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Figure 1: Global production of wood charcoal in million tons (Mt) 
between 1995 and 2019. Piechart shows the share by region of the 
global average annual production (in % for the period 1995–2019). 
Data from FAO (2021).
Photo credit: Catherine Nabukalu

Charcoal as a global commodity: is it sustainable?

Introduction

Decades of innovation have altered the global energy 
landscape by increasing supply and consumption of 
modern energy alternatives, such as solar and wind power 
(Jaganmohan 2021; United States Agency for International 
Development [USAID] 2019). During the past ten years, 
renewable energy has been advanced to mitigate pollution 
and lower carbon dioxide (CO2) emissions, aiming to 
counter the known effects of climate change (International 
Renewable Energy Agency [IRENA] 2021). However, 
charcoal consumption has persisted around the world and, 
in some nations, it dominates the energy mix, aggressively 
competing with electricity and gas, even where these 
energy options are readily available (Nabukalu and Gieré 
2019). Consequently, global wood charcoal production 
has surged from 36 million tons (Mt) in 1995 to 54 Mt in 
2019 (Figure 1). 

Charcoal is typically made from trees and is obtained 
through a process called pyrolysis, during which logs are 
heated under low-oxygen conditions to remove moisture 
and volatile components. Whereas Africa, as a continent, 
accounts for nearly 60% of the world’s average annual 
charcoal production (Figure 1), Brazil generates the 
highest absolute amounts (6.5 Mt/year) of any individual 
country (Food and Agriculture Organization of the United 
Nations [FAO] 2021). Widely used as an energy commodity 
for cooking and smoking (e.g., on hookahs, shishas, and 
similar water pipes), charcoal is an important domestic 
energy source for low- and middle-income countries. 
It is also applied extensively, and often endorsed, 
for heavy industry, such as metallurgical processing 
(Feliciano-Bruzual 2014; Nogueira, Coelho and Uhlig 2009; 
Scarpinella et al. 2011). 
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To reduce the deleterious impacts of wood charcoal 
production on both forested and semi-arid regions, 
including the potential extinction of tree species, such 
as Acacia bussei in Somalia (UNEP 2018), alternative 
raw materials, for example the vast amounts of global 
organic waste (Kaza et al. 2018), must be increasingly 
used, including for charcoal manufacturing, which can 
be promoted through effective policies. 

Background

The UN Environment Foresight Briefs are published 
by the UN Environment Programme to, among others, 
highlight a hotspot of environmental change, feature 
an emerging science topic, or discuss a contemporary 
environmental issue. The public is thus provided with 
the opportunity to find out what is happening to their 
changing environment and the consequences of everyday 
choices, and to think about future directions for policy. 
The 30th edition of UNEP’s Foresight Brief considers the 
environmental impact of the increasing use of charcoal 
as a source of energy and in metallurgical applications.

Abstract

Charcoal is typically made from trees, is perceived to be 
a renewable resource, and is used in both low- and 
middle-income countries as well as high-income 
countries. There is a difference, however, between 

“renewable” charcoal that is primarily produced 
through the farming of trees, and “non-renewable” 

charcoal, produced through deforestation. 
Even so-called “renewable” charcoal has a 

detrimental effect on the environment 
through the use of monoculture, which 

compromises biodiversity. Alternative 
raw materials, such as agricultural 
and other organic waste (sawdust, 
nutshells, wheat straw etc.), should 
therefore be used more widely to 
produce charcoal. 

Photo credit: Shutterstock.com/deryabinka
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Dominant causal loops in charcoal demand and alternatives to consider. Economic activity and urbanization drive the demand for charcoal, which in turn drives the production 
of charcoal from trees. Charcoal produced from trees reduces forests as well as biodiversity and increases pollution and emission of Green House Gases (GHGs), which amplify 
climate change and adversely impact human health. Policies encouraging the alternative production of charcoal from organic waste would mitigate the pollution and emission 
of GHGs from traditional methods, and are therefore more beneficial for both the environment and human health. This approach in turn leads to a more sustainable production 
of charcoal. (+) Influence is in the Same direction, (-) influence is in the Opposite direction. Dashed lines indicate the potential of waste-to-charcoal policies.

A Systems Thinking Perspective
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Why is this an important issue? 

Even though a direct link between charcoal production 
and deforestation (Zorrilla-Miras et al. 2018) has been 
disputed in the literature (Chidumayo and Gumbo 2013; 
Tarter et al. 2018), there is a clear secondary association 
between the two, because the material is produced 
from trees felled in areas cleared for land-use changes 
(Figure 2), such as agriculture and urbanization. 

Figure 2: Wood charcoal production on land cleared to plant Eucalyptus 
in Kyegaliro, Mityana District, Central Uganda (October 2021).
Photo credit: Catherine Nabukalu

Figure 3: Annual average production of wood charcoal (1995–2019) in million tons (Mt). Top-ten producing countries highlighted with their annual 
average production values in Mt. Grey areas: no data available. Data from FAO (2021). 

Figure 5: Proportion of forested vs. non-forested areas for top-ten wood charcoal producers 
and exporters. The total size of each country is the sum of its forested area plus its non-
forested area. All country sizes were normalized to 100%, and all values shown in white 
within each bar represent areas in thousand square kilometers (km2). Forested area in Egypt 
(1000 km2) is too small to be displayed in this graph. All data from World Bank (2017a).

 

Major tropical wood charcoal producers, such as Brazil, 
the Democratic Republic of Congo and Nigeria (Figure 3) 
have lost significant biodiversity and forest cover (Okoth 
2022; World Bank 2017a).  For example, in Brazil and 
Australia, the demand for Eucalyptus to produce charcoal 
used in the blast furnaces of the pig-iron (crude-iron) 
industry enhances large-scale monocultures (Norgate 
et al. 2012; Scarpinella et al. 2011), thus compromising 
biodiversity (World Bank 2017b). Indeed, in Brazil alone, 
over 521 native plant species have been identified as 
threatened (World Bank 2017a). Moreover, other top-ten 
charcoal producers (Figure 3) and exporters (Figure 4), 
including Egypt, Somalia, Namibia, and Ethiopia, are 
considerably less forested than the top tropical charcoal-
producing countries (Figure 5). Egypt, Somalia, Namibia, 
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Figure 4: Top-ten exporters of wood 
charcoal in thousand tons (kt). Data 
represent annual averages for the period 
1995—2019. Data from FAO (2021).
Photo credit: Catherine Nabukalu
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and Ethiopia are also located in semi-arid to arid regions, 
where the damage to the ecosystems is equally, if not 
more, severe than in the tropics due to the scarcity of 
vegetation, evidenced for example, by threatened tree 
species, such as Acacia bussei in Somalia (Nabukalu and 
Gieré 2019; UNEP 2018), the loss of fertile soil or arable 
land, and by desertification. To reduce the deleterious 
environmental impacts on these top-producing and 
-exporting regions, it is essential that the use of widely 
available alternative raw materials (e.g., agricultural waste, 
sawdust) is promoted to satisfy the continuous global 
demand for charcoal (Surono 2019). 

Charcoal consumption is often associated with poverty 
(e.g., Adusah-Poku and Takeuchi 2019; Khundi et al. 2011; 
Schunder and Bagchi-Sen 2019) and lack of access to 
modern energy alternatives (World Bank 2018), and thus 
with the putative notion of “energy poverty” (González-
Eguino 2015); in low- and middle-income countries, “energy 
poverty” considerably impacts the lives of women and girls 
who due to their gender roles spend the most time around 
these polluting fuels and this ultimately impacts their 
health as well as the health of younger children. Substantial 
amounts of charcoal, however, are still imported by 
“energy-secure” countries, including Germany, France, the 
United Kingdom, Japan and the United States (FAO 2021), 
which have diverse portfolios of newer, cleaner energy 
alternatives (Global Energy Institute 2020). Despite the 
accelerated investment in modern energy resources in 
Sub-Saharan Africa (USAID 2019), charcoal consumption is 
expected to remain prominent well into the 2030’s (World 
Bank 2018; Schunder and Bagchi-Sen 2019). These trends, 
thus, sustain a complex international supply chain for the 
mostly informal charcoal trade (WWF 2018). 

Indeed, the charcoal sector lifts some people out of abject 
poverty and provides socioeconomic benefits, including 
employment and government revenues (Mabele 2020; 
Sander, Gros and Peter 2013; Tarter et al. 2018; Marsoem, 
Sulistyo, and Irawati 2004). The international annual trade 
value of charcoal is exceedingly difficult to assess, with 
estimates ranging from US $1.2 million (FAO 2021) to 

US $1.42 billion (Observatory of Economic Complexity 
[OEC] 2020), which clearly shows the incongruence in 
data reported by the current gauging of the trade. The 
lower value is unquestionably too low, as even individual 
countries, such as Somalia, Indonesia and Haiti, maintain 
multimillion-dollar charcoal exports (Tarter et al. 2018; 
UNEP 2018; Marsoem, Sulistyo, and Irawati 2004). The 
upper value does not account for re-exports, i.e., where 
the exporting country is not the original charcoal 
producer (see also WWF 2018). 

Charcoal perceived as a renewable energy source
Charcoal is typically classified as a renewable energy 
source, and thus, there are proposals to liberalize the 
international trade of renewables that include charcoal 
(Steenblik 2005), which is traded as a licit commodity on 
the global market. In metallurgical applications, charcoal 
has been shown to release less CO2 and sulfur compounds 
than fossil fuels such as coke (Feliciano-Bruzual 2014; 
Monsen et al. 2001; Sommerfeld and Friedrich 2021). 

Where carbon credits and taxes are considered, for 
example using Life Cycle Analyses (LCAs), charcoal is 
viewed as a more economical alternative in heavy 
industry (Feliciano-Bruzual 2014; Norgate and Jahanshahi 
2011; Norgate and Langberg 2009; Scarpinella et al. 
2011), and thus, there are significant prospects for the 
partial or full substitution of fossil fuels with charcoal 
(Feliciano-Bruzual 2014; Norgate and Jahanshahi 2011). 

Smelting iron ore into crude iron, for example, has 
buttressed Brazil’s position as the world’s biggest 
charcoal producer (FAO 2021), with 80% of its output 
directed to industrial processes (Scarpinella et al. 2011). 
Charcoal consumption in metallurgy has surged although 
its production is still highly rudimentary, with arbitrary 
production standards (Norgate et al. 2012) and kiln 
efficiencies as low as 15-26% (Namaalwa, Hofstad and 
Sankhayan 2009; Marsoem, Sulistyo, and Irawati 2004). 
In comparison, a 32% efficiency can be attained by using 
retort kilns, with less air pollution, although their yields are 
still significantly low (Ankona et al. 2022).

What are the main findings? 

Nomadism in charcoal production 
Most tree species can be used to produce charcoal 
(Katende, Birnie and Tengnaes 2000), and tree-cutting 
for this purpose can be highly indiscriminate in some 
regions, including Uganda (Nabukalu and Gieré 2019). 
However, the scarcity of vegetation (Namaalwa, Hofstad 
and Sankhayan 2009; Servir Global 2018) causes 
producers to move to forests, burn charcoal, and migrate 
again in pursuit of new trees (Nabukalu and Gieré 2019; 
Marsoem, Sulistyo, and Irawati 2004). The high costs 
and the burden of moving logs to a single production 
point make nomadism viable to burners in some 
areas. In Uganda, for example, charcoal is produced 
in earth-mound kilns (Figures 2,6) at the locations 
where trees are felled, thus eliminating investments 
in raw-material transportation and stationary kilns. In 
Somalia and Uganda, charcoal production often takes 
place on communal and private land alongside other 
socioeconomic activities, such as grazing and agriculture. 
In Uganda, some landowners burn charcoal on their 
land, whereas others, when switching land-use types 
(Figure 2), provide waste logs and the permission to burn 
charcoal to nomadic producers (Nabukalu and Gieré 

Figure 6: A producer makes charcoal through pyrolysis of the roots 
from freshly felled trees using a Kasisira (earth-mound kiln technique) in 
Kyegaliro, Mityana district, Central Uganda (October 2021).
Photo credit: Catherine Nabukalu
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2019). Nomadic producers set up makeshift tents near 
kilns in open forests (Figures 2,7) to monitor pyrolysis 
cycles around the clock, for an average of 14 days per 
kiln, and to prevent full combustion of wood, a practice 
that exposes them to poor air quality among other 
unhealthy working conditions (Ankona et al. 2022). 

Charcoal is still widely used alongside modern energy 
resources worldwide
Access to electricity has not dissuaded consumers 
worldwide from choosing charcoal. Charcoal is favorably 
linked to the taste of food (Drazu, Olweny and Kazoora 
2015) and leisure (Bailis et al. 2013). Therefore, charcoal 
is used extensively for cooking (Figure 8), not only in key 
producing countries, but especially also in North America, 
Japan, and Europe, where imports (Figure 9) have 
persisted for decades to supplement the limited local 
production (FAO 2021; Nabukalu and Gieré 2019; WWF 
2018). Erratic power supply in some nations, manifested 
as blackouts and brownouts, instigates consumers to 
continue using charcoal, because the fuel is ubiquitous 
and perceived as more reliable (Drazu, Olweny and 
Kazoora 2015). Moreover, unlike electric and gas ovens 
that require spare parts and have higher maintenance 
costs, charcoal stoves (Figure 8) are more affordable 
(Nabukalu and Gieré 2019).

Resurgence of industrial charcoal consumption to 
reduce CO2 emissions
International economic legislation, such as levying 
carbon taxes or awarding carbon credits to limit pollution 
along various supply chains (Feliciano-Bruzual 2014; 
Mathews 2008; World Bank 2022), has prompted several 
industries and countries (Hamuyuni et al. 2022) to 
seek new opportunities to reduce their CO2 emissions 
or to decarbonize. The classification of charcoal as a 
renewable resource has revived interest in its emergent 
value for CO2 mitigation in metallurgy (Scarpinella et 
al. 2011; Singh, Singh and Sinha 2022). Norgate and 
Langberg (2009) emphasized that carbon credits could 
be accrued by switching from fossil fuels to charcoal 
because trees are CO2 sinks before being felled. The 
ironmaking industry, one of the world’s most carbon-
intensive sectors (International Energy Agency [IEA] 2022; 
Norgate et al. 2012), is currently exploring charcoal as a 
carbon source to replace coal (Echterhof 2021). In steel 
manufacturing, renewable alternatives, such as hydrogen, 
are already being used for ferroalloy processing (IEA 
2022; Surup, Trubetskaya and Tangstad 2020). It has 
been argued that using charcoal in ironmaking creates a 
more sustainable “green pig-iron” or “green steel” industry 
(Scarpinella et al. 2011; Singh, Singh and Sinha 2022; 
Venkataraman et al. 2022) to fulfill the world’s surging 
demand for steel associated with increasing urbanization 
(Aldred, 2012; Mousa et al. 2016). Since 2000, the global 
blast-furnace inventory has been expanded to enhance 
steel production (Holmes, Lu and Lu 2015), and currently, 
blast furnaces account for 59% of the world’s 605 
operational and proposed steel plants (Global Energy 
Monitor 2021a). 

Indeed, Nogueira, Coelho and Uhlig (2009) attributed 
the intensifying charcoal production in Brazil’s Amazon 
rainforest to industrial processes. Because Eucalyptus 
is a fast-growing tree species (5-10 years; Norgate et al. 
2012; Norgate and Langberg 2009), it is highly valued to 
fulfill the iron industry’s charcoal demand, thus sustaining 
mass monoculture plantations (de Gouvello 2010). Other 
sectors that use charcoal extensively include: automotive 

Figure 7: Charcoal producers near their makeshift tents in the vicinity of 
Naminato Bridge in Nwoya District, Northern Uganda (October 2017).
Photo credit: Catherine Nabukalu

Figure 8: Using charcoal to deep-fry fish in Mulungu, at the shore of 
Lake Victoria, Kampala, Uganda (October 2021)
Photo credit: Catherine Nabukalu
 

Figure 9: Top-ten importers of wood charcoal in thousand tons (kt). 
Data represent annual averages for the period 1995—2019. 
Data from FAO (2021).
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battery recycling (Kreusch et al. 2007), agriculture and 
carbon sequestration (Kalaba et al. 2013; Marsoem, 
Sulistyo, and Irawati 2004), and water purification 
(Nishida et al. 2017). Charcoal is also used for sintering, 
and as a reducing agent in aluminum and silicon 
production to directly replace coke or coal because it is 
more energy-efficient (Sommerfeld and Friedrich 2021). 
Indeed, manufacturing of solar cells and panels relies on 
the supply of silicon, whereby charcoal is used instead 
of fossil fuels to reduce quartz to silicon in efforts to 
combat pollution (Troszack 2021). The silicon industries 
in South Africa and the United States, for example, import 
charcoal from Namibia and Brazil, respectively (Troszack 
2021; Zimmermann and Joubert 2002). Namibia is one 
of the world’s top-10 exporters (Figure 4), yet a country 
with less than 10% forested land area (Figure 5).

What has been done? 

Supply-side restrictions
Charcoal freely circulates in most markets as a licit 
commodity, for example as an export (Hofelein 2021), in 
stark contrast to its upstream sourcing and distribution 
practices (Sander, Gros and Peter 2013; WWF 2018). 
Many African countries, including some of the world’s 
top producers and exporters of wood charcoal over the 
past twenty years (Figures 3, 4), have adopted policies 
to artificially restrict its supply. Production and export 
bans exist, for example, in Nigeria, Kenya, Tanzania, 
Somalia and Uganda (Haysom et al. 2021; Mabele 2020; 
WWF 2018). Further strategies include banning the use 
of machinery to slow the rate of tree-cutting (Nabukalu 
and Gieré 2019), applying a minimum harvestable tree 
diameter to control indiscriminate cutting (Namaalwa, 
Hofstad and Sankhayan 2009), and proposals to limit 
the downstream charcoal transportation to specific 
weekdays (Nabukalu and Gieré 2019; Sander, Gros and 
Peter 2013). In Brazil, where federal laws prohibit the 
harvest of near-extinct native plant species (Perdigão 
et al. 2020), pig-iron manufacturers are encouraged 
to refrain from using charcoal produced through 

deforestation of the Amazon rainforest, which means 
they would have to eliminate “non-renewable charcoal” 
in their supply chains (de Gouvello 2010) in favor of 
“renewable charcoal” from responsible reforestation. 
Large-scale Eucalyptus plantations are therefore financed 
by Brazil’s government and the private sector to provide 
an alternative source of charcoal for steel production 
(Guinta and Munnion 2020). In Namibia, although 
charcoal production is legal to support de-bushing and 
to sustain the productivity of arable land, permits are 
required for areas larger than 15 hectares (Brüntrup and 
Herrmann 2012; United Nations Industrial Development 
Organization [UNIDO] 2019), as major producers sustain 
the charcoal supply for both South Africa’s silicon 
manufacturing and the international market (Hofelein 
2021; Zimmermann and Joubert 2002).

Investment in modern alternatives 
Key objectives of the United Nations Sustainable 
Development Goals (SDGs) include poverty alleviation 
and the transition to clean energy, for example, through 
ensuring access to affordable “modern energy for all” 
(United Nations 2020) to mitigate the environmental 
and public health impacts of charcoal, e.g., air pollution, 

which especially affect women and children (Ankona 
et al. 2022; World Health Organization [WHO] 2021). 
African economies, where biomass is a dominant fuel for 
cooking, joined the Power Africa consortium to scale up 
electrification (African Development Bank [AfDB] 2021; 
USAID 2019) and indeed, the biggest investors (Tanzania, 
Nigeria, Ghana) are also some of the world’s top charcoal 
producers (Figure 3). Consequently, the wood charcoal 
sector is receiving comparatively less investment 
than modern energy alternatives, although production 
technologies could be improved for better yields (Antal 
and Grønli 2003; Doggart and Meshack 2017). Organic 
agricultural waste (Kaza et al. 2018; Norgate and 
Jahanshahi 2011) could become a viable alternative raw 
material to logs from freshly felled trees (IRENA 2021; 
Nabukalu and Gieré 2021).  

Some energy policies in Sub-Saharan Africa and the 
Caribbean have favored replacing charcoal with modern 
energy resources to protect forests and reduce energy-
related mortality (Morrissey 2017; Schunder and Bagchi-
Sen 2019). Despite the increased supply of electricity 
and gas in these parts of the world, however, charcoal 
use has persisted in these key charcoal-supplying 
markets (Nabukalu and Gieré 2021), with international 
trade figures (Figures 3,4,9) underlining its prevailing 
importance alongside modern energy alternatives.

Nonetheless, in Europe and North America, the 
inconspicuousness of the charcoal sector and the limited 
local production of this material (Figures 1,3) continue 
to conceal its unwaning significance as an energy 
resource (Nabukalu and Gieré 2019). Additionally, the 
limited reporting on demand, imports and consumption 
of charcoal (WWF 2018) as well as the predominance 
of modern energy alternatives in these “energy-secure” 
markets have led to the misleading notion that the 
modern resources directly substituted for charcoal 
in the energy-consumption mix. Energy security is 
thus predominantly seen as a function of the reliable 
availability and access to modern alternatives (Global 
Energy Institute 2020). 

Charcoal briquettes made from coconut shells drying in the sun
Photo credit: Shutterstock/phongwit phojurai
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What are the policy implications? The global charcoal trade must aim for sustainability, 
for example, through investment in mixed-species 
afforestation (Thomas et al. 2021) and plantations 
management to restore biodiversity (de Gouvello 2010). 
Alternative production technologies (Antal and Grønli 2003) 
are also critical for improved charcoal yields (Monsen et al. 
2001). Furthermore, secondary raw materials can provide 
charcoal that is viable both in cooking and metallurgy 
(Biswas 2018). The copious amounts of agricultural (more 
than 4700 Mt annually) and other organic waste (Kaza 
et al. 2018) accumulating worldwide (e.g., saw dust, nut 
shells, rice straw, wheat straw, coffee husks, pits of olives, 
apricots, peaches and other fruits) are promising targets 
for such initiatives (Biswas 2018; Bogale 2009; Xiong et 
al. 2014). Efforts to make briquettes from such wastes 
for household use in order to limit the dependency on 
charcoal from trees are observed in several countries, 
including Ethiopia (Bogale 2009), Cameroon (Kapen et al. 
2022), Kenya (Yuan and Gershenson 2021), and Tanzania 
(Songole and Aston 2019). In addition, sex-disaggregated 
data should be collected to help ensuring that women, 

who are already key participants throughout the wood 
charcoal sector, are given more opportunities for 
innovation and employment in the waste-to-charcoal 
initiatives for better financial outcomes (Ihalainen et al. 
2020). Moreover, innovation and education to reduce 
the exposure to indoor air pollution when cooking 
should be targeted to women, who generally face 
higher risks (WHO 2021). Education, however, should 
also be directed to male heads of the household, who 
may control the financial resources to decide energy 
choices despite limited participation and, thus, limited 
direct exposure to harmful emissions during cooking 
(Schunder and Bagchi-Sen 2019). The combination 
of such specific measures would enhance progress 
towards environmental sustainability of the charcoal 
sector. It would further represent a necessary and 
crucial step directed at maintaining ecosystem functions 
and biodiversity while contributing to the well-being of 
humans around the globe, consistent with the latest 
report by the Intergovernmental Science-Policy Platform 
on Biodiversity and Ecosystem Services (IPBES 2022).   

Secondary raw materials that can provide alternatives for charcoal production
Photo credits: From L to R: Shutterstock/Ant Clausen; Shutterstock/Anastasia Martyshina; Shutterstock/Maxal Tamor; Shutterstock/iamlukyeee; Shutterstock/Lamuka

Wood charcoal production has been sustained as a 
clandestine activity (Mabele 2020) in some countries, 
which perpetuates its informality and obscures 
the financial valuation of charcoal as an important 
commodity on the international market (Figures 
3,4,9). National production bans create artificial 
scarcity, increase prices despite poor quality (Yuan 
and Gershenson 2021), and incentivize imports from 
neighboring countries (Haysom et al. 2021; Yuan and 
Gershenson 2021), because demand for charcoal 
persists. The sustenance of this demand, where 
consumers willingly choose charcoal despite access 
to modern energy alternatives, is an indicator of the 
relevance of this fuel and, at the same time, of the 
shortcomings of modern energy sources (e.g., blackouts, 
brownouts), for example in Sub-Saharan Africa, which 
stifle their ability to compete effectively with biomass 
(Drazu, Olweny and Kazoora 2015; Schunder and 
Bagchi-Sen 2019). 
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Transformation of wood into charcoal during pyrolysis 
releases smoke (Figures 2,6) containing tarry vapors, 
including gases, such as, methane, carbon monoxide, 
and sulfur dioxide (Nabukalu and Gieré 2019). These 
emissions are unmanaged, deleterious for air quality, and 
harmful to human health (Morrissey 2017), especially to 
producers in close proximity to kilns (see also Ankona et 
al. 2022), thus requiring education initiatives. Education, 
however, is also essential on the consumer side, because 
the use of charcoal releases particulate matter and 
gases, including mercury (Pandey et al. 2009) and the 
lethal carbon monoxide, thus creating risks of premature 
death (Liu et al. 1993; Morrissey 2017), especially during 

indoor cooking, where women and children in many low- 
and middle-income countries are at a distinct risk (Cusick 
et al. 2018; Schunder and Bagchi-Sen 2019; WHO 2021). 
In addition, more consumer knowledge about organic 
wastes as an alternative raw material for charcoal 
production (Biswas 2018; Surono 2019) would improve 
waste collection and management, especially in cities 
where charcoal demand is more pronounced. 

Some environmental and/or energy policies inadvertently 
enhance charcoal demand, specifically for industrial 
applications. For example, more steelmakers are 
transitioning from coal (Global Energy Monitor 2021b) 
in metallurgical processes (Surup, Trubetskaya and 
Tangstad 2020) to the “carbon-neutral” or “renewable” 
charcoal alongside other options, such as hydrogen. 
Overwhelmingly, the largely rudimentary charcoal 
production methods (Figures 6,7) perpetuate 
environmental risks, especially as illegal logging for 
industrial use continues in places, such as the Amazon 
(Nogueira, Coelho and Uhlig 2009). 

As with wood charcoal from the logs of freshly felled 
trees, the characteristics and the quality of briquettes 
can be highly variable depending on the types of waste 
feedstocks used and the production process (Singh, 
Singh and Sinha 2022). In households, consumer 
preferences for wood charcoal or briquettes are based 
on a user’s subjective judgement of variables, such as, 
weight, dryness and smokiness during use (Nabukalu and 
Gieré 2019). By contrast, the variability of physical and 
chemical characteristics (e.g., crushing or compressive 
strength, porosity, calorific value, carbon content) of 
charcoal is more restricted in metallurgy, as specific 
requirements must be met for charcoal to perform well 
during ore processing and to produce superior quality 
metals and metalloids, such as silicon (Mousa et al. 
2016; Troszack 2021; Singh, Singh and Sinha 2022). To 
obtain charcoal with consistent properties, therefore, 
metallurgical operations tend to favor specific types 
of wood, e.g., Eucalyptus, thus promoting large-scale 
deforestation and monocultures.

Conclusion

Charcoal is a ubiquitous global commodity, and its 
demand can undoubtedly be decoupled from poverty. 
Despite strategies in several countries to transform or 
supplant the international wood charcoal trade, this 
resource has sustained a potent, albeit unacknowledged 
and under-documented path, enabling it to aggressively 
compete with modern energy alternatives. Global 
wood charcoal production has increased for decades, 
and remains an important domestic energy source for 
low- and middle-income countries, emphasizing both 
its longstanding and resuming relevance. Therefore, 
innovation and policies aimed at producing charcoal 
from organic waste materials are urgently required 
to prevent further forest degradation and loss of 
biodiversity, and to increase the sustainability of this 
material. 

Production of wood charcoal poses a risk to human health
Photo credit: Shutterstock/Asian Images

Charcoal briquettes
Photo credit: Shutterstock/Brad Boon

Forest protection is important
Photo credit: Shutterstock/Cavan-Images



9FORESIGHT
Brief

Early Warning, Emerging Issues and Futures SCIENCE DIVISION

Adusah-Poku, F. and Takeuchi, K. (2019). Energy poverty in Ghana: Any progress so far? Renewable and Sustainable Energy Reviews 112, 853-864. https://
www.sciencedirect.com/science/article/pii/S1364032119304319.

African Development Bank (2021). Tanzania Rural Electrification Project: 10,361 Villages Connected To Electricity. https://africa-energy-portal.org/news/
tanzania-rural-electrification-project-10361-villages-connected-electricity.

Aldred, D. (2012). Urbanization: A major driver of infrastructure spending. https://www.citigroup.com/citi/citiforcities/pdfs/Urbanization_A_Major_Driver_
of_Infrastructure_Spending.pdf. 

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

Antal, M.J. and Grønli, M. (2003). The Art, Science, and Technology of Charcoal Production. Industrial & Engineering Chemistry Research 42(8), 1619-1640. 
https://doi.org/10.1021/ie0207919.

Bailis, R., Rujanavech, C., Dwivedi, P., de Oliveira Vilela, A., Chang, H. and de Miranda, R. C. (2013). Innovation in charcoal production: A comparative 
life-cycle assessment of two kiln technologies in Brazil. Energy for Sustainable Development 17(2), 189-200. https://www.sciencedirect.com/science/
article/pii/S0973082612000774.

Biswas, D.P. (2018). Physicochemical Property and Heating Value Analyses of Charcoal Briquettes From Agricultural Wastes: An Alternative Renewable 
Energy Source. International Conference on Computer, Communication, Chemical, Material and Electronic Engineering (IC4ME2), 1-5. https://
ieeexplore.ieee.org/document/8465639. 

Bogale, W. (2009). Preparation Of Charcoal Using Agricultural Wastes. Ethiopian Journal of Education and Sciences 5(1), 79-91. https://doi.org/10.4314/
ejesc.v5i1.56314. 

Brüntrup, M., and Herrmann, R. (2012). Bush-to-energy value chains in Namibia: institutional challenges for pro-poor rural development. In Global Value 
Chains: Linking Local Producers from Developing Countries to International Markets. Van Dijk, M.P. and Trienekens, J. (eds.).  Amsterdam: Amsterdam 
University Press. 89-111. https://doi.org/10.1017/9789048514991.005. 

Chidumayo, E. N. and Gumbo, D. J. (2013). The environmental impacts of charcoal production in tropical ecosystems of the world: A synthesis. Energy for 
Sustainable Development 17(2), 86-94. https://doi.org/10.1016/j.esd.2012.07.004. 

Cusick, S.E., Jaramillo, E.G., Moody, E.C., Ssemata, A.S., Bitwayi, D., Lund, T.C. and Mupere, E. (2018). Assessment of blood levels of heavy metals including 
lead and manganese in healthy children living in the Katanga settlement of Kampala, Uganda. BMC Public Health 18, 717. https://doi.org/10.1186/
s12889-018-5589-0.

de Gouvello, C. (2010). Brazil Low-carbon Country Case Study. Washington D.C.: World Bank. https://openknowledge.worldbank.org/handle/10986/19286. 
Doggart, N. and Meshack, C. (2017). The Marginalization of Sustainable Charcoal Production in the Policies of a Modernizing African Nation. Frontiers in 

Environmental Science 5:27. https://doi.org/10.3389/fenvs.2017.00027. 
Drazu, C. H., Olweny, M. and Kazoora, G. (2015). Household energy use in Uganda: existing sources, consumption, and future challenges. In Living and 

Learning: Research for a Better Built Environment: 49th International Conference of the Architectural Science Association 2015. Crawford, R.H. and 
Stephan, A. (eds.), Melbourne: The Architectural Science Association and The University of Melbourne. 352–361. 

Echterhof, T. (2021). Review on the Use of Alternative Carbon Sources in EAF Steelmaking. Metals, 11(2), 222. https://www.mdpi.com/2075-
4701/11/2/222.

Food and Agriculture Organization of the United Nations (2021). Forestry Production and Trade. https://www.fao.org/faostat/en/#data/FO/visualize.
Feliciano-Bruzual, C. (2014). Charcoal injection in blast furnaces (Bio-PCI): CO2 reduction potential and economic prospects. Journal of Materials Research 

and Technology 3(3), 233-243. https://www.sciencedirect.com/science/article/pii/S2238785414000489.
Global Energy Monitor (2021a). Global steel plant tracker. https://globalenergymonitor.org/projects/global-steel-plant-tracker. 
Global Energy Monitor (2021b). North American coal producers plan $4.8 billion USD on 15 new mines for steel export markets. https://

globalenergymonitor.org/wp-content/uploads/2021/10/Final_USCanada-met-mines-and-steel-Briefing-Oct-2021.pdf.
Global Energy Institute (2020). International Index of Energy Security Risk 2020 Edition: Assessing Risk in a Global Energy Market. Washington D.C: U.S. 

Chamber of Commerce. https://www.globalenergyinstitute.org/sites/default/files/2020-04/iesri-report_2020_4_20_20.pdf. 
González-Eguino, M. (2015). Energy poverty: An overview. Renewable and Sustainable Energy Reviews, 47, 377-385. https://doi.org/10.1016/j.

rser.2015.03.013. 
Guinta, F., and Munnion, O. (2020). An Investigation into the Global Environment Facility-funded Project “Production of Sustainable, Renewable Biomass-

based Charcoal for the Iron and Steel Industry in Brazil. Global Forest Coalition. https://globalforestcoalition.org/wp-content/uploads/2020/05/
brazil-case-study.pdf. 

Hamuyuni, J., Tesfaye, F., Iloeje, C.O. and Anderson, A.E. (2022). Energy Efficiency and Low Carbon Footprint in Metals Processing. Jom 74(5), 1886-1888. 
https://doi.org/10.1007/s11837-022-05253-9.

Haysom, S., McLaggan, M., Kaka, J., Modi, L. and Opala, K. (2021). Black Gold: The charcoal grey market in Kenya, Uganda and South Sudan. Commodity 
Report. Geneva: Global Initiative Against Transnational Organized Crime. https://globalinitiative.net/wp-content/uploads/2021/03/Black-Gold-The-
charcoal-grey-market-in-Kenya-Uganda-and-South-Sudan.pdf-GITOC.pdf.

Hofelein, R. (2021). Namibia exports first 350 tons of charcoal to the United States. United States Agency for International Development. https://www.
usaid.gov/namibia/press-releases/apr-16-2020-namibia-exports-first-350-tons-charcoal-united-states. 

Holmes, R.J. Lu, Y. and Lu, L. (2015). Introduction: overview of the global iron ore industry. In Iron Ore: Mineralogy, Processing and Environmental 
Sustainability. Lu, L (ed.), Woodhead Publishing. Chapter 1. 1-42. https://doi.org/10.1016/B978-0-12-820226-5.00023-9.

Ihalainen, M., Schure, J. and Sola, P. (2020). Where are the women? A review and conceptual framework for addressing gender equity in charcoal value 
chains in Sub-Saharan Africa. Energy for Sustainable Development 55, 1-12. https://doi.org/10.1016/j.esd.2019.11.003. 

International Energy Agency (2022). Achieving Net Zero Heavy Industry Sectors in G7 Members. Paris. https://iea.blob.core.windows.net/assets/c4d96342-
f626-4aea-8dac-df1d1e567135/AchievingNetZeroHeavyIndustrySectorsinG7Members.pdf. 

International Renewable Energy Agency (2021). IRENA’s Energy Transition Support to Strengthen Climate Action. https://www.irena.org/-/media/Files/
IRENA/Agency/Publication/2021/Nov/IRENA_Energy_Transition_Climate_Action_2021.pdf.

IPBES (2022): Summary for policymakers of the thematic assessment of the sustainable use of wild species of the Intergovernmental Science-Policy 
Platform on Biodiversity and Ecosystem Services. J.-M. Fromentin, M.R. Emery, J. Donaldson, M.-C. Danner, A. Hallosserie, D. Kieling, G. Balachander, 
E.S. Barron, R.P. Chaudhary, M. Gasalla, M. Halmy, C. Hicks, M.S. Park, B. Parlee, J. Rice, T. Ticktin, and D. Tittensor (eds.). IPBES secretariat, Bonn, 
Germany. 33 pages. https://doi.org/10.5281/zenodo.6425599. 

Jaganmohan, M. (2021). Global Clean Energy Investment by Select Country 2019. New York, NY: Statistica. https://www.statista.com/statistics/799098/
global-clean-energy-investment-by-country/. 

Kalaba, F.K., Quinn, C.H., Dougill, A.J. and Vinya, R. (2013). Floristic composition, species diversity and carbon storage in charcoal and agriculture fallows 
and management implications in Miombo woodlands of Zambia. Forest Ecology and Management 304, 99-109. https://www.sciencedirect.com/
science/article/pii/S0378112713002697.

Kapen, P.T., Tenkeu, M.N., Yadjie, E. and Tchuen, G. (2022). Production and characterization of environmentally friendly charcoal briquettes obtained from 
agriculture waste: case of Cameroon. International Journal of Environmental Science and Technology 19(6), 5253-5260. https://doi.org/10.1007/
s13762-021-03497-7.

Katende, A.B., Birnie, A. and Tengnaes, B. (2000). Technical Handbook No. 10: Regional Land Management Unit, Swedish International Development 
Agency; Nairobi, Kenya.

Kaza, S., Yao, L., Bhada-Tata, P. and Van Woerden, F. (2018). What a Waste 2.0 : A Global Snapshot of Solid Waste Management to 2050. Washington, D.C.: 
World Bank. https://doi.org/10.1596/978-1-4648-1329-0. 

Khundi, F., Jagger, P., Shively, G. and Sserunkuuma, D. (2011). Income, poverty and charcoal production in Uganda. Forest Policy and Economics 13(3), 
199-205. https://www.sciencedirect.com/science/article/pii/S1389934110001498.

Kreusch, M.A., Ponte, M.J.J.S., Ponte, H.A., Kaminari, N.M.S., Marino, C.E.B. and Mymrin, V. (2007). Technological improvements in automotive battery 
recycling. Resources, Conservation and Recycling 52(2), 368-380. https://doi.org/10.1016/j.resconrec.2007.05.004. 

Liu, K.S., Girman, J.R., Hayward, S.B., Shusterman, D., and Chang, Y. L. (1993). Unintentional carbon monoxide deaths in California from charcoal grills and 
hibachis. Journal of Exposure Analysis and Environmental Epidemiology 3, 143-151. https://europepmc.org/article/med/9857300.

Mabele, M. B. (2020). The ‘war on charcoal’ and its paradoxes for Tanzania’s conservation and development. Energy Policy 145, 111751. https://www.
sciencedirect.com/science/article/pii/S0301421520304742.

Marsoem, S.N., Sulistyo, J. and Irawati, D. (2004). The status and prospects of charcoal in Indonesia. Proceedings of the International Workshop on 
“Better Utilization of Forest Biomass for Local Community and Environments”. RDCFPT and JIFPRO, Bogor, pp. 112-126.

Acknowledgements Bibliography

https://data.unep.org/foresight
To view current and previous issues online and download UNEP Foresight Briefs, go to

...
...

...
...

...
.

Authors
Reto Gieré, University of Pennsylvania
Catherine Nabukalu, Our World Too, PBC

Reviewers
UNEP Reviewers
Angeline Djampou, Eugene Ochieng, Jane Muriithi, Johan Kieft, Magda Biesiada, Rashid Ateye, 
Samuel Opiyo, Susan Mutebi-Richards, Teodora Traljic and 
Virginia Gitari

External Reviewers
Adam Branch, University of Cambridge
Mathew Bukhi Mabele, University of Dodoma

Editor
Alison Bullen

UNEP Foresight Briefs Team 
Alexandre Caldas, Sandor Frigyik, Audrey Ringler, Esther Katu, Erick Litswa, Pascil Muchesia

Contact
unep-foresight@un.org

Disclaimers
The designations employed and the presentation of the material in this publication do not 
imply the expression of any opinion whatsoever on the part of the Secretariat of the United 
Nations concerning the legal status of any country, territory or city or area or its authorities, 
or concerning the delimitation of its frontiers or boundaries. For general guidance on matters 
relating to the use of maps in publications please go to http://www.un.org/Depts/Cartographic/
english/htmain.htm 

Mention of a commercial company or product in this document does not imply endorsement 
by the United Nations Environment Programme or the authors. The use of information from this 
document for publicity or advertising is not permitted. Trademark names and symbols are used 
in an editorial fashion with no intention on infringement of trademark or copyright laws. 

The views expressed in this publication are those of the authors and do not necessarily reflect 
the views of the United Nations Environment Programme. We regret any errors or omissions 
that may have been unwittingly made. 

© Maps, photos and illustrations as specified.

UNEP Foresight Brief 30 – Charcoal as a global commodity: is it sustainable?
ISBN No: 978-92-807-3968-8
Job No: DEW/2465/NA

Suggested citation 
United Nations Environment Programme (2022). Charcoal as a Global Commodity: Is It 
Sustainable? – Foresight Brief 030. Nairobi.

Charcoal as a global commodity: is it sustainable?
https://wedocs.unep.org/bitstream/handle/20.500.11822/40469/CHARCOAL.pdf

Production: Foresight Unit, Big Data Branch, Science Division, UNEP

Mathews, J.A. (2008). How carbon credits could drive the emergence of renewable energies. Energy Policy 36(10), 3633-3639. https://www.sciencedirect.
com/science/article/pii/S0301421508002668.

Monsen, B., Grønli, M., Nygaard, L. and Tveit, H. (2001). The use of biocarbon in Norwegian ferroallys production. INFACON IX 2001: The Ninth International 
Ferroalloys Congress and the Manganese 2001 Health Issues Symposium. Quebec City: The Ferroalloys Association. https://www.pyrometallurgy.
co.za/InfaconIX (pp. 268-276). 

Morrissey, J. (2017). The Energy Challenge in sub-Saharan Africa: A Guide for Advocates and Policy Makers: Part 2: Addressing Energy Poverty. Oxfam 
Research Backgrounder Series. https://www.oxfamamerica.org/static/media/files/oxfam-RAEL-energySSA-pt2.pdf. 

Mousa, E., Wang, C., Riesbeck, J. and Larsson, M. (2016). Biomass applications in iron and steel industry: An overview of challenges and opportunities. 
Renewable and Sustainable Energy Reviews 65, 1247-1266. https://www.sciencedirect.com/science/article/pii/S1364032116303896.

Nabukalu, C. and Gieré, R. (2019). Charcoal as an energy resource: Global trade, production and socioeconomic practices observed in Uganda. Resources 
8(4), 183. https://www.mdpi.com/2079-9276/8/4/183.

Nabukalu, C. and Gieré, R. (2021). The status and future of charcoal in the energy transition era in sub-Saharan Africa: Observations from Uganda. In 
Energy Transitions and the Future of the African Energy Sector: Law, Policy and Governance. Nalule, V.R. (ed.). Cham, Switzerland: Palgrave Macmillan. 
189-229. https://doi.org/10.1007/978-3-030-56849-8_6. 

Namaalwa, J., Hofstad, O. and Sankhayan, P. L. (2009). Achieving sustainable charcoal supply from woodlands to urban consumers in Kampala, Uganda. 
International Forestry Review 11(1), 64-78. https://doi.org/10.1505/ifor.11.1.64. 

Nishida, T., Morimoto, A., Yamamoto, Y. and Kubuki, S. (2017). Waste water purification using new porous ceramics prepared by recycling waste glass and 
bamboo charcoal. Applied Water Science 7(8), 4281-4286. https://doi.org/10.1007/s13201-017-0561-1.

Nogueira, L.A.H., Coelho, S. T. and Uhlig, A. (2009). Sustainable charcoal production in Brazil. In Criteria and Indicators for Sustainable Woodfuels: Case 
Studies from Brazil, Guyana, Nepal, Philippines and Tanzania. Rose, S., Remedio, E. and Trossero, M.A. (eds). Rose, E. Remedio, & M. A. Trossero 
(Eds.). Rome: Food and Agriculture Organizaion of the United Nations. https://www.fao.org/3/i1321e/i1321e00.pdf. 

Norgate, T., Haque, N., Somerville, M. and Jahanshahi, S. (2012). Biomass as a Source of Renewable Carbon for Iron and Steelmaking. ISIJ International 
52(8), 1472-1481. https://doi.org/10.2355/isijinternational.52.1472.

Norgate, T. and Jahanshahi, S. (2011). Reducing the greenhouse gas footprint of primary metal production: Where should the focus be? Minerals 
Engineering 24(14), 1563-1570. https://www.sciencedirect.com/science/article/pii/S089268751100286X.

Norgate, T. and Langberg, D. (2009). Environmental and Economic Aspects of Charcoal Use in Steelmaking. ISIJ International, 49(4), 587-595. https://doi.
org/10.2355/isijinternational.49.587.

Observatory of Economic Complexity (2020). Wood Charcoal. https://oec.world/en/profile/hs/wood-charcoal. 
Okoth, D. (2022). Tree loss in tropics casts doubt over climate goals. SciDev.Net, 2 May. https://www.scidev.net/global/news/tree-loss-in-tropics-casts-

doubt-over-climate-goals/.
Pandey, S. K., Kim, K.-H., Kang, C.-H., Jung, M. C. and Yoon, H. (2009). BBQ charcoal as an important source of mercury emission. Journal of Hazardous 

Materials 162(1), 536-538. https://doi.org/10.1016/j.jhazmat.2008.05.050. 
Perdigão, C.R.V., Júnior, M.M.B., Gonçalves, T.A.P., Araujo, C.d.S., Mori, F.A., Barbosa, A.C.M.C. et al. (2020). Forestry control in the Brazilian Amazon I: wood 

and charcoal anatomy of three endangered species. IAWA Journal 41(4), 490-509. https://brill.com/view/journals/iawa/41/4/article-p490_6.xml.
Sander, K., Gros, C. and Peter, C. (2013). Enabling reforms: Analyzing the political economy of the charcoal sector in Tanzania. Energy for Sustainable 

Development 17(2), 116-126. https://www.sciencedirect.com/science/article/pii/S0973082612000932.
Scarpinella, C.A., Takano, C., Tagusagawa, S.Y., Mourao, M.B. and Lenz e Silva, G.F.B. (2011). Charcoal Ironmaking: A Contribution for CO2 Mitigation. 

Fray International Symposium - Metals and Materials Processing in a Clean Environment Volume 2: Advanced Sustainable Iron and Steel Making. 
F. Kongoli (ed.). Cancún, Mexico: https://www.researchgate.net/profile/Marcelo-Mourao/publication/273060096_CHARCOAL_IRONMAKING_A_
CONTRIBUTION_FOR_CO_2_MITIGATION/links/54f5e5b40cf2ca5efefd4ffb/CHARCOAL-IRONMAKING-A-CONTRIBUTION-FOR-CO-2-MITIGATION.
pdf.

Schunder, T. and Bagchi-Sen, S. (2019). Understanding the household cooking fuel transition. Geography Compass 13, e12469. https://doi.org/10.1111/
gec3.12469. 

Servir Global (2018). Mapping Charcoal Production to Protect Land in Ghana. Retrieved from doi: https://servirglobal.net/Global/Articles/Article/2660/
mapping-charcoal-production-to-protect-land-in-ghana.

Singh, A.K., Singh, R. and Sinha, O.P. (2022). Characterization of charcoals produced from Acacia, Albizia and Leucaena for application in ironmaking. Fuel 
320, 123991. https://www.sciencedirect.com/science/article/pii/S0016236122008493.

Sommerfeld, M. and Friedrich, B. (2021). Replacing fossil carbon in the production of ferroalloys with a focus on bio-based carbon: A Review. Minerals 
11(11), 1286. https://www.mdpi.com/2075-163X/11/11/1286.

Songole, A. and Aston, B. (2019). Briquetting: From Agricultural Waste to Fuel. Den Haag: HIVOS. https://hivos.org/blog/briquetting-from-agricultural-
waste-to-fuel/. 

Steenblik, R. (2005). Liberalisation of Trade in Renewable-Energy Products and Associated Goods: Charcoal, Solar Photovoltaic Systems, and Wind Pumps 
and Turbines. OECD Trade and Environment Working Papers No. 2005/07. Paris: OECD Publishing. https://doi.org/10.1787/216364843321. 

Surono, U.B. (2019). Biomass utilization of some agricultural wastes as alternative fuel in Indonesia. Journal of Physics: Conference Series 1175, 012271. 
https://doi.org/10.1088/1742-6596/1175/1/012271.

Surup, G.R., Trubetskaya, A. and Tangstad, M. (2020). Charcoal as an alternative reductant in ferroalloy production: A Review. Processes 8(11), 1432. 
https://www.mdpi.com/2227-9717/8/11/1432.

Tarter, A., Freeman, K. K., Ward, C., Sander, K., Theus, K., Coello, B. et al. (2018). Charcoal in Haiti: A National Assessment of Charcoal Production and 
Consumption Trends. Washinton, D.C.; World Bank, https://www.profor.info/sites/profor.info/files/134058-CharcoalHaitiWeb.pdf.

Thomas, A., Priault, P., Piutti, S., Dallé, E. and Marron, N. (2021). Growth dynamics of fast-growing tree species in mixed forestry and agroforestry 
plantations. Forest Ecology and Management 480, 118672. https://www.sciencedirect.com/science/article/pii/S0378112720314419.

Troszack, T. A. (2021). The hidden costs of solar photovoltaic power. Vilnius: NATO Energy Security Centre of Excellence. https://www.enseccoe.org/data/
public/uploads/2021/04/nato-ensec-coe-the-hidden-costs-of-solar-photovoltaic-power-thomas-a.troszak.pdf. 

United Nations (2020). Ensure Access to Affordable, Reliable, Sustainable and Modern Energy for All. https://unstats.un.org/sdgs/report/2020/goal-07/. 
United Nations Environment Programme (2018). How Somalia’s charcoal trade is fuelling the Acacia’s demise. 21 March. https://www.unep.org/news-and-

stories/story/how-somalias-charcoal-trade-fuelling-acacias-demise.
United Nations Industrial Development Organization (2019). Strategic action plan for sustainable bush value chains in Namibia. https://www.unido.org/

sites/default/files/files/2020-02/Namibia.pdf. 
United States Agency for International Development (2019). Power Africa Annual Report 2019. https://www.usaid.gov/sites/default/files/documents/

power_africa_annual_report_2019.pdf. 
Venkataraman, M., Csereklyei, Z., Aisbett, E., Rahbari, A., Jotzo, F., Lord, M. and Pye, J. (2022). Zero-carbon steel production: The opportunities and role for 

Australia. Energy Policy 163, 112811. https://www.sciencedirect.com/science/article/pii/S0301421522000362.
World Bank (2017a). The Little Green Data Book 2017. World Development Indicators. Washington, D.C.: World Bank. http://hdl.handle.net/10986/27466.  
World Bank (2017b). Brazil’s INDC Restoration and Reforestation Target: Analysis of INDC Land-Use Targets. Washington, D.C.: World Bank. http://hdl.

handle.net/10986/28588.
World Bank (2018). Is the World on Track to Deliver Energy Access for All? Washington, D.C.: World Bank. https://www.worldbank.org/en/news/

feature/2018/05/18/sustainable-development-goal-7-energy-access-all.  
World Bank (2022). State and Trends of Carbon Pricing 2022. Washington, D.C.: World Bank. http://hdl.handle.net/10986/37455.  
World Health Organization (2021). Household air pollution and health. Geneva, Switzerland. https://www.who.int/news-room/fact-sheets/detail/

household-air-pollution-and-health. 
World Wide Fund for Nature (2018). The Dirty Business of Barbecue Charcoal: Market Analysis, Barbecue Charcoal 2018. Berlin: WWF Germany. https://

www.wwf.de/fileadmin/fm-wwf/Publikationen-PDF/WWF_Market_analysis_barbecue_charcoal_2018.pdf. 
Xiong, S., Zhang, S., Wu, Q., Guo, X., Dong, A. and Chen, C. (2014). Investigation on cotton stalk and bamboo sawdust carbonization for barbecue charcoal 

preparation. Bioresource Technology 152, 86-92. https://doi.org/10.1016/j.biortech.2013.11.005.
Yuan, X. and Gershenson, J. (2021). Analysis of Agricultural Waste Briquettes as a Sustainable Charcoal Substitute in Kenyan Markets, 2021 IEEE Global 

Humanitarian Technology Conference (GHTC). 331-337. https://doi.org/10.1109/GHTC53159.2021.9612499.
Zimmermann, I. and Joubert, D.F. (2002). A crude quantification of wood that is and can be harvested from bush thickening species in Namibia. 

Proceedings of the First National Forestry Research Workshop. Forestry Publication 9, 56-66. Windhoek: Namibia Ministry of Environment and 
Tourism. https://ir.nust.na/jspui/bitstream/10628/254/1/Ounongo%20art%20Dave%202.pdf.  

Zorrilla-Miras, P., Mahamane, M., Metzger, M. J., Baumert, S., Vollmer, F., Luz, A. C. et al. (2018). Environmental conservation and social benefits of charcoal 
production in Mozambique. Ecological Economics 144, 100-111. https://www.sciencedirect.com/science/article/pii/S0921800916312915.

World Environment Situation Room
Data, Information and Knowledge on the Environment

https://www.citigroup.com/citi/citiforcities/pdfs/Urbanization_A_Major_Driver_of_Infrastructure_Spending.pdf
https://www.citigroup.com/citi/citiforcities/pdfs/Urbanization_A_Major_Driver_of_Infrastructure_Spending.pdf
https://doi.org/10.1029/2021EA002044
https://www.sciencedirect.com/science/article/pii/S0973082612000774
https://www.sciencedirect.com/science/article/pii/S0973082612000774
https://ieeexplore.ieee.org/document/8465639
https://ieeexplore.ieee.org/document/8465639
https://doi.org/10.4314/ejesc.v5i1.56314
https://doi.org/10.4314/ejesc.v5i1.56314
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Jacques%20Trienekens&eventCode=SE-AU
https://doi.org/10.1017/9789048514991.005
https://doi.org/10.1016/j.esd.2012.07.004
https://doi.org/10.1186/s12889-018-5589-0
https://doi.org/10.1186/s12889-018-5589-0
https://doi.org/10.3389/fenvs.2017.00027
https://www.mdpi.com/2075-4701/11/2/222
https://www.mdpi.com/2075-4701/11/2/222
https://www.fao.org/faostat/en/#data/FO/visualize
https://www.sciencedirect.com/science/article/pii/S2238785414000489
https://globalenergymonitor.org/projects/global-steel-plant-tracker
https://globalenergymonitor.org/wp-content/uploads/2021/10/Final_USCanada-met-mines-and-steel-Briefing-Oct-2021.pdf
https://globalenergymonitor.org/wp-content/uploads/2021/10/Final_USCanada-met-mines-and-steel-Briefing-Oct-2021.pdf
https://www.globalenergyinstitute.org/sites/default/files/2020-04/iesri-report_2020_4_20_20.pdf
https://doi.org/10.1016/j.rser.2015.03.013
https://doi.org/10.1016/j.rser.2015.03.013
https://globalforestcoalition.org/wp-content/uploads/2020/05/brazil-case-study.pdf
https://globalforestcoalition.org/wp-content/uploads/2020/05/brazil-case-study.pdf
https://doi.org/10.1007/s11837-022-05253-9
https://globalinitiative.net/wp-content/uploads/2021/03/Black-Gold-The-charcoal-grey-market-in-Kenya-Uganda-and-South-Sudan.pdf-GITOC.pdf
https://globalinitiative.net/wp-content/uploads/2021/03/Black-Gold-The-charcoal-grey-market-in-Kenya-Uganda-and-South-Sudan.pdf-GITOC.pdf
https://www.usaid.gov/namibia/press-releases/apr-16-2020-namibia-exports-first-350-tons-charcoal-united-states
https://www.usaid.gov/namibia/press-releases/apr-16-2020-namibia-exports-first-350-tons-charcoal-united-states
https://doi.org/10.1016/B978-0-12-820226-5.00023-9
https://doi.org/10.1016/j.esd.2019.11.003
https://iea.blob.core.windows.net/assets/c4d96342-f626-4aea-8dac-df1d1e567135/AchievingNetZeroHeavyIndustrySectorsinG7Members.pdf
https://iea.blob.core.windows.net/assets/c4d96342-f626-4aea-8dac-df1d1e567135/AchievingNetZeroHeavyIndustrySectorsinG7Members.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Nov/IRENA_Energy_Transition_Climate_Action_2021.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Nov/IRENA_Energy_Transition_Climate_Action_2021.pdf
https://doi.org/10.5281/zenodo.6425599
https://www.statista.com/statistics/799098/global-clean-energy-investment-by-country/
https://www.statista.com/statistics/799098/global-clean-energy-investment-by-country/
https://www.sciencedirect.com/science/article/pii/S0378112713002697
https://www.sciencedirect.com/science/article/pii/S0378112713002697
https://doi.org/10.1007/s13762-021-03497-7
https://doi.org/10.1007/s13762-021-03497-7
https://doi.org/10.1596/978-1-4648-1329-0
https://www.sciencedirect.com/science/article/pii/S1389934110001498
https://doi.org/10.1016/j.resconrec.2007.05.004
https://europepmc.org/article/med/9857300
https://www.sciencedirect.com/science/article/pii/S0301421520304742
https://www.sciencedirect.com/science/article/pii/S0301421520304742
https://wesr.unep.org/foresight
unep-foresight@un.org
http://www.un.org/Depts/Cartographic/english/htmain.htm
http://www.un.org/Depts/Cartographic/english/htmain.htm
https://wedocs.unep.org/bitstream/handle/20.500.11822/40469/CHARCOAL.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/40403/Plastics_Agriculture.pdf

https://www.sciencedirect.com/science/article/pii/S0301421508002668
https://www.sciencedirect.com/science/article/pii/S0301421508002668
https://www.pyrometallurgy.co.za/InfaconIX
https://www.pyrometallurgy.co.za/InfaconIX
https://www.oxfamamerica.org/static/media/files/oxfam-RAEL-energySSA-pt2.pdf
https://www.sciencedirect.com/science/article/pii/S1364032116303896
https://www.mdpi.com/2079-9276/8/4/183
https://doi.org/10.1007/978-3-030-56849-8_6
https://doi.org/10.1505/ifor.11.1.64
https://doi.org/10.1007/s13201-017-0561-1
https://www.fao.org/3/i1321e/i1321e00.pdf
https://doi.org/10.2355/isijinternational.52.1472
https://www.sciencedirect.com/science/article/pii/S089268751100286X
https://doi.org/10.2355/isijinternational.49.587
https://doi.org/10.2355/isijinternational.49.587
https://oec.world/en/profile/hs/wood-charcoal
https://www.scidev.net/global/news/tree-loss-in-tropics-casts-doubt-over-climate-goals/
https://www.scidev.net/global/news/tree-loss-in-tropics-casts-doubt-over-climate-goals/
https://doi.org/10.1016/j.jhazmat.2008.05.050
https://brill.com/view/journals/iawa/41/4/article-p490_6.xml
https://www.researchgate.net/profile/Marcelo-Mourao/publication/273060096_CHARCOAL_IRONMAKING_A_CONTRIBUTION_FOR_CO_2_MITIGATION/links/54f5e5b40cf2ca5efefd4ffb/CHARCOAL-IRONMAKING-A-CONTRIBUTION-FOR-CO-2-MITIGATION.pdf
https://www.researchgate.net/profile/Marcelo-Mourao/publication/273060096_CHARCOAL_IRONMAKING_A_CONTRIBUTION_FOR_CO_2_MITIGATION/links/54f5e5b40cf2ca5efefd4ffb/CHARCOAL-IRONMAKING-A-CONTRIBUTION-FOR-CO-2-MITIGATION.pdf
https://www.researchgate.net/profile/Marcelo-Mourao/publication/273060096_CHARCOAL_IRONMAKING_A_CONTRIBUTION_FOR_CO_2_MITIGATION/links/54f5e5b40cf2ca5efefd4ffb/CHARCOAL-IRONMAKING-A-CONTRIBUTION-FOR-CO-2-MITIGATION.pdf
https://doi.org/10.1111/gec3.12469
https://doi.org/10.1111/gec3.12469
https://servirglobal.net/Global/Articles/Article/2660/mapping-charcoal-production-to-protect-land-in-ghana
https://servirglobal.net/Global/Articles/Article/2660/mapping-charcoal-production-to-protect-land-in-ghana
https://www.sciencedirect.com/science/article/pii/S0016236122008493
https://www.mdpi.com/2075-163X/11/11/1286
https://hivos.org/blog/briquetting-from-agricultural-waste-to-fuel/
https://hivos.org/blog/briquetting-from-agricultural-waste-to-fuel/
https://doi.org/10.1787/216364843321
https://doi.org/10.1088/1742-6596/1175/1/012271
https://www.mdpi.com/2227-9717/8/11/1432
https://www.profor.info/sites/profor.info/files/134058-CharcoalHaitiWeb.pdf
https://www.sciencedirect.com/science/article/pii/S0378112720314419
https://www.enseccoe.org/data/public/uploads/2021/04/nato-ensec-coe-the-hidden-costs-of-solar-photovoltaic-power-thomas-a.troszak.pdf
https://www.enseccoe.org/data/public/uploads/2021/04/nato-ensec-coe-the-hidden-costs-of-solar-photovoltaic-power-thomas-a.troszak.pdf
https://unstats.un.org/sdgs/report/2020/goal-07/
https://www.unep.org/news-and-stories/story/how-somalias-charcoal-trade-fuelling-acacias-demise
https://www.unep.org/news-and-stories/story/how-somalias-charcoal-trade-fuelling-acacias-demise
https://www.unido.org/sites/default/files/files/2020-02/Namibia.pdf
https://www.unido.org/sites/default/files/files/2020-02/Namibia.pdf
https://www.usaid.gov/sites/default/files/documents/power_africa_annual_report_2019.pdf
https://www.usaid.gov/sites/default/files/documents/power_africa_annual_report_2019.pdf
https://www.sciencedirect.com/science/article/pii/S0301421522000362
http://hdl.handle.net/10986/28588
http://hdl.handle.net/10986/28588
https://www.worldbank.org/en/news/feature/2018/05/18/sustainable-development-goal-7-energy-access-all
https://www.worldbank.org/en/news/feature/2018/05/18/sustainable-development-goal-7-energy-access-all
http://hdl.handle.net/10986/37455
https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health
https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health
https://www.wwf.de/fileadmin/fm-wwf/Publikationen-PDF/WWF_Market_analysis_barbecue_charcoal_2018.pdf
https://www.wwf.de/fileadmin/fm-wwf/Publikationen-PDF/WWF_Market_analysis_barbecue_charcoal_2018.pdf
https://doi.org/10.1016/j.biortech.2013.11.005
https://doi.org/10.1109/GHTC53159.2021.9612499
https://ir.nust.na/jspui/bitstream/10628/254/1/Ounongo%20art%20Dave%202.pdf
https://www.sciencedirect.com/science/article/pii/S0921800916312915

