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ABSTRACT

Introduction. This summary report provides an overview of the state of the art regarding the possible uses of
crop residues for populations in the sub-Saharan agricultural sector with a view to building their resilience in the
face of socio-economic and climate-related challenges.

Literature. Crop residues are present in large quantities on farms and represent real assets for the resilience and
sustainability of agricultural systems. Unfortunately, due to the lack of transfer of scientific knowledge to
farming practices and problems with the collection and processing of residues, many are underutilised. The main
uses of crop residues for those involved in the agricultural sector are: Agronomic uses, with the production of
biochar, compost and organic manure from crop residues to improve soil fertility. Zootechnical uses, with crop
residues being used in animal feed and in the manufacture of bedding and shelters for animals. Finally, energy
uses of crop residues with the production of briquettes; the manufacture of green charcoal, the production of
natural biogas and the production of bioethanol.

Conclusion. The wide availability and diverse uses of crop residues can contribute significantly to increasing the
sustainability and resilience of agricultural systems in sub-Saharan countries. However, this requires the effective
implementation of a system for educating stakeholders on the uses of crop residues.
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RESUME

De déchets a la richesse : usages des résidus agricoles en Afrique (Synthese bibliographique)

Introduction. Ce travail de synthése est un état de ’art sur les possibles utilisations des résidus de culture pour
les populations du secteur agricole subsaharien en vue de leur résilience face a leurs problémes
socioéconomiques et climatiques.

Littérature. Les résidus de cultures sont présents en grande quantité dans les exploitations agricoles et
représentent de réels atouts pour la résilience et la durabilité des systémes agricoles. Malheureusement, & cause
du manque de transfert de connaissances scientifiques vers les pratiques paysannes et des problémes de collecte
et de transformation des résidus, beaucoup sont sous valorisés. Les principaux usages des résidus de culture pour
les acteurs du secteurs agricoles sont : les usages agronomiques, avec la production de biochar, de compost, de
fumure organique a partir des résidus de culture pour améliorer la fertilité des sols ; les usages zootechniques,
avec 1’utilisation des résidus de culture dans 1’alimentation animale et dans la fabrication de litiére et d’abris
pour les animaux ; enfin, les usages énergétiques des résidus de cultures avec la production de briquettes, de
charbon vert, la production de biogaz naturel et de bioéthanol.

Conclusion. La disponibilité importante et les diverses utilisations des résidus de culture peuvent contribuer
fortement a accroitre la durabilité et la résilience des systémes agricoles des pays subsahariens. Cependant, cela
nécessite une bonne mise en place d’un systéme de vulgarisation de formation des usages des résidus de culture
aux acteurs.

Mots-clés : Résidus de culture, biochar, fumure organique, bioénergie, Afrique subsaharienne.
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1. INTRODUCTION

In recent years, sub-Saharan Africa has been facing
extreme weather events such as prolonged droughts
in the Sahel (Nicholson, 2013), recurrent flooding
in Nigeria in 2022 (Ajayi, 2025) and exceptional
heatwaves in West Africa in 2019 and 2020
(Ngoungue et al., 2023), which now pose a major
threat to societies and ecosystems (Kaboré, 2025).
These events are amplified by climate change and
affect the inhabitants of sub-Saharan Africa by
compromising their food security and socio-
economic stability (Sylla et al., 2016).

Added to this is population growth, which reached
1.27 billion inhabitants in sub-Saharan Africa in
2025, representing more than half of the global
growth forecast for 2050 (United Nations, 2025).
This overpopulation puts greater pressure on natural
resources and makes the population more
vulnerable to climate hazards. The impacts are felt
in all areas and sectors in sub-Saharan Africa.

In the field of health, with the proliferation of
mosquitoes (Siraj et al., 2014), the destruction of
roads in Nigeria by floods (Ajayi et al., 2025) and
rainfall variability causing crop losses (Sylla et al.,
2016). The two major problems are the dependence
of stakeholders on natural resources and the lack of
resilience to climate variations, which make sub-
Saharan agricultural systems vulnerable (Chirombo
and Pangapanga, 2025). However, it should be
noted that most actors in the agricultural sector
(farmers and livestock breeders) are often relatively
poor and forced to find local solutions to maintain
their livelihoods (Tittonell, 2014).

Among the alternatives to address these two major
problems is the recovery of crop residues, vegetable
biomass or crop co-products as a potential
contribution to limiting climate change and socio-
economic  problems, thereby increasing the
sustainability of their agricultural activities
(Valbuena et al., 2012; Vanlauwe et al., 2014; Sylla
et al., 2016). These sometimes come directly from
farms or agricultural industries (Ouattara et al.,
2024; Zoungrana, 2025).

These alternatives are already present in the
agricultural systems of sub-Saharan countries.
However, due to the lack of transfer of scientific
knowledge to farming practices (Giller et al., 2009),
the perception of residues as waste with no market
value (Valbuena et al., 2012), and problems with
the collection and processing of agricultural
residues (Bationo et al., 2007), residues remain
greatly underestimated and undervalued. This
deprives many producers of the opportunities that
crop residues can offer, such as improving soil
fertility or reducing input costs (Vanlauwe et al.,
2014).
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From an environmental perspective, the use of crop
residues also reduces greenhouse gas emissions
through the use of alternatives to fossil fuels
(Jeffery et al., 2015; Smith et al., 2019; Ye et al.,
2020) and carbon sequestration through the
incorporation of residues into the soil (Lal, 2005).

The objective of this study is to produce a
bibliographic review of the various possible uses of
crop residues in sub-Saharan Africa in order to
enable stakeholders in the agricultural sector to
increase the sustainability of their agricultural
systems and also to strengthen their resilience to
socio-economic problems.

2. DOCUMENTS SELECTION

A preliminary observation was made to select
scientific articles and begin  writing this
bibliographic summary. We limited the research to
Africa, and more specifically to sub-Saharan Africa.
Documents were collected from several sites. The
scientific databases consulted were Scopus, Web of
Science, Science Direct, SpringerLink, Taylor &
Francis, and Google Scholar. We then consulted
certain peer-reviewed journals with recognised
editors, such as Renewable Energy. Finally, we also
consulted documents from international
organisations such as the FAO.

All the documents used were subjected to a
documentary analysis and we selected the most
reliable, relevant and recent ones that were relevant
to the objectives of the study. We analysed
scientific articles presenting case studies, as well as
articles from bibliographic review journals,
according to their relevance.

To achieve this, specific terms and combinations of
keywords were used, namely "use of crop residues,
bioenergy, animal feed, recycling, plant biomass,
biochar, compost, organic manure, biogas,
bioethanol, sub-Saharan Africa".

In total, we selected more than 60 scientific articles
for this study on the uses of crop residues in Africa.
This article is intended as a purely theoretical
contribution on the use of crop residues,
highlighting ~ their  usefulness  for  African
communities.

3. CROP RESIDUES WITH MULTIPLE
USES IN SUB-SAHARAN AFRICA

3.1. Agronomic uses of crop residues
Biochar

Biochar is a carbon-rich product obtained by
pyrolysis of residual biomass such as crop residues
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(corn, millet, sorghum straw, etc.), forestry waste
(Lehmann and Joseph, 2015), organic sludge and
any other organic biomass. This transformation of
biomass, sometimes considered waste or of little
value, allows it to be better utilised, unlike ash,
which is the result of complete combustion. Thanks
to the processes used to manufacture biochar, the
final product has a porous and stable structure,
which is a real asset (Lehmann and Joseph, 2015).
This property improves soil fertility and allows for
better carbon sequestration (Lehmann and Joseph,
2015; Glaser et al., 2002) with more stable storage
for centuries (Lehmann, 2007).

It should be noted that obtaining biochar requires a
technical biomass conversion process that involves
specific ingenuity. To produce it, inputs such as
crop residues such as corn, sorghum or rice straw,
peanut shells, wood or manure (Glaser et al., 2002)
can be used. These are first dried and crushed for
better homogenisation (Jeffery et al., 2011), then
heated to between 300 and 700 °C in the absence of
oxygen (Lehmann, 2007). Depending on the
volume and biomass used, heating can vary from a
few hours to several days (Woolf et al., 2010).
However, a low temperature (around 300 °C)
produces biochar that is rich in nutrients but less
stable, while a higher temperature between 600 and
700 °C produces biochar that is more stable and
richer in carbon (Woolf et al., 2010).

At the end of the process, we obtain a black, porous
and light material that will improve soil structure
and store carbon more effectively (Lehmann and
Joseph, 2015). During the process, it is possible to
recover pyrolysed gas and oils that can later be used
as energy (Woolf et al., 2010).

The use of biochar in fields has a positive impact on
soil health, improving water and nutrient retention
(Glaser et al., 2002). It also stimulates microbial
biodiversity (Glaser et al., 2002) and contributes to
crop resilience by making them more resistant to
water stress (Jeffery et al.,, 2011). Finally, as
mentioned above, the use of biochar reduces N.O
and CHa emissions (Jeffery et al., 2011).

Producing compost from waste

Composting is an agricultural technique for
recycling crop residues or any plant biomass or
organic matter, based on the biological
decomposition of organic matter by
microorganisms in the presence of oxygen (Insam
and De Bertoldi, 2007). This agricultural technique
transforms fresh organic matter into a rich product
called ‘humus’, which has properties that improve
soil fertility and structure (Epstein, 1997; Bernal et
al., 2009).

It should be noted that composting involves several
stages and the materials used may vary from one
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region to another, but in general, agricultural
residues such as straw, stalks, husks, manure and
organic sludge (Bernal et al., 2009) are used. The
first step is to mix the chopped or unchopped
components with water to promote microbial
activity (Haug, 2018).

The second phase, known as the thermophilic
phase, involves the use of a tarpaulin or a natural
covering system, depending on the means available.
It is essential that the temperature be monitored
during the following days (desired rise between 55
and 65 °C) to ensure sanitisation and proper
decomposition of the materials (Insam and De
Bertoldi, 2007).

This is followed by the maturation phase, during
which the materials gradually transform into humus
and stabilise (Zmora-Nahum et al., 2005). Finally,
after several days, the end product is brown,
crumbly and rich in organic matter and nutrients
(Epstein, 2017). Compost has several advantages.
With the physical and chemical properties obtained
from humus, compost has a direct impact on soil
health by improving its structure and increasing its
water retention capacity (Bernal et al., 2009).

Composting is a sustainable solution for
agricultural waste management. In particular, it
makes it possible to recycle olive pits in Morocco
(Oueld Lhaj et al., 2024), which are considered to
be waste. From an economic perspective, compost
reduces farmers' expenses because it provides
nitrogen, phosphorus and potassium, which are
essential for crops (Epstein, 2017). From an
environmental perspective, compost reduces the use
of open-air burning techniques, which are most
often used to reduce agricultural waste, and helps to
reduce emissions (Bayu, 2020). Finally, compost
makes amended soils more resilient. Soils amended
with compost are more resistant to water stress
(Assoh et al., 2025).

Production of organic manure

Organic manure is defined as any fertiliser obtained
from natural organic materials such as crop
residues, manure, compost, organic sludge and agri-
food waste (Palm et al., 1997). They can be
produced in manure pits, in piles or even in the
open air in animal housing areas (Ouedraogo et al.,
2001). Its main purpose is to improve soil fertility
by providing nutrients (nitrogen, phosphorus,
potassium) and stimulating soil microorganisms
through the addition of organic matter (Palm et al.,
1997).

There are several categories of organic manure,
which differ according to the percentage of manure
and biomass residues present in the mixture. There
is animal manure, which is a mixture of animal
excrement and plant litter from the animals' living
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quarters (Palm et al., 1997). It contains as much
excrement as agricultural residues. It is most often
used in family farming (Palm et al., 1997). When
organic manure contains more animal manure and
virtually no agricultural residues, we refer to it as
farmyard manure. Finally, when there are more
biomass residues and very little or no manure, we
refer to it as compost (Bekunda et al., 1997; Palm et
al., 1997).

3.2. Zootechnical use of crop residues

In animal feed

In West Africa, livestock farmers use crop residues
to feed animals during the hot season. Cereal straw
(millet, sorghum, maize) and legume tops are the
main sources of fodder during the dry season
(Zampaligré et al., 2021). Other plant biomass such
as husks, seeds and pulp (sugar cane) are mostly
used as concentrates or feed supplements (Reed et
al., 1988).

Their use reduces crop residue losses but, above all,
has a positive impact on the sustainability of agro-
sylvo-pastoral systems (Ouattara et al., 2024). The
recovery process is based mainly on techniques for
collecting, drying, grinding and storing residues
(FAO, 2017; Zorma, 2017; Ouattara et al., 2024). In
order to increase the palatability and digestibility of
certain residues, some producers use urea
treatments (Ouattara et al., 2024) or heat treatments
on cereal straw (Kaboré et al., 2025).

Bedding and shelter management

Crop residues with a high lignin content, such as
cereal straw left on the fields after several weeks,
which are not very palatable, can be used as
bedding to improve animal comfort in pens and also
facilitate the collection of manure (Ouattara et al.,
2024).

Energy uses of crop residues

Crop residues can be used as an energy source
instead of fossil fuels, which cause pollution and
are finite resources (FAO, 2017; Goel et al., 2024).
Bioenergy refers to all forms of energy produced
from plant biomass, such as organic matter of plant
or animal origin (Demirbas, 2009). It consists of
solid fuels (wood, briquettes, green coal), liquid
biofuels (bioethanol, biodiesel) and gases such as
biogas and synthesis gas (McKendry, 2002).

It is an inexhaustible alternative to the fossil fuels
that have been used for years. This form of energy
makes it possible to recover crop residues, forest
residues and agro-industrial residues (McKendry,
2002; Demirbas, 2009).

There are four main types of bioenergy obtained,
depending on the type of crop residue and the
equipment used, based on processes adapted to
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local resources and needs (Balat et al., 2008; Adjin
et al., 2018; Do, 2024; AVSF, 2025; Njimou et al.,
2026).

Briquettes

Briquettes are used as an alternative energy source
to gas and firewood. The most commonly used
materials are shea sludge (AVSF, 2025) and
agricultural residues such as corn, rice and coffee
straw (Njimou et al., 2026). Briquettes are actually
compressed blocks of plant biomass that may be
uncarbonised but require the use of a binder, or they
may be carbonised (Do, 2024; Njimou et al., 2026).

The process of manufacturing briquettes from shea
sludge, for example, involves crumbling and sorting
out impurities, then decanting and crushing the shea
residues, followed by extrusion using a screw press
and finally cutting and drying the final product in
the open air for 6 to 8 days (AVSF, 2025). This
process allows for more regular combustion and
reduces the use of firewood (AVSF, 2025).

Brikets made from agricultural residues have a high
energy content suitable for domestic cooking
(Njimou et al., 2026). Indeed, by mixing corn cobs
and cassava waste and adding binders, we obtain
briquettes with a high energy content, suitable for
domestic cooking (Njimou et al., 2026).

In Kenya, for example, briquettes have already been
used in households instead of charcoal, slightly
reducing pressure on forests (Bosire et al., 2023).
This is also the case in Mali, where cooperative
producers have turned the sludge from shea
processing into bioenergy briquettes (AVSF, 2025)
by using them to dry mangoes and cook shea butter
(AVSF, 2025).

Producing green charcoal

Green charcoal is a solid product obtained by
pyrolysis of plant biomass or agricultural and agro-
industrial residues used as an alternative to charcoal
(Laval, 2014; Théau and Kinanga, 2021). Among
the materials known to be used to produce green
charcoal are cocoa pods, cashew shells and shea
sludge (AVSF, 2025).

Green charcoal is produced by first collecting,
drying and grinding the biomass to make it more
homogeneous (Théau and Kinanga, 2021). The
residues are then burned in a controlled manner to
transform them into charcoal without producing
excessive smoke (Laval, 2014). The unfinished
product is then mixed with a natural binder such as
clay or starch to preserve it for longer (Njimou et
al., 2026). Finally, the product is compressed, either
manually or with a motorised device, to form
briquettes and left to dry for a few days (Do, 2024).
In Cote d'Ivoire, for example, some producers and
actors in the cocoa sector produce green charcoal
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for their households (AVSF, 2025). This is also the
case for members of the CPSL cooperative
(Cooperative Society with Board of Directors of the
SOFOCI LOUHIRI Coffee and Cocoa Producers
Collective), who have developed the production of
green charcoal from cocoa pods (AVSF, 2025).
With only 6 kg of pods, they are able to produce 1
kg of green charcoal, which is often sold or used
directly in households (AVSF, 2025).

Green charcoal is also used in West Africa in
domestic households. For example, in Ghana, some
farmers transform cocoa residues into green
charcoal through pyrolysis (Adjin et al., 2018; Do,
2024).

Producing biogas

Crop residues can also be used to produce gas as an
alternative to firewood or other fossil fuels, a
process known as biogas production. However, due
to the lignocellulosic structure of many agricultural
residues such as corn stalks, their degradation is
slower, sometimes incomplete, and limits methane
production during biogas production (Ahmed and
Mdiller, 2025; Ngetuny et al., 2025). To remedy
this, several studies show that mixing residues with
other organic matter such as animal effluents
(manure or slurry) balances the carbon/nitrogen
(C/N) ratio, promotes microbial activity and thus
increases biogas production (Ahmed and Miiller,
2025; Ngetuny et al., 2025).

Biogas is produced from the anaerobic digestion of
organic matter (crop residues, manure, agri-food
waste) by microorganisms in the absence of oxygen
(Angelidaki and Sanders, 2004; Appels et al., 2008;
Arthur et al., 2011). It consists mainly of methane
(CHa, 50-70%) and carbon dioxide (CO2, 30-50 %)
and a small amount of hydrogen, nitrogen and
hydrogen sulphide (Angelidaki and Sanders, 2004;
Appels et al., 2008). Only methane is used as
bioenergy.

The biogas production process involves several
stages. First, there is a pre-treatment phase where
crop residues and manure are crushed and
moistened to  facilitate  their  degradation
(Onyekaozuoro et al., 2023). This mixture forms a
slurry that must be poured into a barrel, cement pit,
metal tank or industrial digester to allow anaerobic
digestion by microorganisms. This is followed by
anaerobic fermentation inside the tanks for several
days. The bacteria break down the organic matter
through hydrolysis, followed by acidogenesis,
acetogenesis  and  finally  methanogenesis
(Angelidaki and Sanders, 2004; Appels et al., 2008;
Ngetuny et al., 2025).

Finally, the last stage involves the storage and use
of biogas. The gas is collected via a pipe and fed
into a flexible tank, which may be a balloon or
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reinforced plastic bag (depending on the producer's
resources), or it may be fed directly into a burner
(Ngetuny et al., 2025).

The integration of household digesters for biogas
production reduces firewood consumption and
improves energy security for rural households. For
example, in Ghana, the amount of raw material
available in rural areas, such as cattle, pig and
poultry manure and agricultural residues, may be
sufficient to maintain regular biogas production
(Arthur et al., 2011).

The 2011 study ‘Biogas as a potential renewable
energy source: A Ghanaian case study’ by Arthur et
al. showed that a 6 m? digester containing manure
and maize residues can produce approximately 2.3
m?3 of biogas per day, which can cover the cooking
needs of a Ghanaian household of five people.

Bioethanol, a biofuel produced from residues

Bioethanol is a liquid biofuel produced from the
fermentation of sugars or starches from
lignocellulosic residues such as cereal straw or
agricultural products such as sugar cane and beet
(Cardona and Sanchez, 2007; Balat and Balat,
2009). It is generally used as an alternative to petrol
in internal combustion engines (Cardona and
Sanchez, 2007; Balat and Balat, 2009).

Its production requires, first and foremost, the
grinding and hydrolysis of plant biomass or
agricultural residues in order to release fermentable
sugars (Balat and Balat, 2009). The extracted sugars
are then placed in large, hermetically sealed tanks
for fermentation, where yeast is added to convert
the glucose into ethanol and carbon dioxide
(Goldemberg, 2008; Balat and Balat, 2009). This is
followed by the distillation and dehydration stage,
where the ethanol is separated from the water in
distillation columns (Cardona and Sanchez, 2007)
and purified to 99 % using molecular sieves or
chemical processes to obtain ethanol that can be
used as fuel (Sun and Cheng, 2002). Finally, the
bioethanol must be stored in closed tanks for later
use, either mixed with E10 or E85 petrol (Cardona
and Sanchez, 2007).

This biofuel could be a more sustainable and less
expensive solution compared to conventional fuel
sold at petrol stations. Indeed, the study ‘Recent
trends in global production and utilisation of
bioethanol fuel’ by Balat et al. (2008) showed that
lignocellulosic residues could be an important
source of biofuels for reducing petrol stations'
dependence on fossil fuels. The production of
bioethanol using rice and wheat straw yields 250 |
of bioethanol that can be used as fuel from one
tonne of rice straw (Balat et al., 2008).
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4. CONCLUSION

Crop residues are good alternatives for the
resilience of activities carried out by actors in the
agricultural sector in sub-Saharan Africa, but also
for alleviating certain socio-economic problems.
The study we conducted has enabled us to highlight
the existence of various uses of crop residues for
the population and actors in the agricultural sector
in sub-Saharan Africa. The main uses of crop
residues listed are biochar, compost and organic
manure for agronomic purposes; animal feed,
bedding and shelter management for zootechnical
purposes; and finally briquettes, green charcoal,
bioethanol and biogas for energy or bioenergy
purposes.

The use of agricultural residues in these various
ways improves soil fertility, feeds farm animals,
provides energy for households and reduces
expenditure for those involved in the agricultural
sector. This is the case with briquettes made from
agricultural residues, whose energy content is
suitable for household cooking. Another example is
biochar, which improves water and nutrient
retention in fields and stimulates microbial activity
underground.

Crop residues have a real positive impact on the
sustainability of agro-sylvo-pastoral systems thanks
to the availability of fodder resources and the
reduction in purchases of livestock feed and
synthetic fertilisers. Support can be provided to
producers with a view to improving the use of their
residues for the sustainability of their agro-pastoral
systems. To this end, it would be useful to create a
tool that highlights the total amount of residues
available, the various techniques that can be used
for each type of agricultural residue, and the
proportion of residues that are not utilized by farms.

References

Adjin-Tetteh M., Asiedu N., Dodoo-Arhin D., Karam A.
& Amaniampong P.N., 2018. Thermochemical
conversion and characterization of cocoa pod husks a
potential agricultural waste from Ghana. Industrial Crops
and Products, 119(1), 304-312. doi:
10.1016/j.indcrop.2018.02.060

Ahmed I. & Miller S., 2025. Potential and Challenges of
Biogas Production from Agricultural Residues: A
Comprehensive  Analysis. International Journal of
Agriculture and Food Fermentation, 1, 05-08.
https://www.agrifoodjournal.com/uploads/archives/20250
612160409_3.pdf

Ajayi 0.0., 2025. Flooding in Nigeria: An Assessment of
the Laws and Institutions. Beijing Law Review, 16(2),
908-926. doi: 10.4236/b1r.2025.162045

Angelidaki 1. & Sanders W., 2004. Assessment of the
anaerobic biodegradability of macropollutants. Rev
Environ Sci  Biotechnol, 3(2), 117-129. doi:
10.1007/s11157-004-2502-3

84

Appels L., Baeyens J., Degréve J. & Dewil R., 2008.
Principles and potential of the anaerobic digestion of
waste-activated sludge. Progress in Energy and
Combustion  Science, 34(6), 755-781. doi:
10.1016/j.pecs.2008.06.002

Arthur R., Baidoo M.F. & Antwi E., 2011. Biogas as a
potential renewable energy source: A Ghanaian case
study. Renewable Energy, 36(5), 1510-1516. doi:
10.1016/j.renene.2010.11.012

Assoh B.O., Coulibaly K., Kotaix A.J.A., Goghe-Dibi
F.B., Kébé B.l. & Konaté 1., 2025. Défis et opportunités
de I’utilisation du compost pour une agriculture durable
(synthése bibliographique): Challenges and opportunities
of compost use in biological control and sustainable
agriculture : A review. Revue Africaine d ’Environnement
et d’Agriculture, 8(2), 248-258. doi:
10.4314/rafea.v8i2.22

AVSF - Agronomes & Vétérinaires sans frontiéres, 2025.
Valorisation des résidus de production en bioénergie et
biointrant a ’échelle des coopératives. Collection Equité
en actions, 20 p.
https://www.avsf.org/publications/valorisation-des-
residus-de-production-en-bioenergie-et-biointrant-a-
lechelle-des-cooperatives/

Balat M. & Balat H., 2009. Recent trends in global
production and utilization of bio-ethanol fuel. Applied
Energy, 86(11), 2273-2282. doi:
10.1016/j.apenergy.2009.03.015

Balat M., Balat H. & Oz C., 2008. Progress in bioethanol
processing. Progress in Energy and Combustion Science,
34(5), 551-573. doi: 10.1016/j.pecs.2007.11.001

Bationo A., Kihara J., Vanlauwe B., Waswa B. & Kimetu
J., 2007. Soil organic carbon dynamics, functions and
management in  West African agro-ecosystems.
Agricultural Systems, 94(1), 13-25. doi:
10.1016/j.agsy.2005.08.011

Bayu T., 2020. Review on contribution of integrated soil
fertility management for climate change mitigation and
agricultural  sustainability.  Cogent  Environmental
Science, 6(1), 1823631. doi:
10.1080/23311843.2020.1823631

Bekunda M.A., Bationo A. & Ssali H., 1997. Soil
Fertility Management in Africa: A Review of Selected
Research Trials. In: Replenishing Soil Fertility in Africa.
John  Wiley & Sons, LTD, pp. 63-79.
https://doi.org/10.2136/sssaspecpub51.c3

Bernal M.P., Alburquerque J.A. & Moral R., 2009.
Composting of animal manures and chemical criteria for
compost maturity assessment. A review. Bioresource
Technology, 100(22), 5444-5453. doi:
10.1016/j.biortech.2008.11.027

Bosire J.0., Osano A.M., Maghanga J.K. & Forbes
P.B.C., 2023. Assessment of Local Domestic Solid Fuel
Sources : A Kenyan Case Study in Kisii, Bomet and
Narok Counties. Chemistry Africa, 6(3), 1655-1667. doi:
10.1007/s42250-023-00601-x

Cardona C.A. & Sanchez O.., 2007. Fuel ethanol
production Process design trends and integration
opportunities.  Bioresource  Technology,  98(12),
2415-2457. doi: 10.1016/j.biortech.2007.01.002

Revue Africaine d’Environnement et d’Agriculture 2026 ; 9(1), 79-86



Chirombo B.F. & Pangapanga-Phiri ., 2025. Adaptive
practices and governance structures for building climate
resilient agrifood systems value chains in Sub-Saharan
Africa.  Discov  Sustain, 6(879), 1-14. doi:
10.1007/s43621-025-01837-y

Demirbas A., 2009. Biofuels securing the planet’s future
energy needs. Energy Conversion and Management,
50(9), 2239-2249. doi: 10.1016/j.enconman.2009.05.010

Do P.T.M. & Nguyen L.X. 2024. A review of
thermochemical decomposition techniques for biochar
production. Environ. Dev. Sustain., Advance online
publication. doi: 10.1007/s10668-024-05841-6

Epstein E., 2017. The Science of Composting. CRC
Press, Boca Raton, 504 p. doi: 10.1201/9780203736005

FAO. 2017. The charcoal transition : greening the
charcoal value chain to mitigate climate change and
improve local livelihoods. By J. van Dam. Rome, Food
and Agriculture Organization of the United Nations, 184
p. https://jvdconsultancy.com/wp-
content/uploads/2019/11/The-charcoal-
transition_greening-the-charcoal-value-
chain_FAO2017.pdf

Giller K.E., Witter E., Corbeels M. & Tittonell P., 2009.
Conservation agriculture and smallholder farming in
Africa : The heretics’ view. Field Crops Research,
114(1), 23-34. doi: 10.1016/j.£cr.2009.06.017

Glaser B., Lehmann J. & Zech W., 2002. Ameliorating
physical and chemical properties of highly weathered
soils in the tropics with charcoal - a review. Biology and
Fertility of Soils, 35(4), 219-230. doi: 10.1007/s00374-
002-0466-4

Goel S., Thapliyal D. & Arya R.K., 2024. Renewable
Energy Production Using Crop Waste. In: From Waste to
Wealth (Eds. Arya R.K., Verros G.D., Verma O.P.
Hussain C.M.). Springer Nature, Singapore, pp. 281-311

Goldemberg J., 2008. The Brazilian Experience with
Biofuels (Innovations Case Narrative). Innovations:
Technology, Governance, Globalization, 4(4), 91-107.
doi: 10.1162/itgg.2009.4.4.91

Haug R., 2018. The Practical Handbook of Compost
Engineering. Routledge, New York, 752 p. doi:
10.1201/9780203736234

https://www.taylorfrancis.com/chapters/edit/10.4324/978
0203762264-12/biochar-effects-crop-yield-simon-jeffery-
diego-abalos-kurt-spokas-frank-verheijen

Insam H. & De Bertoldi M., 2007. Chapter 3
Microbiology of the composting process, 8: eBook.
Waste Management Series, DOI: 10.1016/S1478-
7482(07)80006-625-48.

Jeffery S., Abalos D., Spokas K. & Verheijen F., 2015.
Biochar Effects on Crop Yield. 2nd Edition, Routledge,
25p.

Jeffery S., Verheijen F.G.A., van der Velde M. & Bastos
A.C., 2011. A quantitative review of the effects of
biochar application to soils on crop productivity using
meta-analysis. Agriculture, Ecosystems & Environment,
144(1), 175-187. doi: 10.1016/j.agee.2011.08.015

Kaboré M., Sanon H.O., Kiema A. & Nianogo A.J.,

85

2025. Disponibilité des ressources alimentaires pour
bétail dans la région du Centre-nord au Burkina Faso.
Revue d’élevage et de médecine vétérinaire des pays
tropicaux, 78(37238), 1-5. doi: 10.19182/remvt.37238

Lal R., 2005. World crop residues production and
implications of its use as a biofuel. Environment
International, 31(4), 575-584. doi:
10.1016/j.envint.2004.09.005

Laval. M., 2014. Le Charbon vert espoirs et réalités
d’une alternative  énergétique  séduisante.  Guide
européenne du Raid, 68 p.
https://fr.scribd.com/document/379304147/Le-charbon-
vert-espoirs-et-realites-dune-alternative-energetique-
seduisantel-pdf

Lehmann J. & Joseph S. (Eds.), 2015. Biochar for
Environmental Management : Science, Technology and
Implementation, 2¢ edn, Routledge, London, 976 p.
https://fr.scribd.com/document/379304147/L e-charbon-
vert-espoirs-et-realites-dune-alternative-energetigue-

seduisantel-pdf
Lehmann J., 2007. Bio-energy in the black. Frontiers in

Ecology and the Environment, 5(7), 381-387. doi:
10.1890/1540-9295(2007)5%5B381:BITB%5D2.0.CO;2

McKendry P., 2002. Energy production from biomass
(part 1): overview of biomass. Bioresource Technology,
83(1), 37-46. doi: 10.1016/S0960-8524(01)00118-3

Ngetuny J., Hsaine J., Mabrouki A., Rachidi F., El Asli
A. & Zbdrner W., 2025. Assessment of agricultural
residues for small-scale biogas plants and adoption
drivers: a case study of the Fés-Meknes region in
Morocco. Biomass Conv. Bioref., 15(22), 29207-29223,
doi: 10.1007/s13399-024-06443-y

Ngoungue Langue C.G., Lavaysse C., Vrac M. &
Flamant C., 2023. Heat wave monitoring over West
African cities: uncertainties, characterization and recent
trends. Natural Hazards and Earth System Sciences,
23(4), 1313-1333. doi: 10.5194/nhess-23-1313-2023

Nicholson S.E., 2013. The West African Sahel : A
Review of Recent Studies on the Rainfall Regime and Its
Interannual Variability. International Scholarly Research
Notices, 2013(453521), 1-32. doi: 10.1155/2013/453521

Njimou J.R., Danga G.M.N., Balike M.et al., 2026.
Optimizing calorific value of energy briquettes from
agricultural biomass: a novel approach utilizing maize
and cassava residues. Waste Dispos. Sustain. Energy. doi:
10.1007/s42768-025-00268-9

Onyekaozuoro E.C., Daim T.U. & Herstatt C., 2023.
Roadmapping of Biogas Production Technology in Sub-
Saharan Africa : Waste to Energy. In: Next Generation
Roadmapping: Establishing Technology and Innovation
Pathways Towards Sustainable Value (Eds. Daim T.U.,
Phaal R., Meissner D., Kerr C.). Springer International,
Cham, 181-222. https://doi.org/10.1007/978-3-031-
38575-9_8

Ouattara S.D., Orounladji B.M., Sanogo S., Dabiré D.,
Diomandé D., Sib O. & Assouma M.H., 2024.
Valorisation des résidus de cultures pour 1’alimentation
du bétail au Burkina Faso : perception des agropasteurs et
pratiques d’utilisation. Revue d’élevage et de médecine
vétérinaire des pays tropicaux, 77(37012), 1-8. doi:

Revue Africaine d’Environnement et d’Agriculture 2026 ; 9(1), 79-86


https://www.taylorfrancis.com/chapters/edit/10.4324/9780203762264-12/biochar-effects-crop-yield-simon-jeffery-diego-abalos-kurt-spokas-frank-verheijen
https://www.taylorfrancis.com/chapters/edit/10.4324/9780203762264-12/biochar-effects-crop-yield-simon-jeffery-diego-abalos-kurt-spokas-frank-verheijen
https://www.taylorfrancis.com/chapters/edit/10.4324/9780203762264-12/biochar-effects-crop-yield-simon-jeffery-diego-abalos-kurt-spokas-frank-verheijen
https://fr.scribd.com/document/379304147/Le-charbon-vert-espoirs-et-realites-dune-alternative-energetique-seduisante1-pdf
https://fr.scribd.com/document/379304147/Le-charbon-vert-espoirs-et-realites-dune-alternative-energetique-seduisante1-pdf
https://fr.scribd.com/document/379304147/Le-charbon-vert-espoirs-et-realites-dune-alternative-energetique-seduisante1-pdf

10.19182/remvt.37012

Oueld Lhaj M., Moussadek R., Zouahri A., Sanad H.,
Saafadi L., Mdarhri Alaoui M. & Mouhir L., 2024.
Sustainable Agriculture Through Agricultural Waste
Management: A Comprehensive  Review  of
Composting’s Impact on Soil Health in Moroccan
Agricultural Ecosystems. Agriculture, 14(2356), 1-20.
doi: 10.3390/agriculture14122356

Palm C. A., Myers R. J. K., & Nandwa S. M., 1997.
Combined use of organic and inorganic nutrient sources
for soil fertility maintenance and replenishment. In R. J.
Buresh, P. A. Sanchez & F. Calhoun (Eds.). Replenishing
Soil Fertility in Africa, pp. 193-217.
https://doi.org/10.2136/sssaspecpub51.c8

Reed J.D. & Capper B.S, 1988. Plant breeding and the
nutritive value of crop residues: proceedings of a
workshop held at ILCA, Addis Ababa, Ethiopia, 7 - 10
December 1987. Internat. Livestock Centre for Africa,
Addis Ababa, 334 p.

Siraj A.S., Santos-Vega M., Bouma M.J., Yadeta D.,
Ruiz Carrascal D. & Pascual M., 2014. Altitudinal
changes in malaria incidence in highlands of Ethiopia and
Colombia. Science, 343(6175), 1154-1158. doi:
10.1126/science.1244325

Smith P., Soussana J.-F., Angers D. et al., 2019. How to
measure, report and verify soil carbon change to realize
the potential of soil carbon sequestration for atmospheric
greenhouse gas removal. Glob Chang Biol, 26(1),
219-241. doi: 10.1111/gch.14815

Sun Y. & Cheng J., 2002. Hydrolysis of lignocellulosic
materials for ethanol production: a review. Bioresource
Technology, 83(1), 1-11. doi: 10.1016/S0960-
8524(01)00212-7

Sylla M.B., Nikiema P.M., Gibba P., Kebe I. & Klutse
N.A.B., 2016. Climate change over West Africa: Recent
trends and futures projections. In: Adaptation to Climate
Change and Variability in Rural West Africa. Springer
International Publishing, pp. 25-40. doi :10.1007/978-3-
319-31499-0_3

Théau B. & Kinanga R., 2021. Guide de production du
charbon vert. Initiatives Climat, PNUD Maroc.

Tittonell P., 2014. Ecological intensification of
agriculture-sustainable by nature. Current Opinion in
Environmental Sustainability, 8,  53-61. doi:
10.1016/j.cosust.2014.08.006

United Nations (Department of Economic and Social

86

Affairs, Population Division), 2025. World Population
Prospects 2024: Summary of Results. United Nations,
New York.
https://population.un.org/wpp/assets/Files/\WPP2024 Su
mmary-of-Results.pdf

Valbuena D., Erenstein O., Homann-Kee Tui S. et
al.,2012. Conservation Agriculture in mixed crop—
livestock systems: Scoping crop residue trade-offs in
Sub-Saharan Africa and South Asia. Field Crops
Research, 132, 175-184. doi: 10.1016/j.fcr.2012.02.022

Vanlauwe B., Coyne D., Gockowski J. et al.,2014.
Sustainable intensification and the African smallholder
farmer. Current Opinion in Environmental Sustainability,
8, 15-22. doi: 10.1016/j.cosust.2014.06.001

Woolf D., Amonette J.E., Street-Perrott F.A., Lehmann J.
& Joseph S., 2010. Sustainable biochar to mitigate global
climate change. Nat. Commun, 1(56), 1-9. doi:
10.1038/ncomms1053

Ye L., Camps-Arbestain M., Shen Q., Lehmann J., Singh
B. & Sabir M., 2020. Biochar effects on crop yields with
and without fertilizer: A meta-analysis of field studies
using separate controls. Soil Use and Management, 36(1),
2-18. doi: 10.1111/sum.12546

Zampaligré N., Yoda G., Delma J., et al., 2021. Fodder
biomass, nutritive value, and grain yield of dual-purpose
improved cereal crops in Burkina Faso. Agronomy
Journal 114(1), 115-125p.
https://doi.org/10.1002/agj2.20860

Zmora-Nahum S., Markovitch O., Tarchitzky J. & Chen
Y., 2005. Dissolved Organic Carbon (DOC) as a
Parameter of Compost Maturity. Soil Biology and
Biochemistry, 37, 2109-2116. doi:
10.1016/j.s0ilbio.2005.03.013

Zorma A., 2017. Production et valeur alimentaire des
résidus de culture de variétés a double objectifs utilisés
dans l'alimentation animale dans la région sahélienne du
Burkina Faso. Mémoire de fin de cycle, Université Nazi
Boni, Institut du Développement Rural, Bobo Dioulasso,
Burkina Faso, 88 p.

Zoungrana S.R., 2025. Conception et utilisation d'un
outil Bilan/Conseil de gestion agroécologique des co-
produits végétaux (résidus de culture) et animaux
(déjections animales) « le CoProScope » a I'échelle de
I'exploitation agropastorale du Burkina Faso. These de
doctorat, Université Nazi Boni, Bobo Dioulasso, Burkina
Faso, 243 p.

Revue Africaine d’Environnement et d’Agriculture 2026 ; 9(1), 79-86


https://doi.org/10.2136/sssaspecpub51.c8
https://population.un.org/wpp/assets/Files/WPP2024_Summary-of-Results.pdf
https://population.un.org/wpp/assets/Files/WPP2024_Summary-of-Results.pdf

