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7	 Conclusions and 
recommendations  

KEY POINTS
The following actions are recommended for greening the charcoal value chain:

•	 Simultaneously initiate multiple interventions for reducing GHG emissions, 
targeting the entire charcoal value chain.

•	 Increase the financial viability of a green charcoal value chain by reforming 
tenure; increasing legal access to land and biomass resources for charcoal 
production; providing accurate, evidence-based evaluations of the benefits 
of the charcoal sector for national economies; putting a fair price on wood 
resources; incentivizing sustainable practices; and attracting investments for 
the transition to a green charcoal value chain.

•	 Develop comprehensive national policy frameworks for the sustainable 
management of the charcoal value chain and integrate charcoal into wider 
efforts across sectors to mitigate climate change, including by making the 
charcoal value chain a specific component of NDCs.

•	 Support national governments and other stakeholders in their efforts to green 
their charcoal value chains through research and the provision of reliable data.

•	 Disseminate the lessons learned from pilot projects, success stories and 
research that take into account the entire charcoal value chain.

Modelled estimates and data from the literature show that an unsustainable charcoal 
value chain causes substantial net GHG emissions. Conversely, the sustainable manage-
ment and use of charcoal has potentially positive economic, social and environmental 
outcomes. Emissions are produced at different stages of the charcoal value chain, 
predominantly associated with unsustainable wood harvesting and inefficient charcoal 
production technologies. 

Given increasing demand for charcoal, the continuation of unsustainability in the 
charcoal value chain is expected to cause increased GHG emissions, with consequent 
impacts on climate change. Climate change, in turn, is likely to affect forest and woodlands 
and therefore the future wood-energy supply. In the absence of realistic, renewable 
alternatives to charcoal in many countries in coming years, it is essential to green the 
charcoal value chain. When produced from sustainable resources and from improved 
technologies, the use of charcoal has the potential to reduce GHG emissions and help 
mitigate climate change, while simultaneously contributing to energy access and income 
generation, including among the very poor. 
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The following recommendations are aimed at governmental policy-makers in 
developing countries and decision-makers in supportive governmental, intergovernmental, 
civil-society and private-sector agencies and institutions. They draw on the information 
presented in this report on the effectiveness of various interventions in the charcoal value 
chain. If adopted, they will assist in greening the charcoal value chain, for the potential 
benefit of millions of people, especially charcoal producers and consumers.

Recommendations for greening the charcoal value chain
1. 	Simultaneously initiate multiple interventions for reducing GHG emissions, 

targeting the entire charcoal value chain. 
A strong effort is needed to improve the efficiency of the charcoal value chain 
and thereby change it from a source of emissions to a mitigation option. This can 
be achieved by promoting the following seven interventions: 1) sustainable forest 
management; 2) alternative sources of biomass (e.g. waste, residues and trees outside 
forests); 3) agglomeration processes to increase the use of charcoal dust in briquettes; 
4) the improved management of traditional kilns and the introduction of improved 
kilns; 5) cogeneration, in the case of industrial-scale production; 6) reducing fossil-
fuel consumption in transportation; and 7) the use of improved cook stoves. 

All seven interventions will directly reduce GHG emissions in the charcoal value 
chain. Modelling67 indicates that a shift from traditional kilns to highly efficient 
kilns could reduce GHG emissions in the carbonization process by 80 percent, and 
a transition from traditional to improved (state-of-the-art) cook stoves could reduce 
GHG emissions in that step by 63 percent.

Emission reductions can be further realized through interventions that reduce 
the demand of (non-sustainable) wood and that replace more GHG-intensive fuels.

The mitigation impacts of a greener charcoal value chain are optimized when 
multiple interventions are introduced simultaneously along the charcoal value chain. 
Modelled scenarios (based on a 100-year GWP in miombo woodlands) indicate, for 
example, that GHG emissions could decrease from 2.4 kg CO2e per MJ end use to 
0.4 kg CO2e per MJ end use with multiple interventions and to 0.3 kg CO2e per MJ 
end use when biomass regrowth is considered, a reduction of 86 percent. Reductions 
increase to 90 percent on a 20-year GWP basis.

The potential for GHG emission reductions in a charcoal value chain is determined 
largely by context-related parameters. The largest reductions result from targeting 
traditional charcoal production systems in areas where deforestation rates are high 
or where forests are degraded. 

Despite the efforts undertaken so far, the uptake of improved practices remains 
relatively low and largely project-based. Achieving adoption at a larger scale is 

67	 Based on 100-year GWP. Kilns: a reduction of 4 541 g CO2e per kg charcoal produced (80 percent), and 
a reduction of 3 382 g CO2e per kg charcoal produced (95 percent) when CO2 is excluded, assuming 
that CH4 emissions are fully flared. Stoves: a reduction of 565 g CO2e per MJ delivered (63 percent), 
and a reduction of 170 g CO2e per MJ delivered (83 percent) when CO2 is excluded.
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therefore a priority. Substantial efforts are required to create an enabling environment 
– including favourable policies and an attractive investment climate – for a greener 
charcoal sector.

2.	 Increase the financial viability of a green charcoal value chain by reforming 
tenure; increasing legal access to land and biomass resources for conversion to 
charcoal; providing accurate, evidence-based evaluations of the benefits of the 
charcoal sector for national economies; putting a fair price on wood resources; 
incentivizing sustainable practices; and attracting investments for the transition 
to a green charcoal value chain.
Greening the charcoal sector could have considerable long-term economic value. 
For example, it would reduce the cost of health and environmental externalities 
and increase the incomes of rural people and the revenues of governments. African 
countries could potentially reinvest US$1.5 billion–3.9 billion of currently lost annual 
revenues in greening the charcoal sector. Countries can potentially attract climate 
funds from avoiding deforestation and GHGs. 

3. 	Develop comprehensive national policy frameworks for the sustainable manage-
ment of the charcoal value chain and integrate charcoal into wider efforts across 
sectors to mitigate climate change, including by making the charcoal value chain 
a specific component of NDCs.
Appropriate government policies are required for the successful implementation of 
sustainable wood harvesting and improved charcoal production technologies and to 
attract the investments needed. This report reveals the following lessons for woodfuel 
governance that can contribute to greening the charcoal value chain:
•	 	 Charcoal governance should encompass the entire value chain, which requires the 

streamlining of policies at the national, subnational and local levels and strong 
coordination among ministries, agencies and other actors. It also requires the 
integration of woodfuel into national development, energy, environmental and 
food-security strategies and land-use planning. 

•	 	 Higher national priority should be afforded to charcoal and its role in energy 
security, income generation and climate-change mitigation. The long-term policy 
vision should be both to improve the sustainability of the charcoal value chain 
and to diversify and democratize clean-energy options to reduce pressure on 
forests due to soaring charcoal demand. 

•	 	 A sound institutional framework, based on transparency and accountability, 
is needed to coordinate initiatives for a sustainable charcoal value chain and to 
clarify the mandates of stakeholders. 

•	 	 The coherence of charcoal policies with globally recognized principles and 
regimes increases the legitimacy and effectiveness of the sector and helps align it 
with other national efforts. Developing countries with high levels of charcoal use 
should consider options for greening the charcoal value chain in their NDCs and 
development strategies. With appropriate policies and sound NDCs, investments 
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can be linked with climate finance options and private-sector investment to 
complement public investment.

•	 	 The greening of the charcoal value chain requires incentivizing policies, equitable 
benefit distribution and the sustainable management of lands, ecosystems and 
wood resources as part of overall land-use planning, landscape management and 
the development of a green economy.

•	 	 Effective law enforcement can increase revenue collection and investments in 
sustainable forest management and conversion technologies. Clarity on tenure 
rights and the transfer of resources and responsibilities to local structures 
can help in achieving sustainable forest management and improving charcoal 
production. Reforms of the charcoal value chain should build relationships among 
key stakeholders and their organizations, be sensitive to the risk of corruption, 
and protect the energy rights of the poor and marginalized. This requires the 
integration of woodfuel in poverty-reduction, development, energy, environment 
and land-use planning policies.

4. 	Support national governments and other stakeholders in their efforts to green 
their charcoal value chains through research and the provision of reliable data.
Gaps in data and information point to an urgent need for additional studies to inform 
efforts to green the charcoal value chain, including the following:
•	 	 systematic life-cycle assessments of the charcoal value chain in the main charcoal-

producing countries;
•	 	 accurate, precise data on GHG emissions in the various stages of the charcoal 

value chain;
•	 	 the role of charcoal production in deforestation and forest degradation, including 

in combination with other deforestation and forest degradation drivers in the 
vicinity of urban areas; and

•	 	 the socio-economic and environmental outcomes and trade-offs in the charcoal 
value chain at the local, subnational, national and regional levels.

5. 	Disseminate the lessons learned from pilot projects, success stories and research 
that take into account the entire charcoal value chain.
The dissemination of best practices and lessons learned is needed to inform stakeholders 
on the development of a sustainable charcoal value chain at scale, considering the full 
range of socio-economic, policy and technical aspects.
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Annex A 
Information on charcoal production 
and sustainability 

TABLE A1
Examples from the literature of per-capita wood energy, fuelwood and charcoal 
consumption in various countries and world regions 

Region Parameter Consumption Source

Worldwide Per-capita wood energy 
(fuelwood and charcoal 
combined) consumption

0.27 m3/yr (2011) Cerutti et al. (2015); 
Iiyama et al. (2014c)

Sub-Saharan Africa Per-capita wood energy 
(fuelwood and charcoal 
combined) consumption

0.69 m3/yr (2011) Cerutti et al. (2015); 
Iiyama et al. (2014c)

Central Africa Urban woodfuel consumption 0.99 m3 per capita/yr SNV (2013)

Fuelwood consumption 0.99m3/ person/yr FAO (2012c)

West Africa Urban woodfuel consumption 0.58 m3 per capita/yr SNV (2013)

Dry Africa Woodfuel consumption Around 0.5 m3/person/yr FAO (2012c)

Côte d’Ivoire Households (HH) 0.7 t charcoal/HH/yr UNDP (2014a)

United Republic of 
Tanzania

Woodfuel consumption 0.73–1.50 t per capita/yr GIZ (2015)

Ghana Per-capita charcoal 
consumption 

180 kg per capita/yr Partey et al. (2016)

TABLE A2
Observations on wood sourcing in some countries

Country Observed wood-sourcing practices

Brazil Relies mainly on eucalypt plantations (for around 70 percent in 2010) based on long-
term management plans. Large volumes of charcoal are, however, still derived from 
natural forests, primarily within the “legal Amazon” (Bailis et al., 2013)

Côte d’Ivoire Majority is obtained directly from natural forests; 90 percent of the volume of wood 
exploited in the country comes from rural forest land; rural poor are collecting fallen 
biomass in the forest, cutting off parts of trees or cutting down full trees (UNDP, 
2014a)

Kenya Most of the country’s charcoal originates in woody savannah that constitutes over 
two-thirds of the country’s land area (Bailis, 2009). Charcoal involves the selective 
felling of live indigenous hardwood tree species. About 40 percent of the charcoal 
comes from rangelands, 40 percent from farmlands and 20 percent from government 
forests (KFS, 2013)

Table A2 continues on next page



The charcoal transition140

Country Observed wood-sourcing practices

Rwanda Mostly derived from trees planted on government, private or community land. 
Charcoal is no longer being produced in natural forests and the remaining rainforests 
are well conserved. Forest cover increased from 2000 to 2005, due primarily to 
increases in plantations (KFS, 2013)

Uganda Produced mainly in woodlands, which constitute roughly 81 percent of Uganda’s 
total forested area (Shively et al., 2010). Most often cut in privately owned forests with 
community and ancestral ownership (UNDP, 2013). The highest levels of production 
occur in areas with woodland ecosystems that support high-quality vegetation for 
charcoal production

United Republic 
of Tanzania

Almost all charcoal is produced in rural areas, with the largest shares of raw materials 
extracted from open miombo woodlands (owned by local governments), reserved 
forests, bushland forests (publicly owned), mangrove forests and farmland (Beukering 
et al., 2007)   

TABLE A3
Description of commonly used traditional and more advanced kilns

Kiln Description

Earth pit The process involves digging a pit, stacking dried wood inside the pit, covering the wood 
with a layer of soil and grass to prevent direct contact with the air, and lighting the wood 
at one end 

Earth-
mound 

Built by covering a pile of wood on the ground with leafy or herbaceous material and soil. 
The earth-mound kiln is preferred over the pit kiln where the soil is rocky, hard or shallow, 
or where the water table is close to the surface (Chidumayo and Gumbo, 2013). The main 
advantage of this type of kiln is that it can be constructed easily without cost at site, but 
carbonization takes a long time and the process requires continuous attention (FAO and 
ClimateCare, 2014)

Casamance A modified form of the surface earth kiln. It is equipped with a chimney, which is fixed on 
one side of the kiln to allow better control of air flow. In addition, the hot flues do not 
escape completely but are partly redirected into the kiln, which enhances pyrolysis. Due to 
this reverse draft, carbonization is faster than in traditional earth-mound kilns, leading to 
more uniform carbonization, thereby producing higher-quality charcoal and efficiencies 
up to 30 percent (FAO and ClimateCare, 2014)

Brick Small permanent brick structures in which fuelwood is loaded. As with earth-mound and 
pit kilns, the wood load is left to burn for several days and must be monitored closely to 
ensure that air does not enter the pyrolysis zone (Carneiro de Miranda, Bailis and Oliveira 
Vilela, 2013). Brick kilns are usually stationary and are suitable for the semi-industrial 
production of charcoal. One type is the truncated pyramid kiln, which is used in Chad, 
mainly in the informal sectors. The most notable type is the Argentine half-orange kiln. 
Because brick kilns are stationary once built, they can only be used in areas with a ready 
supply of wood (Seidel, 2008), or the cost of transporting the raw material would be 
excessive (Beukering et al., 2007)

Hot-tail The “rabo-quente” (hot-tail) kiln is the most widespread type in Brazil. The construction 
of a typical hot-tail kiln needs 7.5 t of clay bricks and 4 t of mortar. The lifespan is ten 
years (when cracks in the seams become excessive), at which time it is dismantled and 
rebuilt (Bailis et al., 2013)

Metal These come in various sizes and have been designed to be mobile and easy to move 
around. The key advantage is their mobility to the source of wood and the short 
production cycle. The kilns require huge capital to construct compared with earth-mound 
and casamance kilns. There are several makes of portable metal kilns. Many operate on 
the reverse draught principle, in which carbonization starts at the top and goes downward 
with the aid of chimneys located at the bottom. The chimney location provides greater 
control of carbonization and the kilns have a higher efficiency – up to 30 percent (FAO 
and ClimateCare, 2014)

Table A2 continued

Table A3 continues on next page
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Kiln Description

Retort Retort kilns are among the most efficient means for producing good-quality charcoal. 
The kiln returns the wood gases to the carbonization chamber, burns the volatiles and 
a higher proportion of the tar components almost completely, and uses the heat for 
the carbonization process (FAO and ClimateCare, 2014). The charring temperature can 
be controlled within a very narrow range, which means that only a small fraction of 
the biomass is used as fuel to heat the retort (GIZ, 2015).67 Retort kilns have very high 
efficiency, at 35–40 percent (Adam, 2009). Noxious emissions are reduced by 70 percent 
compared with earth-mound kilns (GIZ, 2015) because the smoke produced is partly 
burned off during carbonization. Another benefit is that the operating time for retort 
kilns is very short (Adam, 2009)

Note: See also FAO (1983/1987). 

TABLE A4
Data in the literature on parameters determining the regeneration of forests  
and woodlands

Country Recovery periods Notes

Eastern Senegal, dry forest areas 
– Mali, Niger and Burkina Faso

9–12 yrs

Temperate forests, Mexico 10–15 yrs

Zambia 20–30 yrs Return periods to previous 
clearcut areas

Regrowth of acacia dry forest, 
Kenya

14 yrs Rotational harvesting period 
proposed

Degraded woodland,  
United Republic of Tanzania

8–23 yrs Recovery periods after charcoal 
production

Source: Chidumayo and Gumbo (2013).

TABLE A5
Reported mean annual increment of vegetation

Location/vegetation type Annual growth rate Source

After land clearance for charcoal 
in miombo dry forests in Zambia 
with 1 200 mm rainfall per annum

2.8 t/ha/yr (calculated from  
carbon stock of 1.4 t/ha/yr) 

Iiyama et al. (2014c)

Natural vegetation: 14-year 
coppicing stands in arid Laikipia in 
Kenya with 500–550 mm annual 
rainfall 

1.3 t/ha/yr estimated for  
indigenous acacia species 

Iiyama et al. (2014c)

Natural miombo vegetation in 
Mozambique

0.04–2.9t/ha/yr of wood Iiyama et al. (2014c)

Dry miombo woodlands 1.2–2.0 Mg/ha Chidumayo (1991)

Wet miombo woodlands 2.2–3.4 Mg/ha Chidumayo (1990)

Mature miombo woodland 0.4–2.1 Mg/ha Malimbwi and Zahabu (2009)

67	 In the traditional carbonization process, high-quality wood to be carbonized will be partly burned to 
evaporate the water. However, more advanced kilns, such as the Adam retort, have a “fire box”. Waste 
wood and agricultural waste can be burnt in the fire box to heat the wood chamber where carbonization 
is also initiated. About 50 kg of waste wood is burned per batch of operation (Adam, 2009).

Table A3 continued

Table A5 continues on next page
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Location/vegetation type Annual growth rate Source

Mean annual fuelwood increment 
in dry miombo

1–2 m3/ha/yr Malimbwi et al. (undated)

Morogoro region,  
United Republic of Tanzania

3.15 t/ha Chidumayo and Gumbo 
(2013)

Mature stand of T. camphoratus, 
natural vegetation

2.3 t/ha after 6 yrs,  
increasing to 3 t/ha

Bailis et al. (2009)

Agroforestry systems 4–10 t/ha/yr Iiyama et al. (2014c)

Annual average above-ground 
biomass increment, plantations

•	 Eucalypt in Africa >20 yrs: 25 t/ha/yr 
(rainfall 1 000–2 000 mm/yr);  
5.1 t/ha/yr if rainfall <1 000 mm/yr

•	 Pinus in Africa: 3.3–18 t/ha/yr, 
depending on rainfall

•	 Other: 6.5–15 t/ha/yr

IPCC (2016) 

TABLE A6
Annual net loss of forest area, 2010–2015

Country Area (000 ha) Rate (%)

Brazil 984 0.2

Nigeria 410 5.0

United Republic of Tanzania 372 0.8

Zimbabwe 312 2.1

Democratic Republic of the Congo 311 0.2

Source: (FAO, 2016c).

There was a net loss of 129 million hectares of forest worldwide between 1990 and 
2015, resulting in a 1 percent reduction in forest land as a proportion of the global land 
area (FAO, 2016a). The largest loss of forest area was in the tropics, particularly South 
America and Africa, although the rates in those areas decreased substantially in the 
five years to 2015 (FAO, 2016c). Africa is losing about 1.6 million hectares of forest 
annually (Partey et al., 2016).

TABLE A7
Typical properties of dry wood, fuelwood and charcoal

Parameter Fresh wood (Dry) 
fuelwood

Charcoal Remarks

Density (kg/m3) 0.725 t/m3 200–600* *Depending on parent wood 
density (GIZ, 2014a)

Bulk density (kg/m3) 200–300 GIZ (2014a)

Moisture  
content (%)

20 Bailis, Ezzati and Kammen (2003)

>50 Freshly harvested wood (GIZ, 2014a)

15 Air-dried wood (GIZ, 2014a)

5 GIZ (2014a)

Table A5 continued
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Parameter Fresh wood (Dry) 
fuelwood

Charcoal Remarks

Volatile matter (%) 70 15–20 Dry wood (Carneiro de Miranda, 
Bailis and Oliveira Vilela, 2013)

24 Kattel (2015)

Fixed carbon 
content (%)

28 Dry wood (Carneiro de Miranda, 
Bailis and Oliveira Vilela, 2013)

80–90 GIZ (2014a)

80 Kattel (2015)

Ash content (%) 2 Dry wood (Carneiro de Miranda, 
Bailis and Oliveira Vilela, 2013)

4 Kattel (2015)

Nitrogen content (%) 0.53 Kattel (2015)

Sulphur content (%) 0.03 Kattel (2015)

Energy content 18.99 28.0 Bhattacharya, Albina and Khaing 
(2002)

Higher heating 
value, dry basis, 
MJ/kg

16 29 Bailis, Ezzati and Kammen (2003); 
GIZ (2015)

16 Air-dried wood (GIZ, 2014a)

8 Freshly harvested wood (GIZ, 2014a)

19–20 (dry) ~30 Dry wood (Carneiro de Miranda, 
Bailis and Oliveira Vilela, 2013)

16 30 GIZ (2014a)

27–33 Depending on fixed carbon and 
carbonization temperature  
(GIZ, 2014a)
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Annex B 
Information on kiln and  
stove efficiencies  

TABLE B1
Types of kilns and their efficiencies 

Kiln type Efficiency (%) Reference

Traditional (general) 10-20 Beukering et al. (2007) 

Traditional 10–22 UNDP (2013)

Traditional (basic) 10–30 Carneiro de Miranda, Bailis and Oliveira Vilela (2013)

Improved traditional Up to 30 UNDP (2013)

Improved (undefined) Up to 30 GIZ (2015)

Earth-mound 

Traditional earth 9–15 Iiyama et al. (2014a)

Traditional earth 8–15 GIZ (2015)

Rudimentary earth 8–20 Tabuti, Dhillion and Lye (2003); Hoffmann (2016)

Traditional earth-mound 11–30 CHAPOSA (2002)

Traditional earth-mound 10–15 FAO and ClimateCare (2014)

Traditional earth-mound 8–10 ESDA (2005)**

Traditional earth-mound 20–30 Bailis (2009)**

Traditional earth-mound 15–20 KFS (2013); Kalenda et al. (undated)**

Traditional earthen 10–20 Bailis et al. (2013)

Traditional earth-mound 10-25 UNDP (2014a)

Traditional earth 8–15 GIZ (2015)

(Basic) earth-mound 10–20 Beukering et al. (2007)

Improved basic earth-mound 15–25 Beukering et al. (2007)

Improved earth 25.7 Chidumayo and Gumbo (2013)**

Improved earth 27 Oduor, Githiomi and Chikamau (2006)**

Modified earth-mound (second 
generation)

Up to 30 KFS (2013)

Casamance 

Casamance 25–30 UNDP (2014a)

Casamance earth-mound 25–30 Beukering et al. (2007)

Casamance 16.8 Chidumayo and Gumbo (2013)**

Table B1 continues on next page
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Kiln type Efficiency (%) Reference

(Improved) casamance 26–30 Oduor, Githiomi and Chikamau (2006)**; KFS (2013)

Casamance (second generation) Up to 30 KFS (2013); FAO and ClimateCare (2014)

Casamance 22, 27.6 Testing at two communities in Kenya (FAO and 
ClimateCare, 2014)

Earth-pit 

Pit 11.8 Chidumayo and Gumbo (2013)**

Earth-pit 10–15 Beukering et al. (2007)

Pit type 30–35 UNDP (2014a)

Earth-pit 26.40 FAO (1983)*

Earth-pit 20.45 Pari et al. (2004)*

(Liberia) improved pit 30 FAO (2014b); Iiyama et al. (2014c)

Hot-tail 25–30 Bailis et al. (2013)

Metal

Metal – Mark 4 20–25 UNDP (2014a)

Meko (Mekko) 50–75 Kalenda et al. (undated)**

Metal – oil drum (portable) 23–28 UNDP (2014a)

Portable metal 26–30 KFS (2013)

Portable steel (retort) 24 FAO (1985)

Mark V portable 20–25 FAO (2014b)

Portable steel 20–20 Beukering et al. (2007)

Portable steel 25–30 Oduor, Githiomi and Chikamau (2006)**

Missouri (concrete and steel) 20–33 FAO (2014b); Kammen and Lew (2005)*

Brick and orange

Brick Around 30 Carneiro de Miranda, Bailis and Oliveira Vilela (2013)

Brick 25–35 UNDP (2014a); Beukering et al. (2007)

Brick (Brazil) 25–30 GIZ (2015)

Brick – half-orange (1) 50–60 KFS (2013)

Brick – dome/rectangular 28–30 KFS (2013)

Argentine half-orange or 
beehive brick 

27 FAO (1983)

Half-orange (second generation) Up to 30 KFS (2013); Seidel (2008)

Half-orange 25–30 Iiyama et al. (2014c)

Masonry – half-orange 25–35 NL Agency (2013)**

Masonry – dome 28–30 Kalenda et al. (undated)**

Brazilian bee-hive 33 FAO (1983)

Brazilian bee-hive  
(second generation)

Up to 30 KFS (2013)

Table B1 continued
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Kiln type Efficiency (%) Reference

Drum (metal)

Drum 28–30 Oduor, Githiomi and Chikamau (2006)**

Drum 32–38 Oduor, Ngugi and Gathui (2012)**

Drum – KEFRI/Maxwel design 20–30 KFS (2013)

Drum 20.7 Pari et al. (2004); FAO (2014b)

Oil drum 200 litres 20 Burnette (2010)*

Retort

Retort – Cornell 22–33 UNDP (2014a)

Retort with carbonization 
chambers 

30–40 Iiyama et al. (2014c)

Adam retort 34 FAO (2014b); Adam (2009)*

Adam retort 30–35 UNDP (2014a)

Adam retort 30–40 NL Agency (2013)**

Adam retort – retort/brick 
(advanced second generation)

35–40 (UNDP (2013); de Gouvello, Dayo and Thioye (2008)

Retort – Lambiotte 30–35 UNDP (2014a)

Twin retort (third generation, 
Euro Green)

35–40 Assuming full flaring (UNDP, 2013)

Retort 26 FAO (1985)*

Twin-retort carbonization plant 
(for two units) 

33 Reumerman and Frederiks (2002)*

Notes: * As seen in FAO (2014b). ** As seen in Iiyama et al. (2014c). 

TABLE B2
Wood-to-charcoal ratios mentioned in the literature

Quantity of charcoal 
produced

Quantity of wood needed 
(input)

References and remarks

1 kg 8–12 kg Traditional kiln (10–22%), oven-dry wood, 
0% moisture content (UNDP, 2013)

1 kg 13.3–10.0 kg GIZ (2014a)

1 t (30 GJ/t) 6–12 t (air-dry wood,  
(90–180 GJ original energy 
content)

Based on earth-mound kilns  
(with substantial energy loss)  
(Hofstadt, Kohlin and Namaalwa, 2009)

1 kg 8–12 kg Earth pits and traditional kilns (Kattel, 2015)

1 kg 4–8 kg Improved traditional kilns (Kattel, 2015) 

1 kg 3–4 kg Commercially available systems for  
industrial production (Kattel, 2015;  
de Gouvello, Dayo and Thioye, 2008)

Table B1 continued
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TABLE B3
Indicative efficiencies of traditional and improved cook stoves 

Type of stove Type of fuel Efficiency (%) Reference

Traditional Wood 11 Hofstadt, Kohlin and Namaalwa (2009)

Wood 12 GIZ (2015) 
Bhattacharaya and Salam (2002)

Wood residues 10.2 Hofstadt, Kohlin and Namaalwa (2009)

Sawdust 10.5 Bhattacharaya and Salam (2002)

Dung 10.6 Hofstadt, Kohlin and Namaalwa (2009)

Rice husk 13.0 Bhattacharaya and Salam (2002)

Charcoal 12 GIZ (2014a)

Charcoal 15 Sjølie (2012)

Charcoal 17 UNDP (2013)

Charcoal 19 Bhattacharya, Albina and Khaing (2002) 
Hofstadt, Kohlin and Namaalwa (2009)

Charcoal 20 GIZ (2015)

Charcoal 25 Means and Lanning (2013)

Improved Wood 20 GIZ (2015)

Wood 22.0 Bhattacharaya and Salam (2002)

Wood 24 Hofstadt, Kohlin and Namaalwa (2009)

Dung 19 Hofstadt, Kohlin and Namaalwa (2009)

Wood residues 21 Hofstadt, Kohlin and Namaalwa (2009)

Charcoal 20 GIZ (2014a)

Charcoal 21.0 Bhattacharaya and Salam (2002)

Charcoal 27 Hofstadt, Kohlin and Namaalwa (2009) 
Bhattacharaya, Albina and Khaing (2002)

Charcoal 28 GIZ (2015)

Charcoal 30 Bhattacharaya and Salam (2002)

Charcoal 45 Means and Lanning (2013)

Note: The definitions of and distinctions between traditional and improved cook stoves are not always clear.  
The use of these terms here follows usage in the cited literature.     
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Annex C 
Information on greenhouse gas 
emissions in the charcoal value chain  

TABLE C1
Overview of emission studies for kilns

Kiln type Yield 
%*

Emission factors  
(kg pollutant/t charcoal produced)

Reference

CH4 CO2 CO TNMHC 
or 
TNMOC

N2O NOx TSP

Kenyan  
earth-mound 1

22.6 35.2 1 992 207 90.3 0.12 0.087 41.2 Pennise et al. 
(2001)

Kenyan  
earth-mound 2

21.6 46.2 3 027 333 94.9 0.3 0.130 34.1 Pennise et al. 
(2001)

Kenyan  
earth-mound 3

28.0 47.9 1 787 240 93.8 0.16 0.035 25.0 Pennise et al. 
(2001)

Kenyan  
earth-mound 4

31.1 61.7 1 147 195 124 0.084 0.045 38.7 Pennise et al. 
(2001)

Kenyan  
earth-mound 5

34.2 32.2 1 058 143 60.1 0.068 0.021 12.8 Pennise et al. 
(2001)

Brazilian hot-tail  
(brick beehive)

34.1 47.6 1 382 324 80.9 0.045 0.028 - Pennise et al. 
(2001)

Brazilian surface 
(round-brick)

28.7 56.8 1 533 373 45.9 0.051 0.014 - Pennise et al. 
(2001)

Brazilian rectangular 
with tar recovery

36.4 36.5 543 162 23.9 0.011 0.054 - Pennise et al. 
(2001)

Thai brick beehive 
(average of 3 runs)

33.3 31.8 966 162 29.7 0.017 - 1.90 Smith et al. 
(1999)

Thai mud beehive 
(average of 3 runs)

30.8 21.7 1 235 158 19.9 0.021 - 0.69 Smith et al. 
(1999)

Thai single drum 
(average of 3 runs)

29.4 57.7 1 517 336 71.5 0.026 - 4.19 Smith et al. 
(1999)

Thai Earth mound 
(average of 3 runs)

29.8 27.7 1 140 226 95.3 0.046 - 2.25 Smith et al. 
(1999)

Thai rice husk 
mound (average  
of 3 runs)

29.7 12.7 1 570 106 8.5 0.084 - 0.81 Smith et al. 
(1999)

African  
earth-mound

27.6 39 1 593 254 7.2  
(as C)

0.11 0.24 14  
(as C)

Brocard et al. 
(1996)

Missouri - 55 550 145 80 - 12 - US EPA (1995)

World average 20.8 30 - 210 51 - 0.3 - IPCC (1997)

Table C1 continues on next page
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Kiln type Yield 
%*

Emission factors  
(kg pollutant/t charcoal produced)

Reference

CH4 CO2 CO TNMHC 
or 
TNMOC

N2O NOx TSP

Metal partial 
combustion 

32.7 - 1 192 336 72 - - - Shah et al. 
(1992)

Improved brick 24.4 75.4 - - - - - - UNFCCC (2006)

40.3 17.1 - - - - - - UNFCCC (2006)

Adam retort – 
retort/brick kiln 
(advanced 2nd 
generation)

35-40 0.0036** UNDP (2013)

Twin retort  
(3rd generation) 
from Euro Green 
power

35-40 0*** UNDP (2013)

Note: * Yield is percent charcoal mass/dry wood mass. Emissions from oil and tars not shown. ** Based on an 
estimated 88 percent reduction rate. *** Assuming full flaring. TSP = total suspended particulates. TNMHC = total 
non-methane hydrocarbons. TNMOC = total non-methane organic carbon.

 

TABLE C2
Efficiencies and emission reductions for alternative kiln technologies compared with 
traditional kilns from selected studies

g pollutant/kg charcoal produced (CO2e)(c)

Traditional kiln  
(8–12%)(a)(b)

Improved kiln  
(12–18%)

Semi-industrial kiln 
(18–24%)

Industrial kiln  
(>24%)

CO2 450–500 ≈ 400

CH4 ≈ 700 ≈ 50

CO 450-650 ≈ 160 

g pollutant/kg charcoal produced (CO2e)(d)

Earth-mound kiln (22%) Masonry kiln  
(33%)

CO2 2 510 1 103

CO 270 169

CH4 40.7 47

NOx 0.109 0.033

N2O 0.21 0.076

Notes: (a) Based on data from traditional charcoal production in several African countries, all in CO2e weighted 
by 20-year GWP. (b) Data based on Bailis et al. (2004) and Domac and Trossero (2008). (c) Overview mentioned in 
World Bank (2014) and AFREA (2011). (d) Data presented in Njenga et al. (2014).

Table C1 continued
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TABLE C3
Generic emission characteristics of liquid petroleum gas-, natural gas- and  
kerosene-fired stoves 

Natural gas LPG Kerosene 

Efficiency (%) 55 55 45

CO2 (kg/TJ) 90 402 106 900 155 500

CH4 (kg/TJ) 20.65 21.11 28.05

N2O (kg/TJ) 1.84 1.88 4.18

CO2-eq (kg/TJ) 91 405 107 900 157 400

Source: Bhattacharaya and Salam (2002).

 
TABLE C4
Theoretical, ecological and available energy potential of residues  
(including processing residues) in 2100, several regions and world total

Scenario Central and 
South America

Asia Africa and 
Middle East

World total

(EJPrim/yr)

Optimistic Theoretical 16 53 26 138

Ecological 9 34 10 81

Available 3 22 6 53

Pessimistic Theoretical 18 66 28 170

Ecological 10 44 9 101

Available 2 19 2 52

Source: Daioglou (2016).

 
TABLE C5
Similarities and differences between conventional charcoal and charcoal briquettes

Characteristic Conventional charcoal Charcoal briquettes

Raw material Wood Various – e.g. sawdust, nut shells, 
bagasse, crop residues, dust and 
fines from coal or charcoal 

Efficiency of production Traditional earth mounds and 
pits: 15–25%. Metal and brick 
kilns: 25–25%; Continuous rotary 
kilns and microwave systems: up 
to 40%

15–25% if carbonization 
required; >90% if material 
already carbonized

Energy value 31–33 MJ/kg 22–29 MJ/kg

Ash content < 5% 10–30%*

Stove type All-metal stove with grate, or 
metal cladding with ceramic 
insert, square or round

As for wood charcoal but may 
require more ventilation

* An oft-cited challenge for producers is to bring ash content below 17 percent to improve the burning properties 
and durability of briquettes. High ash content is attributed to contamination of raw material with non-biomass waste 
(usually soil), due to the poor handling and treatment of charcoal dust and fines by charcoal-makers and traders.

Source: Mwampamba et al. (2013).
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TABLE C6
Background information for scenarios by Ekeh, Fangmeier and Müller (2014)  
for Kampala, Uganda, greenhouse gas emissions from charcoal production,  
transportation and use

Step in  
value chain

Scenario 1a

Kampala
Scenario 2b

Kampala
Scenario 3c

Kampala
Scenario 4d

Uganda (entire country)

Greenhouse gas emissions (tCO2e)

Charcoal production 828 316 597 569 26 498 2 347 002

Use 723 985 723 985 723 985 2 051 385

Transportation 2 397.5 2 397.5 2 397.5 N/A

Total 1 554 699 1 323 952 752 882 4 398 387

(a) Based on an “earth-mound charcoal production process”; it is assumed that biomass feedstock is obtained 
unsustainably. (b) Based on a “methane-free pyrolysis charcoal plant”; it is assumed that the biomass feedstock 
is obtained unsustainably. (c) Based on a methane-free pyrolysis charcoal plant; it is assumed that the biomass 
feedstock is obtained from a sustainably managed plantation, thus biogenic CO2 emissions are excluded from 
inventory. (d) Based on an earth-mound charcoal production process; the biomass feedstock is obtained 
unsustainably. Transportation is not included.

TABLE C7
Background information for the study by Kattel (2015) in rural areas of Nepal 
(Sindhupalchowk district)

Scenario Before project  
(traditional charcoal)

After project  
(improved charcoal)

Charcoal need 250 kg/HH/yr* 200–250 kg/HH/yr

Fuelwood needed/kg charcoal 5 kg fuelwood/1 kg charcoal 3 kg fuelwood/1 kg charcoal

For all HH in village 96 250 kg fuelwood 46 200–57 750 kg fuelwood 

Fuelwood obtained/tree 225 kg fuelwood/tree 225 kg fuelwood/tree

No. forest trees needed/yr 428 trees 205–257 trees

CO2 emissions/kg fuelwood Per 8 kg fuelwood:

•	 450–550 g CO2

•	 700 g CH4

•	 450–650 g CO

Per 8 kg fuelwood:

•	 450–550 g CO2

•	 700 g CH4

•	 450–650 g CO

Emission (reduction),  
all fuelwood produced/yr

6.02 t CO2

8.42 t CH4

6.62 t CO 

2.89–3.61 t CO2

4.04–5.05 t CH4

3.12–3.97 t CO 

Notes: The study explored the impact of improved charcoal production technology and fuelwood consumption 
among blacksmith (marginalized) households. The table shows the project results on emission reductions and 
wood consumption reductions at the community level. * HH = households. 77 blacksmith households in total.
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TABLE C8
Efficiencies and emission factors for selected stoves based on different fuel moisture 
contents 

Type of stove Efficiency 
(%)

Burn rate 
(kg/h)

Emission factor (g/kg)

CO CO2 TNMOC CH4 NOx

Improved “RTFD” stove

Moisture content 
10%

17.1 19.7 1 605.3 10.84 10.83 0.113

Moisture content 
25%

9.7 55.8 1 572.1 8.88 9.78 0.082

Size of wood (mm): 
50 x 50 x 200

17.8 1.24 25.9 1 590.9 10.2 10.1 0.112

Size of wood (mm): 
25 x 25 x 50

17.1 1.74 23.7 1 605.3 9.9 10.5 0.213

Top ignition 14.7 19.3 1 595.1 10.4 9.2 0.097

Bottom ignition 14.7 28.7 1 591.9 12.1 10.8 0.113

Indian “harsha” stove

Moisture content 
10%

26.1 40.1 1 597.2 5.21 12.01 0.195

Moisture content 
25%

19.7 78.2 1 565.5 4.7 9.75 0.102

Size of wood (mm): 
50 x 50 x 200

26.8 1.55 42.4 1595.2 6.1 11.9 0.175

Size of wood (mm): 
25 x 25 x 50

26.2 2.11 37.1 1 601.2 6.0 12.1 0.210

Top ignition 24.7 41.7 1 593.4 4.9 10.7 0.999

Bottom ignition 25.3 52.4 1 587.5 5.2 11.8 0.182

Vietnamese traditional cement stove

Moisture content 
10%

17.5 38.6 1 608.7 12.01 7.82 0.073

Moisture content 
25%

14.0 55.2 1 547.2 6.8 7.98 0.051

Size of wood (mm): 
50 x 50 x 200

17.9 1.33 38.1 1 585.2 7.1 8.2 0.063

Size of wood (mm): 
25 x 25 x 50

17.2 1.85 36.5 1 603.2 6.9 8.0 0.101

Top ignition 16.8 27.2 1 601.1 6.9 7.6 0.058

Bottom ignition 17.2 43.5 1 588 7.1 8.0 0.073

Note: Bhattacharaya, Albina and Khaing (2002) looked at the efficiencies and emissions from different biomass 
cook stoves, and the impact of different fuel and combustion characteristics.
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TABLE C9
Emission profiles of several charcoal cook stoves 

Type of stove Thermal 
efficiency 
(%)

CO CO2 CH4 TNMOC NOx THC PM Reference

(g/kg fuel)

Traditional 
(Cambodia)

15 34.2 2 352.0 7.7 6.5 0.07 - - Bhattacharaya, 
Albina and 
Khaing (2002)

Bucket  
(Thailand)

16 35.7 2 155.0 6.8 5.8 0.03 - - Bhattacharaya, 
Albina and 
Khaing (2002)

Traditional (China) 13 175.0 2 436.0 7.8 8.5 0.3 - - Bhattacharaya, 
Albina and 
Khaing (2002)

QB charcoal/
firewood 
(Philippines)

27 198.0 2 276.0 8.0 9.7 0.22 - - Bhattacharaya, 
Albina and 
Khaing (2002)

Charcoal/wood 
(Philippines)

22 155.0 2 567.0 7.8 8.5 0.14 - - Bhattacharaya, 
Albina and 
Khaing (2002)

Improved  
(Lao People’s 
Democratic  
Republic)

17 134.0 2 451.0 9.8 6.3 0.19 - - Bhattacharaya, 
Albina and 
Khaing (2002)

Improved  
(Viet Nam)

25 87.2 2 233.0 10.8 4.8 0.30 - - Bhattacharaya, 
Albina and 
Khaing (2002)

Improved 
(Malaysia)

18 155.0 2 576.0 8.2 6.2 0.43 - - Bhattacharaya, 
Albina and 
Khaing (2002)

Bang Sue 18 178.0 2 555.0 8.7 7.8 0.42 - - Bhattacharaya, 
Albina and 
Khaing (2002)

GERES, charcoal 
fuel

25 303.5 2 791.5 19.4 - - 30.6 6.2 Jetter et al. 
(2012)

Gayapa, charcoal 
fuel

27 282.7 2 470.9 11.9 - - 23.7 7.9 Jetter et al. 
(2012)

JIKO ceramic, 
charcoal fuel

25 294.7 3 813.3 23.4 - - 39.7 7.2 Jetter et al. 
(2012)

JIKO metal, 
charcoal fuel

24 210.2 3 157.1 28.6 - - 51.0 7.1 Jetter et al. 
(2012)

KCJ Standard, 
charcoal fuel

32 365.4 2 894.1 14.5 - - 22.6 7.6 Jetter et al. 
(2012)

Uhai, charcoal fuel 
(Kenya)

30 142.4 3 093.1 12.6 - - 18.5 3.3 Jetter et al. 
(2012)

StoveTec charcoal,  
charcoal fuel

36 - 3 042.5 7.1 - - 54.6 4.3 Jetter et al. 
(2012)

Charcoal (Kenya) - 260.0 2 280.0 18.0 3.2 - - 0.4 Bailis, Ezzati and 
Kammen (2003)

Charcoal (India) - 275.0 2 410.0 7.9 10.5 - - 2 Smith et al. 
(1999)

Table C9 continues on next page
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Type of stove Thermal 
efficiency 
(%)

CO CO2 CH4 TNMOC NOx THC PM Reference

(g/kg fuel)

Charcoal fuel 
(West Africa)

- 211.0 2 260.0 2.4 0.4 - - - Brocard et al. 
(1998)

IPCC default factor - 200.0 2 400.0 6.0 3.0 - - - IPCC

Average 23 194.6 2 610.9 11.4 6.2 0.23 34.4 2.4

Min. 13 34.2 2 155.0 2.4 0.4 0.03 18.5 4.90

Max. 36 365.4 3 818.3 28.6 10.5 0.43 54.6 7.9

TABLE C10
Scenario assumptions for modelled estimates on greenhouse gas emissions (reductions) 
in the charcoal value chain and for wood sourcing specifically

Parameter Assumptions for model estimates on GHG emissions (reductions)  
in the value chain

Scenario assumptions Estimates are modelled for five scenarios to show the range of emission 
levels:

•	 Maximum 

•	 Average

•	 Average + 

•	 Optimal 

•	 Average (+) sustainable forest management

•	 Optimal (+) sustainable forest management.

The maximum to average scenarios are used for the baseline (business as 
usual with technologies with low efficiencies). 

The average+ to optimal scenarios are used to estimate GHG emission 
reductions when interventions are introduced.

The sustainable forest management scenarios are used to show the impacts 
on CO2 emissions of the sustainable management of woodlands, which 
results in increased accumulation of AGB

Coverage of emissions 
from wood sourcing in 
the LCA

•	 The assumption is that all carbon removed during harvest (sourcing) goes 
into the kiln, with some GHGs, such as CO2, CO and CH4, released and 
some converted to charcoal. The charcoal is then combusted in stoves, 
and the remaining carbon is released as CO2, CO, CH4, etc. 

•	 Emission data from the literature for stoves and kilns are used, including 
CO2 emissions. To avoid double counting, the CO2 from carbonization and 
combustion is included (but separately presented) in the calculation –  
and therefore not included for wood sourcing.

•	 Sustainable forest management scenarios: additional (negative) CO2 
emissions for wood sourcing are included due to the regrowth of biomass 

Biomass regrowth •	 An increase from 50 to 60 t dry matter/ha AGB is assumed, reaching 
a stable equilibrium. The carbon gained due to biomass regrowth is 
calculated for the area needed to produce 1 MJ end use for the  
specific scenarios.

•	 Impacts of BGB, dead organic matter and soil organic carbon are  
not considered

Table C9 continued

Table C10 continues on next page
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Parameter Assumptions for model estimates on GHG emissions (reductions)  
in the value chain

Carbonization

GHGs included For the modelled estimates (based on data from the literature), GHG 
emissions from carbonization are based on emissions of CO, CH4, CO2, N2O 
and NMHC. The optimal and optimal+ scenario assume that CH4 emissions 
are fully flared, and therefore zero. CO2 is presented separately in the model

Kiln efficiencies Maximum: 10%; average: 17%; average+: 23%; optimal: (+)30%

Transportation Emissions are minimal. In this analysis, emissions are assumed to be  
(close to) zero

Combustion

GHGs included For the modelled estimates (based on data from the literature), GHG 
emissions from combustion are based on emissions of CO, CO2, CH4 and 
TNMOC. CO2 is presented separately in the model

Efficiencies Maximum: 13%; average: 21%; average+: 28%; optimal: 36%

Parameter Assumptions for model estimates on carbon emissions from wood sourcing 

Scenario •	 The scenario assumes that the land is left to regenerate after 
clearcutting. The more optimistic scenarios use higher biomass growth 
rates because of improved natural woodland management.

•	 The additional scenario on conversion from agriculture assumes that 50% 
of the deforestation is driven by charcoal and 50% is driven by agriculture 
(permanent)

AGB biomass •	 The assumption is that 100% of AGB in miombo woodland is considered 
suitable for charcoal production; the actual percentage is lower. 
Chidumayo (1991) indicated, for example, that 90% of AGB in miombo 
woodland is suitable for charcoal-making using the earth kiln method.

•	 AGB is based on maximum and minimum values found in the literature 
for miombo woodland, ranging from 38.76 t dry matter/ha to  
109.16 t dry matter/ha (REN21, 2015)

Regrowth of biomass •	 For the regrowth of biomass, also referred to as MAI, the range used is 
0.04–3.4 t dry matter/ha (based on data from the literature) 

•	 The optimal scenario uses a higher MAI – due to improved management 
(5 t dry matter/ha)  

Carbon stocks •	 The model calculation only includes AGB because there is no evidence 
that dead organic matter, soil organic carbon and BGB are all lost when 
charcoal is produced.

•	 The additional scenario on conversion from agriculture assumes that 
all AGB is emitted to the air. BGB, dead organic matter and soil organic 
carbon are not included

Carbon content An average carbon content of 47% in miombo woodlands was used for the 
study

CO2 to carbon ratio 44/12 for mass-based GWP

Table C10 continued
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Annex D
Information on socio-economic 
characteristics of the charcoal  
value chain

TABLE D1
The share of charcoal price paid to producers, various countries, as used to analyse  
total potential revenue of the charcoal system for selected kiln technologies 

Malawi Philippines Pakistan Nepal Thailand

                                                                         %

Retailer/urban 
retailer/repacked

24–33 19–35 12 8 46

Private taxes 12–20

Market fee 3

Urban wholesaler 0–6 6

Transport 20–25 6–15 10 12

Rural trader 11–30

Stockholder 9–12

Labour (packing)/
assembler

0–6 0–7

Producer 21–33 30–53 33 79 14

Woodcutter/
collector

39 11

Land/tree owner 0–15 29

Source: FAO (2014b).
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TABLE D2
Estimated annual contributions of the charcoal sector

Country/region Charcoal sector value 
(marketed commodity)

Remarks Reference

Africa More than US$8 billion 
in 2007; projected to be 
more than US$12 billion 
by 2030

The charcoal industry in the  
African region, 2007; 2030 based  
on projections

Neufeldt et al. 
(2015a)

Worth US$9.2 billion– 
24.5 billion annually

Based on estimated official charcoal 
production of 30.6 million t in 2012

UNEP (2014)

In terms of value, charcoal exceeds 
many of the main agricultural 
(export) commodities 

GIZ (2015)

SSA Projected to exceed  
US$12 billion by 2030

Means and 
Lanning (2013)

Countries

Burundi US$45 million Estimated annual value Sepp (2014b)

Ethiopia US$63 million Estimated annual value Sepp (2014b)

Côte d’Ivoire US$301 million Estimated annual value Sepp (2014a)

Kenya US$450 million Comparable to the country’s  
tea industry 

ESDA (2005)

US$450 million, around  
2.1% of national gross 
domestic product (GDP)  
in 2009

Includes contributions of the 
charcoal sector to employment, rural 
livelihoods and the wider economy

AFWC (2016)

A survey suggests that  
the sector is worth  
US$1.6 billion 

KFS (2013)

KES 32 billion in 2004 The economic value of the charcoal 
sector; KES 135 billion compared  
with the tea industry 

Iiyama et al. 
(2014c)

US$400 million/yr Value of the charcoal production  
and trade

Mutimba and 
Barasa (2005)

Liberia Over US$16 million 
annually in GDP 

By comparison, grid-connected 
electricity accounts for US$8 million 
(only 1% of population is connected 
to grid)

Jones (2015)

Madagascar US$150 million Estimated annual value Sepp (2014b)

Malawi US$41 million/yr Value charcoal production and trade Macqueen and 
Korhaliller (2011)

US$49 million (1996) and 
US$81 million (2008);  
≈3.5% of GDP

The market value of traded fuelwood AFREA (2011)

Mali Turnover is equivalent to 
0.5% of GDP

Woodfuel sector compared with 
electricity sector

Gazull and 
Gautier (2015)

Charcoal industry revenue KFS (2013)

Mozambique US$250–300 million Estimated annual value EU/GIZ (2012)

Table D2 continues on next page
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Country/region Charcoal sector value 
(marketed commodity)

Remarks Reference

Rwanda US$77 million Neufeldt et al. 
(2015b)

US$75 million/yr Based on 150 000 t charcoal annually. 
Some 50% of this value remains in 
rural areas

GTZ/EU (2008)

An estimated value for 
fuelwood and charcoal 
(combined): 5% of GDP

World Bank 
(2012a)

United Republic 
of Tanzania

US$650 million/yr to the 
Tanzanian economy

5.8 times the combined value of 
coffee and tea production

World Bank (2010)

US$650 million: around 
2.2% of national GDP 
(2009)

These are contributions of the 
charcoal sector to employment, rural 
livelihoods and the wider economy

AFWC (2016)

2002: more than  
TZS 200 billion  
($200 million)

Generated revenues of charcoal 
business the country 

Beukering et al. 
(2007)

Togo US$103 million Estimated annual value Sepp (2014b)

Urban areas

Phnom Penh, 
Cambodia

Charcoal consumption 
represents an estimated 
US$25 million yearly 
market

Also with at least 5 000 families 
engaged in producing charcoal in  
the surrounding provinces 

Müller, 
Michaelowa and 
Eschman (2011)

Maputo, 
Mozambique

US$13 million/yr Value of charcoal production  
and trade

EU/GIZ (2012)

Dar es Salaam, 
United Republic 
of Tanzania

US$44 million/yr Value of charcoal production  
and trade

GIZ (2014b)

Estimated at  
US$350 million

Total annual revenue generated by 
charcoal sector 

AFREA (2011)

Lusaka, Zambia US$25 million/yr Value of charcoal production and 
trade

GIZ (2014b)

Economic value of about 
US$25 million/yr 

Total charcoal consumption of 
Lusaka was 174 000 t in 1990 and 
245 000 t in 2000; second most 
important economic activity in the 
area after agriculture 

Seidel (2008)

Table D2 continued
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TABLE D3
Characteristics and capital costs of kiln technologies 

Type of kiln Efficiency 
(%)

Capacity 
(t/yr)

Total capital 
cost  
(US$, 2008)

Capital 
cost/t  
(US$, 2008)

Lifetime 
of kiln 
(yrs)

Reference

Flat 16.6 31 825 26.6 Pari et al. (2004); 
Ando et al. 
(undated)*

Earth-pit 20.45 17 480 28.2 Pari et al. (2004)*

Earth-pit 37 825 22.3 FAO (1983)*

Drum 20.7 3 54 18.0 - Pari et al. (2004); 
Ando et al. 
(undated)*

Oil drum (200 litres) 20 5 28 1.9 3 Burnette (2010)*

Double drum 4 260 53.4 - Pari et al. (2004)*

Mark V portable 20–25 - 5 000 UNCHS/HABITAT 
(1993)*

Missouri  
(concrete and steel)

20–33 305 7 714 - 6 Rautiainen et al. 
(2012); Kammen 
and Lew (2005)*

Portable steel 
(retort)

24 2 721 1 255 535 461.4 3 FAO (1983)*

Retort 26 14 512 3 138 840 216.3 FAO (1983)*

Yoshimura 26.4 16 780 47.5 Pari et al. (2004); 
Ando et al. 
(undated)*

Argentine half-
orange, beehive brick 

27 - - - 5-8 FAO (1983)*

ACREST mobile 
charcoal 

30 18,25 64 3.5 ACREST (2011)*

Liberia improved pit 30 - - Padon (1986)*

Twin-retort 
carbonization plant 
(for 2 units) 

33 900 712 100 79.1 10 Reumerman and 
Frederiks (2002)*

Brazilian beehive 33 203 2 450 2.0 6 FAO (1983)*

Note: * Original references, as seen in FAO (2014b). 

Source: FAO (2014b).
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Annex E 
Case studies and lessons learned   

TABLE E1
Summary of project activities and climate-change mitigation realized,  
selected case studies

Case study Period of 
implementation

Cost Project and/or policy 
description

Climate-change mitigation realized 

Democratic 
Republic of  
the Congo,  
Makala 
project

2009–2013 Unknown Introduction of 
techniques for 
sustainable resource 
management, village 
management and 
community plantations

•	 More than 1700 ha of village tree 
plantations planted (100 villages,  
800 nurseries)

•	 Reforestation with 60 000 trees
•	 20 000 ha of managed forest lands

Cameroon, 
sawmill 
waste

2011–2013/14 €230 000 Establishment of 
production facilities 
charcoal from sawmill 
waste, strengthen local 
cooperatives

•	 129 t charcoal produced
•	 96 t sold
•	 640 tCO2 emission reduction 

Madagascar, 
Reboisement 
Villageois 
Individuel 
(RVI)

2004–2014; 
scaling up 
ongoing

Unknown Land rehabilitation 
through reforestation 
by RVI approach

•	 2 900 households have afforested  
7 000 ha

•	 Preservation of 49 000 ha of 
natural forest

•	 800 ha of logging/yr leads to  
3 500 t charcoal/yr

•	 More efficient stoves save  
600 t charcoal/yr 

Chad 1999–2004 Unknown Using a community-
based natural resource 
management system, 
strengthen capacity, 
institutional reforms, 
improve household 
efficiency

•	 Through improved stoves, 
reduction of 31 888 tCO2

•	 Through reduction of 
deforestation, reduction of  
33 340 tCO2  

Kenya, 
Kakuma

Ongoing Unknown Promotion of mobile, 
metal-ring charcoal 
kilns and fuel-efficient 
stoves

Project implementation expected 
to result in GHG emission reduction 
through improved kilns and less 
demand on forest resources
Project targets: 
•	 8 000 multipurpose fuel-efficient 

stoves save 432 000 kg charcoal 
(equivalent to 7 200 medium-sized 
trees) annually

•	 20 steel-ring kilns save 172 800 kg  
of charcoal (equivalent to  
700 medium-sized trees)

United 
Republic of 
Tanzania 
charcoal ban

2006 A complete ban was 
imposed on cutting of 
trees, harvesting timber 
and the production and 
transport of charcoal

Production, trade and consumption  
of charcoal continued illegally.  
Price of charcoal doubled 
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CASE STUDY 1: MAKALA PROJECT, DEMOCRATIC REPUBLIC OF THE CONGO
The Makala project68 (2009–2013) was implemented to enhance understanding and 
management of urban woodfuel supply in central Africa to guarantee woodfuel supply 
to urban citizens while limiting environmental pressure from supply. With a range of 
pilot activities in the Democratic Republic of the Congo, it contributed to knowledge 
on the woodfuel value chain for policy-makers, the private sector, aid organizations 
and rural communities. 

Wood energy is the primary household energy in central Africa, and charcoal 
consumption is increasing in urban centres, thanks to a growing population and a lack of 
alternative energy sources. In the Democratic Republic of the Congo – one of the poorest 
countries in the world – around 85 percent of households use wood as their primary 
cooking fuel. Kinshasa consumes around 5 million tonnes of woodfuel per year supplied 
from about 60 000 hectares of peri-urban woodlands. With a rapidly increasing urban 
population and the ongoing popularity of charcoal, demand for woodfuel continues to 
rise. In Kinshasa, two-thirds of woodfuel is sourced from newly cleared woodlands for 
agriculture and one-third from forests. The few woodfuel plantations that exist include: 

•	 	 the agroforestry Mampu Project on the Batéké plateau, with the production of 
charcoal from 7 700 hectares of acacia trees planted between 1987 and 1992;

•	 	 the Clean Development Mechanism’s project on afforestation and charcoal 
production, “village Ibi”; 

•	 	 the Ntsio Project, with a plantation of 5 500 hectares of acacia trees on the Batéké 
plateau;

•	 	 The Gungu Project near Kikwit in the Province of Kwilu; and
•	 	 the EcoMakala Project in North Kivu. 
The woodfuel sector provides a significant number of informal jobs, with over 

300 000 people involved in producing woodfuel for Kinshasa alone. The increased 
woodfuel demand puts pressure on forests and has negative environmental and social 
impacts. Especially in peri-urban areas, pressure from woodfuel harvesting, often 
combined with slash-and-burn agriculture, causes land degradation, and woodfuel 
needs to be sourced from ever-increasing distances. 

Interventions introduced
Project activities included an analysis of the legislative framework and woodfuel value 
chains. The project also mapped the available resources and practices of resource 
extraction. Subsequently mitigation measures, in terms of the sustainable management 
of natural forestlands through village management and community plantations, were 
introduced. Also, the project looked into the efficiency of carbonization and options for 
improving charcoal-making skills. Lessons from the various activities were translated 
for capacity building among villagers and the training of officials and students. 

68	 The project was funded by the European Union and operated by the Agricultural Research or Development 
in partnership with Center for International Forestry Research, the Hanns Seidel Foundation, Gembloux 
Agro Bio Tech and the Faculty of Science at the University of Kisangani.
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The project introduced techniques for the sustainable management of the resource 
base that can help to mitigate climate change. These included provenance trials for 
the identification and selection of acacia species best adapted for reforestation in the 
Batéké plateau. 

More than 1 700 hectares of village tree plantations were planted during the project, 
involving thousands of villagers in 100 villages and 800 nurseries. 

Assisted natural regeneration techniques for land after slash-and-burn agriculture 
were developed in more 150 plots, principally on the Batéké plateau. In Bas Congo, 
reforestation was initiated using local tree species, and about 60 000 trees were used to 
reforest and restore deforested lands.

Simple management plans were established for 18 communities covering a total area 
of around 20 000 hectares of managed forest lands.

Climate-change mitigation realized
All afforestation and reforestation pilot activities, and avoided forest degradation, 
potentially contribute to enhancing carbon stocks and climate-change mitigation. 

The contributions to climate-change mitigation have not been calculated, but would 
be at a limited scale given the modest pilot phase. The impact of such initiatives, even for 
fast-growing tree species, cannot be measured in the short timeline of projects. Much will 
depend on follow-up activities, the multiplier effect of the project, and institutional changes.

The Makala project informed the development of the country’s national REDD+ plan, 
which identifies woodfuel as a major driver of deforestation and forest degradation and 
introduces a range of possible measures. Pillar 2 on energy aims to reduce unsustainably 
produced woodfuel while, at the same time, responding to the national demand for energy. 

Key lessons learned
Wood energy will continue to dominate household energy supply for the foreseeable 
future in the Democratic Republic of the Congo, putting pressure on tree resources. 
Policies are needed not only to encourage more sustainable supply options, but also to 
address the informal trade chains and the affordability of household energy supplies. 
Uncertain land rights, shifting cultivation, environmental externalities, and conflicting 
customary and official laws are all obstacles to sustainable forest management. 

Interventions to date tend to target official forest concessions and plantations, while 
most woodfuel is sourced from village woodlands, often combined with land-clearing 
for agriculture. Present initiatives, of which the largest is the acacia planation on the 
Batéké plateau, produce only a fraction of total charcoal needs in urban centres (an 
estimated 50 000–80 000 m3 of wood per year, or 1 percent of Kinshasa’s demand). 
Future interventions need to consider the dependence of many people on woodfuel 
production and the importance of sales as a cash-generating activity. Woodfuel 
production is still mostly in the informal sphere, and collaboration among different 
sectors in needed to professionalize and formalize it, without harming the livelihoods 
of those involved. New management options that combine agroforestry, plantations 
and improving energy efficiency among both producers and consumers can provide 
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opportunities for sustainable future energy supplies. The establishment of plantations, 
the restoration of natural and degraded forests, and the introduction of trees in 
agricultural lands and peri-urban zones can all contribute to sustainable sourcing. 
Management interventions are needed at the local level, combined with integrated 
land management at the level of the supply zone. Institutional and legal frameworks 
are needed to support the development and ownership of rural plantations and tree-
planting in the context of decentralization and energy production. There is a need 
for institutions and legislation to protect local rights to trees and to provide options 
for differentiated taxation on wood from plantations and managed production versus 
wood without management plans.

Sources: CIRAD (2016); Schure et al. (2010); Dubiez et al. (2012); Marien et al. (2013).

CASE STUDY 2: INCOME GENERATION AND EMISSION REDUCTIONS 
THROUGH SUSTAINABLE CHARCOAL PRODUCTION FROM SAWMILL WASTE 
IN CAMEROON 
Although dense humid forests exist in the south of Cameroon, northern Cameroon is 
in the Sahel and lacks forest resources. Logging companies are active in the south, but 
they lack facilities to make use of sawmill waste, for example to produce charcoal for 
households in the north. Two hundred thousand tonnes of charcoal are produced per 
year from a total volume of 2.5 million tonnes of available waste timber (GIZ, 2011). 

In a public–private partnership between SFID SA (a French tropical wood-trading 
company) and Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ), the 
project described here assisted local cooperatives to convert waste from sawmills in 
southern Cameroon into charcoal. The charcoal was sold locally and elsewhere in 
Cameroon, and 20 000 people living in the vicinity of the concessions benefited. The 
project supported local development projects via Fonds de Développement Local, to 
which part of the revenues from the sale of charcoal was returned. 

The project ran from 2011 to 2014. The project cost €231 283, with contributions from 
GIZ and SFID (ProPSFE, 2014). 

Interventions introduced
The main objective of the project was to develop activities for the sustainable use of 
forestry residues to generate income in the rural area of Mbang (East Cameroon) through 
the production and marketing of charcoal, thereby also contributing to the reduction 
of GHG emissions. 

SFID is one of the main operators in the Cameroonian timber industry, managing 
nearly 550 000 hectares of forests with management plans. It has two industrial 
units (Djoum and Mbang), which produce sawnwood as well as processed products. 
SFID holds an FSC certificate on 100 percent of its southeast forest concessions 
(265 000 hectares). 

The project supported the establishment of production facilities among a network 
of producers piloted by SFID and strengthened local cooperatives in their capacity to 
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market the charcoal. New technologies for converting waste timber were promoted, 
such as modern carbonization in clay and metal kilns. SFID supplied the raw material 
as well as maintenance services for the kilns. The project partners trained the technical 
staff involved in kiln construction and operation and the manufacture of clay bricks. 

A producer network was established to run large-scale, state-of-the art, sustainable 
production processes and turn a greater proportion of waste from (semi)processed 
timber into charcoal. 

Revenues from charcoal were re-invested in Fonds de Développement Local and used 
to finance micro-development projects for local groups. A ministerial order reduced 
the taxes payable on charcoal manufactured from waste timber. 

Climate-change mitigation realized
Over the course of the project, 3 225 bags – about 129 tonnes – of charcoal were produced 
at the Mbang site, and 96 tonnes of charcoal were sold.

Expertise from the Walloon Agronomic Research Center was mobilized to assess 
the environmental impact of carbonization. The main points arising from this scientific 
study can be summarized as follows:

•	 	 The modern carbonization of sawmill residues for the production of charcoal 
avoids the emission of a considerable amount of CO2 into the atmosphere by 
replacing much of the artisanal coal produced directly in the forest from trees 
used for this purpose.

•	 	 From an environmental point of view, whatever the type, carbonization is preferable 
to open-air combustion. Carbonization also emits greenhouse gases (CO2, CH4, 
etc.), but in considerably less quantity than combustion in the open air.

•	 	 Even if the residues were not burnt, their biological degradation would inevitably 
lead to the production of greenhouse gases proportional to their carbon content.

•	 	 Low-carbon charcoal makes it possible to avoid the emission of 4.95 tCO2 per 
tonne of charcoal produced. Horn-type furnaces that do not emit methane make 
it possible to avoid the emission of more than 6.50 tCO2e.

A reduction of 4.95 tCO2 in emissions per tonne of charcoal produced implies a 
total reduction of almost 640 tCO2 emissions for the entire project (i.e. for 129 tonnes 
of charcoal produced). 

Key lessons learned
The project covered six aspects and lessons have been learned in all of them. The most 
relevant were:

•	 	 Improved carbonization techniques – it is important to use kilns suitable for the 
climate and location.

•	 	 Charcoal production – charcoal producers could be organized in producer groups 
instead of recruited as employees of a sawmill company, for which this is a 
secondary activity.

•	 	 Charcoal marketing – a cost–benefit analysis should include all actors in the chain 
so that profitability can be assured for each actor.
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•	 	 Actions to combat illegal charcoal are crucial for ensuring the profitability of the 
sector for legal actors.

•	 	 Bulk transport is advised to reduce charcoal transport costs. 
•	 	 Green charcoal production quotas set by the responsible ministry can help limit 

illegal charcoal markets.
•	 	 If a local development fund is used, the amount set aside must not negatively 

affect the sales of charcoal.
•	 	 Institutional support – the involvement of institutional partners is important for 

capitalizing project achievements at the national level. 

Sources:  GIZ (2011); ProPSFE (2014).

CASE STUDY 3: RVI MADAGASCAR
Eight-five percent of all Madagascan households depend on woodfuel. The rate of 
deforestation is high, at 0.6 percent per year. National policies almost entirely omit 
charcoal, which leads to unsustainable and inefficient production. 

Interventions introduced
The Reboisement Villageois Individuel (RVI) approach prioritizes individual smallhold-
ers as forest stewards with secure tenure rights. At its core, surplus or freely disposable 
wasteland unsuitable for other purposes is reforested with the goal of producing woodfuel 
in a sustainable and highly efficient manner. The approach involves four core activities 
(Ackermann et al., 2014):

1.	 	 Achieving community consensus on setting aside wasteland for reforestation, 
subject to participatory land-use planning.

2.	 	 Promoting the formation of smallholder groups willing to undertake reforestation 
efforts.

3.	 	 Supporting the allocation of plots to individual households.
4.	 	 Facilitating the formal registration of tenure rights in recognition of and conditional 

on predetermined performance benchmarks (a minimum 80 percent survival rate 
one year after planting).

The project ‘s objective was to contribute to the sustainable woodfuel supply of 
Antsiranana, the capital of the Diana region in northern Madagascar. RVI places 
local people at the centre of planning and implementation of woodfuel plantation 
management. The approach is based on the voluntary participation of communities 
eager to rehabilitate degraded lands by means of voluntary individual reforestation. A 
village-based participatory approval process allocates individual woodlots to interested 
households, along with defined use rights and obligations. Each plot is demarcated, mapped 
and documented with the community’s approval. Specially trained non-governmental 
organizations provide technical assistance through a three-stage approach, with a total 
implementation period of 21 months. 

Large-area planting of fast-growing trees is coupled with the training of personnel 
in nursery management and forest management according to fixed quality standards. 
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The areas eligible for afforestation and the transfer of individual property rights are 
degraded and lack agricultural potential; this is to prevent competition and use conflicts 
in the long term.

Climate-change mitigation realized
Overall, 2 900 households afforested 7 000 hectares of wasteland around 68 villages, 
mainly using eucalypts. Because the approach mandates mechanical tillage, degraded 
areas with compacted topsoil can be revitalized through rehabilitation. Newly created 
plantations ease pressure on natural forests, especially around protected areas under 
threat of conversion for charcoal production (biodiversity conservation as a co-benefit). 
Additionally, bushfires in the afforestation zones have declined because the owners 
of the forest plots have a strong interest in protecting their properties. Coupled with 
efficient technologies, this has resulted in the preservation of about 49 000 hectares of 
natural forests, with corresponding carbon sequestration.

Of the total afforested area of 7 000 hectares, 800 hectares can be logged each year. 
This, combined with efficient use technologies, enables the production of 3 500 tonnes 
of charcoal, meaning that, particularly in the regional capital of Antsiranana, about 
33 000 people (30 percent of the town’s population) can be sustainably supplied with 
domestic energy.

Four thousand households in the project area now use more efficient stoves, comprising 
roughly 20 000 people. They save some 600 tonnes of charcoal per year, worth a total 
of €60 000, or €15 per household (corresponding to a 25 percent drop in expenditure). 
Retailers and end consumers receive information and advice, partly in the context of 
public–private partnerships (ECO Consult Sepp and Busacker Partnerschaft 2013).

Key lessons learned
Success factors in the project (Ackermann et al., 2014) include the following: 

•	 	 Good governance – innovations include forward-looking policies (e.g. “Vision 
2020”).

•	 	 Subsidiarity – technical services are relieved of what they cannot afford to do. 
Trained non-governmental organizations bridge the gap between executive 
authority and target group.

•	 	 Decentralization – management functions are assigned to those directly concerned.
•	 	 Legalization – the approach assists in setting tenure/use arrangements (communal 

decree).
•	 	 Tenure security – allocating individual legal titles to people is the driving force of 

the approach, rather than counting on community property and management alone.
•	 	 Efficient technologies along the value chain – the output per equivalent amount 

of raw material is quadrupled.
•	 	 Simplicity – the approach requires no complex community institutions or 

management regulations compared with community-based forest management.
•	 	 Formalization – the legalization of representative user groups provides income 

to communities and the forest administration through legal taxes and dues.
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•	 	 Economic returns are quick and tangible.
•	 	 Empowerment, devolution – user rights and duties are transferred to user groups 

according to jointly set-up quality standards.
•	 	 Capacity building – increased local capacity ensures upscaling, efficient steering 

and sustainable implementation.
Adjustments in the national energy policy are necessary to make RVI effective in the 

long run. What is true for Madagascar is also likely to be relevant in other comparable 
countries. Policy lessons from the project include that energy policies should:

•	 	 transform mostly informal wood-energy sectors into regulated, legally formalized 
regional economies;

•	 	 devote administrative attention and financing to formal local biomass energy 
markets;

•	 	 establish national energy wood reserves and sustainable wood production for 
household energy purposes – best combined with participatory approaches such 
as RVI; and

•	 	 integrate woodfuel as an important pillar in the energy mix (image change).
The project is being scaled up in Madagascar by KfW to a further 15 000 hectares.

Sources: Ackerman et al. (2014); ECO Consult Sepp and Busacker Partnerschaft (2013).

CASE STUDY 4: SUSTAINABLE WOOD-ENERGY DEVELOPMENT IN CHAD
Chad has a long history of political and economic uncertainty. Since 1993, the govern-
ment has taken significant actions for economic recovery. 

The development objective of the project described here and implemented from 1999 
to 2004 was to provide an economic, sustainable supply of energy for households. The 
specific objectives of the project, as per the Development Credit Agreement, were to: 

•	 	 promote the establishment of the sustainable production of woodfuels using 
a community-based natural resource management system (Village Exploitant 
Rationnellement son Terroir – VERT) in selected villages providing energy to 
the capital, N’Djamena; 

•	 	 strengthen the capacity of the borrower to extend such production elsewhere; 
•	 	 carry out institutional reforms in the household energy sector; and 
•	 	 improve efficiency in the use of household energy.
On the supply side (80 percent of project costs), simple, long-term, village-based land-use 

and wood exploitation plans were prepared for the N’Djamena woodfuel catchment area; 
the plans were based on an assessment of wood resources and economic activities in the 
vicinity of the villages, focusing on a rational, participatory approach to the management 
of wood resources. Efficient charcoal conversion techniques were promoted in charcoal 
production areas. A system was established to monitor the inflow of wood products 
from rural production zones into N’Djamena and an effective environmental policy 
was implemented to guide transporters to areas where least-cost wood was available. 

On the demand side (20 percent of project costs), private agents commercialized 
efficient cook stoves; suitable stove models were identified through non-governmental 
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organizations; and a promotional campaign was launched to encourage the private sector 
to adopt the programme. The project promoted the commercialization of low-cost 
kerosene and LPG stoves by private agents and sought ways to increase the efficiency 
of their supply system.

Climate-change mitigation realized
The following environmental benefits were obtained:

•	 	 Consumption and supply of woodfuels. The improved stoves component could 
reduce CO2 emissions by about 31 888 tonnes over the five-year project period, 
which is below the expected level of savings (112 000 tonnes) due to the lower 
than expected number of improved stoves in use. Because some 8–11 percent 
of the total supply of charcoal became sustainable, deforestation was reduced, 
implying lower overall CO2 emissions. The associated estimated reduction was 
about 33 340 tCO2 over the project period.

•	 	 Conservation effects at the village level. Wood resources were conserved, 
soil conditions may have improved, and biodiversity in general may have been 
maintained or improved. These effects were not monitored in Chad but were 
observed elsewhere in the Sahel. Thus, the environmental sustainability of VERT 
resources is highly likely. However, until N’Djamena’s entire woodfuel supply basin 
is fully covered by VERTs there is a risk of a partial displacement of production 
and consequently an increase in resource depletion in not-yet regulated areas. 

Key lessons learned
The component to “create capacity to monitor and control wood products flows” was 
highly successful. A differential taxation system was implemented and a payment 
verification system created:

•	 	 A low tax is levied on woodfuel produced sustainably in a VERT (XAF 300 per 
stere of wood – 1 m3, or roughly 300 kg) or per bag of charcoal; transporters pay 
this tax to the VERT at newly implemented rural wood markets; 90 percent is 
transferred to the bank account of the local management entity and 10 percent 
flows back to the government). 

•	 	 A high tax is levied in all other areas (XAF 600 per stere of wood or per bag of 
charcoal; transporters pay the tax at a forestry inspection office in the production 
zones or along the road, or at one of five control posts created by the Agence pour 
l’Energie Domestique et l’Environnement – AEDE – around N’Djaména); and

•	 	 100 percent of the tax flows back to the government and is shared with AEDE 
to pay for its operations.

Compliance rates with respect to tax payments by transporters in the established 
VERT were close to 100 percent because villages could keep most of the revenues. 
To increase payment compliance in both managed and non-managed zones, AEDE 
created a ring of professional control posts along the main entrances into N’Djaména 
and staffed these posts with forestry police seconded to AEDE. Mobile brigades plied 
between fixed control points using cars and motorcycles. After six months, infractions 
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were reduced to less than 5 percent, down from 25 percent. Most transporters accepted 
the fiscal changes and simply paid their tax at a designated place. Overall tax collection 
efficiency increased from 23 percent in the first year to an estimated 84 percent in 2003. 
Tax collected nationally before the project amounted to around XAF 30 million per year; 
the average monthly collected tax revenue over the period January 2003 to June 2004 
was XAF 51.7 million. Over the three-year period that taxes were collected, a total of 
about US$2.7 million was obtained.

The principal lessons learned apply to three different levels: 
•	 	 At the central level, having the regulatory environment in place from the beginning 

was crucial for the success of the project. The fact that AEDE was autonomous 
and sufficiently independent also helped enormously to insulate the project, 
both from the turmoil affecting the rest of the energy sector and from political 
pressure resulting from the induced redistribution of the rent extracted from 
natural resources. Such autonomy had to be supported continuously by the 
World Bank. In other Sahelian countries, these elements are generally not satisfied, 
which probably explains why the results in Chad were more profound than most 
other places.

•	 	 At the local level, giving villagers a legal opportunity to become owners of their 
natural resources and to earn money from this had a far-reaching impact: from 
“subjects” they became “individuals” and, moreover, “organized individuals”, 
with the result that environmental degradation could be halted in VERT.

•	 	 The capacity to combine AEDE’s formal autonomy with the active on-the-ground 
participation of both villagers and local forestry inspection offices ensured a high 
level of ownership by stakeholders.

The model developed in the project demonstrably delivered results, but its full 
impact can only be achieved if it is scaled up. Therefore, the activities need to continue 
and expand. 

Sources: World Bank (1998); World Bank (2004).

CASE STUDY 5: REFUGEE CAMP IN KENYA
The town of Kakuma in arid and semi-arid lands in Turkana County, Kenya, has hosted 
the Kakuma refugee camp since 1992. The camp is a melting pot of over 180 000 refugees 
from more than 20 countries, including large populations from South Sudan, Somalia, 
Ethiopia and the Democratic Republic of the Congo. The area faces regularly severe 
weather and climate events, which have negative impacts on people, their livelihoods and 
the provision of goods and services. Droughts, floods, landslides and fires all occur in 
Kenya, with drought the most pressing issue in the arid and semi-arid lands. Drought 
pushes people into other areas in search of natural resources, such as woodfuel, which 
increases tension between social groups competing for these resources.
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Interventions introduced
The ECHO-funded FAO project “Strengthening linkages between refugee and host 
communities in Kakuma to improve incomes, food security and ultimately nutrition” 
is designed to increase the incomes of host community residents in Turkana County, 
Kenya. The project also aims to reduce social tensions between residents and refugees 
in the Kakuma camp and to relieve pressure on the environment. 

The project addresses four key challenges with social, environmental and economic 
dimensions through the promotion of mobile metal-ring charcoal kilns and fuel-efficient 
stoves. 

The metal-ring kilns are made of steel and consist of three interlocking cylindrical 
sectors and a conical cover. The kiln operates on a reverse draft principle in which 
carbonization starts at the top and progresses downward, aided by chimneys at the base 
of the kiln. The kilns have a capacity to yield approximately four sacks of charcoal per 
kiln per cycle; they have four compartments that lock together and can be unlocked 
and transported from one place to another with ease. 

The kilns have been pilot-tested with local charcoal producers using an invasive shrub, 
Prosopis juliflora, obtaining an average efficiency of 22 percent, with higher efficiencies 
expected as skills improve and the moisture content of the feedstock is reduced. The 
production process using these kilns is also much faster than traditional earth-mound 
kilns, taking less than 24 hours compared with four days. The project will work with ten 
charcoal producer groups, representing about 40 households, in the host communities.  
A total of 8 000 households among both refugees and host communities will benefit 
from locally produced fuel-efficient cook stoves over the course of the project.

As of the beginning of 2017, the project had distributed 2 469 multipurpose, fuel-
efficient stoves and four steel-ring charcoal kilns.

Climate-change mitigation realized
Charcoal production and use is a major source of GHG emissions in many African 
countries. Nearly all charcoal in SSA is produced using traditional kilns, which often 
have suboptimal conversion efficiencies and lack measures to curb emissions (Bailis, 
Ezzati and Kammen, 2005). Kenya is likely one of the biggest consumers of charcoal 
worldwide, in both absolute and per-capita terms (Bailis, 2009). Almost all charcoal 
in Kenya is produced using native woody vegetation: it is estimated that more than 
200 species are used, predominantly indigenous trees (Bailis, 2009). A study has found 
that switching from traditional charcoal production methods to the use of an improved 
kiln, without any change in the post-harvest management of tree and forest systems 
used for charcoal production, would reduce GHG emissions by 3.4 tonnes per hectare. 
The deployment of 8 000 multipurpose, fuel-efficient stoves would save 432 000 kg of 
charcoal (saving approximately 7 200 medium-sized trees annually).

In the project area in Turkana, the use of traditional earth-mound kilns results in the 
emission of CH4 due to low conversion efficiencies and a lack of CH4 capture. Using the 
efficient metal-ring kiln reduces the volume of CH4 per unit charcoal produced; this 
accounts for part of the emission reductions under the project, and the reduced use of 
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non-renewable biomass accounts for the other part. It has been estimated that 1 tonne 
of charcoal produced using the metal-ring kiln reduces CO2e emissions by 7 tonnes. 

Key lessons learned
The project is ongoing. 

Sources: Andreas Thulstrup and Maina Kibata (both FAO), internal communications.  

CASE STUDY 6: CHARCOAL BAN IN THE UNITED REPUBLIC OF TANZANIA
Amid fears that rapid deforestation in the United Republic of Tanzania was leading 
to declining hydroelectric capacity and causing a severe energy crisis, the Minister for 
Natural Resources and Tourism placed a total ban on the transportation of charcoal 
in 2006 (World Bank, 2010; Sander, Gros and Peter, 2013). The reasoning was that if 
charcoal could not be moved to the city for final sale, end users would seek alternative 
sources of fuel, thus reducing charcoal demand. 

Key lessons learned
The attempt to stop deforestation by introducing a sudden ban on charcoal production 
was a restrictive intervention that ignored the complexity of the charcoal chain (Beukering 
et al., 2007), and it had several negative impacts.

Most urban households in the United Republic of Tanzania had no alternative fuel. 
Cheaper fuelwood was not available and they could not afford or access kerosene, LPG 
or electricity to satisfy their energy needs. Not surprisingly, there was a large public 
outcry over the ban, and the production, trade and consumption of charcoal continued, 
albeit illegally (World Bank, 2010; Sander, Gros and Peter, 2013).

Corruption and collusion increased. The high cost of doing business (resulting from 
the risk of being caught and the confiscation of illegally produced and traded charcoal) 
was passed to consumers. Charcoal prices almost doubled during the ban. 

Next steps
The Government of the United Republic of Tanzania now aims to build infrastructure 
for the sustainable production of charcoal, issuing new guidelines on forestry manage-
ment in 2006. Under these guidelines, district committees are to be set up and chaired 
by district commissioners, who will approve all licences to harvest logs and wood and 
produce charcoal. Permits will be needed to transport logs out of districts and regions. 
Although the guidelines are a positive development, their complexity is a source of 
concern (Butz, 2013).
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