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Sanitation for Sustainable Development

EXECUTIVE SUMMARY

Access to safe sanitation represents one
of the most fundamental prerequisites for
human dignity, public health, and sustainable
socioeconomicdevelopment. Despite remarkable
technological advances and increasing global
awareness, sanitation remains a critical challenge
that affects billions of people worldwide.
According to the latest WHO/UNICEF Joint
Monitoring Programme (JMP) data from 2024,
approximately 3.5 billion people globally lack
safely managed sanitation services, with 419
million individuals still practicing open
defecation in environments ranging from urban
street gutters to rural bushlands and open water
bodies.

The economic implications of this
sanitation crisis are staggering. Poor sanitation
imposes an estimated $260 billion in
annual global economic losses, equivalent
to approximately 1.5% of GDP in affected
countries. These losses manifest through
multiple pathways: increased healthcare
expenditures for treating waterborne diseases,
reduced productivity due to illness-related
absenteeism, premature mortality costs, and
diminished economic opportunities particularly
affecting women and children. In India alone,
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inadequate sanitation costs the economy $54
billion annually - nearly equivalent to Croatia’s
entire GDP.

From a health perspective, inadequate
sanitation contributes to approximately 564,000
deaths annually from diarrheal diseases
alone, with children under five years of age
bearing a disproportionate burden. Beyond
immediate mortality, poor sanitation facilitates
the transmission of neglected tropical diseases,
contributes to chronic malnutrition affecting
149 million stunted children globally, and
perpetuates cycles of poverty and inequality.

This comprehensive publication synthesizes
evidence from multiple disciplines - public
health, environmental science, economics,
engineering, and social policy - to examine
sanitation’s multifaceted role in achieving the
United Nations’ Sustainable Development Goals
(SDGs), particularly SDG 6: “Ensure availability
and sustainable management of water and
sanitation for all.” The analysis reveals that
achieving universal safely managed sanitation
by 2030 requires unprecedented acceleration in
current progress rates — specifically, a fivefold
increase in implementation speed compared to
historical trends.

’ 1;\ uu ;' i s 7 ﬁ 8 B Open defecation
I 3 ; 15 15 0 : Unimproved
2 7 Limited
. = - > W Basic
- & M Safely managed
1 s
18 10 12

41 40




Sanitation for Sustainable Development

1. Introduction

Sanitation, broadly defined as the safe
management of human excreta, wastewater,
and solid waste, encompasses far more than
mere waste disposal. It represents a complex
socio-technical system that intersects with
virtually every aspect of human development
and environmental sustainability. The World
Health Organization’s comprehensive definition
includes “the provision of facilities and services
for the safe disposal of human urine and
feces, along with the maintenance of hygienic
conditions through waste management services
and the promotion of personal hygiene practices.”

The significance of sanitation extends
well beyond its technical dimensions to
encompass fundamental issues of human rights,
social justice, and sustainable development.
Adequate sanitation infrastructure serves as a
cornerstone for poverty reduction by improving

health outcomes and economic productivity,
promotes gender equality by providing safe
and dignified facilities for women and girls,
enhances educational opportunities by
reducing school absenteeism due to illness, and
protects environmental integrity by preventing
contamination of water sources and ecosystems.

In the contemporary context of rapid
urbanization, climate change, and growing global
inequality, the challenge of providing universal
sanitation access has become increasingly
complex. By 2050, the global urban population
is projected to reach 68%, placing unprecedented
demands on sanitation infrastructure in cities
that are already struggling to serve their existing
populations. Simultaneously, climate change
is introducing new variables - from sea-level
rise threatening coastal sanitation systems to
extreme weather events disrupting service
delivery and contaminating water supplies.
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Data source: WHO/UNICEF Joint Monitoring Programme for Water Supply, Sanitation and Hygiene (2025)

OurWorldinData,org/sanitation | CC BY

1. Improved sanitation facilities Improved sanitation facilities are those designed to hygienically separate excreta from human contact, and include:
flush/pour flush toilets connected to piped sewer systems, septic tanks or pit latrines; pit latrines with slabs (including ventilated pit katrines), and

composting tollets.




Sanitation for Sustainable Development

emerges from the
recognition that traditional approaches to
sanitation development, while achieving
significant progress, have proven insufficient
to meet the scale and urgency of contemporary
challenges. Drawing on global datasets from
WHO, UNICEF, UN-Water, the World Bank,
and other authoritative sources, this analysis
examines why, despite $1.7 trillion invested
in water and sanitation since 2000, progress
toward universal access remains frustratingly
slow and unevenly distributed.

This  publication

The structure of this publication reflects a
deliberate progression from historical context
and problem definition through contemporary
challenges and innovations to forward-looking
strategies and recommendations. Each section
integrates quantitative analysis with qualitative
insights from case studies, policy analysis,
and community-level experiences to provide a
comprehensive understanding of sanitation’s
role in sustainable development.

2. Historical Evolution of Sanitation
Practices

The development of sanitation practices
represents one of humanity’s most significant
public health achievements, with innovations
spanning millennia and reflecting the evolving
understanding of disease transmission, urban
planning, and environmental management.
Archaeological evidence reveals sophisticated
sanitation systems dating back to 2500 BCE in
the Indus Valley Civilization, where cities like
Harappa and Mohenjo-daro featured advanced
drainage networks, public baths, and individual
household connections to centralized waste
management systems.

Ancient Rome’s engineering prowess
produced the Cloaca Maxima, a massive sewer
system that drained marshes and removed
waste from the city center, alongside aqueducts
that supplied clean water to public fountains
and private households. These systems,
constructed between the 6th century BCE and
3rd century CE, demonstrated early recognition

of the connection between water supply, waste
removal, and public health. Roman innovations
included public latrines with running water for
cleaning, sophisticated drainage systems for
urban areas, and even regulations governing
waste disposal practices.

However, the collapse of the Roman Empire
ushered in what historians term the “Great
Sanitary Recession” of the medieval period.
From approximately 500-1500 CE, European
cities largely abandoned centralized sanitation
systems, leading to the widespread practice of
disposing human waste in streets, rivers, and
shared spaces. This regression coincided with
recurring epidemic diseases, including multiple
cholera pandemics, the Black Death, and other

waterborne illnesses that decimated urban
populations.
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The modern sanitation revolution began
in the 19th century, catalyzed by the Industrial

Revolution’s rapid urbanization and the
emergence of scientific understanding of
disease transmission. Dr. John Snow’s 1854
investigation of cholera outbreaks in London’s
Soho district provided compelling evidence of
waterborne disease transmission, leading to the
famous removal of the Broad Street pump handle
and establishing epidemiological methods
still used today. This breakthrough coincided
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with Joseph Bazalgette’s construction
of London’s comprehensive sewer
system between 1859-1875, which reduced
cholera deaths by 95% and became a model for
cities worldwide.

The late 19th and early 20th centuries
witnessed rapid expansion of centralized
sewerage systems throughout industrialized
nations. Cities like Paris, Berlin, New York,
and Chicago invested heavily in underground
infrastructure, treatment plants, and
regulatory frameworks. The 1884 Koch-Henle
postulates provided scientific validation for
the germ theory of disease, accelerating public
investment in sanitation infrastructure as cities
recognized the economic benefits of preventing
disease outbreaks.

Post-World War II development efforts
extended sanitation access to newly
independent nations, though with mixed results.
The Millennium Development Goals (MDGs,
2000-2015) succeeded in increasing global
basic sanitation coverage from 54% in 1990
to 68% by 2015, primarily through expanded
access to improved latrines and basic treatment
facilities. However, this progress was unevenly
distributed, with Sub-Saharan Africa and rural
areas in South Asia lagging significantly behind
global averages.

The transition to the Sustainable
Development Goals (SDGs) in 2015 marked
a paradigm shift from basic access to “safely
managed” services, emphasizing treatment and
disposal standards that protect public health and
environmental quality. This evolution reflects
growing recognition that sanitation systems
must address not only immediate health risks
but also long-term environmental sustainability,
resource recovery, and climate resilience.

Contemporary approaches increasingly
integrate traditional knowledge with modern
technology, recognizing that sustainable
sanitation solutions must be culturally
appropriate, economically  viable, and
environmentally sound. Examples include the

revival of urine-diverting toilets based on ancient
composting principles, integration of constructed
wetlands with conventional treatment systems,
and community-based management models
that combine modern materials with traditional
governance structures.

3. Global Sanitation Challenges

The contemporary global sanitation landscape
is characterized by persistent inequalities,
infrastructure deficits, and emerging challenges
that threaten to undermine progress toward
universal access. Despite decades of development
investment and technological innovation,
fundamental disparities in sanitation access
continuetoreflectand reinforce broader patterns
of global inequality, with the most marginalized
populations bearing disproportionate health,
environmental, and economic burdens.

3.1 Access Disparities and Coverage
Gaps

Regional disparities in sanitation access reveal
stark inequalities that persist despite global
development commitments. Sub-Saharan
Africa represents the most challenging context,
with only 28% of the population having access
to safely managed sanitation services, compared
to 97% coverage in Europe and North
America. These disparities reflect complex
interactions of economic constraints, political
priorities, geographic challenges, and historical
development patterns.

Urban-rural divides compound regional
inequalities, with 62% of rural populations
lacking basic sanitation compared to 21%
in urban areas. However, rapid urbanization
creates new challenges ascities struggle to extend
services to expanding informal settlements. An
estimated 1 billion people living in urban
slums lack access to adequate sanitation
facilities, often relying on shared latrines, open
defecation, or informal waste disposal systems
that contaminate local water sources and living
environments.
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Where People Don't Have
Access to Basic Sanitation

Share of people without access to at least basic sanitation
services in 2020°

u >75%
M 50-75%
25-50%
W 10-24%
W 0-9%
No data

* defined as facilities that are not shared and include piped sewer systems,
septic or composting tanks or pits
Sources: WHO/Unicef
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Gender-based disparities in sanitation
access reflect broader patterns of inequality
and discrimination. Women and girls face
particular challenges including safety risks when
accessing remote facilities, lack of privacy for
managing menstruation, and disproportionate
responsibility for household water collection
and sanitation maintenance. UNESCO data
indicates that inadequate school sanitation
facilities contribute to 23% of girls dropping
out after reaching puberty, perpetuating
educational inequalities with lifelong economic
consequences.

3.2 Infrastructure
System Failures

Challenges and

Aging infrastructure in developed countries
represents a hidden crisis that threatens existing
sanitation achievements. The American Society
of Civil Engineers estimates that United States
wastewater infrastructure requires $271
billion in investment over the next 20 years to
maintain current service levels. European cities
face similar challenges, with sewer systems
constructed in the 19th and early 20th centuries
approaching the end of their design lives while
serving populations far exceeding their original

capacity.

Sanitation for Sustainable Development

In developing regions, rapid population
growth consistently outpaces infrastructure
development, creating persistent coverage
gaps. Lagos, Nigeria, exemplifies this challenge,
with population growth of 3.2% annually while
sanitation infrastructure expands at less than
1% per year. Similar patterns characterize
megacities across Africa, Asia, and Latin America,
where informal settlements expand faster than
formal service provision.

Technical challenges include groundwater
contamination from poorly designed or
maintained systems, energy requirements for
treatment and distribution, and integration
of sanitation with broader urban planning.
Many existing systems were designed without
consideration for resource recovery, climate
resilience, or circular economy principles,
requiring significant retrofitting to meet
contemporary sustainability standards.

3.3 C(Climate Change Impacts and

Resilience Challenges

Climate change introduces unprecedented
challengesforsanitationsystemsworldwide, with
impacts ranging from acute service disruptions
during extreme weather events to long-term
shifts in water availability and treatment
requirements. Sea-level rise threatens coastal
sanitation infrastructure serving over 630
million people globally, with particular risks
for small island developing states and low-lying
coastal cities.

Extreme weather events increasingly disrupt
sanitation services through flooding, drought,
and storm damage. Hurricane Katrina’s impact
on New Orleans demonstrated how natural
disasters can compromise sanitation systems
for months or years, creating public health
emergencies and hampering economic recovery.
Similar patterns have emerged following
cyclones in Bangladesh, floods in Pakistan, and
droughts in Cape Town and Sao Paulo.
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Changing precipitation patterns affect
both water supply for sanitation systems and
wastewater treatment capacity. Increased
rainfall intensity can overwhelm combined
sewer systems, leading to overflow events that
contaminate water bodies and recreational areas.
Conversely, drought conditions reduce water
availability for toilet flushing and treatment
processes while concentrating pollutants in
reduced wastewater flows.

3.4 Financing and Governance

Challenges

The financing gap for achieving universal
sanitation access represents one of the most
significant barriers to SDG 6 achievement.
Current global investment in sanitation totals
approximately $17 billion annually, while
achieving universal safely managed access by
2030 requires an estimated $114 billion per
year. This six-fold increase in investment must
occur primarily in low- and middle-income
countries where fiscal resources are most
constrained.

Governance challenges compound financing
constraints through fragmented institutional
responsibilities, limited technical capacity, and
weak regulatory frameworks. In many countries,
sanitation responsibilities are divided across
multiple ministries and agencies without clear
coordination mechanisms. Local governments
often lack the technical expertise, financial
resources, or political incentives to prioritize
sanitation investment over more visible
infrastructure projects.

Tariff structures in many utilities fail
to generate sufficient revenue for system
maintenance and expansion, while subsidy
mechanisms often fail to reach the poorest
populations. Cross-subsidization from industrial
and commercial users can support residential
services, but requires sophisticated rate design
and enforcement mechanisms that exceed many
utilities’ administrative capacity.

4. Sanitation and Sustainable

Development Goals (SDG 6)

Sustainable Development Goal 6, “Ensure
availability and sustainable management of
water and sanitation for all,” represents the
international community’s most ambitious
commitment to universal water and sanitation
access. Adopted in 2015 as part of the 2030
Agenda for Sustainable Development, SDG 6
encompasses eight specific targets that address
drinking water, sanitation, hygiene, water quality,
water scarcity, water-use efficiency, integrated
water resources management, and protection of
water-related ecosystems.

Target 6.2, specifically focused on
sanitation, aims to “achieve access to adequate
and equitable sanitation and hygiene for all and
end open defecation, paying special attention
to the needs of women and girls and those in
vulnerable situations.” This target's ambitious
scope extends beyond basic access to encompass
equity, adequacy, and dignity in sanitation service
provision. The target explicitly recognizes that
universal access must address the specific needs
of marginalized populations, including women
and girls who face particular safety and privacy
challenges.

Progress monitoring for SDG 6 utilizes a
hierarchical framework developed by the WHO/
UNICEF Joint Monitoring Programme that
classifies sanitation services along a service
ladder ranging from “open defecation” through
“unimproved,” “limited,” “basic,” and “safely
managed” services. Safely managed sanitation,
the highest level, requires that excreta are
treated and disposed of safely, either on-site or
after transport to designated treatment facilities,
ensuring no human contact with fresh excreta.

Current progress toward SDG 6.2 reveals
significant achievements alongside persistent
challenges. Between 2015 and 2022, the
proportion of the global population with
safely managed sanitation increased from
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49% to 57%, representing approximately
687 million additional people gaining access
to improved services. However, this progress
rate must accelerate dramatically to achieve
universal coverage by 2030, requiring a fivefold
increase in current implementation rates.

Open defecation, while declining globally,
remains a significant challenge affecting 419
million people as of 2022. The vast majority
of people practicing open defecation -
approximately 80% - live in rural areas of
just 20 countries, suggesting that targeted
interventions in specific contexts could achieve
disproportionate global impact. India’s success
in reducing open defecation from 550 million
people in 2014 to approximately 15 million
by 2022 demonstrates that rapid progress is
possible with sufficient political commitment
and resource mobilization.

Target 6.3 addresses water quality and
wastewater treatment, aiming to “improve
water quality by reducing pollution, eliminating
dumping and minimizing release of hazardous
chemicals and materials, halving the proportion
of untreated wastewater and substantially
increasing recycling and safe reuse globally”
This target recognizes that sanitation systems
must protect environmental quality alongside
public health, requiring attention to treatment
standards and environmental impacts of waste
disposal.

Global wastewater treatment data reveals
significant gaps in implementation of Target
6.3. According to 2022 data from 73 reporting
countries, 76% of total wastewater receives
some form of treatment, but only 60% receives
safetreatmentwith atleastsecondary treatment
levels. Household wastewater treatment
coverage varies dramatically by income level,
with high-income countries achieving near-
universal treatment while low-income countries
often lack any centralized treatment capacity.

The SDG 6 Global Acceleration Framework
(GAF), launched in 2020, provides a coordinated

approach to accelerating progress through five
accelerators: financing, data and information,
innovation, governance, and capacity
development. The framework recognizes that
achieving SDG 6 requires addressing multiple
systemic barriers simultaneously rather than
focusing solely on infrastructure development
or service delivery.

Financing acceleration involves mobilizing
the estimated $114 billion annual investment
required for universal sanitation access while
developing innovative financing mechanisms
including blended finance, green bonds,
and payment for ecosystem services. Data
acceleration emphasizes improving monitoring
and reporting systems to enable evidence-based
decision-making and accountability. Innovation
acceleration promotes development and
scaling of appropriate technologies for diverse
contexts. Governance acceleration focuses
on strengthening institutions, policies, and
regulatory frameworks. Capacity development
acceleration builds human resources and
institutional = capabilities  necessary  for
sustainable service provision.

The interconnected nature of SDG 6
with other Sustainable Development Goals
demonstrates sanitation’s catalytic role in
broader development outcomes. SDG 3 (Good
Health and Well-Being) is directly supported
by improved sanitation through reduced disease
burden and malnutrition. SDG 4 (Quality
Education) benefits from school sanitation
facilities that reduce absenteeism, particularly
among girls. SDG 5 (Gender Equality) is
advanced through sanitation facilities that
provide safety, privacy, and dignity for women
and girls. SDG 8 (Decent Work and Economic
Growth) benefits from improved productivity
and reduced healthcare costs associated
with better sanitation. SDG 13 (Climate
Action) intersects with sanitation through both
adaptation needs and mitigation opportunities
in treatment processes.
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5. Health Impacts of Poor Sanitation

The relationship between sanitation and
human health represents one of the most well-
documented connections in public health
research, with inadequate sanitation serving
as a primary pathway for disease transmission
while simultaneously undermining nutritional
status, cognitive development, and overall well-
being. The magnitude of health impacts from
poor sanitation extends far beyond immediate
morbidity and mortality to encompass long-
term  developmental consequences that
perpetuate intergenerational cycles of poverty
and inequality.

Diarrhealdiseasesconstitutethemostdirect
and measurable health impact of inadequate
sanitation, causing approximately 564,000
deaths annually according to the latest WHO
Global Burden of Disease estimates. Children
under five years of age bear a disproportionate
burden, accounting for 297,000 of these
deaths despite representing only 9% of the
global population. The pathways for diarrheal
disease transmission through poor sanitation
include direct contact with contaminated feces,
consumption of contaminated water, ingestion
of contaminated food, and vector-borne
transmission through flies and other insects.

The economic burden of diarrheal diseases
extends beyond immediate treatment costs to
encompass productivity losses from caregiver
absenteeism, long-term developmental impacts,
and healthcare system strain. Each episode
of childhood diarrhea results in an average
of 3.2 days of lost school attendance and 2.8
days of caregiver absenteeism from work, with
cumulative impacts on educational achievement
and economic productivity that persist into
adulthood.

Neglected Tropical Diseases
(NTDs) represent a significant category of
health impacts often overlooked in discussions
of  sanitation  benefits.  Soil-transmitted
helminths, including roundworm, whipworm,
and hookworm infections, affect over 1.5 billion

people globally, with transmission directly
linked to inadequate sanitation and hygiene
practices. These parasitic infections cause
chronic anemia, malnutrition, and cognitive
impairment, particularly affecting children’s

educational performance and long-term
development prospects.

Schistosomiasis, transmitted through
contact with  contaminated freshwater,

affects 240 million people worldwide, with
the highest burden in Sub-Saharan Africa where
inadequate sanitation leads to contamination
of water bodies used for bathing, washing,
and recreation. Chronic schistosomiasis can
cause bladder cancer, kidney damage, and liver
fibrosis, while also increasing susceptibility to
HIV infection through genital lesions.

Trachoma, the leading infectious cause of
blindness globally, affects 137 million people in
44 countries, with transmission facilitated by
poor sanitation and hygiene conditions. The
disease follows a cycle where inadequate face-
washing due to water scarcity, combined with
fly breeding in human waste, leads to repeated
infections that eventually cause scarring and
blindness if untreated.

Malnutrition represents a complex but
critical pathway linking poor sanitation
to long-term health and development
outcomes. Environmental enteric dysfunction
(EED), also known as environmental
enteropathy, results from chronic exposure to
enteric pathogens in unsanitary environments.
This condition causes chronic inflammation of
the intestinal lining, leading to impaired nutrient
absorption, increased energy expenditure for
immune function, and reduced growth velocity
in children.

The relationship between sanitation and
stunting is particularly well-documented,
with 149 million children under five
globally experiencing chronic malnutrition
despite adequate food availability in many cases.
Research demonstrates that improvements in
sanitation can reduce stunting by 13-27% even
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without changes in food security, highlighting
the critical role of environmental conditions in
child development. The economic implications
of stunting extend throughout the life course,
with stunted children experiencing reduced
educational achievement, lower adult wages,
and increased risk of chronic diseases.

Mental health impacts of poor sanitation,
while less quantifiable than physical health
outcomes, represent significant quality-of-
life concerns particularly for women and
girls. Anxiety and stress associated with lack of
privacy, safety concerns during open defecation,
and social stigma related to inadequate facilities
contribute to psychological distress. Menstrual
hygiene management challenges faced by women
and girls in contexts with inadequate sanitation
facilities can lead to social isolation, educational
disruption, and reduced economic participation.

Violence and safety risks associated
with inadequate sanitation facilities
disproportionately affect women and girls
who must travel to remote areas or use
facilities after dark. UN Women estimates that
inadequate sanitation increases risk of gender-
based violence by 35%, with particular risks
in refugee camps, informal settlements, and
rural communities where facilities are distant
from living areas or lack adequate lighting and
security.

The concept of “sanitation
insecurity” encompasses the  broader
psychological and social impacts of inadequate
facilities, including shame, anxiety, and social
exclusion. This framework recognizes that
sanitation access affects human dignity and
social participation beyond measurable health
outcomes, with implications for community
cohesion, social capital, and collective well-
being.

Antimicrobial resistance (AMR) represents
an emerging health concern related to
inadequate sanitation systems. Wastewater
treatment plants can serve as reservoirs for
resistant bacteria when treatment processes are
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inadequate to remove pharmaceutical residues
and resistant pathogens. The release of untreated
wastewater  containing  antibiotic-resistant
bacteria into the environment contributes to
the global spread of AMR, with implications for
treatment of common infections and surgical
procedures.

Healthcare-associated infections in facilities
with inadequate sanitation representa particular
concern in low-resource settings. Hospital-
acquired infections can increase patient
mortality by 25-50% while extending hospital
stays and increasing treatment costs. Adequate
sanitation infrastructure in healthcare facilities,
including reliable water supply, functional toilets,
and medical waste management, is essential for
infection prevention and control.

6. Environmental Consequences of
Inadequate Sanitation

The environmental impacts of inadequate
sanitation extend far beyond local contamination
to encompass regional and global environmental
challenges including water pollution, soil
degradation, greenhouse gas emissions,
and biodiversity loss. These environmental
consequences create feedback loops that
compound human health impacts while
undermining ecosystem services essential for
sustainable development.

Water pollution represents the most
immediate and widespread environmental
consequence of inadequate sanitation, with 44%
of global household wastewater discharged
without safe treatment according to 2022
WHO estimates. This untreated wastewater
contains pathogenic bacteria, viruses, parasites,
nutrients, pharmaceuticals, and chemical
contaminants that degrade water quality in
rivers, lakes, groundwater aquifers, and coastal
marine environments.

Nutrient pollution from sanitation
systems, particularly nitrogen and phosphorus
compounds, drives eutrophication processes
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that create oxygen-depleted dead zones in water
bodies. The Gulf of Mexico dead zone, extending
over 22,000 square kilometers, represents the
world’s largest hypoxic zone, caused primarily
by nutrient runoff from agricultural sources
but significantly exacerbated by municipal
wastewater discharges. Similar dead zones
affect the Baltic Sea, Lake Erie, Chesapeake Bay,
and hundreds of coastal areas worldwide.

Eutrophication impacts extend beyond
marine environments to freshwater ecosystems
essential for drinking water supply, fisheries,
and recreation. Lake Victoria, Africa’s largest
lake and primary water source for 40 million
people, experiences recurring algal blooms
linked to inadequate wastewater treatment in
surrounding urban areas. These blooms reduce
water quality, kill fish populations, and increase
treatment costs for municipal water supplies.

Groundwater contamination from
inadequate sanitation poses long-term threats to
water security, particularly in regions dependent
on groundwater for drinking water supply. Pit
latrines and septic systems can contaminate
shallow aquifers when improperly designed
or located too close to water sources. In urban
areas of Sub-Saharan Africa, 70% of shallow
wells show fecal contamination linked to
inadequate sanitation infrastructure.

The Ganges River Basin, supporting over
400 million people, exemplifies large-scale water
pollution from inadequate sanitation. Despite
significant investment in wastewater treatment
infrastructure, 3 billion liters of untreated
sewage discharge daily into the Ganges and
its tributaries, creating public health risks
while degrading religious and cultural values
associated with river water.

Soil contamination from inadequate
sanitation affects agricultural productivity and
food safety through multiple pathways. Heavy
metals, pharmaceuticals, and persistent organic
compounds in wastewater can accumulate in
soils used for crop production, particularly when
raw or partially treated wastewater is used for

irrigation. These contaminants can reduce crop
yields, affect food quality, and pose health risks
through food consumption.

Antibiotic-resistant bacteria in soil
environments contaminated by inadequate
sanitation create reservoirs for antimicrobial
resistance that can spread to human pathogens.
Research in India demonstrates that soils
receiving untreated wastewater contain 100
times higher concentrations of antibiotic-
resistant genes compared to control soils, with
implications for food safety and public health.

Greenhouse gas emissions from
inadequate sanitation contribute to climate
change through multiple pathways. Anaerobic
decomposition in pit latrines, septic tanks,
and wastewater lagoons produces methane
(CH,), a greenhouse gas with 25 times the
warming potential of carbon dioxide over a
100-year timeframe. Global methane emissions
from sanitation systems total approximately 15
million tons CO;-equivalent annually,
representing 3% of anthropogenic methane
emissions.

Nitrous oxide (N;O) emissions from
wastewater treatment processes contribute
additional greenhouse gas impacts, particularly
from biological nutrient removal processes that
convert ammonia to nitrogen gas. However,
these emissions are significantly lower than
those from inadequate treatment systems,
demonstrating climate mitigation benefits of
improved sanitation infrastructure.

Marine pollution from inadequate
sanitation extends beyond nutrient impacts
to include solid waste, microplastics, and
pharmaceutical compounds that affect marine
ecosystems and fisheries. 80% of marine
plastic pollution originates from land-based
sources, including sanitary products, wet wipes,
and packaging materials that enter waterways
through inadequate waste management systems.

Coral reef ecosystems, supporting 25%
of marine species despite covering less than
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1% of ocean area, face particular vulnerability
to sanitation-related pollution. Sewage inputs
increase coral disease rates, promote algal
growth that competes with corals, and reduce
water clarity essential for coral photosynthesis.
The Great Barrier Reef shows measurable
impacts from coastal sewage discharges despite
advanced treatment standards, highlighting the
sensitivity of marine ecosystems to sanitation
pollution.

Microplastic contamination from synthetic
sanitary products and textile fibers in wastewater
affects marine food chains from plankton to
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commercial fish species. These microplastics
can carry absorbed chemicals and pathogens,
creating complex pollution pathways that affect
seafood safety and marine ecosystem health.

Vector breeding habitats created by
inadequate sanitation facilitate transmission
of vector-borne diseases while affecting local
biodiversity. Stagnant wastewater provides
breeding sites for mosquitoes that transmit
malaria, dengue, Zika, and yellow fever, while
also supporting populations of flies, cockroaches,
and rats that serve as disease vectors and urban
pests.
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cycles.  Freshwater biodiversity faces
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through habitat pollution, flow alteration, and
introduction of invasive species through ballast
water and shipping.
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Ecosystem service impacts from sanitation
pollution reduce natural capital available for
sustainable development. Wetland systems that
provide flood control, water purification,
and carbon sequestration services become
degraded when receiving untreated wastewater,
requiring costly engineered alternatives for
flood management and water treatment. The
economic value of these lost ecosystem services
often exceeds the cost of improved sanitation
infrastructure, demonstrating clear economic
incentives for environmental protection.

7. Economic Burden of Inadequate
Sanitation

The economic impacts of inadequate sanitation
extend far beyond immediate healthcare costs
to encompass productivity losses, reduced
economic opportunities, decreased property
values, and foregone development benefits that
perpetuate poverty and constrain economic
growth. Comprehensive economic analysis
reveals that the global cost of inadequate
sanitation totals approximately $260 billion
annually, representing a systematic drain on
economic resources that disproportionately
affects the world’s poorest populations and
countries.

Healthcare expenditures directly
attributable to inadequate sanitation total
approximately $38.7 billion globally each year,
encompassing treatment costs for diarrheal
diseases, malnutrition, neglected tropical
diseases, and secondary health complications.
These costs fall heaviest on households in
low-income countries, where out-of-pocket
health spending can represent 40-60% of total
treatment costs, creating financial hardship that
compounds health impacts through delayed
treatment seeking and reduced access to quality
care.

India’s economic burden from inadequate
sanitation totals $54 billion annually - nearly
equivalent to Croatia’s entire GDP - making it the

single largest country cost globally. This burden
breaks down into healthcare costs ($23 billion),
productivity losses ($18 billion), and premature
mortality costs ($13 billion), demonstrating
how sanitation deficits affect multiple economic
sectors simultaneously. The Water and
Sanitation Program’s analysis demonstrates
that these costs disproportionately affect India’s
poorest states, where inadequate sanitation
perpetuates regional inequality and constrains
economic convergence.

Access time $10.73 (X487), 20.0% §
&
<
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Productivity losses from sanitation-

related illness represent the largest component
of economic burden, totaling $170 billion
globally through multiple pathways. Worker
absenteeism due to diarrheal diseases reduces
economic output by an estimated 443 million
working days annually, with average productivity
losses of $150 per worker per day. School
absenteeism linked to sanitation-related
illness particularly affects girls, with studies
documenting that inadequate menstrual
hygiene facilities contribute to 23% of school
dropouts among adolescent girls in low-income
countries. These educational losses translate
to lifetime earnings reductions of 10-15%,
perpetuating intergenerational poverty.

Child malnutrition costs represent another
significant economic burden, with stunting
alone reducing lifetime earnings by 20-
30% for affected individuals. The relationship
between poor sanitation and stunting operates
through multiple mechanisms including nutrient
malabsorption, environmental enteropathy, and
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increased infection susceptibility. Economic
modeling  demonstrates that improving
sanitation infrastructure can generate economic
returns through improved child development
outcomes that exceed infrastructure costs by
ratios of 8:1 or higher.

Tourism and fisheries losses from water
pollution attributable to inadequate sanitation
total approximately $20 billion globally through
multiple pathways. Beach closures due to
sewage contamination reduce tourism revenues
by 15-30% in affected destinations. Commercial
fisheries suffer from reduced fish populations
due to pollution-induced habitat degradation
and disease outbreaks in aquaculture
systems. Caribbean tourism, worth $90
billion annually, faces particularly acute risks
from inadequate sanitation in island nations
dependent on marine and beach recreation.
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Property devaluation in areas with
inadequate sanitation or proximity to sanitation
infrastructure creates substantial economic
losses. Research across multiple countries
demonstrates that property values decline
by 15-30% when located near open defecation
sites, garbage dumps, or inadequate sewage
treatment facilities. These property value losses
concentrate wealth losses among the urban poor
and vulnerable populations who cannot afford to
relocate.

Agricultural productivity impacts from
sanitation-related soil and water contamination
affect  food  production and farmer
incomes.Irrigated agriculture, essential forfood
security in arid regions, faces yield reductions
of 20-40% when wastewater contamination
degrades soil quality or introduces pathogens
that reduce crop marketability. The Indus
River Basin, supporting 260 million people,
experiences documented yield losses from
inadequate wastewater management, with
farmers reporting average income reductions of
35% in areas with high wastewater pollution.

Return on investment (ROI)
analysis demonstrates compelling economic
justifications for sanitation investment. Every $1
invested in sanitation generates $5.50 in
economic returns through multiple pathways
including healthcare cost savings, productivity
gains, and avoided environmental remediation
costs. In some contexts with particularly high
disease burden and treatment costs, ROI
exceeds $9:1. Despite these favorable returns,
sanitation investment remains chronically
underfunded relative to other development
priorities, reflecting market failures in capturing
and monetizing health and environmental
benefits.
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8. Technological Innovations in

Sanitation

Contemporary technological innovations in
sanitation represent convergence of engineering
advances, material science progress, digital
technologies, and circular economy principles
to create systems that are simultaneously more
effective, more sustainable, and more adaptable
todiverse contexts than conventionalapproaches.

These innovations address fundamental
challenges of conventional sanitation including
water consumption, treatment complexity,

environmental impact, cost, and unsuitability for
contexts lacking centralized infrastructure.

8.1 Waterless and Low-Water Systems

Urine-Diverting Dry Toilets (UDDTSs) represent
one of the most significant technological
innovations  for  resource-poor  contexts,
operating without water or complex treatment
infrastructure  while generating valuable
fertilizer products. These systems separate
urine from feces at the point of use, directing
each stream to distinct collection and treatment
pathways. Urine, accounting for only 1-2% of
human excreta volume but containing 80% of
nutrients, requires minimal treatment before
application as liquid fertilizer on croplands.

Feces, after drying and composting for
6-12 months in dedicated storage chambers,
become pathogen-free humus suitable for soil
amendment. The technology requires no
water for flushing, reducing consumption
by 90% compared to flush toilets - a critical
advantage in water-scarce regions. Pilot
programs across Kenya, Uganda, and Haiti have
demonstrated that UDDT adoption rates exceed
85% when systems are properly designed,
culturally adapted, and supported by community
education.

Composting toilets offer alternative
approaches for waterless sanitation,
particularly suitable for peri-urban and rural
settings where land availability permits on-
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site waste management. Modern designs
incorporate engineered composting chambers
that accelerate = decomposition  through
moisture control, aeration, and temperature
management. Compost maturation typically
requires 12-24 months, after which the end
product becomes suitable for agricultural use or
safe disposal.

Cost-effectiveness of waterless systems
extends beyond operational savings to
encompassavoided costsofcentralized treatment
infrastructure and wastewater conveyance
systems. Economic analysis demonstrates
that UDDT installation costs of $300-600 per
household compare favorably to conventional pit
latrine investment of $200-400 when considering
the resource recovery value generated over a 20-
year system lifespan.

8.2 Resource Recovery Technologies

Anaerobic digesters represent advanced
technology platforms for converting organic
wastes into biogas energy while simultaneously
treating wastewater or fecal sludge. These
systems operate through controlled microbial
decomposition in oxygen-free environments,
producing biogas containing 50-70% methane
that can generate electricity or cooking fuel while
reducing greenhouse gas emissions by 80-90%
compared to conventional disposal methods.

India’s National Biogas Initiative has
deployed approximately 1.5 million household-
scale biodigesters that convert livestock
manure and domestic waste into cooking
gas and nutrient-rich digestate. Beneficiary
households report fuel cost savings of $100-
150 annually while improving agricultural
productivity through regular nutrient-rich soil
amendments. The technology has expanded to
municipal-scale systems in cities like Pune and
Vadodara, where organic waste from markets
and food industries becomes converted to biogas
for municipal energy supply.
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Nutrient recovery technologies specifically
target extraction of phosphorus and nitrogen
from urine and wastewater, addressing both
resource conservation and pollution prevention
objectives. Struvite crystallization selectively
precipitates magnesium ammonium phosphate
from urine, producing a slow-release fertilizer
substitute for energy-intensive synthetic
phosphate fertilizers. A single person’s annual
urine output contains recoverable nutrients
worth $25-40 at market prices - economically
significant in low-income contexts.

Nitrogen recovery through stripping
and acid absorption converts ammonia in
wastewater or urine digestates into ammonium
nitrate suitable for direct fertilizer application or
further chemical processing. Pilot facilities in
Europe and Asia have demonstrated economic
viability when fertilizer products command
premium prices for organic or environmentally
certified agriculture.

8.3 Smart
Technologies

Sanitation and Digital

Internet of Things (IoT) sensors applied to
sanitation systems enable remote monitoring
of fill levels, water usage, leakage detection, and
operational performance parameters. Smart
toilet systems equipped with sensors can detect
early indicators of gastrointestinal illnesses
through analysis of urine composition or

microbiota changes, enabling preventive public
health interventions. Pilots in Singapore and
South Korea demonstrate 30% improvements
in water efficiency and reduced maintenance
costs through predictive analytics identifying
problems before failure.

Blockchain technologies applied to
sanitation service delivery create transparent
payment systems and service delivery
records, particularly valuable for low-income
communities. Digital paymentplatformsenable
flexible payment arrangements accommodating
irregular incomes, while immutable transaction
records build credit history enabling access to
additional financial services. Pilot programs
in Kenya and Bangladesh report 45%
improvement in service fee collection through
digital payment systems.

Artificial intelligence and machine
learning applied to treatment optimization
enable real-time adjustment of treatment
parameters based on influent characteristics,
environmental conditions, and treatment
performance data. Al-powered treatment

systems can optimize chemical dosing, aeration
rates, and sludge removal schedules, reducing
chemical costs by 20-30% while improving
treatment reliability.
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8.4 Decentralized and Nature-Based
Treatment Systems

Membrane Bioreactors (MBRs) combine
biological treatment with membrane filtration,
producing reclaimed wastewater suitable for
non-potable reuse in irrigation, toilet flushing,
or aquifer recharge. These systems occupy
smaller land areas than conventional systems
while producing consistently high-quality
effluent suitable for reuse applications. Cost
reductions in membrane technology from
approximately $1,200/m*® in 2000 to $200-
400/m> currently have expanded deployment
feasibility.

Constructed wetlands integrate ecological
engineering principles to treat wastewater
through biological and physical processes in
engineered wetland ecosystems. These systems

supportdiverse plantand microbial communities
that collectively remove pollutants including
nutrients, organic matter, pathogens, and some
trace contaminants. Co-benefits of constructed
wetlands include wildlife habitat provision,
recreational amenities, and carbon sequestration
compared to conventional mechanical treatment
systems.

Lagoon systems with integrated
aquaculture represent low-cost treatment
approaches particularly suitable for tropical
contexts where warm temperatures accelerate
biological processes. These systems can be
designed to produce fish, algae, or aquatic plants
assecondary products while treating wastewater,
creating economic value that improves financial
sustainability of treatment systems.
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Greywater recycling systems separate low-
contamination wastewater (from baths, showers,
laundry) from highly contaminated fecal waste
streams, enabling simpler and more cost-
effective treatment and reuse pathways. Simple
sedimentation and sand filtration can treat
greywater to standards suitable for toilet flushing,
garden irrigation, and other non-potable uses,
reducing fresh water demand by 30-50% in
residential applications.

8.5 Challenges and Implementation
Barriers

Despite  promising  technical  potential,
scaling these innovations faces substantial
barriers. Capital cost constraints in low-income
countries limit adoption even when operational
costs are favorable, necessitating financing
innovations and targeted subsidies. Technical
capacity gaps require training and ongoing
technical support that may exceed local
capabilities, particularly for complex technologies
like MBRs or anaerobic digesters.

Social acceptance challenges particularly
affect waterless and nutrient-recovery systems,
where cultural attitudes toward feces or
urine limit adoption despite technical and
economic advantages. Behavioral change
programs combining education, demonstration
projects, and incentive mechanisms have proven
effective at overcoming these barriers in contexts
like Bangladesh, Kenya, and Guatemala.

Monitoring and quality
assurance requirements for nutrient-recovery
products require institutional capacity and
regulatory frameworks that may not exist in low-
income countries, limiting market development
and farmer adoption even when products are
technically suitable.

9. Policy and Governance Frameworks

Effective sanitation system development requires
coherent policy frameworks that establish clear
objectives, define institutional responsibilities,
create enabling regulatory environments,
mobilize financing, and ensure accountability

for results. Contemporary sanitation policy
challenges require simultaneous attention to
technical standards, financial mechanisms,
governance structures, and behavioral factors -
each essential for sustainable progress.

9.1 National Sanitation Policies and
Strategies

India’s Swachh Bharat Mission (Clean India
Mission), launched in 2014 as the largest
sanitation  program globally, exemplifies
transformative national policy impact. The
program constructed 110 million individual
household toilets and achieved 100% rural
sanitation coverage by 2019 - a remarkable
achievement from 39% baseline coverage. The
program succeeded through combination of
subsidies (covering 90% of household toilet
costs), behavior change campaigns utilizing
social mobilization and shame-based triggers,
and performance-based monitoring with
incentives for local governments.

The program demonstrated that rapid
sanitation access expansionisachievable through
sustained political commitment and adequate
resource mobilization. However, evaluation
also revealed sustainability challenges, with
approximately 10% of constructed toilets
falling into disuse due to inadequate water
supply, poor design, or insufficient behavior
change to sustain adoption. Subsequent
program phases shifted emphasis toward use
sustainability, operation and maintenance, and
safe fecal sludge management.

Kenya’s National Sanitation Policy
(2008) established framework for decentralized
service delivery, with counties responsible
for planning and implementation within
national guidelines. The policy emphasized
sustainable financing through user fees,
private sector engagement, and integration
of sanitation into broader water resources
management. Challenges in implementation
included capacity constraints in county
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governments, difficulty in collecting user fees
from low-income populations, and tension
between cost-recovery objectives and equity in
service provision.

Rwanda’s Sanitation and Hygiene
Policy integrated sanitation into performance-
based financing mechanisms that distribute
resources to local governments based on
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achievement of agreed targets and service
delivery standards. This approach incentivized
local government engagement in sanitation
improvement while creating accountability for
results. District-level coverage increased from
57% in 2000 to 90% by 2020, demonstrating
effectiveness of performance-based governance
mechanisms.
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9.2 International and

Frameworks

Agreements

UN Recognition of Water and Sanitation
as Human Rights (2010) established legal
foundation for claiming sanitation access as
human right rather than commodity or luxury
good. This recognition shifted discourse and
policy frameworks in signatory countries,
enabling use of human rights frameworks for
accountability and advocacy in contexts where
traditional development approaches had proven
insufficient.

The UN Water Action Decade (2018-
2028) mobilizes international commitment
and coordination for WASH sector acceleration
throughmobilizationof$300billioninfinancing,

promotion of evidence-based innovation, and
strengthening of governance frameworks. The
Decade emphasizes interconnections between
water, sanitation, and broader development
objectives including climate adaptation and
circular economy transition.

Paris Agreement climate
commitments increasingly incorporate
sanitation into climate adaptation planning,
recognizing that climate-resilient sanitation
systems are essential for vulnerable populations
facing increased water stress, flooding, and
weather extremes. Nationally Determined
Contributions (NDCs) from developing
countries increasingly reference sanitation
system resilience as climate adaptation priority.
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9.3 Financing Mechanisms and Resource
Mobilization

Public financing through government budgets
represents the most significant funding source,
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currently totaling approximately $9 billion
globally - substantially below the $114 billion
annually required for universal safely managed
services. Budget allocations to sanitation vary
dramatically by country, from less than 0.5% in
some low-income countries to 2-3% in middle-
income countries demonstrating stronger
commitment.

Official Development Assistance (ODA) for
water and sanitation totaled approximately $8.2
billion in 2022, with concentrations in Sub-
Saharan Africa and South Asia. Bilateral donors
including Germany, Japan, and the United
Kingdom represent major contributors, while
multilateral institutions including the World
Bank, Asian Development Bank, and African
Development Bank mobilize large-scale financing
through loans and grants.

Blended finance mechanisms combine
concessional public capital with commercial
investment to reduce risk profiles and attract
private sector participation. Green bonds issued
by development finance institutions have
mobilized over $20 billion for water and
sanitation projects since 2010. Partial risk
guarantees from development institutions
enable local currency lending for sanitation
projects, reducing currency risk that constrains
private sector participation.
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Microfinance and community-based
financing enable household-level sanitation
improvements when capital costs exceed
household savings capacity. Sanitation
financing programs through microfinance
institutions in India, Bangladesh, and Kenya have
reached over 15 million households with small
loans ($50-300) enabling latrine construction or
upgrading. Repayment rates typically exceed
95%, demonstrating household willingness to
pay for sanitation when financing mechanisms
accommodate household cash flow constraints.

Payment for ecosystem  services
(PES) mechanisms create financing streams by
valuing environmental protection benefits of
improved sanitation. Watershed protection
programs that invest in sanitation improvement
to protect municipal water supply quality have
mobilized billions globally, with Colombia’s
El Sistema de Pago por Servicios
Ambientales serving as a replicable model.

9.4 Regulatory  Standards and

Compliance Frameworks

WHO SanitationSafety Planning (SSP) provides
systematic approach for identifying and
managing sanitation system risks, from fecal
sludge collection through treatment and reuse
or disposal. This framework has been adopted
in over 100 countries as basis for regulatory
standards and system design requirements.

Wastewater treatment standards vary
globally, with EU standards requiring secondary
treatment minimum (biological oxygen demand
removal of 75%) whilemanydeveloping countries
lack enforceable standards. Harmonization
effortsthrough WHO andregional bodies attempt
to establish science-based minimum standards
that protect public health and environmental
quality while remaining economically feasible
for low-income countries.

Fecal sludge management standards have
emerged as critical focus area, recognizing
that conventional wastewater regulations
often inadequately address challenges of non-

sewered sanitation systems serving majority of
low-income urban populations. Kenya’'s fecal
sludge management guidelines, developed
with technical assistance, established evidence-
based standards for transportation, storage, and
treatment of pit latrine and septic tank sludge.
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10. Case Studies from Developing
Countries

10.1 Bangladesh - Community-Led
Total Sanitation (CLTS)

Community-Led  Total  Sanitation (CLTS)
originated in Bangladesh during the late 1990s
as a novel approach to sanitation behavior
change that proved revolutionary in low-cost
scaling of sanitation access across rural regions.
Traditional approaches relying on subsidies and
latrine provision had achieved limited impact on
open defecation reduction, with many provided
facilities falling into disuse or being repurposed
as storage structures.

CLTS fundamentally reframed sanitation
not as subsidy-requiring infrastructure project
but as community behavior change initiative
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emphasizing dignity, shame, and social
mobilization. “Triggering” facilitators work
with communities to document and visualize
open defecation practices, using techniques
including mapping community members’ routes
to open defecation sites, calculating volumes

of feces ingested annually, and analyzing
fecal contamination pathways. These visceral
demonstrations trigger emotional responses -
disgust, shame, and recognition of health risks
- that motivate community action.

The approach explicitly rejects external

provision of latrines, instead enabling
communities to design and construct
solutions matching local contexts,
resources, and preferences. Communities
form open-defecation-free (ODF)
declarations representing social contracts

committing community members to sanitation
compliance. Social monitoring and peer pressure
mechanisms replace external enforcement,
creating sustained behavior change rooted
in community norms rather than external
incentives.

Results documentation from Bangladesh’s
CLTS implementation is remarkable: 20,000
villages achieved ODF status between 2003-
2015, with open defecation reduced from 34%
to less than 1% in covered areas. Diarrheal
disease incidence in CLTS-triggered
communities declined by 40%, documented in

rigorous longitudinal studies. The approach cost
approximately $5 per household for facilitation
and triggering, compared to $100-300 for
subsidy-based approaches, achieving superior
health outcomes at 1/10th the unit cost.

Sustainability analysis reveals that CLTS-
triggered behavior change demonstrates
greater persistence than subsidy-dependent
approaches. Five-year follow-up studies found
that 95% of households in CLTS communities
maintained ODF status, compared to 65-75%
in subsidy-based programs where latrines were
built but not necessarily used.

However, CLTS faces important limitations
requiring acknowledgment. Poorest
households without cash income to construct
latrines require targeted support to convert
behavior change motivation into physical
access. Gender dimensions require attention,
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as women may face barriers translating
community-level ~ODF  declarations into
personal facility access. WASH-plus approaches
integrating sanitation with water supply and
hygiene education have proven more effective
at addressing compound deprivations than CLTS
alone.

10.2 Kenya -
Resource Model

Sanergy: Waste-to-

Sanergy, a social enterprise headquartered in
Nairobi, demonstrates innovative technology
and business model approach to sanitation
in urban informal settlements, combining
waterless sanitation technology with franchised
service delivery and waste valorization. The
organization specifically targets Nairobi’s
informal settlements where 60% of residents
lack adequate toilet access despite living in
densely populated urban areas.

SafeTeam toilet franchises operate as
micro-enterprises where trained entrepreneurs

operate shared sanitation facilities in slums,
providing hygienic toilet access to low-income
households at affordable rates (KES 50-150
or $0.50-1.50 per use). These franchises
use UDDT technology that separates urine
from feces, enabling resource recovery while
maintaining sanitation functionality. SafeTeams
generate income through toilet use fees while
operating as sustainable enterprises without
ongoing subsidies.
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Waste valorization represents Sanergy’s
distinctive innovation: collected fecal waste
transported from franchises undergoes aerobic
composting at centralized facilities, producing

high-quality = organic  fertilizer = branded
as “Evergrow.” This product is marketed
to smallholder farmers and agricultural

supply chains, creating revenue stream that
partially offsets operational costs. 100,000
households across Nairobi access SafeTeams,
with collection of 300 metric tons of waste
annually.

The model demonstrates that sanitation
can generate revenue and employment rather
than functioning as pure cost center. Franchise
operators earn sustainable incomes
while providing community services, with
approximately 2,000 SafeTeam franchisees
operatingacross EastAfrica.Fertilizerbyproducts
replace synthetic fertilizers, supporting soil
health and farmer income improvements while
completing nutrient recycling loop.

Challenges include need for continued

financial support for capital assets, competitive
pressure from informal toilet providers offering
lower prices, and market development barriers
for organic fertilizer products. However, the
model demonstrates feasibility of sustainable,
non-subsidized sanitation service delivery in
challenging urban contexts.

10.3 South Africa - Rural Sanitation
Marketing Approach

South  Africa’s post-apartheid sanitation
expansion required addressing historical
inequalities while managing fiscal constraints
limiting capital investment in rural areas.
Traditional approaches emphasizing centralized
sewerage infrastructure proved economically
unviable for dispersed rural populations,
necessitating alternative service delivery models.

Sanitation marketing approaches in
South Africa’s Limpopo and Eastern Cape
provinces reframed sanitation as consumer
product with marketing and branding similar
to commercial goods. Programs identified local
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entrepreneurs to produce and sell improved
sanitation products - primarily improved pit
latrines and ventilated improved pit (VIP)
latrines - using locally available materials while
achieving quality and hygiene standards.

Marketing campaigns emphasized benefits
of improved sanitation - health, dignity, property
value, and prestige - rather than government
obligation to provide services. Social marketing
techniques created demand for products,

with  visual demonstrations, testimonials
from satisfied customers, and messaging
emphasizing improved well-being driving

consumer interest. Financing products through
microfinance enabled purchase by households
lacking cash savings.

Results documentation showed that
marketing-driven sanitation coverage
improved 25% over five years in

participating communities, driven primarily
by household demand rather than government
subsidies. Beneficiary surveys indicated high
satisfaction with products, good maintenance
practices, and intention to upgrade further -
suggesting that creating consumer demand
produces more sustainable outcomes than
subsidy-driven service provision.

Spillover effects included employment

creation for entrepreneurs, local material
suppliers, and installation workers, with
approximately 3,000 direct jobs created

annually in sanitation value chain. Asset
creation at household level generated potential
collateral for future financial services access.

However, equity limitations emerged, with
poorest households unable to afford market
prices even with microfinance, requiring targeted

subsidies for vulnerable groups. Regional
variations in market conditions affected
sustainability, with some areas requiring

continued facilitation while others achieved self-
sustaining markets.

11. Community Engagement and

Behavioral Change

Sanitation behavior change represents one

of the most challenging aspects of WASH
program implementation, as the relationship
between sanitation facilities and actual use
remains imperfect. Research demonstrates that
facility provision alone, without corresponding
behavior change, generates limited health
impact - a phenomenon termed the “sanitation
ladder paradox” where facility access improves
without corresponding use improvements or
health outcomes.

11.1 Behavioral Change Theories and
Frameworks

RANAS Model (Risks, Attitudes, Norms, Abilities,
Self-regulation) synthesizes behavioral science
understanding of determinants of sanitation and
hygiene practices. This model identifies multiple
psychosocial factors influencing behavior:

e Risk perception regarding health and

environmental consequences of poor
sanitation
e Attitudes encompassing beliefs about

sanitation’s importance and feasibility

¢ Norms including social perceptions and peer
behaviors regarding sanitation practices

e Abilities including knowledge, skills, and
confidence to change behavior

¢ Self-regulation mechanisms including habit
formation and environmental cues

RANAS-based interventions targeting
multiple psychological factors simultaneously
prove more effective than single-factor
approaches. Integrated programs combining
risk communication, normative messaging, skill-
building, and environmental design generate
behavior change rates of 40-60% compared to
10-20% from information-only approaches.

Nudge Theory applies behavioral economics
insights to design choice environments that
encourage sanitary behavior without restricting
options. Foothpath markings directing users
toward toilets, visual cues depicting desired
behaviors, and default options designed toward
hygiene outcomes have proven effective at
modest cost. Toilet markings in India increased
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Behaviour change techniques

Attitude factors
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Behaviour A
Intention
Use
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target accuracy and reduced contamination
in male facilities by 30-40% with minimal
interventions.

11.2 Community Participation and
Social Mobilization

Participatory approaches recognizing
communities as active agents rather than
passive recipients of services prove more
effective at generating sustained behavior
change. Community-led planning enables
contextualization of sanitation solutions to local
conditions, resources, preferences, and culture -
increasing appropriateness and ownership.

Social mobilization leveraging existing
community structures and trusted leaders
proves more effective than external promotion
for behavior change. Women’s groups, religious
organizations, and youth associations provide

entry points for sanitation messaging that aligns
with community values and priorities. CLTS
facilitators trained from within communities
establish credibility and understanding of
local dynamics that outsider facilitators cannot
achieve.
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[School-based programs reach children
during  formative  developmental years
when habits are established. School WASH
programs combining facility improvement with
hygiene education reduce absenteeism by 20-
40%, improve learning outcomes, and establish
lifelong sanitation and hygiene norms. Girls’
sanitation facilities including menstrual
hygiene management provisions significantly
increase school retention among adolescent
girls - one of the most cost-effective education
interventions available.

11.3 Gender Dimensions and Equity

Women and girls face particular barriers
and priorities regarding sanitation that differ
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This toolkit has been developed in response to an
acknowledgement that although the lack of access to appropriate
water, sanitation and hygiene services (WASH) is not the root
cause of violence, it can lead to increased vulnerabilities to
viclence of varying forms. Incidences have been reported from a
wide range of contexts, often anecdotally but with regular
occurrence, with a number of targeted studies confirming the

from men. Safety concerns during open
defecation, privacy requirements, menstrual

hygiene management needs,
and disproportionate responsibility for
household sanitation maintenance create

gender-specific dimensions requiring dedicated
attention.

Gender-inclusive facility
design incorporates features addressing
women’s specific needs: adequate privacy with
durable doors and locks, accessible menstrual
hygiene materials management, hand-washing
facilities, appropriate sitting height options, and
adequate lighting. Women’s participation in
sanitation planning ensures that facility design
matches actual needs and usage patterns.

APRACTITIONER'S TOOLKIT

Making water, sanitation and hygiene
safer through improved programming
and services

relationships between men and women. This in turn can contribute to a
transformative process that can help reduce vuinerabilities to violence

However, for WASH actors, particularly for those working in the longer.
term developmental contexts, there has been a lack of clarity on the
practical steps that can be taken S0 that they can contribute 1o reducing

vuinerabilities through improved policy and programming. This toolkit
aims to fill this gap
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Menstrual hygiene management
represents critical health and dignity issue
affecting school attendance and economic

participation. WASH programs providing
sanitary  products, disposing facilities,
and education regarding menstruation

demonstrate 23% reduction in school absences
and increased girls’ confidence and participation.

Women’seconomicempowermentthrough
sanitation-related enterprise  development
creates income opportunities while expanding
service coverage. Female toilet operators,
plumbers, and entrepreneurs create alternative

employment pathways while improving
community service access. Women'’s
microfinance groups financing facility
construction build collective assets and

community cohesion alongside sanitation access.
12. Future Directions

The future of sanitation development must
address complex, interconnected challenges
of urbanization, climate change, resource
constraints, and persistent inequality while
simultaneously capitalizing on technological
advances, improved financing mechanisms,
and growing political commitment to SDG 6
achievement.

12.1
Systems

Climate-Resilient Sanitation

Climate adaptation through resilient sanitation
infrastructure represents essential priority
as climate change impacts intensify. Flood-
resistant toilets designed to remain
functional during inundation events, drought-
tolerant systems functioning with minimal
water requirements, and sea-level rise
adaptation through elevated or protected
facilities enable sustained service delivery in
increasingly variable climate contexts.

Green infrastructure integration including
constructed wetlands, bio-swales,and permeable
pavementsabsorbs stormwater,reducesflooding,
and naturally treats runoff while providing
recreational and ecological co-benefits. Circular

economy approaches to water and nutrient
management reduce demands on water supply
systems while recovering valuable resources for
reuse.
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12.2 Digital Transformation and Smart
Systems

Digitalization of sanitation services enables
real-time monitoring, predictive maintenance,
transparent service delivery tracking, and
improved customer engagement. Digital
payment systems facilitate flexible payment
arrangements accommodating informal
economy income patterns. Mobile health
monitoring integrated with sanitation facilities
enables early disease detection and preventive
interventions.

Big data analytics applied to WASH
service delivery enable identification of
equity gaps, service quality issues, and
optimization opportunities. Remote sensing
technologies including satellite imagery and
drones enable monitoring of sanitation service
expansion and water quality conditions in
areas lacking ground-based measurement
infrastructure.




12.3 Circular Economy and Resource
Recovery

Water recycling and reuse enabled by

advanced treatment technologies reduce
freshwater withdrawal while protecting water
resources. Nutrient recovery transforms
sanitation  from  resource-consuming to

resource-generating systems, creating economic
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sustainability while addressing nutrient scarcity
in agriculture.

Waste-to-energy systems including
anaerobic digestion, thermal conversion, and
emerging technologies transform sanitation
waste into valuable energy, fuel, and material
resources. These systems create financial
sustainability while reducing environmental
impacts.

13. Recommendations

Based on comprehensive analysis of sanitation’s
role in sustainable development, evidence
regarding  effective interventions, and
assessment of remaining barriers, the following
recommendations guide acceleration toward
universal safely managed sanitation by 2030:

13.1 Financial Resource Mobilization

1. Increase annual global sanitation
investment from current $17 billion to
$114 billion by 2030 through combination
of public budget increases, multilateral
concessional financing, blended finance
mechanisms, and private sector engagement.

2. Establish dedicated sanitation financing
facility within development finance
institutions with authority to provide flexible
financing accommodating diverse country
contexts and project scales.

3. Develop innovative financing
mechanisms including green bonds,
payment for ecosystem services, and carbon
finance accessing additional capital sources
beyond traditional development assistance.

4. Strengthen fiscal
decentralization enabling local
governments to access financing and make
investment decisions responsive to local
conditions and priorities.

13.2 Policy
Strengthening

and Governance

1. Harmonize sanitation standards and
regulations across countries and regions
based on WHO guidance and scientific
evidence, reducing compliance costs and
facilitating technology transfer.

2. Integrate  sanitation into climate
adaptation, urban development, and water
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resources planning frameworks recognizing
interconnections with broader sustainability
agendas.

Strengthen institutional capacity through
sustained technical assistance, human
resources development, and organizational
strengthening programs addressing
chronic capacity constraints in planning,
implementation, and monitoring of
sanitation systems.

Establish multi-stakeholder coordination
platforms at national and local levels
bringing together government agencies,
private sector, civil society, and communities
to ensure coherent policy implementation
and resource allocation.

Develop regulatory frameworks for fecal
sludge management, wastewater reuse,
and resource recovery that enable circular
economy approaches while protecting
public health and environmental quality.

13.3 Technology Innovation and Scaling

1.

Accelerate deployment of waterless and
resource-recovery technologies through
targeted subsidies, technical assistance, and
market development programs, particularly
in water-scarce and off-grid contexts.

Establish  technology testing and
certification systems enabling rapid
evaluation and scaling of innovations while
ensuring quality and safety standards are
maintained.

Promote digital integration through IoT
sensors, mobile payment systems, and data
analytics platforms that improve service
efficiency, transparency, and customer
responsiveness.

Support research and development for
next-generation sanitation technologies
addressing emerging challenges including

antimicrobial resistance, micro-pollutants,
and climate resilience.

13.4 Community Engagementand Equity

1.

Scale community-led total sanitation
approaches while addressing limitations
through targeted support for vulnerable
households and integration with broader
WASH programming.

Ensure gender-responsive sanitation
programming that addresses women’s and
girls’ specific needs, safety concerns, and
participation in decision-making processes.

Prioritize equity in service
expansion through explicit targeting of
marginalized populations including urban
slum residents, rural communities, persons
with disabilities, and ethnic minorities.

Strengthen monitoringand accountability
systems that track progress disaggregated
by income, gender, location, and other equity
dimensions while engaging communities in
monitoring their own service quality.

13.5 Environmental Sustainability and
Climate Resilience

1.

@

Mainstream climate resilience in
sanitation system design through flood-
resistant infrastructure, drought-tolerant
technologies, and adaptive management
approaches.




2. Promote nature-based solutions including
constructed wetlands, ecological sanitation,
and green infrastructure that provide
multiple co-benefits for water quality,
biodiversity, and climate mitigation.

___________________________________________
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3. Integrate sanitation with watershed
management and ecosystem protection
recognizing that environmental health
and human health are fundamentally
interconnected.

Household WASH-flows (

e ——————————————— Y

14. Conclusion

Sanitation represents far more than a technical
infrastructure challenge - it embodies
fundamental questions of human dignity,
social justice, environmental stewardship, and
economic development that define sustainable
development in the 21st century. The evidence

presented throughout this comprehensive
analysis demonstrates unequivocally that
inadequate sanitation perpetuates poverty,

undermines health, degrades environments,
and constrains economic growth, while
simultaneously showing that well-designed
sanitation interventions generate transformative
benefits extending far beyond waste
management.

The scale of the global sanitation challenge
- 3.5 billion people lacking safely managed

services and 419 million practicing open
defecation - demands unprecedented
acceleration in implementation rates, requiring
a fivefold increase in current progress to
achieve SDG 6 by 2030. This acceleration is
both technically feasible and economically
justified, with every $1 invested in sanitation
generating $5.50 in economic returns through
health improvements, productivity gains, and
environmental protection.

However, achieving this acceleration requires
fundamental shifts in approaches, priorities,
and commitments. Traditional supply-driven
models emphasizing facility construction must
evolve toward demand-driven, community-
centered approaches that prioritize behavior
change, equity, and sustainability. Fragmented
sector approaches must give way to integrated
programming recognizing sanitation’s
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Balancing universal applicability, complexity and
implementation in the local context

Development of eleven options and

85 measures as context-specific ways to
advance the SDG 6 Targets in Austria

Conclusions and future research:

Evaluation of their
effects on the
SDG 6 Targets using
a 7-point scale and
expert judgement

connections with health, education, gender
equality, climate adaptation, and economic
development.

Technological innovations including
waterless systems, resource recovery, smart
monitoring, and nature-based solutions offer
unprecedented opportunities to leapfrog
conventional infrastructure while creating
economic and environmental co-benefits. Yet
technology alone cannot address systemic
challenges of inequality, governance failures, and
financing constraints that perpetuate sanitation
deficits.

Political leadership and sustained
commitment remain essential prerequisites for
progress, as demonstrated by transformative
programs in India, Rwanda, and Bangladesh
that achieved rapid coverage expansion through
high-level political prioritization combined with

adequate resource mobilization and effective
implementation systems.

The climate change imperative adds
urgency and complexity to sanitation challenges,
requiring systems that are simultaneously more
resilient to environmental stresses and more
sustainable in resource use. Circular economy
approaches that recover water, nutrients, and
energy from waste streams offer pathways
to address resource scarcity while improving
environmental outcomes.

Community engagement and behavioral
change emerge from this analysis as equally
important to infrastructure development, with
sustained sanitation improvements requiring
social acceptance, habit formation, and
community ownership that cannot be achieved
through top-down service delivery alone.




SUSTAINABLE
SANITATION

A CATALYST
FOR DEVELOPMENT

Gender equality and social
inclusion represent both moral imperatives
and practical necessities for sanitation program
success, as systems that fail to address women'’s
needs, safety concerns, and participation
inevitably generate limited impact on health and
well-being outcomes.

Financing mechanisms must evolve
beyond traditional donor-government models
to incorporate innovative approaches including
blended finance, payment for ecosystem
services, microfinance, and resource recovery
revenue that create financial sustainability while
reducing dependence on external subsidies.

The interconnected nature of SDGs means
that sanitation investment generates
benefits across multiple development goals
simultaneously - health, education, gender
equality, economic growth, and environmental
protection - making sanitation one of the highest-
impactdevelopmentinterventions available. This
interconnectedness also means that sanitation
progress contributes to broader transformation
toward sustainable development.
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Global cooperation and knowledge
sharing remain essential for accelerating
progress, with successful innovations and

approaches in one context providing learning
opportunities for others facing similar
challenges. The SDG 6 Global Acceleration
Framework provides coordination mechanisms,
but requires strengthened implementation
and increased resource mobilization to achieve
transformative impact.

Looking toward 2030 and beyond, the vision
of universal safely managed sanitation is
achievable  but requires unprecedented
mobilization of resources, political commitment,
technological innovation, and community
engagement. The benefits of achieving this vision
- improved health for billions, environmental
protection, economic growth, and enhanced
human dignity - justify the investments and
efforts required.

The path forward demands collaborative
action across all stakeholders - governments,
international organizations, private sector, civil
society, and communities - working together
toward shared objectives while respecting
diverse contextsandapproaches.Innovationand
adaptation will be essential as implementation
scales and new challenges emerge.

Ultimately, sanitation for sustainable
development represents both moral imperative
and practical necessity. In a world of growing
inequality and environmental stress, ensuring
that all people have access to safe, dignified
sanitation services is fundamental to building
resilient, equitable, and sustainable societies.
The evidence, technologies, and approaches
exist to achieve this vision - what remains is the
collective will to act with the urgency and scale
that the challenge demands.

The 2030 deadline for SDG achievement
creates time pressure, but also opportunity
to demonstrate that transformative change
is possible when global community commits
to shared objectives with adequate resources
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and

sustained implementation. Sanitation

for sustainable development is not merely a
technical aspiration but a pathway to a more just,
healthy, and sustainable world for all.
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