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 Purpose of the study: The aim of this research is to analyze the global state of 
clean water and sanitation, identify the main challenges faced, and explore 

innovative solutions and strategies that can contribute to the achievement of 

Sustainable Development Goal 6 by 2030. 

Methodology: This study employed a systematic literature review and 
comparative analysis with secondary data from WHO, UNICEF, and the World 

Bank. Data collection was conducted through international databases such as 

Scopus, Web of Science, and Google Scholar. Data analysis was conducted 

using descriptive quantitative analysis and thematic qualitative analysis using a 

matrix-based instrument. 

Main Findings: Research shows that more than 2.2 billion people still lack 

access to safe drinking water and 3.4 billion people lack adequate sanitation 

services, with the greatest disparities occurring in Sub-Saharan Africa and South 
Asia. Innovations such as smart water monitoring, low-cost filtration, rainwater 

harvesting, and community-based sanitation programs have proven to have 

significant impact. However, persistent barriers include limited funding, social 

inequality, climate change, and weak governance. 

Novelty/Originality of this study: This research integrates technological 

innovation, public health approaches, community participation, and policy 

frameworks into a comprehensive analysis of clean water and sanitation. Unlike 

previous research that focused solely on technical or health aspects, this study 
expands knowledge by mapping multidimensional strategies and providing 

practical recommendations for policymakers and stakeholders. 
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1. INTRODUCTION 

Clean water and sanitation are basic human needs that are not only related to health, but also to overall 

quality of life [1]-[3]. Access to clean water is a major factor in preventing infectious diseases which are still 

high in various developing countries [4]-[6]. Proper sanitation also contributes to the creation of a healthy, 

productive and dignified environment [7], [8]. However, millions of people around the world still face 

limitations in accessing clean water sources and adequate sanitation facilities [9]-[11]. This condition shows that 

the problem of clean water and sanitation remains a very crucial global issue. 

The United Nations has emphasized the importance of clean water and sanitation through Sustainable 

Development Goal (SDG) 6 which targets <Clean Water and Sanitation for All= by 2030 [12]-[14]. Despite 

various efforts, global targets remain far from being achieved, especially in low-income countries. WHO and 
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UNICEF data show significant disparities between urban and rural areas in terms of access to clean water and 

sanitation [15]-[17]. This situation is exacerbated by rapid population growth and climate change, which are 

putting pressure on water resources. Therefore, achieving SDG 6 requires a more innovative and inclusive 

approach. 

In recent decades, various innovations have been developed to address this issue, ranging from low-cost 

filtration technology, rainwater harvesting, to community-based sanitation [18], [19]. These innovations have 

proven effective in increasing access, but their distribution remains uneven across the globe. Furthermore, many 

interventions are short-term and therefore fail to ensure the sustainability of water and sanitation systems [20], 

[21]. Funding constraints, weak governance, and low public awareness are often factors that limit program 

success. This underscores the need for a more integrated strategy between technology, policy, and community 

participation. 

The urgency of research on clean water and sanitation lies in its direct implications for public health and 

social development. Lack of access to clean water and sanitation contributes to high rates of stunting, diarrhea, 

and various environmental diseases [22], [23]. Furthermore, the greatest burden is often borne by vulnerable 

groups such as women and children, who must spend time searching for water. This disparity is not only a health 

issue, but also a social and economic justice issue. Therefore, this research seeks to highlight this issue from both 

a global and local perspective. The research conducted by Bain et al., [24] focused on establishing a baseline or 

benchmark for initial achievements in household water, sanitation, and hygiene services in the context of SDG 6, 

thus providing a quantitative overview of initial conditions and necessary monitoring indicators. Meanwhile, the 

research by Setty et al., [25] emphasized identifying global research priorities and learning challenges that need 

to be addressed to drive progress on SDG 6, thus providing a more strategic and conceptual approach. Both 

studies were limited to mapping baselines and research priorities, without an in-depth review of practical 

innovations, implementation strategies, and possible sustainability pathways. Therefore, the current research 

aims to fill this gap by highlighting current innovations, implementation challenges, and alternative pathways to 

achieving SDG 6 that are more applicable and oriented towards real solutions. 

The novelty of this research lies in its integration of technological innovation, policy, and community 

practice into a single, comprehensive framework. While most previous research has focused solely on technical 

or health aspects, this study focuses on the multidimensional relationship between clean water, sanitation, and 

sustainable development. Thus, this article not only identifies problems but also maps out cross-sectoral 

solutions. This approach is expected to provide both theoretical and practical contributions to the development of 

global and local strategies. This strengthens this article's position as a study relevant to contemporary challenges. 

The urgency of this research is further heightened given the increasingly visible impacts of climate change on 

water resources. Drought, flooding, and water pollution pose new challenges that worsen sanitation and public 

health conditions [26], [27]. In addition, rapid urbanization creates additional pressure on water and sanitation 

infrastructure, particularly in developing countries [11], [28], [29]. Without well-planned interventions, the 

access gap will widen and hinder the achievement of the SDGs. Therefore, innovative, equitable, and sustainable 

solutions are urgently needed. 

The main objective of this research is to analyze the global state of clean water and sanitation, identify 

challenges, and explore innovations that can provide sustainable solutions. This research also seeks to provide 

strategic recommendations that can be applied at the policy level and in practice. With an approach based on 

global literature analysis and case studies, this article is expected to provide a comprehensive overview. The 

research results will be an important contribution in strengthening the policy and practice framework towards 

achieving SDG 6. Thus, this article is not only academically relevant but also has practical value for 

policymakers and the international community. 

 

 

2. RESEARCH METHOD 

This research uses a descriptive qualitative approach supported by secondary quantitative data [30], 

[31]. The research focused on a systematic literature review combined with analysis of global data from official 

institutions such as the WHO, UNICEF, and the World Bank. This approach was chosen to gain a 

comprehensive understanding of the global state of clean water and sanitation and the innovations implemented 

in various countries. Furthermore, a comparative analysis across regions was used to highlight disparities in 

access to clean water and sanitation. The research subjects included documents, policy reports, international 

journal articles, and global statistical data related to clean water and sanitation. The analysis unit included 

developing and developed countries that represent SDG 6. Furthermore, several case studies were selected from 

regions with significant innovations in clean water and sanitation management, such as South Asia and Sub-

Saharan Africa. 

The research instruments consisted of a literature recording sheet and a data analysis matrix, which were 

used to summarize the study results from various sources. Data collection was conducted through a systematic 
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literature review with a search for articles [32], [33]. Secondary data was obtained from reports of international 

institutions and official government publications.  

Data analysis was conducted using thematic analysis methods to identify patterns, challenges, and 

innovations related to clean water and sanitation. Quantitative data were analyzed descriptively to illustrate the 

percentage of access to clean water and adequate sanitation, as well as regional distribution. Meanwhile, 

qualitative analysis was conducted by grouping the literature into main themes: global conditions, technological 

innovation, policy challenges, and future strategies. A source triangulation approach was used to enhance the 

validity of the findings. 

This research procedure was conducted through several systematic stages. The first stage was problem 

identification and formulation of research objectives, emphasizing the importance of access to clean water and 

sanitation as a global issue. Next, secondary data was collected through international journals, official reports 

from international organizations (WHO, UNICEF, and the World Bank), and relevant global databases. The 

collected data was then selected and filtered using inclusion criteria, namely publications within the 201532025 

period, relevance to the theme of clean water and sanitation, and relevance to achieving SDG 6. The next stage 

was coding and categorizing the data to facilitate analysis, by dividing the information into main themes: global 

conditions, technological innovation, policy challenges, and future strategies. Following this, a quantitative 

descriptive analysis was conducted to interpret statistical data related to access to clean water and sanitation in 

various regions. Simultaneously, a thematic qualitative analysis of the literature and case studies was conducted 

to identify emerging patterns, challenges, and best practices. 

The results of both forms of analysis were then synthesized into comprehensive research findings. This 

synthesis aimed to demonstrate the relationship between technical, policy, and social factors in achieving clean 

water and sanitation. The final stage of the research procedure is drawing conclusions and recommendations 

based on the key findings. These recommendations are intended for policymakers, international institutions, and 

the global community as a contribution to accelerating the achievement of SDG 6. This structured procedure is 

expected to produce valid, relevant, and applicable studies. The research procedure can be seen in the following 

flowchart in figure 1. 

 

 
Figure 1. Research Procedure 

 

 

3. RESULTS AND DISCUSSION 

3.1  Global State of Clean Water and Sanitation 

According to the latest report from WHO/UNICEF (JMP 200032024), approximately 2.1 billion people 

4 or 1 in 4 people worldwide 4 still do not have access to safely managed drinking water [32]-[34]. 

Furthermore, 3.4 billion people still do not have access to adequate sanitation, including 354 million people who 

defecate in the open [35]. This shows that there is still a large global gap in access to these basic needs. 

Additionally, SDG 2025 data reveals that despite increased access to WASH services since 2015, more 

than 2.2 billion people lack safely managed drinking water, 3.4 billion lack safely managed sanitation, and 1.7 
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billion lack basic hygiene services at home [37]. In Sub-Saharan Africa, research based on the DHS shows that 

almost 49% of households still use unimproved sanitation facilities, with variations between countries (lowest in 

Malawi: ≈ 16.7%, highest in Chad: ≈ 88.5%) [38]. In Ghana, UNICEF/WHO data shows stark urban-rural 

disparities: 88% of the urban population has basic access to water, but only 66% in rural areas; for sanitation, 

only 14% of the total population has basic access419% in urban areas and 9% in rural areas. 

 

3.2  Innovation in Water and Sanitation 

Various innovative technologies have been developed to improve access to clean water, such as smart 

water monitoring, which allows for real-time monitoring of water quality, and low-cost water filtration, which is 

easily implemented in remote areas. Rainwater harvesting technology is also gaining popularity as a sustainable 

solution in areas with high rainfall [39], [40]. Furthermore, the concept of circular sanitation is beginning to be 

implemented to process liquid waste into energy or organic fertilizer. This technological innovation offers a 

more efficient, environmentally friendly, and affordable alternative for the community. However, its adoption 

remains limited to certain regions due to cost constraints and minimal infrastructure support. 

In addition to technological innovation, community-based approaches have proven effective in 

developing sanitation systems. Community-based sanitation programs emphasize active citizen participation in 

the planning, implementation, and maintenance of facilities [41], [42]. This enhances ownership, sustainability, 

and program alignment with local needs. An example is Community-Led Total Sanitation (CLTS), which has 

successfully reduced open defecation practices in various Asian and African countries. This approach 

demonstrates the crucial role of community empowerment in addressing sanitation issues. 

Integrating clean water and sanitation with public health is also a crucial innovation. Providing 

handwashing facilities, clean water in schools, and sanitation in health centers has been proven to reduce the 

number of infectious diseases. These integrated programs not only prevent the spread of water-borne diseases 

but also strengthen the overall health system. Several countries have successfully reduced childhood diarrhea 

rates by up to 30% with integrated sanitation programs. Therefore, collaboration between the health and 

sanitation sectors is crucial for achieving broader impact. 

An example of highly affordable technological innovation comes from India, where IIIT-A scientists 

developed a water filtration device using hydrodynamic techniques costing only about Rs 1,000 (USD ≈ 12313), 

capable of filtering bacteria and particles down to 2 nanometers without the need for replacement filters. 

Meanwhile, in Pakistan, the AKPBS Water and Sanitation Extension Program (WASEP) provides clean water 

and sanitation systems in communities with active community participation, resulting in a reduction in diarrhea 

by approximately 25% through inclusive implementation and hygiene education. Sanitation-related innovations 

also include the development of the Sato pan by Daigo Ishiyama's team in Bangladesh4a water-efficient (less 

than 1 liter per flush) plastic toilet that is cost-effective and easy to manufacture. This product has been used by 

over 68 million people in 45 countries, with UNICEF support and local training, while improving sanitation 

conditions and gender equality. 

 

3.3 Challenges and Obstacles 

Limited funding and infrastructure remain the biggest obstacles to providing clean water and sanitation 

services. Many developing countries lack sufficient financial resources to build and maintain infrastructure. This 

is exacerbated by high operational costs and a lack of sustainable funding mechanisms. As a result, established 

programs often stall midway. This situation creates a high dependence on international aid. The SDG report 

shows that only 57% of countries have implemented integrated water resources management (IWRM), and 

approximately 60% lack effective funding mechanisms, and 70% experience funding shortfalls at the subnational 

level. 

Furthermore, social inequality also worsens access to clean water and sanitation services. Poor 

communities, women, and those living in rural areas are often the most impacted. Women and children, for 

example, must spend hours each day fetching water, reducing their opportunities for school or work. This 

injustice demonstrates that water and sanitation issues are closely linked to socioeconomic disparities. Therefore, 

solutions must not only be technical but also address aspects of gender equality and social justice. The JMP 

report also highlights that the most vulnerable groups4people in low-income countries, communities in fragile 

regions, children, and minority and indigenous groups4experience significantly disparities in access to water 

and sanitation compared to the general population. 

Climate change is further exacerbating challenges related to clean water and sanitation. Prolonged 

droughts, floods, and contamination of water sources reduce the availability of clean water, especially in 

vulnerable areas. These impacts not only harm public health but also food security and local economies. Without 

appropriate adaptation, climate change will hinder the achievement of SDG 6. Therefore, the sustainability of 

water and sanitation systems must prioritize climate resilience. SDG 6 notes that the degradation of freshwater 

ecosystems and pressure on water resources (due to pollution, water stress, etc.) are serious obstacles. If current 

trends continue, sustainable water management will not be achieved until around 2049. 
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Policy barriers and weak governance are also significant issues. Many countries still face fragmentation 

in water and sanitation management, with overlapping authority between agencies. A lack of transparency and 

accountability also makes program implementation less effective. On the other hand, minimal public 

participation in policy-making often means that solutions are not aligned with local needs. This highlights the 

need for more inclusive and transparent governance reforms. Despite the availability of various policies, cross-

sectoral coordination remains low: only about half of countries have formal water management coordination 

mechanisms in place; progress on gender integration has also stagnated, with the global score improving only 

slightly from 54% to 58% between 2020 and 2023. 

 

3.4 Future Strategies and Opportunities 

Strengthening inclusive-based policies is a crucial step in expanding access to clean water and 

sanitation. Policies that are responsive to the needs of vulnerable groups, including women, children, and rural 

communities, will ensure social justice. Furthermore, clear regulations and sustainable funding support can 

accelerate the achievement of SDG 6. Inclusivity also means involving communities in planning and decision-

making processes. This approach will make programs more relevant and sustainable. Global analysis emphasizes 

the need for adaptive policies that are responsive to vulnerable groups, with equitable investment and an 

inclusive approach based on social justice and the protection of marginalized groups. 

Global partnerships also play a crucial role in accelerating the achievement of universal access to clean 

water and sanitation. Collaboration between governments, NGOs, the private sector, and local communities 

allows for greater resource mobilization. Joint, cross-sectoral programs can deliver innovative solutions while 

strengthening local capacity. For example, global initiatives like Sanitation and Water for All (SWA) connect 

various actors within a single framework. Such partnerships can be a key driver of change. Acceleration efforts 

such as the SDG 6 Global Acceleration Framework initiated by WHO and UNICEF, as well as partnerships with 

WaterAid and others, demonstrate the importance of multistakeholder collaboration in addressing the global 

sanitation crisis (3.4 billion people without access). 

Furthermore, the implementation of climate-resilient water and sanitation systems is an adaptive 

strategy to the challenges of climate change [43], [44]. These systems are designed to remain functional even in 

the face of drought, flooding, or water contamination. Examples of these systems include rainwater harvesting, 

sustainable wastewater treatment, and low-energy desalination technologies. By integrating climate resilience 

aspects, the sustainability of water and sanitation systems can be ensured. This is crucial for maintaining the 

availability of services for future generations. Global action urges strengthening resilience to climate change 

through investment in infrastructure, education, and an ecosystem approach4focused on protecting and 

sustainably managing water resources, and improving water use efficiency [45], [46]. 

Another equally important strategy is public education and raising public awareness. Clean and healthy 

living behaviors, wise water use, and participation in maintaining sanitation facilities are key factors in the 

program's success [47], [48]. Community-based health campaigns have been proven to significantly change 

community behavior. Furthermore, early education about the importance of clean water and sanitation can create 

a more environmentally conscious generation. With a combination of technology and public awareness, SDG 6 

targets will be more easily achieved. Initiatives such as WASEP (Pakistan) and Satopan (Bangladesh and other 

countries) demonstrate that community empowerment and behavioral health education are key to successful 

long-term implementation. 

In addition to highlighting global conditions and existing innovations, it is important to examine the 

findings of this study within the framework of sustainable development and environmental governance theory. 

The data demonstrate that disparities in access to water and sanitation are not merely technical issues but also 

rooted in governance and social justice. This aligns with the equity in WASH theory, which emphasizes that 

vulnerable groups (women, children, the poor, and rural communities) often bear the greatest burden due to 

limited access. Therefore, the success of technological innovation is inextricably linked to the extent to which 

governments and international institutions implement the principle of inclusivity in policy. 

Furthermore, the findings of this study reinforce the view that achieving SDG 6 requires a 

multidimensional approach. Previous studies by Bain et al., [24] and Setty et al., [25] focused more on baseline 

indicators and research priorities, but less on actual implementation pathways on the ground. These findings 

demonstrate that the adoption of innovations such as community-led sanitation or low-cost filtration is not 

always successful without sustainable funding mechanisms and cross-sectoral coordination. In other words, the 

biggest challenge is not simply the availability of technology, but rather the integration between various actors4
government, the private sector, civil society, and local communities. 

Furthermore, this research also underscores the importance of the ecological sustainability dimension. 

The impacts of climate change, such as droughts and floods, demonstrate that WASH solutions must incorporate 

elements of climate resilience. Innovations that are not adaptive to climate dynamics will only be temporary 

solutions [49], [50]. Therefore, future strategies must combine environmentally friendly technologies, evidence-

based policies, and public education as a whole. With this critical approach, this research not only contributes to 
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the academic literature but also offers a stronger practical basis for policymakers in accelerating the achievement 

of SDG 6 in an equitable and sustainable manner. 

This research has several important implications, both academically and practically. Academically, this 

research expands the literature on SDG 6 by presenting an analysis that integrates aspects of technology, policy, 

community participation, and climate resilience within a comprehensive framework. Practically, the results of 

this research can serve as a reference for policymakers, international institutions, and civil society organizations 

in designing strategies to accelerate the achievement of more inclusive and sustainable access to clean water and 

sanitation. By mapping key innovations and barriers, this research is able to provide evidence-based 

recommendations relevant to both global and local contexts. 

However, this research has several limitations that should be noted. First, this study uses only secondary 

data through literature reviews and international agency reports, thus excluding primary field data that could 

provide a more detailed picture of local dynamics. Second, the selected publication period (201532025) limits 

the scope of the references and may not fully capture long-term trends or recent changes beyond that timeframe. 

Third, the analysis focuses more on global conditions, so generalizations to specific country contexts require 

further study. Therefore, further research is recommended to combine case-based field studies with predictive 

analysis models, so as to provide deeper insights into the effectiveness of innovations and SDG 6 

implementation strategies in various social, political, and ecological contexts. 

 

 

4. CONCLUSION 

Access to clean water and sanitation remains a major global challenge, despite being a key focus of the 

sustainable development agenda. Global statistics show that billions of people still live without adequate 

services, with significant disparities between regions, particularly in Sub-Saharan Africa, South Asia, and several 

countries in Latin America. This situation demonstrates that clean water and sanitation issues are not merely 

technical issues but also social, economic, and equity-based. Therefore, achieving SDG 6 requires more serious 

and integrated cross-sectoral attention. Various innovations, including technologies such as smart water 

monitoring and rainwater harvesting, as well as community-based approaches, have demonstrated positive 

impacts in expanding access to services. However, the sustainability of these innovations remains hampered by 

limited funding, weak governance, and the increasingly complex challenges of climate change. This study 

confirms that efforts to increase access to clean water and sanitation must be accompanied by a comprehensive 

strategy that combines technical aspects, policies, and community participation. This ensures that the resulting 

solutions are not only short-term but also sustainable. 

The main recommendations of this study are the need for inclusive policies, stronger global 

partnerships, and the implementation of climate-resilient water and sanitation systems. Furthermore, increasing 

public education and awareness is a crucial foundation for the success of programs on the ground. The findings 

of this study provide an academic contribution by integrating analysis of innovations, challenges, and future 

strategies into a comprehensive framework. Practically, the results of this study are expected to serve as a 

reference for policymakers, international institutions, and the global community in accelerating the achievement 

of universal access to clean water and sanitation. With a collaborative and sustainable approach, SDG 6 targets 

can be more realistically achieved. Further research is recommended to conduct case-based field studies to test 

the effectiveness of technological innovations and community approaches in different local contexts. 

Furthermore, developing predictive models based on quantitative and qualitative data could provide a more 

accurate picture of the future path to accelerating SDG 6 achievement. 
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