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Fuel-stacking behaviour among households in Dar es Salaam, Tanzania 

Abstract 

In many developing countries, modern energy sources are seen not only as cleaner and more 

efficient than traditional fuels, but also important for achieving socio-economic development 

in the country. Hence, from an energy policy perspective, households should switch towards 

modern energy sources use. However, despite the availability of modern energy sources in the 

city of Dar es Salaam, many households continue to use traditional fuels for cooking, often in 

combination with their modern counterparts. Therefore, this study contributes to the existing 

literature by describing and analysing this so-called energy mix in the city as well as the effects 

of households’ experience with using various fuels. A comparison of multinomial logit 

specifications yielded different results, which implies that the analysis of the energy mix is 

sensitive to the way households are categorised in the research; households are much more 

likely to shift most of their energy use to new fuel types in response to changing conditions than 

to shift all of it. The results also show that households’ fuel choices were sensitive to their fuel-

use experience. Both findings have implications for energy policy; achieving shifts to new fuel 

types is easier if the goal is to achieve widespread, rather than total, shifts in household energy 

use, and achieving shifts to new fuels is easier if households have had at least some prior 

experience with those fuels. 

 

1. Introduction 

This paper presents a study on the use of multiple fuels, known as fuel stacking1, in the city of 

Dar es Salaam, Tanzania. Most previous studies have explored fuel-stacking behaviour by 

categorising a household’s energy choices as solid/traditional, non-solid/modern, or a 

combination of these (i.e. an energy mix) and have then investigated the factors affecting the 

household’s choices in respect of the three categories. However, this type of analysis assumes 

that all energy-mix users are similar – an approach which ignores the relative importance of 

fuels in the composition of the mix. This study therefore contributes to earlier literature on 

household energy choices and fuel stacking by describing and analysing the energy mix. Part 

of the study included analysing household socio-economic factors, demands for energy, and 

demands for various types of fuel. Thus, the study also contributes to existing knowledge by 

bringing out the effect of a household’s fuel-use experience on its fuel-stacking behaviour as 

well as on its demand for individual fuel types. 

According to Tanzania’s National Energy Policy of 2015 (URT, 2019), modern energy services 

are key to achieving the country’s desired socio-economic development. Meanwhile, the energy 

statistics reflect that the country has low levels of industrialization and development (Choumert-

Nkolo et al., 2019). Many households show a high and persistent use of traditional fuels for 

cooking, especially firewood and charcoal (Choumert-Nkolo et al., 2019). Similar studies in 

other developing countries have identified the same tendency (see e.g., Alem et al., 2016; 

Bamiro and Ogunjobi, 2015; Chambwera and Folmer, 2007; Yao et al., 2012). However, a 

heavy dependence on traditional fuels has been linked to environmental degradation: the use of 

firewood, for example, threatens many forests (Ishengoma and Abdallah, 2016). Apart from the 

environmental impact on forests as well as on climate change, the use of traditional fuels also 

has severe impacts on human health (Malla and Timilsina, 2014). Hence, a better understanding 

 
1  Fuel stacking means that even with increasing in income households do not fully switch from traditional to 

modern fuels but rather use an energy mix (see e.g., Masera et al., 2000; Kroon et al., 2013) 
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of household energy behaviour is essential for paving the way to sustainable development in 

any country that depends on natural resources for fuel. 

Modern energy sources such as liquefied petroleum gas (LPG) and electricity have been 

acknowledged as cleaner and more efficient. Thus, from an energy policy perspective, 

households should switch to using them. However, making this switch in rural areas is difficult 

because the availability of modern energy sources is not always reliable (NBS, 2014). Although 

this drawback is not an issue in most urban settings, including in Dar es Salaam, where most 

modern energy sources like LPG are constantly available, there is a tendency among households 

in urban settings – even those with higher levels of education and incomes – not to abandon 

traditional sources but rather to continue using them as part of their energy mix (Sepp, 2014). 

Such fuel stacking has been related to increased energy security in that price-variation risks 

associated with depending on a single energy source can be avoided (Alem et al., 2016; Sepp, 

2014). It has also been suggested that households tend to use a combination of traditional and 

modern fuels, which differ in price, to suit their budgets, preferences, and needs (Alem et al., 

2016; Mekonnen and Köhlin, 2008; World Bank, 2003). 

Thus, fuel stacking models, i.e., models with use of multiple fuels, have gained support to 

explain the empirically observed household energy choices in developing countries (Muller and 

Yan, 2018; Kroon et al., 2013). Examples of such studies that explored the factors determining 

household energy choices and fuel stacking in the developing countries were Alem et al., 2016; 

Bamiro and Ogunjobi, 2015; Mekonnen and Köhlin, 2008.  However, these studies have not 

addressed the relative importance of fuels in the energy mix in their categorization of fuel 

choices. Two important aspects which are types of fuels used and the allocation of energy 

expenditure among different fuel types are important to have a well-defined outcome variable 

which is fuel choices (Choumert-Nkolo et al., 2019). In their study (Choumert-Nkolo et al., 

2019), Gini-Simpson diversity and stacking up the ladder indices on panel data were used to 

examine household fuel stacking behaviour in Tanzania. Their study found that per-adult-

equivalent expenditure, access to electricity, income expenditure shares and urban/rural 

disparities determined a household’s stacking behaviour. 

Another study by Chambwera and Folmer (2007) analysed household energy mix in Harare, 

Zimbabwe, using an Almost Ideal Demand System approach. Their study used a multi-stage 

budgeting approach to estimate energy expenditure share in total household expenditure (first 

stage) and energy expenditure shares devoted to firewood, electricity, and kerosene (second 

stage). The separate models were estimated for electrified and non-electrified households, 

between these groups factors for energy expenditure shares were obtained and a system of 

equations to determine the shares of each fuel in the energy mix was estimated. Factors such as 

fuel prices, household size, education, value of appliances and number of rooms were likely to 

determine energy expenditure share and firewood/kerosene/electricity shares. 

Contributing to the literature, this study approaches the fuel stacking by considering the 

composition of the energy mix in terms of the relative significance of shares of individual fuels 

in the energy expenditure. Households’ energy choices are categorized into three groups i.e., 

traditional, mixed, and modern fuels to estimate the determinants of fuel stacking behaviour in 

Dar es Salaam, Tanzania, but the sensitivity of the results to the exact category boundaries is 

then analysed further. This is important to consider for household fuel choices in the energy 

mix are not similar. Also, this study adds to the literature by attempting to analyse the 

importance of fuel use experience in the fuel stacking behaviour. Factors such as household 

size, income/expenditure, education, and gender have been mostly used to analyse and found 

to be important for influencing fuel stacking/multiple fuel use in developing countries (see e.g., 
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Alem et al., 2016; Ado et al., 2016; Bamiro and Ogunjobi, 2015; Mekonnen and Köhlin, 2008; 

Chambwera and Folmer, 2007). However, path dependence – in the sense that prior use of a 

fuel builds up experience in using that fuel and makes the household more likely to continue 

using it – deserves further study. 

The aim of this study, therefore, is to analyse household fuel-stacking behaviour in the urban 

setting of Dar es Salaam by attempting to answer the following six questions: (1) What kinds 

of energy sources do households use and mix? (2) How is the proportion of energy expenditure 

devoted to individual fuels? (3) What factors influence a household’s fuel-stacking behaviour? 

(4) How sensitive are the results to the threshold definitions of household energy choices? (5) 

What factors influence overall energy demand? (6) What factors influence the demand for 

individual fuel types? Dar es Salaam was specifically chosen as a case study for answering 

these questions because of its importance as a major commercial hub and its reliable supply of 

a variety of energy sources across practically the entire city, unlike in most other regions of the 

country. Moreover, despite modern fuels being readily available there, it has been identified as 

the country’s largest consumer of forest energy sources (Miya et al., 2012). 

The remainder of this study is organised as follows: section 2 details the background of the 

study; section 3 comprises a literature review; section 4 focuses on methodology, which 

includes a description of the case study, the data-collection methods, the theoretical framework 

and the model specification; section 5 contains the results; section 6 discusses the results; and 

section 7 offers a conclusion. 

2. Background 

Tanzania, as many other developing countries, has an abundance of energy sources, including 

natural gas, hydro-electric power, and solar-powered options. Nonetheless, at least 90% of total 

energy consumption for cooking is met by traditional biomass sources (Bauner et al., 2012; 

Lusambo, 2016; NAFORMA, 2015; URT, 2003; World Bank, 2009). Most Tanzanians use 

firewood and charcoal because they are cheaper than modern energy sources (Maliti and 

Mnenwa, 2011). This raises concerns regarding deforestation and forest degradation. 

In the case of wood fuels, their use tends to differ according to locality (Damian, 2009, in 

Mokiti, 2014). Forests are commonly located in rural areas, implying that households have easy 

access to firewood. In most cases, it is also available at a zero monetary cost to rural households. 

Such households therefore tend to use more firewood than charcoal. 

Charcoal is mostly transported to urban areas and traded at market prices. According to World 

Bank (2009) estimates, about 70% of the households in Dar es Salaam used charcoal, 

accounting for about a half of Tanzania’s total consumption. Charcoal was also found to be the 

dominant cooking fuel in many urban settings in Tanzania (D’Agostino et al., 2015). Thus, 

continued urbanisation is expected to increase the demand for charcoal. In addition, prices for 

alternative energy sources are on the rise; since urban households already suffer income 

constraints, switching to modern energy sources will only be an option to individuals who are 

financially more secure (World Bank, 2009). Conversely, the price of charcoal has remained 

relatively low in comparison with other fuels, despite tax exemptions on LPG that have made 

it cheaper than electricity and kerosene (Doggart et al., 2020). Although recent findings 

(Doggart et al., 2020) have also shown a decline in charcoal use, it remains important as a fuel 

source. For example, in 2018, about 56% of the households in Dar es Salaam used charcoal as 

their main cooking fuel, while charcoal formed part of the overall energy mix for 88% of the 

surveyed households in Dar es Salaam (Doggart et al., 2020). 



4 

 

On the other hand, the use of modern fuels, especially of LPG, has shown a promising trend in 

the city (Doggart et al., 2020). LPG was found to be the second most used main fuel for cooking 

after charcoal. Some 32% of households used LPG as their main fuel, while 58% of households 

used LPG as part of their energy mix. A total of 3% of households used kerosene as their main 

cooking fuel, with 28% using it in their energy mix. Firewood was the main cooking fuel for 

9% of households, while 25% of households used it in their energy mix. Electricity was not 

given as a main cooking fuel by any households in their study, although 12% of all households 

used it in their energy mix (Doggart et al., 2020). These trends show a tendency towards 

household fuel-stacking behaviour in Dar es Salaam because, for cooking, a high percentage of 

households preferred to mix energy sources rather than rely on only one. 

However, defining energy mix solely as being a combination of energy sources does not offer 

information about how much a household uses of, and spends on, each source. Therefore, 

energy mixes also need to be examined in terms of how much is spent on one source relative to 

another. Furthermore, some questions remain as to what determines household fuel-stacking 

behaviour and what influences a specific energy mix. For example, the government introduced 

measures to reduce the population’s dependence on traditional fuels, including tax relief on 

LPG (URT, 2015) and temporary bans on charcoal in 2006 and 2017 (Doggart et al., 2020). 

However, not only were the charcoal bans unsuccessful, households also did not switch 

completely to modern fuels, rather opting for an energy mix (see for example Doggart et al., 

2020).  

The current study of household fuel-stacking was conducted in Dar es Salaam, the largest city 

and port in Tanzania, which lies on Africa’s eastern seaboard. The city served as the country’s 

capital until 1973 and continues to serve as its economic capital. Dar es Salaam is the most 

densely populated region in Tanzania, being home to over 4.36 million inhabitants, according 

to the 2012 national census (NBS,2013). The city is made up of five administrative 

municipalities, namely Ilala, Kigamboni, Kinondoni, Temeke and Ubungo. On the city 

outskirts, in the Ilala Municipality, lie the 2,180-ha Pugu Hills Forest Reserves, while 1,226 ha 

of coastal forest reserves can be found in Dondwe and Pande in the Kinondoni Municipality 

(Word Bank, 2016). Dar es Salaam is also endowed with mangrove forests in all five 

municipalities along its coastline. Thus, for example, the Kinondoni Municipality has 314 ha 

of such forests in Kunduchi, Mbweni and Ras Kiromoni. Illegal harvesting from these forests 

and both legal and illegal harvesting from forests further away have provided the city’s 

inhabitants with firewood and charcoal for cooking. Thus, owing to rapid urbanisation and peri-

urban expansion, accompanied by a high demand by households for charcoal, the city’s forests 

have been experiencing degradation for over 30 years, with more than 30% of forest reserves 

having declined (World Bank, 2016).  

Notably, alternative sources of cooking fuels have been widely available in Dar es Salaam for 

quite some time. Furthermore, modern sources such as LPG have improved cooking efficiency 

as these energies save cooking time. Besides, modern energy technologies are cleaner and more 

environmentally friendly than charcoal or firewood. Hence, with the increase in the use of 

modern fuels in Dar es Salaam, households’ quality of life could potentially improve. 

3. Literature review 

Household energy choices in developing countries have traditionally been explained in terms 

of the Energy Ladder Hypothesis, namely that increased household income makes households 

shift from traditional energy sources to modern ones (Atanassov, 2010; Diaz-Chavez et al., 

2015; Lusambo, 2016; Maliti and Mnenwa, 2011; Toole, 2015; World Bank, 2011). Taken 
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literally, the Energy Ladder Hypothesis suggests that household energy choices and the energy 

switch are exclusively determined by household income. However, experience has shown that 

households who switch to using modern sources do not completely abandon traditional ones 

(Masera et al., 2000). Thus, after the Energy Ladder Hypothesis failed to explain actual 

household behaviours, Masera et al. (2000) proposed the fuel-stacking model. 

One of the Energy Ladder’s shortcomings was its exclusive focus on income to determine 

energy choices, ignoring other possible factors. Masera et al. (2000), on the other hand, found 

that other socio-economic factors also influenced household fuel choices. The Energy Ladder 

hypothesis was also criticised for assuming that the switching process was linear, i.e. that as 

income rose, households switched to modern energy sources (Atanassov, 2010; Heltberg, 2004; 

Toole, 2015). As Masera et al. (2000) found, however, such switching was not unidirectional: 

not only did modern energy sources (e.g. LPG and electricity) not completely substitute 

traditional ones (firewood and charcoal), they rather became part of an energy mix, leading to 

what was described as fuel-stacking behaviour. Thus, the fuel-stacking model more accurately 

explained that several factors influenced household energy choices. 

Among the factors found to explain a household’s fuel-stacking behaviour, were a preference 

for and familiarity with traditional fuels as well as a tendency to establish a sense of energy 

security i.e. avoiding being vulnerable to price fluctuations or unreliable energy services (see 

e.g. Alem et al., 2016; Leach, 1992). Moreover, modern fuels were regarded as imperfect 

substitutes for traditional fuels due to the latter’s association with certain cultural and traditional 

aspects of the household’s lifestyle; these factors therefore also affected a household’s energy 

choice decisions, according to Ruiz-Mercado and Masera (2015). These studies of households’ 

fuel-use experience further underline the fuel-stacking model’s ability to offer insight into the 

tendency for urban households to continue using traditional fuels despite adopting their modern 

counterparts. 

Household fuel-stacking behaviour has also been studied using different methods. For example, 

panel survey data collected in Ethiopia’s major cities were used by Mekonnen and Köhlin 

(2008) in their analysis of household fuel-stacking behaviour using a multinomial logit model. 

The study grouped households into three categories according to their energy choices: (i) use 

of solid fuel only (firewood and/or charcoal), (ii) use of non-solid fuel only (kerosene and/or 

electricity), or (iii) use of a combination of solid and non-solid fuels (regardless of the relative 

importance of these fuels). The authors found that fuel prices, family size, education, sex, age 

and overall household expenditure significantly influenced household fuel-stacking behaviour. 

A similar study, conducted by Alem et al. (2016) in urban Ethiopia and using similar definitions 

for the three energy choices, found persistent fuel-stacking behaviour over time in the selected 

cities. Their descriptive statistics showed that an increase in household income was associated 

with an increase in the number of fuel types, i.e. multiple fuels, while the multinomial logit 

estimates suggested that the price of electricity and household size showed positively significant 

effects on the choice of mixed sources of energy, whereas share of females in the household 

and the dummy variables for cities were negatively related to the probability of choosing mixed 

fuels. 

Celik and Oktay (2019), also using the three choice categories (solid/non-solid/combination of 

both), modelled household fuel-stacking behaviour in respect of space heating in Turkey by 

employing the unordered and ordered discrete choice techniques. Their study’s estimated 

results were obtained from the multinomial logit, multinomial probit and proportional odds 

models for the unordered responses, while generalised ordered logit and heteroskedastic 

ordered logit models were used for the ordered responses. The findings showed that, although 
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households used modern fuels, they remained reliant on traditional sources. The study also 

found that the factors affecting household choices regarding fuel type included the sex, 

occupation group, income and education of the head of the household; the household size; the 

type of dwelling; the type of space heating system; the dwelling size; the number of rooms in 

the dwelling; and the settlement and region in which the household was located. For example, 

households with higher household head income and households whose head had higher levels 

of education were found to be more likely to use only modern fuels, while larger households 

were more likely to choose only traditional fuels. 

Heltberg (2005) studied household cooking fuel choices using the living standard measurement 

surveys in Guatemala. The discussion of household cooking fuel choices involved patterns of 

energy use, energy spending, Engel curves, multiple fuels, fuel use switching and determinants 

of fuel choices. His approach of categorizing household fuel choices is different but imply the 

same notion of solid, non-solid and energy mix. Three categories of household fuel choices 

were grouped as only LPG, only wood and a combination of LPG and charcoal (energy mix). 

Descriptive findings showed a common tendency of households using multiple fuels whereby 

the percentage of urban households was higher than the rural households. The proportion of 

urban households using each fuel in respective order included electricity, LPG, firewood, 

charcoal and kerosene. While for the rural households the order was of firewood, electricity, 

kerosene, LPG, and charcoal. Estimated results were obtained from the multinomial logit which 

suggested that higher expenditure was associated with switching from wood to LPG in urban 

areas, high LPG prices increased the probability of using woods only in rural areas while high 

firewood prices increased the probability of using LPG only in the urban areas. Other factors 

were gender composition, household size, education, indigenous ethnic groups, having 

electricity and regional dummies, but these factors were significant for either choice of only 

LPG or only wood and again in either urban or rural areas. No variable was found to have 

significant effect on the energy mix i.e., fuel stacking. 

As seen in the reviewed studies logits have commonly been used to analyse fuel-stacking 

behaviour. However, there are risks associated with the thresholds used to define households 

as Traditional, Modern, or Mixed-source users. The existing literature commonly defines 

households as mixed-source users if they mix traditional and modern sources – even if one fuel 

type predominates in that mix. However, from an energy policy perspective, a household that 

almost exclusively uses traditional fuels (and, therefore, is similar to a household that 

exclusively uses traditional fuels) has little in common with a household that almost exclusively 

uses modern fuels (and, thus, is similar to households in the Modern fuels only category), even 

though both will be placed in the Mixed sources of energy category. Therefore, it is useful to 

explore how sensitive the results are to how the category thresholds are defined, in order to 

assess the extent to which such borderline cases matter for the conclusions. 

Moreover, analysing the use of individual fuels is useful for determining the share of 

expenditure on each fuel. From an energy policy perspective, the energy expenditure share for 

each fuel type can help to ascertain household energy uses. Exploring the characteristics of each 

fuel choice is also important for understanding the factors that influence the demand for a fuel. 

4. Methodology 

4.1 Data collection 

Primary data were collected to keep up with the most recent information and to analyse the 

objectives of the study. However, descriptive statistics for this study have been compared with 

previous findings such as the National Census of 2012, Energy Access Situation Report of 2016 
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by NBS, 2017, Household Budget Survey 2017/2018 by NBS, 2019 and a recent study done by 

Doggart et al., 2020. Data were collected between August and September 2019 using a survey 

questionnaire for a sample of 1,000 households residing in Dar es Salaam. Four of the city’s 

five municipalities, i.e., Ilala, Kinondoni, Temeke and Ubungo, were each represented by 225 

households, whereas the fifth, Kigamboni, was represented by 100 households. Kigamboni had 

a small sample because its population and number of wards were the lowest in comparison with 

the other municipalities. Wards were then purposively selected from each municipality, based 

on their geographical proximity and socio-economic differences or similarities in order to 

obtain representative samples. A ward is an administrative structure of a town under a 

municipality. 

The wards selected from Kinondoni were Kawe, Kunduchi, Mabwepande, Msasani, 

Mwananyamala and Tandale, with a sample of at least 37 households selected randomly from 

each ward. The surveyed wards in Temeke were Chamazi, Chang’ombe, Keko, Kijichi, 

Kurasini and Mtoni, with a random sample of at least 37 households representing each ward. 

The wards of Kibamba, Manzese, Sinza and Ubungo each had a random sample of 56 

households, from Ubungo. In Ilala and its central business district, the wards Buguruni, 

Chanika, Gongolamboto, Jangwani, Kariakoo, Kinyerezi, Kitunda, Kiwalani, Segerea, Tabata, 

Ukonga and Upanga were selected; each was represented by at least 18 households. In 

Kigamboni, only three wards were selected, namely Kibada, Kigamboni and Kisarawe; the 

sample from each was 33 households. 

Sample selection was accomplished by first identifying areas according to their income 

categories, namely as low-, middle- or high-income. To avoid selection bias, sampled 

households were then selected by including the income categories of households residing in the 

identified low-, middle- and high-income areas from each ward in the respective municipality. 

Access to these selected sample households was obtained for the researcher and the ten assistant 

data collectors through the assistance of local government offices in the areas concerned. 
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Figure 1: Data-collection sites 

 

The assistant data collectors interviewed the selected sample households one by one, obtaining 

information about their socio-economic characteristics, including age, income, education of the 

household head, house ownership, occupation, and household size. To obtain household 

energy-related data, households were also asked questions about the type of energy sources they 

had previously used and were currently using; the amount of energy they used; the price of the 

energy used; the number of years they had used a specific energy source; their reasons for using 

a specific energy source or sources; whether they had transitioned to using modern energy 

types; the type of cooking stoves they used; and their opinions on the availability, efficiency, 

quality and affordability of various energy sources.  

Prior to the interview, households were briefly informed about the purpose of the survey. 

Households were also informed that the survey findings were strictly confidential and for 

academic purposes only. Only those households who voluntarily participated in the survey were 

interviewed.  

4.2 Theoretical framework and model specification 

4.2.1 Determinants of fuel choices and fuel-stacking behaviour 

Given that households can choose from several energy sources available to them, i.e. traditional 

fuels, modern fuels or a mixed choice of both types, their discrete choices can be analysed using 

random utility maximisation models (Heiss, 2002). In the presence of alternative energy types, 

utility level Uij is assigned to each alternative j = 1, …, J for each household i = 1, …, I. 

According to the utility maximisation principle, a consumer is considered rational and will 
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choose the most preferred bundle from a set of feasible alternatives (Bhattacharya and 

Timilsina, 2009). From the preferred alternative, household i obtains the highest utility. The 

utility derived from using alternative j is then divided into deterministic (𝑉𝑖𝑗) and random (휀𝑖𝑗) 

parts, shown as follows: 

𝑈𝑖𝑗 = 𝑉𝑖𝑗 + 휀𝑖𝑗 

 is the observable utility and is linked not only to the characteristics of the household, such as 

its head’s income, sex, education and age, but also to the characteristics of the preferred energy 

alternative, such as the household’s experience of using the energy source. 휀𝑖𝑗 is stochastic (the 

unobservable utility). Household i chooses energy type j only if j’s utility is greater than that 

from energy type k, i.e., 𝑈𝑖𝑗 > 𝑈𝑖𝑘  for j ≠ k. 

The probability that household i will choose energy j over k with yi ∈ {1 … J}, i.e., where yi is 

the alternative that household i chooses, hence its probability is given as follows: 

𝑃𝑖𝑗 = 𝑃𝑟(𝑦𝑖 = 𝑗) = 𝑃𝑟(𝑈𝑖𝑗 > 𝑈𝑖𝑘) = 𝑃𝑟( Ԑik - Ԑij < Vij – Vik ∀ k = 1 … J: j ≠ k). 

Vi1, …, ViJ are deterministic utilities; therefore, the probability depends on the distribution of the 

error term (Heiss, 2002). 

The demand for energy depends on energy end-use services, such as cooling, cooking, lighting, 

heating, transportation, and communication. In this study, the household’s cooking-energy 

source was used as the dependent variable. To estimate the determinants of household cooking-

energy choices in Dar es Salaam, a multinomial logit regression model was employed. This 

model estimates the association between the explanatory variables and the unordered 

categorical outcome. Since charcoal, as a solid/traditional energy source, has been used for a 

much longer time, experience of its use was included in this study to analyse its influence on 

fuel-stacking behaviour, based on the assumption that a household’s long-term experience and 

lifestyle with respect to using a particular energy source for cooking can influence its energy 

choices (see e.g., Muller and Yan, 2018). The household’s experience of using other cooking 

fuels was also included in this study to seek its importance in determining energy choice 

diversity. The household’s expression of needs relates to the attributes that a source of energy 

provides. Thus, household i’s utility from cooking with energy types j1, j2 and j3 (i.e., 1 = 

Traditional fuels, i.e., firewood and charcoal; 2 = Modern fuels, i.e., LPG, electricity and 

kerosene; and 3 = Mixed sources of energy, i.e., a combination of traditional and modern 

sources) can be expressed as – 

 

𝑉𝑖𝑗 =  𝛼𝑗 + 𝑋𝑖𝑗
′ 𝛽𝑗 +  휀𝑖𝑗, 

where  𝑋𝑖𝑗
′  is a vector of explanatory variables such as Income, Sex and Education; 𝛼𝑗 is a 

constant,  𝛽𝑗represents the coefficients of explanatory variables; and  휀𝑖𝑗is the error term. 

In the case of this study, in order to explore how sensitive, the results were to how the categories 

of energy used for cooking were determined, 𝑉𝑖𝑗 was defined in two different ways. The first 

definition was based on the general categories of Traditional fuels, i.e., 100% firewood and 

charcoal; Modern fuels, i.e., 100% LPG, electricity, and kerosene; and Mixed sources of energy, 

i.e., any combination of traditional and modern fuels. The second definition of Vij constituted 

the following: 
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• Category 1 – Traditional fuels: At least 90% of energy expenditure was devoted to 

traditional fuels 

• Category 2 – Modern fuels: At least 90% of energy expenditure was devoted to modern 

fuels, and 

• Category 3 – Mixed sources of energy: Less than 90%, and more than 10%, of energy 

expenditure was devoted to both traditional and modern fuels. 

The 90% thresholds are somewhat arbitrary, of course, but the main idea of using this 

percentage was to analyse how sensitive the categories were to the threshold definitions.  

4.2.2 Overall demand for energy and demand for individual fuel types 

Since fuel types are either used predominantly or form part of an energy mix, it was also of 

interest to estimate the overall demand for energy as well as the demand for individual fuel 

types. For these estimations, the theoretical framework for the model specification is built 

around the Engel Curve. This Curve describes how household expenditure is a function of 

income and assumes that household preferences among a variety of goods at fixed prices change 

with household income (Akay and Astar, 2012). Since very little price variation in respect of 

fuel was observed in our study, the assumption of fixed prices was applied here. Thus, the 

demand for energy is a function of household income and of the other household characteristics 

specified in the model. 

Regarding energy demand, a household must make decisions that involve allocating its 

expenditure to specific fuels. Thus, to obtain a suitable response, a two-stage budgeting 

approach was used. This approach entails that agents first allocate total expenditure to broad 

groups, after which they allocate separate expenditures to each group (Molina, 1997). As 

applied here, in the first stage, the household decides how much to spend on energy overall, 

which constitutes the total energy expenditure share. The second stage involves the household 

deciding on how much to spend on a specific fuel type. This two-stage budgeting approach can 

be dealt with by using the Almost Ideal Demand System (AIDS), which gives the arbitrary first-

order approximations to any demand system without invoking the linearity of the Engel Curve 

(Deaton and Muellbauer, 1980; for use in studying energy expenditure, see e.g., Chambwera 

and Folmer, 2007). However, as analysed in this study using the Locally Weighted 

Scatterplot Smoothing (LOWESS) technique, the Engel Curve is non-linear (see Appendices, 

Figure A), which therefore requires the use of the Quadratic Almost Ideal Demand System 

(QAIDS) developed by Banks et al. (1997). Hence, the energy demand of household i can be 

expressed as – 

𝑤𝑖 = 𝛼𝑖 +  𝛽𝑖𝑥𝑖
′ +  𝛿𝑖𝑙𝑜𝑔𝑇𝐸𝑖 +  𝜆𝑖(𝑙𝑜𝑔𝑇𝐸𝑖)2 + 휀 

where 𝑤𝑖  is the budget share on energy expenditure, i.e., household energy expenditure over 

household total expenditure; 𝛼  is a constant; 𝑇𝐸  is the total expenditure; 𝑥′ is a vector of other 

explanatory variables; β is a coefficient of other explanatory variables; 𝛿 and  𝜆 are the 

coefficients of total expenditure and total expenditure square; and 휀  is the error term. The 

ordinary least squares (OLS) regression was used to estimate the energy demand. 

The second stage, namely that of estimating the demand for specific fuel types, can be shown 

as follows:  

𝑠𝑖𝑗 = 𝑎𝑖 + 𝑏𝑖𝑥𝑖𝑗
′ + 𝛾𝑖𝑙𝑜𝑔𝐸𝑁𝑖𝑗 + µ𝑖(𝑙𝑜𝑔𝐸𝑁𝑖𝑗)

2
+ 𝑒 

 



11 

 

Where 𝑠𝑖𝑗  is the budget share of household i spent on fuel j, i.e., expenditure on fuel j over total 

energy expenditure;  𝐸𝑁 is the total energy expenditure; 𝑥′ is a vector of experience with using 

a fuel (the base category is no experience of using a fuel) and other explanatory variables; 𝑏 is 

the coefficient of experience and other explanatory variables; 𝛾 and µ are the coefficients of 

total energy expenditure and total energy expenditure square; and 𝑒 is the error term. The 

demand for each individual fuel was estimated using Tobit regression models because there 

were many zero values in the dependent variables. 

 

5. Results 

5.1 Descriptive statistics  

Table 1 presents the descriptive statistics for the variables used to analyse household energy 

choices and stacking behaviour in Dar es Salaam. Most of the household heads interviewed 

were males (73%). The average household size was reported to be 3.12. This figure is lower 

than that reported by the Tanzania National Census of 2012, namely 4.0 for Dar es Salaam. 

This discrepancy is probably due to the decline in the birth rate since the 2012 census. 

Household heads had an average age of 37 years. In addition, most household heads had 

received at least 10 years of formal education, i.e., implying that they had been educated above 

primary level. 

The household average monthly expenditure2 was reported as TZS 449,279 (equivalent to USD 

195). This figure is higher than the average consumption per household per month of TZS 

416,927 and lower than that of TZS 534,619 in urban areas as reported by the Household Budget 

Survey 2017/2018 (NBS, 2019). Household heads’ sources of income included small-scale 

businesses, formal employment in the private and public sectors, and informal labour. On which 

according to the Energy Access Survey Report by NBS (2017), majority of the urban 

households were relied on business and industrial activities.  

Most heads of households lived in rented houses (57.1%, n = 571). With regards to their 

experience of using different fuels, household heads with experience in using firewood had 

mostly done so for more than five years (14.1%). The situation was similar for years of 

experience using charcoal (44.7%). Those with experience in using LPG, electricity and 

kerosene had only used these sources for more than five years (25.9%, 6.6% and 2.8%, 

respectively). Five years is used as a reference year to capture the period before and after the 

rise of LPG use, accordingly LPG imports and use has been rising from 2015/2016 period 

(EWURA, 2016). 

Variable Definition Mean Standard 

deviation 

Minimum Maximum 

Sex Sex of household head, 

1 = Male, 0 = Female 

0.73 0.45 0 1 

Household 

size 

Number of people living 

in the same household 

3.12 1.92 1 9 

 
2 Expenditure was used as proxy for income, as is standard practice for studies in developing countries. 

Expenditure is less variable, as it reflects long term economic status of household income, and income estimates 

tend to be under reported in developing countries (see e.g., Srivastava and Mohanty, 2010) 
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Variable Definition Mean Standard 

deviation 

Minimum Maximum 

Age Age of the household 

head in years 

37.37 11.07 19 87 

Education Number of years a 

household head spent in 

school 

10.98 4.89 0 26 

Expenditure Household expenditure 

in TZS per month (as a 

proxy for income) 

449,279 534,646 5,000 7,000,000 

Variable Definition Detail Frequency Percentage 

House 

ownership 

1 = Household lives in 

own house 

0 = Rented house 

Own 429 42.90 

Rented 571 57.10 

Experience Experience of using 

firewood for cooking 

 

No experience   799 79.90 

Experience ≤5 years 60 6.00 

Experience >5 years 141 14.10 

Experience of using 

charcoal for cooking 

 

No experience 364 36.40 

Experience ≤5 years 189 18.90 

Experience >5 years 447 44.70 

Experience of using 

LPG for cooking 

No experience 319 31.90 

Experience ≤5 years 422 42.20 

Experience >5 years 259 25.90 

Experience of using 

electricity for cooking 

No experience 846 84.60 

Experience ≤5 years 88 8.80 

Experience >5 years 66 6.60 

Experience of using 

kerosene for cooking 

No experience 892 89.20 

Experience ≤5 years 80 8.00 

Experience >5 years 28 2.80 

Table 1: Descriptive statistics for the factor variables used to analyse household energy 

choices and stacking behaviour in Dar es Salaam  

 

Table 2 presents the proportions of households using different sources of energy for cooking. 

Households mostly use an energy mix for cooking, especially a combination of charcoal and 

LPG (29.5%, n = 295). Other combinations of traditional and modern fuels households 

reportedly used were firewood, charcoal, and LPG (4.0%); charcoal, kerosene, and LPG (1.1%); 
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and charcoal, LPG, and electricity (3.9%). Household heads reported having had most 

experience with using charcoal and firewood, followed by kerosene, electricity, and LPG. 

Household heads also reported using multiple fuels because of the nature of the food cooked. 

For example, most reported cooking beans with firewood/charcoal to avoid the cooking cost of 

modern fuels. Those that used LPG did so to save on cooking time, especially before work in 

the morning. Another reason for using modern fuels was that they were easier to cook with, 

especially when one was tired after coming home from work. Others again preferred firewood 

to modern fuels because they felt it imparted a better flavour to their food. Moreover, firewood 

was sometimes more easily available than modern fuels, besides being more affordable – 

particularly when budgets were constrained. These were just some among many reasons given 

by respondents for their fuel-stacking behaviour. 

However, it cannot be ignored that some households depended entirely on one source of energy 

for cooking. As shown in Table 2, the most preferred sole source of energy was found to be 

LPG (22.0%, n = 220), followed by charcoal (17.3%, n = 173), then firewood (2.4%, n = 24) 

and kerosene (1.2%, n = 12) and, lastly, electricity (0.3%, n = 3). 

Energy source Frequency Percentage 

Firewood only 24 2.4 

Charcoal only 173 17.3 

LPG only 220 22.0 

Electricity only 3 0.3 

Kerosene only 12 1.2 

Firewood and charcoal 64 6.4 

Firewood and LPG 4 0.4 

Firewood and electricity 1 0.1 

Firewood and kerosene 4 0.4 

Firewood, charcoal, and LPG 40 4.0 

Firewood, LPG, electricity, and kerosene 5 0.5 

Charcoal and LPG 295 29.5 

Charcoal and kerosene 20 2.0 

Charcoal and electricity 12 1.2 

Charcoal, LPG, and electricity 39 3.9 

Charcoal, LPG, and kerosene 11 1.1 

Charcoal, LPG, kerosene, and electricity 4 0.4 

LPG and electricity 66 6.6 

Electricity and kerosene 3 0.3 
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Energy source Frequency Percentage 

Total 1,000 100.0 

Table 2: Proportion of sampled households and their choice of sources of energy for cooking 
 

Figure 2 presents the types of fuels used for cooking by households for at least five years prior 

to the survey. Years of experience using charcoal was highest, followed in decreasing regularity 

by firewood, LPG, kerosene, and electricity. If one compares the data in Figure 2 with those in 

Table 2, a decline in the use of charcoal, firewood and kerosene as the main cooking fuel 

becomes apparent, while use of LPG as the main cooking fuel has increased. Some of the major 

reasons reported for these changes included changes in income, the comparative efficiency of 

modern cooking fuels, changes in personal preferences, the comparative increase in quality of 

modern sources of energy, and the improved availability of modern fuels, especially LPG. 

Indeed, the most important factors that made LPG a preferred source of energy for cooking in 

Dar es Salaam, according to the households interviewed, were its relative availability, 

accessibility, and efficiency. Despite improvement towards modern fuel usage of LPG, the use 

of electricity for cooking has shown a decline because households regarded it as a very 

expensive option. The use of kerosene has also been reported very low, this is can be attributed 

by the decline in kerosene stoves and volatility of kerosene prices. 

 

Figure 2: Percentage of cooking energy sources used for more than five years 

Table 3 presents the three categories of sources of energy used for household cooking classified 

differently as shown in classified according to the specifications in section 4.2.1. If one 

compares the frequency/percentage of use for the first type of categorization on the one hand, 

with the frequency*/percentage* of use for categories classified using the 90% thresholds, on 

the other (see section 4.2.1 above), the proportion of users of fuels employed for cooking 

differs. The proportion classified as using traditional fuels as their main source of energy for 

cooking increases only slightly, from 26.4% to 27.1%, when the threshold is changed, while 

the proportion classified as using modern fuels as their main source increases from 30.5% to 

35.6%. Conversely, the proportion of those using a combination of traditional and modern fuels 

for cooking reduces from 43.10% to 37.30%. Thus, there is a sizeable number of households 

who spend more than 90% of their energy expenditure on modern fuels but who also use some 

traditional fuels. On average households spent TZS 29,566 per month on charcoal and TZS 
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33,268 per month on LPG. However, the main difference was on how often households 

purchased the fuels. Households bought charcoal almost on daily basis by buying in small 

quantities making it easily affordable to them, charcoal prices of these small quantities ranged 

from TZS 600 to TZS 1000. While LPG was bought per month in a lump sum because the 

cylinders used to store LPG are large to use in a month. LPG lump sum prices per cylinder 

quantities ranged from TZS 18,000 (a cylinder of 6kg) to TZS 49,000 (a cylinder of 15kg). Of 

the household’s characteristics, the types of households that switched from one category to 

another when the category threshold changed were mostly female and older household heads. 

Sources of energy 

for cooking 

First categorization Second categorization 

Frequency Percentage Frequency* Percentage* 

Traditional fuels 264 26.40 271 27.10 

Modern fuels 305 30.50 356 35.60 

Mixed sources of fuel 431 43.10 373 37.30 

Total 1,000 100.00 1,000 100.00 

Table 3: Sources of energy for cooking in Dar es Salaam – A comparison of the first and 

second categorization of household fuel choices. 
 

Regarding budget share on energy expenditure and specific fuel expenditure, Table 4 shows 

that, on average, energy expenditure accounts for 13.4% of the total household expenditure, but 

with considerable variation across households. The share of energy expenditure devoted to 

buying LPG is the highest, followed by charcoal. Thus, these two fuels account for a large part 

of a household’s expenditure on energy for cooking. Other fuels, i.e., firewood, kerosene and 

electricity make up a small part of the total expenditure on energy. 

Variable Mean Standard deviation 

Share of energy expenditure in total household expenditure 0.134 0.108 

Share of energy expenditure devoted to firewood 0.016 0.102 

Share of energy expenditure devoted to charcoal 0.419 0.400 

Share of energy expenditure devoted to LPG 0.502 0.408 

Share of energy expenditure devoted to electricity 0.048 0.099 

Share of energy expenditure devoted to kerosene 0.006 0.067 

Table 4: Budget share devoted to energy expenditure 
 

Even though electricity was rarely reported as the main source of energy for cooking, it was 

said to be the most common source of energy for lighting (see Table 5), also according the 

Household Budget Survey Report 2017/2018 majority of the households in Dar es Salaam 

around 80% use electricity as the main source of energy for lighting (NBS, 2019). Mixing 

energy sources for lighting was only reported in the event of power outages. In such cases, 

households said they used rechargeable torches, candles, and solar and kerosene lamps as 

substitutes. 
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Lighting source Number of heads of household reporting use of 

lighting source 

Electricity 870 

Candle and rechargeable torch 133 

Kerosene 64 

Solar 62 

Diesel for generator 15 

Table 5: Household lighting sources 
Note: The second column exceeds the sample size of 1,000 because some of these sources were used in 

combination. 

 

Other reported household uses of energy included ironing clothes; cooling houses, such as 

employing fans in hot weather; and using electrical devices (radios, televisions, charging 

stations for mobile phones, etc.). Electricity was used for most of these other uses of energy. 

These findings indicate that, for uses other than cooking, households chose cleaner sources of 

energy. Chief among these sources was electricity. Many households in the city are in fact 

connected to the national grid. According to NBS (2017) household survey report of 2016, 

75.2% households in Dar es Salaam were connected to any form of electricity of which 99.3% 

were connected to the national grid, these are the highest proportion in Tanzania Mainland. 

5.2 Multinomial logit estimates to analyse fuel stacking 

Two multinomial logit regressions were run in Stata 15 to obtain the estimated results. The 

dependent variables constituted Traditional fuels, Modern fuels, and Mixed sources of energy 

for cooking, with the base outcome being mixed sources of energy. Two methods of 

categorising the dependent variable were involved, First based categorization of fuel choices 

as presented in Tables 6 and 8. Tables 7 and 9’s dependent variable classified based on 

percentage of fuel share i.e. Second based categorization of fuel choices. Furthermore, Tables 

6 and 7 exclude the Experience variable in the estimation. To get reasonably accurate p values, 

robust standard errors were run with the Multinomial Logit Model (MNL) to eliminate the 

heteroscedasticity that normally occurs in cross-sectional data. From Tables 6, 7, 8 and 9, which 

present the marginal effects, the marginal effects of the following variables were statistically 

significant: Sex, Education, Household size, Expenditure, Experience and House ownership. 

Ceteris paribus, male household heads had a higher probability of cooking with modern fuels, 

whereas female household heads were found to be more likely to opt for mixed sources of 

energy (see Table 6). Households with higher levels of education were found to have a lower 

probability of using traditional fuels (see Tables 6, 7 and 9), although they were more likely to 

use modern fuels (see Tables 6 and 7). Education was not found to have a significant effect on 

mixed sources of energy use. The estimated marginal effects in Tables 6 and 7 suggest that the 

probabilities of using traditional fuels, mixed sources of energy were higher and of using 

modern fuels was lower for larger households. The results in Tables 6 and 7 also suggest that 

an increase in the age of the household head lowered the probability of the household using 

modern fuels only, although it increased the probability of the household using mixed sources 

of energy. In addition, house ownership is positively associated with the use of traditional and 

mixed sources of energy, but negatively associated with the use of modern fuels (see Tables 6, 

7 and 9). Tables 6 and 7 also reveal that increased household expenditure was found not only 
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to lower the probability of the household’s use of traditional fuels, but also to increase the 

probability of its use of modern and mixed sources of energy. Nonetheless, the results in Table 

9 suggest otherwise, namely that increased household expenditure lowered the probability of 

the household using mixed sources of energy. 

With the introduction of the Experience variable in Tables 8 and 9, the results suggest that 

households with experience of using firewood and charcoal for cooking were more likely to use 

traditional and mixed sources of energy but less likely to use modern fuels, when compared 

with households with no such experience, ceteris paribus. Having experience in using modern 

fuels, on the other hand, was found to lower the probability of a household’s use of traditional 

fuels when compared with households with no such experience, ceteris paribus. The findings 

also showed that households with five years or less experience in using kerosene were more 

likely to use mixed sources of energy (see Table 9). Moreover, households with more than five 

years’ experience in using electricity had a significantly negative influence on fuel-stacking 

behaviour when households were grouped based on the first categorization of household fuel 

choices. This negative significance suggests that households with extensive experience in using 

electricity will switch to using it exclusively rather than combine it with a traditional fuel. 

However, experience of five years or less in the use of electricity had a positive influence on 

the use of mixed sources of energy, i.e., on fuel-stacking behaviour, when households were 

grouped according to the second categorization of household fuel choices. 

Socio-economic 

variables 

Coefficients 

Traditional fuels Modern fuels Mixed sources 

of energy 

Male household head 0.0026 

(0.0255) 

0.0844** 

(0.03719) 

-0.0870** 

(0.0384) 

Household size 0.0141* 

(0.0080) 

-0.0551*** 

(0.0111) 

0.0410*** 

(0.0107) 

Age -0.0002 

(0.0013) 

-0.0044** 

(0.0020) 

0.0046** 

(0.0019) 

Education -0.0226*** 

(0.0032) 

0.0255*** 

(0.0037) 

-0.0030 

(0.0037) 

Expenditure  -5.19e-07*** 

(5.19e-08) 

3.03e-07*** 

(4.13e-08) 

2.17e-07*** 

(4.76e-08) 

House ownership 0.0713*** 

(0.0259) 

-0.0456 

(0.0353) 

-0.0257 

(0.0372) 

Table 6: Marginal effects – First categorization of household fuel choices (Experience 

variable excluded) 
Note: *, ** and *** represent 10%, 5% and 1% levels of significance, respectively. Round brackets indicate 

standard errors. 

 

Socio-economic 

variables 

Coefficients 

Traditional fuels Modern fuels Mixed sources 

of energy 

Male household head 0.0003 0.0500 -0.0503 



18 

 

Socio-economic 

variables 

Coefficients 

Traditional fuels Modern fuels Mixed sources 

of energy 

(0.0265) (0.0387) (0.0378) 

Household size 0.0188** 

(0.0085) 

-0.0536*** 

(0.0119) 

0.0348*** 

(0.0104) 

Age -0.0002 

(0.0013) 

-0.0041* 

(0.0021) 

0.0043** 

(0.0019) 

Education -0.0268*** 

(0.0034) 

0.0238*** 

(0.0040) 

0.0031 

(0.0037) 

Expenditure  -4.84e-07*** 

(6.06e-08) 

3.74e-07*** 

(5.07e-08) 

1.10e-07** 

(4.76e-08) 

House ownership 0.0452* 

(0.0264) 

-0.0735* 

(0.0378) 

0.0283 

(0.0368) 

Table 7: Marginal effects – Second categorization of household fuel choices (Experience 

variable excluded) 
Note: *, ** and *** represent 10%, 5% and 1% levels of significance, respectively. Round brackets indicate 

standard errors. 

 

 

Socio-economic variables Coefficients 

Traditional 

fuels 

Modern fuels Mixed 

sources 

of energy 

Male household head 0.0001 

(0.0009) 

0.0312 

(0.0472) 

-0.0313 

(0.0472) 

Household size -4.44e-06 

(0.00002) 

-0.0057 

(0.0124) 

0.0057 

(0.0124) 

Age 7.02e-07 

(6.18e-06) 

-0.0020 

(0.0020) 

0.0020 

(0.0019) 

Education 0.00001 

(9.78e-06) 

0.0027 

(0.0031) 

-0.0027 

(0.0031) 

Expenditure  -6.24e-11 

(6.67e-11) 

-2.54e-08 

(2.63e-08) 

2.55e-08 

(2.64e-08) 

House ownership 0.0001 

(0.0001) 

-0.0021 

(0.0424) 

0.0019 

(0.0424) 

Experience of using firewood for five years or less 0.0001 

(0.0001) 

-0.2669** 

(0.1351) 

0.2669** 

(0.1351) 

Experience of using firewood for more than five years 0.0001 

(0.0001) 

-0.2441 

(0.1488) 

0.2440 

(0.1487) 
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Socio-economic variables Coefficients 

Traditional 

fuels 

Modern fuels Mixed 

sources 

of energy 

Experience of using charcoal for five years or less -0.0002 

(0.0002) 

-0.7941*** 

(0.2927) 

0.7943*** 

(0.2928) 

Experience of using charcoal for more than five years -7.96e-06 

(0.0002) 

-0.7190*** 

(0.2414) 

0.7191*** 

(0.2415) 

Experience of using LPG for five years or less -0.0039** 

(0.0017) 

-0.0466 

(0.1360) 

0.0505 

(0.1371) 

Experience of using LPG for more than five years -0.0017*** 

(0.0006) 

0.0045 

(0.1368) 

-0.0028 

(0.1372) 

Experience of using electricity for five years or less -0.0009** 

(0.0004) 

-0.0771 

(0.0619) 

0.0779 

(0.0621) 

Experience of using electricity for more than five years -0.0010** 

(0.0005) 

0.0933*** 

(0.0314) 

-0.0922*** 

(0.0314) 

Experience of using kerosene for five years or less -0.0007** 

(0.0003) 

-0.0870 

(0.0946) 

0.0877 

(0.0948) 

Experience of using kerosene for more than five years -0.0009** 

(0.0004) 

-0.1806 

(0.1316) 

0.1815 

(0.1317) 

Table 8: Marginal effects – First categorization of household fuel choices (Experience 

variable included) 
Note: *, ** and *** represent 10%, 5% and 1% levels of significance, respectively. Round brackets indicate 

standard errors. 

 

 

Socio-economic variables Coefficients 

Traditional 

fuels 

Modern 

fuels 

Mixed 

sources 

of energy 

Sex of household head 0.0079 

(0.0162) 

-0.0699 

(0.0676) 

0.0620 

(0.0692) 

Household size 0.0059 

(0.0037) 

-0.0069 

(0.0215) 

0.0011 

(0.0211) 

Age -0.0004 

(0.0008) 

-0.0019 

(0.0034) 

0.0023 

(0.0034) 

Education -0.0040* 

(0.0022) 

-0.0020 

(0.0069) 

0.0060 

(0.0068) 

Expenditure  2.06e-08 

(1.87e-08) 

1.10e-07* 

(6.66e-08) 

-1.31e-07* 

(6.88e-08) 
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Socio-economic variables Coefficients 

Traditional 

fuels 

Modern 

fuels 

Mixed 

sources 

of energy 

House ownership -0.0227 

(0.0186) 

-0.0999 

(0.0724) 

0.1226* 

(0.0718) 

Experience of using firewood for five years or less 0.0067 

(0.0259) 

-0.0982 

(0.1674) 

0.0914 

(0.1701) 

Experience of using firewood for more than five years 0.0110 

(0.0157) 

-0.0162 

(0.1106) 

0.0052 

(0.1096) 

Experience of using charcoal for five years or less 0.0587** 

(0.0281) 

-1.1447*** 

(0.0982) 

1.0860*** 

(0.1028) 

Experience of using charcoal for more than five years 0.0655* 

(0.0341) 

-1.1798*** 

(0.0919) 

1.11430*** 

(0.1030) 

Experience of using LPG for five years or less -0.3676** 

(0.1486) 

0.2762* 

(0.1480) 

0.0915 

(0.2076) 

Experience of using LPG for more than five years -0.2896** 

(0.1332) 

0.2771 

(0.1701) 

0.0125 

(0.2127) 

Experience of using electricity for five years or less -0.1315** 

(0.0642) 

-0.1696 

(0.1274) 

0.3011** 

(0.1305) 

Experience of using electricity for more than five years -0.1742** 

(0.0798) 

-0.0145 

(0.1877) 

0.1887 

(0.1869) 

Experience of using kerosene for five years or less -0.1713** 

(0.0836) 

-0.0657 

(0.0966) 

0.2369** 

(0.1094) 

Experience of using kerosene for more than five years -0.1159* 

(0.0613) 

-0.0170 

(0.2063) 

0.1329 

(0.2091) 

Table 9: Marginal effects – Second categorization of household fuel choices (Experience 

variable included) 
Note: *, ** and *** represent 10%, 5% and 1% levels of significance, respectively. Round brackets indicate 

standard errors. 
Source: Author’s own computation. 

5.3 Sensitivity analysis 

Before introducing the Experience of using individual fuel types variable, Tables 6 and 7 

showed no large differences in marginal effect size or in the significant socio-economic 

variables. Nonetheless, Sex of the household head was found to be significant in Table 6, but 

not in Table 7. Thus, the way in which thresholds were defined did affect the results to some 

extent. 

With the introduction of the Experience variable in Tables 8 and 9, although most socio-

economic variables appear as significant and with the same coefficient signs in both tables, 

others were not significant in both. For example, in the case of the Traditional fuels’ category, 

Education was found to be significant in Table 9 only, while for both the Modern fuels and 

Mixed sources of energy categories, Expenditure was found to be significant in Table 9 only. 
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Moreover, Experience of using charcoal for five years or less and for more than five years was 

found to be significant for the Traditional fuels’ category in Table 9 only. Indeed, the only 

Experience dummy that was found to be significant in Table 8 was Experience of using 

firewood for five years or less, which had a significant negative effect on choosing a modern 

fuel. 

Despite many variables being significant in both logits, their marginal effects are quite different. 

The general observation is that the marginal effect sizes are greater in Table 9 than those evident 

from Table 8. This difference in marginal effect size is mainly attributable to the categorisation 

of fuel choices, which also was associated with the change in the sample size for each energy 

category. Moreover, households who used an energy mix were not actually similar to each other 

since the sources of energy they mixed were not of equal relative significance. Therefore, the 

differences in energy-source-related significances cannot cause the same effect between the two 

methods of household categorisation. Thus, how households are grouped into the three 

categories of energy choices, i.e., Traditional fuels, Modern fuels, and Mixed sources of energy, 

matters because different results are anticipated. 

5.4 Results of the two-stage budgeting approach 

5.4.1 Results of the first stage: Household energy demand and expenditure 

The results showed that, as total expenditure increased, the energy expenditure share first 

declined with overall expenditure, but then it eventually increased. This is because poorer 

households primarily use relatively fixed amounts of traditional fuels, which are cheaper than 

their modern counterparts. As incomes rose, the share of expenditure devoted to traditional 

fuels steadily declined. With further increases in income, the household shifted to the relatively 

more expensive modern fuels, which in turn led to a rise in the share of expenditure on energy. 

Other factors that were found to significantly influence energy demand included household size, 

the sex of the household head, levels of education, and experience of using firewood, charcoal, 

LPG, and electricity. Larger household sizes increased the demand for energy and, hence, the 

share of expenditure devoted to energy. Male-headed households tended to spend less on energy 

than their female-headed counterparts. Thus, of the overall household expenditure, the share 

devoted to energy expenditure was larger for female-headed households. Household heads with 

higher levels of education also showed higher shares of expenditure on energy. The energy-

expenditure share also rose in households that had experience in using charcoal, LPG, and 

electricity, but declined in households with experience in using firewood. 

Socio-economic variables Coefficients 

Male household head -0.0156*** 

(0.0060) 

Household size 0.0048*** 

(0.0017) 

Age 0.0004 

(0.0003) 

Education 0.0013** 

(0.0006) 

Log total household expenditure -0.2447*** 

(0.0589) 
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Socio-economic variables Coefficients 

Log total household expenditure squared 0.0061*** 

(0.0023) 

House ownership 0.0122** 

(0.0058) 

Experience of using firewood for five years or less 0.0051 

(0.0115) 

Experience of using firewood for more than five years -0.0303*** 

(0.0082) 

Experience of using charcoal for five years or less 0.0572*** 

(0.0078) 

Experience of using charcoal for more than five years 0.0694*** 

(0.0064) 

Experience of using LPG for five years or less 0.0663*** 

(0.0069) 

Experience of using LPG for more than five years 0.0727*** 

(0.0082) 

Experience of using electricity for five years or less 0.0368*** 

(0.0097) 

Experience of using electricity for more than five years 0.0217* 

(0.0113) 

Experience of using kerosene for five years or less -0.0071 

(0.0099) 

Experience of using kerosene for more than five years 0.0245 

(0.0159) 

Constant 2.1280*** 

(0.3738) 

Table 10: Results of the first stage – Household energy demand and expenditure 
Note: *, ** and *** represent 10%, 5% and 1% levels of significance, respectively. Round brackets indicate 

standard errors. 

 

5.4.2 Results of the second stage – Household individual fuel demand and expenditure 

The results showed that the demand for firewood was significantly affected by the sex and level 

of education of the household head, as well as house ownership and experience in the use of 

firewood, charcoal, and LPG. Male-headed households were found to have a lower demand for 

firewood for cooking than their female-headed counterparts, ceteris paribus. Most female-

headed households were worse off economically than males and, therefore, opted for cheaper 

cooking fuels such as firewood. The more highly educated the household head, the lower their 

demand for firewood. This was because household heads with higher levels of education were 

expected to reduce the opportunity costs associated with the time needed to prepare a fire for 

cooking. 
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Households who owned their dwelling were found to have higher demand for firewood than 

non-owners. This finding is probably associated with the freedom to use firewood at an owned 

dwelling, as opposed to a rented one, as landlords will often ban the use of firewood on their 

properties. 

It was also found that experience in using firewood increased the demand for it, while 

experience in using charcoal and LPG reduced that demand (the base categories for all these 

fuels was having no experience in using them). The share of energy expenditure on firewood 

declined as overall energy expenditure declined, but the firewood share tended to increase again 

as levels of overall energy expenditure rose. This then suggests that the demand for firewood 

declined at lower and rose at higher levels of overall energy expenditure. 

The findings also revealed that charcoal demand was significantly determined by overall energy 

expenditure as well as by five years or less experience in using either traditional or modern 

fuels. Furthermore, the demand for charcoal rose with increases in energy expenditure. Also 

having a positive influence on the demand for charcoal was experience in using it, while 

experience in using firewood, LPG, electricity, and kerosene had negative influences on the 

demand for charcoal. Another finding entailed that the share of energy expenditure devoted to 

charcoal initially declined because of low expenditure but eventually increased as expenditure 

rose. 

Furthermore, it was found that higher LPG demand was associated with higher levels of 

education in the household, which suggests that more educated households preferred to use 

cleaner fuels. Moreover, higher energy expenditure was associated with higher LPG demand. 

At very high energy expenditure levels, however, the demand for LPG tended to decrease. 

Experience of using LPG was also found to increase demand for it, whereas experience in using 

charcoal and kerosene reduced the demand for LPG. Interestingly, experience in using 

electricity increased the share of energy expenditure for LPG, i.e., the demand for LPG. One 

possible explanation for this increase may be that, since households that used electricity were 

already accustomed to using cleaner fuels, they used electricity when their LPG supply ran out. 

Moreover, the use of these two fuels might be complementary. For example, most LPG-reliant 

households reported using stoves that did not have ovens; for baked foods such as cakes, 

therefore, they would reportedly use electric ovens. 

Another finding was that electricity demand was determined by household size; the age of the 

household head; the household’s total expenditure on energy; house ownership, and the 

household’s experience of using charcoal, LPG, and electricity. For example, the larger the 

household, the lower its demand for electricity, since larger households had greater electricity 

cost implications. On the other hand, older households seemed to have a higher demand for 

electricity. This finding is divergent from some previous studies – see e.g., Nyembe (2011), 

who found that the higher the age of the household head, the higher the probability that charcoal 

would be preferred to electricity. One explanation for our finding could be that liquidity 

constraints may force young people to use cheaper fuels, while older people are able to afford 

modern fuels as described by the life-cycle effect i.e., spending and saving over a course of 

lifetime (see Muller and Yan, 2018). Another finding was that being a house owner increased 

the demand for electricity. This association is echoed in other studies, where house owners were 

found to be more likely to use cleaner fuels such as electricity (see e.g., Arthur et al., 2010; 

Baiyegunhi and Hassan, 2014, in Muller and Yan, 2018; Lay et al., 2013). 

The results also revealed that the demand for kerosene was negatively and significantly 

influenced by household size and more than five years’ experience in using charcoal, LPG, or 
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electricity. Furthermore, kerosene demand was positively influenced by experience of its use. 

Thus, the sentimental value placed on this fuel increased its demand. 

From other results it was clear that experience in the use of charcoal or LPG was positively 

associated with a demand for electricity. Conversely, experience in the use of electricity was 

negatively correlated with the demand for it. This outcome was not expected since experience 

in using electricity reflected lifestyle factors closely linked to this modern fuel. Some possible 

explanations for these two findings include households having to opt for other fuels that they 

have experience in using (in this case, charcoal, and LPG) when there was a power outage. 

Also, households with experience in the use of electricity were personally impacted by a power 

outage, which might induce a negative perception by them affecting its demand. Furthermore, 

the higher average cost of cooking with electricity reported by most households most likely 

reduced the demand for it when compared with cheaper sources of energy. 

Socio-economic variables Coefficients 

Firewood 

demand 

Charcoal 

demand 

LPG 

demand 

Electricity 

demand 

Kerosene 

demand 

Sex  -0.0008*** 

(0.0003) 

0.0087 

(0.0132) 

0.0046 

(0.0083) 

-0.0027 

(0.0018) 

-0.0000 

(0.0001) 

Household size -0.0000 

(0.0001) 

0.0013 

(0.0036) 

8.43e-06 

(0.0023) 

-0.0035*** 

(0.0005) 

-0.00004** 

(0.00002) 

Age 2.51e-06 

(0.0000) 

-0.0002 

(0.0006) 

0.0008* 

(0.0004) 

0.0002** 

(0.0001) 

-1.47e-06 

(3.81e-06) 

Education -0.0001** 

(0.0000) 

-0.0003 

(0.0013) 

0.0013 

(0.0009) 

0.0001 

(0.0002) 

4.26e-06 

(7.76e-06) 

Log energy expenditure -0.0042** 

(0.0018) 

-0.1925** 

(0.0928) 

0.4883*** 

(0.0523) 

0.0001 

(0.0119) 

-0.0001 

(0.0005) 

Log energy expenditure 

squared 

0.0002** 

(0.0001) 

0.0137** 

(0.0048) 

-0.0266*** 

(0.0027) 

0.0002 

(0.0006) 

9.57e-06 

(0.00002) 

House ownership 0.0006** 

(0.0003) 

-0.0109 

(0.0128) 

0.0109 

(0.0080) 

0.0043** 

(0.0017) 

0.00004 

(0.00007) 

Experience of using 

firewood for five years or 

less 

0.0040*** 

(0.0005) 

-0.0433 

(0.0272) 

-0.0117 

(0.0144) 

-0.0005 

(0.0034) 

0.0002 

(0.0001) 

Experience of using 

firewood for more than five 

years 

0.0024*** 

(0.0004) 

-0.0618*** 

(0.0198) 

-0.0104 

(0.0104) 

0.0004 

(0.0024) 

0.0001 

(0.0001) 

Experience of using charcoal 

for five years or less 

-0.0009** 

(0.0004) 

0.3854*** 

(0.0181) 

-0.0501*** 

(0.0116) 

-0.0008 

(0.0024) 

-0.0002 

(0.0001) 

Experience of using charcoal 

for more than five years 

-0.0008*** 

(0.0003) 

0.3970*** 

(0.0151) 

-0.0729*** 

(0.0102) 

0.0060*** 

(0.0020) 

-0.0003*** 

(0.0001) 

Experience of using LPG for 

five years or less 

-0.0015*** 

(0.0003) 

-0.2490*** 

(0.0196) 

0.5549*** 

(0.0106) 

0.0092*** 

(0.00217) 

-0.0006*** 

(0.0001) 
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Socio-economic variables Coefficients 

Firewood 

demand 

Charcoal 

demand 

LPG 

demand 

Electricity 

demand 

Kerosene 

demand 

Experience 

e of using LPG for more 

than five years 

-0.0016*** 

(0.0004) 

-0.2902*** 

(0.0223) 

0.5600*** 

(0.0130) 

0.0086*** 

(0.0026) 

-0.0004*** 

(0.0001) 

Experience of using 

electricity for five years or 

less 

-0.0003 

(0.0004) 

-0.0441** 

(0.0206) 

0.0154 

(0.0140) 

0.0018 

(0.0029) 

-0.0002 

(0.0001) 

Experience of using 

electricity for more than five 

years 

0.0005 

(0.0005) 

-0.0405* 

(0.0229) 

0.0039 

(0.0161) 

-0.0062* 

(0.0033) 

-0.0002 

(0.0001) 

Experience of using 

kerosene for five years or 

less 

-0.0007 

(0.0004) 

-0.0101 

(0.0221) 

-0.0142 

(0.0131) 

0.0016 

(0.0029) 

0.0028*** 

(0.0001) 

Experience of using 

kerosene for more than five 

years 

-0.0004 

(0.0007) 

-0.0201 

(0.0361) 

-0.0417** 

(0.0201) 

-0.0009 

(0.0047) 

0.0054*** 

(0.0002) 

Constant 0.0254*** 

(0.0090) 

0.7964* 

(0.4540) 

-2.1868*** 

(0.2525) 

0.0056 

(0.0581) 

0.0007 

(0.0026) 

Table 11: Results of the second stage – Household individual fuel demand and expenditure 
Note: *, ** and *** represent 10%, 5% and 1% levels of significance, respectively. Round brackets indicate 

standard errors. 

 

6. Discussion 

The study results revealed that households in the city used multiple fuels, the most common 

choice being to use a combination of charcoal and LPG for cooking purposes. This finding is 

similar to that in Doggart et al. (2020), for example. Besides this energy mix, households also 

mixed other sources of energy. The tendency to use multiple sources of fuel for cooking as well 

as engage in fuel-stacking behaviour is therefore confirmed for Dar es Salaam. The study results 

also show that households have at least experimented with using different fuels, which has 

tended to lead to fuel-stacking behaviour. 

Furthermore, the study findings show a high use of LPG as the main source of cooking energy. 

Indeed, Dar es Salaam has seen an increase in LPG use in recent years (Doggart et al., 2020). 

These authors show that, between 2012 and 2018, the use of LPG as a main household fuel had 

trended upwards, whereas charcoal and kerosene had declined as alternatives. This decline was 

attributed not only to changes in the price of charcoal and kerosene, but also to increased supply 

and sales of LPG in a range of different quantities in many parts of the city as well as to the 

fuel’s efficiency. Nonetheless, our results confirm that the mixed-source option was dominant 

and widespread in many city households, while traditional fuels were cheaper than their modern 

counterparts. 

As expected, following similar outcomes in research by Mekonnen and Köhlin (2008), the 

current study also found that male-headed households were more likely to cook with modern 

fuels, while those headed by females were more likely to opt for multiple sources of energy. 
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The background to this finding is that several women who head households in Dar es Salaam 

depend mostly on informal sector incomes, as opposed to many male-headed households. To 

support this argument, a report finding by NBS (2017) showed that males were more engaged 

in professional and formal occupations than females. Therefore, women were more likely to 

exhibit fuel-stacking behaviour as they opt for mixed sources of energy to minimise the costs 

associated with using modern fuels, i.e., modern fuels were assumed to be more expensive (see 

similar findings by Maliti and Mnenwa, 2011). 

Education was also found to have an impact on the choice of household fuels. Like what was 

discovered in empirical research by others (see e.g., Alem et al., 2016; Mekonnen and Köhlin, 

2008), the current study also revealed that the more educated the household head, the less the 

likelihood of using traditional fuels. This suggests that more highly educated household heads 

preferred cleaner fuels with a lower negative impact on health and the environment. Despite 

this, education was not found to have a significant effect on the use of mixed sources of energy. 

Furthermore, the study confirmed that large households were found to be less likely to use 

modern fuels and more likely to use traditional fuels and mixed sources of energy, which bears 

out similar recent findings by Ateba et al. (2018) as well as an earlier study by Heltberg (2004). 

This finding was as expected, since larger households with more family members consume 

greater amounts of food and cooking energy. 

For budgeting purposes, because traditional fuels appeared cheaper than their modern 

counterparts in the study, but modern fuels were reportedly more efficient, households were 

found to combine both to minimise their energy consumption costs. Thus, to account for both 

the lower cost and greater efficiency effects, an energy mix was used.  

In respect of age, the older household heads were found to be less likely to use modern fuels, 

but more likely to use mixed sources of energy. As for house ownership, since most households 

lived in rented houses, this had implications for their energy choices because tenants were more 

likely to use modern fuels to comply with their conditions of house occupancy (Pundo and 

Fraser, 2006). Households living in rented houses sometimes reported being limited by their 

landlords and not being allowed to use firewood and charcoal because these fuels produce 

smoke and soot on the walls. Conversely, and as expected, households who owned their houses 

were found to be more likely to use these sources of energy. In addition, while home-owning 

households were free to use traditional fuels, they could also afford to use modern sources.  

The study further revealed that increased expenditure, which is a proxy for income, also 

increased the probability that a household used modern fuels for cooking, although it decreased 

its probability of using mixed sources of energy. As could be expected, income was found to 

determine household energy choices for cooking. In addition, as other studies have shown (e.g., 

Baiyegunhi and Hassan, 2014; Gupta and Köhlin, 2006; Hosier and Down, 1987), households 

transitioned from traditional to modern fuels when their incomes rose. 

Higher expenditure/income levels were also found to prompt households to opt for modern 

rather than traditional fuels. This reduced the demand for mixed sources and, therefore, reduced 

fuel-stacking behaviour. In addition, higher household incomes implied that modern fuels were 

more affordable; moreover, such fuels were easily available and accessible in the city. 

Nonetheless, before the Experience variable was introduced into the model, the results had 

suggested that higher expenditure increased the probability of using mixed sources of energy, 

i.e., it positively influenced fuel-stacking behaviour. These rather conflicting outcomes reveal 

that households were quite sensitive to their experience in using certain fuels, which in turn 

impacted on their expenditure patterns. 
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As was anticipated, the study showed that experience in using firewood and charcoal had a 

significantly positive influence on a household’s fuel-stacking behaviour. This is 

understandable, since households found it difficult to change over to modern fuels entirely: 

traditional sources have been associated with lifestyles, culture, tastes, and preferences for a 

very long time. 

Another significant influence on fuel-stacking behaviour was evident from a household’s 

experience in using kerosene. Although kerosene’s share in the energy options was small, its 

use alongside other fuels, e.g., to ignite a charcoal fire, was still important enough to influence 

fuel-stacking behaviour. 

Notably, experience of using charcoal was found to increase the probability of using traditional 

fuels, whereas it reduced the likelihood of using modern sources. Experience with using LPG, 

electricity and kerosene made it more likely that a household would use modern fuels, and less 

so in the case of traditional fuels. Thus, experience in the use of traditional or modern fuels had 

positive effects on their own respective categories, but negative effects across categories. 

7. Conclusion 

This study used cross-sectional data collected from the five municipalities of the city of Dar es 

Salaam to analyse household fuel-stacking behaviour in an urban environment. A combination 

of charcoal and LPG was the most common energy choice. Thus, city households displayed a 

fuel-stacking tendency, as they did not resort entirely to using modern fuels for cooking. 

Although, the study focused on Dar es Salaam, the findings are applicable to other urban areas 

of Tanzania and developing countries. 

LPG made up the highest share of energy expenditure. This confirms that several households 

use modern sources as their main cooking fuel, while continuing to use traditional fuels. 

Nonetheless, electricity was found to be the principal source of energy for lighting and other 

non-cooking energy needs. 

One main contribution of this study is to study the impact of how the classification of energy 

choice categories (into “traditional”, “modern”, and “mixed” fuel users) is done. Two different 

categorizations were compared, one where households were classified as “mixed fuel” users as 

long as they mixed traditional and modern fuels at all, and one where households were only 

classified as “mixed fuel” users if each group of fuels accounted for at least ten percent of 

overall energy expenditure. While the results for many variables were in line with those from 

previous studies with both classifications, comparing the two multinomial logit regressions 

using the two different classifications also produced some differences in results. The marginal 

effects of several key variables were larger for the second classification, where households were 

classified as “traditional” or “modern” fuel users as long as they spent more than 90% of their 

energy expenditure on that fuel group. From an energy policy perspective, the fact that minor 

differences in how fuel users are defined has large impacts on their estimated sensitivity to 

different variables is noteworthy. The results suggest that as long as the policy goal is to get 

households to mostly (rather than entirely) transition to new fuels, households’ sensitivity to 

changes in underlying variables is greater than earlier estimates might suggest. 

Another main contribution is to explicitly use prior experience with using a fuel as an 

explanatory variable. When studying demand for individual fuels, many of the results were as 

one would expect: Low-income households seemed to focus on minimising their energy 

expenditure, while increased income levels led to an increased use of relatively expensive 

modern fuels, as borne out in the upward pattern of the Engel Curve. Furthermore, household 
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size and experience of using specific fuels significantly affected the energy expenditure share, 

both positively and negatively. The demand for individual fuels was on average affected by 

certain household socio-economic factors (sex, education, house ownership and energy 

expenditure). However, experience of using a fuel was alone in showing significant effects 

across the board in terms of fuel demand. Therefore, experience of using a fuel largely 

determined the pattern of fuel consumption and fuel-stacking behaviour, since such experience 

had positive effects on own fuel demand – except for electricity. 

For policy, it is important to examine household energy choices, demand, and fuel stacking 

behaviour, but it is also important to consider whether they are being examined in a way that 

captures the heterogeneity in households’ behaviour and experiences. Our results suggest that 

it is easier to get households to switch most, rather than all, of their fuel use to new types of 

fuels, and our results also suggest that households are more likely to increase their use of fuels 

that they have prior experience with. While both these results might seem self-evident, they 

matter for energy policy. Energy policies aimed at giving households experience with using 

many different types of fuels may make future shifts in energy use easier to achieve, and those 

future shifts are easier to achieve as long as energy policymakers are satisfied with households 

changing most, rather than all, of their energy use. A complete switch from traditional fuels 

may be difficult to achieve, but widespread adoption of LPG nonetheless seems achievable. 

LPG tax relief would reduce LPG cost relative to traditional fuels costs, encouraging LPG use 

and promoting its relative importance over traditional fuels like charcoal. Once LPG use 

becomes common, households’ familiarity with LPG is likely to increase, and further increase 

LPG demand. This would help to reduce pressure on forest ecosystems. 
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Figure A1: Engel Curve, energy expenditure 

 

 

Figure A2: Engel curve – Charcoal expenditure share 
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Figure A3: Engel Curve – LPG expenditure share 
 

 

 


