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ABSTRACT 
	Aims: To assess the relationship between technology adoption, the adequacy of waste management infrastructure, and the advancement of circular economy practices—specifically resource recovery, recycling, and reuse—in solid waste management systems in Garissa Township, Kenya, in order to evaluate how technological and infrastructural factors contribute to sustainable waste management outcomes. 
Study design:  The study adopted the mixed-methods research design.
Place and Duration of Study: The study was conducted in Garissa Township, specifically across the four administrative wards of Iftin, Township, Galbet, and Waberi located in Garissa County, northeastern Kenya. The research covered the period between January 2019 and December 2024.
Methodology: The study involved 474 participants from the four wards, including household heads aged 18 and above, county waste management officers, and licensed private waste collectors. Individuals under 18 years, non-residents, and those not actively engaged in waste management activities were not included in the study. Participants were selected using purposive and stratified sampling techniques to ensure balanced representation across institutional and community levels.
Results: Of 474 targeted participants, 456 responded, giving a 96.2% response rate. Technological adoption averaged 32%, with GPS tracking (45%), semi-mechanical sorting (41%), and composting (38%) most common. Biogas adoption was 15% but rated most effective (74%). Formal waste collection covered 62% of households, with only two recycling centers operational. Technological adoption correlated positively with recycling rate (r = 0.68, p = 0.03), waste reduction per capita (r = 0.68, p = 0.03), and resource recovery (r = 0.65, p = 0.04), indicating technology improves circular economy performance despite infrastructure gaps.
Conclusion: Technology significantly enhances circular economy performance in Garissa Township, but its impact is moderated by infrastructure gaps, highlighting the need for integrated technological and infrastructural interventions.
Strategic Interventions & Policy Recommendations: Invest in waste infrastructure, adopt modern technologies, build stakeholder capacity, enforce supportive policies, and engage communities to strengthen circular economy implementation.
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1. INTRODUCTION

Solid waste management remains a major environmental and public health challenge in Kenya, particularly in urban and semi-urban areas (Ahmed, 2024). Despite national commitments to sustainable waste management, much of the country continues to operate under a linear “take–make–dispose” model. The National Environment Management Authority (NEMA) advocates for a shift toward a circular economy, which emphasizes waste minimization through reuse, repair, recycling, and recovery of materials to extend product life cycles and reduce environmental degradation (NEMA, 2023). However, in many parts of the country, including Garissa Township, the integration of technology and infrastructure necessary to realize circular economy principles remains inadequate.

Only a small proportion of Kenya’s municipal solid waste is currently recovered for recycling or reuse, with most ending up in open dumpsites or poorly managed landfills (Otundo, 2024). The absence of modern waste processing infrastructure, such as material recovery facilities, waste segregation systems, and recycling plants, continues to undermine efforts to operationalize circular economy practices (Muriithi & Ngare, 2023; Hannan et al., 2015). Furthermore, technological innovations—such as smart collection systems, digital waste tracking, and automated sorting—are still largely absent in smaller municipalities. This has resulted in inefficiencies in waste collection, transportation, and processing, limiting opportunities for resource recovery and reuse (Oguge, 2019; Kirchherr et al., 2025).

Garissa County is home to around 841,353 residents, according to the 2019 Kenya Population and Housing Census (KNBS, 2019). Despite this significant population, only 29.6 percent of the municipal inhabitants are served by formal solid waste collection systems. Garissa Municipality. The remainder of the population disposes of their waste through methods such as open burning (30.8 %) or dumping in open areas, latrines, or streets (NEMA, 2023). This shortfall in service coverage underscores the critical need to strengthen resource recovery mechanisms and enhance waste‑management infrastructure across Garissa.

To address these challenges, this study proposes to assess how technology and infrastructure can be effectively leveraged to advance circular economy practices in Garissa Township. The study will focus on evaluating existing technologies used in waste management, determining the adequacy of available infrastructure, and analyzing their combined impact on resource recovery, recycling, and reuse outcomes. By identifying gaps and opportunities, the research aims to inform practical strategies for enhancing circular waste management systems in Kenya’s smaller urban contexts.

Existing research highlights that circular economy transitions depend heavily on the interaction between technological innovation, infrastructural readiness, and supportive governance frameworks (Kanojia & Visvanathan, 2021). Studies conducted in Mombasa and Nakuru, for instance, have demonstrated how improved infrastructure and targeted technological interventions—such as composting technologies and waste-to-energy systems—can significantly boost material recovery rates and reduce landfill dependency (Otundo, 2024). Nonetheless, there is limited empirical evidence from arid and semi-arid regions like Garissa, where institutional capacity, funding, and infrastructure deficits are more pronounced.

The scope of this study covered solid waste management practices in Garissa Township, focusing on the period from January 2019 to December 2024. The justification for the study lies in the need to fill this contextual research gap and provide evidence-based insights for local authorities and development partners. Understanding the relationship between technology, infrastructure, and circular economy outcomes will not only inform sustainable urban planning in Garissa but also contribute to national goals under Kenya’s Vision 2030 and the Sustainable Development Goals (SDGs).

2. methodology 

2.1 Study design

This research employed a mixed-method approach, combining both quantitative and qualitative techniques to achieve a comprehensive understanding of how technology and infrastructure influence circular economy practices in solid waste management. The quantitative component generated numerical information on waste production, recovery, and recycling patterns, while the qualitative component captured the views and experiences of key stakeholders involved in waste management. Data were gathered within a specific timeframe through surveys, interviews, and a review of existing reports and policy documents. The research focused on the period from January 2019 to December 2024.

2.2 Location of the Study 

The study was conducted in Garissa Township, encompassing the four administrative wards of Iftin, Township, Galbet, and Waberi in Garissa County, northeastern Kenya. This location was selected because of its expanding urban population, increasing levels of waste generation, and ongoing efforts toward sustainable waste management. Garissa Township is a semi-arid, rapidly developing urban area where challenges related to infrastructure and technology in managing solid waste are particularly pronounced. These conditions made it a suitable setting for examining how circular economy practices can be implemented in areas with limited resources (NEMA, 2023).

2.3 Target Population

The target population included all stakeholders involved in solid waste management in Garissa Township. This includes officials from the County Department of Environment, staff from the NEMA, employees of waste collection and recycling companies, members of community-based organizations, and local residents. Including diverse participants ensures the study captures both institutional and community perspectives on technology and infrastructure in circular economy practices. The population of government agencies was 105 while the population of licensed private waste operators was 56. For the household category, the sample size was based on the 2019 population of Garissa Township, which was 841,353 people according to the Kenya Population and Housing Census (KNBS, 2019). With an average household size of 5.9 persons, this corresponds to approximately 27,800 households.

2.4 Sampling

The study used a combination of purposive and stratified sampling techniques. Key informants, including government officials, managers of waste management companies, and environmental officers, were selected purposively because of their specialized knowledge and direct involvement in solid waste management. Stratified sampling was then applied to group respondents into three main categories: government agencies, private operators, and households, ensuring that each category is adequately represented in the study.

 Using Cochran’s formula for population-based studies:
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Since the population of households is finite (N = 27,800), the sample size was adjusted using the finite population correction (FPC):
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The final sample size for the households was taken as 379 after rounding off to whole number. 

Similarly, Using the proportional stratified sampling formula to calculate the sample of government agencies and those from private operators:
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The final distribution of respondents to be sampled across the strata was as follows: approximately 62 respondents from government agencies, 33 from private operators, and 379 from households. This approach ensured balanced representation across all stakeholder groups, providing reliable quantitative data while capturing detailed qualitative insights on the role of technology and infrastructure in promoting circular economy practices in Garissa Township.

2.5 Data collection instruments and procedure

Data for this study was collected through a combination of structured questionnaires, semi-structured interviews, and document reviews. The questionnaires were used to obtain quantitative data on the level of technology adoption, the adequacy of waste management infrastructure, and circular economy practices such as recycling, reuse, and resource recovery. Semi-structured interviews with key informants, including government officials, waste management company managers, and environmental officers, provided qualitative insights into the challenges faced, policy implementation, and potential areas for improvement. Document reviews focused on relevant county reports, policy frameworks, and waste management plans to complement primary data.

Before the main data collection, the instruments were pretested in one of the township wards within the wider Garissa Township, which shares similar demographic and infrastructural characteristics with the study area.  The use of both methods enabled the study to verify results from different sources and enhance the reliability of the conclusions (Creswell & Creswell, 2018).

Technological adoption was assessed using a 5-point Likert scale (1 = Strongly Disagree to 5 = Strongly Agree), with scores aggregated to calculate an overall Technological Adoption Score. Circular economy efficiency was measured through recycling rate (%), waste reduction per capita (%), and resource recovery level (%), based on respondent reports, municipal records, and observations. Aggregated scores were analyzed using descriptive statistics (mean, standard deviation) and inferential statistics (Pearson correlation, p-values) to examine the relationship between technological adoption and circular economy outcomes.

2.6 Data Management

Collected data was managed carefully to ensure accuracy, security, and integrity. Quantitative data was coded and entered into SPSS version 27 for analysis, including descriptive statistics (means, frequencies, percentages) and inferential statistics (correlation and regression) to explore relationships between technology, infrastructure, and circular economy outcomes. Qualitative data from interviews was transcribed and analyzed thematically using NVivo software, allowing patterns and trends to emerge. All electronic data was securely stored, and hard copies kept in a locked facility. 

3. results and discussion

Out of a targeted population of 474 participants—456 responded, yielding a 96.2% response rate.

2.1 Existing Technological Innovations in Solid Waste Management 

The study (table 1) reveals that the adoption of technological innovations in solid waste management in Garissa Township between 2019 and 2024 has been gradual, with several factors limiting wider uptake. The main challenges reported by respondents include limited technical skills (62%), poor internet connectivity (57%), and insufficient funding for technology (53%), which have restricted the expansion of both digital and mechanized waste management solutions.

Despite these obstacles, certain technologies have gained traction. GPS-enabled waste collection tracking systems (45%) and semi-mechanical sorting and compacting equipment (41%) were the most widely adopted, helping to improve collection efficiency, reduce fuel use, and strengthen operational accountability. Composting technologies (38%) have become increasingly popular among local farmers and community groups as a method for managing organic waste.

Digital tools, such as mobile-based waste scheduling and payment platforms (32%) and digital recycling data management systems (24%), have been adopted by a smaller portion of users. Those who use these platforms reported better coordination, transparency, and accuracy in managing waste data, highlighting their potential to support circular economy goals despite infrastructure and connectivity limitations (Maina, 2022; D'Adamo et al.,  2024).

Although biogas production had the lowest adoption (15%), it was considered the most effective innovation, with 74% of users rating it as effective or very effective. The biogas project at Garissa Livestock Market, producing 10–15 m³ of gas daily, demonstrates the potential for converting organic waste into energy in semi-arid urban settings (NEMA, 2023).

Overall, the study shows that while awareness and perceived effectiveness of technology are relatively high (65% of users rating innovations as effective), technical, financial, and institutional limitations continue to slow the broader uptake of technological solutions in Garissa’s waste management sector.

Table 1 Adoption of Technological Innovations in Solid Waste Management in Garissa Township Source
	Type of Technology
	Description / Application
	Level of Adoption (% of respondents reporting use)
	Perceived Effectiveness (% rating as effective or very effective)

	GPS-enabled waste collection tracking systems
	Monitoring of waste trucks, optimizing collection routes
	45%
	68%

	Digital waste scheduling and payment platforms
	Mobile-based scheduling and billing for waste collection
	32%
	59%

	Semi-mechanical sorting and compacting equipment
	Used by local recyclers for plastics and metals
	41%
	72%

	Composting technologies (aerated and pit composting)
	Treatment of organic waste for fertilizer production
	38%
	65%

	Biogas production (waste-to-energy initiatives)
	Conversion of organic waste to biogas for local energy use
	15%
	74%

	Digital recycling data and inventory management
	Use of digital tools for tracking recyclable materials
	24%
	58%

	Plastic shredding and pelletizing machines
	Used by small recyclers to repurpose plastics
	29%
	70%




Source: Author, field data 

2.2 Adequacy and Functionality of Waste Management Infrastructure

The findings (table 2) indicate that the waste management infrastructure in Garissa Township is currently insufficient to support comprehensive circular economy practices. Only about 62% of households benefit from formal waste collection services, leaving the remaining 38% dependent on informal disposal methods such as open dumping and burning. 

One community leader noted that many households 
“I have no regular collection and resort to burning waste, which creates health risks and environmental pollution contributing to respiratory problems among residents and the release of greenhouse gases into the atmosphere” . 

Similar patterns have been reported in other mid-sized towns in Kenya, where gaps in waste collection hinder recycling and material recovery initiatives (Mule, 2013).

The township has just two functioning recycling centers, both privately managed and mainly handling plastic waste, with no centralized facilities for processing paper, metals, or other recyclable materials. Composting efforts are largely limited to small community projects, with no industrial-scale composting or anaerobic digestion plants in operation. 

A private recycler explained that 
“Organic waste is often left to rot or mixed with other waste, reducing opportunities for resource recovery”. 

Additionally, the main disposal site in Garissa is open and unengineered, posing environmental and health concerns.

Stakeholders highlighted that limited funding, poor maintenance, and weak coordination between the county government and private operators are major barriers to improving infrastructure. Interviews revealed that inconsistent collection schedules, logistical challenges, and limited technical support further constrain the implementation of circular economy initiatives. These observations are consistent with the recommendations of the National Solid Waste Management Strategy which emphasizes the need for integrated waste infrastructure, investment in recycling and composting facilities, and strengthened public–private partnerships (NEMA, 2023).

Table 2 Adequacy of Waste Management Infrastructure in Garissa Township 

	Infrastructure Component
	Status / Description
	Coverage / Availability

	Waste collection systems
	Formal municipal collection
	62% of households

	Sorting and recycling facilities
	Operational recycling centers (private)
	2 centers

	Composting / organic waste facilities
	Small-scale community initiatives
	Limited

	Final disposal sites
	Main dumpsite, Garissa  
	1 site

	Stakeholder capacity
	Funding, maintenance, coordination
	Inadequate



Source: Author, field data.
2.3 Relationship Between Technological Adoption and Efficiency of Circular Economy Initiatives

The analysis (Table 3) demonstrates a clear positive relationship between technological adoption and the efficiency of circular economy initiatives in Garissa Township. Descriptive statistics indicate that technological adoption is moderate (M = 3.42, SD = 0.78), while recycling rates (M = 31.5%, SD = 9.6%), waste reduction per capita (M = 22.7%, SD = 8.3%), and resource recovery levels (M = 28.4%, SD = 7.9%) vary across neighborhoods. Inferential analysis shows significant positive correlations between technology adoption and these efficiency indicators (r = 0.65–0.68, p < 0.05), confirming that higher technological uptake is associated with improved recycling and material recovery.
This suggests that while technology alone significantly enhances circular economy performance, its effectiveness is influenced by the supporting infrastructure. Therefore, the study highlights a contextual relationship, where technology drives improvements, but infrastructure gaps may limit the full potential of circular economy interventions in Garissa Township.

Qualitative interviews reinforced these results. A municipal waste officer noted, 
“Areas with GPS tracking and sorting equipment show more consistent collection and higher recycling, while manual collection zones struggle to recover materials efficiently”. 

Similarly, informal waste pickers reported that mobile mapping apps and digital buy-back schemes increased their ability to collect and sell recyclables, thereby improving livelihoods.

The data (Table 3) suggest that technological adoption significantly enhances circular economy performance in Garissa Township. This aligns with previous research emphasizing technology as a critical enabler of circular systems in developing contexts (Awino & Apitz 2024; Maina, 2022). However, the findings indicate that technology alone is insufficient. The efficiency of circular economy initiatives is closely linked to infrastructure adequacy; regions with limited facilities showed lower gains despite technological adoption.

Table 3 Descriptive and Inferential Analysis of Technological Adoption and Circular Economy Efficiency
	Variable
	Mean (M)
	Standard Deviation (SD)
	Correlation (r)
	p-value

	Technological Adoption Score
	3.42
	0.78
	–
	–

	Recycling Rate (%)
	31.5
	9.6
	0.68
	0.03

	Waste Reduction per Capita (%)
	22.7
	8.3
	0.68
	0.03

	Resource Recovery Level (%)
	28.4
	7.9
	0.65
	0.04



Source: Author, Field Data 

4. Conclusion

This study demonstrates that technological adoption in Garissa Township’s solid waste management between 2019 and 2024 has been moderate, with GPS tracking, semi-mechanical sorting, and composting widely used, while biogas initiatives, though limited, showed the highest effectiveness. Technology positively influenced recycling, resource recovery, and waste reduction; however, inadequate infrastructure—including limited collection coverage, few recycling centers, and an unengineered disposal site—hindered full circular economy implementation. These findings indicate that technology alone is insufficient to achieve sustainable outcomes. Coordinated investment in both technological tools and waste management infrastructure, alongside stakeholder engagement and policy support, is critical to strengthen circular economy practices and improve environmental and resource management in Garissa Township.

5. Policy and Strategic Interventions for Technology-Driven Circular Economy in Garissa Township

Advancing circular economy practices in solid waste management in Garissa Township requires strengthening both technological and infrastructural capacities. Upgrading waste collection, sorting, and disposal systems, along with establishing decentralized recycling and resource recovery centers, can improve efficiency and reduce environmental impacts (Kanojia & Visvanathan, 2021). Practical technologies such as mechanized separation, composting systems, and waste-to-energy solutions, supported by digital tracking tools, can further streamline operations. Targeted training for municipal staff, private operators, and community stakeholders is essential to ensure effective adoption and maintenance of these innovations (Muriithi & Ngare, 2023). 
Policy measures should incentivize recycling, reuse, and resource recovery through subsidies, reporting requirements, and integration with county-level planning strategies. Engaging local communities via awareness campaigns and feedback mechanisms can promote household-level participation in segregation, recycling, and composting (Munir et al., 2024). Regular monitoring and evaluation using performance indicators and periodic audits will support adaptive management and ensure interventions remain responsive to emerging challenges (Ahmed, 2024). Collectively, these measures provide a practical, context-specific roadmap for sustainable circular economy implementation in Garissa Township.
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where:
* ng = sample size,
o 7 = Z-value (e.g. 1.96 for 95% confidence level),
* p = estimated proportion of an attribute present in the population (commonly 0.5 for maximum
variability),

* e = margin of error (e.g., 0.05 for 5%).
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