

Village and 
household 

Number of 
persons 

Whereof 
children 

Number of 
hot meals  

Type of house 

Poquera     
Household 1 3 1 3 Bricks of clay 
Waka Wasi     
Household 1 5 3 3 Bricks of clay 
Household 2 3 1 3 Bricks of clay 
Lipez     
Household 1 5 1 3 Bricks 
Londo     
Household 1 4 2  3 Bricks of clay 
Tariza     
Household 1 12 5 3 Bricks 
Household 2 6 3 3 Clay 
Table 40. The social information as well as living conditions for each household in the Yungas. 

The climate is very similar all year around in the Yungas area and is therefore perfectly 
suitable for agriculture. All the investigated households somehow earned their living from 
agriculture. Besides growing vegetables and crops, many families also had cattle. The diet 
was based on the food that the households grew themselves, often potatoes and vegetables but 
also milk and meat from their cattle. The most common fuel for cooking was different kinds 
of firewood such as eucalyptus and molle, but LPG was also frequently used. The collecting 
of fuel was not considered as a burden since it was often collected close to their homes. The 
stoves were made of clay, often the U-type stove as shown in Figure 27 and 28, and was 
either located in a kitchen or outside under a simple metal roof.        
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Figure 27 and 28. The open fire stoves in Waka Wasi respectively Tariza (Hallme, 2015). 

The typical house in the Yungas part was made of clay formed into bricks with a metal sheet 
or tile as a roof, see Figure 29. It was common to have some windows, usually covered with 
glass. The investigated households in the low valley did not consider the indoor temperature 
as a problem as shown in Table 41, except for the fact that it could be a little chilly in the 
morning. In the high valley the families thought it was cold during the colder months of the 
year. 

 

Figure 29. A typical house in Yungas (Hallme, 2015). 

All the investigated households in Yungas had access to the electricity grid. The households 
had several different electrical devices, both for entertainment and practical reasons. In the 
households where milk was produced it was likely to find a refrigerator to keep the products 
fresh for a longer time and through that be able to earn more money. Even though most of the 
houses had a rather high electrical consumption the electricity bills where not that high.   
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Village and 
household 

Is heating a 
problem? 

Is cooling a 
problem? 

Is the drinking 
water boiled?  

Used devices 

Poquera     
Household 1 No No Yes Cell phone, DVD, 

irrigation system, low 
energy bulbs, radio, 
refrigerator, TV 

Waka Wasi     
Household 1 Yes No Yes Cell phones, DVD, low 

energy bulbs, sound 
system, TV 

Household 2 Yes No No Bulb, cell phone, DVD, 
low energy bulbs, 
radios, TV 

Lipez     
Household 1 Yes No No Cell phones, DVD, low 

energy bulbs, radio, 
refrigerator, TV 

Londo     
Household 1 No No No Cell phones, low energy 

bulbs, refrigerator, TV 
Tariza     
Household 1 No No No Cell phone, low energy 

bulbs, radio, TV 
Household 2 No No No Cell phone, low energy 

bulbs, radio, TV 
Table 41. The information about cooling, heating, drinking water and used devices for each household in the 

Yungas. 

The energy situation in Yungas is shown below in Table 42. Firewood and LPG were the 
most common fuel sources for cooking and the average daily energy demand differed between 
13.6 MJ in two families that used LPG for cooking and up to 103.4 MJ in a family using 
firewood. The peak power demand differed between 0.136 up to 0.961 kW and the average 
daily electricity demand per household differed between 0.368 kWh up to 6.960 kWh in a 
household with an old refrigerator and an irrigation system. The average daily electricity 
demand for the grid-connected households in Oriente was 0.971 kWh. 
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Village and 
household 

Fuel used 
for cooking 

Average 
daily energy 
demand for 
cooking 
[kWh] 

Electricity 
source 

Peak 
power 
demand 
[kW] 

Average 
daily 
electricity 
demand 
[kWh] 

Average 
total 
daily 
energy 
demand 
[kWh] 

Percentage 
of energy 
used for 
cooking [%] 

Poquera        
Household 1 Firewood, 

LPG 
21.0 Electricity  0.961 6.960 28.0 75.1 

Waka Wasi        
Household 1 Firewood, 

LPG 
15.3 Electricity 0.445 5.019 20.3 75.3 

Household 2 Firewood, 
LPG 

15.3 Electricity 0.304 1.241 16.5 92.5 

Lipez        
Household 1 LPG 3.7 Electricity  0.239 1.763 5.5 67.7 
Londo        
Household 1 Firewood 23.0 Electricity 0.150 2.107 25.1 91.6 
Tariza        
Household 1 Firewood 26.4 Electricity 0.159 0.681 27.1 97.5 
Household 2 Firewood 28.7 Electricity 0.136 0.368 29.1 98.7 
Average for 
Yungas 

 19.1   2.591 21.6 88.0 

Table 42. The data concerning energy for each household in the Yungas. 

5.3. The households in Altiplano 
This section starts with a full description of one for the Altiplano region typical household and 
follows by shorter descriptions of the rest of the households including tables and graphs of the 
energy demand in each household. 

5.3.1. Chiarpata, household 1 
Two adults and one child lived in this household that earned its living from cheese 
production. They sold around eight cheeses per day for 8 Bs each, which corresponds to a 
monthly average income of 1900 Bs. The family mainly used dung from their cows for 
cooking, but when it rained and the dung got wet, they used LPG instead. The family usually 
cooked four meals per day; breakfast, lunch, afternoon tea and dinner. The afternoon tea 
included both tea and bread with cheese. The water was collected from a tap from a well, and 
the family did not boil it before drinking.  

The three houses (a kitchen and two bedrooms) were made of bricks filled with concrete and 
stones, and the kitchen did not have a chimney. The kitchen was both used for LPG gas as 
well as a three stone fire stove. The bedroom was made of concreate and all of the buildings 
had glass windows and the roof was made of metal sheets. The family wished to have a 
heating system but their current solution for keeping the heat was to use sheepskins. The 
household was connected to the grid and paid 25-30 Bs per month for electricity. Table 43 
and Figure 30 below show the collected data of the family’s energy demand respectively the 
hourly electricity use during one day. 
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Device Quantity Energy source Power [W] Hourly use 
Stove 1 1 Dung - 07.00-07.10 

12.00-13.00 
17.00-17.10 
19.00-19.30 

TV 1 Electricity 75 19.00-21.00 
Radio 1 Electricity 15 19.00-21.00 
Radio 1 Battery 15 08.00-18.00** 
Low energy bulb 7 Electricity 14 19.00-21.00 
Cellphone 1 Electricity 5 21.00-21.20 
**Assumed value 
Table 43. The devices, energy sources and hourly use for each device in the first household in Chiarpata. 

 
Figure 30. The average hourly electricity use during one day in watt (W) in the first household in Chiarpata. 

5.3.2. Esquivel, household 1 
There were eight people living in this household and three of them where children. The family 
worked within agriculture, primarily with cattle. The household mainly used dung and LPG 
for cooking for three meals a day. The stove used for dung had a small chimney to minimize 
the emissions when they cooked. The house was made of concreate and bricks and the family 
considered the indoor temperature to be too cold, it was worst in the morning and evening 
time. The household was connected to the electricity grid and Table 44 and Figure 31 below 
show the collected data of the family’s energy demand respectively the hourly electricity use 
during one day. 
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Device Quantity Energy source Power [W] Hourly use 
Stove 1 1 Dung - 11.30-13.00 

19.00-20.00 
Stove 2 1 LPG - 06.30-06.40 
TV 3 Electricity 75 20.00-22.00 
Radio 2 Electricity 15 20.00-22.00 
Low energy bulb 10* Electricity 14 00.00-06.30 

19.00-24.00 
Cellphone 1 Electricity 5 22.00-23.00 

Table 44. The devices, energy sources and hourly use for each device in the first household in Esquivel. 

 
Figure 31. The average hourly electricity use during one day in watt (W) in the first household in Esquivel. 

5.3.3. Esquivel, household 2 
Seven people whereof three children lived in the second household in Esquivel. The family 
worked within agriculture, primarily with cattle. The household mainly used LPG for cooking 
four times per day. Sometimes they also used dung and that stove was located outside and 
made of clay with a combustion chamber - a so called U-type stove - and the gas stove did not 
have a chimney. The house was made of concreate and the family considered the indoor 
temperature to be too cold and wished for a heating system. The household was connected to 
the public grid and Table 45 and Figure 32 below show the collected data of the family’s 
energy demand respectively the hourly electricity use during one day. 

Device Quantity Energy source Power [W] Hourly use 
Stove 1 1 LPG - 06.00-06.20 

10.00-11.00 
18.00-18.20 
20.00-20.30 

TV 2* Electricity 75 20.00-23.00 
Radio 1 Electricity 15 21.00-23.00 
Low energy bulb 4* Electricity 14 18.30-06.00 
Cellphone 2 Electricity 5 21.00-22.00 
*All devices are not always used at the same time 
Table 45. The devices, energy sources and hourly use for each device in the second household in Esquivel. 
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Figure 32. The average hourly electricity use during one day in watt (W) in the second household in Esquivel. 

5.3.4. Cotushuma, household 1 
In this household a total of 13 persons lived and nine of them were children. The family 
worked within agriculture, primarily with cattle, on a self-sufficient level. The household 
mainly used LPG for cooking two times per day since they made both the breakfast and the 
lunch in the morning. The stove fuelled with dung was made out clay with a combustion 
chamber (U-type stove) but it did not have a chimney. The house was made of clay formed 
into bricks and the family considered the indoor temperature to be too cold and wished for a 
heating system. The household was not connected to the electricity grid but wished for light 
bulbs, radio and a TV. Their cooking habits are shown in Table 46 below. 

Device Quantity Energy source Hourly use 
Stove 1 1 Dung 06.00-08.00 

18.00-19.30 
Table 46. The devices, energy sources and hourly use for each device in the first household in Cotushuma. 

5.3.5. Patterns in the Altiplano villages 
The social information for each household in Altiplano is shown in Table 47 below. It is 
shown that the number of persons in each household is three to thirteen persons and that all 
families cook three or four meals per day. It is also shown that the construction of the houses 
differs but that they are all made of robust materials to isolate from wind and coldness. 

Village and 
household 

Number of 
persons 

Whereof 
children 

Number of 
hot meals  

Type of house 

Chiarpata     
Household 1 3 1 4 Bricks of clay and stones 
Esquivel     
Household 1 8 3 3 Clay, concrete 
Household 2 7 3 4 Concrete 
Cotushuma     
Household 1 13 9 3 Bricks of clay 

Table 47. The social information as well as living conditions for each household in Altiplano. 

The climate in the Altiplano area is cold even though it is close to the equator due to its high 
altitude. This can cause problems to grow crops and therefore most of the household instead 
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had cattle for diary production. The common crop to grow in this area was quinoa and most 
households had cows, sheep and chickens. The diet was mainly based on quinoa, bread and 
potatoes. This was the products that they could either grow themselves or which were cheap 
for the families to buy. Even though they had a lot of cattle, it was common just to eat one 
dish per day containing meat. This can be because the cattle provided them with milk and that 
was the families’ livelihood. The most common fuel for cooking besides LPG was dung, 
possibly because of the barren landscape in Altiplano with few and small trees to use as 
firewood. Though, collecting and drying of dung for fuel was not considered as a burden since 
the dung came for their own animals. The stoves were constructed of clay and were usually 
only small holes for putting in biomass or the pots in, so called combustion chambers, and 
therefore most stoves were the traditional stoves called U-type. It was common to construct 
the stoves to minimize the waste of heat, shown in Figure 33 and 34 below.  

  

Figure 33 and 34. The open fire stoves in Esquivel and Cotushuma (Hallme, 2015). 

The typical house in the Altiplano area was made of clay, bricks as in Figure 35 below or 
concreate in some cases. It was common to see that the houses were well constructed and the 
cattle had in many cases their own houses. This can be because of the cold climate which 
requires as good isolated houses as possible in order to increase the indoor temperature. The 
investigated households did all express that their indoor temperature was too cold almost all 
year around, see Table 48. They all wished for a heating system since their only current 
solution was to put more clothes on. 
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Figure 35. A typical house from Altiplano (Hallme, 2015). 

Three of four investigated households in the Altiplano region were connected to the electricity 
grid. The household which was not yet connected to electricity wanted to use it for 
illumination, TV and radio. No household used electrical devices for heating their homes, 
even though none of the families were satisfied with their indoor temperature. Even though 
most of the houses had a rather low electricity use the electricity bills where rather high. 

Village and 
household 

Is heating a 
problem? 

Is cooling a 
problem? 

Is the drinking 
water boiled?  

Used devices 

Chiarpata     
Household 1 Yes No No Cell phones, low 

energy bulbs, radios, 
TV 

Esquivel     
Household 1 Yes No No Cell phone, low 

energy bulbs, radio, 
TV 

Household 2 Yes No No Cell phones, DVD, 
low energy bulbs, 
radio, TV 

Cotushuma     
Household 1 Yes No No - 

Table 48. The information about cooling, heating, drinking water and used devices for each household in 
Altiplano. 

The energy situation in Altiplano is shown below in Table 49. Dung and LPG were the most 
common fuel sources for cooking and the average daily energy demand differed between 27.1 
MJ in a family that used LPG for cooking and up to 280.0 MJ in a family using cow dung 
which clearly indicates that the energy use for cooking is higher while using dung compared 
to LPG. The peak power demand differed between 0.131 up to 0.395 kW and the average 
daily electricity demand per household differed between 0.451 kWh up to 1.292 kW. The 
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average daily electricity demand for the grid-connected households in Altiplano was 0.767 
kWh. 

Village and 
household 

Fuel used 
for cooking 

Average 
daily energy 
demand for 
cooking 
[kWh] 

Electricity 
source 

Peak 
power 
demand 
[kW] 

Average 
daily 
electricity 
demand 
[kWh] 

Average 
total 
daily 
energy 
demand 
[kWh] 

Percentage 
of energy 
used for 
cooking [%] 

Chiarpata        
Household 1  Dung  68.1 Electricity 0.188 0.558 68.7 99.2 
Esquivel        
Household 1 Dung, LPG 62.1 Electricity 0.395 1.292 63.4 97.8 
Household 2 LPG 7.5 Electricity 0.131 0.451 8.0 94.3 
Cotushuma        
Household 1 Dung 77.8 No access - - 77.8 100.0 
Average for 
Altiplano 

 45.9   0.767 46.7 98.4 

Table 49. The data concerning energy for each household in Altiplano. 

5.4. Comparison between the different topographical zones  
5.4.1 Living conditions 
The living conditions varied a lot between the different topographical zones. In all three zones 
the most common occupation was agriculture, but there were significant differences between 
them. In Oriente it was most common with self-sufficient farming while in the Yungas part it 
was more common to have a big production in both crops and cattle. In Altiplano the people 
usually had cattle to produce cheese from the cattle’s milk. The differences were also shown 
in the monthly income where the highest average income was in the Yungas part. This can be 
because that they could have large-scale agriculture. 

5.4.2 Cooking 
In the different areas there was diversity in food culture, choice of fuel and stoves. This 
section will present the biggest differences and similarities in the three regions. 

5.4.2.1. Food culture 
In all of the three different topographical zones it was common with a diet based on what the 
households produced themselves. In Oriente it was common to eat a lot of fruit and when they 
did eat meat it was often in big quantities, but often only for one meal per day. The farming in 
Oriente was often only for self-consumption. In Yungas they based their diet on vegetables, 
something that was very expensive in the other topographical zones of Bolivia. Since it was 
grown in that region, it was much cheaper there. They also ate more meat and often in more 
than one meal every day. The farming was in larger scale since the conditions for crops were 
ideal. It was also common to have cattle for milk production. In Altiplano the production of 
crops was less but having cattle was more common than in any other region. It was common 
to use the milk to produce cheese. Here it was common to find quinoa, a plant that could 
survive the cold climate of Altiplano. 
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5.4.2.2 Choice of fuel 
There is a pattern in the choice of fuel in the different areas. It was common to use the fuel 
that was most available for the household, which was firewood in Oriente. Since it is situated 
in the tropical zone there is a lot of forest with wood that is easy to get a hold of. The people 
used different types of wood for cooking and did not consider it as a burden to collect it.  

Looking at the choices of fuel from the socio-economic energy ladder model, LPG is to be 
found in all the three different topographical zones which put the people in the middle income 
group. However, it was more common to use LPG when they did not need to cook for a long 
time and in the rain seasons since both wood and dung were difficult to use if they got wet. 
The most common fuel in Oritente as well as Yungas is firewood and in Altiplano it is dung. 
In Altiplano the people do not have that much access to firewood due to the barren landscape 
and in the other two topographical zones it is much more common. Although most of the 
people could afford to cook with LPG it was often said that they preferred to use wood since 
it gave more character to the food. This shows how it is not always the economic situation 
that determines the choice of fuel, one also have to consider the environment, traditions and 
availability of the fuels. 

5.4.2.3. Stoves  
The most common stoves in all three areas were the traditional stoves, both the three-stone 
fire and the U-type, and the difference was the construction. On the higher altitude, both in 
Yungas and Altiplano, it was more common to see a well-constructed stove with little risk for 
wasting heat with a combustion chamber, very similar to the U-type stove. With lower 
altitude and therefore higher temperatures, it is to be seen that it was less important to isolate 
the heat in the stove. In the Oriente area it was common to use metal or bricks to make the 
walls of the three-stone fire stoves while the in the two other areas it was common to use clay 
and a combustion chamber. In uncommon in all three zones to see a chimney but in Oriente 
the stoves were often put outside, while in both Yungas and Altiplano the stove was often 
located in an indoor kitchen or under a shelter. The differences are shown in Figure 36, 37 and 
39 below. 

   

Figure 36, 37 and 38. The traditional fire stoves in Oriente (TSF), Yungas (U-type) and Altiplano (U-type) 
(Hallme, 2015). 
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In comparison to the study made by Berrueta et al (2008) about the choices of fuels and stoves 
in Mexico there many similarities with Bolivia. In both countries LPG was often used as a 
secondary fuel to the primary which often was a traditional energy source. It was common to 
use the three stone fire stove a well as the U-type and it was not common to have a chimney.  

5.4.2.4. Energy demand 
Table 50 below shows the average daily energy use for cooking. It is evident in table that the 
average daily energy use in Altiplano is bigger than in Oriente and Yungas due to the fact that 
cow dung is a less efficient energy source than firewood and LPG. The families that use LPG 
for cooking have a much less energy use, but they also have to buy their fuel instead of using 
firewood or dung for free.  

Village and zone Average daily energy 
use for cooking [MJ] 

Santa Rosa 66.2 
Nuevo Horizonte 134.4 
El Rosario 46.1 
Casarabe 20.4 
Oriente 66.7 
  
Poquera 75.6 
Waka Wasi 55.0 
Lipez 13.6 
Londo 82.7 
Tariza 99.3 
Yungas 68.6 
  
Chiarpata 245.0 
Esquivel 125.4 
Cotushuma 280.0 
Altiplano 194.0 
  
All 98.8 

Table 50. Comparison for the average energy use for cooking for each village and topographical zone. 

5.4.3 Heating and cooling  
In the tropical part of Bolivia, the people experienced that the indoor temperature reached 
very high temperatures during daytime and continued being uncomfortably hot during the 
night. In order to abduct as much heat as possible, the buildings were often constructed by 
light materials such as wood or loosely piled metal sheets with open windows with mosquito 
nets and roofs of straw, this to ventilate the building from heat and humidity. The houses 
made of bricks were considered hotter and less comfortable to sleep in. Some families with 
access to the electricity grid had fans, but most people only took their clothes off, a shower or 
put water on the floor.  
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Though, all interviewed families in Oriente without fans wished for some kind of cooling 
system since the hot indoor temperature was considered as a problem. Several electrified 
households had a refrigerator, sometimes with a combined freezer, to keep the food fresh and 
this was also considered as an important appliance for the people who did not yet have one. 
Though, the use of a refrigerator caused an apparent increase of the electricity bill. Most of 
the families with refrigerators had modern and energy saving models, often energy class A or 
better. The people also seemed to have the knowledge that a less efficient refrigerator 
distinctly increases the electricity bill, and that might be the reason why they had chosen to 
buy such modern refrigerators.  

The indoor temperature was considered more comfortable in the Yungas and most families 
were satisfied and did not wish for any heating or cooling system. Some thought that the 
morning was a bit cold but it could easily be solved by putting more clothes on. During hot 
days, people used less clothes or tried not to be inside the house. The houses were often made 
of clay and bricks with windows made of glass. 

Concerning the food, several families in the low valley had refrigerators, especially the ones 
producing milk and dairy products. In the visited village in the high valley, none of the 
housed had refrigerators. 

In Altiplano, the need of heating was evident. All families agreed that the indoor climate was 
very cold all year around, especially in June to August and during nights and mornings.  
However, none of the interviewed families had any kind of heating system even if they 
wished for one. They put more clothes and animal rugs on or sat close to the pots in the 
kitchen while cooking. The knowledge of different solutions for heating was low, but the 
houses were often well constructed and isolated. Some families had small open windows and 
loosely fitted doors but overall a heating system could be a possible solution to heat the 
homes.  

5.4.4. Electricity 
The households in the study which did not have access to modern energy sources all 
expressed a desire to one day be connected. To get connected it was common to pay both for 
the installation and if it was necessary, also the cable from the grid to the house which in total 
could cost the family more than 1000 Bs. When they were asked what electrical devices they 
would buy if they had electricity most of them said a television. In villages that recently had 
been connected to the public grid it was common that small shop appeared in the 
neighbourhood that sold second hand televisions and DVDs. This is proof that establishes 
how little information that reaches the inhabitants of the rural areas of how electricity can be 
used. The most common devices were those used for entertainment.  

There was a clear pattern that the use increased in the afternoon, peaked in the evening and 
stayed relatively high until the family went to sleep. This can be explained by the fact that 
most people worked in their lands during day time and did not use their electronic devices 
except for the ones in stand-by mode such as refrigerators and stationary phones. The time for 
entertainment as well as the need for illumination was in the evening time. However, some 
family members worked at home and therefore used their radios and/or TV:s also in the 
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daytime, and some declared that they listened to or watched the news in the morning which 
explains some smaller peaks also during the bright hours in some households. These patterns 
can be compared to Table 7 that shows a similar pattern with increasing energy use in the 
evening. The table shows that the energy use during the daytime is bigger in the welfare 
scenario, a statement that can be discussed in comparison to the investigated villages. In 
Nuevo Horizonte where there was yet no access to the electricity grid, some families used 
their own gasoline generators. In these families, the use of electricity was limited to a few 
hours in the evening. In electrified households, the electricity use was spread out on more 
hours of the afternoon and evening, and in some cases there was also a smaller peak in the 
morning time. 

Village and zone Average daily 
electricity use 
[kWh] 

Average peak 
power demand 
[kW] 

Santa Rosa 1.0 0.2 
El Rosario 6.6 0.4 
Casarabe 1.2 0.2 
Oriente 1.0 0.3 
   
Poquera 7.0 1.0 
Waka Wasi 3.1 0.4 
Lipez 1.8 0.2 
Londo 2.1 0.2 
Tariza 0.5 0.1 
Yungas 2.6 0.3 
   
Chiarpata 0.6 0.2 
Esquivel 0.9 0.3 
Altiplano 0.8 0.2 
   
All 1.7 0.3 

Table 51. Comparison for the average electricity use for each village and topographical zone, including all 
households with access to the electricity grid. 

As can be seen in Table 51, the average daily electricity use was bigger in Yungas than in 
Oriente and Altiplano. This can partly be explained by the use of refrigerators which are 
turned on all hours of the day. Even though the peak power demand was highest in Yungas, it 
was not so high compared to the big difference in electricity use. That can possibly be 
explained by the fact that more devices are used during several hours different times of the 
day, this compared to Altiplano where most devices were used during few hours in the 
evening which explains a relatively high average peak power demand compared to the low 
average daily electricity use. Another explanation can be the low price for electricity in the 
Yungas area compared to both Oriente and Altiplano. The higher use in Oriente compared to 
Altiplano can possibly be explained by the use of refrigerators and fans, devices which were 
not found in any of the investigated households in Altiplano due to the cold. Though, the need 
for heating systems in Altiplano was obvious but heating powered by electricity would in 
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many cases be a too expensive investment due to a relatively high price for electricity. A 
reason why the electricity use was not higher in Oriente can except for the high price for 
electricity also be because most families were partly self-sufficient which means that their 
income is low and/or instable which can be a problem while having an expensive electricity 
bill. That was also a reason why several families did not use their fan all day and night even if 
they would have wanted to. As discussed in section 3.4, the average monthly electricity use 
was estimated to 25 kWh per person (Leal Filho & Buch, 2012), 17 % less than for each 
household estimated in this field study. That could possibly be explained by the fact that all 
studied households were situated within one hour of driving from a big city, which excludes 
households located in distant villages. Another explanation could be that this study was done 
seven years later and that the life standard has increased since year 2008, for example the use 
of cell phones.  

The result can be compared to Table 8 in section 3.4 where the base scenario includes a public 
building with energy activities during daytime and a continuously used refrigerator. The 
average daily energy demand in the base scenario in Table 8 is similar to the average use in 
Yungas where the households in several cases had a refrigerator like in the base scenario. A 
refrigerator was very common also in the Oriente, but that the average daily electricity use in 
that region is much lower than the average in the base scenario can possibly be explained by 
the fact that the public building uses more devices frequently compared to the households in 
Oriente. None of the investigated households in the Altiplano reach the average daily 
electricity demand in the base scenario which can partly be explained by the lack of use of 
refrigerators. 

The results in Table 51 can also be compared to the electricity use in different regions in Peru 
shown in Table 10. In the Andean South the daily use was estimated to 0.557 kWh if a month 
is assumed to have 30 days. That is 73 % of the estimated average daily electricity use in 
Altiplano which has many geographical similarities. The daily use in the Amazonas region is 
8 % higher than in the estimated average daily electricity use in Oriente. This indicates that 
the electricity use in rural areas of Peru is similar to the situation in Bolivia and confirms the 
estimated differences due to topographical varieties. 

In comparison to Table 13, the average daily electricity use is 57 % higher in the Peruvian 
Andean area than estimated in the Bolivian Altiplano. In the Amazon, the electricity use is 65 
% higher than in Oriente. The study that the results in Table 34 are based on was done closer 
to urban areas than the study which the result in Table 10 are based on, which can be one 
explanation to the higher electricity use compared to both Table 10 and the results this field 
study. 

Furthermore, the results can be compared to the results in Table 14. The average daily 
electricity use differed for the villages between 1.054 to 1.877 kWh per person and day in 
March 1995, which is higher than what was estimated for most households in this field study. 
Though, the villages were situated outside La Paz which is the largest city in Bolivia and that 
could be one reason why the electricity demand was higher in that study. There might also be 
a difference in price for electricity since that study was made in 1995. If the prices have 
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increased a lot, a lower electricity use would possibly be the solution for rural households to 
keep their expenses low. Since the costs for expanding the electricity grid have increased 
rapidly since 1990, it is possible that also the prices for electricity have followed the same 
pattern. The used devices are also likely to be more efficient than in 1995, especially the 
lamps. 
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Topographical 
zone 

Average price for 
electricity per 
month [Bs] 

Average monthly 
electricity 
consumption [kWh] 

Price for electricity 
per kWh [Bs/kWh] 

Oriente 80 47.88 1.67 
Yungas 37 77.73 0.47 
Altiplano 28 23.01 1.21 

Table 52. The average price for electricity in each topographical zone. 

Table 52 above shows how the price for electricity differs in the three topographical zones. In 
Oriente the price for electricity was the highest, followed by Altiplano and then Yungas which 
had the cheapest price per kWh. The big differences can except for the non-precise answers in 
the interviews that might affect the accuracy also be explained by the fact that different 
enterprises deliver the electricity in the different topographical zones. 

6. Conclusion 
Concerning the indoor temperature, there was a need for cooling in Oriente and for heating in 
Altiplano. The houses in Altiplano were well constructed and isolated but sometimes with bad 
isolated windows and doors. Heating systems would therefore be suitable but only in 
combination with an inventory of possible heat leaks in the building. The houses in Oriente 
were not isolated and an air condition would in many cases be an unprofitable investment. 

There was a clear pattern that the electricity peaked a few hours in the evening since that was 
the time for both entertainment and illumination. TV:s, cell phones and radios were except for 
the lamps the most commonly used devices and also the ones that non-electrified households 
wanted to have in the future. Refrigerators were commonly used in Oriente and Yungas but 
not in Altiplano. Electricity for cooking is seldom used even in the big cities in Bolivia and is 
most likely not an option for the rural areas, especially not since the phenomenon of fuel 
stacking is to be expected while climbing up the energy ladder. 

The total energy demand was highest in Altiplano, this even though the electricity use was 
lowest in that region. That can be explained by the fact that cow dung, a common fuel source 
in Altiplano, is a less effective fuel source than firewood and LPG which were used in the 
other regions. Yungas had the highest electricity use which possibly can be explained by the 
lowest electricity prices as well as many used devices. In Oriente it was common to have a 
refrigerator which distinctly increased the electricity use, but the high electricity prices can be 
one reason why the electricity use was not higher than in Yungas.  

The final conclusion is that there are differences in energy demand, energy use and energy 
need as well as in choice of fuel depending on the topographical zones in Bolivia.   
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Appendix 1: Questionnaire  
How many persons live in your household?  

How many are children? 

How much does your household earn per month? 

What kind of fuel do you mainly use for cooking? 

How do you get the fuel you mainly use? 

How many meals do you eat per day? 

When during the day do you cook these meals?  

In which of these meals do you use heat?  

What did you eat for these meals yesterday? 

Do you boil the drinking water? 

If yes, how long time does it take per day? 

Who is in charge of cooking in your household? 

Who is in charge of collecting fuel in your household? 

Do you consider collecting fuel as a burden? 

Do you consider your indoor temperature comfortable? 

What do you do if the indoor temperature is too warm? 

What do you do if the indoor temperature is too cold? 

Which fuels do you use for heating? 

Do you have electricity in your house? 

If no, how much would you be willing to pay for the electricity per month? 

Do you have access to electricity in your village? 

What kind of devices do you have in your home? 

What hours of the day do you use each device? 

How many lamps do you have? 

Which hours of the day do you use lamps and how many? 

If you have electricity, what source is it? 

How much do you pay for the electricity per month?  
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Appendix 2: The households in Oriente 

Santa Rosa, household 1 
In this household a total of five persons lived, where two were teenagers and one was a child. 
The family did not have a stable income since the man of the household worked as a 
constructer and his salary was both low and irregular. They mainly used wood for cooking, 
especially guayabochi and curupao and sometimes they also used LPG when they did not 
have the fuel or if it rained. The household usually used two tanks of LPG per month. The 
family ate three meals per day; breakfast, lunch and dinner. The typical meals were based on 
banana, masaco and bread for breakfast and dinner, and lunch was the biggest meal including 
rice and meat.  

The family’s house was made out wooden planks with a roof made of straw and mosquito 
nets instead of glass windows. They had two buildings whereof one was used as a bedroom 
and the other was a kitchen which had two stoves; one fuelled with LPG and one with wood. 
The stove used with firewood was constructed by clay and the pots stood on top of metal 
sticks and there was no chimney. This resulted that soot had darkened the roof and walls 
inside as well as outside the kitchen. The family expressed that the indoor temperature often 
was too warm but that they were used to it. However, they also expressed their concern about 
the children who suffered the most from the hot temperatures. Their current solutions to 
handle the hot temperatures were to frequently take showers, to take their clothes off, to wave 
leaves of pieces of clothes at themselves or put water on the floor but they wished for an air 
condition system. The family was connected to the electricity grid and paid 110 Bs per month 
for electricity.   

Santa Rosa, household 2 
In this household six people lived whereof four of them were children. The family worked 
with agriculture on a self-sufficient level and grew rice, corn, potatoes and bananas. They 
usually bought the meat that the family needed and for cooking they mainly used firewood, 
especially guayabochi and curupao. They also used LPG if it rained and the wood was to wet 
to use and in one month approximately one tank of LPG was used. The man of the household 
was in charge of collecting the firewood, a work they did not consider as a hard since he could 
collect it close to the house.  

The family ate three meals per day; breakfast, lunch and dinner. The main ingredients of their 
diet was potatoes, banana, corn and bread. The lunch was usually the biggest meal of the day, 
a soup with meat and potatoes while both the breakfast and dinner were smaller. The dinner 
was cooked early in the evening to avoid the mosquitoes and the water was collected from the 
community’s water tank for 15 Bs per month. 

The house was made of concreate and the windows had had mosquito nets instead of glass. 
The whole family lived in one room and experienced the indoor temperature to be too hot all 
hours of the day even if they had a fan which was not used all the hours of the day. Their 
kitchen was outside and the stove was constructed by bricks as walls and a grate on top. The 
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kitchen had no walls but was located under a roof where the family also had their dining table 
where they ate all three meals. The household was connected to the electricity grid. 

Santa Rosa, household 3 
In this household six persons lived, three of them were children. The family earned their 
livings from agriculture and some extra work when that occurred. It was important for all 
family members to work and earn money to the household, for instance selling products like 
rice. The household mainly used firewood for cooking but sometimes also LPG. The children 
were responsible for collecting the firewood and it was both time consuming and hard work 
since they had to walk far from their house. The family ate three meals per day; breakfast, 
lunch and dinner. The breakfast and dinner were similar and consisted of bread with tea and 
coffee and the lunch was a bigger meal with rice and meat.   

The house was made of wooden planks and a straw roof with no windows. The kitchen was 
located outside under a roof but with no walls. The stove was constructed by bricks and a 
couple of metal sticks to put the pans on top of the fire. The indoor temperature was according 
to the family too warm when it was a sunny day and their solution was to frequently take 
showers and to take their clothes off. The household was not yet connected to the public grid 
but the family planned to connect soon which would cost them 300 Bs for the cables and 
another 80 Bs for the installation. Because of this they did not have any electrical devices 
except an at the moment unusable TV and cell phones which they charged at the neighbour’s 
house. They now used a kerosene light and the most important devices for the family to have 
when they were to be connected to the grid were a refrigerator and a DVD. For the electricity 
they were willing to pay around 30 Bs per month. 

Nuevo Horizonte, household 1 
In this household twelve people lived, where two of them where children. They worked with 
agriculture but it was mainly for self-sufficient purposes and therefore the household did not 
have a stable income. Only firewood was used for cooking and the family did not use any 
species in particular, the only important aspect was that the wood was dry and they therefore 
storaged the wood inside. They expressed that it was a burden to collect the fuel they used for 
cooking and that the collecting was dangerous because of the snakes in the forest.  

In this household they cooked three meals per day; breakfast, lunch and dinner. The only dish 
that contained meat was the lunch and for breakfast and dinner they usually drank tea and 
coffee with bread or the traditional dish masaco, a dish made of mashed potatoes and banana 
mixed with cheese.  

The family lived in one of the new houses that was built by non-governmental organisations 
in the community. Even though it was modern and recently built it could still get very hot 
inside during the warm months of the year. The family slept inside the house and also outside 
where the family was building a new house. The family members who slept outside only slept 
under a roof without walls. The kitchen was located outside under a roof but with no walls 
and the stove that was used was constructed in metal with a grate on top.  
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Even though the household was not connected to the public grid the family had cell phones 
and a couple of light bulbs. When they needed to charge their phones they either went to their 
neighbour to charge it or used the public generator with their own gasoline. When they used 
the generator they tried to charge and use as many devices as possible to minimize the use of 
the generator since it was inefficient and therefore expensive to use. Since the generator was 
irregularly used, the hourly use for the simulation of the energy demand of this family 
contained some assumptions. 

If the family would get access to electricity they would be willing to pay around 8 Bs per 
month for the devices that they had today; cell phones and some light bulbs. In a scenario of 
connection to the electricity grid, the most important device to buy would be a refrigerator 
and then a fan.  

Nuevo Horizonte, household 2            
This household consisted of six persons whereof two of them where children. The family 
worked within agriculture as well with house construction. They cultivated potatoes, rice and 
corn which were mainly used for self-consumption. Firewood was used for cooking, 
especially the species guayabochi and curupaei. Up to 16 wood sticks could be used for one 
meal. Even though the firewood was collected in the neighbourhood, the family considered 
the collecting as a burden. They usually ate three meals per day; breakfast, lunch and dinner 
where common ingredients were potatoes and banana which they made masaco of. The only 
dish that contained meat was the lunch, usually a chicken soup.  

The household had three buildings, one was the kitchen and the other two were used as 
bedrooms. One of the buildings was the old house that the family used to live in before they 
got the new house as a gift from the organisations. They considered the indoor temperature to 
be very hot and it was a big problem for the family. They also explained that the newly built 
house was even hotter than their old house. They explained that the roof of the old wooden 
house gave better circulation indoors but that the new house was cleaner and safer than the 
old one. Their solution for the warm indoor temperature was to take their clothes off and to 
wave leaves or clothes to cool themselves. 

The household was not connected to the electricity grid but an own gasoline generator for 
their devices. The generator was currently out of function but when it worked they used it for 
a few devices; TV, DVD, charging one cell phone and a couple of light bulbs. When they 
used their gasoline generator it was usually in the late evening and then they often used all 
devices at the same time. The generator had a fuel consumption of six litres of gasoline for 
one whole night. The family was willing to pay 8 Bs for the electricity if they used a TV and 
some lamps, but they also wished for a refrigerator and a radio.  

El Rosario, household 1 
This household consisted of three persons where two were children. The household did not 
have a stable income since the only adult worked as a constructor of buildings and the 
availability of work could vary a lot. The man of the household was as the mayor of the 
village with some responsibilities but also some advantages. His household was connected to 
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the grid and was recently constructed and made of concrete with a new gas kitchen, but the 
stove did not have a chimney. The family had to pay 400 dollars for the converter and cable to 
get connected to the grid.  

The family usually cooked with LPG gas but when they did not have enough gas they used 
wood instead. They used around one tank of LPG per 35 days and a tank cost 22.5 Bs. They 
cooked three meals per day; breakfast, lunch and dinner. The usually ate bread with tea and 
hot chocolate for both breakfast and dinner and the lunch was a bigger meal with meat and 
rice or noodles. Every two months they bought a water tank of 24 000 litres for 500 Bs but 
they also collected the rain water to minimize the costs. 

Even though the house was rather new and had one fan in each of the bedrooms they 
experienced the indoor temperature to be extremely hot and this caused sleeping problems. 
They expressed that it is a problem all year around but in the period April-July it was a little 
better. Today the households shared the electricity bill with one other family and they paid 
200 Bs per month together.  

El Rosario, household 2 
In this household eight persons lived were four of them where children. The income of the 
household was rather stable since one of the family members worked at a university while 
other family members took irregular jobs. The household used firewood for cooking, 
especially tahivo and vechuco which the man in the household was in charge of collecting. 
They did not consider the collecting of fuel as a burden since they usually collected the wood 
close to their home. They ate three meals per day; breakfast, lunch and dinner. For breakfast 
and dinner they usually ate bread, banana and mashed potatoes. Their lunch was a bigger meal 
with meat and rice. The family collected the rain water and their neighbours also shared their 
water with this household.  

The house was constructed by different pieces of metal, wood and plastic sheets with a roof 
made of a metal sheet. It was still under construction and the family hoped that they could 
build a better house in the future. For the moment all of the family member lived in one room. 
They had two kitchens, one outside and one inside in the bedroom and the choice of which 
kitchen to use was depending on the weather. They hoped that they would one day be 
connected to the public grid and were willing to pay 50 Bs and considered illumination as the 
most important thing. They also wished for a TV, fan and refrigerator. 

Casarabe, household 1 
Here two adults without children lived. Besides having a land with cows they also had a 
commercial business, a small store where they sold some groceries and everyday items. LPG 
was the main fuel used for cooking but when they did not have any, they used firewood. They 
consumed two tanks per month that they bought in Trinidad. The couple ate three meals per 
day; breakfast, lunch and dinner. The breakfast was usually a smaller meal with masaco and 
coffee or tea and the lunch consisted of two dishes; one soup and one dried dish with meat 
and rice. For dinner the household usually ate meat, rice and eggs. The drinking water was 
bought in tanks and they also collected rainwater.  
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The household had two buildings, one was the kitchen and the other was a bedroom combined 
with the shop. Both buildings were made of wooden planks and a metal sheet as a roof 
without windows. The kitchen had no chimney but the gas stove was rather new. The family 
expressed that the indoor temperature was too hot, especially from August to November. In 
the past the village had suffered from many blackouts and a fan had therefore been unreliable, 
but nowadays the electricity service was more stable and a fan could help to handle the heat. 
The household had access to electricity and paid around 100 Bs for the electricity per month 
when the refrigerator was working and otherwise only 60 Bs.  

Casarabe, household 2  
Three adult people lived in this household but only one had a job. The woman of the 
household worked at an adult centre teaching handicrafts, five days a week for less than three 
hours per day. The household mainly used LPG for cooking, but when they had none they 
used firewood. Usually they bought the tanks from a truck from Trinidad and it cost them 25 
Bs and they used about one tank per month. In this household they cooked two meals per day; 
breakfast and dinner which both consisted of bread with tea and coffee. For lunch they went 
out to buy food in some of the small restaurants in the village. The household got water from 
the tank but collected rainwater for drinking.  

The house was made of wooden planks without windows and had a metal sheet as a roof. 
There was only one room used as a bedroom combined with the kitchen which consisted a gas 
stove without chimney. The woman expressed that the temperature could get extremely hot 
during the summer but sometimes during the winter it could be a little chilly. Even though it 
could get very warm inside the house she did not want an air conditioning system since she 
claimed that it could cause health problems.  

The household had electricity and they got connected to the grid about 20 years ago. Before 
they had a generator that only was used a couple of hours at night. Due to the family’s low 
salary they shared the electricity bill with another household that paid the whole bill, around 
35 Bs per month in total.  
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Appendix 3: The households in Yungas 

Poquera, household 1 
There lived three persons in this household where one was a child. The family worked in 
agriculture and grew crops such as potatoes, carrots, corn and onions. They also had cattle 
including chicken and cows, from the cows they produced milk that they sold to bigger 
factories. The average monthly income was around 800 Bs, but a big share of this money was 
reinvested in the animals. The household mainly used wood for cooking, especially molle, 
eucalyptus and kiña but they also used LPG. The household consumed around one tank each 
month and did not think that it was a burden to collect the wood fuel. They ate three meals per 
day and common ingredients were meat, egg, rice and vegetables. The family got water from 
a tank trough pipelines and they usually boiled the daily amount of drinking water for 20 
minutes every morning.  

The house was made of clay formed into bricks and had a few glass windows. The roof was 
made of a metal sheet and the kitchen was located outside. The household had one gas stove 
located under a roof with good shelter without chimney and the stove used with firewood was 
made of clay and located under a small metal sheet without walls. They considered the indoor 
temperature to be comfortable, but it could get a little cold in the morning, a problem they 
solved by putting more clothes on. The household had been connected to the public grid for 
almost 20 years and they paid around 50 Bs per month. They used electricity for an irrigation 
system and they therefore tried to use as little electricity as possible by sometimes not using 
their lamps, this to keep the electricity bill affordably low. That they chose to decrease their 
use of illumination shows that the knowledge about electricity is low since the low energy 
lamps consume relatively little energy compared to other used devices. 

Waka Wasi, household 1 
Two adults and three children lived in this household. The family lived on agriculture and 
grew potatoes, green beans and corn and they did also have a small pub where they sold beer 
and chicha, a traditional beer made from corn, and earned around 400 Bs per month. Even 
though the household was electrified, they cooked with firewood (eucalyptus and piño) and 
LPG three times per day. They bought the fuel for cooking and didn’t consider the cooking as 
a burden. They usually used LPG for making breakfast, often boiled corn, bread and a hot 
beverage such as tea, coffee or a cinnamon beverage. For lunch and dinner they mainly used 
firewood for cooking. The lunch consisted of two dishes, a soup and a dry dish with meat in 
both dishes. For dinner the family usually had a dry dish with rise and meat. The family paid 
around 100 Bs for water per year, water they got from a pump shared with some other 
families in the village. They often boiled the water in the morning, but not always. The wife 
was mainly in charge of cooking, but all of the family was helping her. 

The house was made of clay formed into bricks. The home consisted of two buildings, one 
building had one bedroom and the other room was the “chicheria”, the pub. The other 
building had one room that was combined bedroom and a kitchen where LPG gas was used 
for cooking. The only thing that separated the kitchen from the bedroom was a blanket. The 
roof was made of wood with tile on top and there was only two windows, one in each 
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building. The household had another kitchen between the buildings where biomass was 
burned. The outside kitchen had no chimney or door and had a roof made of a metal sheet. 
Since there was no chimney the walls were covered with soot from the incomplete 
combustion. They cooked over an open fire in a fireplace made of bricks, a so called three-
stone fire stove. Concerning heating and cooling, the family didn’t have any system for 
changing the indoor temperature. They opened doors and windows if the house got too warm, 
and put more clothes on if it got cold. Heating the house with firewood was not an option 
since the house did not have a chimney. Though, the family wished to have a heating system 
in the night and morning during the colder months May to September. The household had 
access to electricity and paid 60 Bs per month for the usage of their devices.  

Waka Wasi, household 2 
Two adults and one child lived in the household. They earned their living from agriculture 
and earned 150-200 Bs per month. They used this money for buying “extra stuff” but did 
mainly get what they needed from their own agriculture. Even though the household was 
electrified, they cooked with firewood (eucalyptus) and LPG three times per day. They 
collected their fuel in an own eucalyptus forest nearby once a year and didn’t consider it as a 
burden. They usually used LPG for making breakfast, often bread and a hot beverage such as 
tea or coffee. For lunch and dinner they mainly used firewood for cooking, using one 7.7 dm3 
big eucalyptus block per meal. The lunch often consisted of a soup with potatoes and meat as 
well as a dry dish with rice, pasta and meat, and for dinner they only had a dry dish similar to 
the lunch. They paid 100 Bs per year for water and did not boil it before drinking, and the 
wife of the family was in charge of cooking and the husband for collecting fuel.  

The house consisted of three buildings; one chicheria, one kitchen and one building used as 
bedrooms and storage unit. All of the buildings were made of clay that were formed into 
bricks. The roof was made of wood and straw and on top there were tiles. The kitchen had 
both a U-type stove for firewood as well as a place for the LPG stove. The U-type stove was 
constructed by clay with a hole in it to put the biomass inside but it had no chimney. The last 
building consisted of two rooms, one room was a bedroom and the other room was a bedroom 
combined with food storage. The bedrooms where poorly constructed and had gaps between 
the roof and the walls. Concerning heating and cooling, the family didn’t have any system for 
changing the indoor temperature. They never considered the indoor temperature too hot, but 
they put more clothes on if it got cold. Though, the family wished to have a heating system 
during colder months May to July. The family paid 15-25 Bs per month for electricity and 
hourly energy use is shown in Table 8686 below.  

Lipez, household 1 
This household consisted of five persons whereof one child. The family worked within 
agriculture and had a big land as well as cattle such as cows and ducks from which they could 
sell the milk from the cows and the meat from the ducks. The household sold 80 litres of milk 
per day to the milk factory and got 3.75 Bs/litre. The household sold the ducks every seven 
weeks and at that time they sold 145 ducks for 45 Bs each. The household mainly used LPG 
for cooking and they used one tank a month. To buy the tank they had to go to the city and 
each tank cost 26 Bs and when they did not have any gas, they used firewood. The family 
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cooked three meals a day; breakfast, lunch and dinner. The typical breakfast was a juice made 
from their milk production with different fruits, the lunch was vegetables and meat. If there 
was no meat they cooked a soup. The dinner was a traditional dish called estofado, which is a 
kind of beef with juice. The household got the water from pipelines and they did not boil the 
water before drinking.  

The house was rather new and was made of bricks and so was the roof. The rooms had a few 
windows, all with glass cover. The new house made of bricks was cooler than the old mud 
house and therefor the indoor temperature could be a little chilly. The family expressed that 
some heating equipment could be good sometimes but their current solution was to put on 
more clothes and sleep with several bedsheets. The kitchen was indoors with a new gas stove, 
but without chimney. The household has had electricity for 1 year and each month they paid 
35-40 Bs.  

Londo, household 1 
This household consisted of four persons where two of them were children. The family 
worked with agriculture, grew vegetables and had cattle. They mainly produced potatoes, 
beans, onion, carrots and corn and had cows, sheep and chickens and sold their products every 
six month in the markets of Cochabamba. The family only used firewood for cooking, 
especially wood from molle and algarobo but the best wood, catcha catcha, was a long walk 
from the house. They did not use LPG since it was difficult to find. The woman in the 
household was in charge of collecting the fuel, a work that she didn’t consider as a burden. 
The household cooked three dishes per day; breakfast, lunch and dinner. The main ingredients 
in the food were vegetables, meat and rice. They got their water from a tank through pipelines 
and did not boil it before drinking. 

The house was made of clay formed into bricks and the roof of the house was made of tile. 
The house did not have windows. They expressed that they were satisfied with the 
temperature inside but sometimes it could get a little cold in the morning, but it was never to 
warm inside. They had their kitchen outside under a metal sheet and was located in the corner 
of the wall made of clay that was surrounding their house. The stove was made of mud and it 
did not have a chimney. The household has had electricity for a long time and paid around 30 
Bs per month, but only half of that price when they did not have a refrigerator. 

Tariza, household 1 
In this house seven adults and five children lived. They worked with agriculture and produced 
potatoes, vegetables, cereals and also hade cattle including animals like cows, chickens and 
pigs. They earned their living by selling crops, milk and meat in the markets of Cochabamba. 
For cooking the family mainly used wood, especially taco, kiña and chacatilla. They did 
sometimes use LPG, but mostly in the rain season. The household cooked three meals a day 
with ingredients from their own land and production and had pipelines with fresh natural 
water from the mountains and they didn’t have to boil it.  

The house was made of bricks and had a metal sheet as roof. There were some glass windows 
and the kitchen was located outside under a small metal sheet for protection. The stove that 
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was used was constructed of clay and the pot balanced between the two walls of the stove 
which did not have a chimney. The household had had electricity for 15 years and paid 38 Bs 
per month.  

Tariza, household 2 
In this household a total of six persons lived, where three of them were children. The income 
of the family came from the man who worked as a constructor since they could not grow 
anything on their lands. This was because the household did not have enough money to have a 
good irrigation system and therefore the land could only be used during the rain season. The 
monthly income of the household was around 2 000 Bs. The family mainly used wood for 
cooking, especially agarobo, but during the rain time they used LPG instead. The family 
cooked three meals per day and mainly based their diet on vegetables with only a little meat. 
The man in the household was responsible for collecting the fuel and did not consider it as a 
burden. The water came from the mountains trough pipelines and did not need to be boiled 
before drinking it. 

The house was made of clay with a roof made of tile and had only one open window. The 
family used two different kitchens; if it rained they used the kitchen indoors, with no 
chimney. Otherwise they had a stove outside under a tree where the stove was made of clay. 
The indoor temperature was according to them comfortable during most of the year, but in 
November it could get a little hot inside. The household had had electricity for 12 years and 
paid around 20 Bs per month.  
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Appendix 4: The households in Altiplano 

Chiarpata, household 1 
Two adults and one child lived in this household that earned its living from cheese 
production. They sold around eight cheeses per day for 8 Bs each, which corresponds to a 
monthly average income of 1900 Bs. The family mainly used dung from their cows for 
cooking, but when it rained and the dung got wet, they used LPG instead. The family usually 
cooked four meals per day; breakfast, lunch, afternoon tea and dinner. The afternoon tea 
included both tea and bread with cheese. The water was collected from a tap from a well and 
the family did not boil it before drinking.  

The three houses (a kitchen and two bedrooms) were made of bricks filled with concrete and 
stones, and the kitchen did not have a chimney. The kitchen was both used for LPG gas as 
well as a three stone fire stove. The bedroom was made of concreate and all of the buildings 
had glass windows and the roof was made of metal sheets. The family wished to have a 
heating system but their current solution for keeping the heat was to use sheepskins. The 
household was connected to the grid and paid 25-30 Bs per month for electricity. 

Esquivel, household 1 
There were eight people living in this household and three of them where children. The family 
worked within agriculture, mainly with cattle, and earned 5 000 Bs per month. Though, 
around half of the income was reinvested in the cattle. The products they got from the cattle 
was mainly milk and cheese that they could sell. The household usually used firewood 
(kighwara and pino), dung and LPG for cooking, but in the rain seasons they only used LPG. 
A normal day the household used LPG in the morning for cooking the tea and coffee for the 
breakfast. This was also one of the reasons for using LPG; it is quick. For lunch and dinner 
they mainly used biomass, usually around 30 pieces of dung per meal. For lunch they ate both 
a dry dish and a soup. The dry dish consisted of potatoes, beans and corn. If they had meat, 
usually from sheep, they also made a soup of it with rice and noodles. The dinner was almost 
the same as the lunch but without the soup. The women in the household were responsible for 
the cooking and the collecting of dung while the man was responsible for collecting the wood. 
The water used in the household came from a well for which the paid 20 Bs per month.  

The household consisted of several buildings for the different families within the household. 
Most of the buildings were made of clay but one of them was made of concreate and another 
one of bricks. The buildings had glass windows and the kitchen building was separate from 
the other rooms. They had also built a chimney from the stove to minimize the emissions from 
the cooking. They were not satisfied with the cold indoor temperature and their solution was 
to put more clothes on if it is cold. They thought the temperature was to cold all year and the 
worst hours were in the morning and in the evening. The household was connected to the 
public grid and paid 25-30 Bs per month for the electricity.  

Esquivel, household 2 
Seven people whereof three children lived in the second household in Esquivel. It was a 
farmer family who earned their living from milk and cheese production, selling around 20 
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cheeses per week for 10 Bs each, which correspond to an average income of 800 Bs per 
month. Their cows also gave them dung which was used for cooking when they didn’t have 
LPG, their main fuel for cooking. The LPG was bought for 24 Bs from trucks coming from La 
Paz, and the family usually used two tanks per month. The LPG was used four times per day; 
for breakfast, lunch, afternoon tea and dinner. The water was collected from a tap from a well, 
and the family did not boil it before drinking.  

The kitchen they used for LPG did not have a proper chimney, only a door and windows. 
When the family used dung they used their outdoor kitchen. In the outdoor kitchen they only 
had walls made of clay formed into bricks without roof. The used a U-type stove to cook their 
food with dung in a stove made of clay. The main building was made of concreate with glass 
windows and it was in this building that the family slept. The household also had one building 
for storage and one for the animals on their yard. Concerning heating and cooling, the family 
did not have either a heating or cooling system. They didn’t ever consider the house too 
warm, but weren’t satisfied with their low indoor temperature and would have wanted a 
heating system during the evenings and nights from June to August. The family was 
connected to the public grid and paid around 25 Bs per month for the electricity.  

Cotushuma, household 1 
In this household a total of 13 persons lived and nine of them where children. The household 
did not have electricity but it was being installed the same day as the interview took place. To 
connected the grid to the house the family had to pay 1500 Bs and this included the line that 
DELAPAZ, the electricity company, had to extend to connect the house. The father of the 
family expressed that it was important for the family to get electricity for illumination inside 
the house so the children could study in the night time, until now they had only used candles 
for illumination. Except for the lamps, the family wanted to use the electricity for a radio, a 
TV and for charging cell phones, devices they would buy when they could afford them.  

The women of the household where in charge of cooking. In the mornings they usually 
cooked both breakfast and lunch for a total time of about two hours. A common breakfast for 
the family was bread made from quinoa and a soup with potatoes and beans. The lunch was 
usually a soup, often the same as they had for breakfast. The only meal that included meat 
was the dinner. The meat was from one of the many animals that the family owned such as 
chicken or rabbit. They usually used dung from their cows for cooking and they need around 
40 pieces of dung per meal. The children of the family were in charge of collecting the dung. 
The family got their water from a pump and it was not common that they boiled the water 
since they usually filtrated it instead before drinking it.    

The house was made of clay formed into bricks and the main building had two rooms. Except 
for the main building the house also had a kitchen and another bedroom. The bedroom was for 
four of the children and had open windows and no door except for some planks to cover the 
entrance. These children slept on three different plastic matrasses on the floor. The family 
expressed that the indoor temperature was not comfortable and that they would have wanted 
to heat their house, but for the moment they usually only went to the kitchen where it was 
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warmer. The family would primarily use a heating equipment in the months of June to 
August, when the weather is coldest.  

The kitchen was rather recently constructed and had a special area for the cooking. They had 
built the stove in a separate part with a hole in the wall for minimizing the smoke. There was 
also a gap between the roof and the walls of the cooking place, also to make it easier for the 
smoke to leave the kitchen. The roof of the cooking part was made of a metal sheet and in the 
kitchen it was made out straw.  The stove was a U-type traditional stove made out clay. In 
their yard there were a couple of small houses for the animals.   
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