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The Forgotten Coal: Charcoal Demand
in Sub-Saharan Africa

Abstract

Charcoal is an important cooking fuel in urban Africa. In this paper, we estimate the current
number of charcoal users and project trends for the coming decades. Charcoal production
is often not effectively requlated, and it hence contributes to forest degradation. Moreover,
charcoal has adverse health effects for its users. At the same time, charcoal constitutes an
importantincome source in deprived rural areas, while the current alternative, gas, is a mostly
imported fossil fuel. We find that 195 million people in sub-Saharan Africa rely on charcoal
as their primary cooking fuel and gauge that another 200 million use charcoal as secondary
fuel. Our scenarios suggest that clean cooking initiatives are outweighed by strong urban
population growth and hence charcoal usage is expected to remain high over the coming
decades. Policies should therefore target end-users, forest management, and regulation of
charcoal production to enable sustainable production and use of charcoal.
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1. Introduction

Traditional biomass accounts for almost 75 percent of the total energy use in sub-Saharan Africa
(SSA, excluding South Africa), and it is mostly used for cooking. This share has barely changed
over the past 25 years (IEA 2019). In rural areas, people use firewood, while charcoal is the
dominant cooking fuel in urban areas because it is easier to transport. Charcoal consumption is
thriving in SSA given the urbanization trends on the continent in the past two decades, which
might be accelerated by advancing climate change (Castells-Quintana et al. 2021). IEA (2019)
estimates an annual demand growth rate of four percent since 2000, and 60 percent of the world’s
charcoal is already produced in SSA. In this paper, we estimate the current number of charcoal
users in SSA and trends for the coming decades, mostly based on the latest UN population

projections and charcoal usage data from the Demographic and Health Surveys (DHS 2021).

Governments and international donors seek to support a transition away from biomass fuels and
invest in promoting electricity and liquefied petroleum gas (LPG), guided by SDG 7.1 that
postulates universal access to clean cooking by 2030. Yet, progress has been slow, with only 16
percent of households in SSA having access to clean cooking (IEA et al. 2021), partly due to a
growing population. The negative consequences of Covid-19 will further hamper dissemination

of clean fuels (IEA 2020; Pachauri et al. 2021).

The continued reliance on charcoal has its two sides: on the one hand, charcoal is problematic
from an environmental perspective. In terms of forest degradation, charcoal is more harmful than
firewood. First, because it is more wood-intense per calorific unit, second, because larger trunks
and branches are used for its production, which degrades forests more than extensive firewood
collection, and third because it is often extracted under unsustainable forest management regimes
(FAO 2017; Bailis et al. 2015). Charcoal’s forest degradation effect also contributes to climate
change, according to estimates around one percent of global anthropogenic emissions (Bailis et al.
2015; FAO 2016). This amount is noteworthy even if minimal compared to other energy
consumption emissions from industrialized and emerging countries — hard coal and lignite, for
example, contributed 28 percent to global anthropogenic emissions in 2018 (Olivier and Peters

2019). Another adverse environmental effect of charcoal is air pollution, both at the production
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site and in the users’ home (Bede-Ojimadu and Orisakew 2020; Das et al. 2017; Van Vliet et al.

2013).

On the other hand, charcoal is locally produced and creates a reliable income source and
employment in otherwise often deprived rural areas (Khundi et al. 2011; Schure et al. 2014;
Vollmer et al. 2017). According to the World Bank, charcoal creates between 200 and 350 local jobs
for each TJ of consumed energy while electricity creates around 80 to 110, and LPG only 10 to 20
jobs (Putti et al. 2015).! The value of charcoal produced in SSA is estimated to be between USD 8
and 25 billion annually (World Bank 2011; UNEP 2014). 2 LPG, the main alternative for cooking,
is a fossil fuel that is mostly imported and often subsidized, straining the trade balance and public
budgets. Experiences in several countries underline that LPG subsidies can increase — mostly
urban — uptake (Shankar et al. 2020). Yet, once subsidies end, households likely switch back to

charcoal, as we later underpin with data from Senegal.

We estimate that currently almost 200 million people, or 18 percent of the population, in SSA are
using charcoal as their main cooking fuel. This number is conservative in that the underlying DHS
data does not consider households that use charcoal as a complementary fuel to LPG, nor does it
account for commercial use in restaurants or small businesses. We use additional data sources
that contain information on secondary fuel use from a sample of six countries to extrapolate
continent-wide charcoal usage as secondary fuel. This estimate suggests — now with higher
uncertainty — that about another 200 million people use charcoal as secondary cooking fuel.
Another source of uncertainty is that secondary fuel usage can range from frequent use as a daily

complement to gas to sporadic use for certain dishes or festivities.

Furthermore, we project two different primary user scenarios until 2040. In a base case scenario,

we assume the share of fuel usage rates to be constant and that only population is changing. The

! Charcoal production often takes place informally, leaving small charcoal producers as the least empowered
stakeholders in the sector (World Bank 2010). This might lead to exploitation by intermediaries and, eventually, the
benefits of charcoal production might bypass local communities. For Malawi, Mwampamba et al. (2013) show that
charcoal producers capture only 20 percent of the final value.

2 Charcoal’s value chain is in most countries local, and neither the import nor the export of charcoal plays an important
role. Data on charcoal production and exports (FAO 2021) shows that exports in SSA account for 1.4% of the whole
production of charcoal in 2020.
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second scenario builds on the International Energy Agency’s (IEA) “Stated Policies Scenario”
(STEPS), accounting for SSA government’s stated policies to increase usage rates of clean fuels
(mainly electricity and LPG). The estimates from the scenarios underline the vital role that
charcoal continues to play in the coming decades. In the base case scenario, the number of primary
charcoal users increases by 260 percent, from 195 to over 380 million in 2040. Even in the STEPS
scenario, the number of charcoal users remains on a high level of over 200 million users until 2035

before it decreases slowly to 165 million in 2040.
2. Data and Projections

Two variables are crucial for our analysis of current and future charcoal usage in SSA:
demographic trends in rural and urban areas and access to clean fuels. Africa’s growing
population is increasingly moving to cities. This is important for projecting future charcoal
demand because charcoal is the dominant fuel in urban areas in most SSA countries. This is mainly
due to two factors: firewood cannot be widely collected in urban areas and transportation from
rural source areas is less costly for charcoal than for firewood because of the lower weight per
calorific value of charcoal. The alternatives, LPG and electricity, are subject to weak and
intermittent supply chains and grids. Moreover, charcoal fits not only the cooking habits but also
the budget constraints of the urban poor households due to the possibility of buying small
quantities, whereas LPG has to be purchased in larger cylinders. Governments and international
agencies address these barriers through LPG promotion policies, e.g., subsidization, which will

likely reduce the number of charcoal users.

For our main projections of primary charcoal users, we employ three data sources. First, we use
the most recent Demographic and Health Surveys (DHS) for information on the current primary

fuel mix for the 32 available SSA countries (DHS 2021).° For the remaining ten assessed countries

3Timing of DHS data collections vary across countries. Table Al lists all countries with the corresponding year of the
data collection.
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not covered by the DHS, we use data of best-matching neighbours to approximate fuel choices.*

The data provides primary fuel shares that are representative of rural and urban areas.

The second data source are the 2018 UN population projections with their population trends for
urban and rural areas (UN 2018). The third data source is the Stated Policies Scenario (STEPS)
from IEA, deriving future fuel mixes until 2040 based on policy frameworks announced by
governments and international stakeholders. The IEA assumes the following clean fuel shares in
STEPS: 17.1 percent (2020), 21.8 percent (2025), 30 percent (2030), and 65 and 40 percent for urban
and rural households, respectively (2040). We compare these policy ambitions with a simple base
case scenario, in which we assume that only population changes over time while — pessimistically
— the fuel choices of households proportionally remain the same. Both scenarios go from 2020 to

2040 given that IEA’s STEPS projections end in 2040.

DHS only elicits the use of charcoal as the primary cooking energy source. For our additional
analysis of secondary charcoal usage, we employ another set of data sources. Here, we first use
secondary cooking fuel usage data from the nationally representative Living Standards
Measurement Studies (LSMS), available for Uganda, Niger, Tanzania, and Mali (LSMS 2021). The
data only allows for detecting secondary fuel use but does not provide estimates on the quantity
of charcoal consumed. Second, we use primary data that we collected in major cities in Senegal
and Burkina Faso (Bensch and Peters 2013; Bensch et al. 2015). Third, World Bank’s Energy Sector
Management Assistance Program (ESMAP) conducted specific energy use surveys in recent years,
the so-called Multi-Tier Framework (MTF) Surveys for Measuring Energy Access. Like DHS, the MTF
surveys are nationally representative cross-sections, for which data is available from eight SSA
countries so far. While none of the surveys can be used to distinguish primary and secondary fuel
usage, the data collections in Ethiopia, Kenya, Rwanda, and Zambia at least include information

on any charcoal usage for cooking, i.e., an estimate of aggregate primary and secondary charcoal

4 The ten countries in SSA not covered by the DHS are Botswana, Central African Republic, Equatorial Guinea, Eritrea,
Guinea-Bissau, Mauritania, Somalia, South Africa, Sudan, and Swaziland. We furthermore abstain from applying this
approach to the six smallest, mostly island countries in SSA, namely Comoros, Cabo Verde, Djibouti, Mauritius, Sao
Tome & Principe, and Seychelles.
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usage. Lastly, we use data from a study on the cooking sector in Kenya by the Kenyan

Government (Government of Kenya 2019).
3. Results

We first estimate the current number of charcoal users in SSA by combining the UN population
data with the fuel shares obtained from DHS. We estimate that 195 million people currently use

charcoal as primary cooking energy.

Figure 1 depicts the share of charcoal users by country in rural and urban areas in 2020. Moreover,
it shows the total number of charcoal users in each country. The figure underlines the importance
of charcoal in urban areas with usage rates above 50 percent in 14 of the 42 assessed countries. For
entire SSA, 77 percent of users are urban residents. Regarding the absolute number of charcoal
users, the Democratic Republic of Congo is the country with the highest number (29 million),
followed by Tanzania, Sudan and South Sudan®, Ethiopia, Nigeria, and Uganda (between 12 and
18 million users). Low usage rates can have different reasons. In very poor countries, like Niger
or Central African Republic, it is because of the prominence of firewood, while in some better-off

countries, especially in Southern Africa, LPG or electricity have replaced charcoal.

Figure 2 presents the results for the projected scenarios for the future development of primary
charcoal users. In the base case scenario, assuming constant fuel choices in rural and urban areas,
the number of charcoal users increases proportionally to urbanization rates (Panel A). By 2040,
over 380 million people would rely on charcoal as their primary cooking energy, representing an

increase of almost 200 percent compared to 2020.

Figure 2 emphasizes the role of urbanization for charcoal usage: the nationwide share of charcoal
users increases, even though we hold the shares of urban and rural charcoal users constant in the
base case scenario. The number of charcoal users will also increase in the STEPS scenario, to over
200 million by 2035 before it slowly decreases to 164 million in 2040 (Panel B). Note that — despite
the decrease in the share of charcoal users in the STEPS scenario — the absolute number still

increases until 2035 because population growth is outpacing the increase in clean fuel usage. In

5 DHS data is not available for Sudan and South Sudan separately.
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this scenario, the number of clean fuel users has to more than triple until 2035 (from roughly 190
million to over 600 million) to achieve the reduction in the number of charcoal users. Yet, recent
projections by Pachauri et al. (2021) cast doubt on the likelihood of such a significant increase in

clean cooking. The STEPS scenario is hence a lower bound of future charcoal usage.

Hitherto, we have looked at charcoal as primary cooking fuel and excluded commercial use.
Hence, the estimates are probably conservative because fuel stacking is widespread in SSA. Many
users of LPG (or in a few countries electricity) still use charcoal as the secondary fuel. Secondary
fuel use could imply usage for festivities, but also that it is used frequently, for example for side
dishes or during certain periods of the year (see Bensch and Peters 2013 for the case of urban

Senegal).

We now explore several additional data sources to gauge the relevance of charcoal as secondary
cooking fuel. Figure 3 summarizes the secondary cooking fuel usage rates for urban (Panel A) and
rural areas (Panel B). For Mali we find that charcoal is widely used as secondary fuel (50 percent
of households) in both urban and rural areas. Kenya is another country for which we find high
usage rates of charcoal as secondary fuel in urban and rural areas. Secondary usage is below 20
percent for the remaining countries, but still varies substantially. We observe similar patterns
when comparing primary usage from the DHS data with any charcoal usage from the available
MTF data, for which the distinction between primary and secondary fuel use cannot be made (see

Figure A 1 in the appendix).

Most of the primary usage rates found in the LSMS data (Mali, Niger, Tanzania, and Uganda) are
quite consistent with the DHS data. The relation between primary and secondary usage, however,
differs drastically across countries, both when compared within the datasets and with the DHS
data. Several additional factors make the comparison between the DHS data and the other
datasets difficult, including differences in the seasonal timing of the surveys, in the sampling, and
measurement. Nevertheless, it seems fair to conclude from this data that secondary charcoal fuel
use amounts to around 20 percent in urban areas and slightly below that in rural areas, which

would add another roughly 100 million secondary charcoal users in rural and urban areas each,



thus about the same number as primary charcoal users. The extent of charcoal usage among these

households is, however, unclear.

Figure 1: Number of charcoal users and their shares in urban and rural areas (2020)
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Note: The left part of the figure shows the share of charcoal users in urban and rural areas in each country. The
numbers on the right show the total number of charcoal users in each country. Calculations are based on DHS and
UN Population data.



Figure 2: Scenario results on charcoal users in SSA
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Note: Panel A presents the results for the base case scenario from 2020 until 2040. Panel B presents the results for
the Stated Policies Scenario (STEPS) from the IEA.

Most of the primary usage rates found in the LSMS data (Mali, Niger, Tanzania, and Uganda) are
quite consistent with the DHS data. The relation between primary and secondary usage, however,
differs drastically across countries, both when compared within the datasets and with the DHS
data. Several additional factors make the comparison between the DHS data and the other
datasets difficult, including differences in the seasonal timing of the surveys, in the sampling, and
measurement. Nevertheless, it seems fair to conclude from this data that secondary charcoal fuel
use amounts to around 20 percent in urban areas and slightly below that in rural areas, which
would add another roughly 100 million secondary charcoal users in rural and urban areas each,
thus about the same number as primary charcoal users. The extent of charcoal usage among these

households is, however, unclear.

Our scenarios are also sensitive to additional policy instruments in the future. Clean fuel policies
may be stepped up, but also subsidy removals or carbon levies are imaginable. The latter would
likely increase charcoal users compared to the numbers projected in our scenarios. Carbon pricing
policy instruments, for example, would be more likely to mainly hit LPG since the carbon
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footprint of charcoal is hard to ascertain and because the charcoal production sector is very
informal. Figure 4 shows the LPG and charcoal usage responses among urban Senegalese
households after a decade-long LPG subsidy was removed in 2009. The figure underlines that the

LPG usage rate dropped sharply after the subsidy was removed while charcoal (and firewood)

usage increased.

Figure 3: Estimates of charcoal usage as secondary cooking fuel
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Note: For Niger, Tanzania, Uganda, and Mali we use LSMS data (LSMS 2021). For Kenya we report numbers from an
official report (Republic of Kenya 2019). The data for urban Burkina Faso is from Bensch et al. (2015) and for urban
Senegal from Bensch and Peters (2013).
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Figure 4: Primary cooking fuel choices in urban Senegal before and after subsidy removal
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Note: This figure presents the share of primary urban cooking fuels from 2005 to 2019 in Senegal. The dashed line
indicates the removal of the LPG subsidies. Own calculations based on DHS.

4. Conclusion

The scenarios presented in this article underline that charcoal will very likely remain an important
fuel in SSA in the coming decades. The number of charcoal users will probably remain high until
2040, even when governments implement all policy intentions planned to date. Moreover,
charcoal plays an important economic role in rural areas, creating jobs and income in otherwise
deprived areas (see Putti et al. 2015; Schure et al. 2014; Vollmer et al. 2017). Taken together,
replacing charcoal entirely is not only economically but politically challenging for local
governments. Attempts to ban charcoal without rapidly ramping up alternatives (i.e., subsidize

LPG) do not seem to be warranted.

We therefore call for a stronger inclusion of alternative strategy elements that lead to a more
sustainable charcoal sector, notably effective charcoal regulation and investments into more
efficient production and user technologies. Effective regulation includes forest management by
establishing rules for sustainable charcoal production, such as cutting techniques and rotating
harvest areas to allow forests to recover, as well as investments into afforestation. This approach
emphasizes that charcoal can be a renewable fuel if the wood is harvested sustainably. Moreover,
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effective regulation should replace informal with formal production without excluding small
producers. Thereby the government can also create revenue from taxes which could be re-invested

into forest management.

Complementarily, governments and international donors should invest in more efficient
production technologies. In particular, improved kilns for the carbonization process promise
significant efficiency gains by reducing the wood needed. Modern kilns achieve a conversion
efficiency of up to 40 percent, whereas traditional earth-mound kilns have an efficiency range of
9 to 30 percent leading to substantial wood requirements (FAO 2017). At the other end of the
charcoal value chain, end users can economize charcoal by using improved cookstoves that burn
charcoal more efficiently, which is also a promising pathway for carbon finance (Bensch et al.

2021, 2015; Bensch and Peters 2013; Berkouwer and Dean 2021; Gebreegziabher et al. 2018).

These charcoal policies must be seen as complementary to the long-term transition to clean
cooking. Scenarios other than the predicted here are possible. For example, IEA’s Net-Zero — a
policy scenario that outlines a potential trajectory to net-zero carbon emissions by 2050 — assumes
traditional biofuels to be replaced rapidly by LPG, biogas, electricity, and carbon-neutral biofuels
(IEA 2021). This is a desirable scenario, which would yet require governmental investment many
times greater than foreseen under current policies. We believe it is likelier that charcoal usage
remains high over the coming decades. This requires resolute policy action to make charcoal an
environmentally sustainable fuel, maintain its economic importance for producing regions, and

cushion the adverse health effects at the end user level.
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Appendix

Figure A 1: Charcoal usage rates according to MTF and DHS data
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Table A 1: Timinig of DHS data

Country Data source Year
Angola DHS 2015/16
Benin DHS 2017/18
Botswana Nearest Neighbours (Angola, Zambia)

Burkina Faso DHS 2017/18
Burundi DHS 2016/17
Cameroon DHS 2018
Central African Rep. Nearest Neighbours (Cameroon, Dem. Rep. Congo)

Chad DHS 2014/15
Congo, Dem. Rep. DHS 2013/14
Congo, Rep. DHS 2011/12
Cote D'lvoire DHS 2011/12
Equatorial Guinea Nearest Neighbours (Cameroon, Gabon)

Eritrea Nearest Neighbour (Kenya)

Ethiopia DHS 2016
Gabon DHS 2012
Gambia Nearest Neighbour (Senegal)

Ghana DHS 2017
Guinea DHS 2018
Guinea-Bissau Nearest Neighbour (Giunea)

Kenya DHS 2014
Lesotho DHS 2014
Liberia DHS 2019/20
Madagascar DHS 2016
Malawi DHS 2017
Mali DHS 2018
Mauritania Nearest Neighbour (Senegal)

Mozambique DHS 2018
Namibia DHS 2013
Niger DHS 2012
Nigeria DHS 2018
Rwanda DHS 2014/15
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Senegal DHS 2019*

Sierra Leone DHS 2019
Somalia Nearest Neighbour (Ethiopia)

South Africa DHS 2003/04
Sudan (former) Nearest Neighbours (Dem. Rep. Congo)

Swaziland DHS 2006/07
Tanzania, United DHS 2017
Togo DHS 2017
Uganda DHS 2016
Zambia DHS 2018
Zimbabwe DHS 2015

Note: The table indicates for each country the source and the year of the data collection. Source: DHS
(2021).
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