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Abstract
The present study explores the Challenges, Opportunities, and the Path Toward Circular Economy Integration for On-Site Sanitation Systems in Kiribati. The inadequate sewerage systems in urban and rural areas, particularly in developing countries, leads to inadequate sanitation and wastewater management, causing pollution and health risks. 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 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. Socioeconomic factors play a critical role in shaping the effectiveness and sustainability of onsite sanitation systems in South Tarawa. One of the major challenges is the lack of financial resources to invest in proper sanitation infrastructure. A strong governance structure is essential for the success of these efforts, enabling effective coordination, collaboration, resource allocation, and progress monitoring of initiatives that promote Circular Economy (CE) principles. The existing National Water and Sanitation Steering Committee could play a crucial role in overseeing this transition, as it already comprises representatives from key ministries. Additionally, the NCES suggests the creation of a new committee to oversee the strategy.
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[bookmark: _Toc191002100]1.1 Background and context 
In recent decades, the demand for basic sanitation has increased significantly, driven by socioeconomic development and population growth. The United Nations (UN), Sustainable Development Goals (SDGs) in particular six sustainable goals which aim to ensure that by 2030, all individuals have access to basic and equitable sanitation and hygiene[1]. A joint report by UNICEF and WHO[2] indicates that the proportion of the population with access to safely managed sanitation services rose from 28% to 45% between 2000 and 2017.  Although significant progress have been made, 2 billion people still have no access to safe and sustainable sanitation system, 63 million people are practicing open defecation, and 3 billion people still lack basic sanitation; highlighting the ongoing global sanitation crisis. 
The inadequate sewerage systems in urban and rural areas, particularly in developing countries, leads to inadequate sanitation and wastewater management, causing pollution and health risks. Poorly maintained on-site systems contribute to waterborne diseases and water contamination. This issue is exacerbated by aging infrastructure, limited funding, and insufficient technical capacity, resulting in ineffective wastewater management and increased environmental and health hazards.
[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]
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, DEFAT, the World Bank, ADB, UNICEF, EU, and SPC, 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 on-site 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 site 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 been 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 on-site 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 (TCST), 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
Socioeconomic factors play a critical role in shaping the effectiveness and sustainability of onsite sanitation systems in South Tarawa. One of the major challenges is the lack of financial resources to invest in proper sanitation infrastructure. On-site systems such as septic tanks or pit latrines require initial capital for construction, as well as ongoing maintenance costs that are often beyond the means of low-income families. This financial barrier leads many people to continue using inadequate sanitation systems that further deteriorate public health, especially in rural or peri-urban areas where poverty is prevalent.
The high cost of sanitation systems is exacerbated by Kiribati’s geographic remoteness, with most equipment and expertise being imported, further inflating costs. The small population size and limited local manufacturing capabilities also pose challenges to achieving economies of scale in sanitation services. Additionally, government support for sanitation is minimal, with much of the funding coming from NGOs or international donors. The high unemployment rate (20% in 2021) and the absence of sustainable financing mechanisms make it difficult for many families to afford both the initial installation and the ongoing maintenance of sanitation systems.
Moreover, cultural and social factors also play a role in shaping sanitation practices. In many communities, there is a lack of awareness about the health risks associated with poor sanitation, compounded by limited understanding of modern or advanced sanitation technologies. Social norms and traditional practices, such as open defecation and the continued use of rudimentary pit latrines, further contribute to the challenge. Resistance to adopting new technologies often arises from distrust of unfamiliar solutions or a preference for traditional methods, despite their clear health risks. Additionally, there is a lack of education and technical training on proper sanitation management, which hampers the effective maintenance of systems even when they are available.
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
Upgrading wastewater management technology is essential for ensuring sustainable and environmentally sound water and sanitation in Kiribati. However, implementing advanced technologies, such as waste-to-energy systems or nutrient recovery, requires specialized knowledge and expertise that is currently lacking in the country. Additionally, Kiribati’s geographical isolation and limited infrastructure complicate the adoption of advanced technologies along the wastewater value chain. Many existing systems, such as pit latrines and septic tanks, remain outdated and hinder water reuse and resource recovery, preventing the implementation of circular systems that could close the loop on vital resources. The faecal matter normally dealt with at the household, rather than policy maker level. 
Kiribati’s wastewater sector would greatly benefit from investments in innovative and sustainable technologies to improve wastewater containment, treatment, and reuse. However, high capital costs, operational expenses, and maintenance challenges present significant barriers to their adoption. The shortage of local expertise further complicates the situation, as the country relies on international experts and consultants, which adds to the overall costs.
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 on-site 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 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 evaluates three onsite sanitation systems that adopt circular economy (CE) principles, focusing on waste reduction and material recycling, which contribute to sustainability and support the achievement of the 2030 Agenda for Sustainable Development Goals (SDGs). The aim is to identify suitable, low-cost onsite wastewater systems that are both sustainable and capable of preventing groundwater contamination.
4.1. Ecosan toilet 
The Ecosan toilet offers a promising, low-cost, and environmentally sustainable alternative for Kiribati, with a small land footprint and easy operation. It is an alternative approach to realize sustainable sanitation, which closely associated with toilets because toilet-based source separation always facilitated greater resource recovery as an alternative solution[10]. 
A conventional Ecosan system consists of two main components: composting chambers and an evapotranspiration (ET) trench. The toilet is built above the composting chambers, where fecal matter breaks down naturally, aided by organic materials like leaves. Excess liquids, primarily urine and anal wash water are directed to the ET garden via a pipe[11]. These liquids undergo evaporation and transpiration, where water vapor is released into the air, completing the natural treatment process[12].
The Ecosan concept has been adapted to various socio-economic and geographical contexts, especially in low-cost settings. In the Pacific Islands, such as Tuvalu, the system incorporates an evapotranspiration (ET) garden to manage excess liquids. Given the permeable sandy soils in Tuvalu, urine discharge can contaminate groundwater, a concern also relevant to Kiribati's atoll environment. Therefore, Ecosan toilets in Kiribati must be carefully designed to prevent groundwater contamination, ensuring proper treatment and disposal of liquids. 
The groundwater in Kiribati suffer from environmental pollutions from wastewater. The water quality in South Tarawa faces microbial contamination risks, with studies indicating effluent from septic tanks and wastewater contributes significantly to groundwater pollution. Groundwater quality in South Tarawa shows varying in nitrate contamination exceeds WHO guidelines in some areas, such as Bairiki with 69.2 mg/l. Additionally, shallow wells in Bairiki and Bikenibeu show higher E. coli contamination, making them unsuitable for potable use without treatment[9, 13]. Hence when the urine and faeces are properly contained, collected, and recycling to produce fertilizer that community could be benefited from and at the same time reduce the nutrient load into the groundwater. For example, in China and Sub Saharan Africa, faecal matter from Ecosan toilets are reuse as fertilizer by local farmers in rural areas[14]. 
The total annual economic burden of poor water and sanitation on South Tarawa is estimated to range from $3.7 to $7.3 million[8]. Therefore, the ability of the Ecosan toilet to treat fecal matter through composting ensures safe disposal and significantly reduces the spread of waterborne pathogens. Due to disease prevention, cost on health-care and medicine will be reduced. 
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Figure 3. (a) Typical Ecosan Toilet & (b) Evapo-transpiration . Source: (Crennan, 2007)
4.2 Aqua privy 
The Aqua Privy is a wet pit with sealed sides and bottom, designed to suit local conditions. A 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[15]. The 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. It is particularly suitable for areas with moderate groundwater levels, where effluent can be safely discharged into a trench, provided the separation from groundwater is at least 0.6 meters. In areas with high groundwater, an ET bed is recommended.
The system promotes anaerobic digestion of waste sludge, and a water seal under the toilet pan helps control odors and prevent insects. However, the seal can be compromised by evaporation or leakage, so maintaining a steady water supply is essential. A simple vent is also necessary to prevent odors but should avoid excessive airflow caused by wind or sunlight. The toilet structure can be basic, such as a thatched hut, and sludge needs to be removed annually with a vacuum truck.
The Aqua Privy offers several advantages over septic systems. It does not require piped water, is resistant to blockages, and is simpler and cheaper to construct and maintain. The life of the system 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. Another positive benefit is that the septic tank is connected to the trench about 150 mm which is based on the design use in Nigeria[15, 16]. 
The Aqua privy toilet has high potential for community uptake in Kiribati due to its simplicity, low cost, and ease of operation, making safe alternative to household that are not connect to sewer network in South Tarawa. Also implementing Aqua privy upgrade project in South Tarawa is economically feasibly since 43.5 percent of household use septic tank and 13.5 percent uses some form of wet pit latrines. Additionally, since the community in South Tarawa is already familiar with how to operate septic tank toilets, the Aqua privy provides 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 three-compartment septic tank (TCST) is a commonly used on-site sanitation system in unsewered areas of developed countries like Europe and US as a primary treatment for household before it discharge into the sewerage network[17]. 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. The septic tank is emptied by vacuum truck once it is full and treated in the centralize wastewater plant.  Some design also creating resource-based sanitary toilet system.  The system is effective in treating faecal matter by allowing for sufficient fermentation, thereby eliminating pathogens with microbial removal rates for E.coli and pathogenic viruses exceeding 4.1 in multiple studies[18-20]. The effluent is collected in final compartment and can be used as organic fertilizer for agriculture purposes aligning with global Sustainable Development Goals.  
The typical design consists of three chambers: the first for settling solids, the second for post-settlement and scum separation, and the third for storage. The design includes features such as guide pipes and vent holes to manage pressure, isolate pathogens, and reduce environmental pollution. The system has proven effective in reducing nutrient loads in low-temperature conditions, making it suitable for Kiribati if properly constructed and maintained. TCST offers a cost-effective and environmentally sound solution for onsite wastewater treatment, particularly in remote areas lacking centralized sewerage.

The adoption of a three-compartment toilet in Kiribati presents several promising opportunities, particularly given the current state of wastewater management in the country. Many households in Kiribati already use septic tanks, albeit in poor condition and with only two compartments. Upgrading these existing systems to a three-compartment model would significantly improve the wastewater treatment process. The added compartment enhances the separation of waste, allowing for better fermentation and a longer retention time. This improves the overall treatment efficiency, ensuring that pathogens are more effectively removed, which can help reduce contamination of local water sources.
Another advantage is that the population in Kiribati is already familiar with the use of septic tank systems. This familiarity means that the learning curve for the adoption of the three-compartment toilet would be minimal. People would not need extensive training or reorientation on how to use the system, which could lead to quicker acceptance and smoother implementation within the community. This familiarity can also foster greater community participation in the project, ensuring its success and sustainability.
Economically, the project appears feasible, as 43% of households already have septic tanks. Given that the three-compartment septic tank is a low-cost system, upgrading the existing infrastructure would be more affordable than implementing entirely new systems. The cost savings from upgrading the existing septic tanks, rather than building new ones from scratch, would make this a more economically viable option for the majority of households, especially in rural or low-income areas. This also presents an opportunity to build on the investments already made in wastewater infrastructure, reducing overall project costs.
Moreover, the implementation of a septic tank upgrade project can be easily integrated into Kiribati's ongoing sanitation and wastewater management efforts. With the existing use of septic tanks, the project could be framed as an upgrade, ensuring that it aligns with current government and NGO-led initiatives. This would streamline the process and reduce barriers to implementation, facilitating more widespread adoption across communities.
The three-compartment septic tank system is highly efficient in preventing waterborne diseases. With improved pathogen removal capabilities, the system significantly reduces the risk of disease transmission through contaminated water sources. This is especially important in Kiribati, where poor sanitation practices and inadequate waste treatment can lead to environment and health risks. By upgrading to a more effective system, Kiribati would be taking an important step toward improving public health and protecting the well-being of its citizens.
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 in Kiribati 
Circular economy is a widely recognized globally in various field, including in solid and liquid waste management [21, 22]. CE integrates economic activity and environmental well-being in a sustainable way. For water services, circular economy thinking is relevant for the production, supply and use of water, all of which offer opportunity for reducing use of water and energy resources through efficient, optimization or demand management[23, 24]. In sanitation, the circular economy approach prioritizes how water, energy and nutrients can be recovered and reused rather than discharge into environment[25, 26]. This study focus on CE principles such as waste minimization, resource recovery, and reuse of resources such as water and nutrients generated by innovative technologies.  
Circular economy principles offer valuable solutions to Kiribati’s sanitation challenges, addressing its environmental and resource constraints. With limited freshwater and land for wastewater treatment, adopting circular economy practices can enhance wastewater management by conserving water resource, converting faecal matter into fertilizer. Additionally, closed-loop systems for water reuse can reduce pressure on freshwater resources and minimize wastewater impact on groundwater and coastal water.
Economically, circular economy practices can reduce the cost of maintaining sanitation infrastructure by utilizing locally available materials and promoting resource recovery. This approach is particularly beneficial for Kiribati, where poor household can not afford a toilet system and the existing infrastructure needs upgrading. Furthermore, community involvement in sanitation solutions fosters local ownership, resilience, and sustainable long-term outcomes.
[bookmark: _Toc191002109]6. Path Toward Circular Economy Integration in Kiribati 
Socioeconomic factors play a pivotal role in the success of sanitation systems in Kiribati. A major barrier to improved sanitation access, particularly in South Tarawa, is the high cost of sanitation materials, including both initial installation and ongoing maintenance. These costs are compounded by Kiribati’s high unemployment rate (20% in 2021), with many households unable to afford adequate sanitation solutions. According to the KSDIS 2018-19 report, 71% of the population in the lowest wealth quintile lack proper sewage systems or improved toilets. Consequently, many resort to open defecation or use unsafe alternatives like flush-open-drain toilets and pit latrines, exacerbating public health and environmental issues.
The high costs of sanitation materials are driven by Kiribati's remoteness, where importing materials and services like septic tank vacuuming can exceed $1,000, further straining low-income households. Government support is limited, with much of the aid coming from NGOs and donor organizations, rather than direct governmental assistance. To overcome these challenges, affordable, climate-resilient technologies should be prioritized. These solutions must be carefully selected based on factors such as wastewater quality, life-cycle costs, and operational capacity, ensuring long-term sustainability.
The path toward circular economy integration in Kiribati involves a comprehensive approach to transforming wastewater management, resource use, and economic practices to align with sustainability goals. Kiribati, being an island nation with limited resources and facing the impacts of climate change, is particularly suited for circular economy principles, which requires a new approach to water and wastewater management, and development and implementation of innovation, however, not only in technologies but also in organization. 
The transition to a circular economy in Kiribati necessitates a fundamental shift in the management of resources, particularly water and human waste from onsite sanitation systems. Currently, the country’s sanitation infrastructure is largely based on outdated and inefficient systems, such as septic tanks and pit latrines. These systems, often poorly constructed and managed, discharge untreated nutrients into the environment and fail to recover valuable resources like water and nutrients. This study evaluates three innovative technologies selected from the 2011 pilot onsite sanitation sub-project: Aqua Privy, Three-Chamber Septic Tanks, and Ecosan toilets. These systems were assessed for their ability to effectively remove organics, nutrients, and pathogens from effluent before it is discharged into the groundwater. The evaluation was carried out in collaboration with local stakeholders and a consulting firm appointed to lead the assessment.
The adoption and updating of innovative technologies for sanitation depend on daily decisions influencing the success of the Circular Economy (CE). The lack of enforced toilet standards and high transport costs in South Tarawa create insufficient incentives for faecal matter collection, leading to improper waste disposal[27, 28]. This is same situation in Kiribati. Currently, PUB does not charge for sewage services, but has proposed a fee of $5 per month for up to two fixtures (with an additional $1 per fixture) is set to be introduced. This fee has been approved by cabinet. By 2028, this fee will rise to $23.60 per fixture monthly. Septic tank pump-outs are charged at $180 per vacuum truck trip. It is noted that this has led to fewer households procuring vacuum trucks in the past and has also led to illegal disposal practices, as the cost of septic tank pump-outs and sewage services becomes more financially burdensome for some households. The introduction of the proposed sewage fee may drive individuals to seek more cost-effective, albeit unlawful, alternatives for waste disposal. Hence policies and adjustments to fee and subsidies that account for the trade-off could lead to an increased centralized collection and raise the potential of CE for sanitation. Additionally, the lack of innovative technologies capable of effectively treating and segregating faecal matter remains a significant challenge. Hence, technologies such as Aqua Privy, Three-Chamber septic tanks, and ecosan toilet given their ability to recover waste, reduce resource consumption (water), and fostering localized and decentralized wastewater management system. 
In addition, institutional decisions are crucial in shaping the effectiveness of Circular Economy (CE) systems, particularly in wastewater management. These decisions necessitate careful long-term planning, taking into account both social and technical factors that influence various components, such as transportation and disposal costs. As sanitation access expands, the production of sludge will increase, posing new challenges for efficient management. Furthermore, the low adoption of CE products, often due to a lack of certification or subsidies, highlights the need for greater education and incentives to facilitate their acceptance. Addressing these challenges require a strong governance and stakeholder collaboration to facilitates the coordination of various stakeholders, including government agencies, private sectors, local communities, and NGOs, to ensure policies and regulations provide incentives for the success of management of water and nutrient in all life cycle of processes. For example, in Ghana, product certification was able to encourage adoption, as farmers are willing to pay an extra $40 per tone for a certified product made from human waste. This is a higher value increase than the subsidies currently available in India[29]. This show importance of developing regulations and legislation that recognize CE products. 
Policies play a crucial role in guiding the transition to CE as they are not only serve as regulatory tools but also help create a shared vision for socials goals[30, 31]. Kiribati has several policies and legislative frameworks related to water and sanitation that can potentially integrate CE principles. Some key policies and legislation include but not limited to: 
· Tarawa Water Master Plan (2010)
· National Sanitation Policy (2010)
· National Sanitation Roadmap Addendum (2021)
· Kiribati Integrated Environment Policy (KIEP) 2021-2036 
These policies aim to improve sanitation access, reduce waterborne diseases, protect groundwater and lagoon waters from fecal contamination, raise community awareness of sanitation issues, safeguard water sources, and promote appropriate sanitation solutions in Kiribati. The Kiribati Integrated Environment Policy (KIEP) proposes the development of the first National Circular Economy Strategy (NCES), focusing on waste reduction, responsible consumption, and resource recovery in alignment with the Sustainable Development Goals (SDGs). For successful implementation, the NCES must provide a clear roadmap with active participation from all stakeholders—government, private sector, and community. Additionally, regulations are needed to improve onsite sanitation systems, particularly in construction, emptying, and disposal practices. The national building permit and licensing system in Kiribati offers an opportunity to integrate CE standards into sanitation practices, ensuring compliance with sustainable practices that reduce pollution and promote resource recovery. This system involves multiple agencies, including MELAD (ECD), MISE, Lands Management Division (LMD), and local councils, in reviewing and approving construction permits for projects using natural resources. MISE reviews building designs through its Quality Control and Inspection Unit, ensuring adherence to construction standards, including septic tank design. MELAD oversees environmental requirements related to water and sanitation, while the Public Utilities Board (PUB) manages water supply and sewerage services in South Tarawa, as mandated by the 1977 Ordinance.
A strong governance structure is essential for the success of these efforts, enabling effective coordination, collaboration, resource allocation, and progress monitoring of initiatives that promote Circular Economy (CE) principles. The existing National Water and Sanitation Steering Committee could play a crucial role in overseeing this transition, as it already comprises representatives from key ministries. Additionally, the NCES suggests the creation of a new committee to oversee the strategy. However, it would be more efficient to integrate this new committee into the existing one to avoid duplication of efforts and streamline governance processes.
However, changes in policy and regulation to promote and enforce new Circular Economy (CE) innovations, such as the reuse of wastewater and fecal matter, are influenced by public cultural norms and practices[32, 33]. Resource recovery from wastewater, including excreta, involves both risks and benefits, and the willingness of stakeholders to implement such practices may depend on whether their perception of the risks outweighs the perceived benefits, or vice versa. Therefore, it is essential to establish robust monitoring systems to collect the necessary data and information, helping to mitigate both perceived and actual risks. Additionally, the lack of capacity at the local level to implement these systems highlights the need for funding support to facilitate capacity transfer and ensure effective knowledge and skills development.
Over the long term, there are social and technical systems that are deeply embedded and may not respond directly to policy changes, yet they can still affect the potential for CE systems. Community engagement important aspect of circular economy integration. This will require implementing of education and public awareness about the benefits of CE practices and involving them in local initiatives to ensure the long-term update of such efforts or new innovative technologies. For example, training session should be held with community to train them on the toilet design and construction and operation. At the same time, it is crucial to harmonized development partner community awareness programs for maximum impact and consistent in information.  
7. Future Research Directions 
While progress has been made in understanding on-site sanitation in Kiribati, several research gaps remain in fully integrating circular economy (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 on-site 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.
8. Conclusion 
The transition to a circular economy (CE) in sanitation offers Kiribati a transformative solution to its wastewater management, environmental, and public health challenges. Due to Kiribati's geographical isolation, high population density, limited land, and climate vulnerability, traditional centralized sanitation systems are impractical, particularly in South Tarawa and rural areas. Many households rely on inadequate systems like pit latrines and flush-open-drain toilets, leading to environmental contamination and health risks. Adopting CE principles—such as waste minimization, resource recovery, and closed-loop systems—provides an alternative by recovering nutrients, reusing water, and generating energy from waste. Technologies like Aqua Privy, Three Chamber Septic Tanks, and Ecosan toilets align with CE, offering decentralized, low-cost solutions that reduce the need for expensive infrastructure while supporting biogas production, nutrient recovery, and water reuse. However, the transition faces barriers such as financial constraints, cultural resistance, and insufficient policies. To overcome these, Kiribati must implement clear regulatory frameworks, provide financial incentives, and collaborate with NGOs, donors, and the private sector for knowledge transfer and support. Community engagement is crucial to ensure that technologies are culturally appropriate, locally accepted, and sustainable, fostering long-term ownership and improving health outcomes.















[bookmark: _GoBack]Reference 
[1]	ORGANIZATION W H, FUND U N C S. Progress on household drinking water, sanitation and hygiene 2000-2020: five years into the SDGs [M]. World Health Organization, 2021.
[2]	ORGANIZATION W H. 2017 annual report WHO/UNICEF joint monitoring programme for water supply, sanitation and hygiene [M]. 2017 annual report WHO/UNICEF joint monitoring programme for water supply, sanitation and hygiene. 2017: 20-.
[3]	SPC. Kiribati Census Atlas [R]. Noumea, New Caledonia, 2022.
[4]	BANK W. Project Appraisal Document on a proposed Grant [Z]. South Tarawa - Kiribati World Bank 2022: 31-42
[5]	THOMAS F. Kiribati - Addendum to Sanitation Roadmap SFD Report [R], December 2020.
[6]	MWPU. National Sanitation Policy - Effective Sanitation for Healthy Communities, Environments and Sustainable Development [Z]//MPWU. Tarawa - Kiribati MPWU. 2009
[7]	MPWU. National Water Resources Policy [Z]//UTILITIES M O P W A. Tarawa, Kiribati GOK. 2008
[8]	ADB. Economic Costs of Inadequate Water and Sanitation SOUTH TARAWA, KIRIBATI [R]. Manila, Philippines
2013.
[9]	JAZAYERI A, SOLÓRZANO-RIVAS S C, SINCLAIR P, et al. A Groundwater Modelling Investigation of Greywater Disposal: South Tarawa, Kiribati [M]. World Bank, 2019.
[10]	LARSEN T, UDERT K, LIENERT J. Source separation and decentralization for wastewater management [M]. Iwa Publishing, 2013.
[11]	HU M, FAN B, WANG H, et al. Constructing the ecological sanitation: a review on technology and methods [J]. Journal of Cleaner Production, 2016, 125: 1-21.
[12]	CRENNAN L. Sustainable sanitation manual and construction guidelines for a waterless composting toilet [J]. IWP-Pacific Technical Report, 2007, 52.
[13]	TEEMA BIKO, JOHN A. CARREON, SAUNI. S. BONRIKI & BUOTA WATER RESERVES
 WATER QUALITY SAMPLING/ MONITORING DATA
 APRIL 2020 – JULY 2021 [R]. Suva, Fiji: SPC, 2020 - 2021.
[14]	MORGAN P. Successful demonstration activities in the use of toilet compost and urine as a source of nutrients for growing crops [J]. Aquamor, Harare, 2005.
[15]	OLUWANDE P. Development of the aqua-privy for urban sanitation [J]. 1975.
[16]	DE KRUIJFF G. Aqua Privy Sewerage Systems A Survey Of Some Schemes In Zambia [J]. 1978.
[17]	WILLIAMS R, KELLER V, VOß A, et al. Assessment of current water pollution loads in Europe: estimation of gridded loads for use in global water quality models [J]. Hydrological processes, 2012, 26(16): 2395-410.
[18]	CHENG S, YANG S, HUANG J, et al. Investigation of the Mechanism for Removal of Typical Pathogenic Bacteria from Three-Compartment Septic Tanks under Low Temperature Conditions [J]. Processes, 2023, 12(1): 87.
[19]	TAN L, ZHANG C, LIU F, et al. Three-compartment septic tanks as sustainable on-site treatment facilities? Watch out for the potential dissemination of human-associated pathogens and antibiotic resistance [J]. Journal of environmental management, 2021, 300: 113709.
[20]	XIANGQUN Z, GAO Y, XU Y, et al. Application status and model types of three-compartment septic tanks in rural toilet reform in China [J]. Journal of Agriculture Resources and Environment, 2022, 39(2): 209.
[21]	BOROWSKI P F. The Circular Economy Concept and Its Application to SDG 6 [M]. Circular Economy Applications for Water Security. CRC Press. 2024: 21-37.
[22]	GEISSDOERFER M, SAVAGET P, BOCKEN N M, et al. The Circular Economy–A new sustainability paradigm? [J]. Journal of Cleaner Production, 2017, 143: 757-68.
[23]	LEHTORANTA S, LAUKKA V, VIDAL B, et al. Circular economy in wastewater management—the potential of source-separating sanitation in rural and peri-urban areas of northern Finland and Sweden [J]. Frontiers in Environmental Science, 2022, 10: 804718.
[24]	MORSELETTO P, MOOREN C E, MUNARETTO S. Circular economy of water: definition, strategies and challenges [J]. Circular economy and sustainability, 2022, 2(4): 1463-77.
[25]	MORSELETTO P. Sometimes linear, sometimes circular: States of the economy and transitions to the future [J]. Journal of Cleaner Production, 2023, 390: 136138.
[26]	CITARISTI I. United nations human settlements programme—UN-habitat [M]. The Europa Directory of International Organizations 2022. Routledge. 2022: 240-3.
[27]	PEAL A, EVANS B, BLACKETT I, et al. A review of fecal sludge management in 12 cities [J]. World Bank Final Report, 2015.
[28]	HOLM R, TEMBO J M, THOLE B. A comparative study of faecal sludge management in Malawi and Zambia: Status, challenges and opportunities in pit latrine emptying [J]. African Journal of Environmental Science and Technology, 2015, 9(11): 783-92.
[29]	DANSO G, DRECHSEL P, FIALOR S, et al. Estimating the demand for municipal waste compost via farmers’ willingness-to-pay in Ghana [J]. Waste management, 2006, 26(12): 1400-9.
[30]	VELENTURF A P, JOPSON J S. Making the business case for resource recovery [J]. Science of The Total Environment, 2019, 648: 1031-41.
[31]	FRANTZESKAKI N, LOORBACH D, MEADOWCROFT J. Governing societal transitions to sustainability [J]. International journal of sustainable development, 2012, 15(1-2): 19-36.
[32]	VAN RENSBURG P. Overcoming global water reuse barriers: the Windhoek experience [M]. Water Reuse Policies for Potable Use. Routledge. 2018: 123-37.
[33]	POLPRASERT C. Organic waste recycling: technology and management [M]. IWA publishing, 2007.





image3.png
Cross Section

Coral Aggregate

EVAPOTRANSPIRATION
TREATMENT TROUGH

Treatment Trough

(Fibreglass, polyethlene
or in-situ terrocement)





image4.png




image5.png
Ventpipe —3=

Removable cover
for desludg‘mgW

=

o

R,

75mm





image6.png




image1.png




image2.png
ez

Tearibal

Nuatabu
Tes NORTH TARAWA

T g
E'“’_& Anteblka AT,
w Toommam E12 \, Ananau Causovay
- Cly Bkaneu
Bad
e SOUTHTARAWA





