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Introduction

Figure 1: common types of charcoal stoves used in study area.
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Abstract

The study was aimed at ascertaining the adoption of New Highly Efficient Cooking Stoves (NHECS) imported from China by Zanzibar’s 
urban households for reducing cooking costs, health impacts and environmental degradation. Both primary and secondary data were used. 
Primary data were collected using structured questionnaires, key informant interviews and field observation. Based on the research plan, 200 
participants were purposely selected and interviewed. The Statistical Package for Social Sciences was used to analyze the data. The findings of 
the study indicated that biomass and in particular charcoal, remain the primary cooking energy used in urban Zanzibar. It was found to be used 
in traditional cooking stoves, although some households combine them with NHECS. Despite the significant benefits of NHECS in terms of lower 
use of charcoal, adoption of them is very limited, due to some constraining factors. The stoves’ characteristics (size, high initial cost, durability 
and efficiency), household characteristics (family size, educational level and employment status) and awareness were acknowledged as the main 
reasons for the failure of NHECS adoption in urban Zanzibar. Also it was found that the presence of NHECS does not guarantee that they will be 
used comprehensively since some households which adopted NHECS, still cook the majority of meals on traditional stoves. In order to better 
influencing diffusion and adoption of cooking innovation such as NHECS the perception of the adopters on the characteristics of the innovation 
and other factors that may constrain adoption should be integrated within the plan the intended to influence mass adoption. 
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The consumption of biomass for cooking as a primary 
fuel requirement for the majority of households in developing 
countries [1] is one of the factors that has severe consequences 
for the natural environment [2], consumers’ health [3-5] and 
household economy [4]. Studies show that majority of households 
in Africa cook over traditional stoves such as three stones 

for firewood and metal stoves for charcoal which believed to 
consume large amount of wood and linked with indoor pollution 
and associated health problems [6-9]. In the early 1980s the 
diffusion and adoption projects of improved stoves (both charcoal 
and firewood) witnessed across the developing countries aimed 
at reducing rural deforestation, health problems attributable 
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to indoor pollution and increasing household income [1,10]. In 
East Africa including Zanzibar improved charcoal stoves, such 
as those with mud inserts (Figure 1), were promoted for the 
same purpose. However, mass acceptance within social systems 
was not realized in many developing countries. A study by Gill 
[10] showed that improved stoves in developing countries have 
failed to achieve widespread adoption as they were not efficient  
compared with traditional stoves in many faculties. For example 
Gill [10] argued that while improved stoves programs emphasize 
fuel economy, potential stoves adopters consider versatility and 
the ability to cook quickly as more important. Furthermore, in 
Zanzibar a study by Makame [2] revealed that improved charcoal 
stoves with mud insert failed to be adopted widely in urban 
areas and in some cases early adopters have discontinued from 
using these stoves. Although majorities have perceived efficiency 
in terms of the amount of charcoal used per meal, durability of 
these stoves found to be one among the factors that limited their 
widespread adoption in urban Zanzibar [2]. 

Thus, according to Makame [2], metal charcoal stoves are 
still used by the majority in urban Zanzibar than the improved 
charcoal stoves with mud liner. In this study both metal charcoal 
stoves and improved charcoal stoves with mud insert are termed 
as traditional charcoal stoves (TCS) (Figure 1). Burning charcoal 
in metal stoves has been found to cause health problems and 
households’ economic loss as they use a large amount of energy 
[11]. They are also associated with environmental problems and 
increasing greenhouse gases [7,12]. Poor combustion and the 
huge amount of smoke produced by these stoves are intensifying 
diseases like lung cancer, child pneumonia and lower respiratory 
diseases, resulting in 4.3 million deaths each year worldwide 
[13-16]. Depending on the size and quality of the metal of 
the improved charcoal stoves used by the majority of urban 
households in Zanzibar and road-side food vendors, cost between 
5 and 10 USD). Metal stoves and improved charcoal stoves with 
mud insert are made locally by a number of individual artisans 
and groups. In rural Unguja and Pemba, few groups that make 
improved charcoal stoves with mud insert were started through 
REDD+ projects under CARE, Tanzania [17]. The aim was to 
reduce pressure on community forests through providing an 
alternative source of income while at the same time reducing the 
consumption of wood for cooking. However, the extent at which 
these improved charcoal stoves reduce the amount of wood used 
is unknown. 

As locally made improved charcoal stoves with mud insert 
have not been fully dispersed and adopted by urban households 
[2] and the fact that their ability to save wood is unknown due to 
their poor quality, Envirofit charcoal stoves are currently being 
imported from China (Figure 1). In this study these stoves are 
called new highly efficient cooking stoves (NHECS). They are 
of various types which include the CH-5200, CH-4400 and CH-
2200 models. Based on the industrial description of these stoves, 
they use up to 60% less fuel than normal stoves, reduce toxic 
emissions by 80% and have good cooking performance. These 

stoves are available in Zanzibar for 22 and 36 USD for a small 
and large stove respectively. This means that NHECS are more 
expensive than locally made metal and improved mud-insert 
stoves. Diffusion and adoption studies across the developing 
countries revealed mixed results in relation to the factors that 
influence up taking of new innovation such as NHECS and other 
energy technologies [2,18]. A study in Mexico revealed that 
economic and cultural preferences influenced diverse range of 
fuels and stoves adopted in the households [18]. Elsewhere in 
Africa education, cultural preferences and quality of the stoves 
themselves were found to influence adoption [2]. 

Although the Zanzibar Energy Policy and Poverty Reduction 
Strategies advocate the adoption of efficient stoves and other 
clean cooking technologies in a way of reducing green house 
emission, indoor pollution and deforestation, at the moment 
there is no projects or plans to stimulate the adoption of these 
stoves in both households and street food vendors. In a situation 
where a total switch from charcoal to LPG and other clean 
energies within urban households still lagged behind mainly 
due to poverty [17,19] the adoption of NHECS would be a step 
forward toward cleaner urban households. According to the 
data obtained from the main supplier of these stoves and local 
stores, more than 3,200 households have already been adopted 
NHECS in urban Zanzibar. However, the characteristics of these 
adopters and their perceptions of these stoves are unknown. As 
the importation of these stoves is driven by the private sector, a 
greater understanding of NHECS, especially of the perceptions of 
the early adopters of these stoves, is needed to further facilitate 
their diffusion and acceptance by the urban community. This 
study therefore was aimed at ascertain the adoption of NHECS 
by people in urban Zanzibar. Specifically, the study sought to 
examine the perception of the early adopters on these stoves, the 
factors that influenced their decision to adopt these new stoves 
and characteristics of the early adopters. 

Study area and methods
The study was conducted in Mjini Magharibi region of Unguja 

Island of Zanzibar (Figure 2). The study conducted in all two 
districts of the region, namely Mjini and Magharibi. Mjini district 
is hundred percent urban while Magharibi are typically suburban, 
with both planned and unplanned neighborhoods. Based on the 
sampling frame (a list of NHECS adopters) obtained from the 
stores that are selling these stoves, the majority of the adopters 
reside in this region. This is the main reason why Mjini Magharibi 
region was chosen for the survey. For the purpose of this study 
200 households were randomly selected for questionnaire 
interviews from a list of the buyers obtained from the stores. The 
stores kept the names and contact details of the buyers because 
the stoves come with a warranty. Key informants interview was 
also used to collect data to inform this study. In this method a 
total of five stove sellers and five government officials dealing 
with cooking energy were purposely selected for interview. The 
data collected using the questionnaire were mainly analyzed 
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using simple percentages and frequencies using the Statistical 
Package for Social Sciences (SPSS) and data obtained from key 
informant interviews were used to triangulate the findings.

Figure 2: Study area.

Results and Discussion
Cooking energy in urban Zanzibar and the types of 
stoves used by NHECS early adopters

The study found that 100% of households interviewed 
(NHECS adopters) in urban west region of Zanzibar still using 
charcoal as their main source of cooking energy (Table 1). Only 
25% and 19% of the households that adopted NHECS are also 
using electricity and LPG respectively. This highlight that, despite 
increasing availability of LPG in the market and the promotion 
of LPG under the REDD+ projects, charcoal remains the main 
source of cooking energy in urban Zanzibar, as in other East 
African town, such as Nairobi, Kampala and Dar es Salaam [19]. 
The results tally with previous studies conducted in urban areas 
of Zanzibar [2,19,20]. This may demonstrate the fact that poverty 
still prevails in urban areas. As in many cities in the developing 
world, households in urban Zanzibar were also found to mix more 
than one type of energy needed for cooking. In some instances, in 
one household you may find more than three sources of energy 
for cooking complementing each other, depending on cooking 
needs. In most cases charcoal is used together with electricity 
and LPG. The findings by Masoud [20], Makame [2] and RGZ 
[19] and the findings of this study highlight the fact that urban 
Zanzibar is in transition in terms of using cleaner cooking fuel. 
However, it is evident that this transition is very slow, especially 
amongst the poor. As the majority of the households interviewed 
in this study are working class, the findings demonstrate the 
transition towards clean section of energy ladder. The results 
highlight the fact that although there is a sign of the transition 

to cleaner energy, biomass remains the primary cooking fuel 
for the majority households in urban Zanzibar. The high cost of 
cooking with electricity and LPG prevented many households 
from depending solely on these clean energies for cooking. 

Table 1: Types of cooking stoves used in households.

Stove Types Frequency Percentage of Users

Charcoal 200 100%

Firewood 80 40%

Residues 20 10%

Kerosene 12 6%

Electricity 49 25%

LPG 38 19%

Multiple responses
As regards to the type of stoves used, metal charcoal stoves 

and charcoal stoves inserted with mud liner are still common 
in urban Zanzibar [2], and the study observed that even NHECS 
adopters are still using these traditional stoves to meet their 
cooking needs. The observed combination of TCS and NHECS 
used by households probably highlights the fact that NHECS 
cannot accommodate all their cooking needs as the majority of 
NHECS adopters have just adopted these stoves. Early adopters of 
NHECS are very important for the mass adoption of these stoves 
by society as whole, as they normally provide feedback to their 
peers and neighbours about the usability of the stoves. Positive 
feedback will always influence further adoption of NHECS by the 
wider community.

The differences between TCS and NHECS as perceived 
by NHECS adopters

As NHECS adopters whom previously used TCS and some are 
still using both TCS and NHECS were asked to compare these two 
types of stoves. The results in Table 2 show that these two types 
of stoves are different in terms of durability, efficiency, cooking 
time, stove size, accessibility and price in the market. The study 
found that 97% of the NHECS’s adopters believed that NHECS 
are much better in terms of efficiency as regards the amount of 
charcoal used per meal and cooking time. NHECS were perceived 
to save more than 50% of charcoal per meal compared with metal 
charcoal stoves or improved stoves with mud liner. In terms of 
durability, size, accessibility and price, TCS were perceived to 
be superior to NHECS (Table 2). The results show that 81% of 
the respondents believed that TCS are more durable compared 
with the NHECS. NHECS are available mainly in smaller sizes, 
unlike TCS which are available in various sizes, depending on 
the household’s size and cooking needs. The study also found 
that NHECS are less accessible while TCS are available in many 
stores in both urban and suburban areas of the region. With 
regard to the initial cost, the study found that NHECS are very 
expensive compared with TCS. Depending on the size NHECS are 
sold between 22 to 36 USD while TCS sold between five and 10 
USD. This may be influenced by the fact that NHECS are imported 
while traditional stoves are made locally. This may constrain the 
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diffusion and uptake of these stoves by the wider public. The 
results also show that NHECS are quicker than TCS when cooking 

food like rice. Furthermore, the majority of the study households 
(72%) perceived that NHECS are cleaner. 

Table 2: Perceived differences between NHECS and TCS.

Characteristics of 
Stoves

Nhecs Tcs

Responses Frequency % Response Frequency %

Durability of the 
stoves Low 38 19 High 162 81

Cooking efficiency High 162 81 Low 38 19

Charcoal saved by 
stoves More saving 194 97 Less saving 6 3

Stove’s sizes Limited options 42 21 More options 158 79

Accessibility of the 
stoves

Low accessible/
available only in 

few stores
4 2

More accessible/
available in many 

stores
196 98

Initial investment 
for buying stoves

High cost/
expensive 198 99 Low cost/cheap 2 1

Health Issues Less pollution 142 71 More pollution 58 29

The findings on the superiority of the NHECS related to 
other studies conducted in Kenya and other parts of Africa on 
other types of new efficient stoves developed in these countries 
[3,21]. For instance, in Kenya new efficient stoves were not only 
perceived to cook efficiently but they also used a small amount of 
charcoal per meal [3]. However, as the majority of the interviewed 
households are early adopters of NHECS, and because some of 
them perceived the problem in their durability, this may lead 
to discontinuation of adoption, which means they may stop 
using. For example, Table 3 shows that of the 200 interviewed 
early adopters of NHECS, 38 households have already stopped 
using them due to high initial cost, poor durability and the small 
size of these stoves that failed to accomodate their cooking 

needs. Discontinuation from early adopted techonlogies was 
also observed in Zanzibar, Mexico and across developing world 
[2,10,22,23]. For eaxmple a study by Ruiz-Mercado et al. [22] in 
Mexico, found that some early adopters of the efficient stoves 
have ceased using them because of various problems, including 
durability. Similarly, as the decision to adopt these stoves is 
partly influenced by the positive feedback from early adopters 
with regards to usability and efficiency, a negative perception on 
NHECS or any other cooking technologies may lower the pace at 
which they are diffused and adopted in social systems. Negative 
feedback on technological innovation is in fact act as barrier to 
adoption. 

Table 3: Households that have discontinued from using NHECS.

Early NHECS Users Surveyed Current NHECS Users Households That Have 
Discontinued Using NHECS

Reasons for their 
Discontinuation

200 (100%) 162 (81%) 38 (19%) High initial cost, poor durability 
and stove size

Table 4: Factors that constrain the adoption of NHECS.

Factors that 
Constrain the 

Adoption
Frequency Percentage

Stove durability 172 86%

High initial cost 132 66%

Awareness 132 66%

Stove size 108 54%

Level of income 64 32%

Accessibility of 
NHECS 54 27%

*multiple responses

Furthermore, the respondents were asked to identify the 
factors that may constrain the decision of potential adopters to 
adopt NHECS. The results revealed that durability, high initial 
cost, awareness and size of the stoves may constrain their 
diffusion and adoption by the wider society (Table 4). Although 

NHECS were perceived to be more durable than the improved 
charcoal stoves inserted with mud (Figure 2), when NHECS 
stand on their own, potential adopters are not convinced of their 
durability. The study by Bhojvaid et al. [23] in Bangladesh also 
found that the stoves’ durability played a major role in their 
diffusion and adoption within communities. An interview with 
stove suppliers revealed that NHECS broke down in under a 
year, which is within the guaranteed period provided by them. 
The results revealed that the durability of these stoves not only 
compromised their quality but they took much longer to cook 
beans, for instance, especially when they are cooked for 2-3 
meals each day. Furthermore, the majority of the households 
tend to use water to put out the fire in the stove when they finish 
cooking, which was found to impact the durability of these stoves 
in the long run. 

About 66% of the respondents believed that the initial 
price of NHECS may limit adoption, particularly by low-income 
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households. With regard to awareness, it was also thought that 
the respondents’ limited awareness also acts a barrier to the 
diffusion and adoption of these stoves. Since most of the early 
adopters are government employees (Table 5), this highlights the 
fact that knowledge regarding these stoves and their importance 
to households’ economy and health is limited to a certain 
segment of the urban community. A study by Suliman [24] in 
Sudan found similar results that awareness plays an important 

role in the acceptance of the stoves. Therefore the community in 
urban Zanzibar needs to be sensitised and informed about the 
existence of these stoves so that they can be adopted by many 
others. This is important not only in terms of households saving 
money through using efficient energy, but also in reducing the 
rate of deforestation both in Zanzibar and in the coastal areas of 
the mainland. 

Table 5: Characteristics of households that adopted NHECS.

Key Characteristics Class Frequency Percentage

Education level

Illiterate 6 3%

Primary 14 7%

Secondary 30 15%

College/ University 150 75%

Employment

Government employee 136 68%

Self-employed 48 24%

Others 16 8%

Size of households

1-3 members 42 21%

4-6 members 124 62%

7 and over 34 17%

The results in Table 4 also show that the limited varieties 
of NHECS in terms of size may constrain their mass adoption. 
The available sizes of NHECS were found to be more suitable 
for smaller households than larger households cooking needs. 
The average household size in Zanzibar is 5.5 [25]. They are 
also unsuitable for street food vendors and small restaurants as 
they use large pots to prepare meals. As metal charcoal stoves 
are available in any size, they are more attractive to larger 
households and large-scale users, such as restaurants and street 
food vendors. Studies by Njogu [26] and Karanja [27] in Kenya 
found similar results that efficient stoves in the market are either 
small or medium in size and are thus unable to carry large pots in 
which to cook a meal for a large family.

Characteristics of NHECS users in urban zanzibar 
Apart from the characteristics and newness of the technology 

as seen in the previous section, the characteristics of the adopters 
may influence adoption of the new technology by households. 
This study also sought to obtain the characteristics of individuals 
in the households in terms of education and employment as well 
as the size of households. With regard to education, the results of 
the analysis in Table 5 show that majority of the early adopters 
interviewed (90%) had either completed university/college or 
secondary school. The findings highlight the direct relationship 
between education and adoption of NHECS by households. The 
level of education of household members probably exposes them 
to the mass media with regard to knowledge about NHECS and 
the negative effect of TCS on the environment and the health 
of the users. Furthermore, having a few uneducated people 
using NHECS probably highlights the fact that knowledge and 
awareness-raising campaigns are very limited regarding these 
stoves. Currently there is no official campaign to influence the 

diffusion and adoption of NHECS in Zanzibar, which may attribute 
to the failure of the stove traders or the institutions responsible 
for the environment and energy in Zanzibar to publicise them. 
These results tally with findings obtained from various studies 
in the region [2,19,24,26,28], which found a positive relationship 
between education and the adoption of new efficient cooking 
innovation. For example, Makame [2] found a direct relationship 
between education and the uptake of improved charcoal stoves 
with mud liner. Similarly, Suliman [24] in Sudan found that the 
majority of efficient stoves adopters were educated.

With regard to the occupation of the NHECS early adopters, 
the results in Table 5 show that 68% of the respondents are 
government employees while 24% are self-employed. The key 
informant interviews revealed that most early adopters are 
government employees, who bought these stoves with a soft loan 
or through payment by installments. Although the initial cost of 
these stoves is high, it was easy for government employees to 
acquire a stove with a loan. The results therefore highlight the 
relationship between income and the use of clean energy or 
stoves in urban Zanzibar. Studies by Heltberg [28], Suliman [24] 
and Sesan [29] also found a relationship between households 
with a high income and the adoption of efficient stoves. On the 
contrary, the study by Sehjpal et al. [30] conducted in rural India 
found the opposite. They found that household income was 
not significantly associated with the adoption of new efficient 
cooking stoves. Furthermore, having good number of early 
adopters amongst government employees highlights the fact 
that the workplace facilitates the adoption of a new technology. 
Positive feedback of the early adopters on a certain technology 
always strongly influences peers to adopt the same technology. 
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Conclusion
The study revealed that fuel wood is still very important 

cooking energy in urban households across the neighborhood, 
however, there is sign transformation towards cleaner cooking 
energies especially amongst the working class. Traditional 
charcoal stoves are used for cooking by the majority of households 
and this is unlikely to change in the near future unless they are 
sensitized about the benefits of NHECS both environmentally 
and economically. Figure 3 below summaries factors that may 
influence adoption of NHECS within the social systems. The 

study found that NHECS characteristics, such as stove size, do 
not meet the needs of larger households, which mean that the 
majority of urban households in Zanzibar have failed to adopt 
NHECS while or many early adopters stopped using them. To 
achieve mass acceptance of these stove within social systems 
and to reduce green house gases in the atmosphere the dynamic 
cooking needs of the potential adopters should be considered 
during redesigning of this stove or designing new stoves. At 
the same time the adoption of NHECS should be encouraged 
by mass education on cooking techniques and the economic, 
environmental and health benefits of NHECS.

Figure 3: Summary of the factors that influence adoption of NHECS in urban Zanzibar.
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