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Market analysis of fuelwood as household cooking energy in rural Rwanda – a
qualitative assessment
Forests and woodlands provide essential ecosystem services through the provision of timber and
nontimber resources, which not only serves as a direct source of livelihood for many but also act as
an essential source of energy. Globally, approximately 3 billion rely on woody biomass as an
energy source for everyday cooking, with the largest proportion of these people coming from the
resourcepoor areas of developing countries. Researchers have been studying the formal fuelwood
and forest resources markets widely, with the more recent purpose being to inform global as well as
national policy decisions on structuring and taxing this industry in the wake of an increasing
demand for forest conservation, climate and biodiversity protection. With policy makers focusing
on the bigger picture, little is known regarding the somewhat informal rural supply chain of
fuelwood that exists in regions that rely on woody biomass, the everyday interactions between
buyers and sellers, and the collection behaviour of the rural consumers. This study investigates the
rural fuelwood market in Rwanda, trying to understand the drivers behind consumer decision to buy
and/or collect fuelwood, how and from where wood sellers source their wood and the complex
interaction between seasonality, price and agricultural practices. A better understanding of the
ground realities of the local supply chains is required to ensure that the national forest and
environmental protection policies and measures for reducing fuelwood consumption are also viable
for the local populations, and thus sustainable in the long run.
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Adam, Chris
Kiln producer
Email: scda2@ymail.com

Charcoal Production with efficient kilns – work experience
This presentation will present work experience with mobile metal kilns and a newly developed
Adam box kiln and compare its advantages and disadvantages with other kiln models
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The Prevalence of shea charcoal in markets in northern Ghana: a threat to the
shea parklands.
Shea (Vitellaria paradoxa) is an indigenous, multi-use, tree valued for its oil-rich nuts and is found
across semi-arid zones of sub-Saharan Africa. Shea provides fruit, nuts and butter that are key
component to women’s livelihoods in the northern part of Ghana, but it has also been reported as a
significant source of charcoal in recent times. It is unclear how the use of shea wood for charcoal
production threatens women’s livelihoods and the shea parkland in general. A first step for
understanding the implications of this conflict of use is to determine how common shea charcoal is
in regional markets. To that end, we conducted a survey of selected markets in Ghana’s Upper East
region to estimate the prevalence of shea within the charcoal sold in the region. Ethnographic
interviews were conducted in four main markets in the region to identified consumer preference and
the five principal species available in the markets. We systematically sampled 50 bags of charcoal
purchased at these markets over 7 consecutive weeks. Local experts sorted the charcoal by species
as well as groups for ‘unknown’ and ‘indeterminant’ species. Among the five species, charcoal
from shea and African birch (Anogeissus leiocarpa) were the dominant types, combined, they
provided 50% of the total weight of sampled bags. Both species were preferred by consumers for
their good quality. Africa birch was the most desirable because of its smooth combustion compared
to shea which sparks. However, its availability is decreasing due to over exploitation and slow
growth hence being replaced by shea. This indicates concerted effort to restore stocks of African
birch or other species, for example through coppicing and the establishment of woodlots, could
lower pressure on shea tree as a source of charcoal.
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“Forestry officials don't have any land or rights here”: Authority of politicolegal
institutions along Ghana's charcoal commodity chain
Property theory suggests that in legal pluralist societies people secure rights to resources by seeking
out institutions that can sanction and validate their claims. This validation legitimates their property
claims. Simultaneously, the institutions build and solidify their authority as property-granting
entities vis-à-vis competing authorities. In Ghana the charcoal commodity chain involves rights
recognized by both formal and customary institutions. A detailed study of property and authority in
the context of Ghana's charcoal chain is done by focusing on institutions that mediate people's
access to resources, how these institutions mediate access, and how the authority of institutions has
changed over time. This study shows how chiefs, having no legal mandate in trees, are gaining
authority over Ghana's charcoal production. Chiefs' authority is drawn from long-established
customs and social structures in land/tree management, as well as validation of claims by
establishing policing groups to enforce fees. Chiefs contest each other and, at the same time, contest
and push the state out from communities. Consequently, the Forestry Commission has very limited
de facto authority over trees despite its de jure mandate in this arena. The legitimacy of institutions
stems from the coercive and customarysocial ability to control access to resources and
opportunities.
Keywords: Authority, Chiefs, Charcoal, Ghana.
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Combination of sustainably farmer-managed natural regeneration within
community landscapes for charcoal production.
Practice: Sustainable fuelwood and charcoal production and consumption best practices and lessons
in communities through combination of woodlots and farmer managed natural regeneration sites
Policy/Law: Evidence of challenges and lessons related to policy/law effects on sustainable
production and consumption from woodlots and farmer managed natural regeneration landscapes.
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Tree plantations and the access of smallholder farmers to land and natural
resources in the transition zone of Ghana
Contemporary policy narratives in the charcoal sector promote the development of charcoal
plantations as a sustainable solution. Although plantations for charcoal production have not as yet
been implemented on any significant scale to date, teak, cashew and mango plantations have been
widely promoted in the transition zone since the 1990s. Farmers have also been involved in
developing timber plantations in forest reserves utilising the taungya system. Since this is the main
zone for charcoal production, rural experiences with these plantations can provide some insights
into the ways in which plantations for charcoal production on farming systems may affect farmers
and farming systems. This paper draws on research conducted on plantations within the Kintampo
area. It uses an approach based on a theory of access and exclusion, documenting the processes of
social differentiation associated with the development of plantations and their impact on the access
of women and poorer farmers to land and natural resources. Smallholder farmers have been
significantly involved in the development of the plantation sector, but there are also significant
investments of large-scale commercial farmers frequently based in towns, investing capital created
in other sectors, who gain access to large areas of land transacted by chiefs. This has led to a rapid
expansion of land sales in the transition zone. Small farmers may convert land to plantations as an
attempt to gain security of access, to prevent its sale by chiefs to commercial farmers. This
invariably creates insecurity in land and leads to a scramble for land, which may have speculative
intentions. Placing land under plantations enables the planter to claim ownership, and often forms a
cheap and effective way of alienating land and converting it into individual property since the
labour costs of maintaining plantations are lower than of continually clearing and weeding land. .
In the early years of plantation development the owners can also lease the land out to food croppers
in return for free labour in tending the tree crops. The Forestry Division has also developed a
process of registering plantations.
The promotion of tree plantations as an environmental solution by the state facilitates the
emergence of a class of elite commercial farmers. It also justifies interventions by the state to
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control the use of natural resources by smallholders and introduces surveillance of their production.
By depicting smallholder management of natural resources as environmentally destructive the state
is able to intervene in production, threaten exclusion and illegality, and gain control over trade in
resources. This facilitates elite capture and low prices paid to farmers by registered traders in forest
commodities. For instance the price for in farm production of teak has fallen rapidly as farmers are
forced to sell to licensed traders at farm gates and the trade in timber commodities criminalised. The
paper also examines the impact of the expansion of plantations on bush fallowing and the utilisation
of fallow products by farming communities.
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Economic Analysis of Charcoal Production among actors in Northern Ghana
Woodfuel (charcoal and firewood) is the main source (70%) of energy for heating and cooking for
most households in many developing countries including Ghana (IEA, 2014; Zulu and Richardson,
2013). Households produce woodfuel for use, income; and forms part of diversiﬁed livelihood
strategy (Brobbey et al., 2019; Smith et al., 2017; Obiri et al., 2014). Wood fuel production is at a
crossroads in many sub-Saharan African (SSA) countries due to its economic importance, yet it is
deemed destructive in nature (Brobbey et al., 2019). Its production continues to rise due to
preferences and demands of increasing population (IEA, 2014). Consumption is further projected to
increase over the years. Wood fuel provides regular household income and seasonal income during
lean agricultural seasons, serves as a safety net against economic shocks, and helps lift households
out of poverty (Obiri et al., 2014: Jones et al., 2016;; Smith et al., 2017. It also contributes
significantly to the economy of developing countries through poverty reduction, employment
creation, and household income generation.
With the huge demand for wood fuel now and into the future. There is therefore the need to conduct
economic analysis among actors in woodfuel value chain in Northern Ghana to ascertain the
viability of the business.
Keyword: Actors, Sustainable wood fuel, value chains, Northern Ghana,
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Fire Management in Wood Fuel Production Systems in Ghana: the case of GIZ
Community Fire Management
Many initiatives are currently underway in Ghana to restore degraded landscapes to meet the
increasing demand for timber and wood for energy including charcoal production. However,
prevalence of bush fire in the dry semi-deciduous, the transition and savannah zones of Ghana is a
major threat to the achievement of the objectives of these initiatives. As part of activities for the
implementation of GIZ’s forest landscape restoration through a sustainable wood energy value
chain project, a Community Bush Fire Management Concept is being developed and implemented
to reduce the fire risk. A fire risk assessment model was developed to identify, classify, and map
fire risk areas in ten (10) local communities in the Mole Ecological and Kintampo-Atebubu
landscapes that have been selected for forest landscape restoration activities. Using remote sensing
and GIS spatial analysis, fire risk associated with vegetation type, slope, aspect, elevation and
proximity to roads was scored within a range of very high to low based on literature and expert
knowledge.In addition, local communities were engaged through focus group discussions and key
informant interviews to assess fire risk and hazards based on livelihood activities, weather
conditions, and the dominant vegetation type(s) in the selected areas. The results of the study
showed that over 50% of all areas identified for restoration (woodlot establishment and enrichment
planting) are exposed to a high fire risk. The risk is further exacerbated by a high probability of
ignition associated with prevailing livelihood activities, including cattle ranching, farming, group
hunting and charcoal production in the project communities. A fire management concept that
includes green fire break establishment, use of fire danger rating system, capacity development and
deployment of fire volunteer groups during the dry season are being implemented to reduce the
occurrence of bush fires in the target communities.
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REDD+ and the issue of inequalities in the governance of Woodfuel in Central Africa
International forest policy instruments to combat deforestation and forest degradation, such as
REDD+, seem to perpetuate an environmental stigma of woodfuel sector as a major driver of forest
destruction and biodiversity loss in central African countries. Nevertheless, sustainable woodfuel
system has been identified a couple of decades ago as a potential solution to the provision of
domestic energy (including for daily cooking) for the two-third of populations depending on that
resources in Central Africa. However, the woodfuel sector in central Africa remains highly informal
and poorly governed by state bureaucracies. Based on the case study of Cameroon, this paper aims
to analyse the way in which the issue of woodfuel and the related sustainability challenges are
addressed in REDD+ policy. More specifically, the paper questions the agenda setting of
inequalities related to woodfuel production and consumption in REDD+ governance processes in
Cameroon. This work mobilises a conceptual and analytical approach based on the 4I’s political
economy framework, to scrutinize the issue from institutions, ideas, interests and information,
which according to Angelsen and Brockhaus (2012) are the four key elements when investigating
the political economy of deforestation in the tropics. Our research shows that (i) REDD+ policy
measures aim at incorporating woodfuel sector in reducing deforestation at local level without
taking into account the context of prevailing poverty and lack of efficient alternatives to woodfuel
as main domestic energy available for cooking; (ii) the implementation of REDD+ policy measures
in central Africa presents a significant risk of aggravating social inequalities in the access and the
use of domestic energy for cooking between those strongly depending on woodfuel and those who
could adapt to a radical change against the use and the consumption of these resources.
Keywords: Forest policy, Woodfuel, Governance, REDD+, Central Africa
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Community-Based Governance Arrangements for Charcoal Production in Ghana
Characterised as informal, Community-Based Governance Arrangements (CBGA) on charcoal
bridge formalcharcoal governance gap but at varied temporal and spatial scales. As
evidencesuggests, recentgovernments’ attempts to regularise the charcoal subsector imperils these
CBGAs with implications onlocals’ access to wood resources, local economy and livelihoods as
well as relationship between state andcustomary governance structures.Yet, not much is known
about the form and operations of thesearrangements as well as the interests and needs they serve in
regulating charcoal production. This paperexamined the effectiveness of CBGA on charcoal, and to
explore how they have evolved overtime.Interviews, focus group discussion, PRA techniques were
used to gather data on local charcoal governancearrangements in the Atebubu-Amantin District of
the Bono East Region of Ghana. Findings are that,charcoal producers are aware and acknowledge
community governance arrangements in their activitiesthough the exact date for its institution
remains unknown. Consolidation of traditional authority and theneed to benefit from commercial
charcoal production were some reasons for initiation of thearrangements. The arrangements are
dynamic with changes mainly driven by national directives,emergence of conflict situations,
exposure to practices elsewhere among others. Highadherence/compliance, less bureaucracy and
flexibility are typical strengths of the arrangements. On thecontrary, lack of recognition for the
arrangements by state institutions, poor accountability and culturaldifferences constraint the
arrangements, leaving stakeholders with some level of uncertainty on itseffectiveness towards
achieving sustainable charcoal production. To address this, sector institutions shouldconsider and
align informal arrangements with national development strategies and managementpriorities as well
as interventions targeting sustainable charcoal value chain.
Keywords: Charcoal, Collaborative governance, Sustainability.
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Aiding or Ruining? Voluntary Schemes and Women’s Role along Ghana’s Charcoal
Commodity Chain.
In most parts of Africa, women are impoverished, and informally depend on tree resources
including woodfuels for energy, income and livelihoods. For effectivelaw enforcement, and
sustainability of tree resourcebase, Ghana entered into Voluntary Partnership Agreement under the
EU Forest Law EnforcementGovernance and Trade (FLECT-VPA). As evident,informaltree
resourceusersincluding women are likely tobe ousted from business with full implementation of the
agreement. More adversely, the FELGT-VPA iswithout proper understanding of
women’suniquesituation and realities especially those in wood fuels.This study examined gender
roles, livelihood assets and profit/income redistribution to ascertain VPAimpacts on women along
Ghana’s charcoal commodity chainto ascertainwomen’s contribution to woodfuel reformsand
implementation. Gender-Sensitive Value Chain (GSVC) Framework which conceptualizesgender,
valuechains and livelihoods was appliedwith information solicited through interviews,focus
groupdiscussions,anddocument reviews.The study emphases women’s presence in all segments of
the charcoalcommodity chain, but dominant in wholesaling/retailing. Menhowever play the more
rewarding roles withwomens’ role remaining largely supportive to that of mens’. Determinants of
access to livelihood capitalsincluding societal construct, religious & traditional norms, and
regulatory environment are all skewed tolimit women's access to resources for charcoal production.
Subsequently, livelihood capitals core towomen’s livelihood are all declining with appreciable
stability in their social and human assets. A largeproportion of women's income/profits from
charcoal is devoted to subsistence needs though they remainmostlyunaware of formal rules
ontreeresource use for charcoal production. This indicates women’svulnerability to VPA
repercussion; threatening effective enforcement of formal sub-sector laws, andlivelihoods. To
address this, policy makers should consider instruments that guarantee equitableopportunity for men
and women including tailor-made decisions and regulations on gendered treeresource access,
allocation and use, together with gender-specificsafeguards to ensure women operateand contribute
effectively to the entire reformation of Ghana’s wood fuel/charcoal sub-sector.
Keywords: Equity, FLEGT-VPA, Gender, Livelihoods, safeguards
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Transitioning Wood Fuel Energy as Catalyst for Landscape Restoration and
Sustainability
Despite the tremendous potential for restoration, Africa and Ghana in particular continue to suffer
from significant land degradation and forest loss. The underlying challenges is not from the
absence of commitment from governments and communities, and the insufficiency of the funds
from the various initiatives, but rather a challenge of innovating a sustainable system of addressing
the threats from several livelihoods strategies that are directly dependent on trees and forest
ecosystems.
In Ghana, restoration efforts are challenged by the significant dependence of the populace on
fuelwood and charcoal, which constitute a crucial component of the energy mix that provides 37%
of households with the main cooking energy source. It is also a predominant cooking fuel in about
48% and 23% of urban homes and rural communities respectively. The dependency on the charcoal
in the short to medium term is not expected to change anytime soon.
Subsequently contributing to a major driver of deforestation and land degradation in the country,
and resulting in Ghana becoming a country with one of the highest rates of deforestation in Ghana,
developing and innovating sustainable strategies within the charcoal value chain presents an
important intervention for achieving restoring landscapes at scale.
This presentation will share insights of interventions being implemented in Ghana, through the
partnership of GIZ, IUCN NL, A Rocha and Tropenbos Ghana with the MLNR and MoE, to
support smallholder farmers and charcoal producers in 10 communities to: (1) establish a
sustainable wood energy production on degraded land, (2) rehabilitation of degraded forest
landscapes, (3) introduction of energy-efficient technologies for the production and use of charcoal
and (4) that experiences are fed into the implementation of the national climate and energy policies.
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The Participatory Guarantee System for sustainable charcoal – Pilot in Choma
District, Zambia.
A Charcoal participatory Guarantee System (PGS) is a basic community based certification system
for sustainably produced charcoal. It involves various stakeholders to monitor production
techniques that are more efficient in charcoal production and packaging with common price by
producers. The PGS also involves community members conforming to agree rules with stakeholders
on standards on sustainable charcoal production and set own punishments for offenders. The PGS
also involves peer to peer monitoring and learning to ensure that the standards agreed are followed
and provide an opportunity for members to assist each other on heavy duties of charcoal production.
The Choma Charcoal PGS has mobilized producers in groups with a total of 600 producers trained
in the PGS. This work is still in development and approximately 30% of the trained members are
following the PGS practices. The FFF is lobbying government to provide incentives for prompting
PGS as a sustainable way of producing charcoal. The Choma Charcoal Association is also in
discussion with the local authority to provide designate areas for selling charcoal produced using
the PGS for visibility to customers. The practice has been well received by the some traditional
leaders who are concerned with uncontrolled charcoal production and have pledged to participate in
monitoring the full implementation. The PGS was adopted form the Organic Agriculture promotion
for smallholder producers with limited capacity for third party certification. The FFF in Zambia
engaged Kasisi Agriculture training center in the development of the guidelines and initial
community training drawing lessons from their vast experiences from organic Agriculture
promotion in Zambia.
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Factors influencing participation and income from charcoal production and trade
in Ghana
Policy makers in the charcoal sector of developing countries are constrained by lack of insight into
factors that enhance the livelihood aspects of charcoal production and trade. This study therefore
examined the contextual factors that influence rural households’ participation and income from
charcoal production and trade in a key charcoal-producing area in the forest savanna transition zone
of Ghana. We used the Heckman selection and outcome model to examine the factors that influence
participation and income from charcoal production and trade based on survey data from 400
randomly selected charcoal- and non-charcoal-producing households. We also undertook
participatory rural appraisal methods and follow-up interviews to understand the results of the
Heckman model from the perspective of charcoal producers, merchants, and other key actors along
the charcoal commodity chain. We found that participation in charcoal production and trade is not
associated with any specific income group, but high-income households use financial and physical
capitals to get higher income from both charcoal production and trade than do low-income
households. Charcoal production is dominated by young and male-headed households, while
charcoal trade is dominated by young and female-headed households and offers an opportunity for
reducing rural poverty and raising the status of rural women. Income from charcoal production and
trade is also influenced by membership in charcoal associations, ethnicity, and payment of a
traditional charcoal levy. Our results suggest that low-income households and female-headed
households will be able to reap higher profits from charcoal production and trade respectively if
given financial support. We also saw good prospects for policy engagement with traditional
authorities and charcoal associations for sustainable charcoal production due to the mutual benefits
the two stakeholders derive from charcoal production and trade.
Key words: Ghana; livelihood strategies; reliance on charcoal; rural livelihoods; sub-Saharan
Africa
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Firewood producers and marketing Association empowers women through branch
firewood commercialization
The Gambia derives its energy principally from two sources: fuel wood and petroleum products.
The relative shares of the total household energy consumption for the four energy types are fuel
wood 97% (95% firewood and 2% charcoal), petroleum products 1.60% and renewable biomass
0.4%. (Action Plan for clean cooking energy 2015).
The initiative increased the awareness of Women firewood producers on the provisions of Forest
Act and Regulations issued by the Department of Forestry (DoF) by providing opportunities for
women branch firewood collectors from Community Forest Managing villages are granted with
gratis permits to utilize the branch wood for commercialization. The intervention through
community outreach activities by the National Firewood Producers and Marketing Association
(NFPMA) ensured access and affordability of firewood, alleviating poverty among stakeholders
involved in Sustainable Forest Management (SFM) through sustainable harvesting techniques and
methods, thereby increasing incomes, social and nutritional status at all levels.
Internal by-laws are during the production or collection processes, members ensure that the
branches are dried enough to be used, thereby, reducing the fuel content in forests. Gender
considerations observed during the selection of office holders in the Association. Use of common
tools for production and sharing of transport cost are negotiated among Association members for
increased income to sustain livelihoods.
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Preparation and implementation of a fuelwood supply masterplan in Cameroon
(ProPFE/GIZ) and Madagascar (PAGE/GIZ)
A common feature of Cameroon and Madagascar is that woodfuel consumption is steadily rising –
prompting public governance responses at both national and local levels. Sustainable supplies of
domestic fuels feature prominently in policies recently promulgated in both countries. Practical
application of strategic policy goals is to be operationalised by a regional fuelwood supply
masterplan (SRMBE Far North Region in Cameroon) and a regional biomass energy plan (PREB
DIANA in Madagascar). Both plans have been developed by regional authorities, subject to overall
coordination by the respective ministries in charge of forests and energy. The PREB is unique in
that it addresses agricultural and other locally sourced biomass in addition to fuelwood.
The presentation at hand provides a synopsis of past German support to the preparation and
application of the foregoing two regional plans, introducing the underlying concepts and
summarising the principal planning stages. Several major studies served to gather baseline
information on the fuelwood/biomass trade, providing critical insights in the magnitude and
dynamics of fuelwood consumption along with relevant sectoral parameters (supply basin,
commercial strategies, use of fuel-saving cookstoves). On this basis, regional stakeholders
identified and prioritised measures and compiled five-years’ action plans with the goals to (i) ensure
stable supplies, (ii) help micro-businesses gain access to the formal sector, and (iii) promote more
efficient use of domestic fuels.
Even so, the regional plans – however encouraging – mark only the point of departure of an
extended process. The challenge is to swiftly implement the action plans and achieve concerted
action across at least three administrative regions (marked by surplus as well as deficit).
Keywords: Energy supplies, fuelwood sector, domestic consumption

17

Choge, Simon and Kisoyan, Philip
KEFRI /FFF
Email: skchoge2002@gmail.com

Managing invasive Prosopis species through charcoal production in Kenya
Prosopis juliflora is a tree native to South America but an aggressive invasive species highly
adapted to arid and semi-arid lands and its rapidly spreading across the horn of Africa. The species
was introduced in Kenya as a source of source of fuelwood, livestock fodder and for restoration of
degraded lands. The invasive tree has now covered 7 counties in Kenya and still expanding.
Government of Kenya has developed a National Prosopis Management Strategy that will employ a
combination of viable integrated management and control methods. One of the option is
management through utilization. Charcoal Producer Associations (CPAs) were given express
permits to harvest and transport large volumes of charcoal to the market. However, following the
ban on all charcoal trade in Kenya, the charcoal from Prosopis was affected and this had a negative
impact on the charcoal dependent households. To petition the ban, the Charcoal Producers
Association with support from partners developed the Safeguards for Special Exemption on
Harvesting of Prosopis. The safeguards put in place regulations and systems to secure the chain of
custody and ensure that no any other tree is harvested for charcoal apart from the invasive Prosopis
juliflora.
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CIFOR - Video
Charcoal makers turn to sustainability in Yangambi Landscape, DRC
Most households in the city of Kisangani use charcoal for cooking, which is supplied by
neighboring forest communities, such as Yanonge. Alphonse Selemani is one of many local
charcoal producers, an activity that helps him earn money to send his children to school. In 2020, he
joined a producers’ association that is planting trees in agroforestry systems to support charcoal
production. They are also making carbonization more efficient, which allows them to reduce wood
harvesting, as well as improving members’ commercialization skills to make their activities more
profitable. Selemani is one of more than 300 local entrepreneurs in the Yangambi landscape
currently receiving this type of support.
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CIFOR - Video
Charcoal Production in Zambia
With the support of CIFOR-ICRAF and the financing of the European Union, the districts of
Mufulira, Mushindamo, and Nchelenge in Zambia have created platforms for participation, where
local and traditional authorities, community members, forest managers, and other stakeholders meet
to decide on measures to ensure that forest resources are well managed.
Zambia’s Miombo woodlands have an outstanding regeneration capacity, they just need protection
from external threats, such as bush fires, invasive species and cattle. Assisted Natural Regeneration
(ANR) is a cost-effective restoration option in many landscapes, which CIFOR-ICRAF, with the
support of the European Union, is testing in the districts of Mufulira, Mushindamo and Nchelenge.
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Organization of local charcoal chapters and local governance in Liberia
The Commonwealth Charcoal Producers Association (CCPA) is one of the associations established
in 2015 under FFF phase one in Grand Cape Mount County and is registered as a network
association with the National Charcoal Union of Liberia (NACUL), with twenty-three females’ and
hundred and two males totaling one hundred and twenty five members. This association is currently
using the popularly known earth pit method of production in Liberia but in a sustainable way, which
is supported by a local law. “The Commonwealth community has a law that states, that no charcoal
producer is allowed to fell trees for the sole purpose of charcoal production”. This law was designed
by the community to support sustainable forest management by producing charcoal in a sustainable
way. This law has been in place for the past seven years. This law is also in line with NACUL’s
sustainable charcoal production pillar 3, ‘alternative sources of charcoal production’. This connects
charcoal producers with farmers; pit sawyers and Agriculture Companies to use the tress felled from
farms, and biomass from pit sawing and companies clearing. This is by far one of the best practices
currently in Liberia that is upheld by a local law.
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Assessment of economic returns from charcoal production and trade in Oyo North
Zone of Oyo State, Nigeria
This study assessed economic returns of charcoal production and trade in Oyo North zone of Oyo
State, Nigeria, a major charcoal producing area in the State, in order to recommend possible policy
interventions for sustainable charcoal production that promotes forest conservation.
Forty each of charcoal producers and marketers and six forest officials were randomly selected from
four local government areas (LGAs) in the zone. Two communities were randomly selected in each
of the four LGAs while five each of charcoal producers and marketers were randomly selected in
each of the communities. Descriptive statistics and gross margin analysis were used to analyse the
data.
Results showed that 82.5% of charcoal producers were male, 42.5% had no formal education. Also,
57.5% of charcoal marketers were male and 77.5% had formal education. Ninety percent of
charcoal producers used traditional earth mound method for production. Estimated expenditure for
charcoal production per annum is ₦241,595.13k, revenue generated is ₦723,495.00k and profit
made is ₦481,899.87k. With regards to charcoal marketing, estimated expenditure per annum is
₦19,429,344.00k, revenue generated is ₦24,962,580.00k and profit made is ₦5,533,236.00k.
Investigation from forest officials confirmed that licence fee of ₦16,612.90k is paid per annum per
charcoal producer and a haulage tariff fee which varies from ₦500 to ₦1500 per trip is collected
from charcoal transporters.
Returns from charcoal production that goes to forestry management is so little, ditto for charcoal
producers compared to marketers. There is therefore the need to improve the earnings of charcoal
producers and also review forest fees associated with charcoal production. Furthermore, technology
which produces more charcoal and consume less wood must be encouraged and charcoal producers
must contribute to forestry development through reforestation programme.
Key words: Charcoal Production, Marketing, Trade, Returns, Expenditure, Sustainability
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Towards Formalization of Wood fuel Value Chain in Liberia: Progress and Challenges
Forty years ago, charcoal replaced firewood as principal source for cooking and heating in
Monrovia and other urban cities in Liberia. The charcoal sector is characterized by high level of
informalities in production and trade. The consequences of these are enrichment of individuals,
deprivation of revenue for the Government of Liberia, and degradation of the forest. The
Government of Liberia through the Forestry Development Authority has recognized the dare need
to regulate charcoal production and trade for increased livelihood for producers, higher revenues for
the Government, and sustainability of production and trade of charcoal to save the environment.
This study aims to review the current regulation on charcoal production and trade in Liberia, assess
the extent the Government has addressed issues relating to unsustainable production and trade of
charcoal, and identify challenges faced by producers, transporters, end users and the Government.
The study will be conducted through a desk study; the current charcoal regulation of Liberia will be
reviewed, focusing on issues of formality and sustainability of charcoal value chain and challenges
of the producers, transporter, end users and the Government of Liberia. The extent of formalization
and sustainability of the wood fuel value chain in Liberia will be highlighted. The challenges faced
by the value chain actors and the Government of Liberia will be identified. The Liberian charcoal
sector is plagued with informalities; hence, the need to formalize the charcoal value chain, which
the Government of Liberia has already started. The Government should provide support to charcoal
associations and union to achieve desired results.
Keywords: charcoal, formalization, sustainability, value chain
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Short rotation Acacia decurrens woodlot sustainable fuel wood production and
financial feasibly of in Fagta Lekoma district of Northwestern Amhara, Ethiopia
Acacia decurrens woodlot production is a common farming practice in the district. It has
socioeconomic and environmental implications. About 90% of the local population both rural and
urban parts of communities could participate directly or indirectly related to the production of
Acacia decurrens woodlot. The objective of this study was to investigate Acacia decurrens
woodlots fuel wood production potential as well as financial feasibility. Purposive and probabilitybased sampling strategies were applied. The primary data was collected from 20 woodlots and 60
producer households. The data were collected through an individual interview, woodlot inventory;
group discussion, key informant interview, and field observation. Data analyzed using IBM SPSS
22 and Microsoft Excel 2010 software. The woodlot inventory data revealed that the height attain
11.51±0.19 m and 5.92±0.07 cm DBH within 5.5 years. The basal area and volume growth scored
45.95±3.8 m2/ha and 262.15±23.06 m3/ha for 5.5 years respectively. Charcoal productivity varies
according to the age of woodlots which was 39.9±0.204 and 52.26 ± 0.320 t/ha in 4.5 and 5.5 years
respectively with traditional earth mound kiln production technique. The conversion efficiency of
wood to charcoal was 25.16±1.2% for 4.5 years and 28.35±2.2% for 5.5 years woodlot in weight
base. The smallholder Acacia decurrens woodlot producers gain 63,963.9 ETB and 71,520.04 ETB
NPV in the entire woodlot and charcoal production with the rotation age of 4.5 years and 5.5 years
respectively. This study indicates that both the fuel wood productivity and charcoal conversion
efficiency of Acacia decurrens increases with the age of the woodlot and hence the profitability of
the system. It is highly recommended to increase the rotation age of the Acacia decurrens woodlots
from 4.5 years to 5.5 years for enhanced charcoal productivity and farmer's net income.
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Institutional and governance arrangements shaping cross-border charcoal trade
flows, a case study of Busia Border Post, Kenya-Uganda Border
Governance of woodfuel especially charcoal remain a challenge in most African countries.
Institutions for supporting, regulating and guiding its production and trade are often spread across
several ministries and agencies resulting in legal pluralism that is often poorly coordinated. Kenya
developed and implemented Forest Charcoal rules since 2009 which aimed at formalizing and
legalizing production and trade in charcoal. However, the implementation came short of
expectations contributing to deforestation in gazetted and protected areas. In February 2018, Kenya
imposed a logging moratorium that effectively banned charcoal production leading to increased
cross-border trade with significant flows allegedly coming from Uganda, DRC and South Sudan.
This study therefore, sought to understand institutional arrangements shaping formal and informal
charcoal cross-border trade flows across Busia, Kenya-Uganda Border Post. Stakeholder and value
chain actor interviews were conducted complemented by literature review and document analysis.
Quantitative data on charcoal trade was analyzed using Microsoft Excel and visualized through
graphs and charts. Qualitative data was analyzed using Atlas.ti 9. The study found that between
August 2018 and December 2020, approximately 155,500 tons of charcoal were formally imported
into Kenya from Uganda (97.3%), DRC (2.5%) and South Sudan (0.2%). An estimated 27% of total
quantity of the cross-border charcoal trade was informal. More men (67%) than women (31%)
participated in the formal trade in charcoal and imports by men accounted for 55% and women
41%. The findings suggested that formal trade in charcoal is regulated by national forestry and
revenue administrations laws while the role of EAC protocols remain unclear. Corruption in the
importation of charcoal and mounted roadblocks were reported raising questions on the
effectiveness of regulations. The study recommends enhanced efforts towards harmonizing
regulations, coordination and cooperation across agencies within and across the border if
sustainable charcoal value chains are to be realized in the region.
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Sustainable biomass production for enhanced energy and food security –
exploring the potential of improved fallows
Only 15% of the population in sub-Saharan Africa (SSA) has access to clean fuels and cooking
technologies, and around 65% lack access to electricity. About 60% of the population in SSA
live in rural areas and relies on woodfuels from surrounding forests and woodlands, which
pressures natural ecosystems. It is therefore important to develop sustainable solutions that
counter bioenergy- and food insecurity, health problems attributable to traditional cooking,
land degradation, and climate change. Here, we explore the potential of a novel bioenergy
system based on sustainable wood production by improved fallows combined with clean
cooking solutions and rural electricity production.
Improved fallows with Sesbania Sesban were established in 10 different smallholder farms in
two regions in Western Kenya. After three years, forty trees were harvested to build an
allometric model for above-ground biomass estimation of three size fractions related to their
potential use; logs, sticks, and leaves/twigs/pods. Logs can be used for production of pellets
for advanced cookstoves or for rural electricity via gasification, while sticks are more suitable
for use in improved cookstoves. Leaves, twigs and pods are valuable as fodder or soil
amendment. In total, 4898 trees were harvested, corresponding to tree densities 8065 trees/ha,
and the estimated produced dry biomass averages 14.9 t/ha, distributed as 58% logs, 24%
sticks, and 18% leaves/twigs/pods. The produced woody biomass (logs and sticks) corresponds
to 271 GJ/ha that could be used for energy (electricity and cooking). This work illustrates that
sustainable biomass production in improved fallows combined with novel rural energy
solutions has great potential to improve bioenergy- and food security as well as creating
economic driving forces. Furthermore, it will reduce pressure on forest and woodlands, and
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support the transition to bio-economy in SSA, thus contributing to the achievement of several
SDGs, in particular 2, 7, 8, 13, and 15.

27

Gitau, James K.
World Agroforestry (ICRAF), P.O. Box 30677-00100, Nairobi, Kenya.
Email: jameskinyuagitau@gmail.com
Co-authors: Ruth Mendumb and Mary Njengaa

Using prunings from trees on-farms and cleaner biomass cooking appliances
reduces women’s energy burden and improves human wellbeing
Despite nine out of ten households in rural sub-Saharan Africa cooking and heating space with
firewood, this fuel is neglected in the research and development agenda. A portion of firewood is
unsustainably sourced and inefficiently used leading to negative environmental and health impacts.
With reduced availability of residues near natural forests edges, women spend more energy and
time sourcing firewood. This study was conducted to understand women’s energy burden, the role
of agroforestry in supplying firewood, and contribution of cleaner cooking in improving human
wellbeing in rural Kenya. At Kereita, Kiambu County and Kibugu, Embu County women walk for
6.3km and 8.4km two-way respectively from home to firewood collection areas, carrying heavy
loads and experiencing huge opportunity costs for this unpaid labour. Forty percent and 5% of
households in Kibugu and Kereita respectively are self-sufficient with firewood supply from trees
on-farms. In Embu agroforestry is more common and timber trees mainly grown on farm
boundaries and fruit trees are pruned in early dry months of the year to reduce shading and get
firewood dried for use during the rainy season. Using efficient stoves would save available
firewood where for instance Kuniokoa and gasifier compared to three-stone fire reduces firewood
consumption by 46% and 29-52% respectively. Kuniokoa and gasifier compared to three-stone fire
reduces carbon monoxide (CO) by 91% and 77% and fine particulate matter (PM2.5) by 90% and
94% respectively. The simple practice of cleaning ash from three-stone fire before cooking increase
fuel consumption by 20% and reduces CO and PM2.5 by 40% and 71% respectively. Using
prunings from trees on-farms in cleaner biomass cooking appliances is a novel solution for
improving human wellbeing and sustainable socio-ecological systems. Awareness raising, capacity
development, and agroforestry integration in bioenergy policy and strategies may increase selfsufficiency in firewood supply in rural SSA.
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Biochar to restore Cocoa forest in Ghana
The talk will introduce biochar, its general benefits in agriculture and forest systems, and suggest
ways biochar may be used to help rehabilitate cocoa forests in Ghana.
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Blaming informality to hide the failure of energy policies: the politics of woodfuel
in Cameroon
Cameroon is one of the Sub-Saharan African countries where wood consumption is an
indispensable source of energy for households. Because the country’s energy sector still faces
numerous challenges and weaknesses, about 84% of the population depends on fuelwood for
livelihood. In rural areas, it is the main available source of energy for most households. Woodfuel is
generally used as Charcoal, firewood, wood chips, sawdust, etc.
Available ‘modern’ energy sources (gas and electricity) for domestic use do not adequately respond
to the characteristics of modest households in need of a relatively accessible, reliable or long-term
solution, and affordable energy. Since a certain financial prerequisite is necessary to have access to
gas and electricity in Cameroon, this situation causes vulnerability while exacerbating poverty of
households in urban and rural areas. Consequently, most of those people are forced to turn towards
relatively cheaper energy sources for cooking. This context raises an inequality system in the sense
that, the reasons for people depending on fuelwood are often obscured in favour of a criticism and
blame which are quite vehement about the cutting of wood, and why this dependency has an effect
on deforestation. Based on a rigorous qualitative research approach combining empirical (document
analysis, interviews, field observations) and conceptual (governance and power analytical
frameworks) research, the aim of this paper is to analyse the root causes of inequality system related
to fuelwood sector by focusing on: (i) path-dependency which binds local population to fuelwood;
(ii) the power elements that limit accessibility to ‘modern’ energy sources (gas, permanent
electricity, solar energy, etc.) for modest households; (iii) the formal and informal interests
governing woodfuel production and consumption in Cameroon.
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Raising awareness campaign for youth on land restoration through nursery
development and tree planting
Emphasize on landscape restoration of degraded lands; sensitization and trainings on tree nurseries
development and tree planting is very high. The initiative is conducted at public places where forest
and farm producers and primary and secondary schools’ students are engaged.
The purpose of engaging youth in schools is to prepare the new generations that are aware of the
environmental issues, conservations, restoration and skills in dealing with impact of climate change.
Another purpose is to demonstrate changes in restoration of the degraded land by using young
educated who are trusted in the societies.
The campaign is being run in partnership with the forest and farm producer organizations (FFPOs);
the government – district and regional administration; as well as the National Parks management
authorities.
Overall, the initiative leads to enhance landscape stakeholders’ partnerships; thus to address
effective land/forest restoration. On the other hand, it induces the value of environmental
conservation and protection to the youth – a vital move towards sustainability.
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Sources of wood for charcoal production in Asantekwa and Nkwanta
Charcoal burning is often presented in policy circles as an activity that destroys the environment.
Policymakers assume that charcoal burners cut trees indiscriminately, or clear-fell all the trees on
their site and that every single tree species of all sizes are cut for charcoal. Policymakers and state
agencies also assume that charcoal is only sourced from stand forests or open bush and not from
farms and fallows and that there is no link between agriculture and charcoal burning. They tend to
devalue the knowledge and experiences of farmers/charcoal burners. However, most farmers and
charcoal burners have a detailed knowledge of trees and their uses and can identify many species.
They can identify the best species for making charcoal because they have been working with the
trees and know their physical and combustion properties and can provide a gradation of various
species from the best to the worst. They also exploit a wide range of trees for charcoal. Traders in
charcoal also have a detailed knowledge of the best species for charcoal, the different properties of
different species, and can identify particular charcoal species from lumps of charcoal in sacks. This
paper, therefore, seeks to present an overview of the state of charcoal production and the existing
availability of trees for charcoal production from an analysis of the trees farmers claim to be
exploiting for charcoal and their perceptions of the abundance of the main charcoal species on their
farms, and from traders’ analysis of the contents of bags of charcoal offered for sale on the market,
that is the species identified by their charcoal lumps and the properties of these species as prime
charcoal. This paper contends that because farmers /charcoal burners select and used a broad range
of tree species for charcoal, and that most of the prime charcoal species continue to be available and
constitute a greater portion of the charcoal that is being sold in the Kintampo market, there is no
crisis of charcoal production. The paper further argues that whiles this is not a generally shared
perspective, most studies posting a crisis in charcoal, often assume this from expansion in demand
from charcoal rather than engaging in empirical studies of the actual charcoal resources being
transacted and the continued availability of these resources
Keywords: Charcoal-burning, species, Policymakers, overview
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Fuelwood Rush and the Assemblage of Community Forest Management in Burkina
Faso
Community-managed forests or Chantier d’Aménagement Forestier (CAF) emerged in the 80s in
Burkina Faso to rationalise fuelwood exploitation, and respond to socioecological challenges. Based
on a case study from Southern Burkina Faso, we analyse the CAF as an assemblage of material (i.e.,
forest, land resources, actors) and immaterial elements (i.e., multilevel governance architecture,
policies and objectives, norms, behaviours) to create a living entity through processes of coding,
stratification and territorialisation. Coding refers to the process of creating and assigning specific
order, codes of being and action to an entity. Coding gives rise to a new space of government or
territory. Through the inclusion and exclusion of specific codes, the created territory is further
stratified into hierarchy. These assemblages are not static, but evolve, (dis) articulate new and
existing components while forming new assemblages. Through qualitative research methods, our
results show how the current model of the CAF emerge as spaces of resistance, struggles for control
over fuelwood resources, benefits sharing and decision making among and between locals, the
CAF’s bureaucracies and fuelwood private market. While old and new alliances are featured and
defeated, the resilience of the socioecological system is questioned. To enable a sustainable
fuelwood provision, we suggest that, the logics sustaining the fuelwood governance shift from a
technical and market-based logic toward the recognition and empowerment of local people in the
overall CAF model.
Key words: Assemblage, fuelwood, community forest management, Burkina Faso
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Prosopis charcoal production using improved earth mound kiln in Baringo County,
Kenya.
About 100% of charcoal producers in Baringo county use traditional earth mound kiln (TEK) which
consumes more wood, yields low quantities and poor quality charcoal as well as emitting more
gases and particulate matter. Under the Governing Multifunctional Landscapes (GML) project, the
community identified improved charcoal production technologies as one of the priorities towards
more sustainable woodfuel value chains. The charcoal producers were trained and started using
improved earth mound kiln (IEK). The IEK involved simple modification of the TEK by fitting
Two chimneys and six breathers were also fitted at a cost of USD 55; optimum drying of wood as
well as arranging the wood tightly. Subsequent participatory assessment showed that the simple
tweaks on local practice increased charcoal yield by 50% and reduced emissions by over 40%. The
supported charcoal producers reported that the IEK yielded more charcoal; ii) heavier charcoal; iii)
took less time and iv) produced less waste in form of dust and smoke. This presentation endeavors
to share these community experiences and outcomes of improving Prosopis charcoal production in
Baringo County, Kenya.
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Climate change impacts and decarbonization of woodfuel (charcoal and firewood)
systems in Kenya
In Kenya 86% and 24% of rural and urban households respectively use firewood while charcoal is
used by 42% and 46% of rural and urban households respectively. About 40% of wood used for
woodfuel mainly charcoal, is unsustainably sourced while over 90% of charcoal producers use
inefficient carbonization technologies and most households use inefficient cooking appliances. Use
of unsustainably produced wood, inefficient kilns and cooking appliances contribute to climate
change. Life Cycle Assessments (LCA) in Kenya have revealed that wood carbonization to charcoal
and utilization of woodfuel are key hotspots in Greenhouse Gas (GHG) emissions. For example,
simple improvements in the traditional earth mound kiln (TEK) by drying wood well and enhancing
air circulation increases charcoal yield by 49% and reduces emissions of carbon monoxide, carbon
dioxide and methane by 40%, 49% and 44% respectively. More efficient charcoal and firewood
stoves likewise reduces fuel consumption and emissions while some such as gasifier in addition coproduce char that is used for another cooking or as biochar for soil amendment. In all woodfuel
systems, sourcing wood sustainably is critical so as to maintain carbon sinks. For optimal benefits
towards carbon neutral woodfuel, a systems approach is necessary where inefficiencies are
addressed at every stage in ways that integrate enhancing carbon sinks, reducing GHG emissions
and recovery of biomass residues for energy. Adoption of sustainable and more efficient practices
depends on how well they fit into users’ needs, a consideration that should be integrated in
technology development and transfer. Women and children are responsible in many households for
cooking and energy use, thus systemic improvements need to take their preferences into
consideration. These innovations contribute to the country’s big four agenda on food security,
health, manufacturing and housing. Research evidence on these innovations was applied in the
development of Kenya’s Bioenergy Strategy 2020-2027.

35

Kitheka, Emily
Kenya Forestry Research Institute, P.0 Box, 20412 (00200), Nairobi, Kenya.
Email: emilykitheka@yahoo.com; ekitheka@kefri.org
Co-authors: Anthony Macharia, Abdalla Kisiwa, Celestine Ingutia, Nellie Oduor, Titus Mbuvi,
James Ndufa and Meshack Muga.

Charcoal Value Chain Analysis in Mt. Kulal Biosphere and Mukogodo Landscapes in
Northern Kenya
Assessment of the charcoal value chain was undertaken in the Mt. Kulal Biosphere and Mukogodo
landscapes in Northern Kenya. The study looked at the feedstock sources, production technologies,
main actors, charcoal marketing, policy, governance structures, challenges, and opportunities for
sustainable charcoal production in the region. A mixed method approach encompassing semi
structured questionnaires and key informant interviews together with focus group discussions were
used. The data was analyzed using SPSS, Stata, and Excel software programs Results revealed that
charcoal production was a major economic activity and a source of livelihood for the inhabitants
and immigrants in the region. Indigenous trees species were unsustainably harvested for charcoal
production using traditional earth kilns. Production was mainly done by the women, the poor and
vulnerable in the community except in cases where production was predominantly done for
commercial purposes. Most charcoal was retailed directly to households and vendors in towns
adjacent to the production sites. In Mt Kulal, charcoal production and marketing was regulated
informally by community organizations that vetted and authorized actors in the sector. In
Mukogodo, production and marketing were characterized by a lot of illegal activities, hidden costs
and rent seeking because charcoal production and trade was outlawed in the region. Increasing
charcoal demand due to lack of alternative sources of affordable energy, increasing urbanization
and population, drives communities to continue producing, marketing and consuming charcoal. The
study recommends domestication and operationalization of Kenya’s Forest (Charcoal) Rules of
2009 at the county level. These will help in streamlining the sector by mobilizing communities to
form producer groups, training them on sustainable production and conservation techniques as well
as tracking the chain of custody in charcoal movement.
Key words: Charcoal value chain, affordable energy, indigenous trees, unsustainable, technologies
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Sustainable production of charcoal and manufacture of bio fertilizer based on the
casamance kiln, Togo
The carbonization technique by the Casamance millstone is an improved technique for carbonizing
wood to make charcoal. It is based mainly on the use of a chimney grinder (which recovers the
smoke), vent pipes (to pass a reasonable amount of air) and buckets (to recover the liquid) with a
particular arrangement of the wood. This technique improves the yield of charcoal, significantly
reducing the pressure on the trees (forests) and saving time.
The technique by the Casamance millstone reduces the amount of smoke that is released during the
carbonization process. Part of this smoke that comes out of the millstone condenses and is
recovered in liquid form. This liquid (pyroligneous liquid) can be used to protect the wood. It is also
used as a biofertilize.
With the support of the FFF, this liquid has been analyzed by the Togolese Institute of Agronomic
Research (ITRA). Tests will be conducted in the field to confirm the effects on crops.
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Charcoal production from sawmill residues in the East Cameroon
region: socio-economic, environmental, and climatic issues,
promoted technologies and regional upscaling strategy
Most Cameroonian households and many companies rely on wood as their principal energy
source for cooking and heating purposes. Wood accounts for 64 % of the domestic energy
supply (84 % in terms of household energy). Driven primarily by urbanisation and population
growth, mounting wood-energy consumption creates an ever-widening demand/supply gap,
especially in northern Cameroon. Wood- energy is mostly sourced in an unsustainable and
often illegal manner, resulting in peri-urban forest degradation, and damaging ecologically
fragile northern areas. Against this backdrop, wood/timber- processing residues originating at
Wood Processing Units (UTBs) constitute a viable option to meet the country's economic,
energy and environmental challenges. The Eastern Region alone is forecast to produce
500,000 m³ sawmill residues annually. MINFOF and MINEPDED since 2016 piloted the
production of charcoal from sawmill residues with support by GIZ – based on a holistic
approach addressing the value- chain’s entire length, from production to marketing. A project
evaluation conducted in 2019 bore witness to significant achievements (annual production
rate 5,000 tons, 400 jobs created, raised rural income levels, and carbon sequestration of
around 76,000 Teq CO2. A regional strategy 2021-2025, developed jointly with regional
stakeholders, serves as a transmission-belt for wider dissemination. Overall, recovery of
wood processing residues is closely aligned with both, Cameroon’s National Development
Strategy, and the Nationally Determined Contribution (NDC) drawn up under the Paris
Agreement on Climate Change.
Keywords: Wood energy, carbonisation, sawmill residues charcoal, value chain, Wood
Processing Units, scaling up strategy.
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The impacts of Covid-19 on the charcoal value chain and rural livelihoods in
Mozambique
Non-pharmaceutical interventions such as social distancing and travel restrictions have been
implemented to reduce the transmission of Covid-19. This has led to different implications for
domestic, regional and global value chains, which are not yet well understood. Through weekly
phone interviews in nine Mozambican communities (May-July 2020, n=441), our research traced
the implications of Covid for the charcoal industry and other rural livelihoods including the baobab
value chain.
Despite no direct health impacts in our study communities, Covid significantly re-shaped many
lives and livelihoods, aggravating existing vulnerabilities related to precarious incomes, age and
gender. Specifically for the charcoal value chain, several key direct impacts were observed: on the
positive side, in some communities stall owners accepted charcoal in payment for consumables,
given the significantly reduced circulation of cash. In terms of adverse effects, firstly the inherently
necessary collaboration for charcoal production was made more difficult by social distancing.
Secondly, transport to and from communities was either limited or unavailable altogether. This was
relevant both for obtaining ropes and sacks for packaging charcoal, and for transporting charcoal to
urban areas. Finally, it affected selling opportunities, weakening small-scale producers’ bargaining
position in terms of frequency, volume and price of charcoal, while prices for consumables
including food were rising. This meant that some interviewees were concerned about dying not of
Covid, but of hunger. While some value chains such as baobab continued to function thanks to
civic-minded stakeholders and formal associations, producers involved in the charcoal value chain
saw their wellbeing reduced. Our paper thus argues that, under Covid restrictions, local livelihoods
were considerably more resilient if civic-minded stakeholders were involved in value chains,
whereas small-scale charcoal producers were in a significantly worse bargaining position.
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Use of Bamboo for Energy Production
Bioenergy production and use in Africa has the potential to contribute to increase deforestation and
land degradation if not sustainably managed.
Bamboo is an indigenous renewable resource in many African Countries that can be harvested 3-5
years after initial planting, without deforestation impacts and can help play a major role in
addressing challenges in the use of other woody biomass material. Bamboo can also contribute to
green growth and promote alternative sustainable household energy sources.
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Sustainable charcoal production in community-based forest management areas in
Tanzania
Since 2012, the Tanzania Forest Conservation Group have been leading an initiative to pilot and
then scale-up sustainable charcoal production in community-owned natural woodlands in Tanzania.
In this paper, we present the model that has been developed in Tanzania and share the successes,
challenges and lessons learned from the initiative over the last decade. We present
recommendations for other initiatives seeking to achieve more sustainable charcoal production from
natural woodlands.
In brief, the Tanzanian model involves the establishment of community-based forest management,
providing communities with a legal mandate to manage and benefit from their forests. Management
plans for the reserves include provisions for harvesting trees for charcoal production from areas
designated as charcoal forest management units (FMUs). These FMUs comprise up to 20% of the
total reserve area, with the remaining 80% designated for protection and other uses. Harvesting is
based around a 24-year rotation based on the maximum mean annual increment for Tanzanian
woodlands.
Charcoal production fees have generated substantial revenues for the forest-owning communities
who have used their charcoal revenues to manage their forest reserves and to improve social
services including education, health and infrastructure. The initiative began with 30 communities
and 141,160 hectares of woodland and is in the process of scaling-up to additional districts and
villages. Participating communities have earned ~ US$ 1 million.
A key challenge for the project has been policy makers’ reluctance to take leadership in improving
the environmental, economic and social outcomes of charcoal, despite its role as the main
household cooking fuel for Tanzania’s urban populations. Engaging with policy-makers at all
levels, building capacity, investing in awareness raising and allowing sufficient time for change are
some of the strategies adopted by the project. The model has relevance for other countries in Africa
with substantial charcoal markets.
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Applying Landscape approach to charcoal value Chains: The GML Project Model in
Yangambi Engagement Landscape (YEL), Republic Democratic of Congo
In DRC, many households use charcoal as a primary household energy, so it is necessary to think
about achieving a sustainable balance of its socio-economic and environmental impacts.
Charcoal production has been associated as direct driver of deforestation, while in reality, linkages
are more complex, it is often taking place as by-product of shifting cultivation and one of multiple
livelihood activities, of which revenues flow into other types activities linked to different users and
usages within the landscape.
Prior efforts to formalize the charcoal sector and make it more sustainable have not sufficiently
taken into consideration a landscape approach.
This paper on applying landscape approach to charcoal value chains, aims to demonstrate and
illustrate how the principles of landscape approach can be applied to charcoal value chains, which
can ultimately be used for improved management options. The study is based on analysis of
documentation and empirical data collected in Yangambi Engagement Landscape (YEL) in DRC.
Principles of the landscape approach are applied to charcoal value chains with examples from
project initiatives in YEL executed by CIFOR.
Various stakeholders at different levels are involved in the sustainable management of charcoal
value chains in the landscape.
Producers are grouped in associations and partook in participatory capacity enhancement training
on improve carbonization techniques and accompanied to establish sustainable sources for charcoal.
Governance through landscape approach contribute for achieving sustainable charcoal value chains
in YEL because of its holistic dimension.
Key words: Landscape approach, charcoal value chain, Yangambi Engagement Landscape.
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Mesures d’atténuation de l’abattage du bois dans le Bassin du Congo :
l’expérience du projet pilote REDD+ au nord-Cameroun
Le Bassin du Congo est le deuxième plus vaste massif forestier après la forêt amazonienne.
Le Cameroun y est doté d’une richesse forestière importante d’environ 19,6 millions ha, soit
17,5 millions ha en zone méridionale et 2,1 millions ha dans la zone soudano-sahélienne.
Cette espace sahélien est le plus fragilisé, et dans le cadre d’un projet REDD+, les sources de
dégradation ont été examinées en 2019 ainsi que leurs conséquences. Un diagnostic du bois énergie
dans la Commune de Lagdo (Région du Nord) a été effectué auprès d’un échantillon de 2274
ménages et des voies de valorisation ont été examinées. Il en résulte que l’abattage abusif du bois
par les populations figure parmi les sources de dégradation et serait l’origine de l’ensablement du
Lac de Lagdo (582 km2) sur lequel a été construit le barrage permettant de desservir environ 6,5
millions d’habitants en énergie électrique, en plus de fournir des services écosystémiques aux
populations du nord-Cameroun et des pays voisins (Nigéria, Tchad et RCA). Le bois coupé est
principalement utilisé pour la cuisson (100%, incluant le fumage du poisson à 49%), et la
construction (36%). Pour atténuer cette situation, le projet a octroyé 600 foyers améliorés aux
populations, fabriqués par 30 artisans locaux. Cette initiative a conduit à une réduction significative
de 57% du bois de cuisson (soit 100 Francs
CFA/fagot au lieu de 200 Francs CFA/fagot) par ménage. Par ailleurs, 1012 ha ont été reboisés et
malgré le retraçage des couloirs de transhumance, les plants d’arbres se retrouvent broutés par les
bœufs avec la recrudescence de conflits. Pour réduire la pression sur la ressource ligneuse, plusieurs
mesures adaptées ont été préconisées notamment les campagnes de sensibilisation en faveur de la
préservation de la ressource ligneuse, la promotion de l’agriculture et les technologies améliorées
(foyers, biodigesteur, biocharbon, etc.) comme vecteurs d’énergie durable pour la cuisson.
Mots clés: Sahel, Dégradation, abattage, bois énergie, technologies améliorées.
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Perception of charcoal producers on the establishment of woodlots for charcoal
production and its impacts on their livelihoods: a case study in the Kintampo
North Municipality of the Bono East Region of Ghana
Suitable trees species for producing charcoal are in short supply in many sub-Saharan Africa
countries and woodlots are being promoted by policy makers and civil society organizations as an
innovative means of replenishing trees and sustaining the livelihoods of communities that depend
on charcoal. However, few studies have investigated the knowledge and perception of charcoal
producers on the establishment of woodlots, and the challenges and factors that motivate charcoal
producers to establish woodlots. This study employs the Sustainable Livelihood Framework and
theory of planned behavior to assess how shortage of trees would impact charcoal production as
economic activity and the behavior of charcoal producers on woodlot establishment. A mixed
method case study approach involving 192 randomly selected charcoal producers and key informant
interviews were used to collect data in four communities for the study in the Kintampo North
Municipal Assembly. The findings revealed that difficulty in accessing wood has impacted
negatively on the quantity and quality as well as profits earned from charcoal production.
Awareness and knowledge regarding plantation establishment specifically for fuelwood and
technical know-how in its establishment among charcoal producers were low, but producers had
positive attitude towards woodlot establishment to improve wood availability. Financial constraints,
technical know-how, unavailability of seedlings were the key challenges producers perceived they
would encounter when establishing woodlots. Producers’ willingness to establish woodlot could be
motivated by financial support, availability of seedlings, ownership of planted trees, security of land
tenure and education and training. It is recommended that awareness must be increased among
producers on the existence and feasibility of woodlot as an alternative innovation capable of
sustainably supplying wood for charcoal production.
Keywords: Access to trees; Rural livelihoods; Sustainability; Woodfuel
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The current state and future of charcoal research in Africa
Since the 1980s, charcoal production and use in Africa has been studied and re-studied by students
and researchers at African and non-African institutes worldwide. Different disciplinary lenses have
been applied to understand the charcoal phenomena, to assess its sustainability, to question its role
in poverty alleviation and highlight its direct and indirect contributions to social and environmental
crises. While research approaches have diversified, and technological advances have made the
impossible possible, recent growing interest in charcoal calls for an evaluation of where charcoal
research stands today, and a systematic identification of the major knowledge gaps hindering a
more thorough and complete understanding of the sector. In this talk, I will present preliminary
findings of a bibliometric analysis of charcoal research that I have been undertaking of published
charcoal studies conducted in Africa. My aim has been to characterize the field, the contributors,
and understand the charcoal research landscape of the past 40 years. A recent uptick of charcoal
studies is encouraging, but if research efforts are not directed to where they are most needed, we
risk spending valuable human and financial resources on regurgitating old news and proving what
we already know. While the future of charcoal research is bright and exciting, it will require
stepping up the notch for what is considered ‘novel and necessary’ research pursuits. It will also
require building strong collaborative research teams that are guided by the principles of equity,
respect and ethics between and across researchers, their institutes and their research subjects.
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Profile of Improved Cooking Technologies amongst Charcoal Dependent Urban
Households in Zambia
The countries in sub-saharan Africa including Zambia’s transitioning to improved cooking
technologies has been slow despite the apparent potential economic and environmental benefits.
We collected data from 1 600 charcoal dependent households to profile cooking technologies in
use and get an impression of end-users’ knowledge of the technology with a view to adapting
prevalent designs to user expectations. Less than half of the households (41%) were aware of the
technologies mostly in Kitwe (56%) and Lusaka (50%) cities. Households in these cities and in
Solwezi were aware of Jiko, Supa Moto, Eco-Zoom and Save-80 stoves. The users felt that
improved stoves consume less charcoal (46%) and were compatible with local food (79%),
charcoal (69%) and the cooking area (51%). However, 55% of the households in Lusaka expressed
poor servicesability associated with low durability of the construction materials of the stoves while
39% in Kabwe felt that the technology was expensive. Solwezi households, in the order of 30%,
said the stoves were difficult to light up. These salient shortcomings provided cross cutting or
specific baseline data to incorporate in the redesign and adoption monitoring of the stoves in phase
2 of the research project. In conclusion, this baseline survey indicated that charcoal dependent
households in Zambia have an appetite, for improved cooking technology, which should be taken
advantage of to enhance adoption by specific urban households in the study areas.
Keywords: Improved Cooking Technology, Charcoal, Improved Stoves, Adoption, Urban
Households.
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The charcoal value chain in Kenya: Actors, practices and trade flows in selected sites
Kenya’s charcoal sector is worth billions of dollars in market value and is one of the most important
sources of energy in urban and rural areas. This study sought to create greater understanding about
the charcoal value chain to understand its structure, function and actors and their roles. The study
was carried out through a questionnaire survey in Baringo, Kitui, and Kwale which are key sources
of charcoal consumed in Nairobi and Mombasa. Findings indicated that less than 10% of the
charcoal is sold through the Charcoal Producer Associations (CPAs), though this is a legal
government requirement. About 85% and 15% of the charcoal sold in Nairobi and Mombasa
respectively was imported from Uganda which could be due to the logging moratorium and
charcoal ban in the country since the beginning of the year 2018. Women accounted for close to
50% of the charcoal producers but their participation was low in the transportation and vending
stages of the value chain. The gross margin for landowners, charcoal producers and transporters
was between 0-5%, 11-18%, 37-56 whilst that of vendors (wholesalers and retailers) was 11-26%
when the charcoal is sold at wholesale price in sacks and 26-41% when sold in small quantities at
retail price. From the study, we conclude that: i) the charcoal value chain in Kenya is very resilient
and adaptive, as there is an insatiable demand for cooking and heating energy ii) income generation
and employment is the main driver and motivation for value chain actors to engage in the charcoal
business; iii) processes and technologies used are inefficient, leading to unnecessary tree cutting,
and finally; iv) charcoal production and trade is a competitive business for all actors in the value
chain. In the short- and medium-term there is need to invest in making woodfuel value chains green,
sustainable and competitive.
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Cotton Stalks for Briquettes
The FFF is working with the Cotton Association of Zambia looking at alternatives to woodfuel
using Cotton stocks. FAO research has showed that cotton stocks have a high calorific value and
can be used as an alternative energy source. The Cotton Association is now working with support
from department of Energy in making briquettes from cotton stocks to replace charcoal. This will
provide extra incomes to small clae cotton producers. Cotton stocks can also be used for generating
electricty that can feed into the national electricty grid.
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An estimation of national charcoal production: The case of Ghana
Wood fuels are renewable, but only conditionally. To ensure their sustainable supply, accurate data
on their production and sources is necessary. There is, however, a dearth of accurate and up-to-date
information on the quantities of charcoal produced in Ghana annually. Credible information on
national charcoal production level is the basis of sound policy decisions towards sustainable
charcoal production and trade, which will also secure livelihoods.
The study compiled data from the Forestry Commission’s records on charcoal production quantities
as captured by the charcoal conveyance certificates (CCC). This was validated by mounting four
sentries 24/7 for two weeks, to compare charcoal being transported with CCC data. This last substudy also validated the carrying capacity (load) of various charcoal conveying vehicles as
established by the Forestry Commission. The study also had a sub-component to quantify charcoal
production outside, or not captured by, the CCC system. The main findings are as follows:
•

Charcoal is produced and transported throughout the year irrespective of the season (wet or
dry); but transportation in the wet season is marginally higher.

•

It is estimated that one million, one hundred thousand (1,100,000) tons of charcoal was
produced in the year of the study (2018).

•

The paper highlights the charcoal production hotspots in the country. These do not
necessarily coincide with areas with the well-forested areas.

•

The hotspots rather occur in the dry and savannah forests where tree growth is slower and
the ecosystem rather fragile.

•

The FC has since 2015, introduced a system of issuing conveyance certificates to cover
charcoal in transit. But the system captures below 50% of the flows as determined by the
sentry data; the correction factor was found to be 2.1.
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The study estimates that about 15.7 million m3 of round wood equivalent (RWE) was used to
produce 1,100,000 tons of charcoal in 2018. This may be compared with the official limit of 2
million m3 RWE of timber harvest. Brong Ahafo Region was the major producing region with
Kintampo area as the main production hub. The results indicate more charcoal movement in the wet
season, suggesting some seasonality, but longer time series data would be required to confirm this.
Two main streams of charcoal were identified: a channel, usually running from north to south and
covered by the CCC system; and an equally large channel not covered by CCCs. The second stream
will also include production from residues from wood processing mills. Besides these two, there are
minor flows of charcoal which is consumed in the vicinity of the production sites. These are not
covered by CCCs. The national estimate presented in this report attempts to cover all these flows
into one consolidated national production figure.
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How land tenure and labor relations mediate charcoal’s environmental footprint
in Zambia: implications for sustainable energy transitions
Charcoal is the main cooking fuel in urban areas of sub-Saharan Africa and demand is expected to
rise with urbanization. We explore the environmental footprint and socioeconomic drivers of
charcoal production, using data from original field vegetation and producer surveys in a hotspot
charcoal production area outside Lusaka, Zambia. We find that land tenure and labor market
conditions structure the environmental footprint of charcoal production. Agricultural expansion is
the main driver of forest conversion on customary and private (leasehold) lands where charcoal is a
one-off byproduct of land-use change by farmers. By contrast, charcoal production drives forest
degradation on State land, especially in Forest Reserves where agriculture is prohibited but the
more intact forest is intensively harvested, largely by urban residents or, during the dry season, by
nearby farmers lacking remunerative employment. Charcoal producers are remarkably varied, with
sharp variation in net financial gains that are positively and significantly associated with volume
produced. Strategies for improving the sustainability of charcoal production differ by land tenure
type but require a combination of enhanced enforcement of existing land use restrictions, improved
labor market conditions, greater support for sustainable agricultural intensification, devolution of
forest management to more local level, and adoption of alternative cooking fuel sources by urban
residents.
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Charcoalas justanother arena of exploitation: Precarity is everywhere.
Is there any surprise that the income of farmers and forestry workersoftensinks belowsubsistence in
West Africa? Why is there still a hungry season for most peasant households?
This presentation will show how the distribution of income within one charcoal commoditychain–
from Tambacounda to Dakar in Senegal–keeps producersin poverty while enriching afew urban
elites. The case study will lay out methodsforanalyzingdistributions withinacharcoal commodity
chain–showing how inequitable distributions are achieved through pricefixing and the politics of
access to the resource, representation and markets. Itwill then placethat chain and its people within
a larger economy–in which all commodity chains aresqueezedto subsistence for rural producers. It
is no wonder precarity is everywhere. It is no wonderyouth are choosing dangerous trans-Saharan
migration.
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The long term role of the charcoal industry in landscape and livelihood change:
multidisciplinary evidence from Mozambique.
Charcoal production is one of the largest industries in southern Africa, providing fuel to most urban
dwellers. It offers a rare opportunity for cash income and value addition in rural areas, and is key to
the livelihood portfolio of millions of hhs. However, the industry faces challenges, both real and
perceived, of unsustainability, illegality, and poor governance. Here we examine the role of the
charcoal industry in reshaping woodland resources, governance arrangements, and livelihoods,
taking the charcoal frontier of Maputo, Mozambique, as our case study. The charcoal frontier
around Maputo has expanded steadily at around 100 km per decade. In doing so, it has led to
several boom and busts for rural livelihoods, stressed existing governance arrangements for the
woodlands, and led to localised, but regionally significant land use change across much of Gaza
province. Governance arrangements have not been able to stop the overexploitation of the woody
resource, but there is evidence of governance regimes changing in response to overexploitation,
with charcoal bans and community based production organisations springing up in the wake of the
frontier. There is little evidence of proactive approaches to maximizing benefits from the arrival of
the frontier, nor many opportunities for productive investments using the cash generated during the
boom that accompanies the arrival of the frontier. These two issues should inform a new sciencepolicy dialogue on how the charcoal industry can support the achievement of the SDGs.
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Contribution of firewood harvesting and trading to the livelihood of rural
households in the North East Gonja district in the Savannah Region of Ghana
Firewood is the primary source of energy for cooking and heating and a major source of income in
many rural households in sub-Saharan Africa. Harvesting of firewood was observed in the North
East Gonja District of Ghana to be very high. This study assessed the contribution of firewood
harvesting and trading to the livelihood of the people of the North East Gonja District. The findings
are based on data collected from two hundred interviews, 10 focused group discussions and five key
informants. The results showed that households rely on diverse sources of income like crop
farming, livestock rearing, self-owned trade and firewood harvesting. Although firewood harvesting
and trading (15.44%) was found to be the fourth highest source of household income after arable
crops (19.9%), livestock (23.4%) and self-owned businesses (25.7%), it was found to be the most
important source of cash income among the sampled households. Household members use income
earned from firewood for daily household management including settlement of debts, health and
education related cost. Households were found to be poor in almost all four livelihood capitals
considered in this study (physical, financial, social, and human capitals). There was however
considerable contribution of firewood trade to the development of human capital, e.g. increased
basic school enrolment and access to health. There was virtually no benefit from social capital
within the trade, though over 80% trade with Tamale buyers. Traditional authority is recognized as
the institution responsible for regulating firewood access. Regulation is ineffective largely due to
shift of household management burden to women. Poor education, lack of high earning alternative
livelihood sources and lack of financial capital are the major drivers of reliance on firewood trade.
To improve well-being requires support in non-farm sources, investment in quality education as
well as sustainable forest utilization interventions.
Keywords: Firewood, Livelihood, Social capital

54

Tabi, Paule Pamela
Email: P.tabi@cgiar.org
Co-authors: Verina Ingram, Jolien Schure, Abdon Awono, Paolo Cerutti

Wood fuel production systems in the refugee settlement of Garoua boulai council
– East Cameroon
There are diverse woodfuel production systems for firewood or charcoal. For firewood collection,
fewer techniques are required compared to charcoal production; consisting only of harvesting or
cutting trees or branches of trees, which can be directly used for heating and cooking. Conversely,
charcoal is produced through the process of pyrolysis of wood in kilns. Garoua Boulai, a locality in
the East region of Cameroon, where the study was carried out, counts 18 villages and hosts about
304 000 refugees from the Central Africa Republic living in those places. This paper explores the
main wood fuel production systems and addresses the potential impacts of wood extraction when
the entire population depends on firewood collected from the surrounding landscape for daily
cooking. We have interviewed a sample of about 15% of the total households in each of these
villages. The first results reveal that firewood is collected in the same areas where farmers and
pastoralists do their activities. Even though people travel long distances, up to tens of kilometres
and spend more time getting firewood because it becomes scarce in their fields and fallows, another
incentive, besides their own consumption, is that selling firewood near the road offers an additional
source of income. Negative impacts of firewood collection such as landscape degradation, soil
infertility and climate change in the Garoua Boulai Landscape, have been noted and the current
mode of wood fuel extraction need to be improved. Reforestation and improved cookstoves
utilisation are some solutions proposed to tackle this problem, but their implementation should be
part of a consultation framework, considering the multi-stakeholder and multifunctionality of this
landscape in which each stakeholder involved should play a specific role.
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The importance of versatility in the selection of priority species by local
communities for wood energy plantation
In Benin, rural populations are highly dependent on woody plant resources to meet their daily
energy needs. In a context of increasing anthropogenic pressure, the process of selecting plants for
use is of paramount importance. In this regard, our study focused on the importance of criteria for
choosing preferred species. To do this, surveys were carried out from focus groups in fourteen
villages bordering community forests of the Forest Community of the Moyen-Ouémé (CoForMO),
located in five communes of the Moyen-Ouémé in Benin. The different species of wood energy
cited by the respondents were subjected to a multi-criteria analysis (AMC) through the Analytic
Hierarchy Process (AHP) method. A total of fourteen (14) wood-energy species are cited, including
five (Prosopis africana G. and Perr., Afzelia africana Smith ex Pers., Pterocarpus erinaceus Poir.,
Vitellaria paradoxa CFGaertn and Anogeissus leiocarpa (DC.) Guill. & Perr.) Were selected as high
priority for the quality of their combustion, the nature of the charcoal, and above all the multiple use
and availability which appear to be the main motivations for prioritization. Forest development
policies must focus on the valuation of indigenous species in order to motivate local communities to
develop conservation strategies for these wood-energy species.
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Technical and environmental performance of the Green Mad Retort
charcoal-making kiln in Madagascar.
First, the technical and environmental performances of the carbonisation methods described
in the literature are summarised and compared. The link between carbonisation efficiency
and greenhouse gas emissions is discussed. On this basis, charcoal-making trials with
eucalyptus from plantations in northern Madagascar were conducted in the field using Green
Mad Retort (GMDR) external combustion chamber kilns. Analyses of some fifty trials show
that these kilns produce high (34%) and very stable mass yields, even from wood with a high
moisture content. The study confirms the direct link between higher mass yields and lower
greenhouse gas emissions from charcoal-making (CO2 and CH4). Measurements made in
two kilns at different stages in development also show that it is possible to eliminate most
methane emissions at the outflow from the combustion chamber. In this case, methane
emissions are around 4.3 kg/t of charcoal produced, which is 5 to 17 times lower than
published emission figures for other carbonisation techniques, except for industrial retort
furnaces.
Keywords: carbonisation, greenhouse effect, methane emissions, Eucalyptus, charcoalmaking yields, improved charcoal-making techniques, Madagascar
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Effects of transition from open access to community-based management on the
social network of charcoal producers
Charcoal production supports livelihood diversification and reduces poverty, but also causes 7% of
deforestation and forest degradation worldwide. A governance transition may be necessary to foster
sustainable use of forest resources and equitable distribution of benefits for charcoal producer
livelihoods. In several regions in the tropics, transitions from open access systems to communitybased natural resources management (CBNRM) are being attempted. The expected success of such
transition is based on several assumptions. One assumptions is that CBNRM creates strong social
networks within communities and thus results in better governance of natural resources. Necessary
characteristics of these social networks are the presence of strong links between equals (i.e.
bonding) and across governance levels (i.e. linking). We examine this hypothesis for charcoal
production systems in the Kilosa district of Tanzania, by studying the social networks of charcoal
producers in three villages with CBNRM and three villages with open access. We conducted 160
livelihood interviews, and our results show that charcoal producer networks in villages with
CBNRM have significantly stronger bonding than those in open access villages. These networks
are, furthermore, dense and decentralized with a multitude of nested communities. The strong
bonding results from active facilitation of charcoal producer interactions through associations,
training schemes and harvesting protocols, which were more common in villages with CBNRM,
stimulating collaboration between charcoal producers in these villages. Therefore, our findings
suggest that through charcoal producer associations, training sessions and harvesting protocols in
the context of participatory forest management strong charcoal producer networks emerge. This
could potentially enhance social cohesion in open access systems, positively influencing rule of
law, access to resources, equality of opportunity and the efficiency of governance.
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Charcoal production site detection using a combined remote sensing approach
with Landsat-8, Sentinel-2 and VHR satellite imagery
Although charcoal provide services for millions of people, its production contributes to 7% of forest
loss, degradation and carbon emissions. Charcoal production sites remains difficult to detect
because its multiple features that (i) vary in size and material (i.e. kiln (scars), harvesting areas), (ii)
are scattered throughout the landscape, and (iii) may be covered by tree canopy. In this study we
test a combined remote sensing approach to detect charcoal sites in miombo forests of Tanzania.
Our approach combines charcoal site classification by two random forest algorithms, using Landsat8 and Sentinel-2, with visual inspection of Worldview-2 and Planet data. We obtained high
accuracy for both Landsat-8 and Sentinel-2 charcoal site classification (Landsat-8: 83.64% and
Sentinel-2: 91.85%). The most important input variables were Band 3 (Green) for Landsat-8 and the
Normalized Difference Water Index (NDWI) for Sentinel-2, likely linked to regeneration in
harvesting areas and heat stress of charcoal production, respectively. We produced robustness maps
of charcoal production sites by overlapping Landsat-8 and Sentinel-2 classification maps and visual
kiln recognition shapefiles, while subtracting per-pixel Shannon entropy (i.e., uncertainty). We
detected 337 charcoal sites with high robustness (i.e., predicted by all methods in 30m pixels),
61,929 sites with medium robustness (i.e., predicted by two methods), and 232,211 sites with low
robustness. Thus our method estimates a charcoal production area that ranges between the most
conservative estimate of 0.3 km2 (i.e., robust pixels) and 55.7 km2 (i.e., medium robustness pixels)
over an assessment area of 608 km2 for 2019. Our study highlights that a combined method
approach, which uses landscape phenology aspects and varying spatial resolutions, detects all
charcoal site features, achieving high robustness. Application of our combined method can improve
(i) charcoal production monitoring at landscape scale, and (ii) impact assessments of charcoal
production on forests.
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Climate Reparations: A new continental policy strategy to reforest the sub-Sahara
We have 6 years, 231 days, 1 hour, 17 minutes, and 12 seconds to make a complete shift to
renewable energy as a planet to avoid the catastrophic damage of a 1.5 degree temperature hike.
This temperature hike will cause more harm and death in Africa than anywhere else.
The good news is that humanity can buy itself more time to make the full switch to renewables by
planting indigenous trees. Even more reassuring to Africa is that native trees—our best bet for
protecting against carbon emissions—grow fastest in the tropics. Since we must rewild urgently to
promote resiliency in the face of imminent climate change, it makes sense to focus global attention
on tropical zones. Coupling this with the fact that the industrialized Global North and East have
contributed vastly disproportionate emissions, we have a strong case for climate reparations.
Climate reparations can take many forms. In the case of reparations earmarked for tropical
reforestation, sub-Saharan nations have an opportunity to argue that investment in large-scale
rewilding in Africa is of greater climate protection benefit to nations of the industrial North and
East as well. Since the rate of regrowth is faster where there is more sunlight and water—and
because our climate clock is ticking as fast as we know it is—it is scientifically strategic to begin
wherever results manifest most hastily.
Our paper and session explores how youth of Adjumani and Amuru (northern Uganda) and
indigenous minority groups like the Benet of Mt. Elgon protect their native woodfuel against
depletion by neoliberal policies and practices, and how if we leverage reparations for African
nations in tropical zones, we can follow their lead at scale to secure both ecology and livelihoods.
We present our strategy to secure such reparations in great depth.
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