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ABSTRACT 
Technological solutions for energy-efficient domestic use cannot be imposed without considering social 
and customary conditions, such as traditional practices of energy use in target communities. In order to 
establish an empirical baseline of rural energy use in an essentially subsistence village in northern 
Mozambique, we conducted a household survey to understanding what the cultural needs are, as well 
as an Uncontrolled Cooking Test (UCT) and aerosol measurements to evaluate the performance of 
cooking systems in use. The survey considered 146 scattered households, of which 92% are using 
firewood as their first choice for cooking, using a 3-stone fireplace, without extinguishing the fire or 
reusing char after completion of cooking tasks. The UCT results show that each household, average 
size 4.3 people, consumes 204 MJ of fuelwood energy per day when cooking for 4 to 6 hours, divided 
into morning, midday and evening sessions. During cooking practices within indoor kitchens, women 
and children are exposed on average to 9800 g/m3 per hour of wood-burning particulate matter. By 
using the methods stated above it is possible to establish a baseline of rural energy use and cooking 
system performance. Smoke from wood-burning 3-stone fireplaces is shown to be well above 
acceptable health standards. However, the dense smoke plays an important role in food conservation. 
Any proposed energy intervention should address the underlying cultural imperatives, the fuel options 
available and the preferred technologies. 
Keywords: fuelwood, rural energy, indoor pollution, stove emissions, improved stoves, particulate 
matter. 

1  INTRODUCTION 
The use of biomass fuels for cooking is a major cause of health problems in developing 
countries due to indoor air pollution [1], [2]. High levels of poverty, environmental 
degradation and low income levels are common features in rural southern African countries 
(e.g. Mozambique). Rural households often rely on readily available biomass for cooking 
and space heating using inefficient stoves and fireplaces [1], [3]. As a result, forests are 
further depleted, with the daily exposure to significant levels of particulate and gaseous 
emissions negatively impacting on human health.  
     The domestic collection and use of biomass in many developing countries is a continued 
area of interest for researchers, policy makers and businesses alike. In Mozambique, where 
biomass accounts for over 80% of consumed energy [4] and 71% of the population lives  
in rural areas [1], there is the need to better characterize the energy baseline of rural villages 
in order to design and implement more effective technologies and policies. 
     Each household can vary their biomass options, skewed towards personal preferences at 
any given time – consuming a range of fuels along the energy ladder [3], [5]. Technologies 
to achieve recommended efficiency and emissions standards cannot be imposed without 
considering social and customary conditions, such as traditional practices of energy use and 
the impacts of energy efficiency improvements and cooking fuels substitution in target 
communities. 
     This study is closely related to the Volkswagen Foundation funded ‘Modelling Bioenergy 
in Rural Southern Africa (BIOMODELS)’. Included in the BIOMODELS project aims were 
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an understanding of the energy requirements and fuel choices by the rural population, and to 
establish the obstacles and opportunities for the use of fuel-efficient technologies by 
communities dependent on biomass energy. That particular programme, which includes the 
Universities of Johannesburg and Eduardo Mondlane as participants together with  
the universities of Stuttgart and Berlin (in Germany), Zambia, Cape Town and Witwatersrand 
was ran from 2006 to 2010.  
     Using the main energy-related findings from BIOMODELS study, a research programme 
was devised and in May 2010 a team of researchers from the University of Johannesburg and 
Eduardo Mondlane University returned to the village to conduct a performance assessment 
of the most commonly used cooking systems. For Mozambique, as is the case for much of 
Southern Africa, this is the 3-stone fire burning locally collected firewood. Although the 
assessment of a particular cooking system can take place in either the laboratory or in-situ in 
a household, the nature of the 3-stone fire means that user behaviour (i.e. lighting and tending 
of the fire) can have a significant impact upon performance [6]. Therefore, the method 
adopted for this study is a revised in-situ testing protocol based on the Controlled Cooking 
Test [7] but that assesses the task-based performance of the system when cooking any meal 
and operated as per local conditions and practice.  
     The aims of the research are to: measure baseline energy access situation and cooking 
system performance of a typical rural subsistence village in northern Mozambique. 

2  METHODOLOGY 

2.1  Study area 

In accordance with the BIOMODELS project objectives, the researchers have to choose their 
study areas in accordance with the following characteristics:  

a) Subsistence village: economic footprint should be as close to the village as possible; 
b) Measure of isolation: remote village; 
c) Access to electricity: grid access; 
d) Type of biomass mainly for energy purposes: main local domestic biomass use is 

wood; 
e) Modern biofuel uses (biogas plant): not pilot;  
f) Traditional biofuel uses: firewood and charcoal; 
g) National context: village should be representative. 

     This study was conducted in Muculuone village, a typical remote village close to Nacala 
Corridor, located in Muecate District, north-eastern Nampula province, Mozambique  
(Fig. 1). 
     In 1997 the population of Muculuone was 16,500 people [4]. Subsistence agriculture and 
fuelwood sales are the main economic activities. The firewood and charcoal are sold in peri-
urban areas surrounding the large city of Nampula. 

2.2  Survey methodology 

A household questionnaire survey was conducted, the questionnaire dealt with rural 
household energy utilisation and attitudes to various sources of energy: household structure, 
energy use and appliances; sourcing, supply and purchase of biofuel (firewood and charcoal), 
electricity and other energy sources. The questionnaires were administered with the 
assistance of local students of Pedagogic University, from the 21st to 26th September 2009.  
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Figure 1:    Study area in Nacala corridor, northern Mozambique. (Source: DINAGECA, 
1995.) 

From 3951 households, the survey considered 146 scattered households. The community 
questionnaire was work shopped in January 2008 to the Muculuone community leaders and 
groups about agriculture and forest services, economic activity, the charcoal production 
association and agricultural association.  
     A letter of informed consent to engage the community was negotiated with the Headman 
and duly authorised, in compliance with the ethics requirements and practice, then current, 
of the Eduardo Mondlane University and the Mozambique government.  

2.3  Uncontrolled Cooking Test (UCT) and aerosol measurements 

The UCT part of the study was conducted in May 2010, covering 24 households which 
represent 17% of the field survey households. Testing was limited to the 3-stone fire during 
the dry season and prior to any rains. A total of 28 UCTs were conducted over a four-day 
period on a variety of meals in 24 households, with one household being tested three times, 
and three households being tested twice.  
     Following the methodology of the UCT [7], [8], the meal was not constrained and the 
cook was free to prepare what they wanted, how they wanted, with the only measurements 
being that of the firewood used and the final mass of food cooked as part of an actual 
household meal (Fig. 2). Equipment used for testing includes 2 different mass balances (an 
electronic for food: ±1 g resolution; small field mass balance for fuel sampling), stopwatch, 
hot wood/char handling equipment, digital camera, and some sealable plastic food bags.  
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Figure 2:  Uncontrolled Cooking Test in progress in inside a rural kitchen. 

     Aerosols were measured using a TSI DustTrak™ Aerosol Monitor Model 8520. This 
instrument reports mass concentrations of dust, smoke, mist and fumes in real time based on 
laser scattering, and stores the information in a built-in data logger. The DustTrak was set to 
record the PM2.5 aerosol fraction. The inlet of the instrument was placed ~2 m from  
the smoke source, at 1 m above floor level. Readings were recorded at 60 s intervals over the 
cooking cycles, each lasting about two hours. Aerosol measurements were made 
simultaneously with the UCTs.  

3  RESULTS AND DISCUSSIONS 

3.1  Survey results 

The majority of Muculuone population lives in thatched houses, without any windows. Some 
79% of the households have an indoor kitchen, which is located inside the house.  
Smoke from cooking practices is used in food conservation (fumigating or smoking of grain, 
vegetables, cassava and meat) (Fig. 3). 
     The household survey shows the average comprises 4.3 members. The majority of the 
household comprise parents and their children. The survey shows that 54% of the respondents 
have been to school; 14% completed primary school and 3% have completed secondary 
school. The village household head are not educated. 
     The village of Muculuone is a poor rural village; there is lack of job opportunities [1], [4]. 
The survey indicated that 51% of village people work in the fields, 23% is employed in the 
formal job, while 6% work as casual labourers. The unemployed comprise students, 
pensioners and the disabled. The main income source is from selling agriculture product and 
charcoal. A total of 59% of the households cannot generate enough income for standard living 
[1]. Table 1 shows some socio-economic indicators from the village survey.  
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Figure 3:    Typical indoor household kitchens, showing corn being dried and fumigated 
above the fireplace. 

Table 1:  2008 socio-economic indicators of Muculuone. 

Indicatory Magnitude 

Main income source 
From employment (full time or part time) 
and selling agricultural produce 

Income frequency Monthly and infrequent 

Main income  
15,037MTn# per year, about USD500 per 
year 

Per capita income  
3537MTn per year, about USD118 per 
year 

Per capita expenditure  
2252MTn per year, about USD75 per 
year 

#MTn: Meticais da Nova Familia – Mozambique currency. 

 
     A total of 92% of households use firewood as first choice for cooking and space heating, 
while the remaining 8% use charcoal as first choice for cooking. For lighting, the main 
sources are paraffin and batteries (for flashlights). It is estimated that 51% of households are 
illuminated with paraffin, 30% with batteries and the remaining with firewood or candles 
(Fig. 4).  
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Figure 4:    Household energy use patterns. The main source for cooking and space heating 
is firewood; for lighting, the main sources are paraffin and battery. 

     From the survey, it was found that each household collects ~16 kg of firewood per day 
and spends ~80 min collecting firewood. In 60% of the households it is women who collect 
firewood. 
     The study indicates the preferred fuelwood species for cooking and space heating using 
the 3-stone fire place are Mpacala (Julbernardia globiflora) and Mukoi (Uapaca nitida)  
(Fig. 5). Fig. 6 shows the main factors influencing the household choice of 3-stone fireplaces 
for cooking. 

3.2  UCT results 

The UCT results show that each household consumes 204 MJ of fuelwood energy per day 
when cooking for 4 to 6 hours, divided into morning, midday and evening sessions. The used 
wood had an average moisture content of 13.1 ± 4.6% and a calorific value of 16.7 MJ kg–1. 
     The Specific Fuel Consumption (SFC) ranged widely between 7 and 17 MJ of fuel per kg 
of food cooked, with the mode (highest frequencies at 14 and 15 MJ per kg food cooked  
(Fig. 7). 
     During the UCT, it was observed that all households disposed any post-fire char rather 
than reusing it. The average of SFC in this study is presented in condition without char, which 
is 12 ± 3 MJ fuel per kg food cooked; 77% households cooked using two pots sequentially 
cooking different type of food; however, this did not influence the SFC.  
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Figure 5:    Species of tree most used by the households. Mpacala (Julbernardia globiflora) 
and Mukoi (Uapaca nitida) are the tree species mainly used by the village 
households. 

 

 

Figure 6:  Factors influencing the household choice of own 3-stone fireplaces. 
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Figure 7:  Frequency of Specific Fuel Consumption for the tested households. 

3.3  Aerosol measurement results 

The aerosol measurements were conducted in seven households (Fig. 8) over four days in 
parallel with the UCT. The measurements were tracked indoor PM2.5 smoke during cooking 
practices. The study does not report measurements of outdoor kitchens because the field 
survey reported the majority of household have indoor kitchens.  
     Results show that wood smoke from the 3-stone fire place had hourly average of 
9800 ± 3200 g/m3. The reported concentration of smoke from the 3-stone combustion 
process is presumed to be influenced by the constant adjustment of the wood (refuelling the 
fire by pushing wood) during the cooking process in order to maintain the heat. The process 
of disposing post-fire char results in the suspension, and increases ambient particulate 
loading. 

4  CONCLUSIONS AND RECOMMENDATIONS 
The results of this study indicate that a majority of Muculuone households rely on firewood 
as first choice fuel for cooking tasks and charcoal as the subsidiary alternative. The firewood 
is burnt in a 3-stone fire place and charcoal on a traditional metal stove. Among factors 
influencing their choice of energy technology are the food taste and the ease of use. These 
factors are linked to culture and socially constructed behaviours.  
     Each household consumes on average 204 MJ of fuelwood energy per day when cooking 
for 4 to 6 hours, divided into morning, midday and evening sessions. The SFC (12 ± 3 MJ 
fuel per kg food cooked) is independent of the number of pots used and the kind of meal 
cooked.  
     Smoke from wood-burning 3-stone fireplaces in indoor rural kitchens (total average 
concentration of 9800 g/m3) is shown to be well above acceptable health standards (e.g. 
PM2.5 24-hour average –64 g/m3 US EPS standard [9]). However, the dense smoke plays 
an important role in food conservation, by fumigating and smoking grain, vegetables and 
meat. 
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Figure 8:  Hourly average PM2.5 concentrations from firewood smoke. 

     By using the methods stated above it is possible to establish a baseline of rural energy use 
and cooking system performance. Any proposed energy intervention in such communities 
should address the underlying cultural imperatives, the fuel options available and the 
preferred technologies. 
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