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Abstract  

Access to basic sanitation facilities remains a major challenge in India, where over half of the 

population lacks access to proper toilets. This issue is particularly severe in rural regions, where 

traditional pit latrines and the practice of open defecation persist prominently. In this paper, we 

review the technology options available for improving basic sanitation in India, with a focus on low-

cost and sustainable solutions. Let us start by examining the existing situation of sanitation in India, 

considering both the obstacles and possibilities for enhancement. We then explore a range of 

technology options, including pour-flush toilets, ecological sanitation systems, and biogas plants, as 

well as their potential benefits and limitations. We also examine the role of community-led 

approaches and government policies in promoting the adoption and maintenance of these 

technologies. 
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INTRODUCTION  

India has made significant progress in improving access to sanitation over the past decade, with the 

construction of millions of toilets under the Swachh Bharat Abhiyan (Clean India Campaign) [1].  

 

However, despite these efforts, over half of the population still lacks access to proper toilets, and 

open defecation remains a major problem, particularly in rural areas [2].  

 

The absence of basic sanitation facilities has a severe impact on public health, particularly for 

women and children, making it an urgent and crucial issue. In this paper, we review the technology 

options available for improving basic sanitation in India, with a focus on low-cost and sustainable 

solutions [3].  

 

THE CURRENT STATE OF SANITATION IN INDIA  

The current state of sanitation in India is characterized by a lack of proper toilets, a reliance on 

traditional pit latrines, and open defecation. Based 

on data provided by the World Health 

Organization (WHO) and the United Nations 

Children’s Fund (UNICEF), over half of the 

population in India lacks access to proper toilets 

[4].  

a. Rural areas, in particular, face a pronounced 

challenge with traditional pit latrines and open 

defecation still prevalent, exacerbating the 

problem. Furthermore, the absence of adequate 

sanitation facilities frequently results in subpar 

hygiene practices and a heightened 

vulnerability to waterborne diseases [5].  
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b. The lack of access to proper sanitation facilities disproportionately affects vulnerable 
populations, including women, children, and the elderly. The absence of private and secure 
toilets exposes women and girls to safety risks, as they are forced to defecate in open areas 
during early morning or late evening hours. This compromises their dignity, privacy, and 
personal safety, as well as limiting their educational and economic opportunities [6].  

c. Inadequate sanitation also has significant economic implications. According to the World Bank, 
India incurs an estimated annual cost equivalent to 6.4% of its GDP due to expenses related to 
poor sanitation and the resulting impact on health as well as productivity losses. The burden of 
waterborne diseases and the resulting healthcare costs further perpetuate the cycle of poverty, 
particularly among marginalized communities.  

d. The lack of proper sanitation infrastructure has environmental consequences as well. Open 
defecation and inadequate waste management contribute to the contamination of water sources, 
leading to water pollution and the degradation of ecosystems. This poses risks to both human 
and environmental health, impacting biodiversity, agricultural productivity, and overall 
ecological sustainability [7].  

e. Efforts to address the sanitation challenges in India have been ongoing, with various initiatives 
and campaigns launched at the national and state levels [8]. The Swachh Bharat Mission (Clean 
India Mission), launched in 2014, aimed to achieve universal sanitation coverage and eliminate 
open defecation by constructing millions of toilets across the country. While progress has been 
made, significant challenges remain, particularly in changing deep-rooted cultural and 
behavioural norms related to sanitation.  

 
According to data from the National Sample Survey Office (NSSO), only about 40% of households 

in rural India had access to toilets in 2012. Open defecation remains a significant issue in India, with 
over half of the population engaging in this practice. As a consequence, water sources have become 
contaminated, posing an elevated risk of waterborne illnesses like diarrhoea and cholera [9].  
 
TECHNOLOGY OPTIONS FOR IMPROVING BASIC SANITATION IN INDIA [10]  

Pour-flush Toilets  
These toilets use water to flush waste into a pit or septic tank and can be easily constructed and 

maintained by communities. Pour-flush toilets are not only low-cost and sustainable but also provide a 
more hygienic and comfortable sanitation solution compared to traditional pit latrines or open 
defecation practices. With proper training and education, communities can construct and maintain 
these toilets independently, fostering a sense of ownership and long-term sustainability. Additionally, 
the use of water in pour-flush toilets helps in waste removal and prevents the spread of diseases, 
contributing to improved public health outcomes in rural areas.  
 

Ecological Sanitation Systems (EcoSan)  

These systems use natural processes to treat and recycle human waste and can be used to fertilize 
crops and improve soil fertility. EcoSan systems are particularly well-suited for rural areas, where 
they can be integrated with agriculture and livestock production.  

 
Ecological sanitation systems, or EcoSan, not only treat and recycle human waste but also provide a 

valuable resource for agriculture, enhancing crop yields and soil fertility in rural areas. By integrating 
these systems with local agricultural practices and livestock production, communities can achieve 
sustainable and efficient use of resources while improving sanitation conditions.  

 
Biogas Plants  

Biogas plants utilize the process of anaerobic digestion to convert organic waste, including human 
waste, into biogas, a valuable energy source that can be utilized for cooking and lighting purposes. 
Biogas plants can also be used to generate fertilizer for agriculture.  

 
Biogas plants offer a dual benefit by efficiently converting organic waste, including human waste, 

into biogas for cooking and lighting purposes, while simultaneously producing nutrient-rich fertilizer 
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to support agricultural productivity. These plants contribute to sustainable energy generation and 
address both sanitation and energy needs in rural areas.  
 

Smart Sanitation Systems  
Smart sanitation systems use IoT and other technologies to manage and monitor sanitation 

facilities, such as toilets and waste treatment plants. Implementing such systems can contribute to 
enhancing the efficiency and efficacy of sanitation services, while also leading to cost reductions and 
improved public health outcomes.  

 
Smart sanitation systems revolutionize the management and monitoring of sanitation facilities 

through the integration of IoT and other cutting-edge technologies. These innovative systems enhance 
the efficiency, cost-effectiveness, and overall performance of sanitation services, leading to improved 
public health outcomes and resource utilization. By harnessing real-time data analysis and remote 
monitoring capabilities, smart sanitation systems enable proactive maintenance, optimize waste 
management processes, and contribute to sustainable and resilient sanitation infrastructure.  

 
Water Treatment Systems  

India has a significant problem with water contamination and scarcity, often due to a lack of proper 
sanitation. To address this, various water treatment systems can be installed to purify water and make 
it safe for consumption.  

 
Water treatment systems play a crucial role in addressing the challenge of water contamination and 

scarcity in India, which is often linked to inadequate sanitation practices. These systems utilize 
advanced filtration, disinfection, and purification techniques to treat water from various sources, 
making it safe and suitable for consumption. By removing contaminants, pathogens, and pollutants, 
water treatment systems contribute to improved public health outcomes and ensure access to clean 
and potable water for communities. These systems can be implemented at various scales, ranging 
from household-level solutions to larger centralized treatment plants, depending on the specific needs 
and resources of the area. By integrating water treatment systems with comprehensive sanitation 
interventions, India can make significant strides towards mitigating water-related diseases and 
achieving sustainable water management.  

 
Education and Awareness  

Education and awareness of proper sanitation practices and the importance of maintaining 
cleanliness can help reduce open defecation and improve hygiene.  
 

Educational initiatives and awareness campaigns play a pivotal role in fostering behavioural 
transformation and cultivating a sense of accountability towards sanitation practices. By emphasizing 
the importance of hygiene, proper toilet usage, and waste management, communities can be 
empowered to reduce open defecation and adopt improved sanitation behaviours. Educational 
initiatives targeting schools, community gatherings, and public spaces can help raise awareness of the 
health risks associated with inadequate sanitation and promote the benefits of maintaining cleanliness. 
Such efforts, coupled with access to sanitation infrastructure, contribute to a comprehensive approach 
to improving basic sanitation and fostering a culture of hygiene in India.  

 
Mobile Sanitation Units  

Mobile sanitation units, such as toilets on wheels, can be used to provide sanitation services in 
areas where traditional infrastructure is not feasible.  

 
These portable units can be deployed to serve temporary settlements, construction sites, or events, 

ensuring access to clean and hygienic sanitation facilities. The mobility of these units allows for easy 
relocation based on changing needs, making them adaptable to various contexts. By bridging the gap 
in underserved areas, mobile sanitation units contribute to improving basic sanitation and promoting 
public health, even in resource-constrained environments.  
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Smart City Sanitation  
Smart city sanitation systems leverage IoT and other advanced technologies to optimize sanitation 

services in urban areas, enhancing efficiency, reducing costs, and improving public health outcomes 
through data-driven decision-making and real-time monitoring capabilities. These systems enable 
proactive maintenance, waste management optimization, and efficient resource allocation, resulting in 
cleaner and more sustainable cities. By integrating smart sensors, data analytics, and automation, 
smart city sanitation solutions contribute to improved public health, environmental sustainability, and 
the overall well-being of urban residents.  
 

In addition to these technologies, community-led approaches are essential in ensuring the long-term 
success of sanitation technologies. By involving local communities in decision-making processes, 
fostering ownership, and providing training on operation and maintenance, the sustainability and 
acceptance of these technologies can be significantly enhanced. Furthermore, community-based 
organizations and partnerships can facilitate the mobilization of resources, raise awareness, and 
address specific cultural or social barriers that may hinder the adoption of improved sanitation 
practices.  

 
The formulation of effective government policies and regulations is vital for establishing a 

favourable environment that promotes the widespread acceptance and implementation of sanitation 
technologies. Subsidies, financial incentives, and technical assistance programs can alleviate the 
financial burden on households, particularly in low-income rural areas, and stimulate investment in 
sanitation infrastructure. Effective policy frameworks also ensure quality standards, proper waste 
management, and monitoring mechanisms to maintain the functionality and safety of sanitation 
facilities.  

 
To achieve meaningful progress, a comprehensive approach that integrates technology, community 

engagement, and supportive government policies is necessary. Collaborative efforts between 
government agencies, non-governmental organizations, academia, and the private sector are vital for 
resource mobilization, knowledge sharing, and capacity building. By leveraging the strengths of each 
stakeholder, sustainable solutions can be developed and implemented, leading to improved basic 
sanitation for all segments of the Indian population.  
 
CHALLENGES AND BARRIERS  

Lack of Awareness  
Many people in India, particularly in rural areas, are not aware of the importance of proper 

sanitation practices and the dangers of open defecation. This can make persuading people to adopt 
new sanitation technologies and practices difficult.  

 
Limited Access to Resources and Funding  

Many rural communities in India lack access to resources and funding to construct and maintain 
sanitation facilities. This can make it difficult to implement new technologies and approaches.  
 

Insufficient Infrastructure and Technical Know-how  
In numerous rural regions, fundamental infrastructure such as roads, electricity, and plumbing, is 

scarce which poses challenges in establishing and upholding sanitation facilities. Moreover, there is a 
shortage of technical expertise in the planning, construction, and upkeep of sanitation facilities.  

 

Limited Political Will and Lack of Coordination among Different Levels of Government  
Inadequate political will and a lack of coordination among different levels of government can make 

it difficult to implement large-scale sanitation projects and policies.  
 

Resistance to Change  

Individuals might exhibit resistance to change, especially when it involves embracing novel 
technologies and practices associated with sanitation.  
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Community Participation  

Community participation is essential for the success of sanitation projects, but it is not always easy 

to involve communities in the design and implementation of such projects.  

 

Maintenance and Sustainability  

Maintaining and sustaining sanitation facilities is a major challenge in rural areas, where there is 

often a lack of resources and technical expertise.  

 

Monitoring and Evaluation  

Monitoring and evaluation of sanitation projects is often not done effectively, making it difficult to 

measure the impact of such projects and identify areas for improvement.  

 

Scaling up  

Scaling up sanitation projects and technologies that have been proven to be successful in small-

scale pilot projects can be challenging.  

 

Overall, improving basic sanitation in India requires a multifaceted approach that addresses not 

only the technical challenges, but also the cultural, social, and economic barriers to change. 

Community-led approaches and government policies are also critical for the adoption and 

maintenance of these technologies.  

 

CONCLUSION  

In summary, enhancing basic sanitation in India presents an intricate challenge that necessitates a 

comprehensive and multifaceted approach. Despite progress made in recent years, more efforts are 

needed to ensure that all people in India have access to basic sanitation facilities. The lack of access to 

proper sanitation facilities severely impacts public health, particularly for women and children, and 

leads to poor hygiene, water contamination, and an increased risk of waterborne diseases such as 

diarrhoea and cholera.  

 

A range of technology options are available for improving basic sanitation in India, including low-

cost and sustainable solutions such as pour-flush toilets, ecological sanitation systems, and biogas 

plants. However, community-led approaches and government policies play a critical role in promoting 

the adoption and maintenance of these technologies. Community-led approaches, such as involving 

local communities in the design and construction of sanitation facilities, are effective in increasing the 

adoption and maintenance of these technologies. Government policies, such as providing subsidies 

and technical assistance, can also play a critical role in promoting the adoption and maintenance of 

these technologies.  

 

Challenges and barriers to improving basic sanitation in India include a lack of awareness, limited 

access to resources and funding, inadequate infrastructure, and technical expertise, limited political 

will, a lack of coordination among different levels of government, and resistance to change. But with 

collective efforts and policies addressing these challenges, the future outlook for basic sanitation in 

India is positive.  
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