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1. Introduction

Charcoal is a common fuel source produced through the carbonisation of organic materials, such as wood and
diverse biomass types [1]. It is a renewable energy source with four principal applications: home use, chemical
manufacturing, agriculture, and commercial enterprises [2-4]. Charcoal is an essential biomass-derived energy
source extensively employed in developing countries [5, 6]. It fulfils functions outside the fuel and steel industries
and provides multiple environmental benefits [7]. Charcoal improves agricultural production by lowering soil
acidity [8] and providing essential nutrients and organic matter required for plant growth [9-11]. It is
acknowledged for its capacity to stabilise agricultural soil and avert its degradation [12]. Charcoal efficiently
addresses wastewater by adsorbing pollutants owing to its porous architecture [13, 14], and diminishes non-CO;
greenhouse gas emissions from the soil [15].

Based on the point of view, charcoal can be produced from diverse wood sources, including palm oil shells,
bamboo, mangroves, and melaleuca. The quality and productivity of charcoal production fluctuate according on
the type of raw material utilised [16]. Charcoal can be generated by many techniques and apparatus, including
furnaces, drum kilns, or conventional fire kilns [17]. Through these instruments, the raw materials (wood, solid
waste, sludge) undergo a complex transformation into charcoal, a process often known as carbonisation [6]. This
process encompasses intricate phenomena that transpire across an extensive temperature spectrum [18] and is
categorised into distinct temperature phases based on the employed methodology: below 200°C, from 200°C to
280°C, from 280°C to 500°C, and above 500°C [19]. As a result, several compounds are generated at each phase,
including charcoal, tar, pyroligneous acid, and gases. Approximately 33% is attributed to charcoal (80% fixed
carbon), 35.5% to pyroligneous acid, 6.5% to insoluble tar, and 25% to noncondensable gases [19].

Furthermore, charcoal possesses a multitude of applications across various industries, functioning as a
reducing agent in metal ore smelting, pharmaceutical production, fireworks manufacturing, artistic materials, CO>
sequestration, soil improvement, syngas generation, wastewater treatment, and as cost-effective adsorbents for
soil and energy generation [20, 21]. It serves as an activated carbon with substantial adsorption capacity for
applications including bleach degassing, water treatment [22], wine purification [23], and diverse medicinal uses,
as well as a carbon source for the production of carbon tetrachloride, cyanide, and sulphide [2, 3]. In agriculture, it
improves soil and water quality, acts as a substantial bioenergy source, and promotes air quality [24].

Subsequently, charcoal is predominantly utilised as a fuel in the lime, cement, boiler, ceramics, thermal energy,
civil construction, and metal extraction industries. The choice of these organic materials is determined by their
availability, carbon content, and appropriateness for generating high-quality charcoal [25, 1]. Africa relies heavily
on charcoal for cooking, with more than 90% of rural households and 80% of urban households utilising it as their
main cooking fuel [26]. Charcoal production in Africa accounts for about 65% of global output [27]. Approximately
2.4 billion individuals worldwide rely on solid fuels (including wood, dung, crop residues, and charcoal) for cooking,
heating, and other domestic requirements, which are considered cleaner choices for emissions [28]. This figure
may reach 3 billion if coal is considered [29]. Three primary categories of solid fuels utilised for residential
purposes are coal (a fossil fuel), biomass (derived from animal and plant sources), and charcoal.

In this regard, charcoal emissions provide considerable challenges, especially in sub-Saharan Africa, where
indoor cooking is common. Nonetheless, burning charcoal presents fewer health hazards than burning wood,
rendering it a favoured fuel in residential environments due to its diminished smoke emission [30]. Charcoal is
utilised throughout multiple sectors and applications. It is a carbon-rich solid material generated through the slow
pyrolysis of biomass [31]. The pyrolysis process entails the irreversible thermochemical decomposition of the
major constituents of biomass (lignin, cellulose, and hemicellulose) [32] at temperatures starting from 200°C [33].
Besides charcoal, pyrolysis produces two other notable products: a liquid fraction, referred to as bio-oil, which
contains various water and organic compounds, and a gaseous fraction that prevents the development of
prismatic species, rendering it flammable [34].

However, charcoal manufacture yields three primary products: liquid, gas, and charcoal. The results are
affected by the operational parameters and configuration of the biomass, particularly the carbonisation
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temperature and heating rate [35, 36]. Charcoal burning produces less smoke than wood combustion [37];
however, the manufacturing process is markedly inefficient. The predominant production of charcoal occurs in
rural areas next to main thoroughfares, employing inefficient earth kilns; wood is arranged beneath sod and dirt
and is progressively combusted over a period of two to four weeks [35]. The completed product is packaged in
sacks and placed onto heavy-duty diesel vehicles for transfer to metropolitan regions, mostly for domestic and
commercial culinary applications [38]. Aerosols and trace gases are emitted throughout the charcoal supply chain
[39] and then interact with the atmosphere to produce secondary pollutants.

Additionally, charcoal is acknowledged as a major source of carbon dioxide (CO;) and methane emissions in
both tropical and global contexts [40, 41] and contributes to forest degradation and loss due to unsustainable and
intensive tree harvesting [42, 43]. The urban demand for charcoal has led to deforestation and environmental
deterioration due to the reliance on unsustainable production methods to satisfy this increasing demand [1].
Africa has the largest annual charcoal production, including around sixty-four percent in 2018 [44], followed by
America and Asia, mainly Latin America [45]. Approximately 250 million individuals employ charcoal for domestic
energy production on a weekly basis, predominantly in Africa, specific areas of Asia, and Brazil [29]. Indonesia is
the primary exporter of charcoal, valued at $309 million, whilst Germany is the principal importer, with a value of
$127 million [46]. Brazil is recognised as a leading global producer of charcoal, predominantly utilising its whole
output for domestic purposes, chiefly in the steel industry, with the surplus designated for home cooking and
grilling. Prominent charcoal enterprises exist in Africa, Latin America, Asia, and Europe [47, 48].

More so, charcoal can be derived from several wood sources, such as palm oil shells, bamboo, mangroves, and
melaleuca [6]. The quality and productivity of the produced charcoal varied according on the type of raw materials
utilised. Charcoal can be produced utilising various equipment, including kilns, furnaces, traditional fire kilns, and
drums [17]. These equipment and raw materials undergo a complex process and are ultimately converted into
charcoal, generally known as carbonisation. Nevertheless, specific kilns have demonstrated technological
progress, especially in process monitoring, control, and by-product energy recovery. Consequently, the majority of
worldwide charcoal manufacturers depend on batch-operated earth or brick kilns due to their simplicity, available
expertise, low technological requirements, and minimal capital investment [3, 49].

Unfortunately, diminished charcoal yields correlate with the utilisation of conventional low-tech kilns, resulting
in substandard charcoal quality and heightened environmental impacts in proximity to production sites due to the
release of pyrolytic gases and liquids [40, 50]. Charcoal production processes are diverse, ranging from primitive
and rudimentary to advanced and efficient procedures. The effectiveness of these methods substantially
influences both the volume and quality of charcoal generated, along with the environmental impacts of its
production [6, 51, 52]. Consequently, deforestation, land degradation, and air pollution have prompted extensive
research focused on enhancing the efficiency and cleanliness of charcoal production methods through the
integration of traditional indigenous practices [53, 54]. Solid biomass, such as charcoal, wood, dung, and
agricultural waste, contributes to more than 25% of black carbon emissions [55, 71].

Notwithstanding the growing data about the health risks linked to charcoal [56, 30, 16], this issue has been
explored in only a limited number of systematic investigations. Limited research has particularly investigated the
health impacts of charcoal according to activity type. This integration of knowledge is crucial for guiding policies
and initiatives that can detect health problems. Such policies may provide solutions to alleviate identified health
issues. This study sought to perform a thorough evaluation of existing data to consolidate an understanding of the
health issues related to charcoal production and use worldwide. This study aims to evaluate existing research and
consolidate evidence regarding (i) air pollutant emissions from the traditional charcoal production process, and (ii)
the impact of conventional charcoal manufacturing on human health and the environment.

1.1. Background to the Study

A literature assessment on worldwide charcoal production and supply chains reveals that the demand for this
energy source is anticipated to rise substantially by 2030 [57]. In countries with high electrification rates, like

15



Oluwaseun Princess Okimiji The Global Environmental Engineers, 11, 2024

Nigeria and Ghana, where 60-70% of the population still relies on charcoal for cooking and heating [58], this
finding contradicts the traditional energy ladder paradigm, as shown in several studies. In some undeveloped
countries, like Liberia, where less than one percent of the population has access to the electricity grid, ninety-five
percent rely on traditional biomass fuels, namely wood and charcoal [59]. Current initiatives to mitigate the
adverse effects of charcoal in developing nations by promoting electrification and enhanced fuels are based on
the classic energy ladder concept.

More so, studies from many Asian [60] and South American countries support this paradigm, demonstrating
that as urban households in developing nations increase their annual income, their fuel consumption shifts from
biomass to superior energy sources [61]. A multitude of country-specific case studies has been done by [62].
Although South Africa is regarded as the most electrified country in Africa, research indicates that 90% of
households continued to utilise woodfuels (charcoal) ten years after gaining access to electricity [63]. Similar
results have been noted in Ghana, Tanzania, Zimbabwe, Botswana, and various other countries across the
continent [64, 65].

The findings suggest that economics is less impactful than once assumed, and that additional factors also limit
the adoption of advanced fuels, especially in emerging nations where solid fuels considerably affect energy
dynamics. Wood fuel is a crucial source of energy and economic activity in numerous places worldwide, with
global use estimated at roughly 1.86 billion m3 in 2016 [2]. Oliveira [66] asserted that the essential density must
surpass 500 kg/m3 for the efficient transformation of wood into charcoal. Several studies including Vale et al. [67],
Carneiro et al. [62], observed that use wood with diminished densities produces low-density charcoal. Leme [68]
stated that wood with a moisture content over 30% extends the carbonisation period, thereby reducing the
output.

Meanwhile, total wood fuel consumption has either diminished or stabilised in Asia and South America, the
demand for wood fuel in sub-Saharan Africa has continued to rise. The collection of fuelwood in developing
countries is crucial to compete with alternative energy sources for domestic use [69]. The demand for fuelwood is
rising due to population growth, with annual increases ranging from three to four percent, varying by country [70].
Consequently, deforestation in developing countries is exacerbated by low-income households' reliance on
fuelwood for cooking, while meeting the energy demands of a growing population remains a persistent concern
[70]. Biomass accounts for more than 60% of the total energy demand in sub-Saharan Africa, with considerable
disparities among countries [71, 72].

Despite established global objectives, such as Sustainable Development Goal No. 7, which seeks to ensure
access to sustainable energy by 2030, particularly electricity, natural gas, and Liquid Petroleum Gas in urban areas
of the least-developed regions [73, 74], more than 90% of households in sub-Saharan Africa remain reliant on
fuelwood for domestic use. Without substantial energy changes, the biomass-dependent population in sub-
Saharan Africa is anticipated to reach 820 million by 2030, representing 56% of the entire population [71].
Firewood is predominant in rural areas; nevertheless, charcoal is a common cooking energy source in urban
centres of sub-Saharan Africa, with its usage expected to increase in the next decades [75]. The majority of
charcoal is produced, processed, and transported informally, so evading established legal regulations [76, 771].

In this regard, the transformation of biomass into charcoal requires pyrolysis, a thermochemical process that
breaks down organic materials into gases (both non-condensable and condensable) and solid products (charcoal
and biochar) in a low-oxygen environment [78]. In less-developed nations, most charcoal is produced using
traditional earth mound kilns, often yielding a quality of 13% to 15% [79]. Due to the absence of quick alternatives
to charcoal [75] and the expected continuous increase in demand in developing nations [71], it is essential to
devise strategies to improve the sustainability of charcoal value chains. The majority of timber harvested from
worldwide forests is employed for energy production, particularly for residential use in developing countries and
for electricity generation in industrialised ones [80]. In Africa and Asia, almost 60% of energy consumption is
derived from wood harvesting. Approximately 17% of the wood employed as fuel is converted into charcoal [81].
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Ironically, charcoal serves as a crucial domestic energy source in many impoverished countries, constituting
14% of global household energy use [40]. Moreover, charcoal production increases employment, tax revenue, and
rural income, therefore enhancing profitability [82]. African countries account for over 63% of the world's charcoal
production, due to its use in both rural and urban communities [83]. This portion of the traditional energy supply
chain is considered the most environmentally harmful [84, 85]. Charcoal is an essential energy source for rapidly
growing urban populations and substantial segments of the rural populace, having been utilised historically for
generations [80].

However, the production of charcoal causes environmental pollution at both local and regional scales, along
with the decline of forest resources [86]. Charcoal releases significant amounts of sulphur dioxide, carbon
monoxide, nitrogen dioxide, and particulate matter. These emissions significantly alter the atmospheric properties
(both chemical and physical) and contribute to global warming [40]. Air pollution constitutes a major global
concern in both industrialised and developing countries. Accelerated population expansion and increasing energy
consumption have resulted in the emission of detrimental air pollutants, impacting the environment and human
health throughout low-, middle-, and high-income countries [87]. Air pollution in rural and urban areas is
projected to cause 4.2 million premature deaths worldwide annually, primarily due to exposure to particulate
matter that leads to respiratory disorders, cardiovascular diseases, and cancers [88]. The atmospheric
environment, vital for human survival, affects the quality of life. Air pollution has captured the interest of many
segments of society.

In reference to studies, this topic is a significant focus of research in geography, ecology, environmental
science, and related disciplines [89, 90]. Studies demonstrate that industrialisation affects multiple factors of air
quality, such as population density, industrial structure, urbanisation levels, and economic development [91].
Industrial soot emissions and per capita gross domestic product (GDP) substantially influence air quality.
Furthermore, the pollutants produced during charcoal production impact human health, influencing both workers
and residents of nearby communities [92, 93]. Health problems linked to air pollution are significantly more
prevalent in underdeveloped countries compared to industrialised nations [94].

Although, the manufacturing of charcoal is anticipated to be a benefit of fossil fuels, as it meets energy
demands while contributing to outdoor air pollution [95]. These kilns emit several air pollutants that degrade air
quality and present health risks to the human population [96]. Air pollution is the fourth leading contributor to the
global illness burden and premature death [81]. The worldwide Burden of Disease reveals that more than 4.9
million premature deaths are globally linked to ambient air pollution [97, 98] and additional variables [89, 90].

Subsequently, individuals from any geographical region may encounter adverse impacts, irrespective of their
origin [99]. Numerous studies have consistently shown increased rates of cardiovascular and respiratory illnesses
in urban areas due to high pollution levels, especially among school-aged children and the elderly [99, 100]. This
study aimed to assess the impact of air pollution in areas involved in charcoal production, focusing on
environmental and occupational repercussions. Nonetheless, determining the criteria for study selection
continues to be a substantial obstacle.

2. Methodology
2.1. Study Selection Procedure

This study employs qualitative data derived from an extensive methodological framework. This methodology is
frequently favoured in environmental assessment studies because it facilitates a comprehensive investigation of
the subjectivity inherent in systematic reviews. This is essential for comprehending the emissions of air pollutants
from traditional charcoal producing methods and their impact on human health and the environment. A literature
review was performed from January 2024 to October 2024. This methodological technique involved a systematic
process for identifying and choosing relevant articles, evaluating them against defined criteria, extracting
pertinent information, and synthesising related ideas to further the study objectives.
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The study conducted a thorough assessment of relevant materials by extensively reviewing chosen papers
from the ScienceDirect, Scopus, and Google Scholar databases, which were synthesised and integrated into the
research. Empirical studies published in peer-reviewed academic publications were prioritised. The majority of the
cited articles were published in the last three years, underwent stringent peer review, and were carefully evaluated
and chosen for their uniqueness and relevance. The selection criteria required that each article offer insights into
at least one of the following areas: the impact of air pollutants on the surrounding environment, the health risks
associated with air pollutant emissions from conventional charcoal production, and the consequences for human
well-being. A total of one hundred sixty-five (165) pertinent papers were meticulously picked, incorporated into
the analysis, and integrated into the study. Hence, Fig. (1) Shows flowchart of the study based on process of
identification, selection of relevant articles, clearly defined criteria, pertinent information extraction, and
integration of related information to the research objectives.

e|dentification (Science-Direct, Scopus, and Google Scholar
databases)

: : plications of
eSelection of relevant articles ;

eClearly defined criteria

ePertinent Information extraction

on public health

Charcoal produ
on ambient-environmen

Figure 1: Flowchart of the study based on process of identification, selection of relevant articles, clearly defined criteria,
pertinent information extraction, and integration of related information to the research objectives. Source: Author
computation.

2.2. Searching Procedures

The literature review was categorised into two segments. A comprehensive search was initially undertaken for
methodologies related to the effects of charcoal production, concentrating on the titles, abstracts, and keywords
of pertinent studies in the field of environmental monitoring research. In the second step, the "snowball" method
was utilised, which entailed examining the reference lists of relevant publications, the latest articles on connected
research, and the referenced studies. This strategy was employed to acquire publications that significantly
impacted the research topic, as the search results from most databases included newly published and highly
referenced works. The primary search terms encompassed "charcoal production," "air pollutants," "health issues,"
"fuelwood," and "ambient environment," albeit the search was not restricted to these subjects. In this regard,
Table 1 depicts the thematic analysis of papers on charcoal-production, air pollutant impacts on the ambient
environment and associated health risks (between 2021-2024) of previous research contributions.
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Table 1: Thematic analysis of papers on charcoal-production, air pollutant impacts on ambient environment and
associated health risks (between 2021-2024) of previous research contributions.
S/n Year Authors Study Area Focuses Research Insight
Coconut shell biomass, thermochemical Exploring the potential of coconut shell biomass for
1 2022 Ahmad et al. conversion, charcoal, characterization, P & P .
. . charcoal production
analytical techniques
) 2024 Albuquerque Carbonization process, Kiln performance, Mini-Rectangular Kiln to Produce Charcoal and Wood
[101] etal. Charcoal quality Vinegar.
Earth kilns, charcoal production, ecological The Eastern Mediterranean charcoal industry: Air
3 2022 Ankona et al. retort system (ERS), traditional earth kilns, pollution prevention by the implementation of a new
air pollution prevention ecological retort system.
Brick klins, greenhouse gases, specific Investigating the impact of shifting the brick kiln
4 2023 Bashir et al. energy consumption, terrestrial industry from conventional to zigzag technology for a
acidification, emission factors sustainable environment.
. ) . . Kiln-furnace System: Validation of a Technology for
. h P , Earth Kiln, Soil P , . : .
5 2023 da Silva et al. Charcoa rodugtlon arth Kiin S.OI roperties Producing Charcoal with Less Environmental Impact
Guinea Savanna, Soil . .
in Brazil.
2022 . Air pollution, brick kiln, sulfur dioxide, Brick kilns air pollution and its impact on the
6 Hussain et al. ) ) ; .
[102] nitrogen oxide, carbon monoxide peshawar city.
Health risk i f ch |
ea. t ) 1SS, prOdUFtIOﬂ and usage of ¢ arcga ' Health risks associated with the production and
7 2023 Idowu et al. Emissions from solid fuels, charcoal, packaging . .
: usage of charcoal: a systematic review.
and transportation, charcoal users.
Bricks, Charcoal, Carbonization, Towards susFalnab!e chgrcogl production: De.s|g.n|ng
8 [2024] | Getahunetal. o an economical brick kiln with enhanced emission
Scrubber, Emission gas control
control technology.
. . . Assessment Of Ambient Air Within the Vicinity of
Charcoal, Ambient, Air lity, ) . . .
9 2023 Ishaya et al. aViciiit oIIILTtantI Ie?/l;f W Charcoal Production Site In Kunguni Community,
y.p Kwali Area Council in Abuja, Nigeria.
2023 Megaaty, Emission I.nven'For.y, HOtSPOtS’ _Alr Decadal Growth in Emission Load of Major Air
10 Sahu et al. quality, Anthropogenic Emission,Major/Minor ) -
[103] o . Pollutants in Delhi.
Sources, Mitigation Strategies
air pollutant emission: air pollution Emission and Reduction of Air Pollutants from
11 2023 Toan etal. p ! .p Charcoal-Making Process in the Vietnamese Mekong
reduction; charcoal-making kiln; fuelwood Delta
. ) . A comprehensive high-848 resolution gridded
Mangaraj Anthropogenic sources, emission o . .
12 2022 etal inventorv. megacity. air qualit emission inventory of anthropogenic sources of air
) y. megacity, air q y pollutants in Indian megacity Kolkata,
13 2021 Raza and Al respiratory problems, spirometry, lung function, Impact of Air Pollution Generated by Brick Kilns on
[104] District Kasur, Pakistan the Pulmonary Health of Workers.
biomass: wood: gas: charcoal: pyrolvsis: Charcoal Production in Portugal: Operating
14 2022 Charvetet al. ' 1835 € 3L, PYrolysis, Conditions and Performance of a Traditional Brick
carbonization; kiln :
Kiln
15 2022 Bekele and Challenges, charcoal, opportunity, producer, Determents of sustainable charcoal production in
Kemal sustainability AWI zone; the case of Fagita Lekoma district, Ethiopia,

3. Observation and Discussion

3.1. Diverse Air Pollutants Emitted from Charcoal Production

Charcoal is conventionally generated in kilns through the pyrolysis of wood at elevated temperatures in an
anaerobic environment [105]. Pyrolysis, which transforms biomass into charcoal, results in the substantial removal
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of volatile chemicals [106]. Nonetheless, conducting pyrolysis at low temperatures and for brief periods can yield
an increased volatile content in the charcoal [107, 108]. Elevated volatile values result in erratic and smoky
combustion [109], leading to the emission of CO, HCs, PM2.5, and benzene [110, 108].

Moreover, charcoal kilns exhibit considerable variation in design and dimensions, ranging from earthen
mounds to brick constructions to substantial metal frameworks [111]. Earth mounds and brick kilns are widely
employed for charcoal production in Africa [50]. These kilns lack control methods and, due to their prolonged
presence in the same site, may contribute to local air pollution issues. The manufacturing of charcoal results in
localised environmental contamination and depletion of forest resources [86]. Charcoal kilns emit substantial
guantities of particulate pollution, carbon monoxide, nitrogen dioxide, and sulphur dioxide [111]. These emissions
substantially modify the physical and chemical properties of the atmosphere and contribute to global warming
[40].

In spite of this, charcoal has been recognised as a significant contributor to greenhouse gases, including
methane and carbon dioxide (CO), in both tropical and global contexts [41]. It also contributes to forest
degradation and loss due to extensive and unsustainable timber extraction [43]. Every phase of the charcoal
supply chain results in the emission of ephemeral trace gases and aerosols [39], which pose risks to human health
and influence climatic conditions. Trace gases and aerosols are released during the charcoal supply chain [39] and
undergo atmospheric reactions to produce secondary pollutants, including ozone and secondary inorganic and
organic aerosols (OAs). Ozone and aerosols, particularly PM2.5 (particles with an aerodynamic diameter of less
than 2.5 um), pose health risks and influence the Earth's radiative equilibrium [112].

Considerably, Charcoal is generated through the charring of biomass via an incomplete combustion process,
regulated by the oxygen supply [16]. Slow charring yields a black carbonaceous substance known as charcoal,
which emits comparatively minimal smoke while use [16]. Biomass combustion is linked to inefficient burning and
the release of various toxic substances [113], such as carbon monoxide (CO) [114], volatile organic compounds
[115], nitrogen oxides (NO,) [116], polycyclic aromatic hydrocarbons (PAHs) [117], fine particulate matter (PM)
[118], trace metals, and additional minor pollutants [119, 110, 120]. Further analysis revealed that charcoal is a
carbon-dense, porous substance created from the pyrolysis of organic matter, such as wood, under regulated
conditions, usually at temperatures ranging from 200 to 400°C [121]. Charcoal smoke comprises a complicated
amalgamation of liquid, solid, and gaseous constituents.

To this end, numerous substances are deleterious, including, but not confined to, nitrogen, sulphur oxides,
benzene, aldehydes, acrolein, organic acids, polycyclic aromatic hydrocarbons (PAHs), and hazardous particulate
matter such as PM2.5 (particulate matter with diameters <2.5 um) [16]. The combustion process of solid biofuels
comprises several distinct phases: i) an initial drying phase, wherein moisture in the biofuel evaporates; ii)
devolatilization (pyrolysis), during which volatile components are released; iii) combustion of volatile matter; iv)
char combustion; and v) the extinguishing phase [122, 123]. The duration of these phases may fluctuate based on
parameters such as fuel qualities, kind and size, moisture content, temperature, and combustion circumstances.
The properties of charcoal display considerable variety and are affected by numerous elements that dictate the
features of the final product. Critical elements encompass the wood species utilised, the plant components
employed (branches or stems), the temperatures and conditions applied during the pyrolytic process, and the type
of kiln utilised [109, 124].

3.2. Charcoal Production as a Regional Nuisance: Social Implications of Charcoal Production

A comprehensive literature review and analysis of charcoal production and its societal impacts reveal a
consistent dependence on charcoal, although considerable initiatives to provide reliable energy and fuel
infrastructure. This dependence presents numerous problems regarding the sustainability of the charcoal
business, including its economic importance, efficient forest resource management, and the livelihoods of people
principally involved in its production. The charcoal industry provides supplementary income for numerous
persons in these areas and, for others, represents the primary source of financial sustenance for their families
[125].
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Consequently, charcoal production creates jobs, increases the wages of local workers, promotes
socioeconomic development, and maintains cultural characteristics [126, 127]. Furthermore, charcoal companies
in major producing countries, such as Tanzania and Uganda, employ tens of thousands of persons, a substantial
percentage of whom obtain up to 70% of their annual income from this sector [59, 85]. In countries with more
progressive rules regarding the charcoal industry, producers often face disadvantages in income generation and
labour support [128].

However, investigations of the commodity chain of Senegal's charcoal industry indicated that, despite
substantial regulations, the majority of economic and sociopolitical advantages are concentrated among
merchants and distributors rather than producers [129]. Rural producers, who frequently constitute the
predominant segment of the workforce, generally lack the capital required to augment their earnings or maintain
subsistence income [130]. This is particularly alarming, given that the charcoal trade is one of the most organised
industries in the region, consisting of more than eighty-five cooperatives and significant government resources
allocated for its regulation.

On the other hand, research indicates that in 2018, Africa produced the largest volume of charcoal, constituting
over 64% of world output [44], followed by Asia and the Americas, especially Latin America [45]. Thus, additional
social threats encompass widespread child labour, gender disparities in educational and production results,
substantial price volatility often influenced by merchants [129], and the lack of effective strategies for poverty
reduction through current production techniques [131]. Nonetheless, charcoal occurs beyond the formal economy
[132]. Notwithstanding considerable endeavours to mitigate the deterioration of forest resources via technological
innovations, a significant deficiency remains in the investigation of the real health impacts faced by these
particularly susceptible communities.

3.3. Perceived Impacts of Charcoal Production on the Public and its Associated Health Risks

The preceding section and subsequent analysis indicate that charcoal production directly exposes workers to
smoke from wood, comprising a mixture of liquid, gaseous, and solid particles emitted from charcoal production
kilns [133, 134]. Individuals frequently subjected to elevated ambient temperatures, increased concentrations of
hazardous gases, and charcoal dust may face health risks. Da Silva Viana Jacobson et al. [134] assert that young
infants may have adverse consequences from air pollution resulting from biomass combustion, especially from
prolonged exposure to particulate matter and black carbon.

Moreover, charcoal workers encounter numerous potential health risks, such as physical injuries,
disorientation, eye irritation, and respiratory infections [135]. Studies demonstrate that inhalation of these
pollutants leads to eye and skin irritation and may also exacerbate pharyngitis, allergic rhinitis, pulmonary fibrosis,
diarrhoea, asthma, bronchitis, coughing, emphysema, intestinal infections, reduced lung function, and low birth
weight [104, 136, 137]. Employees exposed to prolong levels of carbon monoxide (CO) often display symptoms like
headache, dizziness, and nausea [138]. The combustion of coal for domestic heating may contribute to ambient
air pollution, thereby impacting human health, especially in residential zones [139, 140].

In view of this, the combustion of biomass generates various air pollutants, including formaldehyde, benzene,
1,3-butadiene, nitrogen oxides (NOy), carbon monoxide (CO), polycyclic aromatic hydrocarbons (PAH), sulphur
oxides (SOx), and particulate matter, which encompasses carcinogens such as organic compounds and
benzo[a]pyrene, all detrimental to human health [141]. Exposure to these air pollutants correlates with reduced
birth weight, heightened early mortality in children, pneumonia, acute respiratory infections (ARI), and chronic
bronchitis and chronic obstructive pulmonary disease (COPD) in adults [142].

Essentially, additional health ramifications encompass TB, nasopharyngeal and laryngeal carcinoma, asthma,
pulmonary cancer, newborn complications, and ocular disorders, including cataracts and blindness [143-145].
Tzanakis et al. [146] noted in their study of charcoal workers in Greece that wheezing, dyspnoea, expectoration,
and coughing were significantly more prevalent among those exposed to smoke than among unexposed persons.
The rising prevalence of respiratory diseases may stem from genetic alterations triggered by environmental
variables that elicit allergic reactions [147]. Acute exposure to wood smoke correlates with an increased risk of
respiratory symptoms [148]. The significance of air is highlighted by the average daily adult necessities of roughly
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1.4 kg of food, 2 kg of water, and 14 kg of air. This underscores the importance of ongoing study on air pollution
[144].

Based on the view point, coughing, along with symptoms including sneezing, nasal discharge, and sputum
production, has been recognised as a common symptom in prior studies conducted by Swiston et al. [149], Keraka
et al. [150], and Adewole et al. [151], which examined the health effects of charcoal exposure. The combustion of
coal significantly impacts air quality by emitting sulphur dioxide (SO2) and PM2.5 [152]. Charcoal makers are
exposed to contaminants from biomass carbonisation during manufacturing, with respiratory issues being the
primary health consequence among workers. Substantial connections have been shown between charcoal
exposure and respiratory health impacts [133, 153, 154], including tuberculosis [155], observed at various stages
of charcoal manufacturing.

Considerably, wood smoke is linked to an increased risk of respiratory symptoms, asthma, and chronic
obstructive pulmonary disease (COPD) [156]. Research indicates that entering a kiln, loading it with new wood,
and extracting previously fired charcoal are the most significant activities associated with wood smoke exposure
and charcoal dust [133, 157].

Maia and Francisco [158] and Alfaro and Jones [159] indicated that the risk of physical injuries associated with
charcoal manufacture includes burns to the lower limbs and moderate to severe lacerations, particularly in the
lack of sufficient workplace regulations [159]. Wood smoke impacts human health via particulate matter, resulting
in biological changes [160].

Hence, charcoal manufacture produces additional emissions such as toluene, modified naphthalene,
oxygenated monoaromatics, polycyclic aromatic hydrocarbons, naphthalene, and benzene [161]. Evidence
indicates the mutagenicity of wood smoke fractions [162]. The combustion of charcoal results in exposure to
hazardous substances, such as particulate matter, carbon monoxide, and smoke emissions, akin to cigarette
smoke, and is associated with decreased body weight and BMI [163, 164]. Moreover, research has demonstrated
associations between PM;5[165], CO exposure [166], and black carbon with changes in systolic blood pressure.

In the same vein, a 2015 global study on blood pressure changes revealed the most pronounced increases in
Eastern Europe, Central Europe, South Asia, and sub-Saharan Africa [167]. Arku et a/. [168] found variables such as
ambient temperature, ventilation, and physical activity that may affect the measured blood pressure. Additional
investigation is required to validate these results. Ismaili et al. [169] identified a link between exposure to charcoal
smoke and lung cancer. A prior report indicated that squamous cell carcinoma was more prevalent than
adenocarcinoma, which correlated with heightened passive smoking exposure.

In contrast, Muscat et al. [170] reported that adenocarcinoma is more common than other forms of lung
cancer. Furthermore, smoke from wood, containing ammonia, carbon oxides, nitrogen oxides, volatile organic
compounds, and sulphur [73], leads to persistent respiratory irritation and aggravates pre-existing asthma and
chronic bronchitis [156]. In contrast, previous studies indicate that local exhaust ventilation may effectively purify
contaminated air, and its consistent application substantially reduces occupational hazards to levels beneath the
threshold limit [171, 172]. The lack of regulations in the charcoal business presents considerable safety risks and
potential for exploitation [173].

Nevertheless, research has investigated the social and health implications linked to the production of this
highly coveted fuel. The use of wood fuel significantly impacts the livelihoods and public health of rural
communities, particularly affecting women and small children. These individuals sometimes suffer additional
adverse effects of fuel burning, including respiratory diseases, due to the inhalation of high levels of particulate
matter [174, 111]. Government reports and academic literature depict the working circumstances of charcoal
producers as perilous [84, 175]; both government officials and research papers recognise these 'hazards'
superficially.

As a result of this, the lack of regulations and dependence on conventional production techniques continue to
prevail in the business. The kiln preparation period before production may last up to two weeks, during which
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manufacturers construct a pit and save the soil for future use [176]. The numerous standards established about
30 years ago underscore the gravity of the hazards linked to these working conditions. However, inadequate
knowledge, institutional ability, and financial resources impede the execution of safety measures in most charcoal-
producing areas for residential use, worsening the occurrence of moderate-to-severe injuries and illnesses.

3.4. Perceived Impacts of Charcoal Production on Ambient-Environment

Empirical evidence demonstrates that the environmental repercussions of diverse charcoal production systems
are significant. Traditional methods often include unsustainable timber exploitation, leading to deforestation and
environmental degradation [1]. Incomplete combustion in traditional kilns releases substantial amounts of volatile
organic compounds, particulate matter, and greenhouse gases, worsening climate change and air pollution [177,
102, 31, 7]. The traditional method of charcoal manufacture produces air pollution that is above environmental
limits, especially during the last three days of combustion [178].

However, air emissions from charcoal manufacturing significantly influence the environmental impact of
charcoal production and consumption systems [179]. As a result, significant volumes of gases and other by-
products are released into the atmosphere. Residents and workers in these regions are subjected to pollutants
released by these kilns, leading to health issues due to the inhalation of these toxins [180, 181]. The principal non-
condensable gases produced are carbon dioxide, hydrogen, methane, and carbon monoxide [182]. The increased
demand for charcoal [61] and its unsustainable production may threaten ecological services, agricultural
productivity, and human health [183].

In this regard, the production of charcoal causes environmental degradation, reduced forest cover, decreased
clean water supplies, and a shortage of arable land, which in turn leads to increased hunger, disease, poverty, and
fewer livelihood opportunities [184, 185]. Suboptimal process efficiency, along with the unregulated activities of
various producers, leads to the exploitation of substantial amounts of wood from neighbouring forests [186]. The
FAO [187] recognised Nigeria as a country undergoing substantial deforestation. Indigenous trees are heavily
utilised for their high-quality wood fuel, neglecting the prolonged regeneration of these species.

Hence, Nigeria has recently become one of the leading global producers and users of charcoal [188]. Nwofe
[189] noted that the lack of available and affordable alternative fuels in many locations of Nigeria forced
numerous households to utilise charcoal for domestic cooking. Historically, all tree species have been carbonised
to generate charcoal; however, specific species are preferred due to their enhanced charcoal quality and yield [69].
The relationship between environmental degradation and rural livelihoods is apparent in the utilisation of forest
resources [176]. These practices have further implications for soil composition, water resource availability,
accessibility, and site productivity [190], all of which are directly connected to rural livelihoods. Larson and Ribot
[191] provide substantial evidence demonstrating that forestry legislation and policies in developing nations often
favour the elite [191].

More so, this issue is exacerbated by dependence on traditional methods of charcoal production, stemming
from insufficient educational resources and a lack of critical information. As a result, marginalised groups have
difficulties in the sustainable management of natural resources, leading to reduced livelihood opportunities and a
decrease in biodiversity [184]. The national-level study highlights the significant threats that modern
manufacturing methods pose to society and the environment. Mwampamba [42] examined current and
anticipated deforestation rates by employing survey data on the extraction and replenishment techniques of rural
charcoal producers in Tanzania, the leading charcoal producer in sub-Saharan Africa.

Furthermore, studies have shown that, without policy interventions, public forest resources will be depleted by
2028 [192]. Namaalwa et al. [47] similarly identified a disruption in the Ugandan charcoal supply chain in 2019
[193]. Despite numerous less-developed countries being significant producers of charcoal in the region, these
findings carry significant implications for other nations whose populations heavily rely on wood-based fuels.
Further research at sub-national or local levels might furnish decision-makers with insights into patterns in
geographical energy dynamics. Efforts to penalise this behaviour through fines, increased taxes, and production
restrictions are widespread.
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However, they intensify the economic burden on rural communities, leading to a countrywide disparity in
charcoal distribution. The production of charcoal presents considerable obstacles for immediate action, and its
procurement and utilisation are intricately linked to the economic, cultural, and practical dimensions of everyday
life, making viable alternatives to this fuel highly unlikely. While charcoal is expected to remain a crucial
component of the energy mix in urban African households [84, 85], a deeper comprehension of urban energy
consumption patterns shaped by social, economic, and environmental factors will assist in alleviating the
uncertainties in future carbon emission forecasts associated with charcoal utilisation.

3.5. Solutions for Sustainable Charcoal Use and Current Relevant Government Policy Issued and Technical
Innovation

Consequently, the production of sustainable charcoal continues to encounter legislative obstacles that require
effective resolution. Challenges associated with wood fuel are increasingly perceived as stemming from systemic,
albeit location-specific, factors, including land tenure, fiscal and incentive policies, urban energy markets, and the
misallocation of forests and agricultural land, all of which influence the charcoal production chain [194].

Moreso, a substantial transition from open-access forests to secure tenure is essential for sustainable forest
management, since it necessitates the establishment of clear and secure long-term forest tenure by granting
appropriate property rights to landowners, including communities [194]. Improving policy and program legitimacy
via multi-stakeholder engagement and alignment with globally acknowledged principles, objectives, and pertinent
international frameworks, such as the Millennium Development Goals (MDGs), is crucial for ensuring the
environmental and socio-economic sustainability of charcoal production in tropical forest ecosystems [194].

Therefore, it is essential to reassess the processes involved in charcoal production and use chains (Girard,
2002). A requisite adaptation is a demand-driven methodology and technological advancement.

i. Need-based Approach

This encompasses batch-type retorts that utilise an external heat source for wood carbonisation; metal kilns
fitted with vapour incinerators; and Lambiotte-type continuous retorts, which allow for wood introduction at
the top of the kiln and charcoal extraction from the bottom, with the generated vapours combusted to fulfil the
process's thermal demands. All of these necessitate substantial investments and are typically prohibitive for
small-scale charcoal producers in tropical nations [194].

In this regard, semi-industrial charcoal production methods that incorporate the combustion of pyrolysis gases
and heat recovery may effectively optimise sawmill by-products, given that these mills possess the requisite
technological and human resources [195]. Girard [194] posits that charcoal usage is likely to decline in the
foreseeable future, both locally and in specific nations, whether developing or developed. Nonetheless, it may
still rise due to the emerging potential in the industrial green energy market. Consequently, forest services and
energy agencies ought to prioritise the sustainable production and utilisation of charcoal. Effective measures
may encompass, among others:

o Implementation of forest management initiatives to prevent deforestation caused by the
overharvesting of species appropriate for charcoal manufacture.

o The sector's professionalization would include that charcoal producers engage in charcoal
manufacturing as their primary occupation, whereas infrequent production by non-professionals
would be mitigated through suitable policies and training initiatives [194].

o Offering charcoal producers a variety of appropriate technical approaches to select from instead of a
one "optimal" technical option.

o Advocacy for charcoal derived from wastes and timber from forest plantations via pricing strategies
and suitable policies [194].

Hence, If charcoal production is perceived as a means of additional money or as a task primarily for women,
investment in training is less probable, leading to a preference for less labour-intensive and less productive
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ways, hence constraining potential advancements [194]. The education and training of forest planners,
extensionists, and charcoal producers, coupled with the adoption of more sustainable charcoal production
technologies, may be critical in enhancing working conditions in the sector, as well as mitigating environmental
impacts and improving energy efficiency [194].

ii. Technical Innovation

The development of energy-efficient charcoal stoves is crucial, as the majority of existing stoves are inadequate
for charcoal derived from lightweight species, combusting it too rapidly and intensely to satisfy customer
requirements [194]. Contemporary technology may encompass high-efficiency cooking burners that utilise
locally sourced, sustainable biomass. The gasification of sustainable biomass and waste offers benefits
comparable to fossil fuel-based cooking gas, eliminating reliance on imports and the related environmental
harm [196].

iii. Briquetting Technology

Charcoal briquettes produced from agricultural waste and biomass residue offer a sustainable alternative to
traditional charcoal, provided they are reasonably priced. The briquetting method facilitates the transformation
of biomass waste into consistently formed charcoal bricks (briquettes) that are convenient for use, transport,
and storage [196]. Briquettes are produced by compressing dry biomass materials, including charcoal dust,
sawdust, coconut shells, sugarcane bagasse, maize cobs, cow dung, and paper [196]. For materials exhibiting
minimal agglomeration or binding capacity, a binder, such as soil, was utilised, and water was included into the
combination.

The amalgamation is consolidated by basic methods, including manual moulding with bare hands, repurposed
plastic containers, or manual presses made of metal or wood [196]. Large equipment powered by electricity is
utilised for the mass manufacture of briquettes to densify the mixture. Briquettes have superior physical
strength and combustion characteristics compared to the original trash [196]. Briquettes can be utilised with
efficient cooking burners in houses, necessitating minimal alterations to current cooking methods.

Briquettes possess greater energy content, ignite more rapidly, and generate less smoke compared to wood
charcoal [196]. The solid units were subsequently sun-dried and utilised for cooking, akin to firewood or
charcoal. It is a straightforward local innovation that disseminates either organically or with external assistance
[196]. Fuel-briquette enterprises generate work opportunities for women and youth, thereby empowering
them. Briquette-making groups additionally fortify community-based institutions by improving social networks,
informal savings, and credit mechanisms. This technique aids in environmental management by recycling
garbage and conserving trees [196].

iv. Improved Earth Kiln

The enhanced earth kiln provides superior carbonisation, yielding around 25-30 percent, in contrast to the 20-
25 percent yield of conventional kilns, and produces higher-quality charcoal. Enhancements in efficiency can be
realised by pre-treating fuelwood before carbonization [196]. Wood is often chopped to suitable dimensions for
efficient stacking and permitted to dry for 8-10 days to decrease moisture content. Wood is arranged as
compactly as feasible, with smaller pieces inserted into interstices to enhance heat transfer [196]. The principal
technological innovation is the implementation of a metal chimney (constructed from oil drums), positioned at
the opposite end from the ignition point of the stack, thereby guaranteeing even heat dispersion throughout
the stack. The stack was enveloped in a dense layer of plant and soil to avert total combustion caused by air
infiltration [196].

v. Brick / Earth Kilns

Brick and earth kilns may be rectangular or dome-shaped, exhibiting diverse dimensions and styles. They are
optimal for generating high-quality charcoal in substantial volumes and with enhanced efficiency (30-35
percent), making them most appropriate for industrial-scale charcoal production [196]. Kilns have superior
structures compared to traditional earth kilns, can function throughout the year, and are less vulnerable to
inadequate operator behaviours [196]. Brick kilns are costly to construct and necessitate specialised expertise
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in brick production and layering, rendering them potentially unsuitable in areas where soil conditions are
unfavourable for brick manufacturing [196]. Nevertheless, brick kilns can be readily acquired, and in locations
with a reliable long-term supply of fuelwood or biomass, they can be established as permanent facilities for the
economical production of charcoal [196].

vi. Steel / Metal Kilns

Steel/Metal Kilns are generally cylindrical and can be orientated either vertically or horizontally, contingent
upon their design and capacity. Numerous instances of repurposed oil drums for kiln construction exist in sub-
Saharan Africa. Certain types of steel kilns are mobile and possess limited capacities [196]. Portable kilns can
be disassembled, usually into three components—the drum body, a conical top for vertical designs, and the
chimney—facilitating relocation [196]. Non-portable steel kilns, which are heavier, possess greater capacities,
have sturdy construction, and demonstrate reduced turnaround times. Nonetheless, steel kilns are costly to
construct, and their operational lifespan of 2-3 years renders them viable only when capital costs are minimal.
These kilns are comparatively more advanced, necessitating training for kiln workers [196].

3.5.1. Policy Recommendations

Vi.

Vii.

viii.

Xi.

Establish a uniform national definition of forest.

Waste and Residue: Data regarding the quantity, classification, and location of wood waste and agricultural
leftovers is essential for planning briquette manufacture.

Population and Employment: Although the majority of countries conduct censuses and collect statistics on
urban and rural populations, employment, gender, and other demographics, it is essential to analyse this data
through the lens of the charcoal industry to provide a clearer understanding of the individuals engaged
directly or indirectly in the charcoal trade [196].

Enhance Capacity for Sustainable Woodlot Management for Charcoal Producer Associations: This
encompasses governmental entities and private stakeholders. A Charcoal Taskforce at the national level can
facilitate the creation of training materials and trainers, such as senior forest officials, who can then conduct
local-level training [196].

Obtain Support from Community Leaders: Acknowledging the social dynamics of rural sub-Saharan Africa and
the authority of village elders, governments must engage with local community leaders and village elders to
advocate for sustainable woodlot management.

Form Cooperatives: Engaging charcoal producers necessitates new strategies that consider current social
frameworks and progressively foster trust, enabling producers to recognise the enduring benefits of
sustainable practices [196]. The government must establish a procedure for the annual or periodic renewal of
licenses for charcoal producers' cooperatives [196].

Formulate Policies and Strategies: Sustainable Woodlot Management Plan: Enhanced woodlot management
can augment forest production, yielding greater cubic metres of wood per hectare. Participatory forest
management: Establishes conducive environment and incorporates local stakeholders.

Formulating a Forest Code: This document may be present in several countries in diverse formats. The Forest
Code aims to represent a nation's existing forestry conditions, including aspects such as forest definitions,
types and extents of forests, legislation, and stakeholder entitlements.

Advocate for Particular Kilns: Policy details about carbonisation are ambiguous in numerous nations, as
regulations frequently fail to clearly reference specific kiln types, instead only endorsing the utilisation of
efficient kilns [196].

Introduce Briquetting: Likewise, there are no prominent policies that advocate for briquette production, and
existing initiatives are solely propelled by the private sector.

Advocacy for the Utilisation of Efficient Kilns: This should be emphasised in all national forestry papers,
including the Forest Code, National Forestry Plan, and energy-related documents, such as National Energy
Efficiency Plans and Energy Codes [196]. A regulated taxation system can be established in which charcoal
produced from efficient kilns is taxed at a reduced rate compared to charcoal produced by conventional
methods.
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Xii.

Xiii.

XiVv.

XV.

XVi.

XVil.

Enhance the Professionalism of Transport and Distribution Stakeholders: Develop a database of charcoal
transporters and distributors, implement a licensing system for charcoal transporters and distributors, and
facilitate the formation of transporter/distributor associations [196]. Facilitate Producers' Transportation
Capabilities: An alternative to leasing trucks for charcoal producers' groups is to acquire trucks, thereby
enhancing transport autonomy and obviating the necessity for intermediaries.

Implement Charcoal Taxation: Addressing charcoal cartels necessitates a more comprehensive strategy to
guarantee that current cartel participants remain employed within the charcoal industry [196].

Charcoal Bags: For instance, charcoal is categorised into legal and unlawful varieties. Legitimate charcoal is
manufactured by authorised producers, utilising either traditional kilns ('black' charcoal) or sustainable
methods ('green' charcoal). An eco-label system establishes tax rates, imposing a greater charge on
conventional charcoal. Charcoal producers' groups officially registered with authorities must get 'green' or
'black' charcoal bags from local councils or tax collection agencies [196].

Charcoal Revenue Agencies: These entities may consist of private businesses or former participants of
charcoal cartels who are offered alternative income streams by remaining engaged in the charcoal trade,
albeit in a legalised manner. These agencies may acquire charcoal bags from municipal regional authorities
and subsequently offer them to village associations with an added commission [196].

Taxation of lllegal Charcoal: All charcoal generated by unregistered manufacturers and conveyed in unmarked
bags is deemed illegal. Revenue agencies may be chosen via a bidding process, wherein the bidder offering
the largest tax collection contracts receives a 50 percent advance payment [196].

Charcoal warehouses or deposits: Establishing charcoal depots in metropolitan locales might provide
numerous advantages. In addition to functioning as a centralised hub to alleviate congestion from overloaded
trucks, depots are also optimal for data collection. Producers and transporters can receive information about
the daily purchase price of charcoal at the warehouse, akin to agricultural commodity prices, by text message
at no cost [196].

3.5.2. Governance Recommendations

@)

Inter-ministerial Steering Committee: The formation of an inter-ministerial steering committee to deliberate
on cohesive initiatives aimed at enhancing the charcoal value chain is very important for successful
cooperation [196].

The National Charcoal Taskforce comprises government entities and regulatory authorities, including those
related to power, forests, and the Internet, which are prevalent worldwide. This agency, possibly established
under a designated ministry, will serve as the federal entity responsible for coordinating and facilitating
charcoal-related activities nationwide, including functioning as the national coordinating and managing entity
(CME) for international donor financing and MRV (measuring, reporting, and verification) [196].

The Charcoal Fund necessitates initial capital to initiate socioeconomic operations until they achieve self-
sustainability. This can be accomplished via a dedicated 'charcoal fund,’ which can be systematically
monitored, reported, and validated to guarantee that the overarching objectives are fulfilled. It can also
provide funding for Charcoal Taskforce initiatives [196].

Charcoal Cooperatives: The bulk of private sector participants in the charcoal value chain operate
autonomously. The establishment of cooperatives by these parties through official registration and licensing
processes can yield numerous advantages, including the enhancement of collective bargaining power. At
present, value chain stakeholders possess a restricted voice, impeding their capacity to contribute insights and
perspectives on the formulation of laws and regulations [196].

Facilitating Institutional Relationships: After the establishment of entities such as the steering committee,
Charcoal Taskforce, and cooperatives, it is essential to cultivate effective collaboration and information
exchange among these institutions [196].

Decentralisation: Decentralisation has emerged as a key principle for effective government in certain Sub-
Saharan African nations. The process involves reallocating functions, authority, and personnel from a central
authority to regional, provincial, or district levels. To enable the formalisation of a charcoal value chain,
governmental services must be decentralised and made available at the local level [196].
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o Incentives: Alongside enhanced enforcement and effective governance, laws and regulations must be
amended or formulated to augment incentives and diminish disincentives for compliance. Incentives may be
offered through financial means (subsidies or tax incentives), technological support, or capacity development.
Facilitating compliance is essential to mitigate disincentives [196].

4. Conclusion

This study assesses the emission of air pollutants from conventional charcoal production methods and their
impacts on human health and the environment, which are interconnected with traditional charcoal
manufacturing. This review's extensive research allows the study to achieve conclusive findings on the primary
health effects of charcoal production and utilisation. The findings demonstrate that air pollutant emissions from
the traditional charcoal production method are linked to an ineffective combustion process and the release of
various toxic substances, including carbon monoxide (CO), volatile organic compounds, nitrogen oxides (NOXx),
polycyclic aromatic hydrocarbons (PAHs), and fine particulate matter (PM). Traditional charcoal production
adversely affects human well-being, causing eye and skin irritation, and potentially leading to pharyngitis, allergic
rhinitis, pulmonary fibrosis, diarrhoea, asthma, bronchitis, cough, emphysema, intestinal infections, reduced lung
function, and low birth weight. Moreover, it substantially modifies the atmospheric physical and chemical
properties and exacerbates global warming.

This study demonstrates that while the charcoal industry is economically important, it adversely affects the
welfare of producers and contributes to environmental degradation due to inadequate and fragmented
governmental policies that mostly benefit urban stakeholders. This review clearly linked charcoal production to
respiratory health issues. The results indicate that charcoal workers in proximity to kilns are subjected to
heightened emissions, presenting a possible health hazard, a relationship previously recognised by the World
Health Organisation. Negative externalities arising from insufficient resources and land management, along with
significant safety and health risks, are primarily borne by impoverished rural communities that provide affordable
and reliable fuel. Coordinated efforts by the government, aid organisations, and charcoal unions highlight this gap,
as most charcoal programs concentrate on technology aimed at reducing pressure on forest resources.

These policies neglect to account for the indirect, although significant, impacts on the vast labour force that
often depends exclusively on revenue from charcoal production. Charcoal vendors are common in urban areas
with minimal extortion possibilities, as government officials generally align with larger communities. Despite these
findings, there is optimism regarding the willingness of communities to partner with local organisations and
implement sustainable energy solutions, which can substantially reduce the adverse social and environmental
impacts associated with charcoal production. This study's findings suggest that the focus on cutting-edge energy
services should expand to incorporate widely used and conventional energy sources that have significant social,
environmental, and economic impacts. From this perspective, governmental engagement should prioritise
sustainable and economical fuel sources. The adoption of long-term solutions could alleviate the deforestation
linked to tree extraction for charcoal production.

4.1. Recommendation

Based on the research findings, the following recommendations are proposed:

e Charcoal end-user policies must be augmented by programs that promote public health, protect the
environment, and broaden access to emerging markets.

e Efficient land use management methods, including reforestation and the use of high-efficiency kilns, can
significantly alleviate the negative impacts associated with a sector vital to the national economy.

e The execution of pollution mitigation strategies and public awareness initiatives would yield greater
efficacy. This approach may effectively diminish harmful air emissions in areas adjacent to charcoal kilns.

e Regular exposure to these emissions may lead to chronic health problems if workers do not constantly
utilise respiratory protection equipment.
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e The government ought to control the charcoal production sector and offer environmentally sustainable
technologies, such as fuel-efficient stoves, at accessible costs as alternatives to unsustainable charcoal
production and consumption.

e It is essential to rapidly modify the charcoal production process and improve the market viability and
byproducts of charcoal production.

e Priority must be given to research and technology advancements, financial support, training, and the
development of legal frameworks and administrative solutions aligned with the current infrastructure and
operations.

4.2. Limitations

This analysis includes evidence from a variety of published publications. Owing to this diversity, it was not
consistently feasible to discover research of the same nature, both locally and globally, that investigated
comparable health effects related to charcoal use and manufacturing. Thus, this constitutes a limitation of the
current study. This assessment was limited as numerous health-related outcomes were corroborated by only a
single study, even if the data indicated a robust correlation in multiple cases.

Conflict of Interest

The authors declare that they have no conflict of interest.

Funding

The study did not receive any financial support.

Acknowledgments

None.

References

[11 Getahun Z, Abewaa M, Mengistu A, Adino E, Kontu K, Angassa K, et al. Towards sustainable charcoal production: Designing an
economical  brick  kiln with  enhanced emission control  technology. Heliyon. 2024;  10(2024): e27797.
https://doi.org/10.1016/j.heliyon.2024.e27797

[2] FAO. Enhancing Sustainability and Efficiency of Woodfuel Production and Consumption, Nairobi, 2016. Available from: www.fao.org
(Accessed on 10 July 2017).

[3] Rodriguesa T, Junior AB. Charcoal: A discussion on carbonization kilns. J Anal Appl Pyrolysis. 2019; 143: 104670.
https://doi.org/10.1016/j.jaap.2019.104670

[4] Jelonek Z, Drobniak A, Mastalerz M, Jelonek I. Environmental implications of the quality of charcoal briquettes and lump charcoal used
for grilling. Sci Total Environ. 2020; 747: 141267. https://doi.org/10.1016/j.scitotenv.2020.141267

[5] Kilahama F. Impact of increased charcoal consumption to forests and woodlands in Tanzania. For Ecol Manag. 2008; 308: 45-55.

[6] Toan PV, Kim L, Thanh NT, Toan HL, Tuan LA, Minh HVT, et al. Emission and reduction of air pollutants from charcoal-making process in
the vietnamese mekong delta. Climate. 2023; 11: 149. https://doi.org/10.3390/cli11070149

[7] Ankona E, Nisnevitch M, Knop Y, Billig M, Badwan A, Anker Y. The Eastern Mediterranean charcoal industry: Air pollution prevention by
the implementation of a new ecological retort system. Earth Space Sci. 2022; 9: e2021EA002044. https://doi.org/10.1029/2021EA002044

[8] Shetty R, Prakash NB. Effect of different biochars on acid soil and growth parameters of rice plants under aluminium toxicity. Sci Rep.
2020; 10: 12249. https://doi.org/10.1038/s41598-020-69262-x

[9] Marzeddu S, Cappelli A, Ambrosio A, Décima MA, Viotti P, Boni MR. A life cycle assessment of an energy-biochar chain involving a
gasification plant in Italy. Land. 2021; 10(11): 1256. https://doi.org/10.3390/1and10111256

[10] Slavich PG, Sinclair K, Morris SG, Kimber SWL, Downie A, Van Zwieten L. Contrasting effects of manure and greenwaste biochars on the
properties of an acidic ferralsol and productivity of a subtropical pasture. Plant Soil. 2013; 366(1): 213-27.
https://doi.org/10.1007/s11104-012-1412-3

29



Oluwaseun Princess Okimiji The Global Environmental Engineers, 11, 2024

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(191

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

|

[32]

[33]

[34]

[35]

[36]

Soinne H, Keskinen R, Heikkinen J, Hyvaluoma J, Uusitalo R, Peltoniemi K. et al. Are there environmental or agricultural benefitsin using
forest residue biochar in boreal agricultural clay soil? Sci Total Environ. 2020; 731: 138955. https://doi.org/10.1016/].
scitotenv.2020.138955

Pandit R, Parrotta JA, Chaudhary AK, Karlen DL, Vieira DL, Anker MY, et al. A framework to evaluate land degradation and restoration
responses for improved planning and. Ecosyst People. 2020; 15(1): 1-18. https://doi.org/10.1080/26395916.2019.1697756

Boni MR, Chiavola A, Antonucci A, Mattia ED, Marzeddu S. A novel treatment for Cd-contaminated solution through adsorption on beech
charcoal: The effect of bioactivation. Desalin Water Treat. 2018; 127: 104-10. https://doi.org/10.5004/dwt.2018.22664

Gupta VK, Saleh TA. Sorption of pollutants by porous carbon, carbon nanotubes and fullerene- An overview. Environ Sci Pollut Res. 2013;
20(5): 2828-43. https://doi.org/10.1007/s11356-013-1524-1

Joseph S, Cowie AL, Van Zwieten L. How biochar works, and when it doesn't: A review of mechanisms controlling soil and plant
responses to biochar. GCB Bioenergy. 2021; 13: 1731-64. https://doi.org/10.1111/gcbb.12885

Idowu OS, De Azevedo LB, Zohoori FV, Kanmodi K, Pak T. Health risks associated with the production and usage of charcoal: a
systematic review. BMJ Open. 2023; 13: e065914. https://doi.org/10.1136/bmjopen-2022-065914

Leman A, Feriyanto D, Nazri AA, Sunar N, Salleh MNM. Burner characteristics for activated carbon production. MATEC Web Conf. EDP
Sci. 2017; 87: 02018. https://doi.org/10.1051/matecconf/20178702018

Ortiz O, Martinez N, Mengual C, Noriega S. Steady state simulation of a rotary kiln for charcoal activation. Lat Am Appl Res. 2003; 33: 51-
7.

de Oliveira Vilela A, Lora ES, Quintero QR, Vicintin RA, da Silva e Souza TP. A new technology for the combined production of charcoal
and electricity through cogeneration. Biomass Bioenergy. 2014; 69: 222-40. https://doi.org/10.1016/j.biombioe.2014.06.019

Sun M, Zhang J, Li K, Barati M, Liu Z. Co-gasification characteristics of coke blended with hydro-char and pyro-char from bamboo.
Energy. 2022; 241: 122890. https://doi.org/10.1016/j.energy.2021.122890

Qambrani NA, Rahman MM, Won S, Shim S, Ra C. Biochar properties and eco-friendly applications for climate change mitigation, waste
management, and  wastewater treatment: A  review. Renew  Sustain  Energy Rev. 2017, 79:  255-73.
https://doi.org/10.1016/j.rser.2017.05.057

Mukherjee S, Kumar S, Misra AK, Fan M. Removal of phenols from water environment by activated carbon, bagasse ash and wood
charcoal. Chem EngJ. 2007; 129(2007): 133-42. https://doi.org/10.1016/).CE}.2006.10.030

Lopez S, Castro R, Garcia E, Pazo J, Barroso C. The use of activated charcoal in combination with other fining agents and its influence on
the organoleptic properties of sherry wine. Eur Food Res Technol. 2001; 212: 671-75. https://doi.org/10.1007/s002170100300

Laird DA. The charcoal vision: a win-win-win scenario for simultaneously producing bioenergy, permanently sequestering carbon, while
improving soil and water quality. Agron J. 2008; 100(1): 178-81. https://doi.org/10.2134/agronj2007.0161

Ahmad RK, Sulaiman SA, Yusup S, Dol SS, Inayat M, Umar HA. Exploring the potential of coconut shell biomass for charcoal production.
Ain Shams Eng J. 2022; 13(1): 101499. https://doi.org/10.1016/j.asej.2021.05.013

Bekele B, Kemal AW. Determents of sustainable charcoal production in AWI zone; the case of Fagita Lekoma district, Ethiopia. Heliyon.
2022; 8(12): e11963. https://doi.org/10.1016/j.heliyon.2022.e11963

Mensah KE, Damnyag L, Kwabena NS. Analysis of charcoal production with recent developments in sub-Sahara Africa: a review. Afr
Geograph Rev. 2022; 41: 35-55. https://doi.org/10.1080/19376812.2020.1846133

Wilkinson P, Smith KR, Joffe M, Haines A. A global perspective on energy: health effects and injustices. Lancet. 2007; 370: 965-78.
https://doi.org/10.1016/50140-6736(07)61252-5

Ezzati M, Kammen DM. The health impacts of exposure to indoor air pollution from solid fuels in developing countries: knowledge,
gaps, and data needs. Environ Health Perspect. 2002; 110: 1057-68. https://doi.org/10.1289/ehp.021101057

Woolley KE, Bartington SE, Kabera T, Lao TQ, Pope FD, Greenfield SM. Comparison of respiratory health impacts associated with wood
and charcoal Biomass fuels: a population-based analysis of 475,000 children from 30 low-and middle-income countries. Int ] Environ
Res Public Health. 2021; 18: 9305. https://doi.org/10.3390/ijerph18179305

Charvet F, Matos A, da Silva JF, Tarelho L, Leite M, Neves D. Charcoal production in Portugal: operating conditions and performance of a
traditional brick kiln. Energies. 2022; 15(13): 4775. https://doi.org/10.3390/en15134775

Januszewicz K, Kazimierski P, Klein M, Karda$ D, tuczak J. Activated carbon produced by pyrolysis of waste wood and straw for potential
wastewater adsorption. Materials. 2020; 13(9): 2047. https://doi.org/10.3390/ma13092047

Zhao C, Jiang E, Chen A. Volatile production from pyrolysis of cellulose, hemicellulose and lignin. J Energy Inst. 2017; 90: 902-13.
https://doi.org/10.1016/j.joei.2016.08.004

Rizzo AM, Pettorali M, Nistri R, Chiaramonti D. Mass and energy balances of an autothermal pilot carbonization unit. Biomass
Bioenergy. 2019; 120: 144-55. https://doi.org/10.1016/j.biombioe.2018.11.009

Demirbas A. Sustainable charcoal production and charcoal briquetting. energy sources, Part A recover. Util Environ Eff. 2009; 31(19):
1694-9. https://doi.org/10.1080/15567030802094060

Neves D, Thunman H, Matos A, Tarelho L, Gémez-Barea A. Characterization and prediction of biomass pyrolysis products. Prog Energy
Combust Sci. 2011; 37: 611-30. https://doi.org/10.1016/j.pecs.2011.01.001

30



Charcoal-production, Air Pollutant Impacts on Ambient Environment and Associated Health Risks Oluwaseun Princess Okimiji

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]
[46]
[47]

(48]
[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

(571
(58]

(591
(601

[61]

[62]

[63]

Pfotenhauer DJ, Coffey ER, Piedrahita R, Agao D, Alirigia R, Muvandimwe D, et al. Updated emission factors from diffuse combustion
sources in sub-saharan Africa and their effect on regional emission estimates. Environ Sci Technol. 2019; 53: 6392-401.
https://doi.org/10.1021/acs.est.8b06155

Malimbwi RE, Zahabu EM. Woodlands and the Charcoal Trade: The Case of Dar Es Salaam City; Working Papers of the Finnish Forest
Research Institute; 2008, 98-114; Tanzania, 2008.

Akagi SK, Yokelson RJ, Wiedinmyer C, Alvarado M, Reid JS, Karl T, et al. Emission factors for open and domestic biomass burning for use
in atmospheric models. Atmos Chem Phys. 2011; 11(9): 4039-72. https://doi.org/10.5194/acp-11-4039-2011

Chidumayo EN, Gumbo DJ. The environmental impacts of charcoal production in tropical ecosystems of the world: a synthesis. Energy
Sustain Dev. 2013; 17(2): 86-94. https://doi.org/https://doi.org/10.1016/j.esd.2012.07.004

Bailis R, Drigo R, Ghilardi A, Masera O. The carbon footprint of traditional woodfuels. Nat Clim Chang. 2015; 5: 266.
https://doi.org/10.1038/nclimate2491

Mwampamba TH. Has the woodfuel crisis returned? Urban charcoal consumption in Tanzania and its implications to present and future
forest availability. Energy Policy. 2007; 35(8): 4221-34. https://doi.org/https://doi.org/10.1016/j.enpol.2007.02.010

Sedano F, Lisboa SN, Duncanson L, Ribeiro N, Sitoe A, Sahajpal R, et al. Monitoring forest degradation from charcoal production with
historical landsat imagery. A case study in southern Mozambique. Environ Res Lett. 2020; 15(1): 015001. https://doi.org/10.1088/1748-
9326/ab3186

FAO. (Food and Agricultural Organization. Sustainable Charcoal Production for Food Security and Forest Landscape Restoration |. 2020;
FAO. 2015-2020.

FAO. (Food and Agricultural Organization). Global forest products facts and figures 2018. Italy. 2019.
OEC. Wood charcoal trade, 4402. 2020; Retrieved from https://oec.world/en/profile/hs92/wood-charcoal

Namaalwa J, Hofstad O, Sankhayan PL. Achieving sustainable charcoal supply from woodlands to urban consumers in Kampala,
Uganda. Int For Rev. 2009; 11(1): 64-78. https://doi.org/10.1505/ifor.11.1.64

Tomaselli I. Forests and Energy in Developing Countries (Vol. 32). Food and Agriculture Organization of The United Nations; 2007.
Pyshyev S, Miroshnichenko D, Malik |, Bautista Contreras A, Hassan N, Abd Elrasoul A. State of the art in the production of charcoal: A
review. Chem Chem Technol. 2021; 15: 61-73. https://doi.org/10.23939/chcht15.01.061

Sparrevik M, Cornelissen G, Sparrevik M, Adam C, Martinsen V, Cornelissen G, et al. Emissions of gases and particles from
charcoal/biochar production in rural areas using medium-sized traditional and improved "retort" kilns. Biomass Bioenergy. 2015; 72: 65-
73. https://doi.org/10.1016/j.biombioe.2014.11.016

Bashir Z, Amjad M, Raza SF, Ahmad S, Abdollahian M, Faroog M. Investigating the impact of shifting the brick kiln industry from
conventional to zigzag technology for a sustainable environment. Sustainability. 2023; 15(10): 8291. https://doi.org/10.3390/su15108291

da Silva LF, Arantes MDC, Marcelino RAG, Mendes Castro AFN, Da Mata Ataide G, Oliveira Castro RV. et al. Kiln-furnace system: Validation
of a technology for producing charcoal with less environmental impact in Brazil. Forests. 2024; 15(4): 645.
https://doi.org/10.3390/f15040645

Adam JC. Improved and more environmentally friendly charcoal production system using a low-cost retort-kiln (Eco-charcoal). Renew
Energy. 2009; 34(8): 1923-5. https://doi.org/10.1016/j.renene.2008.12.009

UN. (United Nations). African regional implementation review for the commission on sustainable development (CSD-14 ) report on the
review of African sustainable industrial development. 2006; Retrieved from
https://sustainabledevelopment.un.org/content/documents/ecaRIM_bp3.pdf

Lee C, Chandler C, Lazarus M, Johnson FX. Assessing the climate impacts of cookstove projects: Issues in emissions accounting, stock.
Challenges Sustain. 2013; 1(2): 53-71. https://doi.org/10.12924/cis2013.01020053

Hamatui N, Naidoo RN, Kgabi N. Respiratory health effects of occupational exposure to charcoal dust in Namibia. Int ] Occup Environ
Health. 2016; 22: 240-8. https://doi.org/10.1080/10773525.2016.1214795

EIA (Energy Information Administration). International Energy Outlook. Washington, D.C.2001.

World Bank. GDP per capita (Current US$)", 'Access to Electricity (% of population)', and 'Combustible Renewables and Waste (% of
population)'. 2014; Data obtained from http://data.worldbank.org/indicator

Goanue AV. Status of Renewable Energy in Liberia. Presentation of Rural and Renewable Energy Agency, 2009.

DeFries R, Pandey D. Urbanization, the energy ladder and forest transitions in India's emerging economy. Land Use Policy. 2010; 27(2):
130-8. https://doi.org/10.1016/j.landusepol.2009.07.003
Smith KR, Apte MG, Yuging M, Wongsekiarttirat W, Kulkarni A. Air pollution and the Energy Ladder in Asian cities. Energy. 1994; 19(5):
587-600. https://doi.org/10.1016/0360-5442(94)90054-X

Carneiro ACO, Castro AFV, Castro RVO, Santos RC, Ferreira LP, Damasio RAP, et al. Potencial energético da madeira de Eucalyptus sp. em
funcdo da idade e de diferentes materiais genéticos. Revista Arvore. 2014; 38(2): 375-81. https://doi.org/10.1590/50100-
67622014000200019

Madubansi M, Shackleton CM. Changes in fuelwood use and selection following electrification in the Bushbuckridge lowveld, South
Africa. ] Environ Manage. 2007; 83(4): 416-26. https://doi.org/10.1016/j.jenvman.2006.03.014

31



Oluwaseun Princess Okimiji The Global Environmental Engineers, 11, 2024

[64]

[65]

[66]
[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[7el

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[8e]

[87]

[88]

[89]

[90]

Prasad G. Energy sector reform, energy transitions and the poor in Africa. Energy Policy. 2008; 36(8): 2806-11.
https://doi.org/10.1016/j.enpol.2008.02.042

Okello C, Pindozzi S, Faugno S, Boccia L. Development of bioenergy technologies in Uganda: A review of progress. Renew Sustain Energy
Rev. 2013; 218: 55-63. https://doi.org/10.1016/j.rser.2012.10.004

Oliveira AC. Sistema forno-fornalha para producdo de carvao vegetal [dissertacdo]. Vicosa: Universidade Federal de Vigosa; 2012.

Vale AT, Brasil MAM, Ledo AL. Quantificagdo e caracterizacdo energética da madeira e casca de espécies do cerrado. Ciéncia Florestal.
2022; 12(1): 71-80. https://doi.org/10.5902/198050981702

Leme M. Estudo técnico, econdbmico e ambiental da utilizagdo de alternativas tecnolégicas para a geracdo de eletricidade na cadeia
produtiva do carvdo vegetal no Brasil [tese]. Itajuba: Universidade Federal de Itajuba; 2016.

Ahmed B, Shamaki SB, Gidado AH, Alaji DG, Kwaha JD, lliyasu AL, et al. Assessment of environmental impacts of charcoal production in
gummi local government Area, Zamfara State, Nigeria. ] Agric Environt. 2021; 17(2): 133-42.

Luwaya E. Improvement of conversion efficiency of charcoal kiln using a numerical method. (PhD thesis) Department of Mechanical
Engineering, University of Zambia; 2015.

IEA (International Energy Agency). Secure Sustainable Together, Energy Access Outlook; From poverty to Prosperity. Special Report;
OECD/IEA, 2017; International Energy Agency. www.iea.org/energyaccess (Assessed on 8 Nov, 2024).

Schure J, Pinta F, Cerutti PO, Kasereka-Muvatsi L. Efficiency of charcoal production in Sub-Saharan Africa: Solutions beyond the kiln. Bois
et Foréts des Tropiques. 2019; 340: 57-70. https://doi.org/10.19182/bft2019.340.a31691

WHO. Progress on basic energy access reverses for first time in a decade. 2024. https://www.who.int/news/item/08-06-24-progress on
basic energy access reverses for first time in a decade. (Assessed on 08 Nov, 2024)

United Nations. Transforming our world: the 2030 Agenda for Sustainable Development. United Nations, A/res/70/1, 2015; p. 35.
Available from: https://sustainabledevelopment.un.org/post2015/transformingourworld

Mwampamba TH, Ghilardi A, Sander K, Chaix KJ. Dispelling common misconceptions to improve attitudes and policy outlook on
charcoal in developing countries. Energy Sustain Dev. 2013; 17(2): 75-85. https://doi.org/10.1016/j.esd.2013.01.001

Owen M, Van der Plas R, Sepp S. Can There Be Energy Policy in Sub-Saharan Africa without Biomass? Energy Sustain Dev. 2013; 17: 146-
52. https://doi.org/10.1016/j.esd.2012.10.005

Schure J, Ingram V, Arts B, Levang P, Mvula-Mampasi E. Institutions and access to woodfuel commerce in the Democratic Republic of
Congo. For Policy Econ. 2015; 50: 53-61. https://doi.org/10.1016/j.forpol.2014.06.010

(a) Girard P, Napoli A. La pyrolyse. In: Schenkel Y, Benabdallah B, Eds. Guide Biomasse Energie. 2" ed. Belgium: Institute of Energy and
Environment of the Francophonie (IEPF); 2005, pp. 163-82. Available from:
https://www.ifdd.francophonie.org/media/docs/publications/248_Guide_biomasse_2005.pdf (b) EAO (Energy Access Outlook 2017: From
poverty to prosperity. OECD/IEA; 2017. https://webstore.iea.org/weo-2017-special-report-energy-access-outlook

FAQO. The charcoal transition: greening the charcoal value chain to mitigate climate change and improve local livelihoods. Rome, Italy:
FAO; 20173, p.184. http://www.fao.org/3/ai6935e.pdf

Ishaya S, lkediashi T, Yetunde BJ, Monica ON. Assessment of ambient air within the vicinity of charcoal production site in Kunguni
community, kwali area council in Abuja, Nigeria. Dutse ] Pure Appl Sci. 2023; 9(4b): 284-304. https://dx.doi.org/10.4314/dujopas.v9idb.24

World Health Organization. Guidelines for indoor air quality: Ambient (outdoor) air pollution. 2022; Available online:
https:www.who.int/news-room/factsheets/detail/ambient-(outdoor)-air-quality-and health. (Accessed on 19 Dec 2022).

Onekon WA, Kipchirchir KO. Assessing the effect of charcoal production and use on the transition to a green economy in Kenya. Trop
Subtrop Agro-ecosystems. 2012; 19(3): 327-335. https://doi.org/10.56369/tsaes.2243

Gazull L, Gautier D. Woodfuel in a global change context. Wiley Interdisciplinary Reviews: Energy Environ. 2015; 4(2): 156-70.
https://doi.org/10.1002/wene.115

Arnold JEM, Kéhlin G, Persson R. Woodfuels, livelihoods, and policy interventions: Changing Perspectives. World Dev. 2006; 34(3): 596-
611. https://doi.org/10.1016/j.worlddev.2005.08.008

Zulu LG, Richardson RB. Charcoal, livelihoods, and poverty reduction: Evidence from sub-Saharan Africa. Energy Sustain Deve. 2013; 17:
127-37. https://doi.org/10.1016/j.esd.2012.07.007

Alem S, Duraisamy J, Legesse E, Seboka Y. Wood charcoal supply to addis ababa city and it's effect on the environment. ] Energy Environ.
2010; 21(6): 601-9. https://doi.org/10.1260/0958-305X.21.6.601

Fei R, Di G, Cheng H. Classification of air pollution in China. In: International Conference on Computer Graphics, Artificial Intelligence,
and Data Processing (ICCAID 2021), 2021, Harbin, China: 121682E. https://doi.org/10.1117/12.2631163

World Health Organization. Preventing Disease through Healthy Environments: A Global Assessment of the Burden of Disease From
Environmental Risks. 2020. Available online: https://apps.who.int/iris/handle/10665/204585 (accessed on 29 April 2020).

Song C. Health burden attributable to ambient PM2.5 in China. Environ Pollut. 2017; 223(1): 575-86.
https://doi.org/10.1016/j.envpol.2017.01.060

Mohammad T, Amirhossein B, Mahdieh A, Oliver HG. Spatial/temporal variability in transportation emissions and air quality in NYC
cordon pricing. Transp Res D: Transp Environ. 2020; 89: 102620. https://doi.org/10.1016/j.trd.2020.102620

32


https://www.ifdd.francophonie.org/media/docs/publications/248_Guide_biomasse_2005.pdf

Charcoal-production, Air Pollutant Impacts on Ambient Environment and Associated Health Risks Oluwaseun Princess Okimiji

[91]

[92]

[93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

Chang QLH, Zhang B. Spatial-temporal characteristics and socio-economic influencing factors of air quality in major cities along the
yellow river. Ecol Econ. 2021; 37 (7): 7-14.

Orru H, Marek M, Taavi L, Tanel T, Marko K, Veljo K, et al. Health impacts of particulate matter in five major Estonian towns: Main sources
of exposure and local differences. Air Quality Health. 2010; 4(3): 247-58. https://doi.org/10.1007/511869-010-0075-6

Abidin ZE, Semple S, Irniza R, Sharifah NS, Jon GA. The relationship between air pollution and asthma in Malaysian school children. Air
Quality Atmos Health. 2014; 7(3): 421-32. https://doi.org/10.1007/s11869-014-0252-0

Ismail M, Muhammad D, Khan FU, Munsif F, Ahmad T, Ali S, et al. Effect of brick kilns emissions on heavy metal (Cd and Cr) content of
contiguous soil and plants. Sarhad | Agric. 2012; 28: 165-70.

WHO. Air Pollution. World Health Organization. 2018; Available online: https://www.who.int/topics/airpollution/en (accessed on 23 April
2018).

Pervaiz S, Akram MAN, Khan FZ, Javid K, Zahid Y. Brick Sector and Air Quality: An Integrated Assessment towards 2020 Challenge of
Environment Development. Environ Nat Resour J. 2021; 19: 153-64. https://doi.org/10.32526/ennrj/19/2020203

Stanaway JD, Afshin A, Gakidou E, Lim SS, Abate D, Abate KH, et al. Global, regional, and national comparative risk 927 assessment of 84
behavioural, environmental and occupational, and metabolic risks or clusters of risks for 195 countries and territories, 1990-2017: a
systematic analysis for the Global Burden of Disease Study 2017. Lancet. 2018; 392(10159): 1923-94. https://doi.org/10.1016/S0140-
6736(18)32225-6

Manisalidis |, Stavropoulou E, Stavropoulos A, Bezirtzoglou E. Environmental and health impacts of air pollution: a review. Front Public
Health. 2020; 8: Article 14. https://doi.org/10.3389/fpubh.2020.00014

Sahu SK, Beig G, Parkhi NS. Emissions inventory of anthropogenic PM2.5 and PM10 in Delhi during Commonwealth Games. Atmos
Environ. 2011; 45: 6180-90.

Mangaraj P, Sahu SK, Beig G, Yadav R. A comprehensive high-848 resolution gridded emission inventory of anthropogenic sources of air
pollutants in Indian megacity Kolkata, SN. Appl Sci. 2022; 4: 117. https://doi.org/10.1007/s42452-022-05001-3

Albuquerque FB, de Melo RR, Pimenta AS. Mini-rectangular kiln to produce charcoal and wood vinegar. Floresta Ambient. 2024; 31(3):
€20240022. https://doi.org/10.1590/2179-8087-floram-2024-0022

Hussain A, Khan N, Ullah M, Imran M, lbrahim M, Hussain J, et al. Brick kilns air pollution and its impact on the Peshawar city. Pollution.
2022; 8(4): 1266-73. https://doi.org/10.22059/POLL.2022.341450.1436

Sahu SK, Mangaraj P, Beig G. Decadal growth in emission load of major air pollutants 1 in Delhi. Earth Sys Sci Data. 2023; 1-39.
https://doi.org/10.5194/essd-2023-90

Raza A, Ali Z. Impact of air pollution generated by brick kilns on the pulmonary health of workers. ] Health Pollut. 2021; 11(31): 1-10.
https://doi.org/10.5696/2156-9614-11.31.210906

Tippayawong N, Saengow N, Chaiya E, Srisang N. Production of charcoal from woods and bamboo in a small natural draft carbonizer.
Int ] Energy Environ. 2010; 1(5): 911-8.

Lachowicz JI, Milia S, Jaremko M, Oddone E, Cannizzaro E, Cirrincione L, et al. Cooking particulate matter: a systematic review on
nanoparticle exposure in the indoor cooking environment. Atmosphere. 2022; 14: 12. https://doi.org/10.3390/atmos14010012

Huang HL, Lee WMG, Wu FS. Emissions of air pollutants from indoor charcoal barbecue. | Hazard Mater. 2016; 302: 198-207.
https://doi.org/10.1016/j.jhazmat.2015.09.048

Yu KP, Chen YC, Miao Y], Siregar S, Tsai YW, Lee WMG. Effects of oil drops and the charcoal's proximate composition on the air pollution
emitted from charcoal barbecues. Aerosol Air Qual Res. 2020; 20: 1480-94. https://doi.org/10.4209/aaqr.2019.01.0042

Dias Junior AF, Esteves RP, da Silva 'AM, Sousa Junior AD, Oliveira MP, Brito JO, et al. Investigating the pyrolysis temperature to define the
use of charcoal. Eur | Wood Prod. 2020; 78, 193-204. https://doi.org/10.1007/s00107-019-01489-6

Jeoung TY, Yang SM, Kang SG. Study on fuel specificity and harmful air pollutants factor of agglomerated wood charcoal. ] Korean Wood
Sci. 2020; 48: 253-66. https://doi.org/10.5658/W0O0D.2020.48.2.253

Pennise DM, Smith KR, Kithinji JP, Rezende ME, Raad TJ, Zhang J, et al. Emissions of greenhouse gases and other airborne pollutants
from charcoal making in Kenya and Brazil. | Geophys Res Atmos. 2001; 106: 24143-55. https://doi.org/10.1029/2000)D000041

Burnett R, Chen H, Szyszkowicz M, Fann N, Hubbell B, Pope CA, et al. Global estimates of mortality associated with long-term exposure
to outdoor fine particulate matter. Proc Natl Acad Sci USA. 2018; 115: 9592-7. https://doi.org/10.1073/pnas.1803222115

Koppmann R, Czapiewski K, Reid J. A review of Biomass burning emissions, part |: gaseous emissions of carbon Monoxide, methane,
volatile organic compounds, and nitrogen containing compounds. Atmos Chem Phys Discuss. 2005; 5: 10455-516.
https://doi.org/10.5194/acpd-5-10455-2005

Wei W, Zhang W, Hu D, Ou L, Tong Y, Shen G, Shen H, et al. Emissions of carbon Monoxide and carbon dioxide from Uncompressed and
Pelletized Biomass fuel burning in typical household stoves in China. Atmosph Environ. 2012; 56: 136-42.
https://doi.org/10.1016/j.atmosenv.2012.03.060

Gilman JB, Lerner BM, Kuster WC, Goldan PD, Warneke C, Veres PR, et al. Biomass burning emissions and potential air quality impacts of
volatile organic compounds and other trace gases from fuels common in the US. Atmos Chem Phys. 2015; 15: 13915-38.
https://doi.org/10.5194/acp-15-13915-2015

33



Oluwaseun Princess Okimiji The Global Environmental Engineers, 11, 2024

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

Ozgen S, Cernuschi S, Caserini S. An overview of nitrogen oxides emissions from Biomass combustion for domestic heat production.
Renew Sustain Energy Rev. 2021; 135: 110113. https://doi.org/10.1016/j.rser.2020.110113

Nguyen T, Hlangothi D, Martinez RA, Jacob D, Anthony K, Nance H, et al. Charcoal burning as a source of Polyaromatic hydrocarbons in
Waterpipe smoking. | Environ Sci Health B. 2013; 48: 1097-102. https://doi.org/10.1080/03601234.2013.824300

Yang W, Zhu Y, Cheng W, Wang M, Song W, Yu D, et al. Characteristics of particulate matter emitted from agricultural Biomass
combustion. Energy Fuels. 2017; 31: 7493-501. https://doi.org/10.1021/acs.energyfuels.7b00229

Jelonek Z, Drobniak A, Mastalerz M, Jelonek I. Environmental implications of the quality of charcoal briquettes and lump charcoal used
for grilling. Sci Total Environ. 2020; 747(10): 141267. https://doi.org/10.1016/j.scitotenv.2020.141267

Ju YM, Jeong H, Chea KS, Ahn BJ, Lee SM. Evaluation of the amount of gas generated through combustion of wood charcoal and
agglomerated charcoal depending on air ventilation. ] Korean Wood Sci. 2020; 48: 847-60. https://doi.org/10.5658/W00D.2020.48.6.847

Harris P. On charcoal. Interdis Sci Rev. 1999; 24: 301-6. https://doi.org/10.1179/030801899678966

Kleinhans U, Wieland C, Frandsen FJ, Spliethoff H. Ash formation and deposition in coal and biomass fired combustion systems:
progress and challenges in the field of ash particle sticking and rebound behavior. Prog Energy Combust Sci. 2018; 68: 65-168.
https://doi.org/10.1016/j.pecs.2018.02.001

Yang W, Pudasainee D, Gupta R, Li W, Wang B, Sun L. An overview of inorganic particulate matter emission from coal/biomass/MSW
combustion: sampling and measurement, formation, distribution, inorganic composition and influencing factors. Fuel Process Technol.
2021; 213: 106657. https://doi.org/10.1016/j.fuproc.2020.106657

Mencarelli A, Cavalli R, Greco R. Variability on the energy properties of charcoal and charcoal briquettes for barbecue. Heliyon. 2022;
8(8): 1-9. https://doi.org/10.1016/j.heliyon.2022.e10052

Souza MS, Magnarelli GG, Rovedatti MG, Santa Cruz S, Pechen De D'Angelo AM. Prenatal exposure to pesticides: analysis of human
placental acetylcholinesterase, glutathione S-transferase and catalase as biomarkers of effect. Biomarkers. 2005; 10: 376-89.
https://doi.org/10.1080/13547500500272614

Eniola P, Odebode S, Ayandele B. Contributions of charcoal production to socio-economic activities of rural dwellers in the rain forest
agro-ecological zone of Nigeria. Recent Adv Petrochem Sci. 2018; 6: 555683. https://doi.org/10.19080/RAPSCI.2018.06.555683

Nabukalu C, Gieré R. Charcoal as an energy resource: Global trade, production and socioeconomic practices observed in Uganda.
Resources. 2019; 8: 183. https://doi.org/10.3390/resources8040183

Schure J, Ingram V, Sakho-jimbira MS, Levang P, Wiersum KF. Formalisation of charcoal value chains and livelihood outcomes in Central-
and West Africa. Energy Sustain Dev. 2013; 17: 95-105. https://doi.org/10.1016/j.esd.2012.07.002

Ribot JC. Theorizing access: forest profits along senegal's charcoal commodity chain. Dev Change. 1998; 29: 307-41.
https://doi.org/10.1111/1467-7660.00080

Post J, Snel M. The impact of decentralised forest management on charcoal production practices in Eastern Senegal. Geoforum. 2003;
34(1): 85-98. https://doi.org/10.1016/S0016-7185(02)00034-9

Fisher M. Household welfare and forest dependence in southern Malawi. Environ Dev Econ. 2004; 9(2): 135-54.
https://doi.org/10.1017/S1355770X03001219

Cuvilas CA, Jirjis R, Lucas C. Energy situation in Mozambique: A review. Renew Sustain Energy Rev. 2010; 14(7): 2139-46.
https://doi.org/10.1016/j.rser.2010.02.002

Obiebi IP, Oyibo PG. A cross-sectional analysis of respiratory ill-health among charcoal workers and its implications for strengthening
occupational health services in southern Nigeria. BMJ Open. 2019; 9: e022361. https://doi.org/10.1136/bmjopen-2018-022361

da Silva Viana Jacobson L, de Souza Hacon S, de Castro HA, Ignotti E, Artaxo P, Saldiva PH, et al. Acute effects of particulate matter and
black carbon from seasonal fires on peak expiratory flow of schoolchildren in the Brazilian Amazon. PLoS One. 2014; 9: e104177.
https://doi.org/10.1371/journal.pone.0104177

El-Batrawy OA. Air quality around charcoal making kilns and the potential health hazards. Int J Environ. 2019; 8(4): 180-8.
https://doi.org/10.36632/ije/2019.8.4.4

Ullah S, Khan AA, Haqg KU, Nabi G. Effects of occupational exposure to smoke and dust in brick kiln occupants. Am Res Thoughts. 2015;
1(5): 1511-22.

Vaidya VG, Mamulwar MS, Ray SB, Beena R, Bhathlawande PV, Ubale S. Occupational health hazards of women working in brick kiln and
construction industry. J Kris Inst Med Sci Uni. 2015; 4(1): 45-54.

Salam MT, Millstein J, Li YF, Lurmann FW, Margolis HG, Gilliland FD. Birth outcomes and prenatal exposure to ozone, carbon monoxide,
and particulate matter: Results from the children's health study. Environ Health Perspect. 2005; 113: 1638-44.
https://doi.org/10.1289/ehp.8111

Lui KH, Bandowe BA, Tian L, Chan CS, Cao JJ, Ning Z, et al. Cancer risk from polycyclic aromatic compounds in fine particulate matter
generated  from household coal combustion in  Xuanwei, China. Chemosphere. 2017; 169: 660-8.
https://doi.org/10.1016/j.chemosphere.2016.11.112

Li H, You S, Zhang H, Zheng W, Zou L. Investigating the environmental quality deterioration and human health hazard caused by heating
emissions. Sci Total Environ. 2018; 628: 1209-22. https://doi.org/10.1016/j.scitotenv.2018.01.313

34



Charcoal-production, Air Pollutant Impacts on Ambient Environment and Associated Health Risks Oluwaseun Princess Okimiji

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

Mishra V, Retherford RD. Does biofuel smoke contribute to anaemia and stunting in early childhood? Int ] Epidemiol. 2007; 36: 117-29.
https://doi.org/10.1093/ije/dyl234

Fullerton DG, Semple S, Kalambo F, Suseno A, Malamba R, Henderson G, et al. Biomass fuel use and indoor air pollution in homes in
Malawi. Occup Environ Med. 2009; 66: 777-83. https://doi.org/10.1136/0em.2008.045013

Barone-Adesi F, Chapman RS, Silverman DT, He X, Hu W, Vermeulen R, et al. Risk of lung cancer associated with domestic use of coal in
Xuanwei, China: retrospective cohort study. BMJ. 2012; 345: e5414. https://doi.org/10.1136/bmj.e5414

Edokpa DA, lkelegbe OO. Ambient air quality and human health in oil producing rural communities of Edo State. In: Nigerian
Meteorological Society (NMetS) conference proceedings of the 2012. Theme: climate change and variability: saving our tomorrow today.
2012, pp. 180-5.

Kurmi OP, Lam KBH, Ayres JG. Indoor air pollution and the lung in low- and medium-income countries. Eur Respir J. 2012; 40: 239-54.
https://doi.org/10.1183/09031936.00190211

Tzanakis N, Kallergis K, Bouros D, Samiou M, Siafakas N. Short-term effects of wood smoke exposure on the respiratory system among
charcoal production workers. Chest. 2001; 119: 1260-5. https ://doi.org/10.1378/chest .119.4.1260

Ediagbonya TF, Tobin AE. Air pollution and respiratory morbidity in an urban area of Nigeria. Greener ] Environ Manag Pub Saf. 2013;
2(1): 010-5. https://doi.org/10.15580/GJEMPS.2013.1.101112106

Svedahl S, Svendsen K, Qvenild T, Sjaastad AK, Hilt B. Short term exposure to cooking fumes and pulmonary function. J Occup Med
Toxicol. 2009; 4: 9. https://doi.org/10.1186/1745-6673-4-9

Swiston JR, Davidson W, Attridge S, Li GT, Brauer M, van Eeden SF. Wood smoke exposure induces a pulmonary and systemic
inflammatory response in firefighters. Eur Respir J. 2008; 32(1): 129-38. https://doi.org/10.1183/09031936.00097707

Keraka M, Ochieng C, Engelbrecht J, Hongoro C. Association between the use of biomass fuels on respiratory health of workers in food
catering enterprises in Nairobi Kenya. Pan Afr Med J. 2013; 15: 12. https://doi.org/10.11604/pam;.2013.15.12.1831

Adewole OO, Desalu OO, Nwogu KC, Adewole TO, Erhabor GE. Respiratory symptoms and lung function pattern in workers exposed to
wood smoke and cooking oil fumes (Mai Suya) in Nigeria. Ann Med Health Sci Res. 2013; 3(1): 38-42. https://doi.org/10.4103/2141-
9248.109475

Zhou Y, Zi T, Lang J, Huang D, Wei P, Chen D, et al. Impact of rural residential coal combustion on air pollution in Shandong, China.
Chemosphere. 2020; 260: 127517. https://doi.org/10.1016/j.chemosphere.2020.127517

de Souza RM, Costa CC da, Watte G, Teixeira PJZ. Lung function and respiratory symptoms in charcoal workers in Southern Brazil: an
eight-year cohort study. ] Bras Pneumol. 2020; 46: S1806. https://doi.org/10.36416/1806-3756/e20200250

Pramchoo W, Geater AF, Jamulitrat S, Geater SL, Tangtrakulwanich B. Occupational tasks influencing lung function and respiratory
symptoms among charcoal-production  workers: A  time-series study. Saf Health Work. 2017, 8  250-7.
https://doi.org/10.1016/j.shaw.2016.11.006

Senya BK, Anim NB, Domson BSK, Edu P. Prevalence of asymptomatic Mycobacterium tuberculosis infection in charcoal producers: A
cross-sectional study in Kaase, Ghana. ] Pathog. 2018; 2018: 9094803. https://doi.org/10.1155/2018/9094803

Naeher LP, Brauer M, Lipsett M, Zelikoff JT, Simpson CD, Koenig JQ, et al. Woodsmoke health effects: a review. Inhal Toxicol. 2007; 19: 67-
106. https://doi.org/10.1080/08958370600985875

Obiebi IP, Ibekwe RU, Eze GU. Lung function impairment among charcoal workers in an informal occupational setting in Southern
Nigeria. African ] Res Med. 2017; 13: 8-13.

Maia IMO, de Francisco AC. Workers' postural conditions in the charcoal production Proccess based on vertical metallic Cylynders. Work.
2012; 41: 453-61. https://doi.org/10.3233/WOR-2012-0196-453

Alfaro JF, Jones B. Social and environmental impacts of charcoal production in Liberia: evidence from the field. Energy Sustain Dev. 2018;
47:124-32. https://doi.org/10.1016/j.esd.2018.09.004

Zelikoff JT, Chen LC, Cohen MD, Schlesinger RB. The toxicology of inhaled woodsmoke. | Toxicol Environ Health B Crit Rev. 2002; 5: 269-
82. https://doi.org/10.1080/10937400290070062

IARC. International Agency of Research on Cancer. List of agents, mixtures or exposures classified as their carcinogenic risk to human
up to date France: IARC monographs. 2002. Available: https://monographs.iarc.who.int/agents-classifiedby-the-iarc

Pimenta AS, Bayona JM, Garcia MT, Solanas AM. Evaluation of acute toxicity and Genotoxicity of liquid products from Pyrolysis of
eucalyptus Grandis wood. Arch Environ Contam Toxicol. 2000; 38(1): 69-75. https://doi.org/10.1007/s002449910022

Amegah AK, Boachie J, Nayha S, Jaakkola JJ. Association of Biomass fuel use with reduced body weight of adult Ghanaian women. ] Expo
Sci Environ Epidemiol. 2020; 30: 670-9. https://doi.org/10.1038/s41370-019-0129-2

Amegah AK, Jaakkola JJ, Quansah R, Norgbe GK, Dzodzomenyo M. Cooking fuel choices and garbage burning practices as determinants
of birth weight: a cross-sectional study in Accra, Ghana. Environ Health. 2012; 11: 78. https://doi.org/10.1186/1476-069X-11-78

Baumgartner, J., Schauer JJ, Ezzati M, Lu L, Cheng C, Patz JA, et al. Indoor air pollution and blood pressure in adult women living in rural
China. Environ Health Perspect. 2011; 119: 1390-5. https://doi.org/10.1289/ehp.1003371

Quinn AK, Ae-Ngibise KA, Jack DW, Boamah EA, Enuameh Y, Mujtaba MN, et al. Association of carbon monoxide exposure with blood
pressure among pregnant women in rural Ghana: evidence from GRAPHS. Int | Hyg Environ Health. 2016; 219: 176-83.
https://doi.org/10.1016/j.ijheh.2015.10.004

35



Oluwaseun Princess Okimiji The Global Environmental Engineers, 11, 2024

[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]
[175]
[176]
[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]
[190]

[191]

[192]

[193]
[194]
[195]
[196]

Zhou B, Bentham J, Di Cesare M, Bixby H, Danaei G, Cowan MJ, et al. Worldwide trends in blood pressure from 1975 to 2015: a pooled
analysis of 1479 population-based measurement studies with 19+ 1 million participants. Lancet. 2017; 389: 37-55.
https://doi.org/10.1016/50140-6736(16)31919-5

Arku RE, Ezzati M, Baumgartner ], Fink G, Zhou B, Hystad P, et al. Elevated blood pressure and household solid fuel use in
premenopausal women: analysis of 12 demographic and health surveys (DHS) from 10 countries. Environ Res. 2018; 160: 499-505.
https://doi.org/10.1016/j.envres.2017.10.026

Ismaili N, Elomrani A, Belbaraka R, Ismaili N, Elomrani A, Belbaraka R, et al. Female lung cancer in Marrakech. Clin Cancer Investig J.
2013; 2: 128. https://doi.org/10.4103/2278-0513.113635

Muscat JE, Takezaki T, Tajima K, Stellman SD. Charcoal cigarette filters and lung cancer risk in Aichi Prefecture, Japan. Cancer Sci. 2005;
96: 283-7. https://doi.org/10.1111/j.1349-7006.2005.00045.x

Ghorbani SF, Bahrami A, Farasati F. Application of local exhaust ventilation system and integrated collectors for control of air pollutants
in mining company. Ind Health. 2012; 50: 450-7. https://doi.org/10.2486/indhealth.MS1369

Jafari MJ, Karimi A, Azari MR. The role of the exhast ventilation system in reducing occupational exposure to organic solvents in a paint
manufacturing factory. Indian ] Occup Env Med. 2008; 12: 82-7. https://doi.org/10.4103/0019-5278.43266

Maes WH, Verbist B. Increasing the sustainability of household cooking in developing countries: Policy implications. Renew Sustain
Energy Rev. 2012; 16(6): 4204-21. https://doi.org/10.1016/j.rser.2012.03.031

Karekezi S. Poverty and energy in Africa - A brief review. Energy Policy. 2002; 30: 915-9. https://doi.org/10.1016/50301-4215(02)00047-2
World Bank. Overview of harvesting Non-productive rubber trees and charcoal production in Liberia. Report, 30 January, 2012.
Jones B. Social and Environmental Impacts of Charcoal Production in Liberia (Thesis). University of Michigan; 2015, Pp. 1-60.

Tassie K, Misganaw B, Addisu S, Tesfaye E. Socioeconomic and environmental impacts of charcoal production activities of rural
households in mecha district, Ethiopia. Adv Agric. 2024; 1-16. https://doi.org/10.1155/2021/6612720

Marais EA, Wiedinmyer C. Air Quality Impact of Diffuse and Inefficient Combustion Emissions in Africa (DICE-Africa). Environ Sci Technol.
2016; 50(19): 10739-45. https://doi.org/10.1021/acs.est.6b02602

Sparrevik M, Field JL, Martinsen V, Breedveld GD, Cornelissen G. Life cycle assessment to evaluate the environmental impact of biochar
implementation in conservation agriculture in Zambia. Environ Sci Technol. 2012; 47(3): 1206e15. https://doi.org/10.1021/es302720k

Pimenta AS, Minette L, Faria MM, Souza AP, Vital BR, Gomes JM. Avaliac- ~ao do perfil de trabalhadores e de condic- ~oes ergon”omicas
na atividade de produc- ~ao de carv~ao vegetal em bateria de fornos de superfi'cie do tipo "rabo-quente". Rev. A' rvore, 2006; 30 (779-
785): 2006. https://doi.org/10.1590/50100-67622006000500011

Rohde GM. Carv~ao Vegetal no Estado do Rio Grande do Sul. CEP SENAI de Artes gra' ficas, Porto Alegre, Portuguese, 2011.

Demirbas A. The influence of temperature on the yields of compounds existing in bio-oils obtained from biomass samples via pyrolysis.
Fuel Process Technol. 2007; 88: 591-7. https://doi.org/10.1016/j.fuproc.2007.01.010

Zulu LC. The forbidden fuel: charcoal, urban woodfuel demand and supply dynamics, community forest management and woodfuel
policy in Malawi. Energy Policy. 2010; 38: 3717-30. https://doi.org/10.1016/j.enpol.2010.02.050

UNEP. Towards a Green Economy: Pathways to Sustainable Development and Poverty Eradication. http://www.unep.org > Green
Economy > Green Economy Report. 2012. (Accessed on 11/01/2014).

Harindintwari J, Gaspard N. Socio-Economic and Environmental Impact of Charcoal Production in Rangiro, Cyato and Bushekeri Sectors,
Nyamasheke District. Glob SciJ. 2019; 7(3): 1-18.

de Miranda RC, Sepp S, Ceccon E, Mann S, Singh B. Sustainable Production of Commercial Woodfuel: Lessons and Guidance from Two
Strategies. The Energy Sector Management Assistance Program (ESMAP); Report Mar 2010.

FAO. Global Forest Resource Assessment Main Report. FAO Forestry Paper, 2010a, 163. Available from:
http://foris.fao.org/static/data/fra2010/FRA2010_Report_en_WEB.pdf

Rotowa O], Egbwole ZT, Adeagbo AA, Blessing OM. Effect of indiscrimate charcoal production on Nigeria forest estate. Int ] Environ
Protect Policy. 2019; 7(6): 134-9. https://doi.org/10.11648/j.ijepp.20190706.12

Nwofe P. Comparative aanlysis of domestic energy use in Nigeria - a review. Continental | Renew Energy. 2013; 4(1): 7-17.

Lattimore B, Smith CT, Titus BD, Stupak |, Egnell G. Environmental factors in woodfuel production: Opportunities, risks, and criteria and
indicators for sustainable practices. Biomass Bioenergy. 2009; 33(10): 1321-42. https://doi.org/10.1016/j.biombioe.2009.06.005

Larson AM, Ribot JC. The poverty of forestry policy: double standards on an uneven playing field. Sustain Sci. 2007; 2(2): 189-204.
https://doi.org/10.1007/s11625-007-0030-0

Ishengoma E, Kappel R. Economic growth and poverty: does formalization of informal enterprises matter? German Institute of Global
and Area studies. Working Paper, GIGA Hamburg. 2006. https://doi.org/10.2139/ssrn.909188

Knopfle M. A study on Charcoal supply in Kampala. Final Report: Ministry of Energy and Mineral Development. 2004.

Girard P. Charcoal production and use in Africa: what future. Unasylva. 2002; 53: 30-5.

FAO. Industrial charcoal making. FAO Forestry Paper, Rome: 1985; No. 63.

Neuberger I. Policy Solutions For Sustainable Charcoal In Sub-Saharan Africa, Forests For People, World Future Council, 2015; pp. 1-60.

Available from: www.worldfuturecouncil.org

36



