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CHAPTER FIVE 

Urban demand  for improved 

cookstoves and modern fuels in 

Mozambique 
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5.1 Introduction 

Most of the projected increase in the world’s energy consumption in the coming 

years will occur in cities in the developing world (EIA, 2007; IEA, 2008). This 

increase in energy demand is driven by the rapid urbanization witnessed in most 

developing countries (Dhakal, 2009; Sadorsky, 2013). Worldwide, Africa has 

experienced the highest urban growth during the last two decades with a 3.5 

percent increase in urban population per year (African Development Bank, 2015). 

In 2010, the share of the African urban population was about 36 percent and this is 

projected to increase to over 60 percent by 2050 (ibid).  

Charcoal is still the major source of household energy for a majority of Africans 

residing in urban areas, most importantly for cooking (Zulu and Richardson, 2013, 

Neufeldt et al., 2015). For years, it provided urban households with an affordable 

and reliable source of energy at relatively stable prices (Richardson, 2010). 

Charcoal has an extensive distribution network that ensures its availability even in 

informal settlements (Yonemitsu et al., 2015). However, the use of charcoal in 

rapidly expanding urban areas causes both environmental and health problems. The 

urban ‘mining’ of biomass in rural areas is contributing to local deforestation and 

other irreversible ecological changes (Edwards and Langpap, 2005; Hiemstra-van 

der Horst and Hovorka, 2008; Chidumayo and Gumbo, 2013; Iyama et al 2014). 

This conflicts with rural bioenergy requirements and erodes rural livelihoods. With 

increasing biomass scarcity the collection frontier is moving away from urban 

centers pushing up charcoal prices. This places a higher burden on urban household 

budgets. Furthermore, the incomplete combustion of charcoal in traditional 

charcoal stoves releases large amounts of carbon monoxide and other toxic gasses 

that pose high risks to human health and contribute to global warming (Akpalu et 

al., 2011; Bailis et al 2015). 

Simultaneously, urbanization is seen as one of the most promising opportunities to 

resolve fuelwood issues. A shift from biomass to modern fuels has long been 

expected to occur in tandem with urban growth (Hiemstra-van der Horst and 

Hovorka, 2008). As urban areas expand, the quantity and pattern of energy use in 

households residing in these areas alters (Hosier and Dowd, 1987; Leach,1992; 

Heltberg, 2004; Nansaior, 2011). These changes such as access to fuels and 

appliances, infrastructure development, market diversity, and improved housing 

options influence fuel choices (Heltberg, 2005; Farsi et al, 2007; Mekonnen and 

Kohlin, 2008; Rehfuess et al, 2010; van der Kroon et al., 2014).  
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Despite Africa’s rapid urbanization, the energy transition is proceeding slower than 

anticipated compared to other parts of the developing world. Recent attention of 

governments, development organizations and donors has therefore focused on 

encouraging the use of improved cook stoves. Such stoves could serve as an 

intermediate step on the energy ladder (Foell et al., 2011; Bensch and Peters, 

2012),  increasing the sustainability of traditional biomass and reducing both the 

amount of charcoal needed and the level of harmful particulates and noxious fumes 

associated with the burning of charcoal (Maes vand Verbist, 2012). Alongside 

improved cookstove developments, modern fuels are becoming increasingly 

competitive with biomass fuels (Arthur et al., 2010) and could open up the 

transition pathway to modern fuels such as LPG and the renewable fuel ethanol for 

a large group of urban households. Especially, since stove technologies get more 

suitable for the poorer consumer segments.  

In order to develop and implement effective energy transition policies, insight is 

needed  into the specific energy strategies applied by urban households and the 

determinants steering their choice behavior, especially when trying to predict 

responses to new products or technologies such as improved cookstoves. So far, 

few studies have systematically assessed the role of underlying preferences for 

different fuels and technologies in relation to urban energy transitions. For an 

overview, see van der Kroon et al. (2013). The main objective of the study 

presented here is therefore twofold: first to assess actual fuel switching behavior 

based on current urban household fuel profiles, and secondly to assess potential 

demand and future fuel switching behavior for alternative fuel sources in 

combination with improved cook stoves. By analyzing how household choices are 

influenced by current fuel profiles we gain knowledge on demand-side features for 

developing energy products and segmenting markets. Using a discrete choice 

experiment (DCE), the observed tradeoffs between stove-fuel alternatives with 

different technology features give insight into preferred products. The novelty and 

contribution of this study to the existing literature is found in the combination of 

using both revealed (RP) and stated preference (SP) data to assess household 

preferences for improved cook stoves and modern fuels, where the household 

energy consumption profiles elicited through the RP model are used as 

determinants of choice behavior in the SP DCE. Existing studies use only one of 

the two data types and never combined the two (e.g. Heltberg, 2004; Mekonnen 

and Kohlin, 2008; Gebreegziabher et al., 2012; Takama et al., 2012). The major 

strength of RP data is that it is based on actual fuel choices. RP data are limited 

when aiming to analyze behavior in response to new market developments. These 
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are better captured by SP data, in particular to better understand potential demand 

resulting from a change in supply (Whitehead et al., 2008).  

In our assessment, we test the starting points underlying the energy ladder (e.g. 

Hosier and Dowd, 1987; Leach, 1992; Barnes and Floor, 1996; Heltberg, 2004), 

i.e. whether households displace one fuel by another when climbing the ladder, or 

rely on the use of energy mixes, including charcoal, which would suggest fuel 

stacking behavior (e.g. Barnes et al, 2005). The study is carried out in ‘Greater 

Maputo’, one of the 15 largest urban settlements in Sub-Sahara Africa with a 

population of 2.5 million people, which is expected to rise to 4 million by 2025 

(Jenkins, 2013). 

The remainder of this chapter is organized as follows. Section 2 introduces the 

study design, while  Section 3 discusses the case study and survey implementation. 

In Section 4 the results are presented and conclusions are drawn in Section 5.

5.2 Research design 

The survey developed for this study consists of several parts. The RP data are 

based on in-depth questions covering urban households’ current fuel use and 

cooking practices, while the SP data are based on a DCE. In addition, households 

are asked about their knowledge and awareness of the risks related to cooking with 

biomass and their socio-demographic household profile, including income sources 

and assets. 

The basic research design is based on previous studies reviewed in van der Kroon 

et al. (2013) and a similar study conducted in Kenya (van der Kroon et al., 2014). 

However, the novelty presented in this study, linking RP and SP data, has not been 

made or published anywhere else so far. The design was tested and modified to fit 

local conditions in Mozambique through focus group discussions, expert 

interviews, and pre-tests in the field. The complete questionnaire is available from 

the authors. The next section presents the DCE used to collect the SP data. This is 

followed in section 2.2 by a description of the econometric modeling procedure of 

the RP and SP data.  
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5.2.1 Experimental design 

The DCE design consists of three distinct fuel-stove combinations as labeled 

choice alternatives. These labeled alternatives comprise the 3 main urban energy 

transition pathways: 1) improved charcoal stove; 2) LPG stove and 3) ethanol 

stove.  In order to be able to interpret the results of the DCE in standard economic 

welfare terms (e.g.  Hanley et al., 2001), an opt out is added, which allows 

household respondents to stay with their baseline technology. 

The choice for the three fuel stove combinations is based on current developments 

in the region. Besides the widespread development in improved cookstoves, 

commercial enterprises are getting more interested in reaching poorer consumer 

segments with tailor-made products. For example, PimaGaz developed by Premier 

Gas Ltd in Kenya makes LPG affordable and attractive for poorer consumers. The 

PimaGaz cylinder allows for partially refilling according to consumer spending 

power. The 1kg cylinder retailed in 2014 for $24 and a full refill cost $4 and lasts 

an average-sized household for about a week (Mulupi, 2012) Ethanol as a domestic 

cooking fuel is relatively new. The NGO Gaia in Ethiopia and the commercial 

enterprise CleanStar Mozambique have tried to get ethanol on the market. Ethanol 

prices can be competitive with charcoal in a number of markets and this is why the 

interest in promoting ethanol fuel is increasing in several countries. Also ethanol 

can be purchased in small quantities, e.g. in 1 or 5 liter bottles that fit the purchase 

behavior of the poor. A bottle of 5 liters cost on average $6.40 in 2014 and lasts an 

average-sized family about one week.  

The fuel-stove combinations used in this study are characterized by the following 

five attributes (see Table 5.1 for an overview of the attribute levels): 

1) The stove cost is a one-time payment for the purchase of the new stove.     

2) Weekly fuel costs represent the combination of stove efficiency and fuel 
price levels. In the introduction of the DCE it is explained to the 
respondent that the fuel costs are based on the costs incurred by a typical 
family of 5 members, which is the average size of a family in Greater 
Maputo. Fuel costs can fluctuate with family size and by standardizing 
these costs they provide respondents with a point of reference. Fuel costs 
for charcoal are based on collected local market prices. The costs for 
ethanol and LPG are kept equal to charcoal to test for the effect of 
comparative prices on fuel choice. This is in line with the expectations that 
modern fuels are becoming price-competitive with charcoal.  

3) Women spend a considerable amount of time every day in the kitchen 

preparing food. Advanced cooking technologies exhibit improved 

combustion and heat transfer, which reduces the amount of time needed to 
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cook. Depending on the opportunity costs of time, a reduction in cooking 

time is also expected to influence the choice of a new stove.  

4) Cooking with biomass in traditional stoves causes serious health impacts 

related to indoor air pollution. The sensitivity of respondents to the health 

impacts of cooking is portrayed through various smoke levels. An easy 

understandable, neutral narrative was used to explain to respondents the 

relationship between health problems and the level of smoke and particles 

emitted by the cookstoves.  

5) The use of biomass as well as modern fuels leaves a footprint on the 

environment. This is visualized in the DCE by the loss of forest.  

Alternatives for the three fuel-stove combinations were created by combining the 5 

attributes presented in Table 5.1 based on their different attribute levels applying a 

main effects D-efficient fractional factorial design using the software Sawtooth. 

For the generation of the design, a balanced overlap procedure was used, meaning 

that attribute levels have an equal probability of being included in the design, and 

overlap is minimized. This procedure approximates orthogonality conditions and 

allows testing of predefined relationships between choice attributes. The labels for 

the alternatives were fixed in the design and presented always in the same order on 

each choice card. The purchase costs of the stoves were presented at the bottom of 

each choice card in order to avoid overexposure of the two monetary cost attributes 

in the DCE, following common practices in the DCE literature. The final design 

consisted of 10 versions of six choice sets each. Every respondent was randomly 

offered one of these ten choice versions.  

The DCE was introduced to respondents using a short standardized explanation of 

the choice task, including an overview of the attributes and their levels and a 

reminder to take into account the household’s current budget when making

 Table 5.1 Overview of choice experiment attribute levels 

Labeled alternatives 

Attributes Wood stove LPG stove Ethanol stove 

Fuel costs per week (MZN) 100,175,250 100,175,250 100,175,250 

Time reduction (minutes/day) 0,30,60 0,30,60 0,30,60

Smoke level none, low, 
moderate, high 

none, low, 
moderate 

none, low, 
moderate, high 

Environmental impact small, medium, high small, medium  small, medium, 
high 

Stove costs (MZN) 100,300,500,700 500,800,1100,1400 500,800,1100,1400
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decisions. Respondents were asked to answer as truthfully as possible and imagine 

that their choice was real with real budget implications in order to ensure incentive 

compatibility and enhance consequentialism (e.g. Carson and Grooves, 2007). The 

choice cards were presented to the respondents using pictograms and as little text 

as possible to make the DCE accessible to a broad range of literate and illiterate 

people. See Figure 5.1 for an example choice card. To make sure respondents had a 

clear understanding of the choice task, they were first asked to make their choice 

using an example card. Here, they were allowed to ask questions about the choice 

task before the DCE started. Next, each respondent was randomly shown one of the 

ten versions of six different choice cards and asked to state their most preferred 

alternative on each choice card.  

5.2.2 Econometric modeling framework 

Both the RP and SP data from the DCE assessing fuel switching behavior  are 

analyzed using a multinomial logit model (MNL). MNL is a standard regression 

technique for assessing how different variables affect multiple fuel choices (e.g. 

Heltberg, 2004). It also enables the systematic analysis of household switching 

behavior between different types of fuels (van der Kroon et al., 2014). Based on the 

collected RP data, to avoid dealing with a large number of categories of fuel 

combinations, four main fuel profiles were identified based on the energy 

portfolios present in the sample. The profiles are ordered in accordance with the 

fuel ranking on the energy ladder from (1) firewood and charcoal to (2) charcoal, 

(3) electricity and biomass fuels and finally (4) LPG and biomass fuels. Whereas 

the opt-out represents the baseline category in the MNL model for the SP data 

obtained from the DCE, yielding three alternative specific utility functions, the first 

profile lowest on the energy ladder (1) will be used as the baseline category in the 

MNL estimation procedure based on the collected RP data, also resulting in three 

distinct fuel profile alternatives in the modeling procedure.  

The modeling of such discrete choice RP and SP data finds it roots in random 

utility theory (McFadden, 1986). Utility is assumed to be a latent construct that 

underlies observed choices reflecting demand. A respondent n is assumed to 

consider the full set of offered alternatives i from a choice set and choose the 

alternative that generates the highest expected utility. Utility Uni is decomposed 

into a deterministic component Vni and a stochastic component �ni. Building on 

Lancaster’s theory of consumer choice, utility is derived from the attributes making  
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Figure 5.1 Example of a choice card
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up a good or service, in this case the characteristics of the improved cook stoves in 

the DCE. The deterministic part of utility Vni is typically defined as a linear 

function of the improved cook stove characteristics Xni: 

ninininini XVU εβε +=+=                           (5.1) 

New here is that besides these cook stove characteristics, we also include the 

current energy consumption profiles of individual households Yi, which are 

modelled separately in the RP-based MNL model, as another choice determinant:

niiYniXninini YXVU εββε ++=+=              (5.2) 

The inclusion of these latter energy portfolio profiles allows us to test the starting 

points underlying the energy ladder and to what extent households tend to switch 

between fuels or add new fuel sources to their current portfolio. To this end we also 

account for preference heterogeneity in the coefficient estimates for the improved 

cook stoves and unrestricted substitution patterns between alternatives in the SP 

model (Train, 2003). 

The choice probability function of this mixed logit model is described in Equation 

5.3 as the integral of the conditional individual probabilities over all possible 

choice variables and their marginal utilities measured by �. Here,  f(�|�) is the 

density function of � with distribution �. 

( ) βθβββ
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) e
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inj

ini

Yx

Yx

      for all i�j           (5.3)

This choice probability cannot be calculated exactly and is therefore approximated 

through simulation (Brownstone and Train, 1998). To improve the statistical 

efficiency of the simulation procedure, the models are estimated using a Halton 

sequence of 100 replications in a quasi-Monte Carlo maximum likelihood 

simulation (Bhat, 2001). 



�

.13�

�

5.3 Case study area and data collection 

The study was carried out in Matola, located in the South of Mozambique, about 25 

kilometers west of the country’s capital Maputo. The city  is part of the 

conurbation  ‘Greater Maputo’ and the second-largest city in Mozambique with a 

population of 675,422 according to the last census in 2007. Matola is an industrial 

center dominated by the aluminum smelter MOZAL and its suppliers and hosts an 

important harbour. Due to the rapid expansion of the city, agricultural grounds 

surrounding the city are vanishing quickly and few people continue to keep 

livestock.  

Charcoal is used by over 80 percent of the urban households (Atanassov et al., 

2012). The increased demand for charcoal has resulted in deforestation, which has 

pushed the production frontier further away from the city. The majority of charcoal 

that feeds Greater Maputo nowadays originates from production sites located some 

120 to 500 km north of the capital, in the neighboring province of Gaza (EUEI 

PDF, 2012). The majority of biomass fuels are still burned in traditional stoves, e.g. 

three stones for firewood and simple metal stoves for charcoal. A study by 

Atanassov et al. (2012) found that only 0.6 percent of all households living in 

Greater Maputo has adopted an improved cook stove. Compared to other urban 

areas in SSA this is extremely low. For example, in Nairobi over 80 percent of the 

households are reported to use an improved charcoal stove (USAID, 2011). 

The survey was carried out in August 2013 among a total of 300 households in one 

of the  41 administrative regions (bairros) in Matolo, namely Kongholote. The 

bairro Khongolote was chosen as the study site within Matola because it has 

rapidly urbanized since 2000 and is known for its mixture of original rural 

population, well-off newcomers moving out from central bairros in the city of 

Maputo, and poor newcomers who settle in areas where parts of the land are still 

relatively cheap. As such, Khongolote represents the rapid and vibrant urbanization 

process witnessed in Mozambique. In Kongholote each of the underlying 

administrative quarters (quarteirões) consisting of 50-100 households were 

surveyed through random sampling. Interviewing took place by trained 

interviewers with the head of the household or the spouse.  
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5.4 Results and discussion 

  

5.4.1 Household fuel use 

Charcoal was in 2013 the most important household fuel for cooking in our sample. 

It is used by more than 90 percent of the households. While 24 percent of all 

households fully rely on charcoal only for their daily energy needs, most 

households use a combination of fuels. On average, households were found to use 

about 2 fuels, spending on average across all fuels US$ 8.23  per week on cooking 

fuels16.  

 Figure 5.2 shows the shares of households using a particular type of fuel in 

relation to their disposable household income. As income increases the use of 

firewood rapidly decreases, while that of LPG shows a steep upward trend. This 

pattern confirms both the inferior status of firewood as well as the upmarket status 

of LPG. Charcoal use remains relatively constant throughout each income quartile, 

indicating its importance to all household categories for cooking. As a transition 

fuel, the use of charcoal is anticipated to drop at higher income levels (e.g. 

Heltberg, 2004). In our study charcoal does not seem to have reached such a 

transition state yet, and still fulfills an important role across all income categories.  

���������������������������������������� �������������������
16 All monetary values presented here have been converted from MZN to US dollars. In August 2013, 

1 MZN equaled US$ 0.0336. 
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Figure 5.2 Fuel use by income quartile 
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The importance of charcoal for households is also demonstrated by its presence in 

most fuel portfolios. The most common fuel combinations are charcoal and 

electricity (19%),  LPG and charcoal (18%) and firewood and charcoal (18%). The 

share of households that rely completely on either LPG or electricity is still 

marginal, while the use of firewood (30% of the households use firewood in their 

fuel portfolio) is surprisingly common considering the urban character of the study 

site. This seems to provide further indications that the ongoing energy transition is 

still in its early stages in Matola. 

In the sample a total of 19 different fuel portfolios were identified. These were 

subsequently grouped in the 8 portfolios shown in Table 5.2 . Most of these 

portfolios are based on the use of 2 fuels. The share of households only using 

firewood or modern fuels is very low. In the remainder of this paper we will 

therefore zoom in on the 4 most prominent profiles: firewood and charcoal (18%), 

charcoal (25%), LPG and biomass (22%)  and electricity and biomass (24%) .  

5.4.2 Fuel portfolios compared 

The main socio-demographic and socio-economic characteristics of the households 

associated with the 4 energy profiles are presented in Table 5.3. In the whole 

sample, a majority of  87 percent of the respondents is female with an average age 

of 45 years (ranging between 21 and 85). The majority of the respondents have 

completed primary school. Households have lived on average 15 years in the study 

area and consist of 5.3 household members. One in every fifth household (22%) is 

headed by women. Average disposable monthly household income is $326. 

Households using both firewood and charcoal have significantly older household 

heads than household using any of the other fuel mixes. However, no significant  

Table 5.2 Overview of the 8 fuel profiles 

Nr of households Share in % 

Firewood 6 2.0 

Firewood and charcoal 54 18.1 

Charcoal 70 23.5 

Electricity and biomass1 66 22.1 

LPG and biomass1 70 23.5 

LPG, electricity and biomass1 13 4.4 

Modern fuels2  9 3.0 

Other 10 3.4 
1biomass refers here to the use of firewood or charcoal or a combination thereof. 2 modern fuels refers 

here to the use of LPG or electricity 
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Table 5.3 Descriptive statistics of the four main fuel profiles 

Fuel Profiles 

Household 

characteristics 

Full 

sample 

Firewood 

and 

Charcoal 

(portfolio 0) 

Charcoal 

(portfolio 1) 

Electricity 

and biomass 

(portfolio 2) 

LPG and 

biomass 

(portfolio 3) 

Family size  5.39 (2.4) 5.6 (2.9) 4.9 (2.4) 5.6 (2.0) 5.2 (2.3) 

Age 

householdhead 

45.6 

(12.5) 

49.9 (12.9) 41.9 (13.4) 45.4 (12.1) 45,9 (10.5) 

Age respondent 39.2 

(12.1) 

45.0 (14.2) 36.3 (11.5) 36.5 (10.2) 40.4 (11.2) 

Years residing in 

the area 

14.6 

(11.2) 

17.5 (11.7) 13.9 (13.1) 13.9 (9.2) 13.6 (10.1) 

Education level 

hh (median) 

primary primary primary secondary secondary 

Share HH head’s 

education 

primary school 

or lower 

52.2 73.1 55.2 45.5 38.5 

Share of female 

headed hh 

21.9 28,8 20,0 14,5 24,2 

Share connected 

to the electricity 

grid 

88.4 78,8 74,3 100 98,5 

Tenure of house 

(% ownership) 

84.8 80,7 67,1 97,1 93,9 

N 260 54 70 66 70 

differences in family size are found between the 4 energy profiles. The share of 

female headed households differs significantly across the fuel portfolios, but no 

clear pattern or trend can be detected. For those portfolios including modern fuels 

(portfolios 2 and 3 in Table 5.3), the level of education of the household head is 

significantly higher than for biomass based portfolios (0 and 1). A majority of the 

households categorized as biomass users in portfolios 0 and 1 completed primary 

education, while a majority of those who have included modern fuels in their 

energy mix in portfolios 2 and 3 completed secondary education. Households that 

use a combination of wood and charcoal are found to reside significantly longer in 

the area than households who use more advanced fuel portfolios.   

In Figure 5.3, disposable monthly household income is compared amongst the 4 

different fuel portfolios. The portfolios are ordered based on the idea of the energy 
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stacking model, where the use of firewood and charcoal is assumed to take place at 

lower income levels than the use of modern fuels such as electricity. Moving away 

from firewood to more advanced fuel portfolios shows indeed an increasing trend 

in income. Between the 2 biomass based portfolios 0 and 1 no significant 

difference in income is found. The addition of modern fuels to the household 

energy mix takes place at significantly higher incomes. Apparent is the significant 

difference in household income between electricity-biomass users and those who 

include LPG in their energy mix. Electricity is seen as the cleanest form of energy 

on the energy ladder and is typically ranked above LPG. In the portfolios where 

LPG and electricity are combined with biomass it is clearly shown that the LPG 

combination is used at significantly higher income levels than the electricity 

combination. 

Figure 5.3 Fuel portfolios and mean disposable household income 

note: error bars represent standard errors 
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5.4.3 Modelling fuel switching behavior based on revealed preference data 

The MNL model estimates of the determinants of households choice behavior 

between the different fuel portfolios are presented in Table 5.4. Firewood-charcoal 

is the omitted category, with which the estimated coefficients have to be compared. 

The model specification is based on determinants found in the existing literature, 

which were deemed relevant in the urban energy context (for an overview, see van 

der Kroon et al., 2013). We add a new variable to the model specifying the number 

of years the household is residing in the study area. This is especially relevant for 

our study area.  The urbanization rate over the past decade has been high with a 

large degree of mobility of groups of people, which could relate to the observed 

fuel choices. The estimated model performs more than satisfactory in terms of 

goodness of fit: the outcome of the Likelihood Ratio (LR) test is highly significant 

at the 1 percent level and the pseudo R2 value is common for this type of cross-

section models. 

The results in Table 5.4 show that the switch from the baseline profile to the 

charcoal portfolio does not significantly depend on the factors included in our 

model with the exception of the household head’s age. More significant results are 

found in the move towards the portfolios including electricity and LPG. More 

specifically, household income and wealth-related factors seem to be the main 

factors explaining the transition towards more advanced fuel portfolios, as 

expected based on the energy ladder. The significant positive coefficients for 

income indicate that with increasing income households are more likely to switch 

away from firewood-charcoal towards more advanced fuel portfolios including 

LPG and electricity. Wealth indicators that were found to positively influence fuel 

switching behavior are house ownership, the number of rooms in the house and the 

availability of separate indoor cooking facilities. These findings confirm the 

importance of income and wealth as determining factors for fuel switching towards 

modern fuels in an urban context. Similar findings are found in Heltberg (2004), 

Heltberg (2005), Ouedraogo (2006) and Mekonnen and Kohlin (2008). The two 

dummy variables for cooking in a living/bedroom or in a separate room both have 

cooking outside the house as the baseline category, and suggest that those 

households who cook inside the house are more prone to be using a LPG or 

electricity portfolio than those who still cook outside. 

Examining the households’ socio-demographic characteristics, only a respondent’s 

age and his or her family size turn out to play a significant role. The age of the 

household head is found to have a significant negative impact on household 

switching behavior. In other words, with increasing age households are less likely 
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to move towards more modern fuel portfolios. This finding is in line with the 

assumption that older household heads may be more conservative in fuel choices, 

refraining them to move away from current practices (e.g. Ouedraogo, 2006; 

Mekonnen and Kohlin, 2008;). In the literature, the effect of family size on fuel 

switching has been shown to have mixed results (e.g. Hosier and Dowd, 1987; 

Heltberg, 2004; Rao and Reddy, 2007). In this study a significant negative effect of 

family size is found for a switch from firewood-charcoal to the LPG-biomass 

portfolio. This may be related to the associated type and volumes of food that are 

cooked for larger families. Modern fuels are often considered more expensive and 

food that needs longer preparation time is rather cooked on charcoal. Furthermore, 

the size of the pots used for larger families do not fit the standard LPG stove size.  

Although education is considered an important determinant in the literature driving 

fuel switching behavior and generally found to have a positive effect on the 

probability that households use modern fuels such as LPG (van der Kroon et al., 

2013), the household head’s education level has no significant effect on fuel 

switching behavior in our study, irrespective of how we specify the variable (e.g. as 

dummy variable or number of school years). Similarly, whether the respondent is 

male or female does not affect fuel switching behavior in a significant way either 

here. Gender is often debated in the literature, but the existence of a significant 

positive relationship between female headed households and fuel switching 

behavior was as far as the authors know only identified by Rao and Reddy (2007). 

Female headed households are assumed to be more likely to choose cleaner fuels 

and switch away from biomass fuels. They usually face the direct consequences of 

cooking on traditional fuels (Heltberg, 2005). Moreover, being the head of the 

household puts women in a decision-making position, providing them more 

freedom of choice in financial matters and budget allocations when it comes to 

choosing cooking fuels. However, female headed households are also more likely 

to belong to the poorer segments of society, limiting their fuel choices (Rao and 

Reddy, 2007). Although the two variables are not correlated in our analysis, this 

could be a possible explanation for the insignificant result found in our study too. 

Finally, the number of years a households has resided in the area has a significant 

negative effect on the use of a portfolio with modern fuels (LPG, electricity). 

Newcomers are therefore more likely to use LPG or electricity than households that 

have been residents for a longer period of time. Putting this in the perspective of 

the urbanization dynamics in the study area, newcomers, often from the congested 
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bairros of the city of Maputo, are more likely to use modern cooking technologies, 

while the original rural population seems less likely to make this transition.  

Table 5.4 Multinomial logit regression estimates of household fuel switching behavior 

based on actually observed fuel use 

*** significant 1%, ** significant 5%, * significant 10% . Standard errors in parentheses. 
1 Baseline is cooking outside the house. 

5.4.4. Modelling fuel switching behavior based on stated preference data

In the DCE, the LPG stove combination was chosen most often by respondents 

(48%), followed by the improved charcoal stove (28%) and the ethanol stove 

(13%). No protest voters were encountered, i.e. respondents refusing to make a 

choice because they object against the survey instrument or the context in which 

their choices were elicited. Choice behavior based on the SP data was modeled 

Explanatory variables 

Charcoal Electricity – 

biomass fuels 

LPG – biomass 

fuels 

Constant -0.52 (3.37) -7.20* (3.7) -14.90*** (4.02)

Gender of the household head 

(1=female) 

-0.36 (0.49) -0.58 (0.54) 0.27 (0.54) 

Age household head (years) -0.04* (0.01) -0.04** (0.47) -0.04** (0.01) 

Education level household head (1=at 

most primary school) 

 0.37 (0.46) 0.05 (0.47) -0.49 (0.49) 

Family size -0.11 (0.09) -0.12 (0.09) -0.19* (0.10)

Log disposable monthly household 

income 

 0.61 (0.88) 1.51* (0.93) 3.52*** (0.99) 

House ownership (1=yes) -0.55 (0.60) 2.69*** (0.93) 1.79** (0.84) 

Number of rooms in the house  0.43 (0.28)  0.66** (0.29) 1.05*** (0.31) 

Cooking in a room used for 

living/sleeping1 (1=yes) 

 1.19 (0.66) 2.26** (0.72) 2.47*** (0.76) 

Cooking in a separate room or 

building1(1=yes) 

 0.29 (0.46) 1.54*** (0.48) 1.86*** (0.54) 

Years of residence  0.007 (0.02) -0.04** (0.02) -0.04* (0.02) 

   

Model summary statistics    

Log Likelihood -547.7   

Pseudo R-square 0.20   

Chi square statistic (d.o.f.) 136.6 (30)  p<0.01 

Number of observations 67 66 65 
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using a random parameters logit model, estimated again in NLOGIT 5.0, 

accounting for preference heterogeneity (see Section 2). Possible correlation 

between alternatives was also tested by including an error component, but this 

appeared to be statistically insignificant and is therefore not shown here. 

Table 5.5 reports the estimated models. Two models are presented. Model I only 

includes the choice attributes, Model II also includes the current fuel portfolios as 

described in Section 2 (interacted with the ASCs). Both models perform 

satisfactory again in terms of their goodness of fit: the outcomes of the Likelihood 

Ratio (LR) test are highly significant at the 1 percent level and  the pseudo R
2

values are slightly higher than the pseudo R2 presented in Table 5.3. The fit of 

Model II improves slightly but significantly. A LR test shows that the models differ 

significantly from each other (LR chi-squared test statistic equals 23.4, p<0.01).  

Most of the choice attribute parameters are statistically significant and have the 

expected sign. The medium environmental impact, cooking time reduction and 

moderate smoke level are not significant in the attributes-only model. Once control 

for the fuel user profiles are included in Model II only the effect of the improved 

cook stove on the time reduction remains statistically insignificant and appears to 

play no role of importance in respondents’ choice behavior. As expected, all the 

quality improvements have a positive coefficient estimate and the cost price-related 

attributes a negative coefficient estimate. The random parameters of the dummy 

coded attributes (smoke level and environmental impact) are specified using a 

uniform distribution following Hensher et al. (2005), while the linear-effects coded 

attributes (time, usage cost and stove cost) appeared to provide the best statistical 

fit using a normal distribution. The outcomes for the random parameters 

demonstrate that the choice attributes are subject to significant preference 

heterogeneity with the exception of the three ASCs. 

The ASCs in the attributes only model are all statistically significant. Their positive 

coefficients imply that respondents prefer the presented fuel-stove combinations 

instead of no change from their current situation. The LPG stove is preferred over 

the charcoal and ethanol alternatives at 1 and 10 percent respectively17. No 

significant difference is found between the ethanol and charcoal stove. The 

significant positive value of the charcoal stove also shows the continued interest in 

the use of charcoal as a cooking fuel. The inclusion of modern alternatives in the 

���������������������������������������� �������������������
17 Wald test statistics are available from the author. 
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choice mix hence has not eliminated the interest of households to cook with this 

traditional biomass fuel.  

The respondents show a strong preference for a reduction in smoke levels and the 

implied positive health effects. A low environmental impact is valued positively as 

well. For both the weekly fuel usage cost and the stove cost no significant 

difference between the alternative specific estimates is found. This suggests that 

the type of cook stove and fuel type do not influence the households’ price 

sensitivity. All three fuels under consideration are market-based products and 

deliver the same service to the household. In an urban context households are at all 

times bound to market-based fuels and do not have easy access to a free-of-cost 

alternative such as firewood which they can fetch themselves. This could explain 

the similarity in responsiveness towards the fuel costs. Looking at the stoves, the 

ethanol and LPG stoves provide the household not only with a new appliance, but 

also with an extension of their energy portfolio. The improved charcoal stove 

rather replaces an older model. It was therefore anticipated that households would 

be more sensitive to the price of the charcoal stoves as households already own a 

backup alternative. This study shows, however, a similar responsiveness for the 

improved charcoal stove with respect to the stove prices. Potentially an improved 

charcoal stove is not seen as a replacement of the traditional all-metal stove and 

rather functions as an additional cooking option. Another option is that the all-

metal stove is a market-based product as well, of which the costs are not very 

different from the improved charcoal stove. 

In the extended Model II the household fuel portfolios are included as control 

variables. The LPG-biomass portfolio is chosen as the baseline, representing the 

most advanced portfolio. It is assumed that households using this portfolio will be 

valuing the offered products lower than households who find themselves at lower 

stages of the energy transition (van der Kroon et al., 2014). The current fuel 

portfolio of the households influences as expected significantly household choice 

behavior with respect to the charcoal and ethanol products. No significant influence 

of the fuel profiles is found related to the LPG alternative. For both the improved 

charcoal stove and the ethanol stove, LPG-biomass users have a significantly lower 

preference than households with one of the other fuel profiles. With a modern 

alternative available in their portfolio, LPG-biomass users will be less inclined to 

adopt any of the new technologies available despite the fact that biomass (mainly 

charcoal) still plays an important role in their cooking habits. Comparing the 2 

biomass based profiles, we see that households who use a combination of firewood 

and charcoal have a significantly higher preference for the improved charcoal stove 
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Table 5.5 Estimated Choice models 

 Model I: Attributes only  Model II: Extended model

Explanatory variables 

Parameter estimate st. dev.  random 

parameters 

 Parameter estimate st. dev.  random 

parameters 

ASC Charcoal 0.74* (0.43) 0.06 (00.61)  -0.21 (0.5) 0.46 (0.62) 

ASC LPG 1.94*** (0.42) 0.82* (0.45)  1.81*** (0.48) 0.17 (0.73) 

ASC Ethanol 1.33** (0.56) 0.05 (0.64)  0.46 (0.65) 0.33 (1.00) 

Choice attributes      

Medium environment impact 0.24 (0.16) 1.15***(0.38)  0.26* (0.15) 1.35*** (0.33) 

Small environment impact 0.64*** (0.16) 1.28*** (0.33)  0.62*** (0.17) 1.32*** (0.32) 

Time reduction (minutes) -.0026 (0.002) 0.013*** (0.003)  -0.003 (0.002) 0.013*** (0.003) 

Usage cost charcoal(per week) -0.006*** (0.001) 0.008*** (0.001)  -0.006*** (0.001) 0.007*** (0.001) 

Usage cost LPG (per week) -0.009*** (0.001) 0.003*** (0.001)  -0.01*** (0.001) 0.005*** (0.001) 

Usage cost ethanol (per week) -0.009*** (0.002) 0.007*** (0.001)  0.01*** (0.002) 0.009*** (0.001) 

Moderate smoke level 0.20 (0.27) 2.55*** (0.51)  0.28 (0.25) 3.12*** (0.56) 

low smoke level 1.13*** (0.21) 1.49*** (0.30)  1.14*** (0.22) 1.82*** (0.34) 

No smoke 2.53*** (0.24) 2.25*** (0.27)  2.58*** (0.25) 2.16*** (0.000) 

Stove cost charcoal -0.0005* (0.0004) 0.0007*** (0.0001)  -0.0005 (0.0004) 0.0008*** (0.0001) 

Stove cost LPG -0.0009*** (0.0002) 0.0007*** (0.0001)  -0.0009*** (0.0002) 0.0008*** (0.0001) 

Stove costs ethanol -0.0011** (0.0003) 0.0007*** (0.0001)  -0.001*** (0.0003) 0.0008*** (0.0001) 

Characteristics      

Fuel profile 1 *Charcoal    1.64*** (0.50)  

Fuel profile 2*Charcoal    0.86* (0.43)  

Fuel profile 3*Charcoal    1.15** (0.43)  
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Table 5.5 continued 

Model I: Attributes only Model II: Extended model

Parameter estimate st. dev.  random 

parameters 

 Parameter estimate st. dev.  random 

parameters 

Fuel profile 1 *LPG    0.05 (0.40)  

Fuel profile 2*LPG    0.44 (0.37)  

Fuel profile 3*LPG    0.27 (0.37)  

Fuel profile 1 *Ethanol    0.89* (0.52)  

Fuel profile 2*Ethanol    1.42*** (0.48)  

Fuel profile 3*Ethanol    0.95* (0.48)  

Model summary statistics      

Log Likelihood -1594.0   -1582.3  

Pseudo R-square 0.260   0.266  

Chi square statistic (d.o.f.) 1127.46 (28) p<0.001  1151.36 (37)  p<0.001 

N 1557   1557  

*** significant 1%, ** significant 5%, * significant 10% . Standard errors in parentheses.    

Fuel profile1 = firewood-charcoal, fuel profile 2= charcoal, fuel profile 3 = electricity-biomass 



�

..2�

�

than charcoal only users (the outcome of the Wald test is available from the authors). 

This could indicate that charcoal only users prefer to extend their fuel portfolio with 

modern fuels rather than investing in improving their current charcoal use. Finally, 

households who use electricity and biomass do not show a significantly different 

preference pattern from that of households who only use biomass fuels. Contrary to 

LPG, this implies that electricity, which is often located highest on the energy ladder, 

does not follow the same pattern of a modern fuel, reducing interest in other available 

fuel sources. One possible explanation here could be the underdevelopment and hence 

unreliability of the electricity grid in this specific rapidly growing area.  

5.6.  Conclusions 

The increase in household energy demand driven by rapid urbanization in most 

developing countries is seen as a major cause for concern. Especially the heavy 

reliance on biomass-based fuels such as charcoal is problematic. A reduction of 

biomass fuel use by households via changes in cooking technology and user 

behaviour have therefore received increasing attention from governments, donors 

as well as the private sector. When introducing new products or technologies, such 

as improved cook stoves, it is essential to understand household energy strategies 

and choice behaviour. This paper therefore assessed current fuel switching 

behaviour and public preferences for different fuel and technology combinations in 

Matola, Mozambique, which is experiencing a very high urbanization rate with 

surrounding regions facing the catastrophic consequences of increased demand for 

charcoal products. New in this study methodologically speaking is the combination 

of modelling both revealed and stated preference data to assess fuel switching 

behaviour. Current switching behaviour was modelled using existing fuel profiles. 

This was then in turn used to significantly improve our understanding of possible 

future fuel switching behaviour based on the marketing of improved cook stoves in 

combination with modern fuels. 

Charcoal is found to be the most important fuel in the study area across all income 

categories. The use of firewood is surprisingly common considering the urban 

character of the study site, while the sole use of modern fuels is still rare. This 

indicates that the ongoing energy transition is still in its early stages. Energy 

stacking is common practice with the majority of households using a combinations 

of 2 fuels. The charcoal used for cooking is still burned in simple metal stoves. 

Improved charcoal stoves are rare and markets for such technologies lacking.  
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The 4 most prominent fuel profiles firewood-charcoal, charcoal, LPG-biomass, and 

electricity-biomass formed the main input for the analysis in this study. Income and 

wealth-related factors were found to be the main drivers explaining household fuel 

switching behavior towards more advanced fuel portfolios as predicted by the 

energy ladder. However, the addition of modern fuels to the household energy mix 

takes place only at significantly higher incomes. Apparent is the significant 

difference in household income between electricity-biomass users and those who 

include LPG in their energy mix. Contrary to expectations, not electricity which is 

seen as the cleanest and most advanced form of energy on the energy ladder, but 

the LPG-biomass portfolio is used by the highest incomes in our study, possibly 

due to the underperformance of the existing electricity grid. Furthermore, also the 

number of years a households has resided in the area was found to negatively affect 

the use of a portfolio with modern fuels (LPG or electricity). Newcomers, often 

from the congested bairros of the city of Maputo, were found to be more likely to 

use modern cooking technologies. The original rural population seemed less likely 

to make this transition.  

The results from the choice experiment show a clear demand and positive WTP for 

the presented modern fuel-stove combinations. The LPG stove is preferred over the 

ethanol and charcoal alternatives. Nevertheless, the inclusion of modern 

alternatives in the choice mix has not eliminated the interest of households to cook 

with charcoal as it remains a product of interest and continued usage is to be 

expected. The positive interest in the improved charcoal stove allows for a cleaner 

and environmental friendlier use of charcoal for cooking. This was confirmed by 

the fact that households responded as expected to the attributes of the fuel-stove 

combinations, favoring low fuel costs and stove cost, reduced environmental 

impact and smoke emissions. The reduced smoke emissions and implied health 

effects appeared a strong driver for product choices. The inclusion of the fuel 

portfolios in the estimated choice model mainly showed that LPG-biomass users 

were less inclined to adopt an improved charcoal or ethanol stove despite the fact 

that charcoal still plays an important role in their cooking habits, and that 

households who use a combination of firewood and charcoal have a significantly 

higher preference for the improved charcoal stove than charcoal only users, 

indicating that charcoal only users prefer to extend their fuel portfolio with modern 

fuels rather than investing in improving their current charcoal use.  
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