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ABSTRACT 

	Aims: To examine the relationships among key determinants of circular economy adoption and their collective influence on sustainable solid waste management in Garissa Township. The study further aims to validate the effectiveness of these factors as reliable indicators for identifying opportunities and challenges in mainstreaming circular economy approaches within the township’s waste management system.
Study design:  Descriptive research design with a mixed-methods approach
Place and Duration of Study: The study was conducted in Garissa Township, Kenya, specifically across the four administrative wards of Iftin, Township, Galbet, and Waberi. Data collection was carried out among households, private solid waste collectors, and officials from the Department of Environment and Waste Management. The fieldwork took place over a six-month period, between.
Methodology: The study included a total of 330 respondents from the four wards, comprising household heads aged 18 years and above, county waste management officials, and registered private waste collectors. Individuals below 18 years, non-residents, and those not directly involved in waste management were excluded.
Results: Among the respondents, most households were female-headed (60.3%) with low education levels (28.9% no formal education), while private waste collectors were entirely male, aged 31–40 years (75%) and tertiary-educated (100%). Findings indicate that technology enhances recycling efficiency (50%), safety (25%), and cost reduction (25%), yet adoption remains below 20% due to financial and technical constraints. Key gaps include 49.8% of households without dustbins, 40% of routes impassable, and one landfill for ~80,000 residents. Opportunities exist in employment (4.06), health (4.68), and cost reduction (4.01), while challenges are inadequate infrastructure (4.42), limited funding (4.35), and weak policy enforcement (2.18).
Conclusion: Garissa Township’s solid waste management shows potential for circular economy adoption, with technology and community engagement offering opportunities, but infrastructural gaps, financial constraints, and weak policies remain significant barriers.
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1. INTRODUCTION 

Circular economy approaches have increasingly gained attention as viable pathways to sustainable development by promoting efficient resource utilization and minimizing waste generation. A circular economy refers to a system where products, materials, and resources are reused, repaired, remanufactured, and recycled to extend their lifecycle and extract maximum value before final disposal (Awino & Apitz, 2024). In contrast to the traditional linear model, which follows a “take–make–dispose” sequence characterized by resource extraction, production, consumption, and disposal (Pasynkova, 2018), the circular economy aims to eliminate waste and pollution by keeping resources in use for as long as possible. This approach decouples economic growth from environmental degradation and fosters long-term sustainability by regenerating natural systems rather than depleting them.

Globally, the transition toward circular economic systems is seen as essential to addressing the twin challenges of resource depletion and climate change. Finland, for instance, has become a global leader by integrating circular economy principles into its national development agenda and industrial systems, using innovation and technology to achieve efficiency in resource use (Pasynkova, 2018). Similarly, European countries such as Denmark and the Netherlands have implemented advanced recycling and recovery systems that minimize landfill use and maximize material value retention (Goswami et al., 2024). However, despite these successes, many countries, particularly in the developing world, continue to rely heavily on landfilling and open dumping as the main methods of waste disposal. In Kenya, landfill disposal remains the dominant practice largely because it is perceived as cheaper and less technically demanding than recycling or reuse (Oguge, 2019). This reliance underscores the disparity between global aspirations for circularity and the practical realities of entrenched linear waste management systems in many developing nations.

Solid waste management continues to pose major challenges in developing countries due to rapid urbanization and population growth. The expansion of urban settlements increases the volume of solid waste generated while straining municipal capacities for effective management. Limited financial resources, inadequate infrastructure, and a lack of technical expertise often result in uncontrolled dumping, which contributes to air, soil, and water pollution, as well as public health risks. According to Oguge (2019), many town councils in Kenya operate with insufficient budgets and outdated waste management systems, leading to the proliferation of unplanned dumpsites and “mountains” of unmanaged garbage. This situation calls for innovative, cost-effective, and environmentally sound strategies capable of addressing waste management challenges sustainably. The adoption of circular economy principles can play a transformative role in this regard by promoting waste reduction, resource recovery, and economic efficiency (Mule, 2013).

Garissa Township in northeastern Kenya exemplifies these challenges. With a population of approximately 116,953 in 2009 (Kenya National Bureau of Statistics, 2019), which is projected to have doubled by 2019 due to rapid urban growth and business expansion, the township has experienced a significant increase in waste generation. However, waste management infrastructure and institutional capacity have not kept pace with this growth. The municipality operates under financial constraints, with inadequate waste collection equipment, poor road networks, and limited technical expertise. As a result, waste is often left uncollected, accumulating in open spaces, drainage systems, and roadsides, leading to environmental degradation and heightened risks of disease outbreaks (Bassi, Gupta & Chaturvedi, 2023). The continued reliance on linear waste management systems has proven unsustainable both economically and environmentally (Mule, 2013).

Although circular economy strategies have been successfully implemented in many developed countries, their application in Kenya remains limited to major cities such as Nairobi, where recycling activities are more organized and private sector participation is more pronounced (Kituku, 2020). Smaller municipalities like Garissa lack the necessary infrastructure, policy frameworks, and institutional support to facilitate the transition to circular waste management systems. The absence of empirical research on circular economy practices in Garissa further hinders evidence-based policy development and innovation. Consequently, municipal authorities continue to face escalating waste management costs and environmental pressures, while missing out on the economic opportunities associated with recycling and resource recovery.

To address these challenges, this study proposes the mainstreaming of circular economy approaches into Garissa Township’s solid waste management system. By encouraging resource recovery, recycling, and reuse, circular economy principles can reduce environmental pollution, conserve resources, and create employment opportunities (Kituku 2020: Mule 2013) The study emphasizes the importance of collaboration among municipal authorities, private sector actors, and local communities to build the necessary infrastructure, establish supportive policy frameworks, and develop market incentives for sustainable waste management.

Existing literature highlights the importance of integrating circular economy practices into national and local waste management systems to achieve sustainability. Atuga & Nyakeya (2024) observed that countries that successfully implement circular models often integrate the “reduce, reuse, and recycle” hierarchy into policy and practice. In Kenya, Mule (2013) and Oguge (2019) note that the dominance of linear systems stems from weak enforcement of regulations, low public awareness, and inadequate investment in recycling infrastructure. Nonetheless, emerging research (Pasynkova, 2018) indicates that developing countries can harness circular economy principles through localized recycling initiatives, extended producer responsibility schemes, and green entrepreneurship.

The scope of this study focuses on municipal solid waste in Garissa Township, excluding industrial and hazardous waste. Its justification lies in the need to fill the knowledge gap regarding the feasibility of adopting circular economy practices in smaller urban centers in Kenya. By examining the challenges and opportunities of mainstreaming circular approaches, the study seeks to generate insights that can guide policymakers, investors, and environmental planners in designing practical, context-specific interventions. Ultimately, the research contributes to Kenya’s broader sustainable development agenda by aligning local waste management practices with the global Sustainable Development Goals (SDGs), particularly SDG 11 on Sustainable Cities and Communities and SDG 12 on Responsible Consumption and Production.

2. methodologY

2.1 STUDY AREA 
This study was conducted in Garissa Township, located in Garissa County in Kenya’s former North Eastern Province. The township covers approximately 2,538.5 km² and lies between latitude 0°58’N and 0°2’S and longitude 38°34’E. It serves as the administrative and commercial center of the county, comprising the main wards of Township, Waberi, Galbet, and Iftin, with a population of about 116,953 people as per the 2009 Kenya National Bureau of Statistics census. The area is characterized by low-lying terrain, elevations ranging from 70 to 400 meters above sea level, and a semi-arid climate with low and erratic rainfall averaging between 236 mm and 342 mm annually.

2.2 RESEARCH DESIGN

The study employed a descriptive research design to provide a comprehensive cross-sectional assessment of solid waste management practices in Garissa Township. By integrating quantitative and qualitative approaches, the research captured both measurable data and in-depth insights from households, private waste collectors, and municipal stakeholders to ensure reliability and validity of the findings  (Creswell & Creswell, 2017)..

2.3 Target Population

The study targeted residents of Garissa Township, focusing on household heads aged 18 years and above from the Township, Iftin, Waberi, and Galbet Wards, who were deemed knowledgeable about waste management practices. It also included officials from the County Government’s Department of Environment and Waste Management, as well as private waste collectors involved in collection, recycling, and disposal activities. Participants were selected from all four wards to ensure comprehensive representation of key stakeholders in solid waste management.

2.4 Sampling Technique

The study employed a multistage sampling design to ensure representativeness and reliability of data. Local leaders and household heads from Garissa Township were the primary units of observation. In the first stage, four wards—Township, Iftin, Waberi, and Galbet—were purposively selected based on the intensity of solid waste management activities. The second stage involved simple random sampling of specific locations within these wards, followed by random selection of households in the third stage to ensure equal participation opportunities. Using Cochran’s formula, a sample size of 294 households was computed and subsequently increased by 12% to 330 households to account for potential non-responses or data inconsistencies.

2.5 Data Collection Instruments and Procedure

The study employed both primary and secondary data to enhance the depth and validity of findings. Primary data were collected through questionnaires and interviews targeting households, private waste collectors, and county officials, while secondary data from academic and government sources provided contextual and comparative insights.

2.6 Pilot Study

A pilot study was conducted in Waberi Ward of Garissa Township, representing one of the study areas with active waste management activities. Following the common research recommendation of 10% of the total sample size ((Creswell & Creswell, 2017), 33 households—equivalent to 10% of the 330 households—were selected for the pilot test to assess the validity and reliability of the data collection instruments.

2.6 Data Processing, Analysis and Presentation procedure

Data from the field were analysed using both quantitative and qualitative methods to ensure comprehensive interpretation. Quantitative data were organized in Excel, analysed in SPSS using descriptive statistics such as frequencies and means, and supplemented with inferential tests like chi-square to explore variable relationships. Qualitative data from interviews and discussions were analysed thematically to identify key patterns and insights. The combined results were presented through tables, figures, and narratives to provide a clear understanding of the study findings.

3. results and discussion

3.1 General Characteristics of the Respondents

The study examined key demographic factors influencing solid waste management in Garissa Township. Most households were from Iftin (30%) and Galbet (28%) wards, while Township Ward (50%) had the highest number of private waste enterprises due to commercial density. Among households, 60.3% were female-headed, showing women’s active role in domestic waste management, though all private collectors (100% male) reflected gender exclusion in the sector.

Education levels varied, with 28.9% of household heads having no formal education and 17.9% primary education, compared to 100% tertiary-educated private collectors. Most private waste entrepreneurs were 31–40 years (75%), highlighting a youthful and innovative workforce. Household sizes ranged mainly from 1–5 members (51.4%) to 6–11 members (40.8%), indicating substantial daily waste generation.

Table 1.	Socio-Demographic Characteristics of Respondents in Garissa Township
	Variable
	Category / Key Findings

	Ward of Residence
	Iftin (30%), Galbet (28%), Township (25%), Waberi (17%)

	Gender (Households)
	Female 60.3%, Male 39.4%

	Gender (Collectors)
	100% Male

	Education (Households)
	None 28.9%, Primary 17.9%, Secondary 24.3%, Tertiary 28.9%

	Education (Collectors)
	100% Tertiary

	Age (Collectors)
	21–30 yrs 25%, 31–40 yrs 75%

	Household Size
	1–5 (51.4%), 6–11 (40.8%), 11+ (7.8%)

	Residency
	Majority long-term residents


Source: (Author, 2025)

The findings show a youthful, educated private sector leading circular waste initiatives amid a largely female-headed, low-education household population. This contrast highlights opportunities for inclusive, community-based awareness and training to promote sustainable waste management in Garissa Township.

3.2 Effects of Infrastructures on the solid waste re-use and recycling industry

3.2.1 Impact of Technology

The findings revealed that 50% of private waste collectors identified technology as a major factor enhancing efficiency in recycling operations, while 25% cited improved safety and another 25% noted cost reduction benefits (Table 2). Interview responses from the Garissa Township Municipal Director of Urban Planning and Waste Management supported these results, emphasizing that modern technologies such as pyrolysis and solid-state recycling can reduce material losses by over 30%, lower energy consumption, and enhance environmental performance. However, only a few enterprises in Garissa currently use such technologies, indicating a low adoption rate of less than 20%, largely due to limited financial and technical capacity.

3.2.2 Infrastructure Constraints

Analysis of household data showed that 49.8% of respondents lacked dustbins, a basic infrastructure for effective waste storage. Poor road networks were also identified as a major barrier—especially during rainy seasons—when up to 40% of waste collection routes become impassable. Additionally, municipal officials reported a landfill shortage, with only one designated site serving a population of over 80,000 residents, resulting in frequent illegal dumping and open burning. These infrastructural deficiencies closely mirror findings from Debrah, Teye & Dinis’s (2022) study in Tanzamia, which linked inadequate infrastructure to poor recycling and disposal practices.

3.2.3 Licensing and Policy Framework

Interviews revealed that the municipality plans to introduce a licensing fee waiver of up to 50% for recycling businesses to stimulate private sector participation. This initiative aims to reduce waste management costs, expand recycling capacity, and attract new investors into the circular economy. However, the effectiveness of the policy will depend on clear implementation guidelines, regular monitoring, and parallel investment in infrastructure and technology.

Table 2: Key Infrastructure and Technological Factors Influencing Recycling in Garissa Township
	Variable
	Findings / Insights

	Technology Adoption
	50% cited efficiency, 25% safety, 25% cost reduction; less than 20% currently using advanced recycling technologies.

	Household Waste Infrastructure
	49.8% of households lack dustbins, limiting waste segregation and reuse.

	Transport and Road Access
	40% of waste routes impassable during rainy seasons, disrupting collection schedules.

	Land for Waste Disposal
	Only one landfill serving ~80,000 residents; overcrowding and illegal dumping reported.

	Licensing Policy
	Proposed 50% fee reduction to attract private recycling investors and lower municipal waste costs.


Source: (Author, 2025)

The results underscore that while technology offers clear efficiency and sustainability benefits, Garissa Township faces major infrastructural and policy barriers. Nearly half of households lack basic waste facilities, and poor roads and limited landfill capacity hinder collection and disposal which are also corroborated by findings by .Awino & Apitz (2024). Strengthening infrastructure, subsidizing green technologies, and implementing incentive-based policies could accelerate the transition toward a circular economy.

3.3 Opportunities for Sustainable Solid Waste Management

The integrated findings from both quantitative and qualitative analyses presented in Table 3 reveal that residents and stakeholders in Garissa Township hold highly positive perceptions regarding the opportunities associated with sustainable solid waste management. Quantitative data indicate strong agreement that recycling and reuse could significantly enhance employment and improve living standards (mean = 4.03). These results are reinforced by qualitative accounts where the Waste Manager stated that: 

“Recycling is a future competitor of gold,” 

Emphasizing its potential to create jobs for youth and stimulate local entrepreneurship through community-based recycling initiatives. 

Similarly, several private waste collectors affirmed that:

“waste is no longer a problem but a source of income if managed well.” 

These perspectives align with Kituku’s (2020) observation that sustainable waste practices generate more employment than conventional disposal methods.

Health and wellbeing also emerged as critical benefits of sustainable waste management. Nearly all respondents (99.7%) acknowledged that improper waste disposal contributes to disease outbreaks, reflected in a high mean score of 4.68. Officials from the Departments of Health and Environment noted that :

“Collaboration between departments has started reducing infection cases,” 

Further validating Oguge’s (2019) argument that sustainable waste practices enhance public health and environmental quality.

However, both datasets highlight institutional and governance were less favorable, Quantitatively, 75% of respondents indicated weak municipal enforcement and limited policy implementation (mean = 2.18). This was echoed in interviews, where one private waste collector lamented that 

“The municipality has good plans on paper but no real action,” 

Reflecting the policy and planning frustrations reported by many stakeholders. Such weaknesses align with Desmond & Asamba (2019), who identified institutional barriers as major constraints to circular economy adoption.

Finally, the cost reduction dimension (mean = 4.01) showed strong agreement that recycling reduces operational costs and frees resources for other development priorities, consistent with Mule (2013) and Atuga & Nyakeya (2024). One key informant observed that 

“Recycling saves money the county would otherwise spend on landfill maintenance.” 

Overall, these findings illustrate broad community and institutional recognition of the economic, social, and health benefits of sustainable solid waste management in Garissa Township, despite the persistent policy and institutional gaps hindering its full realization.

Table 3: Respondents’ Perceptions on Opportunities for Sustainable Solid Waste Management in Garissa Township (n = 330)
	Thematic Area
	Statement
	Strongly Agree (%)
	Agree (%)
	Neutral (%)
	Disagree (%)
	Strongly Disagree (%)
	Mean
	Std. Dev.

	Employment and Living Standards
	Recycling and reuse can create new jobs for youth in Garissa County.
	14.5
	78.5
	5.2
	1.8
	0.0
	4.06
	0.72

	
	Sustainable waste management can improve household incomes and living standards.
	12.1
	75.2
	7.0
	5.1
	0.6
	3.94
	0.69

	
	Transition to recycling will cause job losses in conventional waste collection services.
	11.8
	41.5
	21.2
	19.4
	6.1
	3.33
	0.81

	
	Circular waste systems can reduce poverty through community-based entrepreneurship.
	18.5
	70.0
	7.0
	4.0
	0.5
	4.03
	0.61

	Health and Wellbeing
	Poor waste disposal increases the spread of diseases.
	93.3
	6.4
	0.0
	0.3
	0.0
	4.92
	0.28

	
	Recycling reduces environmental pollution and health risks.
	65.5
	29.1
	3.3
	1.8
	0.3
	4.57
	0.46

	
	Sustainable waste management enhances public health outcomes.
	71.5
	25.8
	2.1
	0.6
	0.0
	4.68
	0.42

	Right Decisions and Planning
	The municipality has implemented effective waste management policies and plans.
	3.0
	22.0
	0.0
	60.0
	15.0
	2.18
	0.83

	
	Local authorities promote private sector involvement in waste recycling initiatives.
	6.7
	18.0
	4.0
	52.7
	18.6
	2.23
	0.87

	Cost Reduction
	Recycling can reduce operational waste collection costs.
	22.7
	62.1
	10.0
	4.2
	1.0
	4.01
	0.73

	
	Reuse of materials minimizes the need for new landfill sites.
	26.4
	58.5
	9.4
	4.2
	1.5
	4.04
	0.68

	
	Sustainable waste management enables cost savings for other development sectors.
	18.8
	66.1
	9.1
	5.1
	0.9
	3.97
	0.75



3.4 Challenges Facing the Implementation of Sustainable Solid Waste Management

The findings in Table 4 indicate that respondents in Garissa Township recognize multiple interrelated challenges hindering the implementation of sustainable solid waste management. The highest-rated constraints were inadequate infrastructure (mean = 4.42) and insufficient financial resources (mean = 4.35). These results mirror Bassi, Gupta & Chaturvedi’s (2023) and Kituku et al.’s (2019) observations that weak logistical systems and limited funding remain the most significant barriers to sustainable waste management in developing contexts. During interviews, the Waste Manager lamented that: 

“Our biggest obstacle is the lack of trucks and transfer stations,” 

while another private collector explained that: 

“Budget proposals for recycling are often ignored during county allocations.”

The persistence of the linear “use-and-dispose” culture (mean = 4.24) also emerged as a major behavioral barrier. Both survey and focus group participants emphasized that entrenched disposal habits limit recycling adoption. The Waste Manager described this as “a mindset problem — people still see waste as waste, not as a resource,” echoing Asif et al.,  (2024) argument that overcoming linear consumption patterns is vital for circular transitions.

The lack of adequate information and public awareness (mean = 4.18) further compounds this issue. Key informants participants observed that “residents do not know the value of green products,” reinforcing Mule’s (2013) assertion that low environmental literacy hinders sustainable practices. Similarly, the absence of secondary markets (mean = 4.31) restricts material recovery, with one municipal official noting that “there’s nowhere to sell or buy recycled goods.”

Finally, respondents reported weak legal and policy frameworks (mean = 3.99), confirming governance deficiencies consistent with the Grishaeva et al., (2022). As one private collector remarked, 

“There are no clear laws to guide or protect recyclers.”

Overall, both quantitative and qualitative findings converge on the conclusion that infrastructural deficits, financial constraints, behavioral inertia, and policy gaps collectively impede Garissa’s transition toward a circular waste management system. Addressing these multifaceted challenges will require integrated planning, institutional support, and targeted awareness campaigns to foster a sustainable waste economy (Nyakudya, Madyira & Madushele, 2022).

Table 4: Challenges Facing Implementation of Sustainable Solid Waste Management in Garissa Township (n = 330)

	Challenge
	Strongly Agree (5)
	Agree (4)
	Neutral (3)
	Disagree (2)
	Strongly Disagree (1)
	Mean

	Linear “use-and-dispose” culture hinders adoption of recycling and reuse practices
	158 (47.9%)
	121 (36.7%)
	28 (8.5%)
	17 (5.2%)
	6 (1.8%)
	4.24

	Lack of adequate infrastructure for solid waste collection and recycling
	195 (59.1%)
	98 (29.7%)
	22 (6.7%)
	10 (3.0%)
	5 (1.5%)
	4.42

	Inadequate capacity of Garissa Municipality to manage solid waste effectively
	177 (53.6%)
	107 (32.4%)
	28 (8.5%)
	12 (3.6%)
	6 (1.8%)
	4.32

	Limited information and awareness on sustainable and green products
	162 (49.1%)
	104 (31.5%)
	36 (10.9%)
	18 (5.5%)
	10 (3.0%)
	4.18

	Absence of secondary markets for recycled or reused products
	181 (54.8%)
	97 (29.4%)
	32 (9.7%)
	14 (4.2%)
	6 (1.8%)
	4.31

	Lack of clear laws and policy frameworks to guide waste management
	142 (43.0%)
	108 (32.7%)
	47 (14.2%)
	22 (6.7%)
	11 (3.3%)
	3.99

	Insufficient financial resources to implement circular economy initiatives
	189 (57.3%)
	97 (29.4%)
	25 (7.6%)
	12 (3.6%)
	7 (2.1%)
	4.35




4. Conclusion

The study concludes that sustainable solid waste management in Garissa Township holds significant socio-economic and environmental potential but remains constrained by systemic challenges. Findings reveal that while residents and stakeholders recognize the benefits of recycling and circular waste systems in improving health, creating jobs, and reducing costs, practical implementation is hindered by infrastructural inadequacies, financial constraints, weak policy frameworks, and limited public awareness. The dominance of a linear “use-and-dispose” culture and the absence of secondary markets further restrict progress toward sustainability (Siddique et al., 2023). Nonetheless, the strong community support and emerging private sector initiatives provide a foundation for transformative change. To realize a circular waste economy, Garissa County must strengthen institutional capacity, invest in infrastructure and technology, promote environmental education, and establish enabling legal and financial mechanisms. These actions will enhance resource efficiency, public health, and long-term environmental sustainability within the township.
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