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ABSTRACT: Today, about three billion people, including those in Tanzania, still cook using traditional methods and solid fuels.
This practice, which primarily affects women and children who cook in many developing nations, contributes to serious health risks
and forest degradation. Every year, household air pollution is responsible for over 34.4 million preventable deaths worldwide, with
about 346,600 of those deaths occurring in East African Community and the Nile Basin. Even though switching to clean cooking
technologies is a global health priority, adoption is still low in the East African community, and little is known about the factors
influencing this change. To determine the factors driving East Africa’s energy transition to clean cooking, this study conducts a
systematic review and looks at the history of the research agenda. A total of 308 articles were found using the Scopus database; 62
of these were chosen for analysis based on important search terms such as solar, biogas, firewood, charcoal, LPG, and electric
stoves. Even though traditional fuels continue to be the most commonly used in the regions, the empirical analysis showed a focus
on clean cooking technologies like electricity, improved cookstoves, and LPG. The clean cooking agenda appears to be primarily
externally driven by European and USA researchers, which may have an impact on local adoption and relevance. It is noteworthy
that authors from outside the region constituted 63.6 percent of publications on clean cooking in the East African Community.
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1. Introduction

About 90% of the primary energy in households, where 60—-80% of households use firewood as the main source of
cooking and 25-30% use charcoal [1,2]. Remain shares of 5% LPG, 3% Electricity, and the remaining 2% use other
alternative energy such as biogas. The use of traditional fuel and wood fuel stoves contributes to a range of adverse
health impacts, especially for women and children, because women are traditionally responsible for the time-consuming
task of fuelwood collection. The use of traditional fuel and wood fuel stoves has a number of negative health
consequences, particularly for women and children in their homes, because women are still traditionally responsible for
cooking in developing countries [3,4]. Globally, there are over 3.4 million estimated premature deaths due to household
air pollution [5] and 346,600 deaths in East African Community (EAC) and Nile Basin countries.

As we pointed out, women are traditionally responsible for fuelwood collection. We intend to eliminate the need
for women to carry strenuous loads of firewood on their heads and promote a clean cooking environment. However,
adoption remains low, and the drivers of adopting clean cooking practices are not well understood in the East African
Community. Some political leaders admit that there is insufficient research and innovation in Africa, as Tanzania
President Samia Suluhu Hassan cited as an example [6]. However, there has been limited success in adopting clean
cooking technology, highlighting the challenges of energy transition from traditional fuel practices to clean energy [7,8].

Several studies have demonstrated that women carry loads of firewood on their heads to meet their cooking
obligations. This reflects the laborious and time-consuming process of gathering fuelwood, which is usually done by
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women in EAC and developing countries [9]. Following the gathering of firewood, the woman cooks using traditional
techniques, which leads to coughing and crying while cooking through burning the firewood.

This usually represents an “unclean cooking practice” that leads to household air pollution. Studies further note
that this type of cooking can lead to health problems, particularly for women and children [10].

To mitigate the effects of low adoption of clean cooking practices, it is critical to change traditional cooking
behaviors, use cleaner energy sources, and reduce or eliminate the use of wood fuel. However, studies inform that the
gender imbalance in the energy sector is partly and does not encourage women to be involved in clean cooking
technology adoption [11,12]. Few studies on clean cooking have been conducted in EAC, and even among those few
studies, it is not known exactly who financially supports them as viable studies. The question remains unanswered: who
owns the clean cooking agenda between East African community government officials and non-East African authorities?
As a result, if the agenda originates outside of EAC, the energy types and technologies most commonly used in the
study may not be relevant to East African community countries.

Given the above arguments and the low adoption of clean cooking technology, current research on clean cooking
practices in East African Community countries calls for analysis to determine who supports them. It is likely that if
countries own the clean cooking agenda, they would influence what types of intended clean energy are to be imposed
based on the environment and community purchasing power and would be able to change household cooking practices
unless the agenda comes from outside a particular country [13]. As a result, if the agenda comes from outside the country
or region, in this case, outside EAC, the energy types and technologies most commonly used in the study areas may not
be relevant to such countries, leading to low adoption. In this regard, the adoption and sustained use of clean cooking
technologies may not be realized.

We argue that there have been few, if any, published articles that have assessed funders of articles about cooking
practices and behavior, claiming that they have not been thoroughly studied published articles on clean cooking to
understand the supporters and, thus, be able to meet the region’s interests where necessary. Furthermore, we maintain
that published articles may not clearly outline and explore the critical issues or energy types confronting the region in
changing traditional cooking practices if not funded by local institutions or their own countries.

In line with the international research efforts in EAC countries on clean cooking energy for all households, the
efforts of regional and national authorities in supporting research must be highlighted or well-known. This will allow
researchers to address additional reasons why the adoption agenda of clean cooking technologies for households has
been slow when regional and national authorities have played their part.

In this study, we present a systematic review to identify the drivers of energy transition towards increased use of
clean energy and clean cooking and observe who owns the clean cooking agenda by examining the originality of the
lead authors, co-authors, networks of authors and studies, type of energy studied, cooking technology, co-citation
network, and corresponding authors, of articles published between 2014 and 2023 from East African community.

To better understand the region’s clean energy agenda, we review clean cooking factors analysed in the papers,
such as cooking culture, household economics, technology, performance, energy cost, versatility, and resource use in
EAC [13-23]. According to the literature review, more than 93 percent of the rural population in East Africa still lacks
access to clean cooking technologies, making it difficult to achieve Sustainable Development Goal 7 (SDG 7). This is
especially true in Tanzania, Kenya, Uganda, Rwanda, Burundi, DR Congo, and South Sudan. Although regulatory
effects are still modest, Tanzania, one of the most energy-deficient nations in the world, has demonstrated growing
policy interest in the creation of strategies like the Biomass Energy Strategy (BEST). Several government, non-
governmental, and donor initiatives support Kenya’s comparatively developed clean cooking market. Lowering import
taxes on energy-efficient cookstoves and introducing the Kenya National Electric Cooking Strategy (KNeCS) 2024 are
two examples of policy initiatives [22]. Uganda has articulated a more comprehensive policy framework through its
National Development Plan, SEforALL Action Agenda, and eCooking Strategy, incorporating measures like tax
reductions, PAYG financing, and mini-grid investment, although biomass remains dominant due to affordability and
cultural barriers. In contrast, while studies from Rwanda indicate ongoing innovation and enterprise around clean cooking,
they offer limited policy-level insights. No specific clean cooking policy information or initiatives were found for Burundi,
DR Congo, or South Sudan in the reviewed literature, highlighting a major research and policy gap in these countries [23].

East African community cooking customs have a strong historical foundation and influence household fuel and
technology preferences. Due to societal customs and cultural norms, particularly among indigenous agro-pastoral
groups, Tanzanian rural households mostly use firewood and charcoal. Similar customs exist in Kenya, where the use
of three-stone fires is still prevalent in traditional meals that are mostly vegetarian and made by boiling or stewing.
Transitioning to modern cooking technologies is difficult because of Uganda’s cultural attachment to open-fire cooking,
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particularly for dishes like matooke and beans, which reflect a strong emotional and social connection. Studies show
how urban fuel use influences household choices in Rwanda despite the lack of specific cultural details. Food
preparation is still a gendered, communal activity in these nations, and new technologies frequently encounter
opposition when they challenge long-standing customs or undermine cultural identity [16,21,23]. On the other hand,
clean cooking practices and adoption depend on the cost of technologies.

Based on the articles analyzed in this study, the adoption of clean cooking is significantly influenced by
affordability. For example, studies indicate that Tanzanian consumers and entrepreneurs face barriers to accessing
financing, even with government initiatives such as tax subsidies for upgraded cooking stove technologies. Kenya
exhibits a trade-off between affordability and clean cooking, with cleaner fuels like LPG and electricity dramatically
increasing household energy costs while upgraded biomass stoves reduce the levelized cost of cooking meals. Uganda
has comparable financial obstacles, particularly regarding Electric Pressure Cookers (EPCs); PAYG models and
subsidies are suggested as possible remedies. Pellet fuels in Rwanda are roughly 20% less expensive than charcoal,
indicating that some cost-driven changes may be achievable. But in every nation, restricted financial access keeps
impeding wider adoption and market expansion [15,18]. The cost of electricity continues to be a barrier to the promotion of
clean cooking in the East African Community. In Kenya and Uganda, LPG or electricity can cost as much as eight times
more than using improved biomass stoves, making clean cooking unaffordable for many. Although there is limited data on
fuel costs in Tanzania, affordability is reported to be the main obstacle to increasing access to clean cooking fuel. Rwanda is
a comparative example where fuel pellets are more cost-efficient than coal ($0.23 per kg) and are a viable alternative to coal
($0.42 per kg). Notwithstanding these differences, the high cost of energy relative to household income limits the uptake of
cleaner cooking technologies and highlights the need for policy and market intervention to bring down consumer costs.

However, cookery technology is another aspect that was highlighted in the studies carried out during this period,
from 2014 to 2024.

In the East African community, there are significant regional and accessibility differences in cooker technology.
Although the market for clean cookstoves is still in its infancy, communities in Tanzania primarily use firewood and
charcoal stoves, with some exposure to electric and LPG options. With more than 40 years of development driven
mostly by unorganized actors, Kenya has the most developed market in the region. Traditional biomass, LPG, ethanol,
electric cooking, and even solar and biogas stoves are all part of Uganda’s landscape. Technology and its performance,
such as pellet-fed gasifier stoves (e.g., G. Mimi Moto), are analyzed in addition to conventional techniques.

Improved stove (ICS) technology has been consistently reported as offering superior results compared to traditional
cooking methods in EAC. The ICS in Tanzania reduces wood waste by up to 70 percent and significantly reduces
emissions of carbon monoxide and carbon dioxide. In Kenya, the evaluation of different ICS models uses performance
metrics such as fuel consumption, cooking time, and heat efficiency, although some models still need design
improvements. Uganda has studied the emissions from various stove options. It has tested alternatives such as briquet
fuel and heat storage systems, which have been noted for their environmental and health benefits. In Rwanda, a real-
time emissions assessment of stove-top appliances such as the Mimi Moto was carried out, and the results showed a
significant reduction in indoor air pollution. The performance improvement is evident overall, although it varies
according to stove type and local situation. The performance of the cooker also depends on its versatility in
accommodating different kinds of meals in different cultural customs.

Several studies indicate that explicit data on stove versatility are scarce, but the stove’s ability to accommodate
local foodstuffs and preparation methods is implicitly important in EAC. Traditional cooking in Tanzania and Kenya
often involves boiling and braising basic ingredients, which requires cooking appliances that can cope with long cooking
times and specific temperatures. The Uganda survey on the compatibility of the improved stoves with local foodstuffs
shows that perceived utility and cultural connotations play a key role in adoption. A critical but little-researched aspect
of clean cooking solutions is, therefore, its versatility, particularly in adapting to common food types and cooking
methods. In addition to cleaner energy transitions, we analysed the most popular energy resources in EAC. The articles
indicate that over 96% of Tanzanians and the majority of Kenyans and Ugandans rely on polluting fuels like firewood
and charcoal, making biomass the dominant energy source in EAC. In Tanzania, 85% of energy is derived from biomass,
which also contributes to deforestation and indoor air pollution. Kenya’s dependence on firewood worsens forest
degradation, even though better stoves help use less wood. Although a hydropowered grid and renewable investments
offer prospects for electric cooking, Uganda’s energy sector is primarily reliant on biomass. Rwanda encourages the
use of eucalyptus wood sawdust pellets as a more environmentally friendly alternative. In general, the use of energy
resources contributes to environmental deterioration and may be a lever for cleaner energy transitions, especially if
alternative fuels can be sourced and scaled locally.
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2. Methodology

In this study, data analysed were collected from publicly available journal articles from the Scopus database. We
present a systematic review of articles across EAC, and extracted 308 with a final synthesized 62 publications after
searching the key terms of this study using the Scopus database. Focusing on East African Community countries, we
carried out an extensive systemic review of a number of clean cooking topics. We wanted to understand how much
these countries encourage and support research on clean cooking technologies, particularly those integrated into
everyday activities, cultural norms, and traditional energy use practices.

In selecting and screening the number of articles (Figure 1) for inclusion, we used specific criteria relevant to the
study’s objectives. These included a 2014-2023 publication period, a geographical focus on East African Community
countries (specifically Tanzania, Kenya, Uganda, Rwanda, Burundi, the Democratic Republic of the Congo, South
Sudan, and Somalia), and themes related to energy transition drivers and the clean cooking agenda. We extracted
publications after searching the key terms of this study using the Scopus database. The key terms included firewood,
fuelwood, charcoal, kerosene, liquefied petroleum gas (LPG), electric cookers, natural gas, wind energy, solar energy
for cooking, biogas for cooking, pay-as-you-go models, biomass fuel, improved cookstoves, clean cooking technology,
and clean energy in East African community.

We also wanted to reveal whether the clean cooking agenda is among the crucial aspects considered by East African
community countries. The question of what energy is needed to improve clean cooking behavior and whether the clean
cooking agenda is among the critical aspects considered by East African Community countries remains unknown.
Whether a single energy source, a stack, or the use of clean energy is valued and useful in households in the region
remains unclear as well.

The research has relevance for current initiatives by the Governments in EAC on clean cooking practices, e.g., [6].
We intended to provide perspectives of researchers and gain insight and knowledge around energy transitions and which
energy type the government can put their effort into investing. Findings may be of interest to researchers and
policymakers in an attempt to enhance clean cooking behavior and upset adverse health impacts on women and children
in countries with high reliance on biomass-based fuels. Our analysis included publications that met the inclusion and
exclusion criteria. Thus, we analyzed various quantitative indicators, including lead and co-authors, the most
contributing countries/regions, top institutions, core journals, and significant publications.

Energy sources for cooking [ Articles with titles and keywords
identified in East Africa Screened articles based on | related to clean cocking and types of
specific subject area. S
|
I 1 E—
Identified via Scopus Selected Itlewitisufficient |
database =308 -181 articles =127 Information; 177 =34

[Yes

[Abstractand

h 4

Key words =93
Excluded articles =181 ; l

| No [No

Full text evaluated before final

Further Excluded articles = 34+31=65 L excluding the article = 93-31

< | No l [Yes

Included articles for analysis =62

Figure 1. Studies on clean cooking and technology.
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3. Methodology Overview

Similar to other studies, we used VOSviewer version 1.6.19 [24] and Gephi [25] to perform the bibliometric
analysis and network visualizations of publications. Bibliometrics estimation usually involves evaluating bibliographic
data with quantitative tools [26]. Bibliometric estimation is used to map the interrelationships between research institutions,
articles, and topics, as well as study various investigations, such as the thematic structure of a research field, citation
network, and bibliometric variable used in the areas of study [27,28]. Studies show that the bibliometric approach’s ability
to manage large data sets and quantitative data eliminates author bias, making it ideal for such studies and analysis.

Following the literature and approach described above, our study employs the bibliometric approach to provide a
comprehensive overview of contributions by intended authors and analyses of various factors influencing the adoption
and use of clean cooking energy technology and to understand if East African Community countries embraced the clean
cooking technology agenda. We aware of studies that used the bibliometric approach to examine similar ideas in the
social sciences, including energy studies and other academic disciplines [29-31]. For example, Yadav et al. [31]
employed bibliometrics to study visualization and analysis of mapping knowledge domains for the global transition
towards clean cooking. Similarly, Afranel et al. [30] used a bibliometric approach to examine evolutionary trends and
characteristics of African renewable energy research and published findings in the Journal of Environmental Science
and Pollution Research. Gill-Wiehl et al. [32] investigated the affordability of clean cooking, whereas [29-31] employed
a similar approach to analyzing papers, journals, and authors frequently published on clean energy. We report on the
contributions of articles, co-authors who have published articles in the areas of study, the co-occurrence of networks in
various topics, countries that support research, institutions, and authors, and their collaboration patterns.

Figure 2 presents the impact of cooking technologies, assessing the performance of technologies on various
attributes that influence the adoption of cooking technologies.

Cooking technologies employed in the study

Types of cooking technology Health Gender Environment Upfront cost Fuel cost Disruption risk Scalability Efficiency & cook time

Biomass

Basic Charcoal’ fuelwood
Coal

Kerosene

Improved biomass

Traditional
cookstoves

LPG

il =

I:IHigh performance‘Zl Medium performance! Low performance Not applicable

Natural gas

Clean cooking
energy/technology Electric cookding

Biogas
Ethanol

Figure 2. Cooking technologies assessment of performance against WBT key metrics [30,33].

Cooking technology has an impact on health attribute due to inhalation of harmful pollutants, such as carbon
monoxide, caused by incomplete combustion of fuels. Cooking technology negatively impacts women’s safety as they
may face gender-based violence while collecting firewood when it is basic or depends on biomass and time for gathering
such biomass. Cooking technology may have an impact on the environment by causing climate change through
greenhouse gas emissions from incomplete stove combustion and deforestation. Upfront costs include fuel and delivery
equipment, which may influence the adoption of cooking technology, as well as fuel and operational costs and other
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expenses incurred while using the stoves. Cooking technology may face disruption risk in the form of decreased physical
availability, cultural disruption, or affordability [15,22]. Scalability of cooking technology can be achieved through
technical and economic feasibility, as well as deployment in new regions. Energy efficiency can have a significant
impact on both the time it takes to cook a meal and the cooking time of the stove.

Several studies reviewed have been directed towards this topic, evidenced by the number of occurrences of the
term in the articles under study in Figure 3. Therefore, terms with larger nodes appeared more frequently in the titles,
abstracts, or keywords of the reviewed publications focusing on cooking technology in the East African Community.
Fuelwood and clean cooking were the most frequently occurring terms in the cited topics related to cooking technology
studies in East African community countries. This highlights the significant attention given to traditional fuel sources
like fuelwood in the context of the clean cooking agenda in the East African community. Other keywords include
biomass, biogas, cookstoves, charcoal, Tanzania, and LPG. These terms would likely have correspondingly smaller,
but still relatively large, nodes in the visualization, indicating their importance in the research landscape of cooking
technologies in the region.

Trend of key words on Topic studied in East African community

liquefied petroleum gas - @
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household energy - o
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Figure 3. The cooking technology articles from studies conducted in East African community countries between 2014 and 2023
dominated, with related key terms on the vertical side of this Figure.

Figure 4 shows the Co-occurrence network, while Figure 5 shows the thematic Map network, which shows the
most relevant keywords from the included articles on clean cooking in EAC analyzed using VOSviewer version 1.6.19.
The map is useful for understanding and showing the connections between the most frequent keywords. In this result,
the size of the node represents the number of publications that contain the specified keywords. The larger nodes
represent keywords that appeared more frequently in the reviewed articles. According to the analysis of cooking
technology studies in East African Community countries between 2014 and 2023, “Fuelwood” and “clean cooking”
were the most frequently occurring terms.

The results also indicate that the following terms appeared frequently, though less than “fuelwood” and “clean
cooking”: biomass, biogas, cookstoves, charcoal, Tanzania, Kenya and Uganda. Furthermore, another co-occurrence
analysis of the thematic map network was employed to show the subject classification. The most frequently used
keyword in each cluster was selected as the cluster name. The names identified include fuelwood, Charcoal, Biomass,
Deforestation and “forestry as prevalent terms in their respective clusters.

By examining the clusters and the proximity of the nodes in this network, we gain insight into the major themes
and relationships between different research areas in the field of clean cooking in EAC during the study period (2014—
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2023). Keywords that appear close together and in the same cluster are more likely to indicate research topics frequently
researched together in the areas of study. In the thematic map network, the Co-occurrence analysis constructed 6 major
clusters and 2 minor clusters, as shown in Figure 5. While not explicitly tied to Figure 4, these terms also likely had significant
representation (larger node sizes) in the keyword analysis. The most prevalent of the 664 key terms in each cluster included
in the term map were fuelwood, Charcoal, Biomass, Biogas, clean cooking technology, and atmospheric pollution.

—

biomass

o
/o A
y DI00as
J camon ; :

——

health . N\
deforestatior ,
aqroforestry

Figure 4. Co-occurrence network of the most frequently used author keywords.

Results are similar to those in Figures 4 and 5 that Fuelwood and clean cooking were the most frequently occurring
terms in the cited topics related to cooking technology studies in East African Community countries, followed by
biomass, biogas, cookstoves, charcoal, Tanzania, and LPG.

Figure 6 presents the word cloud showing the most frequently appeared author keywords in articles published over
the ten time periods. A word cloud is a popular tool for the visual expression of text data [34]. The significance and
occurrence of a topic are represented by the relative size of the word and its relative position from the center in the
cloud. The journal has consistently published articles related to both clean and unclean cooking energy during all ten
periods between 2014 and 2023. The findings also show that Tanzania, Kenya, and Uganda are among the countries
with the most clean cooking technology publications. Studies in these specialized energies are typically drawn to more
specialized journals that focus on their field so that the journals may take both an opportunity and a challenge in the future.

In this study, we can infer that the topics appearing most often in Figure 5 include Fuelwood and Clean cooking,
identified as one of the most frequently occurring terms. Other frequently occurring terms mentioned in relation to
cooking technology studies, which are likely relevant to the broader energy research context in the East African community,
include Biomass, Biogas, Cookstoves, Charcoal, Tanzania, Kenya, Uganda and LPG (Liquefied Petroleum Gas).
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Network of the most frequently used author keywords.
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Figure 5. Thematic Map network of Co-occurrence.
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Figure 6. The frequency of keywords occurrence related energy research in East African community countries.

Figures 7 and 8 present the findings regarding the percentage of East African community publications with lead
and co-authors from different countries of origin and the frequency of articles published in each country. Results in
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Figure 8 indicate that approximately 63.6% of EAC publications have lead authors originating from outside East African
community countries. This significant majority suggests that the research direction and focus in the field of clean
cooking within EAC are heavily influenced by researchers based internationally. This implies that this external
dominance in leading research could be a contributing factor to the low adoption rate of clean cooking technology in
the East African community. The rationale provided is that if the research agenda is primarily shaped by individuals
and institutions outside of the East African community, the research questions, methodologies, and proposed
technological solutions might not adequately address the specific socio-economic, cultural, and environmental contexts
prevalent in East African community countries.

Figure 9 shows that a significant percentage of publications with co-authors from the East African Community
region are proximately from Kenya, accounting for approximately 37%, Tanzania for 26%, and Uganda for 15%, with
the rest having smaller percentages. This analysis of co-authorship within EAC, as shown in Figure 9, highlights
countries on the networking and collaborative research efforts between local researchers and foreigners (see Figure 10)
on clean cooking energy.

25
19.5 19.5
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15
10.4
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> 13 II I| 13| I 13 1.3 13 13 13
0 ml ll ll ml mil ml =l =N
R N R *6@*6\*@‘\‘\7’
& 60 & q,@ & & & &P S F O F L E S
N () XX Q& A > > Q < X -
@Q} & & 66‘9 S & NN \{:&V C y Q}é‘ & RONINN RN
¥ &S S o
S
H Frequecy of puplication B % of articles published in each country

Figure 7. Percentage of East African community publications with the lead authors from different countries of origin on clean
cooking from various energy sources and technologies.
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Figure 8. Percentage of East African community publications with the co-authors from EAC countries on clean cooking from
various energy sources and technologies.
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Figure 9. (a) The authors’ respective countries of origin (b) Strong collaboration network of countries in dark blue contributed to
the collaborative research.

Our findings also indicate that the inclusion of local co-authors in foreign studies suggests that East African
community researchers are actively involved in the region’s clean cooking energy research. Figures 9 and 10, which
indicate networks between foreigners and local researchers, point to a foundation of regional research capacity and
cooperation that can be expanded and strengthened even further. Figure 10 revealed five dominant country collaboration
networks centred around USA, United Kingdom, Kenya, Tanzania and Uganda.
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Figure 10 shows the numerical spread of articles published, showing the frequency of articles published per year
on clean cooking in EAC between 2014 and 2024. The graph shows the number of articles published each year from
2014 to 2024. While the exact numbers for each year are not specified in the findings, the trend appears to fluctuate.
We can conclude that the level of research interest and output on clean cooking energy in EAC fluctuated during this
time. Factors that may influence these fluctuations perhaps could include funding availability, the existence of specific
research priorities, and the lack of activities of research institutions both within and outside the region. Our findings
underscore the importance of taking into account the significant external influence on research direction, as evidenced
by the origin of lead authors in Figure 8. This external influence is proposed as a possible impediment to the effective
translation of research into the widespread adoption of clean cooking technologies within EAC. However, our findings
show that research in clean cooking energy in EAC has gained momentum during the years 2021, 2022 and 2024 as in
Figure 10b.

Types of Energy Technology Studied in EAC by Country

Figure 11 depicts the breakdown of cooking technologies investigated in research across different East African
Community countries during the study’s timeframe (2014-2023). Most studies in Figure 11 took into account research
on various energy technologies such as LPG, electric cookers, improved cookstoves, and traditional methods such as
fuelwood and charcoal on a country-by-country basis. According to the study, Tanzania, Kenya, and Uganda are among
the countries with the most publications on improved cookstoves, LPG, charcoal, and firewood. The findings reflect
this, with a higher frequency of research on the aforementioned various cooking technologies in these specific countries
than in others in the East African Community (Rwanda, the Democratic Republic of the Congo, and South Sudan).
Kenya, for example, had the most articles published on improved cookstoves and LPG, followed by Tanzania.

The scientific significance of the results in Figure 11 would lie in its ability to represent the variations in research
visually focusing on different cooking technologies across the East African community. This could highlight which
technologies are receiving more attention in specific national contexts. Understanding research priorities can reveal
whether research efforts are aligned with the dominant energy use patterns or are prioritizing transitions towards cleaner
alternatives in different countries. It also helps to identify research gaps that our results pinpointed countries or specific
clean cooking technologies that have received less research attention. Furthermore, policymakers and investors can use
this information to tailor interventions and funding towards the most relevant and under-researched technologies in
specific national contexts to promote clean cooking adoption.

Figure 12 shows that fuelwood, charcoal, and biogas were the most frequently cited terms in cooking technology
studies in East African community countries. Despite the clean cooking agenda, the prevalence of fuelwood and
charcoal suggests that a large body of research continues to focus on traditional energy sources. However, the inclusion
of “cookstoves” and “improved cookstoves” indicates research efforts to make traditional biomass use more efficient
and less polluting. On the other hand, the appearance of terms such as LPG, biogas, and electric stoves indicates a desire
for researchers to conduct research into cleaner alternatives.
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Figure 11. Cooking energy technology used in EAC by country.
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Figure 12. Most frequently occurring terms in each cited energy category from studies conducted in EAC countries between 2014
and 2023.

In this study, it can be seen in Figure 13 that the papers reviewed mostly published in energy specialized journals
include: Energies, Energy for Sustainable Development, Energy Policy, Energy, Sustainability and Society,
Environmental Research Letters, Journal of Cleaner Production and Nature Energy, composing the top six. It should
also be noted that some authors, such as Shupler M., Hafner J., Kulindwa Y.J., Bishoge O.K., and Woolley K., have
contributed multiple times to this strand of literature. Figure 14 depicts the country network analysis, including the main
authors who have published on clean cooking and their countries of origin. The authors and countries with the strongest
collaboration links (e.g., Shupler M. (United Kingdom), Bishoge, O.K., (Tanzania), Woolley K. (USA), and Njenga M.,
(Kenya)) have also been identified as among the most productive and influential authors in clean cooking energy research.
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Figure 13. Sources of publications over time.

Main Authors published on clean cooking and Technologies that produce clean energy, studies conducted in EAC

Figure 14. The size of the node in the network reflects the number of papers published by echa author.

In Figure 15, SCP denotes an article published as a single-country publication, while MCP represents multi-country
publications. Kenya is the country with the highest number of published articles (8 out of 19 articles in studies conducted
in EAC). In Kenya, articles published as MCP was 8§, while Tanzania is the second largest country with a higher number
of published articles (7) and only 3 articles published as MCP. Rwanda had no cooperation outside the country and
found only 1 collaboration in Uganda, with most articles being published as single-country publications.
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Figure 16 presents the distribution of institutions in studies based on the subject area of focus. It depicts that the
majority of the papers published in EAC between 20214 and 2024 were linked with Makerere University, University
College of London, University of Nairobi, University of Oxford and World Agroforestry (ICRAF). This finding
suggests that energy transitions in EAC have been an area of concern for university communities and research
institutions, particularly those located outside of East African Community countries. Most institutions deal with energy
transition across multiple technologies and scales, whereas country comparison articles primarily focus on cooking fuel
transitions, leaving the choice of such studies to outsiders. We argue that, in comparison to authors from outside the
region of study, publications from authors affiliated with countries within East African community institutions are the
most regarded as more prestigious in undertaking the correct research domains. It is worthwhile to highlight whether
the number of publications or articles about clean cooking energy is correlated with the country of author affiliations,
specifically with EAC as the area of origin. Some of the articles in this study had zero read authors, while others had at
least one author connected to East African community institutions.

——
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Figure 16. The distribution of prominent institutions associated with authors over time.

Figure 17 presents the co-citation network among the top cited references of authors in the study. A node with a
bigger size implies more collaboration links with other reserchers presetennd by nodes. The density of the links shows
the strength of the association between two nodes. Citation metrics, such as citation numbers, journal sources, and
factors influencing citations, are used in this study to investigate the impact of clean cooking energy research and raise
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awareness of the clean cooking energy debate. In this finding, each point or circle (node) signifies a specific research
paper that other studies in the field of clean cooking in EAC have frequently cited. A line connecting two nodes signifies
that one or more other papers have cited the two corresponding publications together. The presence of a link suggests a
thematic or conceptual connection between the two cited works. The map has three groups of interconnected nodes,
where each cluster represents a specific sub-area or school of thought within the broader field of clean cooking research
in EAC. This suggests that these publications have been influential across different research themes within clean
cooking energy in the area of study.
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Figure 17. Co-citation Network among the top cited references.

4. Conclusions

The types of cooking technology and sources of energy most studies include: Clean cooking technology like the
use of LPG, electric cookers, improved cookstoves and the use of fuelwoods and charcoal. Results show that traditional
energy is still mostly used energy in the East African Community.

Our results show that about 63.6% of EAC publications indicated the lead authors are from outside East African
countries. This implies that the clean cooking research agenda largely originates from outside EAC and may be the
reason for the low adoption of clean cooking technology in the region. Support of research by the East African
government is necessary to reduce the low adoption of clean cooking technology. Studies with lead Authors from
outside the region of study say from outside EAC, the outcomes of such research might not be directly relevant or easily
implementable within the local communities, hindering adoption. We emphasize that it is necessary to support research
initiatives by East African community governments to potentially align the research agenda more closely with the
region’s specific needs and thereby increase the adoption of clean cooking technologies and cultural practice change.

To ensure that research efforts effectively contribute to the region’s low adoption of clean cooking technologies,
we believe greater local ownership of the research agenda is required. Clean cooking energy can gain popularity and
spread throughout EAC by emphasizing the financial accessibility of clean cooking solutions through creative models
like PAYG, making sure technologies are adaptable and culturally relevant, and encouraging a locally-driven research
and policy environment. Supporting research initiatives by EAC governments is recommended to match the agenda
with local needs better. According to studies, cultural norms, widespread financial barriers, and possibly an externally
influenced research agenda make it difficult for clean cooking technologies to be widely adopted in EAC. However,
more local ownership and focused research are essential to guarantee that solutions are culturally appropriate and
successfully address the unique needs and contexts of communities throughout the EAC. Innovative financing
mechanisms like PAYG are acknowledged as essential strategies to overcome cost barriers and improve accessibility
to clean cooking energy. Moreover, we recommend that future studies include all East African nations such as Ethiopia,
Eritrea, and Djibouti to enable broader observation and draw more comprehensive conclusions. We also recognize that
there is limited research and research reports in some countries of EAC, such as Burundi, DR Congo, and South Sudan.
This is observed as one of the study’s scope limitations of our focus. To broaden the scope of analysis, we recommend
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extending this kind of research to additional national or regional journals in future work. We are aware that most East
African community policymakers make political decisions about clean energy interventions, and these decisions cannot
be objectively compared to research findings. For example, if a policymaker decides to distribute LPG to female food
vendors without restrictions, researchers may question why. This has yet to be researched and will require further
investigation as well. Finally, we acknowledge the limitation of using only Scopus-indexed publications in our study.
For a more comprehensive understanding, we recommend that future research incorporate a broader range of journal
databases to capture a wider scope of relevant literature.
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