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Abstract
This study explores the challenges, opportunities, and pathways toward integrating circular economy (CE) principles into on-site sanitation systems in Kiribati. Inadequate sanitation and wastewater management, particularly in developing countries, contribute to health risks and environmental degradation. In South Tarawa, the capital of Kiribati, overcrowding and urbanization exacerbate these challenges. Currently, only 17% of the population in South Tarawa is connected to the sewer system, while 43.5% rely on septic tanks, 25.4% practice open defecation, and the remainder use pit latrines. These suboptimal systems contribute to severe groundwater contamination, with fecal coliforms and nitrates exceeding World Health Organization (WHO) guidelines in many wells. This review employs a two-part methodology: the first part examines the current sanitation system in South Tarawa, and the second part investigates innovative, low-cost CE technologies for on-site sanitation. These technologies aim to prevent groundwater contamination and facilitate the transition to a circular economy model, which emphasizes the reuse of resources and waste reduction. Socioeconomic factors, including limited financial resources, further complicate the implementation of effective sanitation systems. A robust governance structure and strong coordination are essential for the successful integration of CE practices. The study highlights the importance of community engagement and the role of institutions, such as the National Water and Sanitation Steering Committee (NWSSC), in driving these efforts. The findings suggest that adopting circular economy technologies could improve public health and environmental sustainability, while addressing the growing challenges posed by limited resources, rapid population growth, and urbanization.
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[bookmark: _Toc191002100]1.1 Background and context 
In recent decades, the demand for basic sanitation services has increased significantly, driven by socioeconomic development and population growth. The United Nations (UN) Sustainable Development Goals (SDGs) specifically target the goal of ensuring that by 2030, all individuals have access to equitable sanitation and hygiene[1]. According to a joint report by UNICEF and the World Health Organization (WHO)[2] access to safely managed sanitation services increased from 28% to 45% between 2000 and 2017. However, despite this progress, over 2 billion people worldwide still lack access to safe sanitation, and an alarming 63 million continue to practice open defecation. This highlights the ongoing global sanitation crisis.
In developing countries, including Kiribati, inadequate sanitation and wastewater management systems pose significant health risks and environmental challenges. The lack of effective sanitation infrastructure, particularly in urban and rural areas, leads to contamination of water sources and the spread of waterborne diseases. Aging infrastructure, insufficient funding, and limited technical capacity exacerbate these issues, hindering efforts to improve sanitation and safeguard public health.
In Kiribati, the capital of South Tarawa faces severe sanitation challenges due to overcrowding, rapid population growth, and limited land availability. With only 17% of the population connected to the sewer system, the remaining population relies on septic tanks, open defecation, and pit latrines, contributing to groundwater contamination and public health risks. This study explores the integration of circular economy (CE) principles into on-site sanitation systems in Kiribati, which could provide a sustainable solution by reducing waste, recovering valuable resources, and preventing environmental degradation.
[bookmark: _Toc191002101]1.2 Context 
Kiribati, Small Island Developing States (SIDS) faces significant challenges related to urbanization, due to its limited land area. The country spans 3.5 million square kilometers across the Pacific, consisting of 32 coral islands and one raised coral island, with a population of around 120,000. Urban South Tarawa has  areas of extremely high population density of 3,600 people per square kilometer, with over half of the population (68,736 people) living in this urban area. Rapid population growth, projected to double by 2040, is putting immense pressure on public infrastructure and the environment.[3]
The high population density, inadequate sanitation, poor hygiene, and lack of potable water contribute to widespread waterborne diseases in Kiribati. The infant mortality rate is high, with 38 deaths per 1,000 live births[4] making amongst the highest in the Pacific region. About 22% of South Tarawa's population practices open defecation, and leaking septic tanks further contaminate the groundwater, the primary freshwater source. The aging sewer system faces frequent overflows and discharges untreated wastewater into the ocean, while the porous coral sands reduce soil capacity to filter pollutants from reaching groundwater. With increasing population, the limited groundwater is under threat of overuse and contamination, with fecal coliforms and nitrates exceeding WHO guidelines in many wells.
Addressing these sanitation challenges is crucial for Kiribati’s long-term health and sustainability. Sustainable, low-cost, and resilient sanitation solutions are necessary to withstand environmental pressures like rising sea levels. Hence, sustainable sludge management and reuse strategies that are both economically and technically sound and environmental feasible need to be developed. Adopting a circular economy approach to sanitation could help optimize resource use, reduce waste, and convert waste into valuable by-products, improving both public health and environmental sustainability in Kiribati.
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Figure 1. Map of Kiribati – 3 island groups, Gilbert, Phoenix, and Line and Phoenix Islands (Source: Kiribati Census 2022)
[bookmark: _Toc191002102]2. Methods 
This review employs a two-part methodology. The first part analyzes Kiribati's current sanitation system, with a focus on South Tarawa, where overcrowding and urbanization exacerbate sanitation challenges. The objective is to identify existing sanitation systems and services, particularly the management of faecal sludge and wastewater from onsite sanitation. The literature reviewed includes government reports (e.g., Environmental Impact Assessments, project proposals), policies, and documentation from international development partners such as MFAT (Ministry of Foreign Affairs and Trade), DEFAT (Department of Foreign Affairs, and Trade), the World Bank, ADB (Asian Development Bank), UNICEF, EU (European Union), and SPC (Pacific Community), ensuring data reliability and validity. The second part investigates innovative circular economy (CE) technologies suitable for onsite sanitation in Kiribati, focusing on low-cost, effective systems that prevent groundwater contamination and support a transition to a CE model. Additionally, a multi-case study was conducted to examine various CE approaches for sanitation in Kiribati. Cases were selected to represent a broad range of institutional, technological, socioeconomic, and economic models, enabling an assessment of the barriers and opportunities for implementing CE in Kiribati.
3. Overview of Onsite sanitation System 
In Kiribati, the sewerage network is limited to South Tarawa, covering only three suburban areas: Betio, Bairiki, and Bikenibeu. However, only 17% of the population is connected to the sewer system. The majority rely on onsite sanitation methods: 43.5% use septic tanks, 25.4% practice open defecation, and the remainder use pit latrines, with less than 1% using compost toilets, despite past trial projects.[5]
A significant issue is that most pit latrines are unsealed (open-bottom), posing a high risk of groundwater contamination, especially in areas with a high water table and flooding, such as Temwaiku. Due to limited land availability, it's difficult to place pit latrines far from household wells. Similarly, many septic tanks are poorly constructed with inadequate sealing, allowing wastewater seepage, effectively functioning like pit latrines. Some tanks are intentionally designed to leak, extending their lifespan but compromising sanitation.
Compost toilets, though tested in South Tarawa and Kiritimati Island, have not gained popularity due to poor maintenance, unpleasant odors, and user discomfort. Challenges include limited familiarity with the technology, attitudinal and cultural resistance, and concerns about the safety of handling composted waste, which hinder social acceptance.
There are limited studies have assessed sustainable onsite sanitation solutions in Kiribati. A 2018 study under the South Tarawa Sanitation Project tested seven sanitation technologies at 29 households based on both technical and economic aspect of technology, aiming to evaluate performance and effluent quality. However, due to staff shortages and poor coordination, the study was incomplete, leaving a data gap on system effectiveness. This study aims to critically assess the implementation three toilet system studied namely Aqua Privy, Three Chamber Septic Tanks, and Ecosan toilets focusing on the integration of circular economy principles. The review paper aims to provide actionable insights and recommendations for policymakers and stakeholders in Kiribati, promoting sustainable sanitation solutions that enhance public health and environmental resilience. 
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Figure 2. South Tarawa - Betio to Tanaea (source: Kiribati Census, 2022)
3. Challenges of Onsite Sanitation in Kiribati 
3.1 Sanitation Challenges in Kiribati
Kiribati's sanitation infrastructure is under significant strain, largely due to the country’s high population density in urban areas like South Tarawa, combined with limited land and freshwater resources. These constraints make it difficult to implement traditional centralized sewage systems. Many households, particularly in low-income areas, lack access to proper sanitation facilities. Instead, they rely on rudimentary and unsafe systems like pit latrines and septic tank toilets, which contribute to environmental pollution and public health risks. According to the Kiribati Sanitation and Drainage Infrastructure Strategy (KSDIS) 2018-2019, 71% of the population in the lowest wealth quintile in South Tarawa do not have access to improved toilets or sewage systems. As a result, open defecation remains a common practice, exacerbating the risk of waterborne diseases and other health hazards.
3.2 Socioeconomic and Financial Barriers
Kiribati faces significant challenges in providing adequate sanitation services, primarily due to its high population density in urban areas, limited land, and freshwater resources. These constraints make it difficult to implement traditional centralized sewage systems. South Tarawa, the urban capital, experiences an extreme population density of 3,600 people per square kilometer, with over half of the country’s population residing in this area. This rapid urbanization, coupled with population growth expected to double by 2040, places immense pressure on the existing infrastructure and the environment.
A major concern is that many households rely on rudimentary and unsafe sanitation methods. Approximately 43.5% of the population in South Tarawa uses septic tanks, 25.4% practice open defecation, and a significant number use pit latrines. These systems often fail to meet health standards, contributing to widespread waterborne diseases and contamination of local water sources. The lack of proper sanitation facilities in low-income areas exacerbates these risks, with 71% of the population in the lowest wealth quintile lacking access to improved toilets or sewage systems, as reported by the Kiribati Sanitation and Drainage Infrastructure Strategy (KSDIS) 2018-2019.
In addition to the physical infrastructure challenges, socioeconomic barriers play a crucial role in limiting access to improved sanitation. Limited financial resources prevent many families from affording the construction and maintenance of proper sanitation systems. This financial strain, coupled with the geographical isolation of Kiribati and the high costs of importing sanitation materials, further complicates efforts to upgrade or replace existing systems.
These challenges highlight the urgent need for sustainable, low-cost sanitation solutions that can address both health and environmental risks while being financially viable for the local population.
3.3 Economic Constraints and the Transition to Circular Economy (CE)
Kiribati’s transition to a circular economy (CE) in the sanitation sector faces significant setbacks due to economic constraints. The small population, geographical isolation, and limited natural resources hinder the adoption of advanced wastewater management technologies that are essential for a circular approach, such as waste-to-energy systems or nutrient recovery from human waste. While the potential for these technologies exists, their high cost and maintenance requirements limit their implementation. Furthermore, the challenge of transferring these technologies to Kiribati is compounded by the lack of local expertise, and the cost of importing new technology adds an additional financial burden.
The economic viability of transitioning to CE in sanitation is also challenged by the small population size and lack of economies of scale, which makes it difficult to reduce the overall cost of wastewater management solutions. Moreover, while safe alternative systems may be available, they are often more expensive than current, suboptimal systems, further complicating the uptake of proposed solutions. Public awareness about new systems is essential for community acceptance and the long-term success of sanitation initiatives.
3.4 Policy and Regulatory Gaps
Currently, national policies related to water and sanitation—such as the National Water Resource Policy (2010) and the National Sanitation Policy (2010)—lack coordination, and their implementation often operates in isolation from other important sectors like public health and environmental protection[6, 7]. These policies do not incentivize the adoption of sustainable or resource-efficient technologies, and there is a lack of regulations and enforcement for wastewater treatment and fecal sludge management, which further limits progress.
Moreover, the absence of a clear regulatory framework for fees and charges related to water and sanitation services has contributed to the underfunding of Kiribati’s public utility services. The revenue generated from water and sanitation services covers only 58% of operational and maintenance costs, with the remainder being subsidized by the government or offset by other services like power generation. Without effective pricing mechanisms and regulations that support sustainable investment, the financial gap will continue to hinder efforts to improve sanitation infrastructure[8].
3.5 Technological Barriers
The adoption of advanced sanitation technologies in Kiribati faces significant technological barriers. Many existing systems, such as pit latrines and septic tanks, are outdated and insufficient for managing the increasing population and growing sanitation demands. While new, more efficient technologies exist, their implementation is hindered by several factors.
One of the primary barriers is the lack of local expertise in operating and maintaining advanced systems. Technologies such as waste-to-energy systems, nutrient recovery from human waste, and resource-efficient sanitation methods require specialized knowledge that is currently unavailable within the local workforce. As a result, Kiribati must rely heavily on external consultants and imported technology, which increases costs and complicates the technology transfer process[6].
Another challenge is the high capital and maintenance costs associated with many of these advanced technologies. Given Kiribati’s geographic isolation and limited resources, the cost of importing and implementing new systems is prohibitive for many communities. Furthermore, the long-term sustainability of these systems is uncertain, as the high operating costs could strain the already limited financial resources of local governments and households[4, 8].
The island's infrastructure also poses a challenge for the adoption of more sophisticated sanitation technologies. Kiribati’s small land area, limited water supply, and fragile environmental conditions make the installation of certain technologies, such as large-scale waste treatment facilities or centralized sewage networks, impractical. Additionally, the country’s reliance on existing, less-efficient systems means there is limited incentive to adopt new technologies, as communities are already accustomed to their current sanitation methods.
Addressing these technological barriers requires a multi-faceted approach, including the development of local capacity for managing advanced systems, lowering costs through innovative financing mechanisms, and adapting new technologies to Kiribati's unique environmental and socioeconomic conditions.
3.6 Environmental Factors
Kiribati faces significant environmental challenges that hinder the implementation of effective sanitation systems. South Tarawa, home to the majority of the population, consists of small islets covering just 12 square kilometers, with over 60,000 residents. The high population density, shallow groundwater table, and limited land area complicate the installation of sustainable sanitation systems. Combined with inadequate infrastructure and poor hygiene practices, these factors have led to a high prevalence of waterborne diseases.
The primary source of freshwater in Kiribati is shallow groundwater, located only 2-3 meters below the surface[9]. These groundwater lenses are highly vulnerable to contamination from onsite sanitation systems like pit latrines and septic tanks, which contribute to fecal pollution. Many septic tanks are intentionally designed to leak to avoid the costs of regular emptying, further contaminating the freshwater supply. The island’s porous coral sand soil, which allows rapid infiltration, exacerbates this risk.
In addition to these existing environmental pressures, climate change presents a growing threat to Kiribati. Rising sea levels, tidal inundation, and seawater intrusion threaten both freshwater resources and the effectiveness of sanitation systems. Prolonged droughts have also affected groundwater recharge, worsening water shortages. Kiribati’s vulnerability to climate change underscores the urgent need for climate-resilient sanitation solutions that can adapt to these escalating environmental challenges.
Kiribati’s sanitation issues are compounded by socioeconomic, financial, and technological barriers. The country’s high population density, isolation, and limited resources make the adoption of advanced sanitation technologies difficult. However, with effective policy frameworks, collaborative efforts, and innovative solutions, Kiribati can overcome these challenges and move toward a more sustainable and circular sanitation system. 
[bookmark: _Toc191002104]4. Opportunities for improvement in Onsite Sanitation 
Innovative onsite sanitation technologies offer a significant opportunity to improve sanitation in Kiribati, especially in South Tarawa, where limited land and environmental constraints pose unique challenges. This section provides an overview of three promising technologies for improving onsite sanitation in Kiribati: Ecosan toilets, Aqua Privy, and Three-Chamber Septic Tanks. Each of these systems offers distinct advantages and limitations, which should be carefully considered in relation to Kiribati’s existing sanitation infrastructure, including pit latrines and septic tanks. 


4.1. Ecosan toilet 
Ecosan toilets is a sustainable closed-loop system. It offer a sustainable solution that converts human waste into compost that can be reused as fertilizer. This system is highly resource-efficient and aligns with Circular Economy principles as it promotes resource recovery and minimizing waste. It is suitable for area in Kiribati where the ground level is shallow for example in Temwaiku where the most part of the area is prone to flooding during heavy raining. It works like dry compost hence it minimizes water usage hence water can be used for essential needs.  The typical design does not require digging of deep pits except for the evapotranspiration (ET) gardens for treating urine/liquid. It contain two chambers so it don’t need to move the toilet around – just close one chamber and use the other. One of benefit over the pit latrine that widely use is South Tarawa is there is no sludge to worry about groundwater contamination, expect compost which will be applied to garden which have been practices in . Although it may be more costly compare to traditional pit latrine the long term benefits is composting faecal matter which ensure safe disposal and mitigates the spread of waterborne pathogen which has reported to cost the government more than $3.7 to $7.3 million[8] annually. A compost as byproduct from toilet can enhance soil health and contribute to agricultural productive which has been successfully implemented in other Pacific islands like Tuvalu, African countries and China[10]. The small land footprint and low operational cost make it an accessible option for households that lack access to centralized sewage systems[11, 12].  The system is also suitable in dense places in South Tarawa where access is limited from main road which prevent vacuum for empty of septic tanks toilets.  
Despite its advantages, Ecosan toilets require regular maintenance, including the addition of dry materials such as ash or other organic matter to facilitate composting. Once a year or so, the faecal matter, which is pathogen are destroyed through composting need to be removed and applied to plant beds[13]. There is also a challenge in gaining community acceptance due to unfamiliarity with the technology and concerns over the handling of composted waste. These challenges could limit the widespread adoption of Ecosan toilets unless significant education and training are provided. In Kiribati women are responsible for cleaning and maintaining toilet at household hence they should be also included in awareness on toilet system options, and receive training on how compost toilet work. Additionally, the success of the system depends on ensuring that the composting process is properly managed, which may require technical expertise that is currently lacking in many areas of Kiribati.
To maintain and operate an Ecosan toilet effectively, several key operational practices need to be followed to ensure both functionality and hygiene. The core principle behind Ecosan systems is the separation of urine from fecal matter, which helps prevent contamination and facilitates nutrient recycling. The faecal matter which is dangerous is contained in a chamber underneath the toilet where the volume is reduce over time through composting and dehydrating process. In this process the pathogen in feacal matter is destroyed. However to ensure composting is working, it is crucial to regularly manage the composting process, which involves the addition of dry materials such as ash or dry vegetation. These materials control moisture levels, balance carbon and nitrogen content, and ensure that the composting process remains efficient. Regular monitoring of moisture content is necessary to maintain optimal composting conditions, preventing unpleasant odors and ensuring pathogen destruction to the basic operation, users should be trained to manage the system properly, especially regarding what materials can be disposed of in the toilet. For the composting process, the sludge should be periodically leveled, and any full pits should be rotated, with new material added. At the time of annual rotation, the material in the pit should be covered with a layer of fine soil or sand, which is left to stabilize before being processed further. 
The effective of the Ecosan toilet relies on the careful design and monitoring of the leaching system. For optimal performance, the system should be drained properly, with leachate directed to a sealed evapotranspiration (ET) bed ET[14]. Such design is common in the Pacific islands for example Tuvalu. This method allows for the disposal of excess moisture while maintaining hygiene and preventing groundwater contamination[15]. The storage mechanism should be design with concrete chamber with underlying drainage as depicted in typical design in figure 3(a).  
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[image: ]Figure 3. (a) Typical Ecosan Toilet & (b) Evapo-transpiration . Source: (Crennan, 2007)



4.2 Aqua privy 
The Aqua Privy is a wet pit system with sealed sides and bottom, making it an effective and low-cost solution for areas with moderate groundwater levels (at least 3 meters). The typical design consists of a toilet house built over a sealed pit, with liquid waste flowing through a standard sanitation tee into either a seepage system or an evapotranspiration (ET) bed.[16]. This system functions as a hybrid between a pit latrine and a flush toilet, making it a viable replacement for poorly constructed pit latrines in South Tarawa, where many households rely on inadequate pit latrines or septic tanks.
The Aqua Privy improves waste management by using a sealed pit to prevent contamination. Its simple design and low construction cost make it an affordable option for low-income households. Additionally, it reduces the risk of odor and vector breeding by maintaining a water seal under the toilet pan.
However, there are limitations to the Aqua Privy. It depends on regular maintenance, as sludge needs to be removed periodically. The system also requires a steady water supply to maintain the water seal, which can be challenging in areas with overuse of groundwater resources. In regions with high groundwater levels, the system may be less effective unless paired with an evapotranspiration bed to prevent contamination. Furthermore, the lack of technical capacity for maintenance in some communities may pose a barrier to widespread adoption.
The Aqua Privy promotes anaerobic digestion of waste sludge, and the water seal under the toilet pan helps control odors and prevent insect breeding. However, the seal can be compromised by evaporation or leakage, so maintaining a steady water supply is crucial. A simple vent is also necessary to prevent odors, but excessive airflow from wind or sunlight should be avoided. The toilet structure itself can be basic, such as a thatched hut, and the sludge needs to be removed annually using a vacuum truck. 
Compared to septic systems, the Aqua Privy offers several advantages. It does not require piped water, is resistant to blockages, and is simpler and cheaper to construct and maintain. The system’s lifespan can be extended based on pit size and groundwater levels. The World Health Organization recommends a sludge accumulation rate of 40-60 L/c.year, making it a cost-effective and practical solution for Kiribati. Additionally, the septic tank design, based on a model used in Nigeria, connects to a trench about 150 mm deep[16, 17]. 
The Aqua Privy has high potential for community adoption in Kiribati due to its simplicity, low cost, and ease of operation, providing a safe alternative for households not connected to the sewer network in South Tarawa. Implementing an Aqua Privy upgrade project in South Tarawa is economically feasible, as 43.5% of households use septic tanks and 13.5% use wet pit latrines. Moreover, since the community is already familiar with septic tank toilets, the Aqua Privy offers a seamless transition to improved wastewater management. 
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Figure 4. Aqua Privy. Source: F.Thomas, 2011



4.3 Three compartment Septic Tank (TCST)  
The TCST[18] is an effective solution for managing household wastewater, particularly in areas where septic tanks are already in use[19]. This system improves upon traditional two-compartment septic tanks by adding an additional chamber for better separation of solids, scum, and effluent. The TCST offers efficient waste treatment by allowing for longer retention time, which improves pathogen removal. When properly maintained, it is an environmentally sound solution for areas with high population density and limited infrastructure. There are various designs that has evolved with many decades to ensure it efficiency in the country it is use. In China, over 10 million TCST units have been installed in rural regions, proving effective in treating domestic sewage where connection to centralized sewerage is impractical or too costly[20, 21]. Studies shows that system is able to eliminate pathogens with microbial removal rates for E.coli and pathogenic viruses exceeding 4.1 in multiple studies[21-23]. Some design also creating resource-based sanitary toilet system where the effluent is discharge into garden bed for example in rural China. It application has been tested in cold and warm weather where the results shows that it work efficiently in treating washwater in low-temperature conditions, making it suitable for Kiribati. The TCST offers a cost-effective and environmentally sound solution for onsite wastewater treatment, particularly in remote areas lacking centralized sewerage.
The main limitation of the TCST is its high initial cost and need for regular maintenance to prevent blockages and overflows. The typical design requires sufficient space for installation, which may be challenging in densely population areas in South Tarawa for example Betio. While TCSTs are more effective than basic septic tanks, they still require periodic pumping and are not capable of treating wastewater to the same level as advanced treatment systems. Moreover, without regular maintenance, the system can lead to groundwater contamination.
In South Tarawa, upgrading existing septic tanks to a three-compartment system presents several advantages. Many households already use two-compartment septic tanks, though in poor condition. Upgrading to a three-compartment system would improve wastewater treatment by enhancing waste separation, fermentation, and retention time, resulting in more effective pathogen removal. This would help reduce contamination of groundwater.  Furthermore, the population in Kiribati is already familiar with septic tank systems, which would ease the transition to the three-compartment model. Minimal training would be required, leading to quicker adoption and greater community involvement, crucial for the success and sustainability of the project.
Economically, upgrading existing systems is more affordable than building entirely new ones. Since 43% of households already have septic tanks, the cost savings from upgrading would make this approach viable, especially in rural or low-income areas. This would also build on existing infrastructure investments, reducing overall project costs.
Hence, upgrading to a three-compartment septic tank system in Kiribati offers several benefits, including cost-effectiveness, ease of adoption due to familiarity, and significant improvements in wastewater treatment and disease prevention. This solution provides a practical and sustainable option for improving sanitation in the country.
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Figure 5. Typical Three-Chamber Septic tank
[bookmark: _Toc191002105]5. Circular Economy and its relevance to Sanitation Sector in Kiribati 
[bookmark: _GoBack]The concept of Circular Economy (CE) is increasingly recognized worldwide across various fields, including solid and liquid waste management. In water services, CE principles focus on the efficient production, supply, and use of water, offering opportunities to reduce the consumption of water and energy resources through optimization and demand management[24, 25]. In sanitation, the circular economy approach prioritizes the recovery and reuse of water, energy, and nutrients, rather than discharging them into the environment[26, 27]. This study adopts the framework presented by Morseletto et al. (2022), which emphasizes three core principles: eliminating waste and pollution, circulating products, and regenerating nature. These principles, first developed by the Ellen MacArthur Foundation, are rooted in years of research in ecological economics and industrial ecology, aiming to create sustainable, closed-loop systems that benefit both society and the environment[28-30]. 
Integrating Circular Economy (CE) principles into Kiribati’s sanitation sector offers a transformative opportunity to address both environmental and resource management challenges. A circular economy approach emphasizes the reduction of waste, the recovery of valuable resources, and the sustainable use of water, energy, and nutrients. In the context of sanitation, this approach aims to minimize the environmental impact of wastewater and fecal sludge by treating and reusing these materials rather than discharging them into the environment.
Currently, Kiribati’s sanitation systems are largely based on traditional, linear models where waste is discarded without considering its potential for reuse or recovery. This contributes to significant pollution, particularly in groundwater, and creates long-term environmental and health risks. By transitioning to a circular economy model, Kiribati could reduce waste generation, recover nutrients for agricultural use, and promote water and energy reuse, all while minimizing the burden on the environment and local infrastructure.
Several sanitation technologies are well-suited for this transition. For example, Ecosan toilets offer a resource recovery approach, where fecal matter is composted and turned into valuable fertilizer for agriculture. Similarly, the Aqua Privy and Three-Chamber Septic Tanks can be adapted to support nutrient recovery and reduce the environmental footprint of wastewater systems. These systems align with CE principles by closing the loop on waste, promoting sustainability, and reducing reliance on imported resources.
However, the successful integration of CE practices requires overcoming challenges such as limited financial resources, technological barriers, and a lack of local capacity. To facilitate this transition, there needs to be strong policy support, community engagement, and the development of appropriate regulatory frameworks. Additionally, investments in local capacity building, education, and awareness-raising about the benefits of circular economy practices will be essential to ensure that communities are ready to adopt and maintain these systems.
[bookmark: _Toc191002109]6. Path Toward Circular Economy Integration in Kiribati 
The integration of Circular Economy (CE) principles into Kiribati’s sanitation sector presents a transformative opportunity to address the nation’s pressing environmental and health challenges. With its unique geographical and socioeconomic constraints, including high population density, limited land and resources, and vulnerability to climate change, Kiribati’s existing sanitation infrastructure is largely outdated and inefficient. Adopting CE principles—such as waste reduction, resource recovery, and closed-loop systems—will not only provide a sustainable solution to the country’s sanitation issues but also enhance its long-term resilience to environmental challenges. The transition to CE represents an opportunity to rethink wastewater management in a way that minimizes waste, reuses resources, and protects the environment[31].
However, despite the growing recognition of CE principles, there are significant policy gaps in Kiribati’s sanitation sector that hinder the effective integration of CE practices. Currently, national policies related to water and sanitation—such as the National Sanitation Policy (2010) and the National Water Resources Policy (2010)—lack comprehensive strategies for resource recovery, waste minimization, and the promotion of sustainable technologies. These policies are often implemented in isolation, without clear coordination between key sectors like public health, environmental protection, and urban planning. Furthermore, there is limited regulatory enforcement in areas such as wastewater treatment, fecal sludge management, and waste-to-resource technologies, which undermines efforts to improve sanitation systems and protect public health[6, 7].
A major barrier to improving sanitation in Kiribati is the high cost of sanitation materials, including both initial installation and ongoing maintenance. This is exacerbated by the nation’s high unemployment rate (20% in 2021), leaving many households unable to afford adequate sanitation systems. The cost of importing materials and services, such as septic tank vacuuming, is further strained by Kiribati’s geographical isolation. According MISE, a good standard toilet will cost about $1,000- $2,000 and the cost  septic tank pump-out services can exceed $180, which is unaffordable for many low-income households. As a result, many people continue to rely on rudimentary and unsafe alternatives, such as open defecation or poorly constructed pit latrines, exacerbating public health and environmental risks[18].
To address these financial constraints, Kiribati should prioritize affordable, climate-resilient sanitation technologies. These solutions must be selected based on wastewater quality, life-cycle costs, and operational capacity, ensuring they are both sustainable and suited to the local context[15]. Technologies such as Ecosan toilets, Aqua Privy, and Three-Chamber Septic Tanks are low-cost, effective alternatives that should be explored further. International donor organizations, NGOs, and development partners can provide critical funding and technical support to help implement these technologies. Additionally, local financial incentives, including subsidies or low-interest loans, should be considered to ease the financial burden on households[28].
Despite these opportunities, there is an urgent need for significant policy reforms to overcome the current gaps. Existing policies do not prioritize or incentivize the recovery and reuse of valuable resources, such as water, energy, and nutrients from wastewater. Without clear incentives, local stakeholders—such as households and businesses—have little motivation to invest in sustainable sanitation solutions. Additionally, the lack of clear regulatory frameworks for charging for water and sanitation services leads to insufficient funding for necessary infrastructure improvements and ongoing maintenance.
To address these policy gaps, several solutions are proposed:
1. Integration of CE Principles: Key National policies, such as the National Water Resources, National Sanitation Policies, and South Tarawa Roadmap 2011-2030 can be enhanced by incorporating clear strategies and measurable indicators for CE actions within the sanitation sector. This would require a thorough review of all relevant policies in Kiribati that directly or indirectly impact sanitation. This revision should be based on a thorough policy and legislation gap analysis of Water and Sanitation related policies to identify opportunities for improving the sanitation value chain and ensure coordination between key sectors such as public health, urban planning, and environmental protection[32]​. The analysis should focus on identifying specific CE principles that are relevant the context of Kiribati given it unique circumstance as least developed country and consumer country where it depend heavily on important materials and products. 
2. Incentivizing Sustainable Technologies: Establishing financial incentives such as subsidies, tax breaks, or grants would encourage the adoption of sustainable sanitation technologies, like Ecosan toilets and waste-to-energy systems. Some simple yet practical tax include the subsidy and imports tariffs for new goods. The latter has already been implemented in Kiribati through the Kiribati Customs Act 2019 through the tariff system.  Another financial policy or measure include subsidy schemes that set subsidies for any purchase of more circular products/services. In sanitation sector, subsidy schemes are employed to promote access to sanitation facilities, improve public health, and address environmental issues which has been applied in some developing countries. For example, India’s Swachh Bharat Mission provides financial subsidies of up to INR 18,000 to rural households, enabling low-income families to build toilets and improve sanitation[33]. These incentives need to be supported by legislation to encourage technologies that are financially viable and drive the adoption of solutions that benefit both the environment and public health[15, 34]. Another policy measure that is applicable for Kiribati to streamline CE principles is the "Preferred Treatment in Administrative Processes." Kiribati’s Environmental Impact Assessment (EIA) process, supported by the Environment Act 2021, already has defined timeframes for processing EIA reports that are categories as Environmental Significant Activities under the Act. Incorporating this policy could help expedite decision-making, reduce delays, and improve overall efficiency, while ensuring that environmental considerations are thoroughly addressed. This approach, previously applied to government projects, could be enhanced by establishing clear guidelines to prioritize projects that align with CE goals, such as green infrastructure and renewable energy.
3. Enhanced Coordination Across Sectors: Strengthening coordination between water, sanitation, health, and environmental policies is essential for a holistic approach to sanitation. This could be achieved by creating inter-ministerial committees or task forces dedicated to implementing integrated, cross-sectoral strategies for sanitation and resource management. Ensuring that these sectors work together will foster more effective governance and facilitate the integration of CE practices across the nation[6]. Rather than creating a new committee, Kiribati already has the National Water and Sanitation Steering Committee, composed of senior decision-makers from key ministries. This existing committee is well-positioned to lead the integration of CE principles into national water and sanitation projects. The same committee is also recommended under the Kiribati Integrated Environment Policy (2021 – 2036) to oversee the implementation of proposed national CE strategy that will aim to identify all possible opportunities to reduce production of pollution and waste in all sectors of the economy and to embrace the principles and targets of responsible consumption and production, and support a return to the use of traditional, and natural materials. Therefore to ensure there is no duplication of roles between the two committees, it is essential that government define the scope of their responsibilities. 
4. Regulatory Frameworks for Wastewater and Sludge Management: Policies should be updated to provide clear guidelines and regulations for wastewater treatment and fecal sludge management. The enforcement of these regulations would ensure that sanitation systems are maintained properly and that waste is handled in a way that reduces environmental and public health risks. Developing a regulatory framework for waste-to-resource technologies is essential to mitigate the risks associated with poorly managed waste and encourage resource recovery[35, 36]. While the current National Building Code of Kiribati and Building Act 2006 regulate the construction of buildings, including septic tanks for fecal waste management, enforcement remains inadequate. To address this, new regulations are needed to set standards for the design, construction quality, and maintenance of onsite sanitation systems that align with circular economy principles.
5. Public Awareness and Education: Implementing national campaigns to raise awareness about the benefits of CE practices and the importance of sustainable sanitation technologies would help build public support for these solutions[37]. Additionally, providing technical training for local authorities, businesses, and communities on CE-related practices would enhance the capacity to implement these solutions effectively. Educating the public about the potential economic, environmental, and health benefits of adopting CE practices will be crucial in fostering widespread adoption. A major reason for resistance to new innovative technologies is their departure from traditional linear economy models, which people are more familiar with. Without a clear understanding of the advantages—such as waste reduction, resource efficiency, and long-term sustainability—individuals may fail to recognize the value of embracing these new practices. This lack of understanding or knowledge often leads to misconceptions, which can result in hesitancy or outright resistance to adopting CE innovations. Effective education and communication are key to overcoming these barriers and fostering greater acceptance of sustainable solutions. In Kiribati, women often bear the responsibility for household cleanliness and water-related tasks, so their involvement in sanitation training is crucial to fostering effective behavior change and ensuring that the systems are maintained properly influence on Household Decisions. Moreover, women typically manage the household budget, making their awareness of sanitation costs and options vital. Educating them about affordable and sustainable solutions ensures that sanitation choices align with the family's financial capacity .
The path forward for Kiribati’s transition to a Circular Economy in sanitation is complex and multi-faceted. It requires a combination of policy reform, financial support, technological adaptation, and public education. By creating clear regulatory frameworks, investing in local capacity building, and promoting community engagement, Kiribati can overcome the challenges currently hindering the integration of CE principles into its sanitation sector. This transition will not only improve public health and environmental sustainability but also enhance the country's resilience to climate change and other long-term challenges[28].
8. Conclusion 
The integration of CE practices into Kiribati's sanitation sector offers a transformative solution to the country's pressing sanitation challenges. Given Kiribati’s geographical isolation, high population density, and limited natural resources, traditional centralized sanitation systems are not feasible, particularly in urban areas like South Tarawa. Many households currently rely on inadequate sanitation systems, such as pit latrines and septic tanks, which contribute to environmental contamination and public health risks.
By embracing CE practices such as waste minimization, resource recovery, and water reuse, Kiribati can move toward a more sustainable and resilient sanitation system. Technologies like Ecosan toilets, Aqua Privy, and Three-Chamber Septic Tanks offer promising alternatives to the current systems, each with its advantages in terms of affordability, resource recovery, and environmental protection. However, the successful adoption of these technologies will require overcoming barriers related to financial resources, technological capacity, and public acceptance. To facilitate this transition, it is crucial for Kiribati to address policy gaps, implement appropriate regulatory frameworks, and provide incentives for the adoption of sustainable technologies. Strong governance, community engagement, and capacity building will be key to ensuring the long-term success of CE practices in sanitation. Circular Economy approach will not only improve sanitation infrastructure but also contribute to Kiribati’s broader goals of environmental sustainability and public health. With the right policy support, technological innovation, and community involvement, Kiribati can create a sanitation system that is both effective and sustainable for future generations.

7. Future Research Directions 
While progress has been made in understanding onsite sanitation in Kiribati, several research gaps remain in fully integrating CE principles for sustainable infrastructure. Existing studies on systems like pit latrines and septic tanks lack comprehensive data on effectiveness, maintenance, and long-term sustainability. Research is needed to assess performance, focusing on nutrient recovery, water quality, and environmental impacts. Additionally, there is limited exploration of how onsite systems in Kiribati can support nutrient recovery and waste-to-resource models aligned with CE, such as using Ecosan toilets for composting or septic tanks for biogas production. Lastly, given Kiribati's vulnerability to climate change, research is needed on the resilience of sanitation systems to coastal flooding, saltwater intrusion, and extreme weather, particularly assessing whether decentralized solutions like septic tanks or composting toilets are more resilient than centralized systems.
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