
Biochar in Smallholder Farming 
in Kenya: A Qualitative Study of 
Farmers’ Perceptions, 
Sustainability Considerations, 
and Adoption Challenges 
Chanda Poudyal

Degree project/Independent project • 30 credits   
Swedish University of Agricultural Sciences, SLU  
Faculty of Natural Resources and Agricultural Sciences, Department of Energy and Technology 
Environmental Science - Soil, Water, and Biodiversity (EnvEuro) 
Examensarbete 2025:14 • ISSN 1654-9392
Uppsala 2025 



Biochar in Smallholder Farming in Kenya: A Qualitative Study of 
Farmers’ Perceptions, Sustainability Considerations, and 
Adoption Challenges 

Chanda Poudyal 

Supervisor: Cecilia Sundberg, SLU, Department of Energy and 
Technology 

Assistant supervisor: 

Assistant supervisor: 

Examiner: 

Credits: 
Level: 
Course title: 
Course code: 
Programme/education: 

Course coordinating dept: 
Place of publication: 
Year of publication: 
Copyright:  

Title of series:
Part number:

ISSN:
Keywords: 

Gwen Varley, SLU, Department of Urban and Rural 
Development 
Prof. Dr. Claudia Bieling,  University of Hohenheim, 
Department of Social Sciences of Agriculture. Societal 
Transition and Agriculture.  
Pernilla Tidåker, SLU, Department of Energy and Technology 

30 
A2E 
Master Thesis in Environmental Science 
EX0897 
M.Sc. Environmental Sciences - Soil, Water and Biodiversity 
(EnvEuro)
Department of  Energy and Technology 
Uppsala 
2025 
All featured images are used with permission from the 
copyright owner. 
Examensarbete (Institutionen för energi och teknik, SLU)

2025:14

1654-9392

Biochar Adoption, Climate Change  Mitigation, Smallholder 
Farmers, Sustainable Development, Sustainability Perceptions 

Swedish University of Agricultural Sciences  
Faculty of Natural Resources and Agricultural Sciences (NJ) 

Department of  Energy and Technology  



Abstract 
Smallholder farmers in Kenya face interconnected environmental and socio-economic pressures 

such as erratic rainfall, prolonged droughts, seasonal floods, and soil degradation that undermine 
crop productivity, threatening their food security and livelihoods. In response, several field trials 
and clean energy initiatives in Kenya have introduced biochar for improving soil conditions, 
boosting yields, cleaner cooking fuel and mitigating climate change. Yet uptake among smallholders 
remains low. Existing research largely emphasises agronomic and climate outcomes, offering little 
understanding of how farmers view biochar in relation to their daily sustainability challenges. 
Without this perspective, dissemination may remain top-down and poorly aligned with local 
realities, limiting meaningful uptake. Drawing on qualitative methods, specifically focus group 
discussions and key informant interviews, this study investigates how smallholder farmers in Embu 
and Kwale counties perceive sustainability, situate biochar within these local dimensions, and 
identify barriers and enablers to its adoption. 

Reflective thematic analysis of the study revealed that farmers’ understanding of sustainability 
is grounded in lived realities expressed through continuity, resilience, and dignity amid precarious 
ecologies, fragile economies, and institutional neglect.  

Biochar emerged as both a promising agricultural input and a symbolic source of hope. Farmers 
valued it for improving soil fertility, water retention, pest control, yields, reducing chemical fertiliser 
dependence, and enhancing agency. Engagement was shaped by visible results, hands-on 
experimentation, and peer learning. Experiences varied:  farmers gained confidence through trials, 
while farmers new to biochar relied on community narratives, and youth viewed biochar 
entrepreneurially. Women acknowledged its health benefits as a cleaner cooking fuel; however, food 
security remained the overriding priority. While institutional actors often prioritise material needs, 
they frequently overlook farmers’ emotional and symbolic dimensions like trust, hope, autonomy, 
and a sense of control, which shape cautious engagement with innovations and their adoption. 

Adoption was uneven, influenced more by social, emotional, cultural, and institutional realities 
than technical performance.  Limited access to knowledge, training, gender norms, and resource 
constraints shaped uptake, showing that willingness is not the barrier; systemic inequalities and 
institutional gaps are. Top-down initiatives, hesitation toward external actors, and past experiences 
with soil-degrading fertilisers fostered cautious innovation, while farmers’ demand for ongoing 
training reflected a desire to build self-resilience and autonomy. Persistent gendered expectations 
linked biochar use to women’s domestic roles, embedding adoption within broader social structures. 
Turning biochar’s promise into practice requires sustained, farmer-centred training, gender-sensitive 
approaches, supportive institutional relationships, and equitable access to feedstock, markets, and 
guidance. Adoption is shaped not only by material capital and observable results but also by social 
influence, affective experiences, and power dynamics. Hope, frustration, and dignity play influential 
roles. Integrating technical, social, and institutional perspectives can help biochar move from fragile 
experimentation toward sustainable agricultural transformation, benefiting local livelihoods and 
contributing to climate change mitigation. 
Keywords: Biochar Adoption, Climate Change  Mitigation, Smallholder Farmers, Sustainable Development, 

Sustainability Perceptions.  
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1. INTRODUCTION 

1.1. Background for the study 
 

Sustainability, a pressing concern, has become an indispensable goal at local, 
national, and global levels, exemplified by the UN Sustainable Development Goals 
(SDGs) as a universal framework for action (United Nations, 2015; Sachs, 2012). 
However, different stakeholders perceive and prioritise sustainability aspects 
differently (Hou, 2016), based on their interests, experiences, and local contexts. 
Broadly, the Brundtland Report (1987) defines sustainability as the long-term 
capacity of human societies to thrive within the limits of the planet (WCED, 1987).  
Since then, the concept has evolved into a transdisciplinary field that integrates 
science, policy, and practice (Clark & Dickson, 2003; Stock & Burton, 2011).  

 
Over time, sustainability has often been conceptualised through the triple bottom 

line framework of economic, social, and environmental dimensions (Elkington, 
1997). While influential, this approach has been debated and complemented by 
alternative perspectives, such as the planetary boundaries framework (Steffen et al., 
2015), the social foundations approach (Leach et al., 2013), and the Doughnut 
Economics model (Raworth, 2017). These frameworks collectively reframe the 
economy not as a pillar of sustainability but as a tool to support environmental 
integrity and social well-being (Sundberg & Azzi, 2024).  Leach et al. (2010) 
underscore that achieving sustainability requires both technological innovation and 
institutional change across multiple levels. They argue that dominant approaches to 
sustainability often fail by overlooking systemic complexity and competing 
narratives. They propose the pathways approach, which embraces uncertainty, 
diverse knowledge systems, and adaptive governance as a more effective way 
forward. 

 
Agriculture lies at the heart of these sustainability challenges that play out, 

particularly in relation to smallholder farmers in developing countries who are 
disproportionately vulnerable to climate shocks, soil degradation, and economic 
marginalisation (Bryan et al., 2009). Meeting the food needs of a global population 
projected to reach 9 - 10 billion by 2050, and achieving SDG 2 (Zero Hunger) will 
require a 35-70% increase in production (Van Dijk et al., 2021; FAO, 2017), at a 
time when climate change and resource degradation are already undermining 
agricultural systems. Addressing these challenges requires strengthening the 
resilience of local smallholder farmers, which necessitates innovations that 
integrate environmental, social, economic, and systemic dimensions, thereby 
linking sustainability theory to practical solutions.  
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In Kenya, smallholders produce about 75% of national agricultural output and 

contribute nearly a quarter of gross domestic product (FAO, 2021; KNBS, 2022; 
World Bank, 2023).  Despite their central role in the economy, they face declining 
crop yields, water scarcity, and heightened vulnerability to climate-related risks 
(Serdeczny et al., 2017; Bryan et al., 2013). Their livelihoods also rely heavily on 
biomass energy, which provides essential household fuel but simultaneously drives 
deforestation and environmental degradation (Kenya Climate Directory, 2020; 
MoE-CCAK, 2019; Njenga et al., 2016). 

 
One proposed response to these intersecting challenges is biochar, a carbon-rich 

byproduct of biomass pyrolysis, which can be applied to soils to improve fertility 
and water retention, enhance crop productivity, and act as a carbon sink for climate 
change mitigation (Lehmann & Joseph, 2015; Kätterer, 2022; Shackley et al., 2012; 
Sundberg et al., 2020). When produced through clean cookstove technology, 
biochar can also provide cleaner household energy and reduce indoor air pollution 
(Gitau et al., 2019; Kätterer, 2022; Njenga et al., 2016; Sundberg et al., 2020). 

 
Despite biochar’s promise, adoption among smallholders remains limited. Some 

prior studies indicate that socio-economic barriers, lack of awareness, and 
insufficient integration of biochar with local livelihood systems could influence 
adoption decisions (Siddiqui, S. 2025; Müller et al., 2019). To deliver benefits 
aligned with the SDGs, its implementation must consider context-specific social, 
cultural, and institutional conditions (Siddiqui, S. 2025; Müller et al., 2019; 
Sundberg & Azzi, 2024) alongside scientific and technical knowledge.   

 
This study contributes to that effort by exploring smallholder farmers’ 

perceptions of sustainability and their views on biochar within the Kenyan context. 
By examining qualitatively how local definitions of sustainability align or conflict 
with scientific and policy framings, it seeks to assess not only the technical potential 
of biochar but also its social acceptability and contextual appropriateness as a 
sustainability solution perceived by the smallholder farmers.  

 

1.2. Biochar projects in Kenya 
As the thesis is situated within the BICEPS biochar project, here is a brief 

introduction to the Biochar projects in Kenya, the study area.  
 
Research into biochar systems in Kenya conducted by the collaborative group of 

researchers and institutional partners began well before the BICEPS project, with 
foundational work dating back to 2006 (Sundberg et al., 2020). Initial long-term, 
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researcher-managed biochar trials were established in Kenya applying high rates of 
biochar (up to 100 Mg ha¹) in maize - soybean rotations and maintained for over a 
decade (Kätterer et al., 2019). In 2016, a household-level intervention distributed 
biochar-producing gasifier cookstoves to 150 households across Kwale, Embu, and 
Siaya Counties. At the household level, these gasifier stoves serve a dual purpose: 
they provide heat for cooking while producing small amounts of biochar as a by-
product. This intervention enabled studies on fuel efficiency, indoor air quality, and 
the quantities of biochar generated as a byproduct of cooking in a gasifier cookstove 
(Gitau et al., 2025). Wood was the main fuel used, with residues such as maize cobs 
and coconut shells as complementary fuels. Between 2016 and 2018, a participatory 
approach was employed to examine factors influencing household adoption of the 
gasifier cookstoves (Gitau et al., 2019) 
 

Concurrently, on-farm trials evaluated the use of biochar produced from these 
cookstoves at realistic application rates (1, 5 and 10 Mg ha⁻¹), focusing on maize 
yield responses under smallholder conditions (Kätterer et al., 2019; Mahmoud et 
al., 2019). From 2016 to 2019, further studies assessed biochar quality, effects on 
soil fertility, and greenhouse gas emissions, generating multiple peer-reviewed 
publications (Njenga et al., 2016; Njenga et al., 2017; Gitau et al., 2019; Mahmoud 
et al., 2019; Kätterer et al., 2019). The farmers were also trained to use biochar 
scientifically for on-field application on field crops like maize and kale in 
participatory trials.  

 
This extensive work laid the empirical and practical foundation for the launch of 

the BICEPS Project in 2021, which aimed to scale up biochar and climate-smart 
practices in Kenyan smallholder systems.  
 

The BICEPS Project 2021-2025 (Biochar Integration in Small-Holder 
Cropping Systems; Economy, Food Product Value Chains, Climate Change 
Resilience and Soil Fertility) is a collaborative, transdisciplinary research initiative 
coordinated by the SLU, with partner institutions across Kenya, Norway and South 
Africa with a broad competence in system analysis, agronomy, soil science, and 
agricultural economy. 

 
The project aims to assess the potential of integrating biochar into smallholder 

farming systems to enhance crop yields, improve soil fertility and water retention, 
support cleaner household energy through biochar-producing cookstoves, and 
contribute to climate change mitigation via carbon sequestration. By examining the 
impacts of biochar on crop productivity, climate resilience, food security, and farm 
profitability, the project seeks to address knowledge gaps regarding its use in Sub-
Saharan African smallholder contexts. These multifaceted goals align with broader 
sustainable development priorities, particularly those outlined in Agenda 2030, 
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including SDG 1 (No Poverty), SDG 2 (Zero Hunger), and SDG 13 (Climate 
Action). During this project, farmers were shown how to produce biochar at a 
somewhat larger scale in Kon-Tiki kilns (Schmidt and Taylor, 2014) using maize 
in Embu and coconut shells in Kwale as feedstock. This is a biochar production 
method where heat is not used as an energy source. 
 

This thesis research contributes to the broader objectives of the BICEPS project, 
particularly under the Project’s work package 4 (WP4), which aims to 
understand“What other sustainability aspects are important to local stakeholders, 
and how can they be assessed?”. WP4 addresses both technical and environmental 
performance with life cycle assessment, while also incorporating stakeholder 
perspectives as part of its research aim.  

1.3. Statement of the problem and Scope  
 
 Biochar is widely recognised for its clean cooking energy, its potential to 

improve soil health, increase crop yields, and its contribution to climate mitigation. 
Yet its adoption by smallholder farmers in sub-Saharan Africa, including Kenya, 
remains limited. Much of the existing research has focused on agronomic trials, 
outcomes, and climate impact assessment, often overlooking the lived realities, 
priorities, and perceptions of the very communities it intends to benefit. Little is 
known about how farmers themselves understand sustainability, or how they 
evaluate biochar in light of their daily challenges. Without such understanding, 
efforts to promote biochar risk being top-down, misaligned with local needs, and 
ultimately risk adoption. 

 
In Kenya, several clean energy initiatives using gasifier stoves have introduced 

biochar for cleaner cooking, while the biochar produced as a by-product from these 
stoves has been promoted for use in agricultural fields. At the same time, field trials 
through biochar projects have focused on its application as a soil amendment. 
Another potential use of the biochar is to substitute firewood and charcoal produced 
from traditional kilns, which could reduce pressure on forest resources and lower 
household exposure to smoke. However, biochar’s potential to replace charcoal as 
a household fuel remains constrained by factors such as production scale, feedstock 
availability, and stove design, resulting in limited availability.  If this limited 
biochar is instead diverted for use as fuel, it may reduce the quantity available for 
soil improvement, thereby limiting its contribution to soil fertility and crop yield 
enhancement. This situation presents a sustainability dilemma for smallholder 
farmers: to use biochar as a cleaner household fuel or apply it to the soil for long-
term agricultural benefits. Understanding how smallholder farmers in Kenya 
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navigate these competing uses provides insight into their constrained choices 
between household energy needs and agricultural productivity.  

 
This research thus addresses this gap by exploring the everyday experiences of 

smallholder farmers in Embu County and Kwale County in Kenya, their 
understanding of sustainability, their perceptions of biochar, constrained choices 
and adoption challenges.  While context-specific, the findings provide insights into 
locally embedded practices and opportunities for participatory inclusive 
interventions that support sustainable agriculture, climate resilience, technology 
innovation, and community well-being. 

1.4. Research aim and Research questions 
This thesis, aligned with the broader aim of the BICEPS project (WP4), develops 

a more focused inquiry centred on local stakeholder perspectives. Using qualitative 
methods, it explores how smallholder farmers from Embu county and Kwale county 
in Kenya perceive and define sustainability in their daily realities, how they view 
biochar within these local sustainability dimensions and barriers or enablers 
influencing their adoption. The research findings aim to inform both policy and 
practice by evaluating biochar’s sustainability in terms of social acceptability and 
alignment with farmers’ practices. 
 
To guide the inquiry, the following research questions were framed: 

 
RQ1: How do smallholder farmers define or describe sustainability, and how do 
they feel their current practices and experiences reflect (or do not) these ideals of 
sustainability?  
 
RQ2a: How do smallholder farmers perceive biochar in relation to their 
sustainability priorities, and what benefits (if any) do they associate with it? 
 

RQ2.b: How do farmers prioritise the use of biochar between agricultural  
             purposes and household energy needs? 
 

RQ3: What are the barriers and challenges to biochar adoption, if any? 
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2. LITERATURE REVIEW 

2.1. Understanding Sustainability and Sustainability 
Issues in Rural Kenya: Agricultural Systems, Energy and 
Climate Change Impacts  
 

In rural Kenya, smallholder farmers are central to the economy and face 
interconnected environmental and socio-economic pressures, including erratic 
rainfall, prolonged droughts, seasonal floods, soil degradation, and other climate 
change impacts within fragile social-ecological systems (Kenya Meteorological 
Department, 2024; CIDP, Embu and Kwale, 2023).  These challenges have resulted 
in increased pest and disease incidences (Mafongoya et al., 2019), disrupted 
agroecological patterns, and negatively impacted soil structure (Gwenzi et al., 
2015), further undermining crop productivity and food security (Serdeczny et al., 
2017; Bryan et al., 2013). The majority of these smallholder farmers operate at 
subsistence levels, with limited access to financial services, agricultural inputs, and 
reliable markets, climate-resilient technologies, information, and infrastructure 
(World Bank, 2023; Masud et al., 2017), leaving them highly vulnerable.  

 
To cope, farmers adopt strategies like crop diversification, drought-tolerant 

varieties, and altered planting dates, though adoption varies due to socioeconomic 
factors and land ownership (Bryan et al., 2013). Social structures and gender 
inequality further exacerbate vulnerabilities, as farmers often lack secure land 
tenure, access to credit, and participation in decision-making processes, limiting 
their adaptive capacity to climate risks (FAO, 2019; Njuki et al., 2014).  

 
These intersecting challenges underscore the need for context-sensitive and 

inclusive approaches to sustainability, ones that actively address local power 
structures, cultural norms, and community survival strategies. Without such 
attention, well-intentioned interventions may risk deepening existing inequalities 
and undermining rural resilience (Chambers & Conway, 1992; Scoones, 2009; 
Manlosa, 2022; Doss, 2001).  

2.2. Biochar- properties and potential 
Biochar is a porous, carbon-rich product with a high surface area, produced 

through the pyrolysis or gasification of organic biomass (e.g., crop residues, maize 
cobs, coffee husks) under low-oxygen conditions. (Lehmann & Joseph, 2015).  It 
is recognised for its agronomic benefits, including improving soil properties, 
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enhancing fertility, and potentially serving as a clean cooking fuel (Lehmann & 
Joseph, 2015; Patel & Panwar, 2023; Njenga et al., 2017). 

 
Biochar in Agriculture  
 

Kenya’s smallholder farmers face soil fertility decline, yield gaps, and mounting 
environmental pressures, which are likely to worsen as the population doubles from 
47 million in 2019 to a projected 96 million by 2050 (FAO, 2019). Continuous 
cropping to meet the needs of a growing population, combined with the high cost 
of chemical fertilisers, has reduced options for resource-poor smallholder farmers 
who rely on their land for both food and income. Recent research highlights the 
urgent need for cost-effective, environmentally friendly solutions to address 
declining soil fertility and potential food insecurity.  

 
Biochar has emerged as a promising option to address declining soil fertility and 

food insecurity, particularly in acidic, nutrient-depleted soils of tropical Sub-
Saharan Africa (Jeffery et al., 2017; Gul et al., 2015; Gwenzi et al., 2015; Lehmann 
et al., 2011). Its agronomic benefits include improved soil aggregation, hydraulic 
conductivity, water retention, cation exchange capacity, and increased microbial 
populations, enhancing both soil fertility and crop resilience, particularly in 
degraded soils (Blanco-Canqui, 2017; Alkharabsheh et al., 2021). Studies have 
shown significant increases in plant growth, biomass, and yields for crops such as 
maize (Gonzaga et al., 2018; Major et al., 2010), with meta-analyses reporting 
average yield gains of 25% in tropical agroecosystems due to enhanced nutrient 
retention and resilience under climate stress (Jeffery et al., 2017). Biochar can also 
substitute synthetic fertilisers, reducing the chemical pressure in smallholder 
farming systems, supporting both productivity and sustainability (Mashamaite et 
al., 2024). 

 
Beyond agronomic benefits, sustainable biochar production and soil application 

could mitigate up to 1.8 Pg CO₂-C annually while maintaining biodiversity and 
ecosystem stability (Woolf et al., 2010). These benefits are greatest in degraded or 
low-fertility soils, where nutrient retention, water-use efficiency, and soil resilience 
are enhanced. However, unsustainable production or poorly controlled emissions 
may negate these climate benefits, underscoring the need for responsible 
management practices (Woolf et al., 2010).  To maximise its impact and meet 
growing demand, biochar can be produced at scale from abundant crop residues 
without creating additional environmental pressure (Roobroeck et al., 2019; Omulo, 
2020). This will create a surplus to meet both agronomic needs and clean energy 
applications.  
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Despite this potential, adoption among smallholder farmers remains slow due to 
social, cultural, and institutional realities, including gender norms, labour 
allocation, and access to training and resources  (Siddiqui, 2025; Njenga et al., 
2016; Sundberg et al., 2020). Technical feasibility alone does not guarantee 
adoption; understanding local context, incentives, and barriers is essential for 
successful implementation. 
 
Biochar and energy transitions 
 

In Kenya, about 86% of households rely on solid fuels such as firewood and 
charcoal (Global Alliance for Clean Cookstoves, 2018). The country derives nearly 
68% of its energy from biomass (firewood and charcoal), which accelerates 
deforestation and environmental degradation (Global Alliance for Clean 
Cookstoves, 2018). Inefficient stoves and indoor air pollution expose women and 
children to hazardous smoke, contributing to an estimated 23,000 deaths annually 
in Kenya, with women and children disproportionately affected (Kenya Medical 
Research Institute, 2023). In rural households, the burden of biomass collection and 
cooking falls largely on women and children, often as unpaid work, and they are 
exposed to health risks from indoor air pollution (Njenga et al., 2016; Global 
Alliance for Clean Cookstoves, 2018). 

 
Beyond agricultural applications, biochar can be integrated into energy 

transitions. Studies in Embu and Kwale counties show that TLUD (Top-Lit 
UpDraft) gasifier cookstoves offer a dual benefit: they provide clean household 
energy and generate biochar as a by-product (Njenga et al., 2017). These stoves 
reduce indoor air pollution and fuel use by 28 – 47%, while cutting greenhouse gas 
emissions by up to 47% (Njenga et al., 2017; Gitau et al., 2019; Sundberg et al., 
2020). In addition to gasifier stoves, smallholders can produce biochar using 
Kontiki flame-curtain kilns, which allow efficient, low-cost production of high-
quality biochar from locally available residues (Schmidt & Taylor, 2014). Kontiki 
kilns are suggested as a suitable method for utilising locally available residues, such 
as maize cobs or coconut husks, making them an accessible option for both 
agronomic and energy applications in rural contexts. 

 
 However, despite the advantages, the successful adoption of appropriate 

cooking technologies requires a nuanced understanding of sociocultural, economic, 
physical, and technical dynamics (Ibe & Kollur, 2024). Barriers such as low 
economic status, high technology and maintenance costs, large family size, 
inadequate infrastructure, and unfavourable institutional frameworks continue to 
constrain widespread use (Ibe and Kollur, 2024; Njenga et al., 2016). Given that 
women are often the primary users and managers of household energy, addressing 
these barriers also requires targeted strategies to empower women across the energy 
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supply chain, essential for advancing sustainable and equitable energy solutions 
(Njenga et al. 2016). 

2.3. Biochar Adoption and Research Gaps 
 

While biochar demonstrates clear agronomic and environmental potential, 
adoption in rural Kenyan communities has been reported as uneven. Previous 
studies in Kenya and India suggest that factors such as socio-cultural dynamics, 
gender roles, labour intensity, access to feedstocks, and perceptions of 
sustainability may strongly influence local adoption decisions (Müller et al., 2019; 
Gitau et al., 2019; Njenga et al., 2017). 

 
Participatory approaches such as Participatory Rural Appraisal (PRA) and 

cognitive mapping (Eden & Ackermann, 2001) are essential for understanding 
localised experiences of sustainability and navigating conflicting priorities (Müller 
et al., 2019). In Kenya, with women often bearing the primary burden of production 
and cooking, gender dynamics, labour division, and perceptions of modern versus 
traditional stoves strongly influence the uptake of biochar cookstoves (Gitau et al., 
2019; Njenga et al., 2016). These findings underscore the importance of moving 
beyond purely technical solutions and highlight the need to research and understand 
how biochar aligns with existing livelihood strategies, cultural practices, and local 
sustainability priorities. 

 
Integrating stakeholder perspectives is essential for co-designing and 

implementing biochar interventions that reflect local understanding, which will 
facilitate adoption.  For instance, projects like the Biochar for Sustainable Soils 
(B4SS) and C-Sink manager artisanal study tour in Kenya show that co-designed, 
gender-sensitive models can improve collaborative learning and local adaptation 
(UN, 2015; CBEN, 2024). Participatory frameworks like these provide valuable 
insights into how inclusive, stakeholder-driven design can facilitate the adoption 
and long-term sustainability. Scholars further highlight that gendered labour roles 
and local resource practices shape adoption decisions, emphasising that successful 
interventions require participatory, inclusive, and context-specific strategies 
(Mahmoud et al., 2021; Doss et al., 2001; Manlosa, 2022). 

 
Despite biochar’s well-documented agronomic and environmental benefits 

(Kätterer et al., 2022; Sundberg et al., 2020), significant gaps remain in 
understanding the social sustainability of biochar transitions in Kenya. Few studies 
examine how local stakeholders define sustainability in energy transitions, navigate 
trade-offs with household needs, or address gendered labour implications 
(Mahmoud et al., 2021; Njenga et al., 2017).  
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Rogers’ Diffusion of Innovations Theory (2003) and Meijer et al. (2015) further 

highlight that adoption is influenced not only by technical performance and 
economic factors but also by socio-psychological dimensions, including 
knowledge, attitudes, and perceptions of new technologies. This study aims to 
understand these gaps by engaging smallholder farmers and stakeholders in Embu 
and Kwale counties. 
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2. THEORETICAL AND CONCEPTUAL 
FRAMEWORK 

This study began with an exploratory, inductive orientation, privileging local 
voices and experiences rather than imposing analytical theories from the outset. 
However, certain theoretical frameworks were considered early on as potential 
interpretive tools and became more explicitly integrated during data analysis. This 
dual stance ensured that the analysis remained grounded in farmers’ lived realities 
while also drawing on established conceptual structures to make sense of patterns 
in the data.  

 
Biochar intersects with issues of livelihoods, innovation diffusion, and 

institutional support. To capture these dynamics adequately, this study employs 
three interrelated frameworks: the Sustainable Livelihoods Framework, the 
Diffusion of Innovations, and the Unified Theory of Acceptance and Use of 
Technology. Taken together, these frameworks enable a multi-scalar lens for 
analysing how smallholder farmers in Embu and Kwale interpret sustainability, 
assess biochar, and negotiate barriers to its uptake. 

 

3.1. The Sustainable Livelihoods Framework 
The Sustainable Livelihoods Framework (SLF), by Chambers and Conway 

(1992), is a tool for understanding how households, particularly in rural or 
vulnerable contexts, combine different forms of capital: natural, physical, financial, 
human, and social, to sustain their livelihoods. The framework emphasises the 
vulnerability context, including shocks, trends, and seasonal changes, while 
situating households within broader social and institutional systems that shape 
access to resources and opportunities. As per SLF, livelihood is considered 
sustainable if it can withstand shocks, maintain or enhance assets and capabilities, 
and safeguard environmental resources, making SLF a valuable approach for 
linking economic, social, and environmental dimensions of sustainability.  

 
In this study, SLF provides a way of interpreting sustainability from the 

perspective of local farmers, for whom access to land and water, food security, and 
household stability are central. SLF helps explain how biochar might be evaluated 
not only as an agronomic input but as a livelihood strategy. However, SLF has also 
been widely critiqued: Scholars have argued that the classical SLF risks being 
static, overly technocratic, and inattentive to politics, power, and gender 
inequalities (Scoones, 2009). In response, more recent adaptations have extended 
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the framework. Scholars like Manlosa (2022) incorporated notions of agency, 
knowledge, and institutional dynamics. Natarajan et al. (2022) emphasise how 
advancing a power-sensitive approach, like unequal access to technology, land 
rights, and market systems, shapes livelihood trajectories. This study takes such 
critiques seriously, employing SLF not as a prescriptive model but as a sensitising 
framework (Blumer, 1954), a heuristic for situating farmers’ experiences of 
sustainability and resilience about land, labour, local and household dynamics, 
while recognising broader structural constraints. 

 

3.2. Diffusion of Innovations 
Rogers’ (2003) Diffusion of Innovation (DOI) theory explains how, why, and at 

what rate new ideas and technologies spread through communities. It identifies five 
key characteristics that affect adoption: relative advantage (benefit), compatibility 
(fit), complexity (simplicity), trialability (testability), and observability (visible 
results). These characteristics shape users’ evaluations of a new practice and their 
willingness to adopt or reject it. DOI, its construct and principle have been widely 
used in agricultural contexts.  For example, Dougill et al. (2017) found that farmer-
to-farmer extension and observability of results were central to conservation 
agriculture adoption in Malawi, while Foguesatto et al. (2020) demonstrated the 
importance of compatibility with local norms and peer learning networks, 
influencing sustainable practices.  

This study applied DOI principles to explore how farmers in Embu and Kwale 
perceived biochar as an agricultural innovation. It helps explain patterns of 
acceptance, rejection, and hesitation by situating biochar within the broader 
dynamics of innovation diffusion in smallholder systems. However, DOI is 
primarily concerned with the attributes of the innovation and the social process of 
diffusion, rather than the deeper motivations or enabling conditions for adoption. 
This is where the Unified Theory of Acceptance and Use of Technology 
complements it. 

 

3.3. Unified Theory of Acceptance And Use of 
Technology 

Unified Theory of Acceptance and Use of Technology (UTAUT), developed by 
Venkatesh et al. (2016), was employed as a supplementary lens in this study to 
interpret barriers and enabling factors in biochar adoption. UTAUT emphasises 
four constructs: performance expectancy, effort expectancy, social influence, and 
facilitating conditions.  Compared to DOI, which focuses on the diffusion process, 
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UTAUT shifts attention toward individual perceptions and behavioural intentions. 
Performance expectancy refers to the degree to which a person believes that using 
a technology will enhance their performance. Effort expectancy reflects how easy 
or difficult the technology is perceived to be. Social influence considers the impact 
of peers, supervisors, or community members on the decision to adopt the 
technology. Facilitating conditions encompass the availability of resources, 
infrastructure, and organisational support that enable effective use. In this study, 
UTAUT is applied as a lens to examine how these factors shape farmers’ adoption 
of biochar as a sustainable agricultural technology. 
 

UTAUT has often been applied in digital and information technology contexts, 
but it is increasingly used in agriculture. For example, Nguyen et al. (2023) 
demonstrated how smallholder adoption of precision agriculture in Vietnam was 
shaped by perceived usefulness, social influence, and support systems. Applied 
here, UTAUT adds explanatory value, possibly by highlighting why some farmers 
view biochar as worth adopting, while others hesitate. 

 
In short, whereas DOI helps map how biochar spreads through farmer networks, 

UTAUT sharpens the focus on why some farmer decides to adopt or reject it, 
influencing others, bringing forward the role of expectations, social norms, and 
enabling structures. Together, they provide a more holistic account of adoption 
dynamics. 
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4. METHODOLOGY 

This chapter outlines the research methodology used to collect, analyse, and 
interpret data. It details the study area, research design, sampling frame and method, 
data collection, data analysis approach, and ethical considerations. 

4.1. Study area   
The study was conducted in two counties in Kenya - Embu (Central Kenya) and 

Kwale (Coastal Kenya), regions that represent distinct agro-ecological zones and 
farming systems where the BICEPS Project and other biochar-related projects were 
implemented (see 1.2). These counties were selected for their prolonged exposure 
to biochar interventions, particularly those involving technical training, field 
implementation, and farmer capacity building.  
 

As part of these initiatives, farmers were introduced to gasifier stoves, which 
serve a dual purpose: providing cleaner cooking energy and producing biochar as a 
by-product. The projects trained farmers on both the production of biochar using 
gasifier cookstoves and its utilisation as a soil amendment to enhance soil fertility 
and crop productivity. While farmers traditionally rely on firewood and charcoal 
for household energy, many have adopted the gasifier stoves supplied by the 
projects, using them alongside their conventional cooking methods. In addition to 
gasifier stoves, farmers were trained to produce biochar using Kon-Tiki kilns, an 
open-pit method. However, this process presents practical challenges. The heat 
generated during biochar production in Kon-Tiki kilns is largely unused, limiting 
its potential as a source of cooking energy. Moreover, farmers often face feedstock 
and labour constraints, which affect the consistency and volume of biochar they can 
produce. 
 

Although farmers in these counties have been technically engaged in biochar 
production and use, a participatory and qualitative exploration of their attitudes, 
perceptions, and lived experiences with biochar within their local contexts had not 
previously been undertaken. Earlier participatory efforts were made primarily to 
examine factors influencing the household adoption of gasifier cookstoves. The 
study area also provides an ideal context to explore how farmers navigate the 
competing uses of biochar as fuel and agricultural input within the constraints of 
their daily livelihoods and resource availability. The study area thus provides an 
ideal context to explore these gaps by engaging farmers directly. This study did not 
aim to assess cookstove adoption or diffusion in particular, which has been studied 
extensively (Lagerhammar et. al, 2024). Rather, I treated it only as contextual 
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background, influencing how biochar was perceived for household cooking energy 
needs. 
 

 

Figure 1. Map of Embu County (a) and Kwale County (b) (Embu County Climate Change 
Action Plan, 2023; Devolving climate change governance in Kwale County, Kenya, 2021). 
 

Unless otherwise indicated, all county-specific data for Embu and Kwale are 
derived from the respective County Integrated Development Plans (CIDP) 2023- 
2027.  

Embu County 
 

Embu County is situated approximately 120 kilometres northeast of Nairobi, and 
the county covers an area of 2,818 km². Its topography rises from 515 meters at the 
Tana River Basin to 5,199 meters at Mount Kenya’s summit. The climate is 
temperate, with annual rainfall between 600 mm and 1,495 mm and temperatures 
ranging from 12°C to 30°C. The main economic activity in Embu County is 
agriculture and livestock keeping. The county’s diverse agroecology supports 
mixed farming systems with food crops including maize (60%),  beans, cassava, 
and sweet potatoes, while cash crops such as Camellia sinensis, coffee (Coffea 
arabica), khat (Catha edulis), and macadamia nuts (Macadamia spp.) support 
household income.  

 
Over 70% of households rely on firewood, mostly from their farms, for cooking, 

primarily using the traditional three-stone stove. Farm forestry is significant, with 
trees such as Grevillea robusta widely grown for shade in coffee and tea plantations 
and for providing domestic firewood and timber. The region faces environmental 
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challenges like soil erosion, erratic rainfall, and flood risks. which are addressed 
through sustainable land-use strategies such as agroforestry, conservation 
agriculture, and soil and water conservation measures.  
 
Kwale County 
 

Kwale County lies along Kenya’s southern coast, about 515 kilometres from 
Nairobi, and covers 8,270 km². Elevation ranges from sea level to 600 meters. The 
climate is hot and humid, with bimodal rainfall between 400 mm and 1,680 mm 
annually and average temperatures around 26°C. The population, estimated at 
958,180 (2022), is predominantly rural, and settlement is shaped by proximity to 
water, arable land, and infrastructure. Kwale’s ecology spans coastal strips, lowland 
plains, and the Shimba Hills. 
 

The county’s economy relies on agriculture, tourism, and fisheries, with 
smallholder farming being dominant. Key crops include coconuts, cashews, 
mangoes, cassava, maize, and cowpeas. Similar to Embu, most households rely on 
firewood and three-stone fires for cooking. The County faces growing 
environmental degradation, including soil erosion and deforestation, driven by 
unsustainable land use and heavy reliance on fuelwood. Climate variability, water 
scarcity, and frequent droughts have increased food insecurity among rainfed 
subsistence farmers. Kwale is tackling these challenges through sustainable land 
management, drought-resilient crops, and climate-smart agriculture.  

4.2. Research Design 
A qualitative research design was employed to explore farmers’ understanding 

of sustainability, their experiences, preferences, and attitudes toward biochar and 
its use in their daily lives. This approach provided flexibility and enabled an in-
depth understanding of human experiences, relationships, and social contexts 
(Hsieh & Shannon, 2005; Bohnsack et al., 2010). The study incorporated 
participatory principles and purposive sampling (Suri, 2011) to engage participants 
actively, ensuring representation of social, cultural, and demographic factors 
shaping smallholder farming practices. 

4.3. Sampling Frame and Method 
The sampling frame comprised smallholder farmers who had been engaged 

through the BICEPS project (2021–2025) and earlier biochar initiatives in Embu 
and Kwale counties, dating back to 2006 (see sections 1.2 and 4.1). These Biochar 
Project beneficiaries had participated in training and demonstrations on both 
cooking and agricultural applications of biochar. Between 2016 and 2019, farmers 
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received gasifier cookstoves, which simultaneously produced biochar and provided 
household cooking energy. From 2016- 2019, they also learned how to produce 
biochar using maize cobs and coconut husks with kontiki/kilns, as well as how to 
apply biochar to field crops (maize and kale) since 2022.  

 
Alongside these beneficiaries, a second group, newly interested farmers, was 

included. These farmers had not previously participated in formal biochar projects 
but had become interested through neighbour interactions and peer learning. By 
incorporating both experienced participants and new entrants, the study was able to 
capture retrospective insights and forward-looking aspirations regarding biochar 
use. 
 

Participants categorised based on their biochar experience, i.e experienced 
farmers (biochar project beneficiaries) and new interested farmers (no prior 
exposure but expressed interest), were further divided into subgroups based on 
demographic characteristics (e.g., age and gender).  

 
Once these categories were defined, random assignment was used to allocate 

participants to specific focus group discussions. For example, among all eligible 
female farmers, some were randomly selected into a women-only group, a male and 
female group, while others were assigned to heterogeneous or mixed-farmers 
groups. This approach balanced the purposive intent of capturing key subgroup 
perspectives with the benefits of randomisation, reducing bias and preventing 
overrepresentation. 
 
Group Formation for Focus Group  Discussions  
 

Using this two-stage strategy, participants were organised into six Focus  Groups 
per county (12 in total), with 8–10 participants per group, resulting in 109 
participants overall. Group formation followed two logics: 
Homogeneous Groups  within experienced farmers (to encourage openness within 
peer groups): 

1. Women Farmers Group 
2. Youth Group (ages 18–30) 
3. Elder Farmers Group (ages 55+) 
4. Male and Female Farmers Group (no demographic restriction) 

 
Heterogeneous Groups (to capture diverse perspectives): 

5. Mixed Farmers Group (Experienced) 
6.  Newly Interested Farmers Group 
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Figure 2. Focus Group Discussion framing. 
 

Each participant was assigned to only one focus group, ensuring independence 
of contributions. This multi-layered sampling strategy, purposive selection 
followed by random allocation, enabled the study to capture both depth and 
diversity of perspectives across farmer categories and social demographics. 

4.5. Data collection 
I conducted fieldwork in Kenya during April 2024, spending one month in the 

study areas of Embu and Kwale counties. My data collection combined Focus 
Group Discussions and Key Informant Interviews using semi-structured, open-
ended questions, which I complemented with informal field visits, observational 
notes, and unstructured interactions with farmers. This allowed adaptive follow-up 
during face-to-face interactions, enabling participants to express themselves freely 
and revealing context-rich information on biochar utility, sustainability concerns, 
and adoption barriers. 
 
 Focus Group Discussions 
 

Focus Group Discussions (FDGs) were conducted primarily in local languages 
(Swahili in both Kwale and Embu), and the translator sometimes used local dialects 
to facilitate better understanding, to ensure participants expressed themselves 
comfortably and naturally. I worked alongside trained local translators fluent in 
both English and the respective local language to facilitate communication. 
Additionally, many farmers seem to have a basic understanding of English. 

 
During the discussions, the translator interpreted questions and participants’ 
responses, allowing me to follow and facilitate the discussion in real time. Rather 
than using audio recorders, I employed a participatory visual documentation 
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approach (mind maps). Key ideas, phrases, and responses were captured directly 
on field charts and mind maps, created collaboratively during each session. These 
visual tools allowed for on-the-spot clarification and validation of participant 
contributions. After each session, I have transcribed the content into detailed textual 
transcripts, using the original Swahili and local terms where applicable, alongside 
their contextual translations and explanations. This process aimed to capture 
participants’ meanings as closely as possible, including culturally embedded terms 
such as uendelevu (translation of sustainability in Swahili). The reflective 
statements (translated into English on site) were recorded as direct quotes in the 
field notes for possible use in future writing.  The FGDs were guided by a flexible 
discussion guide (Appendix I), and participants were encouraged to reflect freely. 
This approach allowed me to observe certain patterns and identify themes 
organically in real time. Individuals who were not residing in the study area, had 
no direct or expressed interest in biochar, or were minors (under 18 years) were 
excluded from participating in the FGDs. 
 
Key Informant Interviews  
 

In addition to FGDs, ten semi-structured Key Informant Interviews (KIIs) were 
conducted with stakeholders, including NGO practitioners, agricultural scientific 
officers, workers’ co-operative, researchers and local leaders. The interviews were 
done in English as all the stakeholders were conversant in the language. These 
participants were selected purposively based on their direct involvement in 
agricultural, community support, or relevant experience in sustainability/biochar-
related interventions.  

The KIIs were designed to provide contextual and institutional perspectives to 
enrich the findings of the discussion of the focus groups. The Interviews often serve 
a supplementary role, providing deeper insights into an issue as interviews are 
considered a social production of knowledge (Kvale & Brinkman, 2009). An 
interview guide (Appendix 2) was created to structure the interviews and ensure 
that relevant topics were discussed, allowing flexibility for the interviewer to probe 
and explore topics beyond a strict script (Kvale & Brinkman, 2010). 

Six interviews followed a full semi-structured guide covering all key themes 
(sustainability, coordination among stakeholders, implementation challenges, 
institutional support and opportunities for scaling use in smallholder farming 
systems, biochar use, barriers to adoption, etc). Interviews lasted approximately 50-
60 minutes. Before each session, respondents were informed about the study’s 
purpose and how the collected data would be used. The remaining four were partial 
interviews, where informants offered targeted insights on select issues based on 
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their roles or availability. The responses from interviews were documented directly 
onto structured questionnaires during the sessions, complemented by field notes.  

4.6. Data Analysis 
This study employed Reflexive Thematic Analysis (RTA), developed by Braun 

and Clarke (2006, 2009), situated within a contextualist epistemology. Reflexive 
Thematic Analysis recognises participants’ lived experiences while situating them 
within wider social and environmental contexts, and it foregrounds the researcher’s 
interpretive role in meaning-making rather than measurement. The analysis drew 
on a combination of field notes, transcripts, and participatory mind maps recorded 
during all Focus Group Discussions and Key Informant Interviews.  
 

 Following Braun and Clarke’s six-phase RTA (Figure 3), I first engaged in 
familiarisation with the data repeatedly by reading and annotating transcripts and 
notes. Initial codes were then developed manually through line-by-line reading, 
staying close to participants’ words before grouping codes into broader categories. 
Multiple rounds of thematic review helped me refine consistency and minimise 
potential bias. Participant quotes were integrated to keep interpretations grounded 
in their accounts, while noting that some cultural nuances may have been softened 
in translation. This approach helped participants’ voices guide the construction of 
meaning around the research topics, rather than my assumptions or expectations. 

 
While the coding process was predominantly inductive, I recognise that my 

interpretation was also shaped by sensitising concepts from the study’s conceptual 
framework (e.g., sustainability, livelihoods, technology adoption). Thus, the 
analysis followed an iterative approach, where data-driven codes were subsequently 
interpreted in light of theoretical perspectives. Themes such as sustainability 
challenges, local framings of sustainability, and biochar’s perceived roles reflect 
this interplay between participants’ accounts and conceptual lenses. Importantly, 
theoretical frameworks such as the SLF, DOI and UTAUT were not used to guide 
coding; instead, codes were grouped in relation to the research questions, and the 
frameworks were drawn upon only in the discussion stage to help interpret and 
contextualise the findings. 
 

To strengthen methodological rigour, triangulation was applied across multiple 
sources: FGDs, KIIs, field observations, mind maps, and survey data (previously 
generated during the BICEPS Project), allowing cross-checking and richer 
interpretation. Reflexively, I acknowledge that my position as a non-local student 
researcher shaped both the research process and participants’ responses. While I 
approached the study with an academic interest in biochar as a sustainability 
innovation, I did not share the lived experiences or languages of the farming 
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communities, and I remained critically aware of how this outsider status informed 
the analysis. 
 

 

Figure 3: The process of reflective thematic analysis (RTA), adopted from Braun and 
Clarke’s (2006) six-phase framework 

4.7. Ethical considerations 

The study adhered to ethical research standards, including obtaining informed 
consent from all participants before data collection. To address potential power 
dynamics, particularly the perception that I might be linked to the BICEPS Project 
or have influence over future support, I emphasised that participation was 
voluntary, that I was independent of development aid, and that there were no right 
or wrong answers. Trained local translators supported clear communication, and 
clarifications were sought whenever meanings were uncertain. 

 
Participants were informed of the study’s purpose, voluntary nature, 

confidentiality, and their right to withdraw at any time without penalty. The 
respondents were also confirmed by the interviewer that all the information they 
provided would be kept and used anonymously, i.e. people reviewing the data in 
the research will not know exactly who took part in and gave particular responses. 
Ethical approval was sought and signed by the supervisor and me, ensuring 
compliance with SLU’s institutional ethical guidelines for student thesis fieldwork 
and student research. The research team ensured cultural sensitivity and respect 
throughout interactions with participants. 
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5. FINDINGS 

This chapter presents the empirical findings from FGDs and KIIs conducted in 
Embu and Kwale counties. The findings are guided by RTA, where I identified an 
interlinked theme that captures both the explicit experiences and perspectives of 
participants (semantic) and the deeper meanings (latent) interpretations related to 
sustainability and biochar adoption based on their lived experiences. It is further 
triangulated with insights from extension officers, researchers, NGO members, 
local leaders, and representatives obtained through KIIs.  
 

The findings are organised around the three research questions outlined in 
Chapter 1, with key themes and subthemes supported by illustrative quotes from 
FGDs and KIIs. 

 
• Local understandings of sustainability. 
• Farmers’ perceptions and experiences of biochar. Farmers’ choice between 

biochar for agriculture and/or household energy fuel? 
• Barriers and challenges to biochar adoption. 

5.1. Local Understandings of Sustainability 
To uncover these, participants were first asked to reflect on what sustainability 

means to them using the Swahili term “uendelevu”. The discussion was then 
deepened by exploring daily challenges, aspirations, and farming experiences that 
reflect their ideas of sustainability.  

Theme A: Sustainability as Continuity and Resilience  
 

Participants described sustainability in grounded and personal terms, describing 
it as a lived experience of “stability”, “continuity”, and a “long-lasting process”. 
Their understanding was equally shaped by its absence, manifested in a lack of land, 
water, knowledge, and institutional support rather than distant ecological ideals. 
Sustainability was understood as a condition of life that could be trusted, shaped by 
memories of past resilience, current struggles, and future hopes.  
 

Definitions varied by generation and gender: Elderly farmers recalled past 
resilience, fertile soils, farming that “worked without fertiliser,” predictable rains, 
and expressed a sense of loss. Women reflected a need for support from their 
partners and food security, often tied to the stability of the household. Youth, by 
contrast, saw sustainability as aspirational, linked to opportunity, knowledge, and 
innovation. They challenged the assumption that current practices were sustainable, 
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highlighted persistent soil degradation, crop failure, and economic insecurity as 
barriers, and called for self-sustaining systems beyond subsistence. One youth 
group in Kwale remarked, “Farming today is not sustainable with all the 
challenges. You plant and lose. That’s not safe for the future,” while another in 
Embu stated, “Farming alone is not sustainable. We need to do the Agribusiness”. 

 
Participants in Embu emphasised ‘long-term soil health’ and voiced rejection of 

reliance on chemical fertilisers, reflecting both practical concerns and aspirations 
for greater agency over their farming futures. Beneath these definitions lie an 
aspirational desire for autonomy and resilience in the face of vulnerability to 
environmental degradation, economic instability, and knowledge and institutional 
constraints. For these farmers, sustainability is not merely ecological but tied to 
social empowerment, self-sufficiency, and securing the future. This emphasis was 
particularly evident in their focus on access to knowledge, extension support, and 
practical tools to manage land and livelihoods more effectively. As one mixed 
farmers group in Embu expressed, “If they came to train us, maybe we could farm 
better, but they don’t come”, highlighting the integral role of support systems in 
enabling sustainable farming practices. 

 
KIIs revealed that farmers often view sustainability through a survival lens, 

focusing on fertile soil, water, technical guidance, and low-cost inputs. Some also 
noted younger farmers’ aspirational linking of sustainability with agribusiness or 
diversification. While most Key Informants demonstrated a broad awareness of 
sustainability, their interpretations were often ambivalent and shaped by 
institutional roles. Institutional actors mostly framed sustainability in technical and 
results-driven terms such as input provision, dissemination of improved practices, 
and measurable adoption outcomes.  Local leaders emphasised structural resilience, 
water access, tree planting, and recovery from shocks. Interestingly, NGO 
practitioners often offered more grounded and adaptive understandings rooted in 
lived community realities. 

 
Despite this, a common thread across several KIIs was the recognition of 

disconnects between actors and farmers, particularly around participation and trust. 
For instance, a researcher remarked, “Without funding, we can’t connect with 
farmers,” while another reflected how NGOs are “seen as people with money,” 
pointing to a latent sense of mistrust and dependency that has been cultivated by 
past top-down interventions. 
 

These narratives signal not only a structural failure in co-designing sustainability 
solutions but also a deeper feeling among farmers of being recipients rather than 
agents. As one respondent from an NGO described, “Farmers harvest their 
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produce early, even before official data collection, because it’s finally healthy”. 
This remark, while factual, also latently revealed feelings of scarcity, insecurity, 
and urgency. Institutional actors recognised farmers’ material needs but often 
overlooked the emotional and symbolic dimensions of control, dignity, and well-
being that were seen in focus groups. This gap highlights the deeper challenge of 
implementing sustainability as a collaboratively shaped experience, rather than 
treating it solely as a technical system. 

 

Theme B:  Sustainability as Lived Realities Shaped by 
Daily Challenges 
 

Having outlined how farmers define sustainability in terms of survival, 
resilience, and dignity (see Theme A.), it is also clear that their current practices 
and lived experiences often fall short of these ideals. In this sense, sustainability is 
not only an aspiration but a daily struggle to maintain continuity under conditions 
of environmental, economic, and institutional constraint. This tension between what 
sustainability means and what it looks like in practice forms the basis of Theme 
5.1.B: Sustainability as lived realities shaped by daily challenges. Their accounts 
illustrate farming as a site where multiple challenges converge, shaping a deeply 
pragmatic and survival-oriented understanding of sustainability. 

 
Subtheme: Precarious Ecologies: Living with Environmental 
Shocks 
 

Farmers define sustainability as continuity and resilience, but environmental 
shocks, manifested in erratic rainfall patterns, water scarcity, droughts, floods, soil 
erosion and infertility, pest problems and wildlife damage directly undermine their 
capacity to farm reliably. These factors were frequently cited as reasons for low 
yields, failed crops (e.g., “maize not growing despite inputs”), increased pests and 
diseases and disrupted food systems. As one women’s group in Kwale explained, 
“It rains too much or too little; we can’t store water, so it creates a lot of farming 
challenges. Declining soil fertility, a persistent challenge of unresponsive soil often 
linked to overuse of chemical inputs, was a recurring frustration. In Embu, a mixed 
farmers group described, “In the maize crop, we have provided all the necessary 
inputs, but the crop still fails to grow above knee height. We don’t know why”, 
underscoring the challenges in a precarious system. 

 
Environmental shocks also interrupted food systems and disrupted market 

access. For instance, one women’s group in Kwale reported, "When trees fall, and 
we can't go to market, due to logistical challenges (fallen trees, floods, and 
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disrupted transport), there is an increase in fuel price, and even bringing food 
becomes hard”. KII respondents corroborated these experiences, citing climate 
change, deforestation, declining soil fertility, erratic rains, and pest/disease 
pressures as major threats. One  KII respondent noted that “erratic weather makes 
biochar feedstock unreliable,” illustrating how climate variability can hinder 
adaptation strategies. 

 
These environmental issues are experienced not as isolated events but as part of 

a systemic ecological decline, eroding farmers’ control over livelihoods and the loss 
of traditional ecological balance, threatening their sustainability. This sense of loss 
and disempowerment is reflected in statements such as ‘soil used to be fertile’ and 
‘farming is too hard now,’ which highlight frustrations tied to environmental 
changes beyond farmers’ control and compounded by insufficient institutional 
support. 
 
Subtheme: Fragile Livelihoods: The Weight of Economic 
Constraints Interwoven with Environmental and Social Realities 
 

Independence and dignity are farmers’ sustainability aspirations, but economic 
hardship underpinned nearly every group’s description of daily life challenges, 
making them dependent and insecure. Inability to buy inputs (expensive fertilisers, 
seeds), limited access to land, labour, and livestock inputs, making even basic 
farming increasingly unaffordable.  

 
Many groups linked these financial difficulties directly to their inability to 

sustain farming or diversify livelihoods. As a new farmers group from Kwale 
explained, "We want to farm better, but no money for tools, no money for fertiliser. 
Even the water we have to pay for." Another mixed farmers group, Kwale, 
emphasised “Money solves everything,  if we have money, we’d be okay”. Youth, 
in contrast, spoke of being locked out of opportunity, startup capital, and job 
alternatives, and tended to downplay household concerns like cooking energy. They 
instead emphasised moving from subsistence farming to agribusiness. Elderly men 
highlighted physical limitations and financial hardship as compounding their 
inability to continue productive farming, and a possible alternative to income 
generation. Giving examples like Macadamia nuts and tea plantation farmers 
highlighted the compounding logistics challenges, like market-related issues, poor 
transport infrastructure, high fuel costs, and volatile crop prices.  
 

These economic hardship emerges as a core limiting factor that perpetuates a 
cycle of vulnerability. Money is not just a resource but a gatekeeper that restricts 
access to knowledge, technology, and opportunities. Farmers repeatedly cited “lack 
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of money,” “lack of opportunity,” and “lack of skills” as barriers to improved 
farming inputs, sustaining agriculture or investing in alternative income-generating 
activities, reinforcing vulnerability and dependency. Monetary insecurity also 
underpins social tensions, such as the women’s expressed lack of support from 
spouses; it links farming struggles to broader concerns like decision-making and 
food insecurity. 

 
KII reflections reinforced that economic fragility is not just a contextual 

difficulty but a structural barrier to sustainability, restricting access to knowledge, 
technology, and opportunity, and perpetuating dependency. One KII participant 
who has been working with women explained that women are often forced to 
choose to use biochar between cooking and farming, not due to preference but 
because of limited supply and financial trade-offs. 

 
Another KII working with smallholders noted, “Shifting from traditional to agri-

ecological systems is hard; they tend to revert”. There’s no labour, no money, and 
they expect input subsidy, acknowledging the difficulty of transitioning farmers to 
sustainable systems without first addressing their basic needs. This reflects that 
economic precarity functions as a gatekeeper determining who can access 
sustainable practices and locking others in cycles of vulnerability.  
 
Subtheme: Limited Support, Knowledge Gaps and Institutional 
Neglect 
 

Farmers consistently emphasised the importance of knowledge and autonomy in 
achieving a sustainable livelihood, yet limited extension services, inadequate 
follow-up, and weak institutional support constrained their ability to realise these 
ideals. Participants repeatedly expressed frustration over the lack of agricultural 
extension, training, and access to credible knowledge, as they said, “the right way 
to productive farming”. Many expressed that they lacked understanding of how to 
manage pests, soil acidity, and environmental shocks. They emphasised managing 
poor soil conditions and farming better, with impounding challenges requiring them 
to have agricultural training and services, which were lacking. 
 

As one mixed farmer group in Embu explained, "We hear about good practices, 
but no one teaches us. We use trial and error”. Similarly, a new farmers’ group in 
Embu expressed, "If they came to train us, maybe we could farm better. But they 
don’t come." Elderly participants in Kwale echoed these concerns: “We want to 
farm better, but there is no one to teach us.” 
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Across all the groups, farmers showed eagerness to learn, while some 
participants lamented the lack of access to extension services. A recurring 
frustration was that technologies are introduced without sufficient follow-up 
support or instruction. Even when new techniques like biochar or better agriculture 
practices were discussed, few participants knew how to apply them correctly. Many 
said they had been told about innovations but had never received continuous 
training. The absence of institutional support limited farmers’ ability to adapt. 
 

KII highlighted systemic gaps, pointing to limited capacity for sustained farmer 
engagement, disconnects between research and farmer realities, knowledge gaps, 
institutional shortfalls and funding constraints that hinder outreach. One KII  
respondent observed, “We have heard from the farmers that biochar is good, and 
we want to try it in our research plot to disseminate it, as the adoption is still very 
slow” Another noted, “We have the option to provide capacity building, but we 
don’t have huge funding, and it’s hard to reach farmers from deep within the 
village”. 
 

These knowledge gaps and limited institutional support underscore structural 
barriers rather than evidence of farmers’ resistance. It reflects cautious attitudes 
toward new technologies, with hesitancy emerging as an effect of insufficient 
guidance and support. As one NGO participant (KII) observed, “Farmers expect 
support; if none is given, they are hesitant to adopt the technology.” Despite these 
constraints, farmers’ curiosity and enthusiasm for better practices demonstrate their 
aspirations for empowerment, modernisation, and improved livelihoods. 

 
In sum, farmers articulate clear ideals of sustainability but experience them as 

continually undermined by conditions largely outside their control. These findings 
directly address RQ1 by showing both how smallholders define sustainability and 
how current realities diverge from their aspirations. This sets the stage for 
examining whether biochar, as a promoted innovation, aligns with these priorities 
or not. 

5.2. Farmers’ Perceptions and Experiences of 
Biochar 

This section explores how farmers perceived biochar within their daily struggles 
and broader sustainability aspirations. Findings revealed how biochar was 
experienced as both an agricultural amendment and deeper symbolic meanings, 
highlighting a source of hope for continuity, agency, and self-reliance. 
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Theme A: Shared Promise, Uneven Knowledge, Local 
Experimentation 
 

Across all groups, biochar was widely described as a promising tool that aligned 
with some of their pressing farming challenges. These perceptions, however, were 
shaped by the levels of their experience, exposure, and access to information and 
curiosity within different groups.  

 
Experienced farmers grounded their confidence in direct trials and visible 

improvements, reporting healthier crops, better soil conditions, and cost savings 
from reduced fertiliser use. Newly interested farmers, with little formal training, 
expressed enthusiasm based on peer experiences, visible crop performance, and 
community narratives rather than technical guidance. A participant from this group 
described, “I saw on the farm where the firewood was burned, the crops grew taller 
on the soil with remains of charcoal in it. I was curious.” These observations among 
peers created a strong narrative of biochar as a solution for them. 

 
Youth groups often took a more entrepreneurial view, seeing biochar as an 

option for a potential business and income generation. Women’s groups and a few 
men valued its health benefits and faster cooking time when used as cooking fuel. 
Nevertheless, across all groups, the priority was its agricultural use for household 
food security then as a clean cooking fuel. 

 
Despite this optimism, farmers’ understanding of biochar’s precise application 
remained uneven. Some farmers broadcast biochar directly, others mixed it with 
manure, and several assumed it was a complete fertiliser substitute. In many cases, 
these knowledge gaps were addressed through on-farm experimentation rather than 
formal training. As one farmer in Kwale explained: “My crops are growing very 
good, I have manure stocked in my field, but I don’t use it anymore, biochar is 
enough.” Similarly, another farmer described her approach: “I have spread it 
(broadcast) on the sites, and it is very easy to apply”. 

 
KII respondents echoed farmer experiences, noting visible yield gains, reduced 

nematode pressure, and lower input costs. One KII respondent stressed that “even 
with no rain, we got the biggest cassava with biochar because it retained water and 
increased nutrient use efficiency.” They also agreed that adoption was driven more 
by observed results than scientific understanding. As one KII respondent noted:  
“I’ve heard farmers say it improves soil fertility, but adoption is slow. I want to try 
on our demo plot, as farmers believe in seeing the result for themselves”. 
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Beyond the expected agricultural and household energy uses, farmers actively 
experimented with biochar, extending its functions in innovative ways that reflected 
both necessity and ingenuity. Some repurposed biochar as a form of mosquito 
repellent, burning it as briquettes inside homes or placing it around fruit trees to 
protect them from pests. One woman described creating a small incubator system 
using biochar’s heat-retaining properties, claiming it successfully warmed her 
chicken eggs for four days and significantly reduced fuel costs. An NGO 
respondent, along with a farmer, mentioned experimenting with biochar as a 
sewage filter. These examples underscore how farmers do not simply adopt 
technologies as designed, but adapt them to their contexts, drawing on local 
priorities and creative problem-solving. Such practices highlight agency in 
constrained environments, where experimentation becomes a pathway for reducing 
household risks and expanding the perceived value of biochar. 

 
This combination of confidence and uncertainty highlights both the creativity 

and vulnerability of local experimentation. The differences between experienced 
and new farmers reveal how trust is built through peer observation and how 
curiosity fuels experimentation. While farmers frequently discussed biochar in 
positive terms, “good,” “safe,” “lasting”, “easy to apply”, and “cheaper than 
chemical inputs”, their enthusiasm is interwoven with knowledge gaps and 
repeated calls for training. 

Theme B: Tangible Gains and Symbolic Hope  
 

Farmers across counties consistently linked biochar to some of their central 
sustainability concerns: fertile soil, balanced pH, water retention, reduced input 
costs, and increased yields, pest control (specifically nematodes).  It was contrasted 
with chemical fertilisers, which they perceived as costly and harmful to long-term 
soil health and explicitly linked biochar use to reduced fertiliser dependency, cost 
savings. As a male and female group in Embu noted, “Biochar is safe; it does not 
pollute the soil like fertiliser, which is not sustainable”. Although challenges were 
similar across both sites, their intensity differed; water scarcity was more acute in 
Kwale, while soil degradation dominated in Embu.  

 
Several groups observed improved productivity on previously “unresponsive 

soils,” reinforcing its perceived value. As a farmer from the Male and female group 
in Embu explained, “I have applied biochar on the field where Maize did not grow 
even after all the required inputs, but after biochar application, it grows”. Farmers 
further emphasised its benefits for soil health: “Biochar makes the soil fertile”, 
“retains water in the soil”, “gives healthy crops”, and “more yield (Mixed farmers 
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group, Kwale). Many noted that biochar reduces pest pressure. “The ashes from 
biochar reduce the worms (nematodes) in the soil” (Women’s group, Embu).  

 
Embu farmers described biochar as a tool for soil restoration and were eager to 

experiment with more crops. Kwale farmers linked biochar adoption more closely 
to monetary support and soil moisture challenges. Nonetheless, in both counties, 
biochar was framed as a symbol of hope and continuity, suggesting that while 
motivations diverged, aspirations converged. 

 
For farmers, biochar’s value extended beyond technical outcomes; it represented 

a potential break in cycles of failure and insecurity. This perception motivated the 
willingness to purchase biochar to meet their need for the entire farm, though 
concerns about future affordability were common. Farmers expressed hope that 
biochar would remain accessible and supported with training, while fearing that 
commercialisation could price out smallholders, as had occurred previously with 
fertilisers or hybrid seeds. Some expected that NGOs or projects introducing 
biochar would provide ongoing support, reflecting a mixture of aspiration and 
insecurity. Biochar symbolised a chance for long-term stability, but only if 
surrounding systems remained reliable and inclusive. 

 
Key informants corroborated biochar’s technical promise but highlighted 

constraints in supply and access. One KII respondent noted, “We lack mass 
production. Biochar is promising, but not available in large amounts,” while others 
warned that continuous access could be undermined by marketisation, high pricing, 
or elite capture, echoing past experiences where early beneficiaries were later 
priced out. 
 

Latently, biochar became a symbol of stability, continuity and possibility.  
Farmers highlighted its “lasting” quality in the soil as a reassurance in fragile 
systems. For many, biochar was not only a soil amendment but as a means of 
breaking the cycle of high input costs, poor soil, and insecure harvests.  Experienced 
farmers even discussed scaling up biochar production, not just as users but as 
potential sellers. One youth group in Embu stated, “If we can make biochar and 
sell it, it can be a new income,” reflecting aspirations for financial independence 
and moving beyond subsistence farming into agribusiness pathways. 
  

Women, particularly, and a few men valued biochar for its health benefits when 
used as fuel, noting that it produced less smoke and cooked faster when better stoves 
were available. In practice, farmers referred to the gasifier cookstove here, which 
allows them to use agricultural residues (such as maize cobs, coconut husks, or 
firewood) as feedstock. The stove first provides heat energy for cooking, while 
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simultaneously producing biochar as a byproduct. That residue can then be applied 
to the soil as a soil amendment, or in some cases, reused for cooking fuel.  

 
 However, limited biochar and poorly designed stoves restricted their household 

use. As one women’s group in Embu explained, “It produces less smoke, it’s 
healthy and cooks faster,” while a group in Kwale noted, “We could use it for 
cooking, but the stove design is small and not good,” referring to the gasifier stoves 
they were currently using.  This inclination to better dual-use technology (biochar 
for cooking fuel, and biochar production for soil amendment) potential reflects 
aspirations for integrated systems that support both household well-being and 
farming stability  
 

Finally, both KIIs and FGDs’ findings highlighted how biochar adoption is 
embedded within farmers’ broader social realities. While often framed by external 
actors as a technical solution, its meaning to farmers is layered with insecurities and 
historical experiences of top-down aid. Several informants (KII) noted that” 
farmers mostly harvest early, even before project visits for data collection, “as 
these crop looks healthy, reflecting farmers’ crisis-preparedness mindset rather than 
long-term planning.  

 
Another KII respondent explained that “farmers expect funding, if they know 

you are from NGOs or projects”, a legacy of past top-down, project-based aid that 
has conditioned expectations of handouts and dependency towards external 
initiatives.  However, these behaviours should not be read as reluctance or 
resistance to new practices; rather, they are adaptive strategies, shaped by fears of 
losing support and a broader loss of confidence in the continuity of assistance from 
development actors. 

 
While these themes were broadly shared, county contexts shaped their emphasis. 

In Embu, sustainability was framed primarily through soil fertility concerns, with 
farmers motivated by curiosity and experimentation. In Kwale, water scarcity 
dominated discussions, and sustainability was framed more as survival under 
institutional neglect. Yet across both counties, farmers consistently expressed a 
desire for training and agency in shaping their futures. 

 

Theme C:  Restricted Choice, Scarcity and Gender  
 

Farmers primarily produce biochar using gasifier cookstoves, kilns, or the Kon-
Tiki method. However, the volume generated through these techniques is generally 
modest and often insufficient for large-scale soil application. Farmers trained to use 
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Kon-Tiki systems also face trade-offs: the heat produced during biochar production 
is not captured for other uses, and output levels can vary depending on feedstock 
availability and labour constraints. This situation creates a sustainability dilemma 
for smallholder farmers: whether to use the limited biochar as a cleaner household 
fuel or to apply it to the soil for long-term agricultural benefits. To better understand 
how farmers make this choice under conditions of scarcity, they were asked about 
their preferred use of biochar: as an agricultural input, as household cooking fuel, 
or for both purposes. Their responses showed that decisions were influenced not 
only by resource limitations but also by gender roles, household priorities, and 
aspirations for more integrated and efficient farming systems. 
 

When households had biochar in hand, they faced a direct choice: apply it to soil 
or use it as a clean cooking fuel. Across all FGDs,  a clear consensus emerged, 
agriculture came first. Fertile soils and reliable harvests were described as the 
foundation of both food security and income. As farmers in Kwale put it plainly: 
“If I have to choose, I will use it for farming. We can’t farm if we don’t have good 
soil”  (Male and female group). Similarly, a mixed group in Embu stressed, “Better 
to use it for crops; we can continue using firewood for fuel. Farming is important.” 
This prioritisation was strategic, not merely a response to fuelwood scarcity; most 
households had adequate firewood. Biochar was limited, so maximising 
agricultural benefits (like improving soil fertility, water retention, pest control, and 
yield) was considered the most strategic allocation. Any surplus might be used for 
cooking, but soil fertility and crop yields dominated decisions.  
 

Scarcity was further reinforced by upstream limitations in biomass availability.  
Although gasifier cookstoves provided multiple benefits: they produced biochar 
while cooking, supplied heat for household needs, reduced smoke, saved time, and 
improved health. However, their small size, combined with the labour-intensive 
process of preparing and feeding biomass, was unsuitable for all types of cooking, 
and the limited output meant that households prioritised applying biochar to soil, 
where it had the greatest perceived impact on food security. Even when women 
wanted to use biochar for household energy, these technological limitations shaped 
allocation patterns, with agriculture remaining the primary use and cooking a 
secondary yet still valued application. 

 
Decision-making over biochar allocation was also gendered. Male household 

heads typically had authority over resource allocation, with farming positioned as 
the priority. While women, though highly aware of cooking benefits such as cleaner 
energy, often had to defer to farming needs. Their experiences with gasifier stoves 
shaped this view on biochar’s potential use as a fuel: “If we had better stoves, we 
would use biochar (replacing firewood) for cooking; it produces less smoke, and 
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cooks faster” (Embu Women’s Group). Limited stove efficiency and the small 
quantities of biochar generated further curtailed women’s ability to pursue cooking 
benefits. Thus, women’s preferences for cleaner energy were acknowledged but 
frequently subordinated to agricultural needs. 

 
Interestingly, some men also mentioned cooking benefits, though often 

indirectly and framed through women’s labour or household harmony. A man in 
Kwale remarked, “She can cook anything I ask for, like tea, beans, anything, very 
fast, and she is very happy with it.” Such statements reveal how men valued using 
gasifier cookstoves not for their own direct use but in relation to women’s domestic 
responsibilities and their service to the household. Key informants echoed these 
dynamics, sometimes unintentionally reinforcing traditional gender expectations. 
One NGO actor described cookstoves’ design  to reduce smoke, improved marital 
relations because “the woman doesn’t smell bad anymore after cooking.” While 
intended as praise, this framing reduces women’s experiences to their domestic 
roles and relational value, rather than recognising women’s autonomy, health, or 
agency. Such narratives illustrate how technologies, even when designed with clear 
practical benefits, if introduced without deliberate attention to social structures, can 
inadvertently reproduce existing inequalities. In this case, the perceived benefits of 
the cookstove extend beyond efficiency or fuel savings to reflect broader gendered 
expectations, highlighting the importance of considering social context when 
introducing technological innovations. 

 
A feminist reading of these findings shows that women’s prioritisation of 

farming is not merely pragmatic but shaped by structural inequalities in land access, 
decision-making, and technology design. Women were positioned as primary 
labourers for both farming and cooking, yet their ability to decide how biochar was 
used was constrained by limited supply, male authority over agricultural priorities, 
and the design of stoves and kilns that did not fit women’s daily realities. 
 

Despite these constraints, women expressed hope for integrated, circular 
solutions where biochar could simultaneously support agricultural productivity and 
household energy. Improved stove designs, more reliable biochar supply, and 
supportive institutions were potential enablers of systems in which the same 
resource could strengthen both food security and household well-being. Prioritising 
soils over stoves reflects a broader survival-oriented mindset: crops are existential, 
while cooking improvements, though valued, remain secondary. Biochar embodies 
both practical utility and aspirational potential, symbolising food security, energy, 
and household stability.  
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These findings illustrate that restricted choices are not merely about resource 
scarcity but are deeply intertwined with gendered labour divisions, decision-making 
power, and technology design. A feminist reading highlights that integrated, 
circular systems could allow biochar to reinforce both agricultural and domestic 
sustainability, rather than forcing restricted choice that entrenches gendered 
responsibilities. 

 
Together, these findings respond to RQ2 by showing that biochar is perceived 

both as a useful agricultural input and also as a source of hope and agency, 
symbolising the possibility of improved food security, self-reliance, and stability in 
their daily sustainability challenges. These perspectives illuminate the central role 
biochar plays in farmers’ sustainability priorities, linking to the overall research 
aim. 

5.3. Barriers to Biochar Adoption - Navigating 
Structural Constraints and Social Realities 

As described in the findings above, farmers in Embu and Kwale view biochar as 
a promising tool for addressing key sustainability needs. However, despite this 
enthusiasm, adoption is constrained by three interconnected challenges: (A) 
Uneven access to knowledge, (B) resource, financial and structural constraints, and 
(C) constrained decisions across generations and gender. These barriers are not 
isolated; they are shaped by historical experiences of exclusion, short-lived in 
development interventions, and fears that promising innovations will ultimately slip 
beyond their reach. 

Theme A: Uneven Access to Knowledge - A call for 
training and self-reliance 
 

Knowledge about biochar production and application varied widely across 
groups. While some experienced farmers, particularly those involved in project 
trials, understood recommended practices (e.g., Kiln use, mixing with manure, 
applying in furrows) but the uncertainties persisted even among this group. 
Questions ranged from dosage and crop suitability to possible long-term soil 
effects. As a farmer from the elders group, Embu questioned, “Is there any 
disadvantage to the continuous application of Biochar on soil like chemical 
fertiliser? How much is the right amount?”. While younger farmers, Embu raised 
environmental concerns about the production process in Kontiki:“Doesn’t making 
biochar by burning create pollution, and does the soil around that become bad?”. 
Such questions reflect caution and a desire to understand the long-term implications 
of biochar before committing to its widespread use. Farmers’ concerns stem from 
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past experiences with chemical fertilisers that, while initially beneficial, eventually 
degraded soils and created cycles of dependency. Their probing reveals a 
determination not to repeat those mistakes.  

 
These reflections highlight that farmers are not passive recipients of new 

practices. Rather, they are experimenting, questioning, and critically evaluating 
technologies like biochar within their own ecological and livelihood contexts. Their 
engagement demonstrates an active pursuit of sustainability on their own terms, 
balancing innovation with lessons from history. At the same time, their concerns 
about long-term soil health, environmental impacts, and appropriate application 
rates illustrate a key adoption barrier: without clear, context-specific evidence and 
trusted guidance, uncertainty can outweigh perceived benefits. This reinforces the 
need for participatory approaches and knowledge co-production that address 
farmers’ questions directly, building confidence while aligning biochar adoption 
with local priorities. 
 

Newly interested farmers often relied on peer learning and visible results, 
leading to enthusiasm (“Where do we get biochar from?” “Can you use it in 
different ways?”) but also preconceptions such as viewing biochar as a complete 
replacement for manure, fertiliser, or even pesticides. Across groups, farmers 
stressed that new technologies (other than biochar as well) are often introduced 
without sufficient follow-up, leaving them dependent on trial-and-error. As one 
farmer participant, Embu.  put it: “If they came to train us, maybe we could farm 
better. But they don’t come.” Key informants confirmed that without consistent 
engagement and technical support, “even trained farmers revert to old practices”.  

 
This pattern reinforces a broader perception that sustainability projects can 

become temporary and unreliable, something to benefit from while they last, but 
not to rely on for the long term. Beneath the technical gaps lies a deeper aspiration: 
farmers want to make informed decisions that protect their soils and livelihoods in 
the long term, not just receive instructions. So they can adopt biochar with 
confidence and without dependency on external actors. 
 

Theme B: Resource, Financial and Structural Constraint 
- The Scarcity Trap 
 

Even when biochar was valued and perceived as effective, resources and 
financial limitations restricted their ability to adopt, produce or scale it. These 
constraints surfaced across many groups, revealing both logistical barriers and 
deeper insecurities about long-term access and sustainability. Feedstock scarcity 
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driven by deforestation, low rainfall, and declining yields reduces the availability 
of residues like maize cobs or firewood.  

 
While farmers recognise biochar’s long-term cost-saving potential, many lack 

the upfront means to produce or purchase enough for larger plots. The fear that 
commercialisation will put biochar out of reach was repeatedly voiced: “If they 
start selling it, the price will go high, and we can’t afford it”–Participant, Kwale. 
 

 KIIs echoed these concerns, noting that market-driven supply often benefits 
better-connected farmers first, leaving remote or poorer households excluded. One 
participant described a commercial model in which farmers sell residues for biochar 
production but still “have to buy the finished product at a possible low cost.” While 
presented as a win–win, this keeps farmers as buyers rather than co-owners, 
reflecting an imbalance in benefit distribution. The same interviewee admitted that 
reaching remote areas is “too hard without support from local government and 
extension bodies,” reinforcing focus groups’ concerns that access is patchy and tied 
to project proximity.  

 
 Without targeted support, biochar risks remaining within reach only of better-

connected farmers, deepening existing inequalities.  Farmers’ willingness to buy, 
share, or scale biochar shows commitment but also highlights that adoption is 
contingent on systemic support, not just individual effort.  

 

Theme C: Intersecting Social Dynamics - Constrained 
Decisions across Generations and Gender 
 

As discussed earlier, limited biochar supply and small, labour-intensive 
cookstove designs force households, especially women, to prioritise soil application 
over cooking fuel. These constraints illustrate how technical solutions, when 
misaligned with daily realities and labour demands, create adoption barriers and 
limit the full benefits of biochar. Farming remained the primary livelihood priority, 
yet women emphasised biochar’s potential to improve household health and reduce 
cooking labour, benefits they could only realise with better-suited technology. This 
mismatch forces women into restricted choices that could be avoided through an 
integrated, gender-responsive design. 

 
As one KII respondent observed, “Why should women have to choose between 

cooking and agriculture? Why can she not have access to both?” underscoring 
structural constraints rather than simple preferences. Another noted, “Women can 
do better if provided with better opportunities,” highlighting embedded gender 
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inequities. Without addressing these embedded constraints alongside feedstock 
scarcity and competing household uses, adoption will remain uneven and 
potentially reinforce existing inequalities.  
 

Youth participants described additional hurdles, such as generational resistance: 
“It is hard to convince the elders unless they see proof on their fields” (Youth 
group, Embu) and the spread of misinformation, land issues, and reluctance to try 
new methods until visible results are seen. This underscores the importance of trust-
building, demonstrations, and consistent support rather than relying on one-off 
technical dissemination. 

 
Beneath these constraints lies a cautious optimism: farmers see biochar as an 

investment in their soils and future harvests, but worry that without secure 
feedstock access, fair pricing, and ongoing training, its promise may remain limited 
or slip away or benefit only a few. Scaling biochar effectively also requires 
“integrating it into carbon markets, strengthening supply chains, and providing 
continuous extension services”, as one KII noted. But it is hindered by “time and 
labour scarcity, trust issues, and technology knowledge gaps.” KII stressed the 
need for reliable services, stronger value chain linkages, and sustained extension 
support to move biochar beyond pilot phases, positioning it as a realistic long-term 
solution for biochar needs rather than a short-lived intervention. 
 

These findings addressing RQ3 illustrate that adoption constraints are less about 
willingness and more about systemic inequalities, institutional gaps, and 
technology misalignment. Understanding these intersecting structural, emotional, 
social, gender, and generational dynamics situates biochar adoption within the 
broader realities of smallholder sustainability priorities. 
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6. DISCUSSION 

This chapter links the empirical findings presented in Chapter 5 to the relevant 
literature, theories, and concepts, drawing out key insights about sustainability and 
biochar adoption in Embu and Kwale counties. The discussion situates farmers’ 
lived experiences within the classical SLF (Chambers & Conway, 1992), 
contemporary critiques, and emerging expansions such as Natarajan et al.'s (2021) 
SLF for the 21st century.  The discussion further integrates concepts such as 
affective power and constrained agency (Jakimow, 2022; Manlosa, 2022) and other 
scholars. Similar studies conducted for smallholder farming systems are used to 
contextualise findings. The chapter addresses the three research questions 
sequentially, highlighting thematic connections and systemic constraints.  

 

6.1. Sustainability as Lived Experience  
Farmers’ narratives highlighted uendelevu (sustainability) as a lived reality, 

negotiated daily through farming, household survival, and community relations. 
Sustainability was understood as a fragile balance between ecological stability, 
economic viability, and social dignity anchored in historical memory, daily 
struggles, and aspirations for autonomy over the future. This relational 
understanding extends the SLF (Chambers & Conway, 1992). While the SLF 
captures natural, human, financial, social, and physical capital, farmers’ accounts 
showed that sustainability hinged less on assets alone than on the power to act 
within structural limits, as Manlosa’s (2022)  concept of constrained agency. The 
emotive understanding of sustainability, like dignity, pride, and emotional security, 
as seen in my findings, is largely absent in the apolitical SLF. This resonates with 
Jakimow’s (2022) call to account for affective power in development: emotions 
such as pride in self-reliance (“no longer depending on fertiliser”) or shame in 
dependency mediate choices and expose blind spots in purely material framings. 

Smallholder farmers’ perceptions of sustainability are deeply shaped by local 
environmental realities. Farmers reported experiencing erratic rainfall, declining 
soil fertility, water scarcity, pest and disease pressures, and other environmental 
shocks that directly constrain agricultural sustainability. Similar patterns are 
documented in Zimbabwe, where smallholder farmers’ perceptions of climate and 
sustainability were highly contextual and shaped by local environmental realities 
(Mtambanengwe et al., 2012). In contrast, Baccar et al. (2020) found that farmers 
in Morocco’s Saïs plain understood sustainability mainly through an economic lens, 
with environmental concerns considered only when resource scarcity made them 
unavoidable. In Kenya, farmers also prioritised material survival within fragile 
ecologies and economies, but their narratives extended further, revealing 
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underlying emotional concerns such as dignity, trust, and hope. This underscores 
how sustainability is not a fixed idea but a contextual one, shaped differently by the 
pressures and lived experiences of each setting. 

Farmers’ definitions of uendelevu reflect not only what they lacked (land, water, 
inputs, support) but also what they needed to thrive: reliable knowledge, tools, and 
autonomy in decision-making. This aligns with Pretty et al. (2011), who argue that 
ecological improvements alone are insufficient without affordable inputs and 
market access. Repeated claims that “money solves everything” express not just 
material need but the aspiration for agency, echoing Manlosa’s (2022) concept of 
operationalising agency in sustainable development. These challenges further 
illustrate how ecological variability interacts with resource limitations, influencing 
both production outcomes and adaptive capacities. 

Farmers’ perceptions of sustainability were differentiated by generation and 
gender. In line with Huijsmans et al.  (2020), older farmers’ accounts reflected 
adaptive aspirations, a focus on restoring soils, safeguarding food today, and 
keeping farms viable under uncertainty, while younger farmers voiced more 
transformative aspirations centred on agribusiness, markets, and innovation. These 
orientations were also shaped by historical memory and positionality within 
livelihood systems. As Natarajan et al. (2022) highlight, livelihoods are best 
understood as situated within historic, temporal and social contexts, rather than 
being defined only in terms of assets. Women’s experiences are shaped by both 
agricultural and domestic labour responsibilities, often with limited decision-
making power (“we want support from our spouse”), reflecting longstanding 
evidence that households are not unitary decision-makers (Doss, 2001). These 
dynamics influence which sustainability strategies are feasible and whose 
aspirations are prioritised. 

 
Farmers’ conceptions of uendelevu were deeply influenced by institutional 

support or the lack thereof. Farmers’ sustainability horizons were actively 
constrained and reshaped by institutional gaps, embedding their understanding of 
what is possible or realistic. Institutional failings and sporadic support, as Musafiri 
et al. (2022) argue, undermine adaptation by eroding trust and agency rather than 
enabling transformative change, a barrier to climate adaptation. Statements such as 
“train but do not return” highlight how one-off interventions fail to support 
meaningful learning or long-term adoption. Broader structural and historical 
inequalities also shape what is considered feasible, as underscored by Natarajan et 
al. (2022), emphasising the importance of multi-scalar, context-sensitive 
approaches. The institutional neglect sharpened farmers’ conviction that 
sustainability requires co-created knowledge systems and enduring partnerships 
rather than externally imposed models (Pretty et al., 2011). Without addressing 
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these systemic imbalances, technical knowledge transfer alone is unlikely to secure 
farmers’ visions of sustainability.  
 

In sum, farmers’ understanding of sustainability in Embu and Kwale emerges 
from the complex interplay of everyday challenges. Their concept of uendelevu 
reflects both pragmatic coping strategies and longer-term aspirations, highlighting 
that sustainability is not a uniform ideal but a socially and contextually embedded 
practice. 

6.2. Biochar in Practice: Perception of Smallholder 
Farmers 

This subsection discusses how farmers came to view biochar as both promising 
and uncertain, highlighting dynamics of knowledge, diffusion, and local 
experimentation. 

A: Shared Promise, Uneven Knowledge, Local 
Experimentation 
 

Farmers’ perceptions of biochar were shaped by both excitement and 
uncertainty. Across sites, it was widely recognised as something that works, yet 
understanding of how and why varied. Some pointed to visible changes in soil 
conditions and yields, while others relied on neighbour observations (“I saw crops 
grow taller where charcoal was used”). This reliance on social proof illustrates 
Rogers’ (2003) principle of observability: technologies diffuse more readily when 
their effects can be seen. 

 
Economic framings revealed generational differences. For many, biochar’s 

value lies in reducing fertiliser costs, strengthening their financial capital within the 
SLF (Chambers & Conway, 1992). Younger participants, however, described 
biochar as an entrepreneurial opportunity (“can sell biochar”), echoing Huijsmans 
et al.’s (2020) insights that youth often link sustainability innovations to 
aspirational futures. In UTAUT terms (Venkatesh et al., 2016), both groups 
expressed performance expectancy, but in distinct forms: cost-saving for older 
farmers, business potential for youth. 

 
Yet, knowledge gaps and misconceptions (e.g., that biochar alone could replace 

fertiliser) limited adoption, also echoing Jeffery et al.’s (2017) caution about over-
optimism and agronomic realities. These reveal weak facilitating conditions 
(UTAUT) and highlight Scoones’ (2009) critique of short, projectised extension 
services. 
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Farmers also responded through their own experiments, testing feedstocks and 

other uses. This aligns with Manlosa’s (2022) notion of operationalising agency: 
even within constraints, farmers adapt technologies to fit local routines. Rather than 
passive recipients, farmers acted as experimenters, translating biochar into locally 
meaningful practices, echoing Pretty et al.’s (2011) argument that sustainable 
intensification requires co-created knowledge. Similar peer-driven adaptation was 
observed in Zimbabwe (Mtambanengwe et al., 2012); the adoption of conservation 
agriculture hinged much on peer-to-peer experimentation than on training. It also 
suggests that when technology aligns with daily routines, farmers are ready to 
innovate and adapt, echoing Rogers’ (2003) concept of reinvention, where adopters 
find new, locally meaningful ways to use an innovation (eg, farmers using biochar 
as an incubator for chickens).  

 
In sum, farmers’ experimentation revealed both the promise and fragility of 

biochar: while it inspired innovation, uneven knowledge and weak institutional 
support meant that its value often depended on social learning. This provides the 
foundation for examining how farmers came to see biochar not only as a tool for 
agriculture, but also as a symbol of broader hope. 

B: Tangible Gains and Symbolic Hope  
 

Building on these dynamics of knowledge and experimentation, this subsection 
turns to what farmers valued in biochar, both in its tangible agronomic benefits and 
its symbolic meaning as hope and autonomy hinged on theories. 

 
Farmers consistently linked biochar to their most pressing livelihood priorities, 

emphasising its tangible agricultural gains. Narratives foregrounded immediate 
technical benefits such as improved soil moisture retention (Basso et al., 2013), 
enhanced soil fertility and pH buffering, and increased crop yields (Lehmann et al., 
2015; Biederman & Harpole, 2013; Roobroeck et al., 2019; Kätterer et al., 2022). 
These accounts resonate with a wide body of agronomic research confirming 
biochar’s capacity to improve soil structure, nutrient-use efficiency, and crop 
resilience under stress. Farmers also highlighted pest control benefits, particularly 
in reducing nematode pressure, an observation that aligns with the findings of 
Ikwunagu (2019) and Poveda et al. (2021). Beyond agricultural outcomes, 
biochar’s potential for clean energy fuel reinforces insights from Njenga et al. 
(2020), Gitau et al. (2019)   and Mahmoud et al. (2021), who noted its dual role in 
both farming that improves soil fertility and household energy systems.  
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Biochar’s capacity to “revive tired soils” and “reduce fertiliser costs” spoke 
directly to farmers’ sustainability needs. These outcomes strengthen both natural 
and financial capitals in the SLF (Chambers & Conway, 1992) and align with 
Venkatesh et al.’s (2016) UTAUT’s performance expectancy, the degree to which 
farmers believe biochar will improve their agricultural productivity and livelihood 
outcomes.  

 
At the same time, Biochar also embodied hope and autonomy. Farmers described 

it as “staying in the soil” or freeing them from fertiliser dependence, representing 
self-reliance, dignity, and the possibility of stable yields. This resonates with 
Jakimow’s (2022) idea of affective power, where technologies embody hope, fear 
and pride and Huijsmans et al.’s  (2022)  notion of aspirational futures.  Yet, these 
aspirations were fragile: concerns over commercialisation and inequitable access 
highlighted that the potential benefits of biochar could be constrained by broader 
structural inequalities and historic experience, limiting who could actually benefit 
from interventions more generally (Natarajan et al., 2022). 

 
Together, these findings reveal biochar as both an input and a symbol: it provides 

tangible agronomic improvements while representing hope, self-determination, and 
cautious optimism. Frameworks help unpack these dual meanings: SLF and 
UTAUT explain practical benefits (enhancing capital and performance 
expectations), while affective power and constrained agency illuminate the 
symbolic resonance and aspirational significance of biochar. 

C: Restricted Choice, Scarcity and Gender 
 
Biochar’s dual potential as soil amendment and fuel was widely recognised, but 

scarcity forced prioritisation. Farming almost always took precedence, showing 
how livelihood capitals (SLF) and survival logics dominate decision-making. 

 
For women, clean cooking and reduced smoke were meaningful benefits, but 

stove design flaws, feedstock scarcity, and extra labour constrained adoption. These 
reflect UTAUT’s facilitating conditions: without enabling infrastructure,  adoption 
falters (Nguyen et al., 2023), even valued technologies like biochar. Williams et al. 
(2018) highlighted that gendered vulnerabilities are frequently overlooked in 
adaptation and technology design. Women’s “choices” were not neutral but also 
shaped by structural constraints: expectations around care, labour, and food 
provision. Men’s comments (“my wife is happier”; “she cooks faster”; “improving 
marriages because women smell better”) highlight how benefits were framed 
relationally, echoing critiques that women’s agricultural and care work is often 
rendered invisible (Doss et al., 2018). Natarajan et al.’s (2022) call for a relational 
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SLF highlights that without addressing historical and structural inequities, gender-
neutral innovations may risk reproducing inequalities rather than reducing them. 
 

Gendered experiences of sustainability and biochar adoption also revealed 
dimensions that go beyond material access to resources. In particular, women’s 
accounts pointed to the often invisible forms of work they carry out in sustaining 
households and livelihoods. This resonates with the concept of Hardt & Negri’s 
affective labour, which refers to the work of producing and managing emotions, 
care, and relationships, forms of labour that are often unpaid, invisible, and 
disproportionately carried by women (Hardt 1999; Weeks, 2007; Singh, 2013). 
Together, these critiques reveal how “gender-neutral” approaches risk reinforcing 
inequities. Singh (2013) extends feminist debates on affective labour by showing 
how caring and emotional work, often unpaid and gendered, is central to social and 
economic life yet remains undervalued. This lens helps interpret how, in 
development contexts, women’s unpaid emotional and care work can become 
further entrenched rather than transformed. In this study, women valued biochar for 
its clean cooking and health benefits, but their decision-making power remained 
constrained. At the same time, they expressed aspirations for integrated systems, 
showing practical resourcefulness in adapting biochar to meet both agricultural and 
household needs despite structural limits, reflecting Manlosa’s (2022) concept of 
operationalising agency under constraint. 

 
Thus, SLF and UTAUT reveal how scarcity and enabling conditions influence 

use, while feminist critiques and affective labour highlight how those dynamics are 
gendered. The result is not “choice” but constrained agency and practical 
resourcefulness actively negotiating structural limitations to derive both 
agricultural and household benefits. 
 

6.3. Barriers to Biochar Adoption – Navigating 
Structural Constraints and Social Realities 

Farmers’ interest in biochar was positive, but adoption was uneven due to gaps 
in knowledge and institutional support, limited resources, and gendered or 
generational norms. Examining these barriers through the SLF and the UTAUT 
highlights how structural constraints limit agency and influence farmers’ decision-
making. These challenges illustrate how even promising technologies are hindered 
by embedded structural inequities. 
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A: Knowledge Gaps and Institutional Failures: The Cycle 
of Partial Adoption 
 

Farmers’ engagement with biochar was often inconsistent, reflecting uneven 
dissemination, fragmented support, and limited follow-up. From an SLF 
perspective, these dynamics reveal deficits in human capital (skills and knowledge) 
and institutional capital (extension support, reliable access to information). As DOI 
literature and participatory technology design critique dominant linear adoption 
models, which often assume uniform scalability, overlooking local knowledge, 
priorities, and context-specific constraints (Rogers, 2003; Pretty, 2011). 

 
While some farmers, particularly those involved in trials, demonstrated 

proficiency in biochar production and application, many others lacked technical 
knowledge, such as optimal application rates or suitable feedstocks. This led to non-
recommended practices (e.g., complete substitution of fertilisers)  reflecting the gap 
between anticipated and actual outcomes, as observed by Jeffery et al. (2017). 
Farmers without access to knowledge relied on social proof, observing neighbours’ 
practices, a process Rogers (2003) identifies as a driving force in adoption through 
observability. 

 
This partial adoption is reinforced by weak facilitating conditions, a central 

concept in UTAUT, which erodes farmers’ confidence in performance and effort 
expectancy (Venkatesh et al., 2016). Similar studies in developing countries show 
that integrated farming systems only improve livelihoods when institutional support 
aligns with local experimentation; otherwise, innovations are unevenly adopted 
(Goswami et al., 2016).  

 
The recurring complaint of lack of training reflects Scoones’ (2009) critique of 

project-based interventions that neglect long-term capacity building. This erodes 
trust and reinforces perceptions of external actors as unreliable. Climate-smart 
interventions that assume linear scaling often overlook farmer priorities, producing 
shallow adoption (Musafiri et al., 2022).   

 
Some farmers assume biochar can completely replace conventional fertilisers, 

but its effects are highly soil-dependent and may be harmful in the long term. For 
instance, in well-structured soils, it may improve yields but can cause nutrient 
imbalances, decrease water retention over time (Brtnicky et al., 2021). These 
limitations further underscore the importance of knowledge sharing and farmer 
empowerment to ensure biochar is adopted correctly, applied effectively, safely, 
and in combination with other soil amendments like compost or nitrogen fertilisers 
(Haider et al., 2024; Rajkovich et al., 2012). 
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Farmers’ calls for regular training reflect a desire not just for technical skills but 

for recognition as knowledge producers. Co-created knowledge systems, 
integrating scientific guidance with local experimentation, align with Pretty et al.’s 
(2011) argument that sustainable intensification requires active farmer 
participation. Manlosa (2022) further emphasises that empowering smallholders 
requires participatory adaptation, continuous engagement, and recognition of 
farmers as active knowledge producers rather than passive recipients only. These 
dynamics also reveal affective dimensions of hope, pride, and frustration as 
discussed by Jakimow (2022) and generational aspirations highlighted by 
Huijsmans et al. (2020). 

 
Across Africa, vulnerability assessments and extension services often under-

engage local perspectives, producing findings with limited practical relevance 
(Williams et al., 2018). Extension frequently lacks biochar-specific know-how and 
contextualised materials (Colclasure et al., 2024), and adoption falters without 
long-term engagement and peer-to-peer learning (Manlosa, 2022). In Kenya 
specifically, Kyalo et al. (2025) show that awareness, education, credit access, and 
land tenure arrangements shape biochar adoption intensity, explaining why train-
and-exit models underperform.  

 
Bringing this back to adoption theory, these realities depress observability and 

trialability, key drivers in diffusion (Rogers, 2003) and undermine 
performance/effort expectancy and facilitating conditions central to UTAUT 
(Venkatesh et al., 2016). The barrier is therefore not farmer receptivity but 
institutional architecture that fails to sustain learning, lower risk, and recognise 
farmers as knowledge producers. 
 

B: Resource and Financial Constraints: The Scarcity 
Trap 
 

Even when knowledge exists, material constraints limit adoption. Farmers 
frequently cited difficulty securing sufficient feedstock amid deforestation, 
declining yields, and competing household needs.  It is important to recognise that 
these constraints are not solely socio-economic; they also reflect biophysical limits. 
The quantity of locally available biomass sets an upper bound on biochar 
production, meaning that farmers’ aspirations for abundant biochar can only be 
partially met through improved technology, social organisation, governance, or 
management. These biophysical constraints interact with livelihood factors, as 
biochar adoption is also intimately tied to farmers’ access to land, residues, labour, 
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and time, highlighting the interconnected roles of natural and financial capital in 
shaping adoption (SLF). This aligns with Pretty et al. (2011), who emphasise the 
need for integrated resource solutions for sustainable intensification. 

 
Fears of commercialisation and elite capture echo broader histories of exclusion, 

showing how structural inequities shape adoption. Farmers’ cautious optimism 
coexisted with fear, reflecting past experiences where externally introduced 
solutions became inaccessible and uniform scaling models often overlook 
contextual barriers such as socio-economic, cultural, and agroecological diversity 
(Natarajan et al., 2022; Musafiri et al., 2022). These emotional responses echo 
Jakimow’s (2022) affective dimensions of hope and fear of dependence and 
exclusion. 

Baccar et al. (2020) similarly highlight that in resource-constrained 
environments where water, soil fertility, and other inputs are limited, farmers’ 
perceptions of sustainability often diverge from externally defined frameworks. In 
such contexts, farmers focus on immediate economic survival and practical 
management of their own resources, rather than broader environmental or long-
term sustainability goals. This divergence shapes adoption behaviour, producing 
uneven uptake of innovations as farmers selectively engage with technologies that 
align with their immediate priorities and capacities.  

 
Comparative literature converges on similar institutional fault lines. In Kenya, 

households adapt incrementally but struggle to invest in higher-cost changes 
without institutional and financial scaffolding (Bryan et al., 2013). As Manlosa 
(2022) argues, livelihood sustainability hinges not just on resource access but on 
agency-centred systems that allow smallholders to adapt technologies without 
undermining survival priorities. 

 

C: Social and Generational Hurdles 
 

Barriers were not solely material. Gender norms and social expectations shaped 
who could benefit from biochar.  Women’s domestic responsibilities (as discussed 
in 6.2.C) often constrained their ability to adopt and integrate new technologies, 
even when they stood to gain from reduced smoke, faster cooking, and improved 
health (Doss et al., 2018; Williams et al., 2018). From an SLF lens, these constraints 
intersect social and human capital, shaping access to knowledge, labour, and 
decision-making power. While SLF does not explicitly foreground gender, 
integrating feminist critiques highlights how these capitals are mediated by 
gendered norms and roles. UTAUT complements this perspective by showing how 
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weak facilitating conditions, such as limited training, infrastructure, or supportive 
institutions, particularly constrain women’s adoption and effective use of biochar. 

 
Generational hierarchies also affected adoption. Younger farmers reported 

difficulty convincing elders of biochar’s value, reflecting Rogers’ (2003) emphasis 
on social influence and the need for peer validation in innovation uptake. Elders 
prioritised soil stability and survival (adaptive aspirations), whereas youth viewed 
biochar as a pathway to entrepreneurial opportunities (transformative aspirations) 
(Huijsmans et al., 2020). Without mechanisms to bridge these orientations, 
intergenerational differences risk stalling adoption. 
 

Overall, biochar adoption is not merely a technical choice but is constrained by 
interlinked knowledge, resource, and socially embedded processes shaped by 
norms, trust, and community structures. Barriers extend beyond technical feasibility 
to questions of who controls the technology, who benefits, and who bears the costs 
(Jakimow, 2022). SLF and UTAUT elucidate how structural constraints, limited 
facilitating conditions, and performance expectations shape adoption, while 
feminist and affective frameworks illuminate how these constraints are experienced 
emotionally and relationally. Adoption thus reflects constrained agency, with 
farmers actively negotiating opportunities and limitations, demonstrating 
incremental adaptation and ingenuity despite social and structural challenges. 
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7. CONCLUSION  

Biochar offers clear potential for sustainable agriculture and climate change 
mitigation among smallholder farmers in Kenya, with reported benefits including 
improved soil fertility, higher yields, reduced fertiliser costs, cleaner household 
energy, and lower pest pressure. Adoption, however, is influenced not only by 
technical performance but also by social, cultural, emotional and institutional 
realities, including gender norms, resource constraints, and access to training and 
support. 

 
Effective biochar adoption requires an integrated approach to bridge the gap 

between farmers, local stakeholders, research, and policy support; ensuring that 
biochar technologies are accessible, affordable, and adapted to local conditions. 
Farmers’ engagement and entrepreneurial interest in biochar can transform them 
from passive recipients to active co-producers, but success ultimately hinges on 
whether the technology aligns with farmers’ lived realities, not just scientific 
promise.  

By integrating technical, emotional, social, and institutional perspectives, 
biochar can move from fragile experimentation toward sustainable agricultural 
transformation, contributing to both local livelihoods and broader climate change 
mitigation goals. 

Policy Implications 
• Support participatory, farmer-led programs that integrate biochar into 

broader livelihood strategies, ensuring that adoption aligns with farmers’ 
existing agricultural and household priorities. 

 
• Provide sustained, gender-responsive extension services including training, 

workshops, and on-field demonstrations to strengthen farmers’ knowledge 
and maintain capacity even when technical support is limited. This ensures 
that acquired knowledge is effectively translated into practice. 

 
• Promote equitable access to feedstock, markets, and technology through 

community-based resource management, participatory allocation 
mechanisms, and farmer engagement in planning and oversight. This helps 
ensure transparency, fair benefit distribution, and safeguards against elite 
capture. In both public and private ventures, farmers organised through 
cooperatives, self-help groups, or commodity interest groups should have 
equal participation and decision-making rights in large-scale commercial 
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biochar production, ensuring that beneficiary communities remain fully 
included in resource management and that local priorities are respected. 

 
• Facilitate farmers’ entrepreneurial engagement in biochar production 

through small-scale cooperatives, self-help groups, or community-based 
production models supported with seed funding. This approach enables 
farmers to participate as co-producers while meeting local demand. 

 
• Technologies should be designed using context-sensitive and participatory 

approaches that consider farmers’ lived realities and gender norms. Such 
approaches should aim to reduce women’s labour burden and generate 
tangible benefits without reinforcing existing inequalities, thereby ensuring 
that biochar and cookstove innovations align with household and 
agricultural needs while empowering women. 

 

Future Research 
• Assess long-term socio-economic and environmental impacts of biochar 

adoption. 
• Future studies could include a broader cross-section of farmers, including 

non-beneficiaries and those hesitant to adopt Biochar, to provide a more 
balanced understanding of perceptions, barriers, and challenges.  

• Examine gendered dimensions of labour, decision-making, and resource 
access. 

• Explore co-created knowledge systems that merge scientific expertise with 
farmers’ experimentation. 

• Identify effective adoption and dissemination strategies tailored to diverse 
contexts. 

• Evaluate integrated models of farmer-led biochar production, training, and 
market access for sustainability and resilience. 

• Understanding the potential of biochar in crop protection.  

Limitations 
This study was subject to several limitations. One limitation was the language 

barrier, as participants spoke unfamiliar local dialects, although some farmers spoke 
English at a basic level. To address this, translators were employed during FGDs to 
assist communication and to reflect participants’ views as closely as possible. 
Nonetheless, some nuances or subtle meanings may not have been fully conveyed 
in translation. In addition, the study focused on biochar project beneficiaries and 
farmers interested in adopting the technology. While participants provided valuable 
insights into adoption barriers, their generally positive disposition toward biochar 
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may have led to a positive selection bias, potentially overrepresenting perceived 
benefits. As a result, the findings may not fully capture the perspectives of non-
participating or sceptical farmers. Furthermore, the findings are context-specific to 
smallholder farmers in Embu and Kwale counties. Caution should therefore be 
exercised when generalising these results to other regions. Nevertheless, they offer 
valuable insights that can inform similar initiatives elsewhere, provided local socio-
ecological and cultural contexts are taken into account. 



58 
 

References 

Ackermann, F., & Eden, C. (2001). SODA – Journey making and mapping in practice. In 
J. Rosenhead & J. Mingers (Eds.), Rational analysis for a problematic world 
revisited: Problem structuring methods for complexity (pp. 43–60). John Wiley & 
Sons. 

Alkharabsheh, H. M., Mwadalu, R., Mochoge, B., Danga, B., Raza, M. A., Seleiman, M. 
F., Khan, N., & Gitari, H. (2023). Revitalising the Biochemical Soil Properties of 
Degraded Coastal Soil Using Prosopis juliflora Biochar. Life, 13(10), 2098. 
https://doi.org/10.3390/life13102098 

Baccar, M., Bouaziz, A., Dugué, P., Gafsi, M., & Le Gal, P.-Y. (2020). Sustainability 
viewed from farmers’ perspectives in a resource-constrained environment. 
Sustainability, 12(20), 8671. https://doi.org/10.3390/su12208671 

Basso, A. S., Miguez, F. E., Laird, D. A., Horton, R., & Westgate, M. (2013). Assessing 
potential of biochar for increasing water-holding capacity of sandy soils. GCB 
Bioenergy, 5(2), 132–143. https://doi.org/10.1111/gcbb.12026 

Biederman, L. A., & Harpole, W. S. (2013). Biochar and its effects on plant productivity 
and nutrient cycling: A meta-analysis. GCB Bioenergy, 5(2), 202–214. 
https://doi.org/10.1111/gcbb.12037 

Biochar International. (2024). Co-designing sustainable biochar business models in Sub-
Saharan Africa. Retrieved from https://biochar.international/the-biochar-for-
sustainable-soils-b4ss-project/kenya/ 

Blanco-Canqui, H. (2017). Biochar and soil physical properties. Soil Science Society of 
America Journal, 81(4), 687–711. https://doi.org/10.2136/sssaj2017.01.0017 

Blumer, H. (1954). What is wrong with social theory? American Sociological Review, 
19(1), 3–10. https://doi.org/10.2307/2088165 

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative 
Research in Psychology, 3(2), 77–101. https://doi.org/10.1191/1478088706qp063oa 

Braun, V., & Clarke, V. (2019). Reflecting on reflexive thematic analysis. Qualitative 
Research in Sport, Exercise and Health, 11(4), 589–597. 
https://doi.org/10.1080/2159676X.2019.1628806 

Brinkmann, S., & Kvale, S. (2019). InterViews: Learning the craft of qualitative research 
interviewing (3rd ed.). Sage Research Methods. 
https://doi.org/10.4135/9781529716665 

Brtnicky, M., Datta, R., Holatko, J., Bielska, L., Gusiatin, Z. M., Kucerik, J., et al. (2021). 
A critical review of the possible adverse effects of biochar in the soil 
environment. Sci. Total Environ. 796:148756. doi: 10.1016/j.scitotenv.2021.148756 

Bryan, E., Deressa, T. T., Gbetibouo, G. A., & Ringler, C. (2009). Adaptation to climate 
change in Ethiopia and South Africa: Options and constraints. Environmental 
Science & Policy, 12(4), 413–426. https://doi.org/10.1016/j.envsci.2008.11.002 

https://doi.org/10.3390/life13102098
https://doi.org/10.3390/su12208671
https://doi.org/10.1111/gcbb.12026
https://doi.org/10.1111/gcbb.12037
https://biochar.international/the-biochar-for-sustainable-soils-b4ss-project/kenya/
https://biochar.international/the-biochar-for-sustainable-soils-b4ss-project/kenya/
https://doi.org/10.2136/sssaj2017.01.0017
https://doi.org/10.2307/2088165
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1080/2159676X.2019.1628806
https://doi.org/10.4135/9781529716665
https://doi.org/10.1016/j.envsci.2008.11.002


59 
 

Bryan, E., Ringler, C., Okoba, B., Roncoli, C., Silvestri, S., & Herrero, M. (2013). 
Adapting agriculture to climate change in Kenya: Household strategies and 
determinants. Journal of Environmental Management, 114, 26–35. 
https://doi.org/10.1016/j.jenvman.2012.10.036 

Bohnsack, R., Pfaff, N., & Weller, W. (2010). Qualitative analysis and documentary 
method in international educational research. Verlag Barbara Budrich. 

CBEN. (2024). Exploring biochar and sustainable agriculture: The C-Sink Manager 
Artisanal Study Tour. Circular Bionutrient Economy Network. 
https://www.cbenetworks.org/post/exploring-biochar-and-sustainable-agriculture-
the-c-sink-manager-artisanal-study-tour 

CIDP Embu (2023), Embu County Government. Embu County Integrated Development 
Plan 2023–2027. County Government of Embu. Retrieved from 
https://www.embuassembly.go.ke/mdocs-posts/embu-cidp-2023-2027-final/ 

CIDP Kwale (2023), Kwale County Government, Kwale County Integrated Development 
Plan 2023–2027. County Government of Kwale. https://kwale.go.ke/wp-
content/uploads/2024/11/KWALE-COUNTY-INTEGRATED-DEVELOPMENT-
PLAN-2023-2027.pdf 

Chambers, R., & Conway, G. (1992). Sustainable rural livelihoods: Practical concepts for 
the 21st century. IDS Discussion Paper 296. Institute of Development Studies. 
https://opendocs.ids.ac.uk/opendocs/handle/20.500.12413/775 

Clark, W. C., & Dickson, N. M. (2003). Sustainability science: The emerging research 
program. Proceedings of the National Academy of Sciences, 100(14), 8059–8061. 
https://doi.org/10.1073/pnas.1231333100 

Colclasure, B. C., Bose, E., Dempsey, J., & Ruth, T. K. (2024). A Midwest perspective on 
biochar integration in extension. Journal of Human Sciences and Extension, 12(2), 
5. https://doi.org/10.55533/2325-5226.1466 

Doss, C. R. (2001). Designing Agricultural Technology for African Women Farmers: 
Lessons from 25 Years of Experience. World Development, 29(12), 2075–2092. 

Doss, C., Meinzen-Dick, R., Quisumbing, A., & Theis, S. (2018). Women in agriculture: 
Four myths. Global Food Security, 16, 69–74. 
https://doi.org/10.1016/j.gfs.2017.10.001 

Dougill, A. J., Whitfield, S., Stringer, L. C., Vincent, K., Wood, B. T., Chinseu, E. L., 
Steward, P., & Mkwambisi, D. D. (2017). Mainstreaming conservation agriculture 
in Malawi: Knowledge gaps and institutional barriers. Journal of Environmental 
Management, 195, 25–34. https://doi.org/10.1016/j.jenvman.2016.09.076 

Elkington, J. (1997). Cannibals with forks – Triple bottom line of 21st century business. 
Stoney Creek, CT: New Society Publishers. 

Food and Agriculture Organisation (FAO). (2017). How to feed the world in 2050. Rome: 
FAO. 
http://www.fao.org/fileadmin/templates/wsfs/docs/expert_paper/How_to_Feed_the
_World_in_2050.pdf 

https://doi.org/10.1016/j.jenvman.2012.10.036
https://www.cbenetworks.org/post/exploring-biochar-and-sustainable-agriculture-the-c-sink-manager-artisanal-study-tour
https://www.cbenetworks.org/post/exploring-biochar-and-sustainable-agriculture-the-c-sink-manager-artisanal-study-tour
https://www.embuassembly.go.ke/mdocs-posts/embu-cidp-2023-2027-final/
https://kwale.go.ke/wp-content/uploads/2024/11/KWALE-COUNTY-INTEGRATED-DEVELOPMENT-PLAN-2023-2027.pdf
https://kwale.go.ke/wp-content/uploads/2024/11/KWALE-COUNTY-INTEGRATED-DEVELOPMENT-PLAN-2023-2027.pdf
https://kwale.go.ke/wp-content/uploads/2024/11/KWALE-COUNTY-INTEGRATED-DEVELOPMENT-PLAN-2023-2027.pdf
https://opendocs.ids.ac.uk/opendocs/handle/20.500.12413/775
https://doi.org/10.1073/pnas.1231333100
https://doi.org/10.55533/2325-5226.1466
https://doi.org/10.1016/j.gfs.2017.10.001
https://doi.org/10.1016/j.jenvman.2016.09.076
http://www.fao.org/fileadmin/templates/wsfs/docs/expert_paper/How_to_Feed_the_World_in_2050.pdf
http://www.fao.org/fileadmin/templates/wsfs/docs/expert_paper/How_to_Feed_the_World_in_2050.pdf


60 
 

FAO. The Future of Livestock in Kenya: Opportunities and Challenges in the Face of 
Uncertainty. Rome: Food and Agriculture Organisation of the United Nations, 2019. 
https://openknowledge.fao.org/items/3350f895-a35e-429a-b71a-9ad595c50f44  

Food and Agriculture Organisation (FAO). (2021). Kenya Country Programming 
Framework 2022–2026. Rome. https://openknowledge.fao.org/items/90fe68ed-
69cb-46df-b79b-98f15a65072f 

Foguesatto, C. R., Borges, J. A. R., & Machado, J. A. D. (2020). A review and reflections 
on farmers’ adoption of sustainable agricultural practices worldwide. Science of the 
Total Environment, 729, 138831. https://doi.org/10.1016/j.scitotenv.2020.138831 

García-López, G. A., et al. (2021). Potential of integrated agroforestry-bioenergy models 
to improve food and energy security in sub-Saharan Africa. Agronomy for 
Sustainable Development, 41, 31. https://doi.org/10.1007/s13593-021-00690-0 

Gitau, K. J.; Sundberg, C.; Mendum, R.; Mutune, J.; Njenga, M. Use of Biochar-Producing 
Gasifier Cookstove Improves Energy Use Efficiency and Indoor Air Quality in Rural 
Households. Energies. 2019 https://doi.org/10.3390/en12224285 

Gitau, K. J.; Mutune, J.; Sundberg, C.; Mendum, R.; Njenga, M. Factors Influencing the 
Adoption of Biochar-Producing Gasifier Cookstoves by Households in Rural Kenya. 
Energy Sustain. Dev. 2019, 52, 63–71 https://doi.org/10.1016/J.ESD.2019.07.006 

Gitau, J.K., Mutune, J., Sundberg, C., Mendum, R., Njenga, M. 2019. Implications on 
Livelihoods and the Environment of Uptake of Gasifier Cook Stoves among Kenya’s 
Rural Households. Applied Sciences. 9, 1205 https://doi.org/10.3390/app9061205 

Gitau, J. K., Sundberg, C., Mendum, R., & Njenga, M. (2025). Comparative Assessment 
of Gasifier Cookstove Performance on Smallholder Farms in Three Regions in 
Kenya. Sustainability, 17(13), 5872. https://doi.org/10.3390/su17135872 

Gonzaga, M. I. S., Mackowiak, C., Almeida, A. Q. de, Carvalho Junior, J. I. T. de, & 
Andrade, K. R. (2018). Positive and negative effects of biochar from coconut husks, 
orange bagasse and pine wood chips on maize (Zea mays L.) growth and nutrition. 
Catena, 165, 201–209. https://doi.org/10.1016/j.catena.2017.10.018 

Goswami, R., Dasgupta, P., Saha, S., Venkatapuram, P., & Nandi, S. (2017). Resource 
integration in smallholder farms for sustainable livelihoods in developing countries. 
Cogent Food & Agriculture, 2(1), 1272151. 
https://doi.org/10.1080/23311932.2016.1272151 

Gul, S., Whalen, J.K., Thomas, B.W., Sachdeva, V., & Deng, H. (2015). Physico-chemical 
properties and microbial responses in biochar-amended soils: Mechanisms and 
future directions. Agriculture, Ecosystems & Environment, 206, 46–59. 
https://doi.org/10.1016/j.agee.2015.03.015 

Gwenzi, W., Chaukura, N., Mukome, F. N., Machado, S., & Nyamasoka, B. (2015). 
Biochar production and applications in sub-Saharan Africa: Opportunities, 
constraints, risks and uncertainties. Journal of Environmental Management, 150, 
250–261. https://doi.org/10.1016/j.jenvman.2014.11.027 

Haider, F. U., Khan, I., Farooq, M., Cai, L., and Li, Y. (2024). Co-application of biochar 
and plant growth regulators improves maize growth and decreases cd accumulation 

https://doi.org/10.1007/s13593-021-00690-0
https://doi.org/10.3390/en12224285
https://doi.org/10.1016/J.ESD.2019.07.006
https://doi.org/10.3390/app9061205
https://doi.org/10.3390/su17135872
https://doi.org/10.1016/j.catena.2017.10.018
https://doi.org/10.1080/23311932.2016.1272151
https://doi.org/10.1016/j.jenvman.2014.11.027


61 
 

in cadmium-contaminated soil. J. Clean. Prod. 440:140515. doi: 
10.1016/j.jclepro.2023.140515 

Hsieh, H.-F., & Shannon, S. E. (2005). Three approaches to qualitative content analysis. 
Qualitative Health Research, 15(9), 1277–1288. 
https://doi.org/10.1177/1049732305276687 

Hou, D. (2016). Divergence in stakeholder perception of sustainable remediation. Sustain 
Sci, 11, 215–230. https://doi.org/10.1007/s11625-015-0346-0 

Huijsmans, R., Ansell, N., & Froerer, P. (2020). Introduction: Development, young people, 
and the social production of aspirations. European Journal of Development 
Research, 33(4), 789–803. https://doi.org/10.1057/s41287-020-00337-1 

Ibe, K. K., & Kollur, S. P. (2024). Challenges towards the adoption and use of sustainable 
cooking methods: A comprehensive review. Sustainable Environment, 10(1). 
https://doi.org/10.1080/27658511.2024.2362509 

Ikwunagu, E. A., Ononuju, C. C., & Orikara, C. C. (2019). Nematicidal effects of different 
biochar sources on root-knot nematode (Meloidogyne spp.) egg hatchability and 
control on mungbean (Vigna radiata (L.) Wilczek). International Journal of 
Entomology and Nematology Research, 4(2), 1–14. 

Jakimow, T. (2022). Understanding power in development studies through emotion and 
affect: Promising lines of enquiry. Third World Quarterly, 43(3), 513–524. 
https://doi.org/10.1080/01436597.2022.2039065 

Jeffery, S., et al. (2017). Biochar boosts tropical but not temperate crop yields. 
Environmental Research Letters, 12(5), 053001. https://doi.org/10.1088/1748-
9326/aa67bd 

Kätterer, T., Roobroeck, D., Andrén, O., Kimutai, G., Karltun, E., Kirchmann, H., Nyberg, 
G., Vanlauwe, B., & Röing de Nowina, K. (2019). Biochar addition persistently 
increased soil fertility and yields in maize–soybean rotations over 10 years in sub-
humid regions of Kenya. Field Crops Research, 235, 18–26. 
https://doi.org/10.1016/j.fcr.2019.02.015 

Kätterer, T., Roobroeck, D., Kimutai, G., Karltun, E., Nyberg, G., Sundberg, C., & Röing 
de Nowina, K. (2022). Maize grain yield responses to realistic biochar application 
rates on smallholder farms in Kenya. Agronomy for Sustainable Development, 42, 
63. https://doi.org/10.1007/s13593-022-00793-5 

Kenya Agricultural and Livestock Research Organisation (KALRO). (2022). Annual 
Agricultural Statistics Bulletin. Nairobi. https://www.kalro.org 

Kenya Climate Directory. (2020). Ogutu, C., Kitheka, E., & Oduor, N. Energy in woody 
biomass: And the industries that are using it. Retrieved from 
https://kenyaclimatedirectory.org/resources/673cbf9b2de3b 

Kenya Medical Research Institute. (2023, July 12). Leading indoor pollution agenda. 
Kenya Medical Research Institute. https://www.kemri.go.ke/leading-indoor-
pollution-agenda/ 

Kenya Meteorological Department. (2024). State of the Climate Kenya – 2023. Retrieved 
from https://meteo.go.ke 

https://doi.org/10.1007/s11625-015-0346-0
https://doi.org/10.1057/s41287-020-00337-1
https://doi.org/10.1080/27658511.2024.2362509
https://doi.org/10.1080/01436597.2022.2039065
https://doi.org/10.1088/1748-9326/aa67bd
https://doi.org/10.1088/1748-9326/aa67bd
https://doi.org/10.1016/j.fcr.2019.02.015
https://doi.org/10.1007/s13593-022-00793-5
https://www.kalro.org/
https://kenyaclimatedirectory.org/resources/673cbf9b2de3b
https://meteo.go.ke/


62 
 

KNBS-Kenya National Bureau of Statistics (2022). Economic Survey 2022. Nairobi. 
https://www.knbs.or.ke 

Kyalo, A. M., Mogaka, H., Kirimi, F. K., Kizito, K., Ndirangu, S. N., Onyari, C. N., 
Muriithi, L., Elvin, O. N., Mutungi, S. K., Kiprotich, S., Njiru, M. M., & Kamau, E. 
A. (2025). Exploring socio-economic characteristics on adoption intensity of biochar 
among farming households in sub-humid regions of Western Kenya. Journal of 
Global Innovations in Agricultural Sciences, 13(2), 549–560. 
https://doi.org/10.22194/JGIAS/25.1608 

Lagerhammar, A., Sandgren, N., & Sundberg, C. (2024). Long-term viability of biochar-
producing gasifier stoves for energy and agricultural solutions in rural Kenya. 
Energy for Sustainable Development, 81(0973-0826), 
101490. https://doi.org/10.1016/j.esd.2024.101490 

Leach, M., Scoones, I., & Stirling, A. (2010). Dynamic sustainabilities: Technology, 
environment, social justice. Earthscan. https://doi.org/10.4324/9781849775069 

Leach, Melissa, Raworth, Kate, & Rockström, Johan. (2013). Planetary boundaries: A safe 
operating space for humanity. Nature, 461(7263), 472–475. 
https://doi.org/10.1038/461472a 

Lehmann, J, & Joseph, S. (2015). Biochar for environmental management: Science, 
technology and implementation. Routledge. 
https://doi.org/10.4324/9780203762264 

Lehmann, J., Rillig, M. C., Thies, J., Masiello, C. A., Hockaday, W. C., & Crowley, D. 
(2011). Biochar effects on soil biota – A review. Soil Biology and Biochemistry, 
43(9), 1812–1836.  https://doi.org/10.1016/j.soilbio.2011.04.022 

Mafongoya, P., Gubba, A., Moodley, V., Chapoto, D., Kisten, L., & Phophi, M. (2019). 
Climate change and rapidly evolving pests and diseases in Southern Africa. In E. T. 
Ayuk & N. F. Unuigbe (Eds.), New Frontiers in Natural Resources Management in 
Africa (pp. 41–57). Springer. https://doi.org/10.1007/978-3-030-11857-0_4 

Major, J., Rondon, M., Molina, D. et al. Maize yield and nutrition during 4 years after 
biochar application to a Colombian savanna oxisol. Plant Soil 333, 117–128 (2010). 
https://doi.org/10.1007/s11104-010-0327-0  

Manlosa, A. O. (2022). Operationalizing agency in livelihoods research: Smallholder 
farming livelihoods in southwest Ethiopia. Ecology and Society, 27(1), 11. 
https://doi.org/10.5751/ES-12887-270111 

Mahmoud, Y., Gitau, J. K., Karltun, E., Kätterer, T., Kimutai, G., Njenga, M., Nyberg, G., 
Röing de Nowina, K., Roobroeck, D., & Sundberg, C. (2019). Biochar production 
and application in small-scale farming in Kenya: Yield increases and local 
perceptions [Conference abstract]. Agricultural Research for Development 
Conference, Uppsala, Sweden. Retrieved from 
https://lup.lub.lu.se/record/ad144337-b4f6-4cb4-bd94-10a59208162b 

Mahmoud, Y., Njenga, M., & Sundberg, C. (2021). Soils, sinks, and smallholder farmers: 
Examining the benefits of biochar energy transitions in Kenya. Energy Research & 
Social Science, 75, 102033. https://doi.org/10.1016/j.erss.2021.102033 

https://www.knbs.or.ke/
https://doi.org/10.22194/JGIAS/25.1608
https://doi.org/10.1016/j.esd.2024.101490
https://doi.org/10.4324/9781849775069
https://doi.org/10.1038/461472a
https://doi.org/10.4324/9780203762264
https://doi.org/10.1016/j.soilbio.2011.04.022
https://doi.org/10.1007/978-3-030-11857-0_4
https://doi.org/10.5751/ES-12887-270111
https://lup.lub.lu.se/record/ad144337-b4f6-4cb4-bd94-10a59208162b
https://doi.org/10.1016/j.erss.2021.102033


63 
 

Mashamaite, C.V., Motsi, H., Manyevere, A., & Poswa, S.B. (2024). Assessing the 
potential of biochar as a viable alternative to synthetic fertilizers in Sub-Saharan 
Africa smallholder farming: A review. Agronomy, 14(6), 1215. 
https://doi.org/10.3390/agronomy14061215 

Masud, M. M., Azam, M. N., Mohiuddin, M., Banna, H., Akhtar, R., Ferdous Alam, A. S. 
A., & Begum, H. (2017). Adaptation barriers and strategies towards climate change: 
Challenges in the agricultural sector. Journal of Cleaner Production, 156, 698-706. 
https://doi.org/10.1016/j.jclepro.2017.04.060Get rights and content 

Ministry of Energy & Clean Cooking Association of Kenya. MoE-CCAK (2019). Kenya 
bioenergy strategy 2020–2027 (based on 2019 clean cooking study). Government 
of Kenya. 
https://www.energy.go.ke/sites/default/files/KAWI/Other%20Downloads/Bioenerg
y-strategy-final-16112020sm.pdf 

Mtambanengwe, F., Mapfumo, P., Chikowo, R., & Chamboko, T. (2012). Climate change 
and variability: Smallholder farming communities in Zimbabwe portray a varied 
understanding. African Crop Science Journal, 20(4), 643–656. 

Müller, S., Backhaus, N., Nagabovanalli, P. et al. A social-ecological system evaluation 
to implement sustainably a biochar system in South India. Agron. Sustain. Dev. 39, 
43 https://doi.org/10.1007/s13593-019-0586-y 

Musafiri, C., Kiboi, M., Macharia, J., Ngetich, F. K., et al. (2022). Smallholders’ adaptation 
to climate change in Western Kenya: Considering socioeconomic, institutional and 
biophysical determinants. Environmental Challenges, 7(7), 100489. 
https://doi.org/10.1016/j.envc.2022.100489 

Nguyen, L. L. H., Khuu, D. T., Halibas, A., & Nguyen, T. Q. (2023). Factors that influence 
the intention of smallholder rice farmers to adopt cleaner production practices: An 
empirical study of precision agriculture adoption. Evaluation Review, 48(4), 692–
735. https://doi.org/10.1177/0193841X231200775 

Njenga M, Iiyama M, Jamnadass R, Helander H, Larsson L, de Leeuw J, Neufeldt H, Roing 
de Nowina K, Sundberg C. (2016). Gasifier as a cleaner cooking system in rural 
Kenya. Journal of Cleaner Production. 121, 208-
217. https://doi.org/10.1016/j.jclepro.2016.01.039 

Njenga, M, Mahmoud, Y, Mendum, R, Iiyama, M, Jamnadass, R, Roing de Nowina K, 
Sundberg, C. (2017). Quality of charcoal produced using micro gasification and how 
the new cook stove works in rural Kenya. Environmental Research Letters. 
12(9),095001 https://doi.org/10.1088/1748-9326/aa7499 

Nkala, P., Mango, N., & Zikhali, P. (2011). Conservation agriculture and livelihoods of 
smallholder farmers in central Mozambique. Journal of Sustainable Agriculture, 
35(7), 757–779. https://doi.org/10.1080/10440046.2011.606492 

Natarajan, N., Newsham, A. J., Rigg, J., & Suhardiman, D. (2022). A sustainable 
livelihoods framework for the 21st century. World Development, 155(4), 105898. 
https://doi.org/10.1016/j.worlddev.2022.105898 

https://doi.org/10.3390/agronomy14061215
https://doi.org/10.1016/j.jclepro.2017.04.060
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S0959652617307680&orderBeanReset=true
https://doi.org/10.1016/j.envc.2022.100489
https://doi.org/10.1177/0193841X231200775
https://doi.org/10.1016/j.jclepro.2016.01.039
https://doi.org/10.1088/1748-9326/aa7499
https://doi.org/10.1080/10440046.2011.606492
https://doi.org/10.1016/j.worlddev.2022.105898


64 
 

Omulo, G. (2020). Biochar potential in improving agricultural production in East Africa. 
In Applications of Biochar for Environmental Safety, Intech Open: ResearchGate.  

Ostrom, Elinor. (2009). A general framework for analyzing the sustainability of social-
ecological systems. Science, 325(5939), 419–422. 
https://doi.org/10.1126/science.1172133 

Patel, Ravindra, & Panwar, N. L. (2023). Biochar: A sustainable approach for climate 
change mitigation and soil fertility enhancement. Renewable and Sustainable 
Energy Reviews, 152, 111678. https://doi.org/10.1016/j.rser.2021.111678 

Pretty, Jules, Toulmin, Camilla, & Williams, Stella. (2011). Sustainable intensification in 
African agriculture. International Journal of Agricultural Sustainability, 9(1), 5–24. 
https://doi.org/10.3763/ijas.2010.0583 

Rajkovich, S., Enders, A., Hanley, K., Hyland, C., Zimmerman, A. R., and Lehmann, J. 
(2012). Corn growth and nitrogen nutrition after additions of biochars with varying 
properties to a temperate soil. Biol. Fertil. Soils 48, 271–284. doi: 10.1007/s00374-
011-0624-7 

Poveda, J., Martínez-Gómez, Á., Fenoll, C., & Escobar, C. (2021). The use of biochar for 
plant pathogen control. Phytopathology®, 111(11), 2003–2016. 
https://doi.org/10.1094/PHYTO-06-20-0248-RVW 

Rogers, E. M. (2003). Diffusion of Innovations (5th ed.). New York: Free Press. 
Roobroeck, D., Hood-Nowotny, R., Nakubulwa, D., Tumuhairwe, J.-B., Mwanjalolo, M. 

J. G., Ndawula, I., & Vanlauwe, B. (2019). Biophysical potential of crop residues 
for biochar carbon sequestration, and co-benefits, in Uganda. Ecological 
Applications, 29(8), e01984. https://doi.org/10.1002/eap.1984 

Sachs, J. D. (2012). From Millennium Development Goals to Sustainable Development 
Goals. The Lancet, 379(9832), 2206–2211. https://doi.org/10.1016/S0140-
6736(12)60685-0 

Schmidt HP, Taylor P (2014): Kon-Tiki flame cap pyrolysis for the democratization of 
biochar production, the Biochar-Journal 2014, Arbaz, Switzerland, pp 14 -24, 
www.biochar-journal.org/en/ct/39.  

Scoones, I. (2009). Livelihoods perspectives and rural development. The Journal of 
Peasant Studies, 36(1), 171–196. https://doi.org/10.1080/03066150902820503 

Serdeczny, Olivia, et al. (2017). Climate change impacts in Sub-Saharan Africa: From 
physical changes to their social repercussions. Regional Environmental Change, 
17(6), 1585–1600. https://doi.org/10.1007/s10113-015-0910-2 

Siddiqui, S. (2025). Unlocking the environmental potential of biochar: production, 
applications, and limitations. Frontiers in Sustainable Food Systems, 9, Article 
1569941. https://doi.org/10.3389/fsufs.2025.1569941 

Singh, N. (2013). The affective labour of growing forests and the becoming of 
environmental subjects: Rethinking environmentality in Odisha, India. Geoforum, 
47, 189–198. https://doi.org/10.1016/j.geoforum.2013.01.010 

https://doi.org/10.1126/science.1172133
https://doi.org/10.1016/j.rser.2021.111678
https://doi.org/10.3763/ijas.2010.0583
https://doi.org/10.1094/PHYTO-06-20-0248-RVW
https://doi.org/10.1002/eap.1984
https://doi.org/10.1016/S0140-6736(12)60685-0
https://doi.org/10.1016/S0140-6736(12)60685-0
https://doi.org/10.1080/03066150902820503
https://doi.org/10.1007/s10113-015-0910-2
https://doi.org/10.3389/fsufs.2025.1569941


65 
 

Steffen, Will, et al. (2015). Planetary boundaries: Guiding human development on a 
changing planet. Science, 347(6223), 1259855. 
https://doi.org/10.1126/science.1259855 

Stock, P., & Burton, R. J. F. (2011). Defining terms for integrated (multi–inter–trans–
disciplinary) sustainability research. Sustainability, 3(8), 1090–1113. 
https://doi.org/10.3390/su3081090 

Sundberg, C., Karltun, E., Gitau, J. K., Kätterer, T., Kimutai, G. M., Mahmoud, Y., Njenga, 
M., Nyberg, G., Roing de Nowina, K., Roobroeck, D., & Sieber, P. (2020). Biochar 
from cookstoves reduces greenhouse gas emissions from smallholder farms in 
Africa. Mitigation and Adaptation Strategies for Global Change, 25(6), 953–967. 
https://doi.org/10.1007/s11027-020-09920-7 

Sundberg, C., & Azzi, E. S. (2024). Biochar sustainability. In J. Lehmann & S. Joseph 
(Eds.), Biochar for Environmental Management: Science, Technology and 
Implementation (3rd ed., pp. 785–804). Routledge. 
https://doi.org/10.4324/9781003297673-31 

Suri, H. (2011). Purposeful sampling in qualitative research synthesis. Qualitative 
Research Journal, 11(2), 63–75. https://doi.org/10.3316/QRJ1102063 

The Global Alliance for Clean Cookstoves, 2018. Kenya. [Online]  Available at: 
http://cleancookstoves.org/country-profiles/focus-countries/4-kenya.html 

United Nations. (2015). Transforming our world: The 2030 Agenda for Sustainable  
           Development. https://sdgs.un.org/2030agenda  
Van Dijk, M., Meijerink, G., & Kuiper, M. (2021 A meta-analysis of projected global 

food demand and population at risk of hunger for the period 2010–2050. Nature 
Food 2, pages 494–501. https://doi.org/10.1038/s43016-021-00322-9 

Venkatesh, V., Thong, J. Y. L., & Xu, X. (2016). Unified theory of acceptance and use of 
technology: A synthesis and the road ahead. Journal of the Association for 
Information Systems, 17(5), 328–376. https://doi.org/10.17705/1jais.00428 

Williams, P. A., Crespo, O., Abu, M., & Simpson, N. P. (2018). A systematic review of 
how vulnerability of smallholder agricultural systems to changing climate is 
assessed in Africa. Environmental Research Letters, 13(10), 103001. 
https://doi.org/10.1088/1748-9326/aae026 

WCED. (1987). Our common future. World Commission on Environment and 
Development. Oxford University Press. 

Weeks, K. (2007). Life within and against work: Affective labor, feminist critique, and 
post-Fordist politics. Ephemera: Theory & Politics in Organization, 7(1), 233–249. 

Woolf, Dominic, et al. (2016). Sustainable biochar to mitigate global climate change. 
Nature Communications, 1, 56. https://doi.org/10.1038/ncomms1053 

World Bank. (2023). Kenya Economic Update, June 2023: Policy Options for Job 
Creation. Washington, DC. 
https://openknowledge.worldbank.org/entities/publication/2bb75e31-86fb-4806-
bac5-df72d5613258 

https://doi.org/10.1126/science.1259855
https://doi.org/10.3390/su3081090
https://doi.org/10.1007/s11027-020-09920-7
https://doi.org/10.4324/9781003297673-31
https://doi.org/10.3316/QRJ1102063
https://sdgs.un.org/2030agenda
https://doi.org/10.17705/1jais.00428
https://doi.org/10.1088/1748-9326/aae026
https://doi.org/10.1038/ncomms1053
https://openknowledge.worldbank.org/entities/publication/2bb75e31-86fb-4806-bac5-df72d5613258
https://openknowledge.worldbank.org/entities/publication/2bb75e31-86fb-4806-bac5-df72d5613258


66 
 

Acknowledgements 

I am deeply grateful to the farmers of Embu and Kwale counties, Kenya, whose time, 
insights, and experiences formed the foundation of this research. 
I sincerely thank my supervisor, Cecilia Sundberg, and my co-supervisors, Gwendolyn Varley 
and Claudia Bieling, for their guidance, support, and invaluable feedback throughout this 
journey. I also extend my gratitude to Pernilla Tidåker, my examiner, for her thoughtful 
evaluation and to Emily Ehgartner, my student opponent, for her constructive comments. 
I  express my sincere gratitude to Erik Karltun and Geoffrey Kimutai for the continuous support 
during the field work. and to the translators, Francis Nfwiga and Abdalla Jeza, for their 
assistance in facilitating fieldwork and ensuring smooth communication with the communities.  
Special thanks to Henrik Johansson, Invio Lusweti, Lisa Zakrission and the entire  BICEPS 
team for their encouragement.  I also acknowledge the BICEPS project at SLU for providing 
the platform and resources for this study. Finally, I extend my gratitude to all key informant 
interview respondents for generously sharing their time and perspectives, which enriched this 
research. 
 
To all of you, your contributions have made this thesis possible, and I am profoundly grateful. 



67 
 

Popular science summary 

Smallholder farmers in Kenya face multiple challenges, including declining soil 
fertility, unpredictable rainfall, and dependence on biomass fuels. These challenges 
threaten both their livelihoods and food security. Biochar, a carbon-rich material 
produced from agricultural residues, has been promoted as a climate-smart solution 
to improve soil fertility, water retention, and crop yields. However, its adoption 
among smallholder farmers has been limited. 

 
This study explored how farmers in Embu and Kwale counties understand 

sustainability, perceive biochar, and navigate barriers to adoption. Using interviews 
and focus group discussions, the research highlighted that farmers value biochar 
not only for its practical benefits in farming but also as a tool that enhances their 
sense of control, resilience, and hope in fragile agricultural systems. Farmers 
experimented with biochar in various ways, such as using it to improve soil fertility, 
repel pests, or even as an incubator for poultry, showing creativity and agency in 
adapting the technology to their needs. 

 
The study also found that adoption is shaped by structural, social and emotional 

factors. Peer learning, community narratives, and visible results encouraged use, 
while past intervention failures, lack of access to knowledge,  fears of exclusion, 
and rising costs limited the engagement. Gender roles also influenced how biochar 
was used, particularly linking women to domestic applications like cleaner cooking. 

 
Overall, the findings emphasise that promoting biochar requires more than 

technical feasibility; it needs sustained, farmer-centred support, participatory 
approaches, and the empowerment of farmers through knowledge, while also 
considering social, cultural, and emotional dimensions. By understanding farmers’ 
perspectives, this research contributes to strategies that can make biochar a 
meaningful and sustainable solution for smallholder agriculture in Kenya. 

 



68 
 

Appendix 1 Questionnaire Focus Group 
Discussion 

1. What does Sustainability/ “uendelevu” (equivalent to sustainability in 
Swahili ) mean to you?  

2. What are the sustainability challenges you face in your daily life? 
 
3. Does biochar address any of these challenges you mentioned above?” How 

does it help? Any other challenges you want to add?  
 

4. Does biochar address these challenges you mentioned above? Where do 
you think biochar helps address these needs? How? 

 
5. Where do you think biochar fits best for your needs, agriculture and energy 

source (if it does)? Which one, or both?  Why agriculture/energy and why 
not ?” 

 
6. What are the benefits of Biochar in Agriculture that you have observed?. 

(This question was added in the field as biocar use in agriculture became 
central to the discussion.)  

 
7. Would you like to continue using a Biochar? Why and why not? What are 

the challenges in adopting biochar (if any)? 
 

8. What kind of support (financial, technical, policy, incentives) would help in 
adopting biochar? 

 
9. Follow-up: “Would you be willing to use biochar if this support were 

provided? 
 

10. Do you have any feedback or suggestions? Did we miss anything that you wanted 
to share?  
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Appendix 2: Questionnaire Key Informants 
Interview 

1. From your perspective, what are the key sustainability issues that are faced 

in your community today? 

2. What sustainability aspects do local stakeholders prioritise, and what else 

beyond farming? 

3. What challenges do you encounter in promoting or implementing 

sustainability initiatives? Example?  

4. How do you engage with other stakeholders (e.g., government, community 

groups) on sustainability issues? 

5. What policies or strategies have been most effective in advancing 

sustainability in your sector? 

6. How do economic, social, and cultural factors influence sustainability 

decision-making in your role? 

7. What opportunities exist for improving sustainability outcomes at the local 

level? 

8. Are you aware of Biochar, and what’s your experience with Biochar?  

9. Can Biochar address any sustainability issues that you have mentioned?  

10. Where does biochar fit within broader local sustainability concerns? 

11. What kind of support would help in increasing biochar adoption? 

12. What recommendations do you have to address sustainability practices? 

13. Is there anything else you’d like to add? 
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